EAAHNIKH AHMOKPATIA

Edvikov kot KamodictpLakov
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I[Tovemotnuov Adnvwv

Etcaywyn otnv ActpodpuoLKn
Evotnta 3: O NALOC WC AOTEPOLG
zevodwv A. Mouoag

2O\ OeTikwyv Emiotnuwy
Tunua Quokng



VB aesyayy ospy Logooedekay
2628 A\omoovepdes

.

dortoypagpia Tov HAiov pe T1g KnAideg TOV
EMoOn a6 tov k. Ztparto Koved, otnyv Pddo.
http://www.stratos-photography.com/

© Stratos Koufos



Biphoypaoia:

Mavov Aavéln kol XTpatov Ogodociov, To Xoprav wov aydnnoa, Exo. Aliavrog, Adnva, 2012, ISBN: 978-
960-531-288-6

Xaparapmov Bapfoyin ko I'dvvn X. Xepadaxn, Ewsoyoyn otn cvyypovn actpovopia, Exootnc:
[aptoyavng, ApOudg Xeaidwv: 352, 1994

Xravpov L. Avyohovnn ko loavvny X. Xewpadaxn, [lapatnpnowexny Actpovopia, Exootng IAavntapro
Ococarovikng, 2004, Ap1Opog Xeridomv 246, ISBN 960-86810-3-0

B. W. Carroll and D. A. Ostlie

An Introduction to Modern Astrophysics,

eko. Addison-Wesley, 1996 kon 2013,

ISBN-13: 978-1292022932

Eniong:

http://www.astro.virginia.edu/class/majewski/astr551/lectures/LECTUREZ2/lec2b.html
http://casswww.ucsd.edu/archive/public/tutorial/Stars.html
http://www.astro.washington.edu/users/anamunn/Astro101/Projectl/stellar spectroscopy introduction.html
http://handprint.com/ASTRO/

http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unitl/sptypes.html

I'evik®¢ propeite vo PplokeTe EMGTNUOVIKA GPOPO GE OTOL0ONTOTE AVTIKEIRLEVO, UOTPOPVOIKNG, PVOIKNG,
Lo NOTIKOV, PLAOGOPIOS 1] OTIONTOTE, GTNV LOTOGEAO.:

scholar.google.gr/

To apOpa mapovoralovrar pe a&Loroynon kKo

TPAOTO AVOPEPOVTOL TO, TTLO YPTCLUOTON|UEVA, TO, KOTE TEKUNPLO TTLO GT|LOVTIKA.


http://www.astro.virginia.edu/class/majewski/astr551/lectures/LECTURE2/lec2b.html
http://casswww.ucsd.edu/archive/public/tutorial/Stars.html
http://www.astro.washington.edu/users/anamunn/Astro101/Project1/stellar_spectroscopy_introduction.html
http://handprint.com/ASTRO/
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit1/sptypes.html
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0V HAlov pe T KnAildeg Tov
| K. Xrpdro Kov@o, otnv Pdoo.
http://www.stratos-photography.com/

© Stratos Koufos



TG TNV SaPacn Tc Appooitng
N oo Tov K. XTpdTto Kov@d, otnv Pooo.

© Stratos Koufos http://www.stratos-photography.com/
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SOHO's C3




SOHO's C2 coronagraph
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dwrtoypapio

ToV otéunatos Tov HAilov katd tnv
sxiewyn g 29" MapTtiov 2006 670
Kaoterhoprlo,

EMoOn anto tov k. Xtpato Kovgo,
http://www.stratos-photography.com/

© Stratos Koufos



© Stratos Koufos

dotoypagia Tov otéppatog Tov Hiiov katd Tnv
Exiewyn g 29" Maprtiov 2006 oto Kaosteropilo,
Awkpiveton po Tpogoyn ndvem aprotepa
EMoeOn ané tov k. Xtpdto Kovgd,
http://www.stratos-photography.com/



© Stratos Koufos

Ddotoypapio mov delyvel T0 AeyOUEVO

OLIPavVTEVIO OOKTVAIOL

10V otéppatog Tov HAlov katd Tnv Ekietyn g
29" MapTiov 2006 oto Kaostehépilo, EMeOn anéd
10V K. Xtpato Kovgo,
http://www.stratos-photography.com/



¥ Mudemus

Amateurish Observatory of Rhodes

Ddotoypapio mov delyvel v eEEMEN LePIKNG
éxhenyng tov Hriov kata tnv ékhenyn g 316
Oxtofpiov 2005.

EMoeOn ané tov k. Zrpato Kovpo, atny Podo
http://www.stratos-photography.com/

09:01:44 UT+3

09:57:08 UT+3

10:40:23 UT+3

Partial Eclipse 3/10/2005
From Rhodes Island of Greece
@ Stratos Koufos 2005



BipAtoypagia:

Ta kaivtepa apOpa Yo Tov ' Hho Oa Ppeite 610 TEPLOOIKO
http://solarphysics.livingreviews.org/Articles/subject.ntml
ITov givan owo0Eopo ompedy

"Evo. kAaokd Bipiio: Tov Harold Zirin, Astrophysics of the Sun Astrophysics of the Sun, Cambridge
University Press, Cambridge, 1988

Kenneth R. Lang, The Cambridge Encyclopedia of the Sun, 2001 (uetoyeipiocuévo yopm ota $5)
http://www.lpl.arizona.edu/~guofan/literature/othersort/Review/new_solar_corona/new_solar_corona
pdf

ApBpa (ko BipAta) vynrov exutédov, Tov £xovv voctel TV Pdcavo ¢ enteTnung Ba Bpeite amd
TNV 16T0GEMI

https://scholar.google.gr

M J ASCHWANDEN, A Synthesis of Recent Observations and Theoretical Concepts (Invited
Review), Space Science Reviews, 2002 mov Oa to Ppeite:

http://www.Ipl.arizona.edu/~guofan/literature/EnergeticParticles/ParticleAcceleration/Particle%20ac
celeration%20and%20kinematics%20in%?20solar%20flares%20%A8C%20A%20Synthesis%200f%2
ORecent%200bservations%20and%20Theoretical%20Concepts%20(Invited%20Review).pdf



XpNoueg 6eMOEC:

Tpiodibdotarn ancwovion tov HAlov pe mapatnpnoeig omod ta dtootnuonioto STEREO (otwv
oTolmV Ta TEWPAUATO GLUUETEYOVUE) PAETE:

http://stereo.gsfc.nasa.gov/

http://swaves.gsfc.nasa.gov/swaves_team.html
http://radio-monitoring.obspm.fr/instruments.php
http://radio-monitoring.obspm.fr/team.php
http://www.nasa.gov/mission_pages/stereo/main/#.V s msV1Y
http://www.nasa.gov/content/goddard/stereo-winks-and- tunning-solar-
imagery/#.VONoZvmsV1Y '
http://www.spaceweather.com/ ,
http://www.vsp.ucar. eduﬂﬁe h.’ | :«" )
http://sdo.gsfc.nasa.qov/ AR ?)"
http://spaceweathergallery. Com/ (n enidpaomn tov Hhiov otnv I'n, Zéhoc k.Ax.)
http://spaceweathergallery.com/ \

