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Abstract

We report on the Williams College expsdition to Mukandgarh Fort, Rajasthan, for the total
golar eclipse of 24 October 1995, The main sxperiments were a search for 1Hz oscillations in
coronal loops as an indication of magnetohydrodynamlc theories of coronal heating and a
mapping of the coronal temperature through comparison of images at specific ultraviolet
wavelengths, measuring the difference between the photoapheric and coronel continuum. We
also obtained a variety of coronal images.
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Introduction

We are studying the coronal oscillaton speotrum and its implications on the heating of the
golar corona. The observations provide tests of proposed mechaniams to explain the heating of
the solar corona via weakly compresslve magnetohydrodynamic waves (Pasachoff, 1991). The
heating is genorated along magnetic fleld lines in closed loops in the lower corona, at the sams
heights at which open flelds form the solar wind. We found indications of excess Fourier
power near 1 Hz in the 1980 earllor version (Pasachoff and Landman, 1984) and ugain found
excess power in the 1983 obsarvations (Pasechoff and Ladd, 1987). These verslons used fiber-
optlcs to study single points; the multiplex edvantages in using CCDs In both 1994 in Chile and
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1995 in India ere substantial. The 1994 data were taken through substantial cloud cover,
diminishing their usefuiness (Pasechoff, ez al.,, 1995; Pasachoff, et al., 1996).

Experimental Details

The basic experiment is to observe the corona in two different wavelengths in order to
detect coronal intepsity fluctuations while eliminating terrestrial atmoapheric effects. The main
optical beam from the tslescope is divided into two separate channels. A dichroic beamsplitter
was uged for this purpose. One beam passes through a DayStar [Fe XIV] 5303A, temperature-
tunod interference filter, with a 3A FWHM passband, The other beam goes through a 100A
wide continuum filter at a nearby wavelength band that has been selected to be as free as
poasible for other known coronal emission lines. Aftsr passing through the filters, the beams
are imaged on a thermoelectrically cooled Princeton Instruments CCD, The image scale is
approximately 2.0 x 2.0 arcssconds? per pixel, with & total field of view of 3 X 5 arcminutes?.
The image data are digitized and recorded on hard dizk. The specific CCD detector was
selected to avoid any spurious effects from chip nonuniformities, especially from sub-pixel
quantum officlency varlations. We binned 2 x 2 to minimize quantum-efficlency variations.

Our preliminary view of the 1995 data showed peak count rates of bettor than 4000 adc/bin
in the coronal line spectrum, corresponding to moro than 14,000 photons/bin. This value is in
reasonebly good agreement with expectations based on the factor of 3 from our use of a larger
objective, 2 from the 5-Hz exposure rates instead of our earlier 10-Hz rate, and 2-3 from
clearer skies compared with the Chile data, We thus achieved the 1% level we need.

‘We succesefully obeerved coronal loops in the [Fe XIV] green line with the CCD imaging at
5 frames per second from the eclipse site in Mukandgarh, Rajasthan, thongh for computer
reasond we have data for only the last 10 second of totality and for only higher loops on the
limb of the sun we were observing, The prior observations we made at single points in the
corona at the total solar eclipses of 1980 and 1983 indicated excess power in the Fourier power
gpectra between 0.5 end 2 Hz; our expedition was clouded out of observing the 11 July 1991
total solar eclipse and effected by clouds at the 3 November 1994 eclipse. The npew
observations improve on the previoualy published observations in a variety of ways, especially
by providing & 200 X 300 ercsec field of view instead of only a slngle point, which allows us to
distinguish between standing and propegating waves.

Data reductlon for the oacillation experiment includes flat-flelding and taking account of
bias in the series of CCD observations, which we plan to carry out in IDL. We will also measure
the position of the solar limb and align the series of images, taking out perlodic and
atmospheric variations and any drft. We will calculate Fourier transforms for various intervals
and for varlous parts of the image, comparing on-band and off-band images, Any signs of
excess power in the 1Hz range will be interpreted, in coliaboration with Prof. Joseph Hollweg
of the University of New Hampshire, in terms of loop models and their adjustable parameters,
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We also carried out a corounal-temperature-mapping experiment, using a slow-scan CCD.
This experiment was based on photometric comparison of the corona at different ultraviolet
wavelengths chosen for their sensitivity to thermal smearing of the solar spectrum reflected by
coronal electrons.

The data from both experiments are available for reduction by my students and me starting
during the summer of 1996, We will work on the data from the 1995 eclipse during the
summer of 1996 with Williams College student Sebastian Diaz'98 and Colgate Univemity
student Matthew Pickard '98 (on a Keck Northeast Astronomy Consortium summer exchange),
and during the following academic year as part of the asenior thesis of Christinn Reynolds'97.

Acknowledgement

We thank Deborah Marezitti for her essistance and support of thls project at Willlams
College as well a8 Lee Hawkins of Wellesley College and David Berger of Colgate University
for their work on the eclipse sits. We thank Fred Espenak, NASA Qoddard Space Flight
Center, for his special calculations and for his seriea of NASA Reference Publications on
eclipse paths. We thank George Walther and Craig Pedercini of the Science shop at Williama
College for their work on the equipment. We thank Lou Rubin, Fernando Gomez, and Shige
Katsumara and Colleagues at Princeton Instrumnents for their cooperation, We thank Jonathan
Kemn and Robert Eather for their assistance on site. We thank David slater for his work on sits
in obtaining images of coronal plumes. We thank T.Remadorai and S.Ramadorai for their
assistance with electric power. The eclipse observations were made possible by support from
the U.S.Natlopal Sclence Foundations's Atmospheric Sciences Division (grant: ATM-9207110)
and Bducation Division (grant: DUE-9351279): the Nationel Jeographic Socisty through their
Committes on Research and Exploration (grant 5190-94); and the Keck Northeast Astronomy
consortium. We also thank the Keck Noitheast Astronomy Consortium and Williams College's
Bronfman Science Center and Safford Fund for their support of the siudent's summer research
participation.

Referoences

Cram L.E. 1976, "Determination of the Temperature of the Solar Corona [rom (he Spectuum of the Eleciron-
Scatterlng Continuum", Solar Physics 48, 3.

Pasechoff JM. 1991, in Mechanisms of Chromospherle and Coronal Heating, P.Ulmschneldor, B.R.Priest,
R. Rosner, eds., Springer-Verlag, pp. 25.

Pasachoff M. and Ladd, B.F.1987, Solar Phys. 109, 365,

Pasachoff .M. and Landman D.1984, Solar Phyz, 90, 325.

Pasachoff J.M., Babcock B., and Reerdon, K.P. 1995, "Coronal Hoating sludies at the 1994 Totel Eclipss,
"Proceedings of the International Sympostum on the Total Solar Bclipse of November 3, 1994,
M.S. Raljevic, P. Zarattl, and JM. PasachofT, eds., Revista de la Academia Nacional de Clenclas de
Bolivia No. 69, pp. 18,

Pasachoff .M., Babcock B., Diaz J.S., Reardon K.P., and Nichols-Klloy, R,1996, "Study of the High-

Fraquency Coronal-Loop Oscillation Spectrum at the 1994 Total Solar Eclipse, "187th Meeting of the
Am.Aslron, Soc., San Antonlo; abstract #101,06 in Bull.Am.Astron.Soc, 1995, 27, No. 4, 1427,



