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ABSTRACT

On the morning of the August 11th 1999, a total eclipse of the sun plunged Cornwall and parts of
Devon into darkness. The event of the eclipse was bound to attract a great deal of scientific and
media attention. Realizing that the differences in day-time/night-time propagation of VLF/LF/MF
to HF bands would also apply during the darkness of the eclipse, the eclipse offered arare PR
opportunity to promote radio to the general public. At the same time the specific nature of the
disturbance to the upper atmosphere and the effect on radio propagation could be examined in
detail using scientific instruments at minimum cost since most instruments would not have to be
moved. Thiswould allow prediction models to be tested in a controlled fashion.

Contained within this report are the details and results of the radio and ionospheric experiments
conducted by the Rutherford Appleton Laboratory during the 1999 total solar eclipse. The
promoting of the radio experiments with the general public produced nearly 60 appearances on
local and national TV, newspapers and periodicals. Closeto 1700 people responded to the
general public medium wave experiment and 16 million people looked in on the general eclipse
web site (part funded by RA) that included the details of the radio experiments. A large database
of systematic observations across VLF to HF was collected from radio amateurs and from the RA
Regional Offices allowing comparisons to be made with ITU estimates. Thereis a brief ook at
the scientific results and a forward look as to how the analysis of this disturbance might have
impact on the use of ionospheric models for Space Weather tools in the future.
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INTRODUCTION

On the August 11™ 1999, for the first timein 72 years, a total solar eclipse of the sun was visible
on the UK mainland. Although the region of 100% eclipse was mainly over Cornwall, the partia
shadow extended across the whole of the UK, with as much as 85% of the sun's disk being
obscured by the moon as far north as Edinburgh. This event was bound to create a great deal of
public, scientific and mediainterest.

It isnot immediately apparent that atotal solar eclipse would have anything to do with radio
propagation. However it iswell know that Medium Wave, Long Wave and Short Wave reception
can be quite different at night compared to during the day. During the night many remote MW and
LW gations are detectable on the band that are not audible during the day. Thisis due to changes
in the ionosphere, the layer of the Earth’s upper atmosphere that isionised into free eectrons and
ions by radiation coming from the sun. Since this layer of the atmosphere is comprised of dectrical
chargesit can effect radio waves. Also the nature of theionosphereis so closdly tied to radiation
from the sun, the loss of sunlight due to the passage of the shadow of the moon during the eclipse
was going to very briefly produce a night-time like ionosphere. In essence this meant that radio
reception on the Medium, Long and Short Wave bands were expected to experience the sudden and
relatively localised return to night-time reception conditions during the middle of the day over
Europe on August 11" 1999. However the darkness that occurs during an eclipseis considerably
different for that of an ordinary night-time. The moon’s shadow isrelatively small on the Earth and
travels at super sonic speeds. It was likely to produce some interesting effects that might be
detectable on ordinary radios.

This event offered a two-fold opportunity. Firstly because the eclipse was going to effect household
medium wave (MW) radio reception (though not FM), it was a potential public involvement event.
Thiswas going to make it a rare opportunity to put radio and the activities of the Radio
communications Agency into the media. Secondly it was an opportunity to study the effects on
radio propagation of the sun through its effects of the ionosphere. The eclipse was particularly
useful for this because the nature of the eclipse disturbance could be exactly
characterised/predicted which is not so true of events like solar flares or solar storms that more
commonly disturb ionospheric sensitive communications and navigation systems such as GPS
(Global Positioning System).

PROJECT OBJECTIVES

The main objectives of the project are as follows:

0] Increase public awareness of the effects of sun and night-time conditions on radio reception
in both the medium and short wave bands.

(i) Promote better links between propagation researchers and the short wave radio user
community by working together on a specific event.

(iii) Use the unique circumstance of a total solar eclipse to examine ionospheric models.
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This report describes both the public and scientific radio propagation programs conducted during
the total solar eclipse over the UK and Europein August 1999. A summary of the resultsis
included and a breakdown of the media and web outlets used. The introductionary sections however
start with a description about the nature of eclipses and the principles behind the effects on the
ionosphere and radio propagation.

THE NATURE OF AN ECLIPSES

In Figure 1 isthe familiar image of atotal solar eclipse with the moon olbscuring the face of the sun
leaving just the corona. Remarkably, the fact that the moon’ s diameter so exactly matches that of
the sun’ s face viewed from Earth, isjust a co-incidence. The moon is 400 times smaller in diameter
than the sun but is 400 times closer (see Figure 2).

Figure 1. A photograph of the Total Eclipse of the Sun in August 11™ 1999.

PENUMBRA

Figure 2. The geometry of an eclipse showing the regions of 100% shadow (umbra)
and partial shadow (preumbra). (Image from F. Espenak, NASA).

On averagethereis either atotal or annular eclipse about twice a year somewhere on the Earth. But
the Earth is big and the shadow of the moon during an eclipseis very small by comparison making

10
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it arare event for the UK. Thelast total solar eclipse on the UK mainland was in 1927 and the next
will not be until 2090.

The photograph of the 1999 eclipse taken by a wegather satellite METEOSAT-7 in Figure 3 best
illustrates the size of the moon’ s shadow on the earth during an eclipse. In thisimage the 100%
eclipse, or totality region, is centred over Northern France and is only 100km wide. However the
partial shadow can be seen to extend over most of Europe. In motion, the eclipse shadow passes
across thisimage from left to right in about an hour and a half, which is at super sonic speed.

Figure 3. Topside view. A photograph of the 1999 total solar eclipse at 10:30UT
taken by a weather satellite (Meteosat-7). & 2000 EUMETSAT.

Figure 4. A model calculation of the depletion in electrons caused by the lunar
shadow on the Earth’s ionosphere. (Matthew Harris, University College London).

