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Abstract

Sudden lonospheric Disturbances are the immediate effects of solar flares, which impact the earth, and affect the
upper atmospheric layers used for telecommunications. The aim of this project was to research, design and build
a super sudden lonospheric Disturbance Monitor for amplitude and phase perturbations occurring in the D-layer
of the lonosphere. For the design and implementation of this monitor Stanford University (NASA) and Society
for Amateur Radio Astronomers (SARA) provided the SuperSID distribution pre-Amp, antenna wire and a RG
58 Coax Cable. During the design phase of the super SID Monitor a vertical loop antenna with dimension was
constructed as a means to transfer energy from free space into a guided wave into the receiver; a VLF receiver
from SARA was attached with the kit, which would incorporate all the signal processing and finally a data-
logging device/software to act as an interface between the analogue natural events and the digital interface to
record data to a PC. At the implementation stage the constructed balanced loop antenna was tested for its
applicability with VLF receiver to process the signals from distant transmitters as a means to observe the
propagation of the transmitted VLF signals received by the system. Observations were made through graphical
representations of the VLF signatures on the computer by using the data-logging interface. Summary of the
global data from GOES-13 which the local data generated by the receiver used for this project revealed an
unusual spikes in the region of a low Solar flares on 23rd May, 19th and 21st June, 2015. Solar scientists
classified it as an M-flare, in this case an M5.6-class flare. The flare peaked at about 6pm. The flare was
identified to come from Sunspot AR2257. A continuous system for long term monitoring is strongly

recommended for this work.
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1. Introduction

A sudden ionospheric disturbance (SID) is an abnormally high ionization/ plasma density in the D region of the
ionosphere caused by a solar flare [8, 1, 45]. The SID results in a sudden increase in radio-wave absorption that
is most severe in the upper medium frequency (MF) and lower high frequency (HF) ranges, and as a result often
interrupts or interferes with telecommunications systems. The Dellinger effect, or sometimes Mdgel-Dellinger
effect, is another name for a sudden ionospheric disturbance. According to the report of [35], the effect was
discovered by John Howard Dellinger around 1935 and also described by the German physicist Hans Mégel

(1900-1944) in 1930. The fadeouts are characterized by sudden onset and a recovery that takes minutes or hours.

When a solar flare occurs on the Sun according to [8], a blast of intense ultraviolet and x-ray radiation hits the
dayside of the Earth after a propagation time of about 8 minutes. This high energy radiation is absorbed by
atmospheric particles, raising them to excited states and knocking electrons free in the process of photo
ionization. The low altitude lonospheric layers (D region and E region) immediately increase in density over the
entire dayside. The lonospheric disturbance enhances VLF radio propagation. Scientists on the ground can use
this enhancement to detect solar flares; by monitoring the signal strength of a distant VLF transmitter, Sudden

lonospheric Disturbances (SIDs) are recorded and indicate when solar flares have taken place.

Short wave radio waves (in the HF range) are absorbed by the increased particles in the low altitude ionosphere
causing a complete blackout of radio communications. This is called a short wave fading. These fadeouts last for
a few minutes to a few hours and are most severe in the equatorial regions where the Sun is most directly
overhead. The ionospheric disturbance enhances long wave (VLF) radio propagation [29, 32, 33]. SIDs are
observed and recorded by monitoring the signal strength of a distant VLF transmitter. A whole array of sub-
classes of SIDs exist, detectable by different techniques at various wavelengths [10]: the SPA (Sudden Phase
Anomaly), SFD (Sudden Frequency Deviation), SCNA (Sudden Cosmic Noise Absorption), SEA (Sudden

Enhancement of Atmospherics),etc.

For the purpose of this research, sudden lonospheric disturbances were tracked for about seven months from
February 2015 to September, 2015 using the Super SID receiver donated by the Society of Amateur Radio
Astronomer and stationed at the Physics Laboratory of the department of Science Technology, Federal
Polytechnic, Ado-EKkiti, Nigeria. The observatory is in place providing continuous data generation, logging and

routine transmission to GOES-13 Global Observatory.

2. Materials and Methods
2.1. The Requirement to Host the SuperSID Monitor

. Access to power

. A SuperSID monitor (preamp) plus instructions on how to install it
. A PC computer with the following minimal specifications:

v MS Windows operating system (Windows 2000 or more recent)
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v A CD reader

v Standard keyboard, mouse, monitor, etc.

