International Solar Eclipse Conference

A crossroad on physics and eclipses of thesun
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The Met eorol ogy of the Lunar Shadow

Ecl i pses provide a unique opportunity to study the atnosphere's reaction when
incident solar radiation is suddenly turned off and then on again. Wile the
responses are simlar to those that occur as night falls, the eclipse is nore
abrupt than the gradual decrease in solar energy as the evening sun approaches
the horizon. The entire eclipse takes approximately three hours with the | argest
decline in solar energy confined to a 90-minute period; at nost eclipse
| ocations the shadow passage is followed by an equally abrupt return to
dayl i ght.

Responses to the eclipse can be detected fromthe sub-surface soil layers to the
mesosphere. Most are relatively subtle though even casual observers will notice
the decline in tenperature and its subsequent recovery. Hi storically,
at nospheric nmeasurenents were primarily concerned with surface tenperature but
recent advances in technology, data density, and nunerical npdeling have
encouraged a nmuch wi der range of measurenment. Theoretical studies suggest that a
"bow wave" is produced in the atnosphere in response to the supersonic passage
of the lunar shadow but detection of the wave in baronetric measurenments has
been i nconclusive. Radar observations may have finally detected such waves, but
at a scale that suggests that nuch nore nodeling renains to be done.

This presentation will travel through history from Babylonian to nodern tines to
exam ne the record of neteorol ogical observations under the |unar shadow.
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Sol ar eclipse eye safety

Controversy over the safety of materials used in solar eclipse viewers continues
to needlessly frighten and confuse the public. The properties of the idea
solar filter are conpared with those of filters presently available to solar
observers. The analysis of alumnized polyester solar filters with suspected
coating defects is presented. Mdifications to the technical specification for
solar filters made in response to concerns over coating defects in alumnized
pol yester filters are revi ewed.
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Sol ar Eclipse Predictions for 2001 and beyond. ..

On 2001 June 21, a total eclipse of the Sun will be visible fromw thin a narrow
corridor which traverses the Southern Hem sphere. The path of the Mwon's unbra

shadow begins in the South Atlantic, crosses southern Africa and Madagascar, and
ends at sunset in the Indian Ccean. A partial eclipse will be seen within the
much broader path of the Mwon's penunbral shadow, which includes eastern South
America and the southern two thirds of Africa.

Detailed predictions for this event have recently been published in NASA TP
1999- 209484 (Espenak and Anderson, 1999). Topics covered include besselian
el enents, geographic coordinates of the path of totality, physical epheneris of
the wunbra, topocentric Ilinb profile corrections, |ocal circunstances for
approximately 350 cities, naps of the eclipse path, weather prospects, the |unar
linmb profile and the sky during totality.

The NASA eclipse bulletins are prepared in cooperation with the Wrking G oup on
Eclipses of the International Astronom cal Union and are provided as a public
service to both the professional and lay communities, including educators and
the nedia. The bulletins are also available on the Internet via the GSFC Sol ar
Data Analysis Center hone page (unbra.nascom nasa.gov/eclipse/). Additiona
predi ctions, maps and data are posted at a special web site for the 2001 ecli pse
(suneart h. gsfc. nasa. gov/ ecl i pse/ TSE2001/ TSE2001. ht m ) .

A brief overview of eclipses from 2001 through 2010 will also be presented and
is available on-line at sunearth.gsfc.nasa.gov/eclipse/ SEcat/ SEbrief2.htmnl.
During the first decade of the Third MIlennium there are twenty eclipses of
the Sun with the followi ng statistical distribution: Partial = 4 = 20% Annul ar
= 8 = 40% Total =7 = 35% Hybrid =1 = 5%

d obal maps show the geographic region of visibility for each eclipse. Sone of
the nore significant events of the next decade will be discussed in greater
detail .
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Physical Conditions of Coronal Structure obtained from Eclipse
Qobservati ons

Col | aborati ve observations of the corona during a total solar eclipse have been
recently made from ground-based telescopes and from instrunents on board

satellites. The data neasured in the collaboration are not only of visible
region but also of EUV and X-rays, which are valuable in understanding the
physi cal conditions of the solar corona. |In the 1994 eclipse in South America

we observed the polar plunes at the north and south polar region fromthe ground
in Paraguay and alnost sinmultaneously from the Soft X-ray Telescope (SXT) on

board the Yohkoh satellite. The polar plumes are clearly seen on the
phot ographs taken in Paraguay, but alnpst unseen on the SXT images, which
suggests that the tenperature of the polar plunmes are not as high as 2 mllion

K, the tenperature that corresponds to the SXT observations.