Theimagein Figure 4 shows the calcul ated effect of the lunar shadow on the ionosphere, the

ionised upper most part of the Earth’s atmosphere that effects radio propagation. The colours
represent the calculated eectron densty in the ionosphere at an atitude of ~280km. Since the

11
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eectronsin the ionosphere are created by the photoionisation of the sun’s radiation, the smulation

shows that as expected, without the sunshine and € ectron density drops, giving us a nice outline of

the lunar shadow very smilar to the METEOSAT image in Figure 3. Thisillustrates how the well
the dimensions and motion of this disturbance to the ionosphere can be modelled and thus used to
test ionospheric and radio propagation predictions effected by the ionosphere.

Figure 5 shows where these previous two figures relate a map of Europe. Thetime at which the
shadow passed isindicated aong the path asis the geographical extent of the partial shadow.

Kilomalars
Soar 115,504,000

d "o ) B i | L
s e {
a Manchesler N —. o
- .h'g.'n;:.u: L

Blrrnmg"larn L] y P Pt _ PoLaxp .
¥ & — Berlin _ [
LOF‘IGOF‘I LAl . Essan [ L Peoames > y
E & -Gl GERMANY 909 L g ; &
"'..' NGLAND 757 Wnlees o . =
= T <1 ™
g e g ® R UKRAINI -
nartinany
- n—

.\Mw:u\.—- o
1 * 050 UT) s Bt
o Mitano 1 L noeut! T W hoouisis| Sea
= L) | ozénggas g |
- c:lr_!acw.m Bt ‘_.: ! | PEUT Vaa —
A hm% S S samire D2z | .\ 4
1 " A -
v { o T i g lstanbul
: L J ) - "
i ¥ "'Ftoma PN e R
- = . !
LA L & Napcll, ™ S
G , b 0% TURKEY
L g i
—. Wzeea /'- S ?O% :'\ at .
____.l__;‘p. k. MASANGERT rw}.n'.- 107 B 3 SEI"E

Figure 5. A map of the path of totality across Europe of the 11™ August 1999 total
solar eclipse. (From F. Espenak, NASA).
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WHY THE ECLIPSE WASABLE TO EFFECT RADIO
PROPAGATION

The connection between the solar eclipse and radio propagation is due to the connection with ELF
to HF radio bands and the ionosphere. Therefore it is necessary to give a brief introduction to the
nature of the ionosphere and how the loss of sunlight from an eclipse effects the ionosphere before
discussing how the radio experiments during the eclipse worked.

THE IONOSPHERE

The ionosphere extends from about 50km altitude to about 600km where it merges with near Earth
space environment. The ionosphereis created by radiation, both eectromagnetic and particles,
coming from the sun which ionise the Earth's upper atmosphere into free eectrons and ions. The
reason the free eectrons persist in the ionosphere isthat at these atitudes the density of the Earth’s
neutral atmosphereis sufficiently thin that collisions between particles happen far less frequently
than in the lower atmosphere. However even at these altitudes the particles of the neutral
atmosphere within the ionosphere still out number the free eectrons by about 10,000:1. But even so
the free e ectrons live much longer before they are recombined.

®-w e satelites

m— - EyEr 0N

200 km

=
=
<L

100 krm

Figure 6. The location of the layers of the ionosphere in altitude and a sketch showing
the peaks in the electron concentration that are referred to as the D, E and F layers of
the ionosphere.

The density or concentration of free eectrons varies greatly with altitude within the ionosphere.

Thisisin accordance with the balance between the production (from the sun mainly) and loss
mechanisms (through collisions). As aresult of the variations in the composition of the Earth’s
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neutral atmosphere and the different penetration depths of the solar emissions, the ionosphere
electron dengity profile has a complicated anatomy that is generally divided into several regions or
layers (see Figure 6).

Theregions of the ionosphere are labdlled the D, E and F layers for historical reasons. The F layer
isthe highest layer where the atmosphere is the thinnest. It aso has the maximum density of
electrons overall and ground based short-wave or High Frequency (HF 3-30MHZz) radio signals
generally use thislayer to reflect from during the day. The D layer of the ionosphereisthe
lowermost and is most dominated by in the neutral atmosphere. The Extremely Low, Very Low and
Low Frequency bands (ELF, VLF and LF, <3kHz to 300kHz) can reflect off the D layer of the
ionosphere. The E layer isthe layer in between these two and the Low, Medium and High
Frequencies (LF, MF and HF 30kHz to 30MHz) can reflect from this layer. Because the
ionosphere changes with the variations in solar emisson and changesin the “ westher” of the
neutral upper atmosphere, the efficiency of the propagation and signal reception of all these bands
therefore depends heavily on the state of the ionosphere. So if the ionasphereis disturbed so will
radio propagation at ELF to HF frequencies.

THE DIFFERENCESIN RADIO RECEPTION WITH AND WITHOUT THE SUN

Each of the layers of the ionosphere respond differently to the loss of sun’sradiation at night or
during an eclipse. The D layer of the ionosphere isthe layer responsible for most of the signal
absorption. It is also the most sengitive to the loss of sunlight. Thisis becauseit isthe lowermost
of the layers and is quickly overwhelmed by the neutral air around it once the active source ionizing
radiation from the sun is removed.

However the E and F layers above the D layer are moreresilient to the loss of solar radiation. The
electron densities are much greater in these layers and they are higher up in the Earth’ s atmosphere
too so that they persist for much longer, even for awhile after sunset.

The sketch in Figure 7 shows how the D layer disappears during the eclipse but the layers above
may remain for longer. In the case of an eclipsethe“ hde’ in the D layer of theionosphereisa
much more localized effect than during a normal night.

100% shadow
partial shadow

_______ p

Depleted D layer Earth )

Figure 7. Radiation from the sun is what largely creates the ionosphere. The shadow
cast by the moon onto the Earth puts the lowermost part of the ionosphere, the D
layer, into its night-time like state. The E & F layers are more resistant to change
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Day time Night time/During eclipse

+ . -
-

Short wave SW
Radio waves

Figure 8. A sketch illustrating how long wave (LW, 30-300kHz LF), medium wave
(MW, 300kHz to 3MHz MF) and short wave (SW, 3-30MHz HF) radio waves are
reflected from the different layers of the ionosphere during the day (a) and during an
eclipse or at night (b).