@
http://soho.nascom.nasa.gov/spaceweather/



http://stereo.gsfc.nasa.gov/
http://radio-monitoring.obspm.fr/instruments.php
http://radio-monitoring.obspm.fr/team.php
http://www.nasa.gov/mission_pages/stereo/main/#.VONns_msV1Y
http://www.nasa.gov/content/goddard/stereo-winks-and-provides-stunning-solar-imagery/#.VONoZvmsV1Y
http://www.spaceweather.com/
http://www.vsp.ucar.edu/Heliophysics
http://sdo.gsfc.nasa.gov/
http://spaceweathergallery.com/
http://spaceweathergallery.com/
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n ’I,JpOXI(SL ™G ZeAnvng yopow and ) I'm eival moAdmAokn
0TI TOAMPPOTKES OLVALELS EMOPOVY 6TO cvoTnu I'Mg (Le Tovg 6,68°
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TODOW OO OV HALY

QQ’ Topn| ETITEOOV TpoyLbg ZEMVING
[opo oo ™ I Kot 'mc yop® amod ToV
"HMo. N
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‘ExAetnyn HAilov

HAIO Exdewpn
HAlou

QQ’ Topn enimEOOV TPOYLOG ZEAVITG

[opo oo ™ I'm Kot I'mc yop® amo ToV
"HMo.

Av o ' HMmoc, 1M Yeifmvn koun I'n Bpe

TAV® GE gUTH TNV v ev0sio vPOPUY,
svufaivovuy ot cKAEIWELS

Oovv
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Descending node lunar eclipse patl

2ynua tov k. Tom Ruen
https://commons.wikimedia.org/wiki/File:Lunar_eclipse shadow paths.svg



Antumbra

Penumbr/ n

Ewova tov k. Daniel M. Short
https://commons.wikimedia.org/wiki/File:Umbra01.svg






Total Eclipse of the Sun on March 20, 2015 Eclipse magnitude, fraction of Sun’s disk occulted
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http://eclipse.gsfc.nasa.gov/

Total and Annular Solar Eclipse Paths: 2001 — 2020
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"Solar eclipse 1999 4 NR"'

by I, Luc Viatour.

Licensed under CC BY-SA 3.0 via Commons -
https://commons.wikimedia.org/wiki/File:Solar_eclipse 1999 4 NR.jpg#/media/File:Solar_eclipse 1999 4 NR.jpg



"2008-08-01 Solar eclipse progression with timestamps" by User:Kalan - Based on 38 own photos. Licensed

under CC BY 3.0 via Commons - https://commons.wikimedia.org/wiki/File:2008-08-01_Solar_eclipse_progression_with _timestamps.jpg#/media/File:2008-08-
01_Solar_eclipse_progression_with_timestamps.jpg






Awgpetpo 1.392.000
km (109 yfveg
owgpeTpor)
mAdTVVOT TTEPL TO 9
EKOTOULNVPLOOTA,
0QEILETUL KUPLOS 0TY)
BapvtnTa Tov TAAVITY
Ala.




davopevn owapetpog tov Hiiov (Yovia) petafaiietor kotd 1 O10pKELN TOV £TOVC.
1 Iavovapiov peyaidtepn tiun, ion tpog 32° 36"",2
2 TovAiov eAdyiotn Tiun tov 317 3277,

uEoM Tun avtng etvarl 327 47,1,
MetpnOnke 6wotd 1o amd TV apyondTnTa, LWAAALOV 0o ToVITmapyo TOv TPOGOIOPIGE KAl TNV
EKKEVTPOTNTA TNG TPOYLAS TNG I MC Ko TG LeAvng




Agoopéva Hrtov

axtiva= 695,990 km = 109 axtiveg I'ng

nala = 1.989 10%0 kg = 333,000 paleg I'mc

1o0c= 3.846 103 erg/s

Evepyoc Oepuokpacio = 5770 K

[Tukvotnta atudceopag = 2.07 107 g/cm3 = 1.6 104 Air density
Xnuikn ovotacn otnv atpudceapa = 70% H, 28% He, 2% (C, N,
O, ...) xatd uadlo

Oepuokpacio oto kEvipo = 15,600,000 K

[Tukvotnta oto kévrpo = 150 g/cm? = 8 x wukvoTnTo TOL YPLGOV
Xnuikn ovvheon oto kévipo = 35% H, 63% He, 2% (C, N, O, ...)
Kotd palo

Hlwcio = 4.57 10° yr

http://solarscience.msfc.nasa.gov/interior.shtml



Tproodotatn aneikodvion tov HAlov e mapatnpnoelc anod ta
owctnuonAole STEREO (ctwv ormoiwv ta melpduato
GUUUETEYOVUE) PAETE:

nttp://stereo.gsfc.nasa.gov/
nttp://swaves.gsfc.nasa.gov/swaves_team.html|
nttp://radio-monitoring.obspm.fr/instruments.php
nttp://radio-monitoring.obspm.fr/team.php



http://stereo.gsfc.nasa.gov/
http://radio-monitoring.obspm.fr/instruments.php
http://radio-monitoring.obspm.fr/team.php

A1000Y1KES EIKOVEG
kountn ISON mov
TEPAUCE KOVTA GTOV
NA10 Kol oteAvOnke
oo TNV
TOALPPOTKN
OvVOLUN
ESA/NASA/SOH
O/SDO/GSFC




Ewcovec tov nAlov
GE OLAPOPOL
UNKN KOUOTOC
aTO OLAPOPO OLUGTNUOTAOLO KOl ETTLYELEG

LETPNGELC, TOL AVTIGTOLYOVV GE OLAUPOPOL

VYN GTNV ATULOGPOLPO KOl TO GTEULLN TOV
HAlov



O "Hlog £xer moArég operg

Ewoveg Tov HAlov a6 dwostnuiomiona,
G€ OLAPOPOE PKN KOUOTOS, KUPLOS VITEPLMOES KoL aKTiveg X



This still image was taken from a new NASA movie of the sun based on data from NASA's Solar Dynamics Observatory, or SDO, showing the wide
range of wavelengths — invisible to the naked eye — that the telescope can view. SDO converts the wavelengths into an image humans can see, and the
light is colorized into a rainbow of colors. Yellow light of 5800 Angstroms, for example, generally emanates from material of about 10,000 degrees F
(5700 degrees C), which represents the surface of the sun. Extreme ultraviolet light of 94 Angstroms, which is typically colorized in green in SDO
images, comes from atoms that are about 11 million degrees F (6,300,000 degrees C) and is a good wavelength for looking at solar flares, which can
reach such high temperatures. By examining pictures of the sun in a variety of wavelengths — as is done not only by SDO, but also by NASA's

Interface Region Imaging Spectrograph, NASA's Solar Terrestrial Relations Observatory and the European Space Agency/NASA Solar and
He

v




To Zovnotkd nAoko
TNAEGKOTIO

http://www.solarphysics.kva.se

dwtoypaeio Tov k. Tim van
Werkhoven.



