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The Total Solar Eclipse on Aug. 21st, 2017 provides an excellent opportunity to
observe radio wave interaction with the ionosphere across the continental U.S.
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V¥V Eclipse Background
V¥ Historical Efforts

V Proposed Efforts

= Eclipse Mob (LF: 55.5 kHz, 60.0 kHz and 135 kHz)
= Georgia Tech (VLF/LF: 1 — 450kHz)
= HAMSci (1.8 MHz to 54 MHz)

V¥ Conclusion
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I Historical Perspective

< .o

V¥V Spatial and temporal effects of solar eclipses on radio wave propagation
continues to be of interest almost 100 years after the first reported study.

= During the Eclipse on April 17, 1912, William e warorz
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[1] Fellow of the Royal Society, President of the Physics Society, President of the Institute of Electrical Engineers and President of the Radio Society of Great Britain
[2] W. H. Eccles, “Propagation of Long Electric Waves during the Solar Eclipse” Nature, April 25t 1912



I Other 1912 Solar Eclipse Studies
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V¥ The 1912 solar eclipse was also collected in France and Denmark using

the transmitter at the Eiffel Tower in Paris.

= The transmitter had a frequency of 115 kHz
(wavelength approximately 2,608 meters)

= UK study was done at 54.545 kHz and French
and Demark studies were done at 115 kHz,
difficult for data comparison.

chaines d'isolateurs
d’extrémité

brins‘d"ar;ténh;;_: <
e e AN
. 1

/r's/'
de

| Ahies de

A7 tension

& pylones
g N
o =P d aman‘age

QNS
T > o

renfermant Tes '\ 2 \
rsg d‘;:gécours . “\\:@ :\

e paste

sy iR g
i Gou térieure E:

. A R U po
- 2% couloir soutérain G
f relianillt 15 postet’é\g Nloee, g S
paysglle des moteurs » \»7edcalier Ao, o,
53 * 7 WA\ dlentréedans\ . L7 o
A le poste de N\ ) ity
P o TS.F. Wcgeon N g
o pe{lmetrgedu T,
= 6 A poste souterrain .3
SRR A i o ::'}-3“::';“‘

[1] Images from de.wikipedia.org
[2] Telegraphy and Telephony, 1912

101. Wireless Telegraphy Measuremenis at Marburg and Graz during the
Recent Eclipse of the Sun. E. Take and M. Vos. (Decutsch. Phys. Gesell.,
Verh. 14, 18. pp. 837-848, Scpt. 80, 1912.)—During the recent eclipse of the sun
on April 17, the authors independently measured the strength of the received
currents at Marburg and at Graz, respectively 580 km. and 1000 km. from
Paris. The mecasurements at Marburg were cffected by means of a galena
detector and a moving-coil galvanometer having a sensitiveness of 427 x 10—°
amp. and a periodic time of 4 secs. The Eiffel Tower station sent out
groups of six dashes lasting 10 secs. and divided by 10-sec. intervals.
Between cach dash the galvanometer was rapidly brought to rest by a short-
circuiting key. The arithmetical mean of the six readings was taken, and the
results are embodied in a curve in the original article. The cclipse attained
its maximum in Paris at 1.10 p.m., and in Marburg at 1.21 p.m., and at the
latter place was nearly total. The max. received current was recorded at
the middle point between the times given above. During the cclipse no

atmospheric disturbances took place. At Graz an aperiodic moving-coil .

Galena and Galvanometer detector

TELEGRAPHY AND TELEPHONY. 47

galvanometer with a galena detector was employed, and only the max.
ballistic deflection of the galvanometer was read. The galvanometer was
not sufficiently sensitive, and, in addition, atmospheric disturbances were in
evidence. The observed deflections varied to such an extent that it was not
possible to plot a suitable curve. On thisaccount the total time of observation
was divided into intervals. For each interval the mean value of the observed
deflections was obtained, and in this way irregularities were climinated.
The following table gives the results :—
Time Interval. Relative Galvanometer Deflection.
11.40 to 125
12,6 to 12.50
1260 to 1.85 ...
1.35to 2.20
220to 8.5