The consequence of the effect of the loss of sunlight either at night or during an eclipseisillustrated
in Figure 8.

During the day the emission from the sun means that the e ectron density of the radio absorbing D
layer of the ionosphereis high. For MF and LF band this means that signals from many remote
broadcast stations are not detectable during the day, as the signal strength is too low for most
receivers and certainly so for most household radios. But at night with the loss of the direct solar
radiation the D layer disappears rapidly. However the higher altitude E and F layersremain all beit
in alessintense form than during the day. Therefore MF and LF can propagate by reflecting from
these layers without the hindrance of the absorption from the D layer. This resultsin the night-time
band pollution from a multitude of foreign stations.

ARE THE DIFFERENCES SIGNIFICANT ENOUGH?

It was important to know at the outset of this project whether or not the effect on the signal strength
of sky wave VLF/LF/MF and HF would be of measurable magnitude during an eclipse. The
evidence came from the ITU recommendations and reports [ITU 1986] that show typical
daytime/night time values for the changesin signal strength. These are shown in Table 1. Sincethe
same processes are at work the moon’ s shadow would produce similar magnitudes of changesin

15
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signal strength but just over a more limited geographical extent. At 10 to 65dB the passage of the
eclipse would be easily be detected on normal radio.

Table 1. Examples of some typical changes in signal strength
between normal daytime and night-time.

Band Data for frequencies | Ground ranges Sig. change
LF 227kHz - 251kHz 1380 -1650km 10-20dB

MF 845kHz - 1538kHz 610 - 405km 45 - 65dB.

HF 4.8MHz -15.3MHz 300 - 2300km 10 - 30dB

THE RELEVANCE OF THE ECLIPSE TO THE EVERYDAY | ONOSPHERE

Although an eclipsein any one location is a very rare event, observations of the consequences of an
eclipse on radio propagation do have a direct connection with more everyday ionospheric
disturbances. The effect of the eclipse on the ionosphere can be considered as the opposite a short
wave fade out. Thisiswhere a solar flare erupts on the sun and emits a burst of x-rays and extreme
ultraviolet radiation. This radiation enhances the ionospheric D layer that then increases the amount
of RF absorption from VLF to HF disrupting communication on a wide range of frequencies. A
sketch illustrating the comparison between a short wave fade out and the eclipse is shown in Figure
9. Thisfigure also demonstrates the need for observations to be made acrass many frequencies.

The significance of this comparison between a solar flare and the eclipse also illustrates the
relationship between the extreme ultraviolet (EUV) wave engths (below about 20 nm) and X-rays
emissions from the sun and the formation of the ionospheric layers. Thus the eclipse offers an

opportunity to examine the effect of regions of the sun on the ionosphere as the moon progressively
obscures the solar disk. Thisanalysisis shown in alater section.

Shortwave fadout During eclipse

“ . . T
Enhanced D-layer RS Depleted D-layer ; S
; A

— T m—— 0 MHz

10 MHz

S hHz

signal strength
m
=
T
]
signal strength

>
i ~ 1 hour

Flare

S >

eclipse

Figure 9. An illustration of how the eclipse shadow passing over the face of the sun
could be expected to enhance signal strengths at different frequencies in the opposite
manner to a short wave fade-out created by solar flares.
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RADIO EXPERIMENTS DURING THE TOTAL
SOLAR ECLIPSE

The radio experiments devel oped for the eclipse came on several levels. Firgtly was the generd
public “ did you hear the eclipse? Yes or no?" experiment on the medium wave using household
radios. Secondly was the more methodical observations of the radio amateurs from across Europe
and the RA regional offices both using more sophigticated radio receivers. And finally were the
scientific observations of theionosphere directly using the HF radars or “ionosondes’.

GENERAL PUBLIC MEDIUM WAVE EXPERIMENT

Theloss of the D layer signal absorption during the eclipse meant that for a brief time during the
middle of the morning during the eclipse, Continental radio stations not normally audible would
appear to fade in and fade out as the eclipse passed by.

The experiment consisted of asking the general public to tunein their radiosto a specific foreign
MW radio gtation during the eclipse and tell usif they could hear it “yes or no”. They were also
asked whether they could normally hear it during the day, yes or no, and where they werein the
country. The station chosen was Radio La Coruna on 629kHz transmitting with a 2KW transmitter
from Northern Spain. The station was chosen because it was easily detectable during the night and
the frequency was free from any local UK broadcast stations.

The public was asked to send in their responses, with their postcode so that their location could be
determined, to the Rutherford Appleton Laboratory. It was asimportant to receive responses from
those who did not hear Radio La Coruna during the eclipse as from those that did and to know
where each werein the country.

The radio experiments had several benefits over other eclipse experiments that added to it success.
The experiment was suitable for people living throughout the country, not just thosein Cornwall, it
involved any age group and included the visually impaired. Two other important factors were
emphasised with the media that helped to increase the number of people who participated in the
experiment; it was unaffected by cloudy skies and rain and it did not prevent people from watching
the eclipse at the sametime.

Even if people did not try the experiment themsel ves the intention was increased public awareness
of how radio signals reach them and what factors effect the quality of reception.

An example of some of the professional graphics commissioned to promote the radio experimentsis

shown in Figure 10. These images hel ped to visualise the radio experiments to the media. Stills and
the animation versions were used by several of the media outlets.

17



D48-1 RADIO AND THE 1999 TOTAL SOLAR ECLIPSE FINAL REPORT

Figure 10. An example of the graphics used to promote the radio experiment with the
general public. The animated version was used by Sky News.