[ = ]
5000 kilometers

H mo kabapn ewcdva tov HAlov
oo T0 Lovnodikd NAKO THAECKOTIO
http://www.solarphysics.kva.se
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
The Sharpest View of the Sun
Credit: SST, Royal Swedish Academy of Sciences




Ddortevég Yépupeg o KNAda
a6 10 Xovndikd NAakd THAEoKOTIO
http://www.solarphysics.kva.se
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Light Bridges on the Sun
Credit: G. Scharmer, L. Rouppe van der Voort (KVA) et al., SVST
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HMokot widaxec (spicules)
oo T0 Lovnodikd NAKO THAECKOTIO
http://www.solarphysics.kva.se
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Spicules: Jets on the Sun
Credit: SST, Royal Swedish Academy of Sciences, LMSAL



HMokoi mopot

ouveXES
a6 To Xovnodikd NAKO THAESKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La
Palma by the Institute for Solar Physics in the
Spanish Observatorio del Roque de los
Muchachos of the Instituto de Astrofisica de
Canarias.

Two pores through CRISP
Observer: Tomas Hillberg
Image processing: Mats Lofdahl
Date: 22 Apr 2008
Wavelength: Fe 1 630.2 nm continuum


http://www.solarphysics.kva.se/

HM oot mopot

CRISP Ayre-5 pm image.

amd To0 Zovndikd NAaKd THAESKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La
Palma by the Institute for Solar Physics in the
Spanish Observatorio del Roque de los Muchachos
of the Instituto de Astrofisica de Canarias.

Two pores through CRISP
Observer: Tomas Hillberg
Image processing: Mats Lofdahl
Date: 22 Apr 2008
Wavelength: Fe 1 630.2 nm wing (Ag-5 pm)


http://www.solarphysics.kva.se/

H\oxn xoxkioon.

oo T0 Zovnotkod NAKO TMAEGKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La
Palma by the Institute for Solar Physics in the
Spanish Observatorio del Roque de los
Muchachos of the Instituto de Astrofisica de
Canarias.

High resolution granulation
Observer: Vasco Henriques
Image processing: Vasco Henriques
Date: 23 May 2010


http://www.solarphysics.kva.se/

H\okn kokkioon

amd T0 Lovndikd NAoko THAeokOTIo

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La
Palma by the Institute for Solar Physics in the
Spanish Observatorio del Roque de los
Muchachos of the Instituto de Astrofisica de
Canarias.

High resolution granulation
Observer: Vasco Henriques
Image processing: Vasco Henriques
Wavelength: 396.37 nm Ca Il wideband
Date: 23 May 2010


http://www.solarphysics.kva.se/

Observer: Vasco Henriques
Image processing: Vasco Henriques
Date: 23 May 2010

Koxkioo
1.
a6 To Zovndkd nAtakd TAeoKOTIO
of the Instituto de Astrofisica de Canarias.
High resolution granulation
Wavelength: 396.47 nm Ca Il H wing
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http://www.solarphysics.kva.se/

KnAioa

oo To Lovnodkd NAKO THAESKOTIO

observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Spots
Observations: Vasily Zakharov, MPI
Image processing (PDS): Vasily Zakharov
Wavelength: 436.5 nm
Date: 8 September 2004


http://www.solarphysics.kva.se/

oo To Lovnodkd NAKO THAESKOTIO

observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Spots, Spot near limb
Observations: Vasily Zakharov, MPI
Image processing (PDS): Vasily Zakharov
Wavelength: 436.5 nm
Date: 8 September 2004



http://www.solarphysics.kva.se/

Evepyoc meproym
GTO KLOVO YPDLLOL.

amd To0 Zovndikd Ao THAESKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La
Palma by the Institute for Solar Physics in the
Spanish Observatorio del Roque de los Muchachos
of the Instituto de Astrofisica de Canarias.

Active region in blue continuum 1
Observations: Oddbjorn Engvold, Jun Elin Wiik,
Luc Rouppe van der Voort, Oslo
Image processing: Luc Rouppe van der Voort,
Oslo
Wavelength: 436.4 nm (Continuum)
Target:

Date: 22Aug2003


http://www.solarphysics.kva.se/
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Evepyog meproym
amd 10 Zovndkd NAOKO TNAECKOTLO
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Active regionin Ha 1
Observations: Oddbjorn Engvold, Jun Elin Wiik, Luc Rouppe van der Voort, Oslo
Image processing: Luc Rouppe van der Voort, Oslo
Wavelength: 656.3 nm (H-alpha), Date: 22Aug2003


http://www.solarphysics.kva.se/
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Evepyoc nspto)m
amd 10 Zovndkd NAOKO TNAECKOTLO
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Active regionin Ha 1
Observations: Oddbjorn Engvold, Jun Elin Wiik, Luc Rouppe van der Voort, Oslo
Image processing: Luc Rouppe van der Voort, Oslo
Wavelength: 656.3 nm (H-alpha), Date: 22Aug200


http://www.solarphysics.kva.se/

KnAioec pe «y€pupeg
POTOC)

a6 10 Zovndikd NAKO THAECKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La Palma
by the Institute for Solar Physics in the Spanish
Observatorio del Roque de los Muchachos of the
Instituto de Astrofisica de Canarias.

Light bridges
Observations: Mats Lofdahl, ISP
Image processing: Mats Lofdahl, ISP
Wavelength: 430.5 nm (G-band)
Target: AR 349
Date: 02May2003


http://www.solarphysics.kva.se/

Moyvntdypappo KnAidog
amd T0 Zovndkd nAokd TAESKOTIO
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Large regular spot
Observations: Dan Kiselman, ISP
Image processing: Mats Lofdahl, ISP
Wavelength: Magnetogram at 630.2 nm (Fe I)
Target: AR 397 Date: 03Jul2003



http://www.solarphysics.kva.se/

Ouddo KnAidwv
amd 10 Zovndkd NAOKO TNAECKOTLO
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Sunspot group
Observations: Goéran Scharmer and Kai Langhans, ISP
Image processing: Mats Lofdahl, ISP
Wavelength: 630.2 nm (Fe I)
Target: AR 431 Date: 14Aug2003



http://www.solarphysics.kva.se/

Moyvntoypappo Ouddoc KnAidmv
amd T0 Zovndkd nAokd TAESKOTIO
observed with the Swedish 1-m Solar Telescope (SST). The SST is operated on the island of La Palma by the Institute for Solar Physics in the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
Sunspot group
Observations: Goran Scharmer and Kai Langhans, ISP
Image processing: Mats Lofdahl, ISP
Wavelength: Magnetogram at 630.2 nm (Fe 1)
Target: AR 431, Date: 14Aug2003


http://www.solarphysics.kva.se/

Mukpn knAida
GTOGLVEYEG
oo To Zovnodkd Ao THAESKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La Palma
by the Institute for Solar Physics in the Spanish
Observatorio del Roque de los Muchachos of the
Instituto de Astrofisica de Canarias.

Small regular spot
Observations: Goran Scharmer and Kai Langhans,
ISP
Image processing: Mats Lofdahl, ISP
Wavelength: 436.4 nm (Continuum)
Target: AR 425 at 6=40.5°, p=0.76
Date: 04Aug2003



http://www.solarphysics.kva.se/

Mayvnroypappo
Mukpn ¢ KnAioog

IIpdotvo kot yoAdllo
anetkoviCovv Popeta Kot
VOTLOL Loty VN TIKA TTEdiaL.

