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SUPERSID SOLAR FLARE DETECTIONS

Author’s SuperSID System

]

Figure 2: Colorado Springs SuperSID Monitoring Stetion

The sudden ionospheric disturbance (SuperSID) monitor measures the signal strength of a very low frequency
(VLF) broadcast station after its signal is reflected off of the ionosphere. The characteristics of the signal strength
is highly dependent on the local night and day. The Sun’s energy ionizes the Earth’s atmosphere during the day.
This produces different ionization layers defined as layers D, E, F. At night, there is only ionization from cosmic
waves, and therefore there is only an F layer (1).

VLF radio waves reflect off the free electrons in the different ionosphere layers. The signal strength of this
reflected signal can be detected by a SuperSID small radio telescope. The normal use of the SuperSID radio
telescope is to detect solar flares which appear as short term signal strength increases during the daytime
monitoring.

The author used the SuperSID telescope’s capability to measure and analyze the VLF signal strength variations

and the effect of the solar eclipse on the ionosphere. The total solar eclipse on August 21, 2017 in North America
provides an opportunity to analyze the differences between the eclipse and normal daily ionospheric reflections.

Example solar flares detected by the author's SuperSID radio telescope.

Detections of M and X Flares
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NORTH AMERICAN 2017 SOLAR ECLIPSE

The North American 2017 Eclipse was going to pass between the authors SuperSID station and the VLF

transmitter.

This provided a unique opportunity to measure the effect of the eclipse on the ionosphere.

Eclipse Path

Figure 18: Eclipse Path (7) (5}
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PREDICTING THE SUPERSID ECLIPSE RESPONSE

The following analysis was conducted before the eclipse.

A geometric analysis was conducted to determine the effect of the moon transitting the sun.

Sun and Moon Eclipse Geometry

Figure 20: Sun and Moon Eclipse Geometry

For the eclipse, a close approximation can be made that the apparent diameter of the Sun and Moon are the same.

The area of Al is the area of arc segment abc with the triangle abc removed. The formulas for these are shown
below.

6
Area Arc abc = ?nrfﬁ

60

The basic geometry is shown using the following triangle.

Rm

/2

The detailed calcultions are as follows:
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Area Aabe = (2) Area Aabd (3)

Note that Aabe is an isosceles triangle with lines ab and ac being equal with ceniral angle 8. By finding
the line ad and line bd, the area of Aabd can be found, Note that Rm is the Apparent Moon radius.

Line ad = (Rm) cos(8/2) (4)

Line bd = (Rm) sin{{8/2) i5)
The arca of Aabce is therefore:

Area Aabe = (2)Area Aabd = (2) :?(Rﬁ,}cns (E) sin G) = (RZ,)cos (E)sin e) (6)
Finally, the area of Al is:

Area Al = Area arc abe - Area Aabe (7

Assume that the apparent radius of the Moon is the same as the apparent radius of the Sun for the eclipse.
Therefore, the area Al = A2. So, the total eclipse area can now be calculated as:

Total Eclipse Area = (2)Area A1 = (2) (%m;,% ~ (R%)cos (3) sin (;)) (8)

Total Eclipse Area = 12 (in - 2cos (g] sin G)) (%)

180

The data was calibrated based on the NASA time prediction of the eclipse transit.

Calculations for Sun Eclipse Time
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The next step was to model the SuperSID response to sunrise and sunset. This analysis would correlate to the
eclipse percentages.
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Averaging multiple sunrise and sunset measurements resulted in the following historical measurement model

calibrated to the eclipse transit time.

Eclipse Full
Start Eclipse

Mge(ﬂ#

b AR 1k D) 0

The last prediction step was to combine the models and add an historical SuperSID measurement that closely
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represented the normal day and night response.

Th results of the historic data was calibrated to the eclipse time.
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Figure 24: Ralte Data Covrected with Sun drea (Corrected)

The combined prediction model is shown below
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Combined Model Detail

Eclipse Full Eclipse

Start Eclipse End

1630 1750-1753 1917
L 3 L] o
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ECLIPSE MEASUREMENT RESULTS AND REVIEW
QUESTIONS

The eclipse was measured with the author's SuperSID radio telescope.

August 21, 2017 SuperSID Eclipse Measurement

C:\Users\drrich\Desktop\SuperSID History'\2017-Aug\D5SES-Russel-5ite_NML_2017-08-21.csv
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The data was plotted against the predicted model with excellent correlation.

Predicted Curves vs. Actuals

Original Prediction
Updated Model using 21 August 2017 data

Actual SuperSID measurement
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Detailed Questions

#1 Could you add some more detail explaining the physics of why we see the
amplitude increase at night?

* Normal VLF Propagation
When a radio wave is transmitted, the radio wave propagates through either the:

. Ground wave or
= Skywave.