RESULTS FROM THE GENERAL PUBLIC RADIO
EXPERIMENT

In total 1700 responses were received mainly by post. The size of this response is thanks to the
success of the www.eclipse.org.uk website, BBC Online and the Daily Telegraph publishing a
coupon on the day of the eclipse for peopleto fill in and post to the Rutherford Appleton
Laboratory (Daily Telegraph 11™ August 1999). With this quantity of respondents a map of the
country showing where 639%kHz La Coruna was audible during the eclipse could be drawn and this
isshown in Figure 11. The lighter colour indicates the higher percentage of “yes’ responses. The
responses across the country were divided into percentage of positive responsesto total responses
in grid boxes across the UK. This contour map was then extrapolated paralld to the path of the
eclipse to produce the image shown in Figure 11. The follow-up article in the Daily Telegraph on
Wednesday, September 15th 1999 reproduced this picture.

From the map it can be seen that peoplein the South and Southwest of the UK could hear 639kHz
Radio La Coruna all thetime. Thiswas known and is probably due to propagation directly across
the sea from Northern Spain. Thereisaregion across Wales and the middle of England where the
station was not audible but people further north in the Northeast and Northwest of England the
Radio La Corunawas heard during the eclipse. Thus suggesting a skip-distance effect.
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Figure 11. The distribution of % positive responses to the 639kHz Radio La Couruna
public experiment. (Thanks to Lance Farr).
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THE VLF TO HF BANDS

RADIO AMATEUR EXPERIMENTS

The radio amateurs with their more sophisticated radio equipment were in a position to make more
systematic observations and cover a much wider band of frequencies. This event was also an
opportunity to involve radio amateurs directly with RA and radio researchersat RAL.
Scientifically it provided an opportunity to compare the observations during an eclipse with those
published by the International Telecommunications Union (ITU) for day-time/night-time
differences and to mode the consequences of the effects on the ionosphere.

The experiment for the radio amateurs and RA regional offices was essentially aclassical A3
ionospheric absorption measurement [Davis 1990, Rawlings 1976]. Thisiswhere the strength of a
continuous wave (CW) signal from a remote transmitting station is monitored in time using a
calibrated signal strength meter. The strength of the signal was expected to increase for most
frequencies and propagation paths as the absorbing D layer of the ionosphere disappeared with the
loss of sunlight (as shown in Table 1).

A DESCRIPTION OF THE RADIO AMATEUR AND RA EXPERIMENTS

In detail the experiment required noting down the strength of radio signalsto and from the
Continent, before, during and after the eclipse. That meant between about 8:30am and 13:00pm
(British Summer Time) on the 11th August 1999 and similarly on a control day ether the day
before or after. Some used computers to record the signal levels but many just used pen and paper.
One problem, that was identified early on, was that most signal strength meters or dials on radio
amateur equipment are likely to be too unrdiable to be used directly for measuring received signal
strength. However advice was provided in detail as to how to overcome this by supplying a
procedure as to how to calibrate these metersinto dB. This many, but not all, took the time to do.
However even uncalibrated measurements had value. The importance to take great care about the
exact timing of the observations was constantly emphasi sed.

Publicising the experiment to radio amateurs was done at Conferences, through the HF Technical
Working Party, speaking at local clubs and publishing articles in radio amateur journals such as
RadCom and Radio Today. Laminated certificates were sent to the radio amateurs who sent their
results to Rutherford Appleton Laboratory as thanks.

RESULTS FROM THE RADIO AMATEURS

Figure 13 shows just a selection of the responses sent in by the radio amateurs. The frequencies
chosen here range from 864kHz to 7MHz. The change in signal strength for these frequencies
ranges from 10 to 40 dB. Similar to the ITU day-time/night-time values shown in Table 1. In
Figure 14, Figure 15 and Figure 16 just three examples of the variations of signal strength in time
are shown along side a map of Europe with the locations of the transmitters and receiversin each
case. The path the eclipse totality passed isindicated on the map by the thick black line. In thefirst
example (Figure 14) the signal strength variation isfor a propagation path which must traverse the
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path of totality. The propagation paths are shown as simple straight-line projections onto the
ground on the map, though the radio signals must have reflected from the ionosphere and in reality
follow a 3D path that would require aray trace to modd accurately. The frequency was 6.065
MHz and was recorded in Spain from a transmitter in Sweden. The 100% eclipse shadow passed
the mid-paint of the propagation path at approximately the same time as the signal strength reached
its maximum. A red star indicates this point on both the map and time plot. The dight differencein
timeis probably due to a combination of the sampling interval and the fact that the eclipse path on
the map is shown for the eclipse on the ground. Up at ionospheric altitudes the eclipse occurred a
few minutes earlier.

The maximum signa when the eclipseis at the mid-point is the behaviour one would expect. That
is athough the point of reflection of the radio waves is going to be the E layer above the D layer,
the maximum increase in signa strength of a received signal would occur when the average
absorption isa minimum on both upward and downward legs of the journey. Thisisillustrated in
Figure 12.

Figure 12. A sketch showing a simple
view of radio waves reflection off the
E layer of the ionosphere. The eclipse
100% shadow is shown as the dark
oval in the centre asif it were
effecting the D layer. The shaded oral
represents the partial eclipse shadow
that is effecting the D layer absorption
on the upward and downward
propagation.