At the time of the 1997 eclipse, the Extrene-ultraviolet |Imaging Tel escope (EIT)
of the Solar and Heliospheric Cbservatory (SOHO satellite) observed the corona.
The polar plumes are clearly seen on EIT imges, especially on Fe |IX X inmges
rather than on Fe XV inmages. Since the tenperature typical of Fe XV (14 tines-
ionized iron) is higher than that of the Fe IX and Fe X (eight and nine tinmes
ionized iron), the results suggest that the tenperature of the polar plunes is
about 1 million K I shall talk on the analysis of the eclipse data by using
the ground-based observations with the satellite observations.
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Shadow bands, and ot her atnospheric effects of solar eclipses

Shadow bands are an intriguing phenonenon often seen when the Sun has been

reduced to a thin crescent. Flickering faint bands of light and shade nove
across the |andscape. The observed characteristics of shadow bands wll be
described, and will be conpared to a theory of the bands. The sort of further
measurenents that are needed will be outlined.

The tenperature drop during a solar eclipse is a famliar phenonenon. Less
famliar are the predicted and observed effect on atnmospheric pressure, and the
prediction of infrasonic waves in the |ower atnosphere. Have any such waves
really been observed?
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Coronal dynam cs and notions

Bot h high resolution imagi ng and spectroscopy can be used at eclipses to anal yze
dynam cal phenonena inside the corona. Different spatio-tenporal scales should
be considered. We first remind some past results concerning:

1/ The neasurenments of proper notions using different inmaging techniques;

2/ Doppler shifts and line wi dths nmeasurenents to deduce the turbulent and the
bul k vel ocities.

We then consider what are the best diagnostics to be specifically designed at
eclipses, in order to efficiently bring sone insights into the fundanental
probl ems of coronal heating and of coronal mass | oss.

The building up of a coronal region showi ng high | oops and cavities was observed
at the last Aug. 11, 1999 total eclipse, well before the onset of a large CME
observed later in space, with the SoHO i nstrunents Lasco and EIT.

We consider the white-light eclipse inmges which permit to point out this slowy
evolving CME precursor and we discuss its possible interpretation, noting the
absence of a helnet streaner above.

Furt her, we discuss the prelimnary results of a specially designed
spectroscopic experinment to look at the radial behavior of coronal waves; the
experinment was run during the rather short totality and over a clear sky of a
site in Iran (near Chadagan). The variations of the corrected full w dths of the




coronal green line of Fe XIV at 530.3 nmwi |l be shown all around the corona and
a first conclusion will be extracted regarding the inportance of waves in the
i ntermedi ate corona

Finally, some recommendations will be proposed to inprove this diagnhostics in
the future based on the use of a slit spectrograph and fast detectors.

Invited | ecture
Dr. Ed C. Krupp, Director Giffith Cbservatory, USA
Devoured by Darkness, Eclipse Lore and Myth

To our ancient ancestors, an eclipse challenged the stability and integrity of
heaven and so threatened order and life on earth. Because the npon's sil houette
made it | ook as if sone unseen cel estial powerhouse was taking a bite out of the
sun, civilizations as distant from each other as the Vikings, the Chinese, the
Maya, and the Hindus all saw eclipses as unsettling conbats between a heavenly
god and a devouring nonster. This program will survey ancient eclipse lore
solar and lunar, from around the world, to spotlight the underlying nmeaning
ecl i pses once had for us. In tinme, the ancients learned to predict eclipses, and
of course, their success gradually transfornmed the eclipse experience. People
used to do all they could to avoid an eclipse. Now we seek them out. Tota
ecl i pses have been donesticated into great recreational events. Mre people than
ever now now follow the eclipse path, and today's cultural responses to eclipses
encour age conti nued eclipse anthropol ogy.
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bserving an eclipse away from the centerline: a curse or an
opportunity for research?

