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Science at Recent Solar Eclipses

For Patrick and
Joanne Poitevin’s
2014 Solar Eclipse
Conference

The October 23, 2014, partial solar eclipse imaged as part of the
conference from Sac Peak (Jay M. Pasachoff and Austin Shea ‘15)



1977 eclipse in the Pacific




1977 eclipse in the Pacific: the youngest viewers of eclipses:
Deborah Pasachoff, age 5 months
Eloise Pasachoff, age 2 years 7 months




Lily [Pasachoff] Kezsbom at Kids Klub, Pasadena
October 23, 2014




3 classes of 18 at Kids Klub, Pasadena, 2014
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Home Reference Materials Previous Eclipses Upcoming Eclipses

Working Group on Solar Eclipses

Reference Materials

= Eclipse Map Sites
= 2014: October 23 Partial Eclipse in Western US/Canada, Pacific, and Siberia
= Jubier’s Clickable Map
= Espenak’s EclipseWise Page
= Sky and Telescope Posting
2015: March 20 Total Eclipse in Arctic, including Svalbard and Faroes; Partial
Throughout Europe
2016: March 9 Total Eclipse in Indonesia
= 2016: September 1 Annular Eclipse in Africa
= 2017: August 21 Total Eclipse in the U.S.
= Jay Anderson's Weather Statistics for Future Eclipses
= Eclipse Web Sites

= Eye Safety & Solar Filters

http://www.eclipses.info/
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08 April 2005
| Hybrid Solar Eclipse




image by
Jay Pasachoff
and
Dava Sobel

from the
Galapagos Legend
arranged by Jen Winter



Miloslav Druckmuller, Shelby Kimmel, Jay Pasachoff, Vojtech Rusin

based on images from the Galapagos Legend and
the World Discoverer
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Abstract. The hybrid solar eclipse of April 8, 2005, provided a good opportunity to observe the
white-light solar corona, even though the eclipse lasted just 30 seconds and could be seen only from
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composite by Miloslav Druckmuiller of
40 images by the authors:
Pasachoff/Kimmel/Rusin




Wednesday, 22 July 2009
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participants from Williams College: (2009 4= g /7 44 A 5155 fik 17)

Jay Pasachoff

Bryce Babcock

Katie DuPré ‘10

Sara Dwyer ‘11

Caroline (Yung Hsien Ng) Tam ‘11

Rachel Wagner-Kaiser ‘10 (Keck Northeast Astron. Consortium Summer Fellow)
Adam (Jianjun) Wang

Paul Rosenthal

Charles (Huajie) Cao ‘09 (now Princeton University)
collaborators from China:
Yihua Yan, Beijing Solar Observatory

Jin Zhu, Beijing Planetarium C T I [ Q¢ O 3))) ) I I |

Lin Lan, Hangzhou High School

with assistance from the Committee for Research and Exploration
of the National Geographic Society, and the Rob Spring ‘75 Fund



Pasachoff, Jay M.,Vojtech Rusin, Metod Saniga,
Hana Druckmillerov4, and Bryce A. Babcock, 2011,

"Structure and Dynamics of the 22 July 2009 Eclipse White-
Light Corona,"

Astrophys. J. 742, 29-42.
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with assistance from the Committee for Research and Exploration
of the National Geographic Society, and the Rob Spring ‘75 Fund
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site photos by Edw. Ginsberg




Spectra by Aris Voulgaris and John Seiradakis, Aristotle University of Thessaloniki

Voulgaris, Aristeidis, Tilemachos M. Athanasiadis, John H. Seiradakis, and Jay M.
Pasachoff, 2010, "A Comparison of the Red and Green Coronal Line Intensities at the 29
March 2006 and the 1 August 2008 Total Solar Eclipses: Considerations of the
Temperature of the Solar Corona," Solar Physics 264, #1, 45-55. DOI 10.1007/s11207-
010-9575-7

http://arxiv.org/pdf/0911.0325
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Total and Annular Solar Eclipse Paths: 2001 — 2020 H4&&. B} &k
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Easter Island

Map by Michael Zeiler, eclipse-maps.com



Daily Sun: 09 Jul 10

A regwon of high magnetic activily is

Sunspot number: 11

yvidal IS UNe SUNSPoL Tuimoer ¢

Spotless Days

Current Stretch: 0 days
2010 total: 35 days (18%)
2009 total: 260 days (71%)
Since 2004: 803 days
Typical Solar Min: 486 days

= spaceweather.com
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EASTER ISLAND
ECLIPSE EXPEDITION

WILLIAMS COLLEGE

Jury 11, 2010

Expedition Images: Jay M. Pasachoff, Muzhou Lu, and

Craig Malamut; Cover Design: Craig Malamut







NASA Images
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TOTAL SOLAR ECLIPSE 11/07/2010 EASTER ISLAND. CHILE

FLASH SPECTRUM VIA SPECTROGRAPH 300lines'mm  Voulganis A., Sciradakis J., Economou T.