A similar observation was found for most frequencies and propagation paths across and along the
path of totality. However there were exceptions which are discussed in alater section . Two
examples for the variation in signal strength at 3.522MHz and 864 kHz from areceive site directly
under the path of totality in the UK from transmitter just north of the totality are shown in Figure
15 and Figure 16. Here too the maximum signal occurs approximately when the eclipse totality was
a the mid-paint of the projected straight-line propagation path.
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Figure 13. A selection of the observations during the 1999 solar eclipse of the signal
strength of CW transmissions from Continental stations received in the UK as
recorded by members of the Radio Society of Great Britain (RSGB).
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Figure 15. The variation in signal strength for propagation along the path of totality
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Figure 16. The variation in signal strength for propagation along the path at
864kHz.
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LF AND VLF OBSERVATIONS DURING THE ECLIPSE

The LF and VLF band (3kHz -300kHz) data from radio amateurs showed some very interesting
effects of the eclipse. The plotsin Figure 17, which show the temporal variation in the signd
strength at 75kHz from the Swiss time clock transmissions (HBG), illugtrate this. These are very
different from the responses at the MF and HF (300kHz — 30MHz). The map in Figure 18 shows
the different direct line propagation paths between the transmitter and the receiving locations for
the sgnals shown in Figure 17. There is more than one explanation for the oscillations clearly seen
at this frequency. Firstly they could be the result of phase changes incurred by the radio signals due
to the effects of the eclipse shadow on the ionosphere where the signals are being reflected (this has
been seen before). Alternatively changes in the heights of the layers and multi-path interference are
two other explanations or a combination of all of these effects. At these frequencies the radio waves
are predominatey being reflected by the D layer of the ionosphere which is undergoing alot of
changes as a consequence of the eclipse.

HEG?5 signal measurement during eclipse 1999
| — G0V — FAIESH —DkEkY ——DLZKCL —[DF3iLF | Time (UTC)
11-2-38 11-5-33 11-2-33 11-5-33 11-2-83 11-5-33 11233 11-5-33 11833 11-3-33 11833 11-8-3
2:15:00 2:30:00 34500 10:00:00 10:15:00 10:30:00 10:45:00 11:00:00 11:15:00 11:30:00 11:45:00 12:00:0
4
5
o 6
g 5 /
4
! S 7 N,
T 0m T, ¥ A
v S \
E 41 — 17
@
£ 42
g i PRI =SS v A .l B ™ [ |
e o i - g N R A At S ——
= a5 e il s o s T N N A [ ™, 7]
r .
T o ] i 1&]‘/ Fa¥ L il Lo Faan]
I 7
= 47
£ . I i) ifs
] 4 N Pl I 7
y 0 N 1/
3o - ! 1l F
= 52
53 NS "—-.J
54

Figure 17. A plot of the variation in signal strength at 75 kHz (HBG time clock)
observed from a variety of locations across Europe. [ M. Sanders, 1999]
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Figure 18. The location of the 75kHz HBG Swiss time signal transmitter and the
locations of the receiving radio amateurs identified by their radio designations.
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CONTRIBUTIONS FROM THE RA REGIONAL OFFICES

Staff at the RA Regional Offices and at the Baldock monitoring station also contributed to the
radio propagation observations of thetotal solar eclipsein 1999. A total of 16 computer-controlled
radio “ scanners’ were purchased and distributed to the RA regional offices to make accurately
timed observations using computers. The receivers used were |COM/IC-PCR1000 programmable
LF/MF/HF radio receivers controlled by PC with a 10-second sampling interval. Each receiver was
calibrated into dBm before deployment at a range of spot frequencies from 250kHz to 15MHz. The
antennas used were mainly low noise, broadband active whip antennas (SONY AN-1). These
provided a more consistent data set of observations.

PROPAGATION AT 1440KHZ

One of the best transmitter stations to observe turned out to be the 1200 kW transmitter of Radio
Luxembourg broadcasting at 1440kHz from Marnach. An example of the signal strength variation
on the eclipse day and a control day is shown in Figure 19. The decrease in signal strength dueto
theincreasing levels of absorption in the D layer asthe sun rises at dawn iswell illustrated on both
days between 4am and 6:30am. During the 1.5 hours of the eclipse the signal level can clearly seen
to return to 60% of the night-time (top pand). The straight-line projection onto the ground of the
propagation path from Marnach where Radio Luxembourg to Birmingham is show as the dashed
linein themap in Figure 20 along with pathsto 5 other RA regional offices (solid lines) and
Chilton, Rutherford Appleton Laboratory (dotted line).

Radio Luxembourg (1440kHz) recorded at Birmingham
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Figure 19. A plot of the variation in the received CW radio signal as recorded in
Birmingham RA Regional Office in the UK of the 1440kHz (+1.4kHz) carrier
emanating from Radio Luxembourg at Marnach (a) for the morning of the total solar
eclipse and (b) the day after the eclipse.
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Figure 20. A map of Europe with the path of totality (at ground level) of the solar
eclipse and the location of the 1440kHz Marnach transmitter in Luxembourg at the
northern edge of the eclipse path of totality and the receiving stations in the U.K.

Figure 21, shows the tempora variation the signal strength, similar to the plot shown in Figure 19,
but with the signal leve for the normal day subtracted to highlight the difference made by the
eclipse. Thistype of plot allows a closer examination of the timing of the effect on theradio
reception and the passage of the lunar shadow to be compared for all the receiving stations. The
times and the peak values for the all the receiving stations are listed in Table 1. The latitude and
longitude of the receiving stations and the great circle ground range between the transmitter and
each receiver isalsoincluded in the table. The precision of the receiving station clocks was checked
manually before and after the time of the eclipse and corrected for.

Marnach (Lux) received at Chilton {UK},
1.44000 MHz, Date:l 1/@8'/99
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Figure 21. Variation in received signal at Chilton in the UK of the 1440kHz CW
Radio Luxembourg carrier broadcast from Marnach (Radio Luxembourg). Herea 5
minute smoothing has been applied.
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Table 2. The results from the UK receivers monitoring the carrier frequency from the
Marnach transmitter. The 100 % passed over the Marnach transmitter at 10:28:58 UT
[Bell 1990]. * Uncalibrated receiver. Marnach Tx is 49.62N, 6.0 E.