. 1 GHz CPU with 128mb RAM

. Ethernet connection & internet browser (desirable, but only necessary for accessing centralized data)
. An inexpensive antenna

2.2. Instrument used for Installation of Antenna

> Power strip (otherwise known as plug board, power board, power bar, distribution board, or multi-box),
extension cords, and other electrical support

> An assortment of basic tools such as screwdrivers, hammer, knife, pliers, etc.

> PVC pipes to build the antenna

The primary parts of the SuperSID instrument are an antenna, a preamplifier, and a computer with a sound card.
SuperSID needs a loop antenna to pick up radio signals reflected from the ionosphere. These signals typically
are very small, only ~0.1 milli-volts3, so a preamplifier is needed to boost or amplify the signal about a
thousand times, to the level that can be captured with a PC sound card. The sound card converts the signal from
analog to digital. Then, a program provided by SARA, running on the PC, tracks the VLF transmission signal
strengths and processes the data. Since the reflected radio signals are strongly influenced by the Sun’s radiation,

plotting the signal strengths over time tells us when there is a solar flare on the Sun.

2.3. Installation Steps

o Familiarization with the concepts, collection of materials, determination of suitable site for antenna and
computer & SuperSID

e  Construction of antenna

e Installation and connection of hardware, including a new sound card

e Installation of software

e Testing the system; collection of data, and debugging

e Sending data back to Stanford for sharing with colleagues

2.4. Adjusted configuration of the site-The Sc

2.5. Installation of Solar Panel.

The necessary materials involved are: cable, 24V battery, solar charge controller, converter and solar panel. The
cable was connected to the already existing cable at the back of the solar panel. On one end of the cable about a
few inches away, the coated wire was removed. The red wire (the live) was connected to the positive cable of
the panel, already indicated by the manufacturer. One end of the brown wire was connected to the negative
cable of the panel, and then the panel was carried to a height and mounted. The opposite end of the wire was

connected to the solar charge controller inside the house. The controller had three points of connections; one
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point was for the battery, the second was for panel, and the third was for the load (computer).

File Edit Format View Help
[PARAMETERS]

site_name
Tongitude
latitude

utc_offset = +1
time_zone = wWest central Africal
monitor_id = 0467

audio_sampling_rate = 96000

log_interval = 5
log_type = filtered
scaling_factor = 1.0

automatic_upload = no
ftp_server = sid-ftp.stanford. edu
ftp_directory = /incoming/SupersipD/

number _of_stations

3. Results
3.1. Report of Solar Geographical Activity

:Product: Report of Solar-Geophysical Activity

:Issued: 2015 Jun 18 2200 UTC

: Period: March 1 - June 19

# Prepared jointly by the U.S. Dept. of Commerce, NOAA, Space Weather Prediction Center and the U.S. Air
Force., KTRC....

Joint USAF/NOAA Solar Geophysical Activity Report and Forecast

SDF Number 169 Issued at 2200Z on 18 Jun 2015

3.1.1. Analysis of Solar Active Regions and Activity from 17/2100Z t018/2100Z

Solar activity has been at moderate levels for the past 24 hours. The largest solar event of the period was a M3
event observed at 18/1736Z from Region 2371 (N12E39). There are currently 3 numbered sunspot regions on
the disk.

3.1.2. Solar Activity Forecast
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Solar activity is likely to be moderate with a slight chance for an X-class flare on days one, two, and three

(19 Jun, 20 Jun, 21 Jun).

3.1.3. Geophysical Activity Summary 17/2100Z to 18/2100Z

The geomagnetic field has been at quiet to unsettled levels for the past 24 hours. Solar wind speed, as measured
by the ACE spacecraft, reached a peak speed of 605 km/s at 18/0301Z. Total IMF reached 6 nT at 18/0912Z.
The maximum southward component of Bz reached -4 nT at 18/1136Z. Protons greater than 10 MeV at
geosynchronous orbit reached a peak level of 16 pfu at 18/1445Z. Electrons greater than 2 MeV at

geosynchronous orbit reached a peak level of 1198 pfu.

3.1.4. Geophysical Activity Forecast

The geomagnetic field is expected to be at quiet levels on days one, two, and three (19 Jun, 20 Jun, 21 Jun).
Protons are expected to cross threshold on days one and two (19 Jun, 20 Jun) and are likely to cross threshold on
day three (21 Jun).