Observations were also made with a telephone, and while it was hardly
possible to hear signals either before or after the eclipse, signals were
decidedly perceptible during the maximum. H. H. H.
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Early Attempt at Group Collection SCIENCE OF THE
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V¥V First Group Effort on Eclipse Affecting Radio
= Planned for August 21, 1914
= WWIimpacts data collection and analysis
= Group activity envisioned early on

[1] http://astro.ukho.gov.uk/eclipse/0311914/S1914Aug21.pdf
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V¥V Hantaro Nagaoka, “Effects of Solar Eclipse on Wireless
Transmission,” Mathematico-Physical Soc., Tokyo, Proceedings 7,
pp 428-430 December 1914

V¥V Note: The word lonosphere did not exist until created by Robert
Watson Watt in 1926
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* Second Try
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V¥ During solar eclipse on May 29, 1919, increased signal strength was
noticed in daytime between Meudon, Paris and Ascension

= Wavelength 4,700 meters (approx. 63.829 kHz)
V¥V Hypothesis: increased strength was due to the diminishing effect of
solar radiation
= No particular change in intensity was noticed for most transmit/receive pairs
= Many different receivers coupled with different transmitters
= Only anecdotal reporting!

[1] http://astro.ukho.gov.uk/eclipse/0211919/ o R
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* Early Crowdsourcing Effort

V January 25, 1925 Solar Eclipse

= Teamed with Scientific American

= Noticed 75 meter daytime signals arrived with intensity associated with

nighttime signals - Many errors in reporting’

= QOver 2,000 BCB reporters and co-operation from BCB transmitters

The Radio Listeners of America Are Invited to As

N Junuary 24, 1925, the amateur sclentists

Help Us Study the Solar Eclips

Does thi shadow path behave like any other varlety

e

ist the Scientific American’s Study of Static,
Fading, and Other Radio Effects During the Total Eclipse of the Sun Next January
£ & I )

will keep accurately timed records of signal strength,

of Ameriea w

On that day|

of the sun, on
that have been visible In the
Eastern States since the North American continent was
occupled by the whites.

The path of the total shadow Is shown on the map
printed above. Buffalo, Ithaca, New Haven and many
other cities are near its center. New York City Is Just
at the southern edge of the strip of totality. will be

effects will this have on radio transmission?

are already making preparations for sclentific work.

Early-attempt at crowd-sourcing radio observation

w0 T &3
all the time toward the earth will be altered. What

No one knows the answers to these questions. The
SCIENTIFIC AMERICAN proposes to try to answer them.

A group of qualified radio listeners and amateurs
srmed and Instructed. Special signals will be
Professional astronomers at the great observatories sent out by selected broadcasting stations. The listeners

The truth of the Einsteln Theory, the mystery of the
sun's corons, the remarkable “shadow bands” that Radio Fans Attention
sometimes accompany eclipses: all these and many
other phenomena will be carefully observed by trained do to radio.
men provided with the best of Instrumental equipment. | following information at

thousand miles an hour, the Intensity of radlo signals
suddenly Increased, then suddenly decreased. The
effects were somewhat the same as those of nightfall,
but not quite the same. The observers on duty were
100 few to permit certainty

So we are left with the question of what a solar
eclipse really does do to radio

of listening?
Address:
The Eclipse Editor,
SCIENTIFIC AMERICAN,
233 Broadway, New York,N. Y.

Help us find out what the eclipse of the sun will
f you are willing to help, send the
to our Eclipse

the entin

But there are some things that amateur observers, | Editor. Be swre to answer ALL the guestions.
not equipped with exy pes or p L Your name and mail address.
can do to help. In particular, there are lmportant | 2. What is the make and design of yowr wadio
things that radio fans can do. receiver?
Last year In Callfornia there was another eclipse of | 3. What kind and size of antenna do you wse?
the sun. The weather was cloudy and the astronomers | § Do you wse storage batteries or dry cells?
got only very few photographs or observations. 5. Are you located in open country or in town?
But the few radio fans who had arranged to lsten | o g0 00 o"have you been a radio fan?
during the eclipse heard some remarkable things. ” y
As the sun's shadow swept past at its speed of a | 7+ [ yow have an_amatenr license will you be

willing to send signals if we ask you to, instead

© 1924 SCIENTIFIC AMERICAN, INC

I try to see

it test?

o 3 ', ScieNTIFic
Axgzicax, 283 Broadway, New York City, and say so.
Be sure to give us all the Informs requested In the
column to the left.

