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THE GREAT AMERICAN ECLIPSE !

�ƒ First eclipse in 38 years in continental USA
�ƒ Covers USA from coast to coast from Oregon to South Carolina
�ƒ ONLY 2min 30 sec!

Credits: NASA eclipse pages







WHY ECLIPSES OCUR

�ƒ Eclipses occur when the Moon orbits between 
the Earth and the Sun, covering the latter.

�ƒ Despite the Moon being nearly 400 times 
smaller than the Sun, it is also 400 times closer 
to Earth, which causes its size to be similar.

�ƒ Eclipses can only happen at new moon.

�ƒ During a total eclipse, the Moon does not block 
the �^�µ�v�[�•outer atmosphere (corona), which
remains visible.

�ƒ The Moon casts two shadows over the Earth: 
the Umbra and the Penumbra.

Credits: Mrs. Stefanisin's Page



�(�F�O�L�S�V�H�V�����Q�R�W���L�Q���H�Y�H�U�\���Q�H�Z���P�R�R�Q���«

http:// hyperphysics.phy-
astr.gsu.edu/hbase/Solar/lunecl.html



�(�F�O�L�S�V�H�V�����Q�R�W���L�Q���H�Y�H�U�\���Q�H�Z���P�R�R�Q���«

�ƒ When can it occur? In the 31 days (DANGER ZONE) where the Sun crosses the nodes of the Moon.



INTERESTING FACTS on ECLIPSES

�ƒ Duration ? Up to 7 min 32 sec (total eclipse)

�ƒ Can it happen in other planets?  Yes, but they are either partial 
�~�D���Œ�•�•�U���}�Œ���d�}�š���o���~�^���š�µ�Œ�v�U���:�µ�‰�]�š���Œ�U���W�o�µ�š�}�Y�•�X���t�������o�•�}�������v�����}�v�•�]�����Œ��
transits (partial eclipse) of other planets.

�ƒ Why are they so particular for the EARTH-MOON ? It is just a 
celestial coincidence that the relative size is so close that we can 
actually see the chromosphere / inner corona 



PREDICTING NEXT ECLIPSES

�ƒ The eclipse repetition is not HALF year exactly, as the Moon orbit 
nodes regress 19.4 degper year. Sun eclipse year is 346.62 days

�ƒ Saros cycle = 18 years 11.3 days   ~    6585 days
�ƒ 223 synodic months (29.53 days) = 6585.32 days
�ƒ 19 eclipse years = 6585.78 days

�ƒ How many eclipses per year ? 2 �t 5 



TYPES

Annular
(ring of fire)

Credits: Daniel Lynch Credits: Hong Kong Observatory Credits: Luc Viatour / https://Lucnix.be

Partial

TOTAL
Hybrid



PHASES



THE TEAM

�ƒ CESAR expedition @ USA: Miguel Perez Ayucar-ESAC, Abel de 
Burgos Sierra-ESAC, Manuel Castillo-ESAC, Joe Zender-ESTEC, 
Silvia García Soto-external, Dario Perez-external

�ƒ CESAR team @ ESAC: Michel Breitfelner-ESAC, David Cabezas-
ESAC, Santa Martinez-ESAC, Roberto Prieto-ESAC, Donald 
Merritt-ESAC, Daniel Barrado, Anickde Groof

�ƒ Communications and Education ESA @ ESTEC: Emily Baldwin-
ESTEC, Markus Bauer-ESTEC, Emmet Fletcher-ESAC





CASPER MOUNTAIN - WYOMING



WHAT WE WANTED TO CAPTURE

�ƒ The Expedition wanted to capture several aspects of the eclipse 

�ƒ Fully capture the moon transit as image sequences from the start to end of the eclipse (~3h), 
including the totality (2min 30sec)

�ƒ Totality: Baily beads (moon's valleys)
�ƒ Totality: Diamond ring
�ƒ Totality: Inner and outer corona images and video
�ƒ Totality: Chromosphere (red)
�ƒ Totality: Emission spectra of chromosphere and corona elements (H, Fe, Mg..)
�ƒ Totality: polarization of corona
�ƒ Landscape scene
�ƒ Pinhole projection
�ƒ First person experience



EQUIPMENT �±cameras, mounts , telescopes, etc.. 