Receiver Distance| Timeof max | % max | Timeof Rise
Station Lat. Long (km) eclipseRx | eclipse sgnal (dBm)
Rx Tx- Rx Rx maximum

(Um

Baldock 52.00N | -0.13E | 505.14 | 10:19:37¥ | 953 | 10:28:24 | 23.8
Birmingham | 52.49N | -1.89E | 636.37 10:17:57 935 | 10:26:44 25

Bristol * 514N | -2.64 E | 641.50 10:16:25 97.3 10:28:07 | 39.9*
Bury St 5225N | 0.72E | 471.30 | 10:21:54 § 94.3 10:28:30 | 20.3
Edmunds

Canterbury | 51.28N | 1.07E | 394.68 10:21:31 97.0 10:26:08 21
Chilton 5156N| -1.3E | 558.17 | 10:18:24" 95.9 10:27:53 | 23.9
Helston 50.1N | -5.27 E | 808.31 10:12:00 100.0 | 10:24:33 28

The eclipse totality was directly over Luxembourg at 10:28:58 UT. Thisisvery similar to the time
of maximum signal (column 7 in Table 2) rather than the time of local eclipse maximum over the
receiver stations (column 5in Table 2) for all but one case. What this table revealsis the genera
tendency for the peak signa strength at 1440kHz to occur when the eclipse shadow was much
closer to the tranamitter than either the path mid-point. Thiswas not the case for HF frequencies.
The exception to thisisthe case for 1440 kHz being received at Helston where the receiver was
also directly under the path of totality and the propagation from the transmitter to the receiver
would have experienced the maximum effect of the eclipse.

What was most unexpected was that for the signal strength responses are centred on the time the
eclipse passed over the transmitter, the enhancement of > 10dBm to the reception in the UK
continues when the lunar shadow had progressed well into southern Germany, more than 10
minutes after the maximum.

This suggests that the lass of absorption directly over the transmitter had a more significant effect

than the loss of absorption at any other region of the path for this transmitter for these cases at
1440kHz.
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OBSERVATIONS MADE BY THE IONOSONDES
ON THE IONOSPHERE

The monitoring ionaspheric radars or ionosondes that are funded jointly by Particle Physics and
Astronomy Research Council (PPARC) and RA made direct observations of the effect on the
ionosphere of the eclipse. These instruments transmit HF radio waves vertical upward at the
ionosphere from 1MHz to 30 MHz and record the time of flight of the return echoes [Davis 1990].
From this the maximum or critical frequencies of each of the ionospheric layers can be measured.

The observations of the change in the critical frequencies of the F and E layers from an ionosonde
are shown in Figure 22. Thisionosonde had been moved to Cornwall so as to be directly under the
path of totality. The vertical line indicates the time of local eclipse maximum.

Helston Digisonde dota, 11/ 8/1999
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Figure 22. Reduction in each of the ionospheric layers during the eclipse as observed
directly under the path of totality at Helston in Cornwall.

All the critical frequencies drop significantly during the time of the eclipse, which isin progress
from 8:56 UT to 11:31UT, with the maximum at 100% totality occurring at 10:12 UT (on the
ground). Thelevel of the drop in ectron density for the layersis between 20 to 35% of the normal
daytime values. From the plot it can be seen that the sharpness of the reduction in the ionospheric
layers was more significant for the E layer than for the higher altitude F layer. Thisis because of
the stronger solar dependence of the E layer compared to the F layer and because the eclipse was
total for the E layer but not total for the F layer. This comment is explained by referring to the map
in Figure 23. Allowance has to be made for the declination of the sun and the atitude of the
ionospheric layers. In Figure 23 the latitude and longitude of the path of totality on the ground
(black) and at the dtitude of the D, E and F layers of the ionosphere (red, orange and yellow) are
projected onto the map. In any analysis of the ionosphere and radio propagation this geographical
projection of the lunar shadow onto the ionosphere had to be accommodated.
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Te '-|:'|]i|:l.

Figure 23. A map showing the path of totality projected onto the altitude of the
ionospheric D, E and F layers at 50, 100 and 250km. Also show is the plan view
showing the relative location of the ionosonde stations to the inclined lunar shadow.
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ANALYSISAND MODELLING OF THE
RESULTS

Although some initial analysis has already been shown in the previous sections along with the
results. The following sections aim to examine some of the general observations and determine the
physical origins.

REDUCTION IN THE MUF AND THE EFFECT ON
PROPAGATION

Not al the observations of the signal strength showed an increase. The two examples below (Figure
24) clearly showing areduction of the order of probably 30dB or more (data here is uncalibrated
but 1 “Sleve” generaly isabout 5dB). This however is explained by changesin the critical
frequency of thereflecting layer, which isthe F layer of the ionospherein this case.

7.058MHz 7.06MHz
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Figure 24. Two example where the variation of signal shows a reduction rather than
an increase during the eclipse.

When radio signals propagate close to the maximum frequency that the specific ionospheric layer
will alow reflection, then other factors than the D layer absorption effect the signal strengths. This
is the maximum usage frequency (MUF) for a specific point to point communication link. This
different type of absorption is the so called deviative absorption, caused by the radio waves
refracting close to a resonant frequency of the ionosphere. The map in Figure 25 shows how for
these two signal strength examples the propagation paths were short (about 200km). The location
marked by the star on the map shows the location of the Chilton monitoring ionosonde radar. This
instrument makes direct measurements of the changesin the critical frequencies of the ionospheric
layers that can be trandated into MUFs for practical communications use. The geographical
proximity of the mid-point of propagation direction of the signal strength, which isthe probably
point of reflection, and the ionospheric measurements at Chilton are very closein this case. This
allowed the changes in the MUF to be calculated with accuracy using the ionosonde data for the
gpecific paths in question for the period of the eclipse. Thisis shown in Figure 26. Here the MUF
prior to the eclipse was above 7.5 MHz, which is above the 7MHz working frequency being used
for the sgnal strength measurements Figure 24. However the MUF drops below 6.5 MHz asa
consequence of the eclipse shadow passing resulting in the drop and temporary loss of signal.
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Figure 25. A map showing the location
of the receiving and transmitting stations
and the Chilton ionosonde relative to the
path of totality.
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Figure 26. The calculated changes in the maximum usage frequency (MUF) for the
propagation paths shown in the previous images based on Chilton ionosonde data.
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TEMPORAL VARIATION OF THE ECLIPSE EFFECT
AND SOLAR EMISSION

In examining the temporal variationsin the signal strength, which is effectively a measure of the
ionogpheric absorption, shown in Figure 13 for many frequencies and paths, some common
elements are apparent. Mogt significantly is that on both the rising and the falling edge thereis
generaly adight hesitation or changein the rate of change of the loss of absorption. Another
example of this characteristic is shown in Figure 27. A similar, but inverted profileis seen on the
lowermost E layer tracein Figure 22.