IIpocelte TG evarlAdGovVTOL
T0, TEdiaL

oo To Zovndikd NAoKd THAESKOTIO

observed with the Swedish 1-m Solar Telescope
(SST). The SST is operated on the island of La Palma
by the Institute for Solar Physics in the Spanish
Observatorio del Rogue de los Muchachos of the
Instituto de Astrofisica de Canarias.

Small regular spot
Observations: Goran Scharmer and Kai Langhans,
ISP
Image processing: Mats Lofdahl, ISP
Wavelength: Magnetogram at 630.2 nm (Fe I)
Target: AR 425 at 6=40.5°, u=0.76
Date: 04Aug2003



http://www.solarphysics.kva.se/

Evepyoc meploym

LE AOUTTPES
TEPLOYES

a6 T0 Lovndikd NAkd TNAEcKOTIo

observed with the Swedish 1-m Solar
Telescope (SST). The SST is operated on
the island of La Palma by the Institute for
Solar Physics in the Spanish Observatorio
del Roque de los Muchachos of the Instituto
de Astrofisica de Canarias.

Active region with faculae, near red wing
of Ha
Observations: Bart De Pontieu, LMSAL
Image processing: Bart De Pontieu,
LMSAL

Wavelength: 656.3 + 0.035 nm (H-alpha)

Target: Stonyhurst S15 W50, 6=51°, u=0.6
Date: 16Jun2003


http://www.solarphysics.kva.se/

KnAideg ue
EVTOVN TOPOCKLA

a6 T0 Lovndikd NAkd TNAEcKOTIO

observed with the Swedish 1-m Solar
Telescope (SST). The SST is operated on
the island of La Palma by the Institute for
Solar Physics in the Spanish Observatorio
del Roque de los Muchachos of the Instituto
de Astrofisica de Canarias.

Dark penumbral cores
Observations: Goran Scharmer, ISP
Image processing: Mats Lofdahl, ISP

Wavelength: 487.7 nm

Target: AR10030
Date: 15 Jul 2002


http://www.solarphysics.kva.se/
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2TEPEOGKOTIKY PMTOYPApion Tov HAlov and ta dvo ductnuonioin ZXTEPEO g
NAXA og meipapa tov onoiwv peteyxel to EKITA

STEREO Behind EUV 304 STEREO Ahead EUVI 304
2012-10-14 00:37:08 2012-10-14 00:36:15

Each of these images was captured from a different perspective by one of NASA's Solar Terrestrial Relations Observatory
(STEREOQ) spacecraft on 14 October 2012. The image on the left, STEREO-B, shows a dark vertical line slightly to the upper left
of centre. Only by looking at the image on the right, captured at the same time by STEREO-A from a different location, is this
feature revealed to be a giant prominence of solar material bursting through the sun's atmosphere.



www.Imsal.cormse ~events/
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Date Search El

«20150510 <Week <Roftation
Main
NOAA HMI Mag 20130011 22 08
10 Active MM Magnetogram 1 1-M 00
Regions 2 T
Flare
-orecast

SWAP 174A 20150511 19:47

> 174 A 11-Moy~2015 12:47:21.006

11 May 2015

Today
Far-side

X0

AlA 193A 20750511 23 31

193 A 11~Nay~2019

LATEST Most Active Region -- NOAA 12339 -- 8 C-class flares

SDO short-wave
HMI 6173A 20150511 22:58

HMI 6173 A 11 =Nay~2015 22:58:22.500

NOAA Search *

Rotation=> Week=> 20150512=>
SDO long-wave

GHN Ha 20150511 06:19 GOES

ACE
SDO/EVE
Events

XRT 20100511 06 03

AT mage |1 -My S 06:0541.40)

IDL
Access



HMI 6173 A 11—-May—2015 22:58:22.500
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www.SelarMenitor.org

Date Search 7 May 2015 NOAA Search »
«20150506 <Week «<Roftation Today Rotation=> Week=> 20150508
Far-side SDO short-wave SDO long-wave
NOAA IMI Mag 20150507 22:58 73A 20150507 22:58 GHN Ha 20150507 06:06 GOES
6 Active
Regions ACE
SDO/EVE
Flare Events
Forecast
IDL
Access

LATEST Most Active Region -- NOAA 12339 -- 14 C-class flares (1] (=] [»]




www.SelarMenitor.org

Date Search HE 2 April 2013 NOAA Search *

«=20130401 =Week <=Rotation Today Rotation= Week= 20130403=
Far-side SDO short-wave SDO long-wave

NOAA HM! Mag 20130402 19:15 AlA 4500A 20130402 20:00 GHN Ha 20130330 07:09 GOES
9 Active
Regions ACE
SMART SDOJ/EVE
No Data GeoMag
CHARM Events
No Data
Forecast
AlA 193A 20130402 21:01
IDL
Access
LATEST  Activity Level -- VERY LOW -- no flares in past two days (1] (] o]
d



www.SelarMenitor.org

Date Search E 2 April 2013 NOAA Search *
<=20130401 =Week <=Rotation Today Rotation= Week= 20130403=
Main £ Farside ) SDO short-wave SDO long-wave
NOAA HMI Mag 20130402 19:15 SOLIS Mag 20130402 16:28 No Time Data Available GOES
9 Active
Regions ACE
SMART SDO/EVE
No Data GeoMag
No Data
Forecast
STEREQO B 20130402 19:06 AlIA 193A 20130402 21:01 STEREO A 20130402 20:15
IDL
Access

LATEST  Activity Level -- VERY LOW -- no flares in past two days (1] (=] [o]




www.SelarMenitor.org

Date Search HE 2 April 2013 NOAA Search *
=20130401 =Week =Rotation Toda Rotation= Week= 20130403:
Main Far-side _ SDO long-wave

NOAA HMI Mag 20130402 19:15 AIA 94A 20130402 21:04 AIA 131A 20130402 21:04 GOES
9 Active
Regions ACE
SMART SDO/EVE
No Data GeoMag
No Data

Forecast

AlA 171A 20130402 21:01 AlA 193A 20130402 21:01
IDL
Access

LATEST  Region most likely to flare: NOAA 11711 — Probabilities: X(0%) M(25%) C(51%) [10] [we] [o]




www.SelarMenitor.org

Date Search 2 April 2013

=20130401 =Week =Rotation Today
Main Far-side SDO short-wave
NOAA HM! Mag 20130402 19:15 AlA 304A 20130402 21:01
9 Active
Regions
SMART
No Data

CHARM
No Data

AlA 1700A 20130402 21:04

LATEST Region most likely to flare: NOAA 11711 -- Probabilities: X({0%) M(25%) C{5

NOAA Search *
Rotation= Week= 20130403=

GOES
ACE
SDO/EVE
GeoMag
Events
Forecast

AlA 4500A 20130402 20:00

IDL
Access

1%) (1] [=] []
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O poyvntikog tonueptvoc tov HAaiov
www.Imsal.com/solarsoft/latest_events/
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A0 d0YIKEC EIKOVEC OTNV OLAPKELN CYETIKA LUIKPTIC NMOKNG EKACLYTC
www.lmsal.com/solarsoft/latest_events/
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http://www.nasa.gov/pdf/417176main_SDO_Guide_CMR.pdf
http://www.nasa.gov/pdf/417176main_SDO_Guide_CMR.pdf
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EA\ewntikn, 600V KUKMKNA tpoytd:

_In Invovapiov i amdotaon I'm eddyiotn 147.100.000 yAp (km)

20 TovAiov péytetn andotoon 152.100:000 yAp (km). -

péon Tymranodotaong eivon 149:504.312 km (actpovepikn povada,). *




Nouot Kémiep

* log Nopog "Erlewyn: tpoyia TV
ThAovnTov eival eAderyn kol 0 " HAlog
elval oTn po €oTtid.