The ground wave travels near the earth’s surface and is quickly absorbed.

The sky wave travels through the ionosphere bouncing back and forth for as much as 2 or 3 times. The SID monitors pick up
the sky waves which have traveled through the ionosphere.

The highly stratified layers of the ionosphere refract the VLF waves until the angle of incidence of the wave reaches the critical
frequency. After the critical frequency, the wave gets reflected back to earth.

During the Day:

The ionization density of about 1000 electrons/cm? of the D-layer is not enough to reflect the VLF waves. During the day, the
waves pass through the D-layer are reflected by the highly ionized E and F layers. While, the density of the D-layer is not enough to
reflect the VLF waves, the D-layer is partially ionized and this partially ionized D-layer attenuates the signal to some extent

During the Night:

In the absence of the solar radiation, the D-layer disappears during the night. Now, the VLF waves travel to the E and F layers
where it gets reflected back. There is no lightly ionized D-layer to attenuate the signal and the signal strength is higher than that
during the day. Graph 3 illustrates this difference.

Source: Space Weather Monitors- Stanford SOLAR Center Sharad Khanal

Detailed Questions

#2 | know there is a C3 class flare that happened right during the
eclipse. Could you add some discussion as to how it does or does
not affect your results?

AugiDsSE  NML_2017-08-31 o

Eclipse Detection

Note the C3.0 flare that was detected by the GOES Satellites that corresponded toghe eclipse time. The SuperSID is barely sensitive
to low C class flares as can be seen by the two C1.5 flares to the right of the eclipse!” Therefore, the €3.0 flare was not considered as
a significant contributor to the eclipse signal.

Detailed Questions

#3 Can you add ticks and axes labels to your model detail and
predicted vs actual figures?

Actual Eclipse vs Predicted Models

Calculated: Original predictive model May 2017 prediction
Aug 21 - Eclipse: Actual eclipse measurement on Aug 21,
2017

Aug 21 new predict: Updated prediction model based on
better actual eclipse time
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Detailed Questions

#4 What are some reasons that account for the differences in
observations vs model?

* The actual eclipse signal did not have as high of gain as the
model predicted.
* The model used historic sunset and sunrise rates. The
\ eclipse sunset rate appears to be lower than the
‘_..M;‘/ \\_,.—— historic average. This is possibly because the entire
sky is not going dark, just the area of the eclipse.
* The peak time was off in the original model from the
actual eclipse
+ The original model peak time was an estimate of
when the eclipse would pass between the transmitter
and SuperSIDS sight. This was roughly calculated on a
map using NASA time predictions. The updated
prediction just moved the peak to the actual peak
eclipse time
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SUMMARY

e An eclipse can be measured using the variation of ionospheric changes that are similar to the normal
sunrise and sunset variations.

e The SuperSID radio telescope is sensitive enough to observe an eclipse if the geometry of the transmitter -
receiver and the eclipse path is favorable

e An eclipse signal can be predicted using basic geometry and historic sunrise and sunset historical data.

lonospheric Variation
During Sunrise and Sunset
and
Predictions and Results for
the 2017 Total Eclipse

Purpose

* The presentation is based on two separate presentations:

* One before the eclipse which developed the eclipse prediction
model for the SuperSID radio telescope

* The second showed the successful eclipse measurements and the
close correlation with the measurement and the predictive model

* Goals
* Predict the SuperSID output during the 2017 Solar Eclipse
* Use SuperSID historic data from 1 year of data

* Uses MASA predicted start and stop times plus historic SuperSID data to
predict output during eclipse

* Calculate the sunrise and sunset historic rise and fall rates
* Develop eclipse shadowing geometry
* Apply rates to shadowing to develop the prediction model

* Show the results of the measurements and compare with the
predictive model
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Historic Eclipse Data
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Figure 2: Colorado

Author’s SuperSID System

Springs SuperSID Monitoring Station

Appendix A - VLF Station List"
See hittp //sidstation lionelloudet homedns. org/stations-list-en xhtml for a current version of this
list