G3PLE 3522.5kHz LAT 50.28 LONG -1.10
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Figure 27. An example of the variation of signal strength change observed on many of
the radio eclipse propagation measurements with a change in gradient both before
and after the eclipse maximum.

This could have two causes. Thefirst is due to the selective obstruction of bright regions or
prominences on the sun’s disk which are emitting higher levels of extreme ultraviolet and /or x-
rays. The second reason is that it is due to changesin theionosphere.

By using data from the SOHO (Solar Heliospheric Observatory) satellite these two effects can be
separated. An image of the sun taken in EUV (17.1nm) for the morning of the eclipseis shown in
Figure 28. Thisisthe wavelength most closaly available to the wave engths that effect the
ionogphere. In the past ionospheric studies during eclipses generally assumed a uniformly

illuminated solar disk. These images clearly show the non-uniformity of the sun’s emission across
the solar disk.
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Figure 28. A SOHO image of the sun taken in extreme ultraviolet wavelengths
(17.1nm) at 10:12 UT on August 11™ 1999. (Thanks to SOHO EIT).

The occasion of an eclipse the moon is progressively obscuring the solar disk s seen from the
ground. One can then simulate this very easily, using SOHO images such as the one shown in
Figure 28, using the exact details of the relative size of the sun and the orientation of the SOHO
image and the eclipse local circumstances [Bell 1996].

This provides atemporal plot of the obscuration of the solar prominances that is plotted bel ow
(Figure 29).
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Figure 29. The change in the fractional EUV illumination derived from EIT SOHO
data at 17.1nm relative to an unobscured solar disk.
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What is surprising is that despite non-uniformity of the emission visblein theimage in Figure 28,
the variation in Figure 29 is so smooth. Allowance was made for the dynamic response of the
detectors and the distortions of the imaging process. What this analysis suggests that the variations
observed on the radio propagation and ionosonde observations have to be predominately
ionosphericin origin rather than solar. The observations of the ionosondes shown in Figure 22
show that the ionosphere did change in a similar way to the propagation responses. To understand
this responseis the realm of ionospheric moddling.

MODELLING THE IONOSPHERIC RESPONSE

The attempts to model the ionospheric response to the disturbance of the eclipseis an extensive
topicin itsef so only some of theinitial comparisons are presented here. Although most of the
established ionospheric models currently in use which are based on physics are nat held at the
Rutherford Appleton Laboratory, collaborations with RAL and the Universities have been
established to produce these results.

The first modd is an ionospheric ion-chemistry mode developed by the University of Southampton.
This model was developed to study the time varying effects of impulse eventsin the ionosphere,
such as particle precipitation or aurora at high latitudes.

Helston Digisonde doto, 11/ 8/1999
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Figure 30. Measurements of the ionospheric critical frequencies (left) and the initial
simulation results from the Southampton ion-chemistry model (right). The colours
represent the temporal response of different altitudes of the ionosphere.

In Figure 30 the measurements of the changes in the ionospheric layersis shown along side the
results of the ion-chemistry smulation. Although these are only theinitia resultsit showsthat the
mode is better at re-creating the lower altitude ionosphere than the upper ionosphere. The
explanations for thisare in the nature of the modd and can be adapted. The model however has
accurately predicted the step in gradient on the upward and downward leg before and after the
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maximum of the eclipse. Other results from this mode have shown this to coincide with the
collapse of the eectron temperature. The temperature plays a pivotal part in determining the loss of
electrons through effecting the particle collison rate. This mode therefore would seem to be able to
indicate the origins of the radio propagation results. However these results are provisional and
more refinements are really needed for quantifiable comparisons.

Theion-chemisty mode shown aboveisa 1D modd and cannot show the geographical differences
from the eclipse shadow as it moved across Europe. Another model hasto be used here. In Figure
31 the University of London Global Thermosphere lonosphere, Plamasphere mode has produced a
world wide map of the changesin the maximum frequency of the ionosphere due to the disturbance
caused by the lunar shadow traversing the ionosphere at super sonic speeds.

Change [WMHZ]

Figure 31. The predictions of the effect of a global ionospheric model on the change
of the maximum frequency of the F layer across the world as a consequence of the
eclipse.( University of London).

The use of the wdll described impulse disturbance of the eclipse for modd validation clearly has
implications for validating space westher predictions. Under no other circumstance can the cause of
an observed effect be described so accurately.
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CONTACTSWITH THE MEDIA AND GENERAL
PUBLIC

THE ECLIPSE WEB SITE

One of them most successful outlets for contact with the general public for this event was through
the Radio communications Agency’s (RA) joint sponsorship for the main UK Eclipse website at
www.eclipse.org.uk. The site was funded by Rutherford Appleton Laboratory (RAL), the Particle
Physics and Astronomy Research Council (PPARC) (who aso jointly funded the ionosonde project
with RA), RA and the Royal Astronomical Society.

The web site was the major eclipse site for the 1999 solar eclipsein Britain. The front page of
which is shown in Figure 32 with the link to the RA site. A short cut to the radio experiments was
available at www.eclipse.org.uk/radio where there are detailed descriptions of how to do the
medium wave general public and radio amateur experiments.