We will write you later and send you exact Instruc-
tions concerning what signals to listen for, how to
listen and Just what records to make. You will recelve,
also, blanks on which these records can be sent In.

It Is not necessary to have any experience In
order to help In thi All you will have to do is
to tune In early In the morning of January 24th. listen

to the sig oy

about 10
about tw
minutes 1
feal locat

of instru
your app
now. Ob
Tt Is poss
be secure
path of t

Applics|
us to en|
We will |

[1] Reports in Scientific American and QST
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 lonosphere lonization Experiment

V¥V Inthe 1920s, it was understood that the sun caused the ionization of the
lonosphere. Two possible mechanisms were hypothesized:

1) electromagnetic waves emitted by the sun
2) particles emitted by the sun

V¥V Sir Edward Appleton (Nobel Prize in Physics in 1947 for ionosphere
studies) proposed an experiment where the moon during a solar eclipse
would stop both the electromagnetic waves and the particles.

Electromagnetic waves travel at the speed of light (3,000,000 km/sec)
Particles travel much slower (approx. 1,000 to 2,000 km/sec)

If the ionosphere becomes re-ionized quickly after the eclipse, then due to electromagnetic waves.
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France Info - 711 kHz
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[1] Eclipse 2015 — RSGB Experiment downloaded from htip://forums.thersgb.org/index.php?threads/early-results-from-eclipse-experiments.128/
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BCB band during the 1999 eclipse

Radio Luxembourg (1440kHz) recorded at Birmingham
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Plot of the variation in the received CW radio signal as recorded in Birmingham RA Regional Office in
the UK of the 1440 kHz (£1.4 kHz) carrier emanating from Radio Luxembourg at Marnach (a) for the
morning of the total solar eclipse and (b) the day after the eclipse

[1] Image from ofcom.org.uk
[2] “Radio and the 1999 UK Total Solar Eclipse”, Dr. Ruth Bamford, May 2000
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. Reports of 75 kHz reception during NERC
* 1999 solar eclipse
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[1] M. Sanders, 1999. "Solar eclipse effect on the propagation of LF radio signals" from December 3rd 1999, available at URL: http://www.xs4all.nl/~misan/eclipse.htm.




* Eclipse Mob Consortium
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Tools for collection are available at
eclipsemob.org <http://eclipsemob.org>

V The 2017 Total Solar Eclipse: Excellent opportunity to observe propagation
interaction with the ionosphere across the continental U.S.

= Propose a crowd-source collection of signals across a number of different

short, medium and long-paths.

= Signals will be collected before, during and after the total eclipse.

=  Amplitude changes reported at each location.
= Goal: Disseminate large data collection across the scientific community.
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[1] Hagen, Tom. "A Portable, Calibrated VLF Field Strength Measurement Receiver and Loop Antenna.” Society of Amateur Radio Astronomers Association West Conference, 2015,
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[1] source NIST.gov



Pre-event transmission tests
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V¥ Periodic transmissions during 2017 for event preparation

138, Burden 18-Apr-2017, Ar= 100 Hz 67 ey BUrden, 19-Apr-2017, Ar =100 Hz _
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55.5 kHz and 135 kHz collections in Kansas using
Georgia Tech AWESOME Instrument
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* Georgia Tech Solar Eclipse Effort

s =

V¥V Tracking Impact of Solar Eclipse with LF
= Eclipse forms moving patch of “night”, surrounded by day
= Radio scattering problem using web of transmitters/receivers at 300 kHz