Commry Locanon Name Frogquency
Tsa Cutler, ME NAA 24
Jum Creek, WA NL 24
FETRT - NE
[ La\dowre ND N 252 =
Aguada, Puerio Ruco NAU 20.73
Asntarctica South Pole VLI 200
Australia 3 53
(North West Cape)
Chma™ Changae A W8 B0 16
{aiternates 3SB)
Daxcage S8 106 3560 10333
(alternates 3SA)
Frasce: Rosmay HWU 209 00 407N 125E
St Asme FTA 168
LeBlanc (NATO) HWV 2175 SINIBE
Germaay: Rhanderfebn DHO 234 300 310N 07 33E
! Keflawak (US Nawy) NRX 1K) 100 65N -1SE
Kefirne TFK 7.3
Iadia: Katabomman VIX3 [5] 47 7780
Tak: Tavolan ICV 2027 43 0SSN 9.68E
Siasly NSC 59 N 135E
Japan: Ebao m 22 204 13081
o Kolsas IXN 164 45 S9SIN10.52E
Russia™. cchansheldk UGE 197 150 mpat | 64N24 41E32
Batam VA 12 100 mpt
Kalmagad TGKZ 303 100 =put
TFQE i3 100 mpet
Tladrossk UK 15, 100 mput
Turkey Baf TBB 26. 3743 2155
United Azshorn GBZ 196 300 S2TIN-3OTW
. Kingdom
Asthors (NATO) GQD 22.1 00 12W
Loodon GYA 2137 120 2E
There is no transmitter below 18.3 kHz usable for SID meaitoring ian Eurcpe.

Figure 3: VLF Station List (1)
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Typical SuperSID 24-hour Day
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Figure 4: SID Monitor Ouiput for lenuary 28, 2017
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Figure 7: January 2017 Sunvise Control Chart
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Sunset Control Chart
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Figure 8: January 2017 Sunset Control Chart
Sunset and Sunrise Rate Averages
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Figure 9: Monthly Rates for Sunrise and Sunset

Eclipse Basics

Figure 17:Eclipse Basics (6)
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Eclipse Path

Figure 18: Eclipse Path (7) (8}
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Figure 19: Eclipse Schedule {9)

Sun and Moon Eclipse Geometry

Figure 20: 5un and Moon Eclipse Geometry
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Percent Sun Eclipsed

Total Eclipse Area = (Z)Area Al = () [%nrm’ - (Rh)cos(3) sin {;'}] i)

Total Eclipse Area = {ﬁl - Emrﬁjﬂn{%}} %)

The: analysis requines the calculation of the percent of the Sun that s eclpsed over lime. Using the
assumption that for the eclipse Rm = Rs (Sun’s apparent radias):

Tatal Estipis Aren "i_‘.'é""ﬁ}"ﬁ]]
ey

Total fum Area

Percent Sum Eclipsed = (1o

With Rm = Hs

Percent Sum Eclipsed =%—.:-m{ﬂ’hm iy

Esquation | | allows for the calculatson of the porcentags of the San that is boing oclipsed without knowing
the apparent rads of cither the Sun or the Moon.
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{Mim| Ll Eclipaed
1650 o o Ll
16:38 B 18 0.2%)
1047 i M 1 3%
16:55/ 15 S 4.1%)
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Prediction using Historic Data
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anset e
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Figure 23; Histarlc Mool
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Combined Model Detail

Eclipse
Start

1630

Full
Eclipse
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End
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Rate Analysis with % Sun Eclipsed Correction

Echipue Profile
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Historic Model

Rate Model

Prediction Summary

* The beginning of the eclipse has a slow increase in signal rate until full
eclipse — both models correspond to the rise

* The historic data model assumes the end of the eclipse equates to the

normal SupersID levels and therefore the model - longer upward
transient before sharp drop

*» The rate model shows that the signal level would drop almost
immediately after full eclipse.

* The SuperSID community will take data during the eclipse and the
accuracy of this prediction will be validated.
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August 21, 2017 SuperSID Eclipse Measurement

C:\Users\drrich\DesktopiSuperSID History\2017-Aug\DSES-Russel-Site_NML_2017-08-21.csv
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Summary

* An eclipse can be measured using the variation of
ionospheric changes

* The SuperSID radio telescope is sensitive enough to
observe an eclipse if the geometry of the
transmitter and the eclipse path are favorable

* An eclipse signal can be predicted using basic
geometry and historic sunrise and sunset historical
data
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ABSTRACT

The sudden ionospheric disturbance (SID) monitor measures the signal strength of a very low frequency (VLF) broadcast
station after its signal is reflected off of the ionosphere. The characteristics of the signal strength is highly dependent on the
local night and day. The Sun’s energy ionizes the Earth’s atmosphere during the day. This produces different ionization layers
defined as layers D, E, F. At night, there is only ionization from cosmic waves, and therefore there is only an F layer (1). VLF
radio waves reflect off the free electrons in the different ionosphere layers. The signal strength of this reflected signal can be
detected by a SID small radio telescope. The normal use of the SID radio telescope is to detect solar flares which appear as
short term signal strength increases during the daytime monitoring. The author used the SuperSID telescope’s capability to
measure and analyze the VLF signal strength variations and the effect of the solar eclipse on the ionosphere. The total solar
eclipse on August 21, 2017 in North America provided an opportunity to analyze the differences between the eclipse and
normal daily ionospheric reflections.
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