* 20¢ Nopog icov apﬂaﬁwv H d 1
emPatikn aktiva mov evovel tov HAo At = (5 2
Ko TOV KAOe nkownrn Ol YPAPEL GE
160VC YPOVovg ioa suflaod.

* 3o0c Nopog appovikog: To TeTpaywvo P’ xa’
™G naptoﬁov TEPLPOPAC TOL KAOE
TAOVITN €tvat avddoyo pe tov kKOfo P\* a®
TOV UNKOVS TOV HEYAAOV UIdEova (E) - G(M +m)

NG EAAELYNC TTOV Oy PAPEL.



Johannes Kepler (1571-1630)
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Kepler tpoyiéc miavntadv Kot thg ZEANVNC

O Thavnteg KvovvTol yopm
and tov HAo kdto amd tnv
enidpaomn ¢ PapuTikng i
dVVOUNG. O HMWW“”IQ

Opoimg n ZeAnvn Kveiton yopo o€ | ovo tl

and ™ I'm Adym ¢ Bapotnrog

™6 I'mg O
[Tp®dTOC Kol deVTEPOG VOLOG .
Kepler yio tic tpoyiég H?\.(IVT[’CT]Q

TACVITOV Z
o€ YPOVQ
1) H tpoyd etvon ExAerym, pe xP

TOV A0 G€ a amd Tig dvo t383
€0TlEC NG
2) H emPBatkn axtiva tov
mhavint (HA, HB «.An.)

dratpéyel ioa epPadd oe iGovg A3
YPOVOLG

B) A2 O IThovnng
GE Ypovo t2



H tpoyid ¢ Zernvng yopw and ™ I'm elvon moAvmAokn oot I'm ko n
XeANvn Ogv elvau LOVES TOVC GTO 2XVUTTOV, AALG

Emopd 6e avtég ko n Bapvtnta tov HAlov.

EmmAéov o1 duvdpels g moAippolog 6tovg mwkeavovg g I'mg kdvoouv v
KIVNOM To TOAVTAOKN.

Avta €0V OC amoTELEC LA VO OAAALEL TO ETITEOO TNG TPOYLAS TNG LEANVNC
YOopw oo ™ I'm, va todaviovetol yOpm oo o péom 0€on.

H XeAvn emavépyetal 610 1010 onUEio TOL OVLPAVOD UE TNV 1010 PAGT (TT.Y.
vEa, XEAN VY], TPAOTO TETOPTO, TOVCGEANVOC K.AT.) kabe 19 £t (mepiodoc Tov
Métmva, mov akolovdet kol 1o OpBodo&o I1doya) 1 ue akdun neyaldTepn
axpifela kdbe 76 £ (mepiodog Tov KaAAinmov), ypovikéc mepiodotl mov
AVOPEPOVTOL GTO EYYELPTO0 TOL Mnyavicrol tov AvtikvOnpov Kot
YPNOLOTOLOVVTOL GTO NUEPOAOYLA TOL MNyavicLov Tov AvtikuOnpmv



N TPOYLA TNG XEANVNS YOp® oo TN I'm eival moAdTAoKN
O10TL TOAMPPOTKES OVVAELC EMOPOVV GTO GVUGTNUA I MG 6,68°
(ue Tovg WKENVONG), XeAnvng ko HAlov.
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QQ Topnenineo®v TPOYLUG YeAnvng

opo oo ™ I Kot I'mc yop® amo ToV

"H\vo. ,
Av 0 'Hoc, 1 Zeinvn Ko 1 I'n Bpedovv 668
TGV o€ ouTh TV gvbEio ypouut.

copBoivovy oL EKAEWES £ e irrikh eival To emtineSo TpofLdc
™¢ M'Ne MNpw amo tov HALo




‘ExAetnyn HAilov

QQ" Topn cimedmV TPOYIAG ZEANVNG

opo oo ™ I Kot I'mc yop® amnod ToV
"H\o.

Av 0 'Hhoc, 1 Xeinvn Ko 1 I'n P
TGvVe 6€ QVTH TNV cv0gia ypoup,
svpufaivovy ol cKAEIWELS

pedovv




‘ExAenyn XeAnvng

ekAewbn
vng
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[opo oo ™ I'm Kot 'nc yopm anod Tov
"Hho.

Av 0 'Hhlog, 1 Xeinvn Ko 1 I'n ppedovv
TGV 6€ vt TNV EV0ElD YPULT],
cuppaivouy ol SKAEWELS







4 ,ka GTOL v £
XdvOson dﬁ

-‘poyc’)vo 73,46 %
HAo 24 85 %

ot 0,16 9% ©
v 0,12 %

va 7o 0,07 %
Maywote 0,05 %
®cio 0,04 %




YMULKT] ovaAvon
oo LoKPLd

Fraunhofer, tTnAeckomio pe PUGUATOGKOTIO AETTIG GYIGUNG
IHapoporo tnieokomo vadapyel kot 6to EOviko Actepookoneio AOnvav

Eraunhofer Bunsen, Kirchoff
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A@Oovia YMUIKOV GTOLELOV
H 92,1%

He 7,8%

O 0,061%

C 0,030%

N 0,0084%

Ne 0,0076%

Fe 0,0037%

Si 0,0031%

Mg 0,0024%

S 0,0015%

Au 0,0000000004%
U 0,0000000001%
&Aha 0,0015%






KOKKIAZH HAIAKOS

ANEMOZ

KHAIAA
ZKIA

NAPAZKIA &=

jEL STEMMA

PQTOZDAIP .
EAAXIETC 15,000,000 K,
OEPMOKPA 150 g/cm?