�ƒ 12 cameras to cover the event (8 DSLR, 3 go-pro, 1 webcam)
�ƒ 2 telescopes
�ƒ 4 tracking mounts
�ƒ a couple of tripods
�ƒ 1 diffraction network
�ƒ one polarizer
�ƒ one pin-hole proyection



EQUIPMENT - telescopes

Coronado Solarmax II 90
Aperture : 90mm
Focal Length : 800mm
Bandwidth : <0.7Å (0.5 with 
double stack)

BresserAR-102
Aperture : 102mm
Focal Length : 1000mm
Filter : BAADER AstroSolar�¡��
Safety Film

Celestron CGEM
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INSTRUMENTS �±cameras on tripods



INSTRUMENTS - summary

�ƒ12 cameras to cover the event (8 DSLR, 3 go-pro, 1 webcam)
�ƒ2 telescopes
�ƒ4 tracking mounts
�ƒ2 tripods
�ƒ1 diffraction network
�ƒtwo polarizers
�ƒtwo pin-hole projection masks



EQUIPMENT - transport



EQUIPMENT - transport



EQUIPMENT - transport



EQUIPMENT - extra



EQUIPMENT 
�±on site



EQUIPMENT 
�±on site



RESULTS



LIVE IMAGES

�ƒ H-alpha and Visible (monitoring from the two telescopes)
�ƒ Work in progress to center all the images and correct brightness (when clouds)



LIVE IMAGES
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LIVE IMAGES



LIVE IMAGES video

�ƒ Work in progress







THE CHROMOSPHERE



THE CHROMOSPHERE



THE CHROMOSPHERE
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THE CORONA in HDR



THE CORONA in HDR



THE CORONA in HDR



THE CORONA in HDR



THE CORONA in HDR



THE CORONA in POLARIZED LIGHT



THE CORONA in POLARIZED LIGHT



SPECTRAL DATA



Chromosphere Flash Spectrum

�ƒTotal Solar Eclipses have been used historically to observe and measure separately 
different Sun regions (chromosphere, prominences , corona).

�ƒChromosphere Flash Spectrums are captured with the last and first light of the 
solar limb just before and after the eclipse totality.

�ƒ It was performed  by Janssen and others from India during the Total Eclipse on  
Aug. 18, 1868 trying to measure the spectrum of the prominences. The event 
�u���Œ�l�•���š�Z�����(�]�Œ�•�š�����]�•���}�À���Œ�Ç���}�(�����v��� �̂��Æ�š�Œ���š���Œ�Œ���•�š�Œ�]���o�_�����o���u���v�š�U���š�Z�����,���o�]�µ�u�U�����•���]�š���Z�������v�}�š��
yet been found on Earth. It was found in 1895. 



SpectrographicCamera

Chromosphere Flash Spectrum

�ƒMaksutov-Cassegrain
Teleojective 500mm

�ƒBlazed Difraction
Grating 207 lines/mm

�ƒOlympus E-420 DSLR  
with NIR Blocking Filter 
Removed



SpectrographicCamera

Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



Chromosphere Flash Spectrum



The yellow line was thought to be produced by Sodium.  However, Janssen 
captured the line with more accuracy and he concluded that it had to 
belong to some other Element. It was named Helium. 

Chromosphere Flash Spectrum



�‡ The corona displays a continuous emission spectrum and is found 
to be strongly polarized (K-corona) . It arises out of photosphere 
light that is scattered by the free electrons (Thomson scattering) of 
the coronal gas. 

�‡ Other contributions to corona brightness is produced by diffraction 
of dust near the observer (F-corona) and hence it is un-polarized

�‡ The polarization of coronal emissions is an excellent tool to 
diagnose key plasma parameters (e.g., magnetic fields, densities, 
temperatures, velocities, etc.) to better understand complex 
coronal phenomena, such as the solar activity, coronal heating and 
the acceleration of the solar wind.

Corona Polarization



�‡ Pol-�D:  Canon 5D 
+ Tele 300 mm

�‡ Pol-�G:  Canon 60Da + 
Tele 300 mm 

Pol-�D: 
Linear Polarization
in RightAscension

Pol-�G: Linear Polarizationin Declination

Corona Polarization



R: Pol-�D������������G: Pol-�D+Pol-�G B: Pol-�G����

Pol-�G

Pol-�D

Corona Polarization
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Corona Polarization
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Corona Polarization



PINHOLE PROJECTION



MOON



STARS







NEXT ECLIPSES

�ƒNext TOTAL : Chile 2 July 2019

�ƒIn SPAIN

�ƒ2026 and 2027 ! 
�ƒStay tuned !!