UK Solar Eclipse Information C{ER

File Edit  Wew Go Communicator Help‘

.~ Bookmarks & Location éﬂmtgﬁj;’/ﬁ.eéiiﬁsauorg‘uk) ) @) whats Related I

— Pictures & videos _ puformation on future eclipses P . .
| of the August *99 F\ izm,( t | Links to other sites
™ JEW

eclipse

Understanding
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Eclipse pictures § | Eclipsescience

Latest news ed” fipse Site” by f ) Towistinformation

ined by hdatthias Meuf it B

Figure 32. The top page of the main UK Eclipse website. As one of the sponsors of the
website the RA logo and link to RA webpages appeared on the top page.

The web site was run on the World Data Centre Unix machines at Rutherford Appleton
Laboratory. The plotsin the two paneds of Figure 33 illustrate the success of the website. The
upper plot showsthetotal “ hit rate’ or number of people activating the website relative to the
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appearance of articles and interviews in the media. Although the website was a general website on
the eclipse most of the media exposure was concerning the radio experiments. The lower plot shows
the total number of web hits, which reached 16 million on the day of the eclipse.

APPEARANCES OF THE RADIO EXPERIMENTSIN
THE MEDIA

A lot of effort was directed to publicising the eclipse and the radio experiments during the eclipse.
This effort was ajoint effort and lead to the radio experiments appearing in 12 TV interviews, 15
radio broadcasts and 22 newspaper and periodical articles. A list of the specific itemsis shown in
Table 3. Much of the success of the radio experiments with the media was associated with the
recent discoveries made at RAL about the long term changes of the sun’s corona and global
warming and their possible confirmation using ionospheric measurements during eclipses [Davis et
al 2000].
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Figure 33. The statistics for the eclipse web site. Top panel is the web hits per day
relative to items on the radio experiments appearing in the media. The lower panel is
the total number of web hits during the eclipse. (Plots thanks to Mattias Neufield).
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Table 3. A LIST OF THE MEDIA ITEMS MADE DURING THE RADIO ECLIPSE
PROJECT. Key: RAB: Dr. Ruth Bamford, CJD: Dr. Chris Davis, ML: Prof. Mike
Lockwood

TV Interviews Who

Sky News (Once at the lab prior to eclipse, oncein Cornwall)  RAB/CJID

BBC News24 (and/or Breakfast News) RAB/CJD
Newsnight (liveinterview by Chris Davis, lead item on 11th Aug) CID

9 o'clock News (although may not have been used) CID
Channd 4 News RAB
Yorkshire TV CID
Central News (twice) RAB/ML
Sky at Night (twice) CJD/RAB
NEWSPAPER ARTICLES (NATIONAL & INTERNATIONAL)

The Daily Telegraph (four articles) CJD/RAB
The Independent CJD/ RAB
The Express CID

The Guardian CJb

The Independent on Sunday CJD/RAB
USA Today CID
Medium Wave News CJb

Y orkshire Post RAB
Newsfor You (in Braille, the RNIB monthly journal)(twice) RAB
Newspapers (L ocal)

Oxford Mail CJD/RAB
The Helston Packet CJDb

The West Country Gazette CID
Magazine articles

New Scientist CJb
Astronomy & Geophysics RAB

New Electronics RAB
RadCom RAB
Radio Today RAB
Radio Interviews

Radio Sweden CJID
Norwegian Radio CID
Thames Valey FM CJID/RAB
Radio Cornwall (Twice) RAB/CJID
Radio Wiltshire RAB
Pirate FM (Twice) CID
World Service'ln the stars CJDb
World Service (after the eclipse) CID
World Service (Brazilian section) CID
Radio 4 : The Today programme RAB/CJID
Science programme CJDb

National Public Radio (NPR) CJb
Australian National Radio CJD
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SUMMARY

Reported here are the details of the Radio Eclipse project conducted by the Rutherford Appleton
Laboratory from 1998 to 2000. The event was a highly successful for public relations for radio
with nearly 60 appearances on local and national TV, newspapers and periodicals. Nearly 1700
peopl e responded to the general public medium wave experiment and 130 radio amateurs conducted
experiments across Europe during the eclipse and 16 million people looked in on the general eclipse
web site which included the radio experiments. Through these contacts many more than those who
actively participated will have been introduced to aspects of radio reception that they were unaware
of previoudy. The feedback from the general public and especially radio amateurs has been
exceedingly positive.

The event of the eclipse was not only a highly successful public relations event it also has provided
alarge database of radio observations and ionospheric measurements.

The passage of the lunar shadow across the UK decreased the ionospheric critical frequencies by
20 to 35%. Sky wave radio propagation was effected from bands VLF to HF (3kHz to 30 MHz).
Most notably the ionospheric absorption decreased by 10 to 40dBm which allowed some
continental stations particularly on the medium wave to audibly fade in and fade out during the
eclipse. Thelevd of the effect on the signa strength was quite comparable with the drop during
night-time as predicted from the ITU observations.

In order to limit the length of thisreport, many aspects of the eclipse project have been excluded by
necessity. Theseinclude the results from the Total Electron Content (TEC) across Europe, oblique
ionospheric sounding between the UK and France, the first ever observations of the wind changes
at ionospheric atitude recorded by the meteor scatter radar nor the mapping of the ionospheric
disturbancein 4D using the COST 251 ionosonde network and the comparisons of these maps with
ionospheric models. Nor is there a description of the work on global warming and the changesin
the solar corona as deduced by Helston ionospheric measurements that were made during the
eclipse. Thiswork has been omitted because the topic is not directly relevant to radio propagation
however the media did generally run the two aspects of the ionospheric measurements together and
each benefited from the association.

The large and unique database collected on the many aspects of the eclipse disturbance can be used
to test ionospheric prediction models. Thisis only possible because the disturbance of the eclipse
can be exactly characterised and now the predictions and observations can compared.

In conclusion, al of the main objectives of the project were met. That is:

() Public awareness of the effects of sun and night-time conditions on radio reception in both
the medium and short wave bands was increased.

(i) Better links between propagation researchers and the short wave radio user community by
working together on a specific event were established.

(iii)  Theunique circumstance of atotal solar eclipse has been used to examine ionospheric
models.
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