Southeast Array and Solar Eclipse Track Observational Geometry
Eclipse location/direction [ Eclipse location
1817°UT, 21-Aug-2017 AR o
f \ 290 kHz Beacon \ Scattered path
Direct path
X
Receiver

z

c

3

o

o

o

0

o}

%]

)

2

289 kHz 2

o X 0

® NDGPS Transmitter 7]
% Existing LF/MF Receiver 0 500 1000 1500 2000
% Proposed LF/MF Receiver| @ Beacon-to-eclipse distance (km)




Georgia Tech AWESOME Instrument

V¥V AWESOME Instrument Detects VLF/LF Waves Pretty Efficiently

1 MHz sampling
. 1 -450 kHZ ba n d [EEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 48, NO. |, JANUARY 2010

. Sensitive Broadband ELF/VLF Radio Reception
= Two orthogonal wire loop channels With the AWESOME Instrument

| 2 5 n S ti m i n g a CCU ra Cy Morris B. Cohen, Member, IE€E;l71|1;S. l% IEE. and E‘\‘:u:' \ Puscll
u 96 d B dyn a m iC ra n g e Abstract—A new instrument has been developed (& : . “ ~ B %

for sensitive reception of broadband extremely n*j‘“ :
(ELF) (defined in this paper as 300-3000 Hz) and 5
g quency (VLF) (defined in this paper as 3-30 kHz) (-
~ I | - from natural and man-made sources, based on d

. S e n S I tl VI ty O . O 3 /rt H Z g decades at Stanford University. We describe lh:’s"
g it characteristics of the Atmospheric Weather Elec .
g tem for Observation, Modeling, and Education (AV
strument, including sensitivity, frequency and phi
timing accuracy, and cross modulation. We also de:
range of scientific applications that use AWESO)

data involving measurements of both subionospheri
netospherically propagating signals. .

Index Terms—Amplifiers, analog circuits, broad’S)
fiers, ionosphere, lightning, low-frequency (LF)
tosphere, radio receivers, remote sensing, waveguide;

SRR o,
beesses. Moreover, because of the relatively high
bf meters, due to the skin effect) penetration into
SELF/VLF waves are a useful tool for sublerranean
and imaging [6].

observations of natural signals at ELF and VLF
were made serendipitously in the late 19th and
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* HamSCl: 2017 Eclipse Experiment

s =

V¥V Eclipse Experiment Methodology
= |lluminate the ionosphere with an Eclipse QSO Party.
= Use networks such as the Reverse Beacon Network to collect data.
= Use amateur radio data to complement data from other sources.

V Eclipse Experiment Preparation

= Expand the Reverse Beacon Network
= Publicize the Eclipse QSO Party
= Do more preliminary studies to establish a baseline




NERC

i i i Reverse Beacon Network
¥ RBN IS. an amateur radio reporting system Solar Flare HF Communication Paths
comprised of a network of automated eriare o5 - 1590 UT 13 My 2013
receiving stations. :

= Scans and decodes portions of the radio
spectrum (Morse code, some digital signals).

= Network has large spatial resolution in US.

S

TX Stations: 109
RX Stations: 60
Plotted Paths: 1142

120°W 100°W 90°W 80°W
.- lare Peak - a
V¥ RBN has the ability to detect space weather = =TT = “OBE;
events over large areas. — o
= A demonstration of this ability is sharp 4 % s
decrease in the number of stations the RBN X
heard in the US, associated with the arrival of | mso
a Solar 'ﬂare. Plotted PatHs: 463
120°W 100°W 90°W 80°W
S iz B 7ui: W LMz % MCOWE Beacon

23



L Conclusions
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V¥ In the past, many studies investigated radio wave and solar eclipse
interactions

V¥ A number of tools and methodologies exists today to perform
improved studies

V¥V This presentation outlined three studies to be undertaken during the
August 21, 2017 Solar Eclipse

V¥ We welcome participation!

(1)EclipseMob.org
Info@eclipsemob.org <mailto:Info@eclipsemob.org>

(2) HamSCl.org