Ha FeX Hel FeXIV Hp
Ingress 20:08:47 UT
Ha  FeX Hel FeXIV Hp

Egress 20:12:17 UT

» Stronger coronal green line (Fe X1V) relative to the coronal red line (Fe X)

* |ndication that the corona is heating up again
= Voulgaris, Aris, Paul Gaintatzis, John H. Seiradakis, Jay M. Pasachoff,
and Thanasis E. Economou, 2012, "Spectroscopic Coronal Observations

during the Total Solar Eclipse of 11 July 2010," Solar Physics 278 (1),
187-202; DOI: 10.1007/s11207-012-9929-4.






http://lasco-www.nrl.navy.mil/dail /2010 07/100711 c2.m



http://lasco-www.nrl.navy.mil/daily_mpg/2010_07/100711_c2.mpg
http://lasco-www.nrl.navy.mil/daily_mpg/2010_07/100711_c2.mpg
http://lasco-www.nrl.navy.mil/daily_mpg/2010_07/100711_c2.mpg

Disk and annulus: SDO processed by Alec Engell for Leon Golub/CfA
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November 14, 2012: Australia




Expedition Members:

Jay Pasachoff
Naomi Pasachoff
Bryce Babcock
Phyllis Babcock
Rob Lucas

Helen Robinson
Aram Friedman
Ron Dantowitz
Nicholas Weber
Alec Engell
Ainslie Brennan
Muzhou Lu ‘13
Amy Steele ‘08
Michael Kentrianakis

Sterling’ s group:

Aphonse Sterling
(NASA MSFC)
Hakeem Oluseyi
(Florida Tech)
Roderick Gray
(Alabama A&M)

Group from Slovakia:

Vojtech Rusin
Metod Saniga
Metod Saniga
Pavel Rapavy

Also:

Paul Rosenthal

Elaine Hantman

Rob Wittenmyer ‘98 (UNSW)
Gretchen Wittenmyer
ElijahWittenmyer (age 3)

Isaac Wittenmyer (age 9 months)
Eliana Wittenmyer (age months)
Edw. Ginsburg (U Mass Boston)
Mike Durst

(Columbia Basin College)

Bill Youngs (Eastern Wash. U)
Dave Rust (JHUAPL)

Gail Rust

Sean Harlan Higgins
Lawrence Cram (ANU)
Barbara Cram

Sharon Gray

Jeff Hall












Takahashi Fsq 106mm =530
red epic 5k (“imax” ‘camera)






coronal isophotes
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International sunspot number R.: monthly mean and 13-month smoothed number
250 .

Monthly
— Smoothed
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A: TSE 2006 Mar 29 E: ASE 2012 May 20

B: TSE 2008 Aug. 1 F: TSE 2012 Now. 13

C: TS5E 2009 Jul. 22 G: ASE 2013 May 10

D:TSE 2000 Jul, 11 H: TSE 2013 Mow. 3

SIDC, Royal Observatory of Belgium, modified with spacecratft




A composite of fifty 10-s SWAP images (174 A) acquired during a
60-minute window surrounding the eclipse observation

PROBA2/SWAP Consortium/Royal Observatory Belgium



PROBA2/SWAP Consortium/Royal Observatory Belgium,
Dan Seaton ‘01
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Grism spectrograph 0.6a/pixel
red epic 5k (“imax” camera)



scientific paper about the 2012 eclipse dynamics

Pasachoff, J. M., V. Rusin, M. Saniga, B. A. Babcock, M.
Lu, A. B. Davis, R. Dantowitz, P. Gaintatzis, A. Voulgaris,
D. B. Seaton, and K. Shiota, 2014/2015, "Structure and
Dynamics of the 13/14 November 2012 White-Light
Corona," Astrophysical Journal, in press.