3.1.5. Event probabilities 19 Jun-21 Jun

Class M 70/70/60

Class X 15/15/10

Proton 80/80/60

PCAF  vyellow

3.1.6. Penticton 10.7 cm Flux

Observed 18 Jun 151

Predicted 19 Jun-21 Jun 145/147/148

90 Day Mean 18 Jun 127

3.1.7. Geomagnetic A Indices

Observed Afr/Ap 17 Jun 014/014

Estimated Afr/Ap 18 Jun 005/005

Predicted Afr/Ap 19 Jun-21 Jun 006/006-006/005-006/005
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3.1.8. Geomagnetic Activity Probabilities 19 Jun-21 Jun

A. Middle Latitudes

Active 10/05/05

Minor Storm 01/01/01

Major-severe storm 01/01/01

B. High Latitudes

Active 15/15/15

Minor Storm 25/15/15

Major-severe storm 1

1.0E-2

C - minor flare (class C)

1.0E-3 M -moderate flare (class M)

X - large flare (class X)

1.0E-4
1.0E-5
1.0E-6
1.0E-7
1.0E-8

1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00
.- o B

18.06.2015 19.06.2015

e

Time (UT)

Figure 1: SID data Graph of signals strength against time noting the solar flares
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Figure 2: SID data Graph of signals strength against time noting sunrise, sunset and the solar flares

3.2. Joint USAF/NOAA Solar and Geophysical Activity Summary

SGAS Number 170 Issued at 0245Z on 20 Jun 2015. This report is compiled from data received at SWO on 20
June, 2015.

3.2.1. Proton Events: The greater than 10 MeV proton flux reached; event threshold at 18/1135 UTC and

remains above threshold.

3.2.2. Geomagnetic Activity Summary: The geomagnetic field was quiet to unsettled with an isolated period of

active conditions.

The sun emitted a mid-level solar flare on the 19th June, 2015. Solar scientists classified it as an M-flare, in this

case an M5.6-class flare. The flare peaked at about 6pm. The flare came from Sunspot AR2257.

The strength of the VLF signals changes depending on the ionization of the Earth’s ionosphere. Solar flares
show up on SID data graph as spikes above the normal signal strength level. This spike shows lonospheric
response to solar flares, however, spikes can occur due to some other interference like electrical interferences,

noise e.t.c.

102



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2016) Volume 15, No 1, pp 96-108

Solar flares are powerful bursts of radiation from the sun, which release potentially harmful radiation. In this
case, there was no significant coronal mass ejection (CME) emerging from the site of the flare. That means there
will be no increased sun-Earth interaction with this event, and no geomagnetic storms as a result, and thus no
possibility of intense auroras caused by this flare (although the auroral displays over the past few days have
been pretty good, anyway) (19, 29, 33, 34). Radiation from a solar flare, by the way, cannot pass through
Earth’s atmosphere to affect humans on the ground, but an extremely intense flare can disturb Earth’s

atmosphere in the layer where GPS and communications signals travel.

Table 1: Energetic Events

Begin Max End Ban Loc Xray Op 245MHz 10cm Sweep
0032 0032 0032 100

0033 0127 0155 2385 M12

0147 0147 0147 100

0238 0238 0238 110

0332 0332 0332 150

0357 0357 0357 280

0426 0426 0426 110

1630 1736 1825 2371 N15E50 M3.0 1n 250 2200 IV

Mariners and ham radio operators may have noticed a brief communications blackout at frequencies below
about 10 MHz, on the night of January 12, 2015, over Australia and the Indian Ocean. The map below from
NOAA shows the affected region. Image via Spaceweather.com via NOAA.

Figure 3: Global map showing regions of communications blackout on 12th January, 2015
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4, Conclusion and Recommendation

The Super SID monitor installed and the antenna constructed have been confirmed to be working accurately as
confirmed by comparisons with results from satellite data and other ground base observatories. The data
collected showed sunrise and sunset signatures which are indications that the monitor is sensitive to changes in
lonospheric electron density. Hence, the installation of the Super SID monitor at the Federal Polytechnic, Ado-

Ekiti was successful.

It is recommended that further work should be carried out with the equipment by other researchers to cover a
longer period of time as well as provide a more robust data to improve the global response. It is also
recommended that the solar power option should be upgraded to enable the monitor to be online always. Finally,

it is recommended that the monitor be relocated to a more secluded environment to minimize interference.
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