— EKAAMWH

METABATIKH ZQNH
NMPOE=0OXH



‘HAog, otéppa kot e6mTeEPIKO LETAPOAN TOYVTINTAC TOL YOV GTO ECMOTEPTKO
tov HAlov
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http://www.astro.yale.edu/basu/research.html

[Tog aArdCel xpovikd 11 GLYVOTNTA,
neproTpoPnc Tov HAlov otny
otapkela Tov 11etovg KOKAOL NG
NALOKNG OPaCTNPLOTNTAC

www.astro.yale.edu/basu/researc
h.html Evyoapiotieg otov
kaOnynm . Sarbani Basu



http://www.astro.yale.edu/basu/research.html

sound speed

www.astro.yale.edu/basu/research.html Evyapiotieg otov kabnynty k. Sarbani Basu


http://www.astro.yale.edu/basu/research.html

Rotational speed

www.astro.yale.edu/basu/research.html Evyapiotiec otov kabnyntr k. Sarbani Basu



http://www.astro.yale.edu/basu/research.html
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Temperature (Dalsgaard Model 1)
| |
Radiative Zone Convective Zone

ol
ot
=

=
=
=
15

e

0.6 . 1.0
Radius

NASA/MSFC Hathaway

http://solarscience.msfc.nasa.gov/interior.shtml




Temperature Gradient (Dalsgaard Model 1)
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O¢cppokpooio emeaverog: 5.7//3 K
Amoctaon omé T I'n: 149.600.000 km
Méye0oc: -260,74

Macla: 1,989e30 kg

Axktiva: 695.800 km (1 R,)

Anoivto pEyedog: 4,83

Ao wikipedia


https://www.google.gr/search?q=%CE%B7%CE%BB%CE%B9%CE%BF%CF%82+%CE%B8%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1+%CE%B5%CF%80%CE%B9%CF%86%CE%AC%CE%BD%CE%B5%CE%B9%CE%B1%CF%82&stick=H4sIAAAAAAAAAAFRAK7_AHvTx-gAAAA0CA4SCC9tLzA2bV9wKiZrYzovYXN0cm9ub215L3N0YXI6c3VyZmFjZSB0ZW1wZXJhdHVyZbnRoWHF57mX3eb7WZaOQQfYyK53TBgWbVEAAAA&sa=X&ei=bNTdVJL6F4fdPbPKgDA&ved=0CJEBEOgTKAAwFA
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* Aopopikn weptoTpoet Tov HAlov

= A+ B sin®(p) + C sin"(p)



¥
0=A44B sm(g)
A= 14.18 deg/day (+/- 0.35)
B=-2.00 deg/day (+/- 0.48)

0=13,9-1,T6sin 6 - 2,21 sin' 6
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O Pieter Zeeman petpdel omwd Ty d10ipEST) TOV

QUG UATIKOV YPOLUULOV TO pLoryvnTiko medio. To atvouevo
Zeeman ypnolonomonke yio tnv HETPMNON TOV
LoryvnTiko¥ tediov Tov nAiov Kol apydTepa Kol AAA®V
doTpmV, HE UEYAAN emiTLYia.

Me av1d yvopilovue KaldTEPA TNV NALOKY
OpaoTNPLOTNTA, N 0Moia ECapTdTal o€ TEPAGTIO PabuUd amod
TO, LOyVNTIKG edio otov ' HAvo.




To pawvouevo Zeeman ypnopomombnke yio tnv LETPMNGT) TOL
LLOY VT TIKOV TTEOIOV TOL MALOL
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1951, Horace W. Babcock developed the photoelectric
magnetograph
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AvéntuEav TV Bewpia Yo To NALOKO poryvnTikd medio ko tnv avtictoymn 1letm
dpacTNPLOTNTO



O Robert B. Leighton avértoée véa pébodo avadeiéng
YOPOIKTIPLOTIKOV GE PMTOYPOPIES LE APUIPEGT] OVO
POTOYPOAPLAOV TOV 1010V avTIKENEVOD, o BETIKY) Kot
Lo apVNTIKY), TIG 0TToleS TPOc0eTE POV neyéBuve o
070 TIS 0V0, 1] OVO OLHOOYLKOV EIKOVOV.

Yoven®g £ToL AAUPAvEL KAVELS TNV TPAOTY TAPAY®YO
®¢ TPog TNV 0EoMn 1N S TPOS TOV YPOVO AVTIGTOLYC.

H pé6odog meprypagetar oto apdpo Leighton,
Robert , Observations of Solar Magnetic Fields
in Plage Regions. The Astrophysical Journal,

1959, 130: 366.

H pé0odoc avti) onuepa yiveTor EVKOAOTEPO IE PUE TIS
YNOLOKES HETPNOELG.

Epeig oto EKIIA ™V (pno1Homolovpe yio vo, HEAETANE
TS petaforéc Tov paocpdatmv tov Hiov og
POOLOKVIATO, OTNV OLIPKELN NALOKOV EKPNKTIKOV
QPUIVOUEVOV.



http://adsabs.harvard.edu/full/1959ApJ...130..366L

O knAideg Tov HAlov gp@avifovrar Kata
Cevyn Kat To payvnTikd wedio TV (gvy@V
TOV KnAidev Tov HAlov og kale
NUICPAIPLo TOV Eivar TO 1010, GALG
avtifeTo Tov GAlov Nuic@arpiov.

ZVYKPIVETE TA OVO LEVYN KNAISOV péca
oT\G elAsiyerc.

Iow givar 1 O oNRAVTIKI] O1EQPOPE TOV
OlUTIOTOVETE;

Solar magnetogram. Two bands of active
regions are seen on opposite sides of the
solar equator.

Magnetic fields pointing upward and
downward are coded as red and blue. The
active regions in the two opposite latitude
bands have opposite magnetic field
patterns.

http://commons.wikimedia.org/wiki/File:Sola
r-magnetogram-from-skylab-era.png

BA. eriong http://solar-
center.stanford.edu/solar-
images/magnetograms.html

Mayvntoypappa tov Hiiov



Conveyor

The Sun's Great Conveyor Belt
Belt has slowed to a record- ‘
low crawl, according to
research by NASA solar
physicist David Hathaway.
"It's off the bottom of the
charts,”" he says. "This has
Important repercussions for
future solar activity."

phys.org/news66581392.ht

mi#|Cp
NAXA

H peydin owdpketa tov mponyovuevov 11-gtovg kdkAov tov HAlov mov dmpkece 12 €mn Bempeitan

OTL 0QEileTOL GE ALY TOV PELUATOV 6TO0 E0mTEPIKO Tov HAlov (David Hathaway, NAXA)
http://solar-b.msfc.nasa.gov/ssl/PAD/solar/papers/hathadh/HathawayWilsonReichmann1999.pdf
http://science.nasa.gov/science-news/science-at-nasa/2006/10may_longrange/



http://solar-b.msfc.nasa.gov/ssl/PAD/solar/papers/hathadh/HathawayWilsonReichmann1999.pdf
http://phys.org/news66581392.html
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Taille comparée (approx.) de la granulation solaire et de I'Europe. La taille moyenne d'un granule
solaire est de 1000km. Image réalisée a la Lunette Jean R6sch de I'Observatoire du Pic du Midi.
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Magnetic Structure of Sunspots

Juan M. Borrero
Kiepenheuer-Institut fur Sonnenphysik
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Kiyoshi Ichimoto
Kwasan and Hida Observatories
Kyoto University, Yamashina, Kyoto 607-8471, Japan
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http://www.livingreviews.org/lrsp-2011-4 in solar physics


mailto:borrero@kis.uni-freiburg.de
mailto:ichimoto@kwasan.kyoto-u.ac.jp

AR 10923 8=8.7 Deg

I ] 1 I ' 1 1 I I T P ]

Distance from Disk Center [arcsec]

40 60 80
Distance from Disk Center [arcsec]

AR 10923 8=8.7 Deg

’

T F N0
A 3 o
- " { \
— y ‘

-
" 3
; ] - »Y,h"h»

[T
Y
.1

4

Distance from Disk Center [arcsec]

1 5 I. (S Y | e S | ] "J‘l | ]
40 60 80 100
Distance from Disk Center [arcsec]

Continuum Intensity

[I.."/ Iqs]

J

Distance from Disk Center [arcsec]

Distance from Disk Center [arcsec]

AR 10923 8=8.7 Deg
— .