May 20, 2012
Q

Jansky VLA,
New Mexico

Nov 3, 2013

MkoFxgo I,
Gabon Nov 14, 2012
May 10, 2013 o~ Port Douglas, Queensland

Tennant Creek,
Northern Territory
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.ASE May 10, 2013 — Tennant

Taken with a Nikon D600 FX and a 400-
mm Nikkor lens with a Thousand Oaks
Optical filter from a site 70 km north of
Tennant Creek, Northern Territories,
Australia. Many more in the series are
also available.

© 2013 Jay Pasachoff (solarcorona.com), .
composited by Muzhou Lu P e
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November 3, 2013

s centerod on: TR AT o T T T B 2 ) : : — P e
Lon): 32.842674, -68.906250 480 ? _ o - Satellite | Terrain
BRESNSE M5 e ¥ B 7 =

by Xavier M. Jubier

) Norrh\
Atlantic
Occhnk .

BN I

U Gulf of
m ‘. texico

Bay of & <

£ nGaman

Amo;m ¢ i3 Benga! S Sealy
) .

ol accadive
. ‘4

TVWTIED 3
Co0sl =
2000 %m



ASE/TSE Nov, 3, 2013 — Mxongo I, Gabor

Annular=total solareclipse of 2013 November 3 Eclipse magnitude

fraction of Sun's diameter occulted
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: Eclipse

eclipse-maps.com

Map by Michael Zeiler, eclipse-maps.com
Computations by Xawier Jubier, xjubierfree.fr

Predictions by Fred Espenak, mreglipte.com
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The Williams College Team

Jay Pasachoff

Allen Davis '14
Zophia Edwards ‘05
Marek Demianski
Robert Lucas
Michael Zeller

Polly White

Michael Kentrianakis
Vojtech Rusin
Aristeidis Voulgaris

with support from the Committee for Research and Exploration
of the National Geographic Society
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3 November 2013, Gabon

Williams College Eclipse Expedition; combination by Paul Gaintatzis from images by Allen Davis and Jay Pasachoff



TOTAL SOLAR ECLIPSE 3™ NOVEMBER 2013 GABON,MIKONGO II

FLASH SPECTRUM VISUAL SPECTROGRAPH 300l/mm 13:56:04UT

Ha FeX Hel FeXIV HB
6563A 6374A 5876A 5303A 4861A

Aris Voulgaris/Aristotle U. Thessaloniki; Williams College Expedition



Inner: SWAP
Middle: ground-based
Outer: LASCO |

NASA's Astronomy Picture ‘
of the Day for November 11 o




Williams College Expedition: Jay Pasachoff, Allen Davis ‘14, Vojtech Rusin, processing by Miloslav Druckmduller



April 29, 2014




April 29, 2014, Albany, Western Australia
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April 29, 2014, Albany, Western Australia
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April 29, 2014, Albany, Western Australia
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23 October 2014 Google map (Xavier Jubier)



http://xjubier.free.fr/en/site_pages/solar_eclipses/xSE_GoogleMap3.php?Ecl=+20141023&Acc=2&Umb=0&Lmt=1&Mag=1&Max=1

International sunspot number R.: monthly mean and 13-month smoothed number
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SILSO graphics (http://sidc.be) Royal Observatory of Belgium 01/10/2014

Solar Influences Data Analysis Center, Royal Observatory of Belgium




International sunspot number R.: last 13 years and forecasts
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Solar Influences Data Analysis Center, Royal Observatory of Belgium




DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) 7 u>00% B>0.1% [1>1.0%

208
1870 1880 1890 1900 1910 1920 1930 - 1960 1980

AVERAGE DAILY SUNSPOT AREA (% OF VISIBLE HEMISPHERE)

0.0 — ! L 16 1§ 19 20 2 W 2 (A 3 L O
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
DATE
htp /selarsciencemsfcnasa gov/ HATHAWAY/NASAJARC 201409

NASA's Marshall Space Flight Center/David Hathaway



23 October 2014

Jay Pasachoff and Austin Shea ‘15



23 October 2014
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Phases of the Partial Solar Eclipse on Oct. 23, 2014

Photographs of the partial solar eclipse of October 23, 2014, from the Sacramento Peak Observatory in
Sunspot, New Mexico, by Jay Pasachoff and Austin Shea, Williams College. Composited by Muzhou Lu.

Jay Pasachoff and Austin Shea ‘15
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