The historical paradygm for nost eclipse goers is to nonitor the eclipse where
you can see the nmaxi num anpunt of totality. It is heretical to think that you
can see nore features froman eclipse if you approach the boundary between 100%
totality and 99% Yet this is true. The corona, planets, shadow approach,

effects on the environnent, dianmond rings, chronmosphere, prominences are all

observed here. There is not a single feature of a total solar eclipse that

cannot be observed fromjust within the limt lines at both the north and south
edges. The mmjor feature that is not readily observed by centerline people is
the Baily's Beads. The tangential intersection between lunar and solar |inbs
prolong this effect drastically at the limts. Additional positive aspects of

being at the edge include: a) lack of observers conpeting for valuable ground
space, b) psychic challenge of reaching the linit line which often may be in an
obscure location, c) ability to see the detailed formation and dissipation of

i ndi vidual Baily's Beads both before 2nd contact, during totality,and after 3rd
contact, d) potential contribution to solar dianeter research efforts, e) |less
traffic problems going and coming from the site, f) a conpletely different

perspective of viewing the eclipse (and reaching the site) conpared to
centerline goers, g) no hords of local onlookers. There are penalties to be
sure: a) vastly reduced totality tine, b) requirement for a precision navigating
aid to be sure you do not overshoot or undershoot the site, c) less flexibility




in locating the proper site, d) incredulous |ooks from your centerline-going
col | eagues.

Yet an ongoing program by the International Occultation Timng Association
attenpts to collect data that is to be used in advancing the understandi ng of
changes in the solar radius between eclipses. Infornmally, this effort began as
long ago as 1973. The NASA JSC Astrononmical Society views this as a public
outreach programis available to anyone with an interest in contributing to the
science. Instrumentation required in 2001 include comonly avail abl e tel escopes
like the Celestron 5, inexpensive black and white TV canmeras such as
Supercircuits PC-23C and Sony canctorders. This program does not require a |leve
of prior experience, nor does it reject participants because they do not have
appropriate scientific background. We describe the nethods used to observe at
the edge, benefits of pre-eclipse simulations, accounts of prior eclipses
observed, and the byproducts of those eclipses. A conpounding factor is a large
anmount of data accunmulated to date, by varied equipnent, and the rather
difficult problem in reducing this data. Mich of the information lies on the
shel f awaiting funding and inprovenents in workstation data processing, while
additional data from successive eclipses continues to be added to the backl og.
Early papers have been published, but conclusive results have not yet been
forthcom ng. Future plans are described for achieving data reduction and
simlar applications for l[unar eclipses.
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Sol ar Eclipses: Teaching Us About the Sun

Total eclipses are a unique opportunity for those of us on Earth to observe the
sol ar corona. In recent years, new instruments and new theoretical ideas have
given us a different set of scientific projects to investigate than the eclipse
projects of years past. Further, the liaison of eclipse observations with near-
si mul t aneous observations fromsatellites taken fromoutside the eclipse path on
eclipse day allow inproved calibrations of the routine satellite observations as
wel | as deeper understanding of the structure of the outer layers of the Sun as
they are displayed by all the instruments together. How do tenperature and
pol ari zation vary in the solar corona? Wiy is the coronal gas nillions of
degrees hot? Can we trace back coronal structure to its footpoints on the solar
surface? All these and others can be explored during eclipses for a fraction
the cost of space observations. | describe how some of the 29 solar eclipses I
have seen bring us closer to our goal of understanding the sun.
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Hi storical eclipses and changes in the Earth's spin rate

Anci ent and nedi eval observations of solar and lunar eclipses yield surprisingly
accurate information on long-term trends in the Earth's rate of rotation.
Anal ysis of these data denobnstrates that although tides are mainly responsible
for long-term changes in the length of +the day, other nechanisns have
significant effects.




Early eclipse records nmaminly originate from four nmmjor cultures: ancient
Babyl on, ancient and nedieval China, ancient and nedieval Europe, and the
medi eval Arab worl d. The very earliest reliable records date from around 700
BC. Because approximately one mllion days - each a fraction of a second
shorter than at present — have elapsed since this early epoch, the cumulative
clock error arising from changes in the Earth's rate of spin can anbunt to
several hours. This is readily nmeasurable using even primtive observations.

The bul k of the useful observations are in the formof timngs of both solar and
[ unar ecli pses. However, as has long been recognised, untined total solar
ecl i pses have an inportant role to play. |In addition, observations in which the
Sun or Mon rose or set whilst eclipsed occasionally prove of value. Analysis
of these various data sets indicates that in opposition to the tidal rate of
increase in the length of day of 2.3 mlIliseconds per century (ns/cy) there is a
non-tidal decrease at a nmean rate of 0.5 mcy. This increase is variable on the
mllennial time-scale and may be due to such diverse effects as post-glacial
uplift, core-mantle coupling and changes in global sea-I|evel.