40 80 80
Distance from Disk Center [arcsec]

AR 10923 8=8.7 Deg

1 II 1 I I
b, &

ﬂ! [P TL ] T S
40 60 80
Distance from Disk Center [arcsec]

Juan M. Borrero Kiyoshi Ichimoto Magnetic Structure of Sunspots, Living Rev. Solar Phys., 8, (2011), 4 http://www.livingreviews.org/lrsp-2011-4 in solar physics




AR 10923 8~8.7 Deg AR 10923 8~8.7 Deg

1/1,]

[
L

the inclination and
the azimuth of the
magnetic field, {, ¥

sl Center :n v'
isk Cemter [arcsec]

"
J

am Intensity

Distance from Di
ntmu
istance from

n
o

: ' .
40 60 80 00 40 60 80
ce from Disk Center [arcsec) Distance from Disk Center [arcsec)

AR 10923 8=8.7 Deg AR 10923 8=8.7 Deg

o
H
v
b
a

—
b
-
=
L

0
-
=
o
=
L3
<
=]
)
e
v
=

40 60 80
Distance from Disk Center [arosec]

magnetic field vector in the sunspot AR 10923, observed on November

14, 2006 close to disk center (® = 8.7° at the umbral center). The upper-left panel displays the normalized
(to the quiet Sun value) continuum intensity at 630 nm. The upper-right panel displays the total magnetic
field strength, whereas the lower-left and lower-right panels show the inclination of the magnetic field
vector y with respect to the observer’s line-of-sight, and the azimuth of the magnetic field vector in the
plane perpendicular to the line-of-sight ¢, respectively. The white contours on the colored panels indicate
the umbral boundary, defined as the region in the top-left panel where I/Igs < 0.3. These maps should be
interpreted as the average over the optical depth range in which the employed spectral lines are formed:

T =[1,10-3].
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Vertical stratification (optical depth tc) of the physical parameters in the penumbra. The horizontal axis is the azimuthal direction
around the penumbra and, therefore, it is perpendicular to the radial penumbral filaments. Upper-left panel: line-of-sight velocity V
los. Upper-right: total magnetic field strength B. Lower-left: inclination of the magnetic field vector with respect to the normal vector
to the solar surface ¢ (see Equation 10). Lower-right: azimuth of the magnetic field vector ¥ (Equation 11). This plot demonstrates
that the strong and vertical magnetic field of the spines extends above the intraspines (indicated by the index i), where the Evershed
flow is located where the magnetic field is rather horizontaland weak. It also shows that the azimuth of the magnetic field changes
sign above the intraspines, indicating that the magnetic field of the spines wraps around the intraspines. The arrows in this figure
show the direction of the magnetic field in the plane perpendicular to the axis of the penumbral filaments (from Borrero et al., 2008

Juan M. Borrero Kiyoshi Ichimoto Magnetic Structure of Sunspots, Living Rev. Solar Phys., 8, (2011), 4 http://www.livingreviews.org/lrsp-2011-4 in solar physics



Fel 630.25nm

calculated observed

u distribution of the net circular polarization in sunspots reproduced by the embedded
werved in Fe1 6302.5 A and Fe1 15648 A spectral lines (from

Eveouatwuévos ewinvac pong, embedded flux-tube model
Solanki and Montavon (1993) proposed that the needed gradients to
reproduce the NCP could be achieved without affecting the sunspot’s
equilibrium If they assumed the presence of a horizontal

flux tube carrying the Evershed flow embedded in a more vertical
background that wraps around it:.

Juan M. Borrero Kiyoshi Ichimoto Magnetic Structure of Sunspots, Living Rev. Solar Phys., 8, (2011), 4 http://www.livingreviews.org/lrsp-2011-4 in solar physics



|Radial Convection | | fOv

net
| S h Downflow

Upflow

|Azimuthal Convection | e

/\ Upflow
Downflow |

Upflow

Downtlow

Upflow

Juan M. Borrero Kiyoshi Ichimoto Magnetic Structure of Sunspots, Living Rev. Solar Phys., 8, (2011), 4 http://www.livingreviews.org/lrsp-2011-4 in solar physics
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1600 A 304 A VAW 335 A 94 A 131 A

NASA's SDO Shows Images of Significant Solar Flare
Caption: These SDO images from 7:25 p.m. EST on Feb. 24, 2014, show the first moments of an X-class flare in different wavelengths of light -- seen

as the bright spot that appears on the left limb of the sun. Hot solar material can be seen hovering above the active region in the sun's atmosphere, the
corona.

Credit: NASA/SDO



QMOTOYPOPIEC GE dLAPOpa UNKT KOUATOS Hac LEYOANS Ekiauync tov HAlov tomov X1
(ZentéuPpnc 2011). Awo 1o dwwotnuonioro SDO,

1.
2.

3.

To Ileipapo HMI deiyver tqv kniida

Me unkoc kopatog 304 Angstroms BAEmovue TV YpOUOCPOLPA GE TEPLOYES (VYN) LE
Oepuoxpacia ~50,000 degrees C.

e unkog xopatoc 171 Angstroms BAémovpue v petofatikn (ovn, TePLOyN AVALEGO TNV
YPOUOGPAPLo Kot TO otépua pe Oeprokpacio 1000000

. Z& unKog koupatog 335 Angstroms BAETovue TO GTEUUN, TEPLOYEC TOV EMIKPATOVV

Oepuoxpacieg yopm ota ~2.500000 K

. Z& unkog koupatog 193 Angstroms BAEmovue T0 oTEUUA, TEPLOYEC TOV EMIKPATOVV

Oepuokpacieg yopw ota ~6 000000

. & unkoc¢ kopartog 131 Angstroms BAEmove TO GTEUUA, TEPLOYES TTOV ETKPATOVY

Oepuokpacieg yopw ota ~10000000. XHvOetn ewkdva (Tpetg ekovec pall) oe UK KOUOTOG
094, 335, 193



1400 A 304 A 171 A 335 & 94 A 13) A

HAokn expnén ond to dastnuonioo SDO



By NASA/SDO (NASA website) [Public domain], via Wikimedia Commons



‘Exiopyn 31 Avy. 2012, SDO, NASA



QPMOTOYPAPIES G SLAPOPO. UNKN KOUATOS oG LeydAng Eklapymg tov HAlov, 14 Matiov 2013, 18:28:52, tomov X3.2.