Questions ?







Cooperation through Education in Science and 
Astronomy Research - CESAR

�WJoint educational programme signedon 25th June2012 andrenewedon 19th January2015
foranotherfive yearsbytheEuropean Space Agency (ESA), theSpanish National Institute
forAerospace Technology (INTA)andtheINTA owned companyISDEFE

�WProvide students from European secondary schoolsand universities withhands-on
experiencesinAstronomy research

�WNot onlybe ofdidactic valuebutshould produce alsoreal scientific results

�WOutreach activitiestopromote Space Scienceandtostimulate European�V�W�X�G�H�Q�W�V�¶interest
inScience

�WFour telescopesare being preparedto be usedon-linewith guidance from professional
scientiststocarryoutresearch projects

�WFor more information see  our website:  http://cesar.esa.int



CESAR  Instrumentation

50cm optical 
telescope at 
ESA's satellite 
tracking station 
near Cebreros, 
Spain

30cm optical 
telescope at the INSA 
�Y�L�V�L�W�R�U�V�¶��centre of the 
NASA satellite 
tracking station in 
Robledode Chavela, 
Spain

�7�Z�R���V�H�W�V���R�I�����F�P���+�.��
and 10cm white light 

telescopes one 
installed 

permanently at 
ESAC, the other one 

can be used as 
portable telescope

15m satellite 
tracking antenna 

at ESA's European 
Space Astronomy 

Centre (ESAC) 
converted into a 
radio telescope



CESAR  Control  Centre

ESAC room A.023

�WRemote control of the telescopes 

�WVideoconferencing

�WWorkshop



CESAR Education: Lectures
�WSince 8th of July 2015, about twice a month,

a class of university studentsreceives a
lecture about aSpace Astronomy related
subject

�WFrom21st October 2015to 22nd June 2016,
every Wednesdayat ESAC:Introductionto
Space Science and ESA for school classes.
Intotal34lectures with1542participants.

�WFrom19th ofOctober 2016 onwards,lecture
videos canbe streamedfrom YouTubeand
school classes comingto ESACevery week
workon different scientific topics(currently
only in Spanish, available forEU students
soon)

�WStartingin May2016, 4 x 4 day training
courses about Space Science for65 school
teachersofMadrid province were held



CESAR Education: Science Cases
�WSince2015, CESAR hasbeendeveloping whatwe

callScience Cases

�WA science caseis an intellectual exercise for
studentsof different levels (primary, secondary,
bacheloror university)to teach themhow scientists
workandactuallydosciencetogether withus

�WScience Casesprovide students
with hands-on experiencesin
astronomy and astrophysicsusing
data from the CESAR telescopes
andESAmissions

�WTopics: Sun, Planets, Moons
Binary stars, Exoplanets�«



Observing the Sun from your 
classroom 

�WSince August 2016 the CESAR ESAC Solar 
Observatoryis taking pictures of the Sun 
periodically

�WStudents can download live images of 
the Sunto do their science analysing the 
sunspots, the solar rotation, the activity 
�R�I���W�K�H���6�X�Q�«

�WWe provide students the tools to do it 
through our website



And much more to come!
�WCUBESAT ground station

�WCosmographia�WMars Express VMC camera

�WThe ESA SKY



The CESAR COSMOS website
http://www.cosmos.esa.int/web/cesar



CESAR website   http://cesar.esa.int



Corona � ���6�X�Q�¶�V���R�X�W�H�U�P�R�V�W���O�D�\�H�U�����&�R�Q�V�L�V�W�V���R�I���W�H�Q�X�R�X�V���L�R�Q�L�]�H�G���J�D�V���F�D�O�O�H�G���S�O�D�V�P�D�����Z�L�W�K��
temperatures up to many million degrees. Visible to naked eye only during a solar eclipse.

Credits: M Druckmuller

Prominences:
Cool plasma structures supported 
by magnetic fields.
Bright when seen over the solar 
limb, but appear dark when seen 
on-disk.

Helmet streamers:
Large coronal structures pointing 
out the Sun. They usually overlie 

active regions or prominences.

Coronal loops:
Typical structure in active regions. They 

follow closed magnetic field lines 
connecting magnetic patches of different 

polarity (often sunspots). 
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