Amo 10 dtnotnuomiolo SDO,

1. Me pnkog kopotog 304 Angstroms BAémovpe v xpoudoeatpo o€ teployés (dyn) pe Bepuokpacio ~50,000 degrees C.

2. Xeg pnkog kopotog 335 Angstroms BAEmovpE TO GTEUNO, TEPLOYES TTOV EMKPATOLV Oeppokpacieg YOpw otovg ~2.500000 K
3. Xg pnkog kopatog 193 Angstroms PAémovpe 10 GTEUNM, TEPLOYEG TOV EMKPOTOVV Beppokpacieg yupw otovg ~6 000000 K

4. Xg pnkog kopotog 131 Angstroms BAETOVLE TO OVAOTOTO GTELN, TEPLOYEG TOV EMKPOTOVV BepLoKpacieg
YOp® otovg ~10 000000 K

http://www.nasa.gov/mission_pages/sunearth/news/News051213-flare.htmi
http://www.nasa.gov/sites/default/files/images/748608main_May 14 X3.2_Four.jpg



Mr. Carrington, Singular Appearance in the Sun, 13

bination with the aneient measures, to o new computation by
M. Oom, of the Royal Observatory of Lisbon, at present
living at Puolkowa. The results of his computation have
entirely confirmed my father’s conelusions, that the changes ob-
served in the course of 28 years in the relative positions of the
two stars find o complete explanation in the proper motion of
the principal star, but the new formula does but very little
diminish the dizcordance of the results obtained in 18z3 by
transit ohservations.

Pulkewa, Ociober, 1859, > -

Dreseription of o Singular Appearance seen in the Sun on
September 1, 185g. By R. C. Carrington, Ezq.

While engaged in the forencon of Thursday, Sept. 1, in
taking my customary observation of the forms and positions
of the solar spots, an appearance was witnessed which I believe
to be exceedingly rare. The image of the sun’s disk was,
as usnal with me, projected on to a plate of glass coated with
distemper of & pale straw colour, and at a distance and voder a
power which presented a pietore of about 11 inches diameter.
I had secured diagrams of all the groups and detached spots,
and was engaged at the time in counting from a chronometer
and recording the contacts of the spots with the eross-wires
used in the observation, when within the area of the great
north group (the size of which had previcuosly exeited gencral
remark), two patches of intensely bright and white light broke
out, in the positions indicated in the appended diagram by the
letters A and B, and of the forms of the spaces left white. My

first impression was that by some chance a ray of light had
‘penetrated @ hole in the screen attached to the objeci-glass, by

firat impression was that by some chanee a ray of light had
‘penetrated @ hole in the sereen attached to the object-glass, by

© Royval Astronomical Society * Provided by the NASA Astrophysics Data System
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NASA/SDO/Goddard Space Flight Center, 12 Maptiov 2014
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HAokéc expniéelg pe mapatnpnoelc amo 1o otaotnuonioo TRACE
Adrypoppor oo LMSAL
Transition Region and Coronal Explorer (TRACE): Exploring the Upper Regions of the Solar
Atmosphere:
http://trace.lImsal.com/

http://www.nasa.gov/centers/goddard/pdf/106506main_trace.pdf



http://trace.lmsal.com/

HAokég expn&etg
ogtgf 10 Stotnuomiolo TRACE
http://trace.Imsal.com/
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http://antwrp.gsfc.nasa.gov/apod/image/0011/arcadenov9_trace_big.jpg
http://antwrp.gsfc.nasa.gov/apod/image/0011/arcadenov9_trace_big.jpg
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Nancay Radioheliograph Images, July 14 2000, Stokes I; 3.5 x 3.33 Ro
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Artemis—IV SAO0 Data, Jul 14 2888. Integration time=4.88 sec, Max=2392.8
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Raw Artemis-IV SA0 Data, Jul 14 288B. Integration time= .25 sec, Max= 415.8
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The progression of a solar eclipse on
August 1, 2008 in Novosibirsk, Russia.
All times UTC (local time was
UTC+7). The time span between shots
IS three minutes. ®wtoypaeio Kalan
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http://antwrp.gsfc.nasa.gov/apod/image/0205/doublecme_soho_big.jpg
http://antwrp.gsfc.nasa.gov/apod/image/0205/doublecme_soho_big.jpg
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Mercury transit observed with TRACE on 15 Nov 1999

Time (UT) 2119248 2126 10 213348 2141 27

white light
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Solar cycles

Earth's climate record has revealed a 100,000-year cycle oscillating
between cooler and warmer conditions.

Earth and the Sun also operate in shorter cycles, including 41,000-
year cycles and 20,000-year glacial cycles (Milankovitch Theory),
1,500-year cycles (Bond Cycle),

90-year sunspot cycles (Gleissberg Cycle),

22-year solar magnetic polarity cycles (Hale Cycle)

and 11-year sunspot cycles (Schwabe Cycle).

2,1.7, 1,3 years, 154, 27 days
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Solar cycles

Earth's climate record has revealed a 100,000-year cycle oscillating
between cooler and warmer conditions.

Earth and the Sun also operate in shorter cycles, including 41,000-
year cycles and 20,000-year glacial cycles (Milankovitch Theory),
1,500-year cycles (Bond Cycle),



A NONLINEAR RLC SOLAR CYCLE MODEL
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Fig. 1. The mean sunspot cycle, derived for the solar cycle groups: (a) 1-21, (b} 1-7, (c) 8-14,
{d) 15=21. The heavy curves are sunspol cycles produced from the Van der Pol model, using fn values
given in Table [ and assuming constant mean period of 11 yr.
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Data sources

http://www.climatedata.info/Forcing/Forcing/sunspots.html

Source - sun spots: http://www.ngdc.noaa.gov/stp/SOLAR/ftpsunspotnumber.html#hoyt.
(Reference: Hoyt, D. V., and K. H. Schatten, 1997. Group Sunspot Numbers: A New Solar Activity
Reconstruction. Solar Physics.)

Source — data for butterfly diagram: http://solarscience.msfc.nasa.gov/greenwch/bflydata.txt
(Reference: Dr. David H. Hathaway, Marshall Space Flight Center, NASA. )

Source — cosmic rays: ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/COSMIC_RAYS.

Source — radio flux:
ftp://ftp.ngdc.noaa.qov/STP/SOLAR DATA/SOLAR RADIO/FLUX/MONTHLY.ADJ

Source — total solar irradiance:
http://www.acrim.com/RESULTS/Composite/composite acrim hdr 1108.txt

The photos of the sunspots were downloaded from http://sohowww.nascom.nasa.gov/data/realtime-
Images.html



http://www.ngdc.noaa.gov/stp/SOLAR/ftpsunspotnumber.html
http://solarscience.msfc.nasa.gov/greenwch/bflydata.txt
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/COSMIC_RAYS
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SOLAR_RADIO/FLUX/MONTHLY.ADJ
http://www.acrim.com/RESULTS/Composite/composite_acrim_hdr_1108.txt
http://sohowww.nascom.nasa.gov/data/realtime-images.html
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Figure 10: Daily measurements of the Total Solar Irradiance (TSI) from instruments on different satellites.
The systematic offsets between measurements taken with different instruments complicate determinations
of the long-term behavior.

David H. Hathaway, The Solar Cycle, Living Rev. Solar Phys., 7, (2010), 1 http://www.livingreviews.org/Irsp-2010-1 in solar physics, http://solarscience.msfc.nasa.gov/
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Figure 4.
Number in Poveriy and Poverity Rate: 1959 to 2009
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Properties of the Very Local
Interstellar Medium

NEUTRAL COMPONENT Flow Speed 25 +/- 2 km/s

Flow Direction 75.4 ecliptic longitude -7.5 ecliptic latitude
Hydrogen density 0.10 +/- 0.01 /cubic cm

Helium density 0.010 +/- 0.003 /cubic cm

Hydrogen temperature (7 +/- 2) x 1000K

Helium temperature (7 +/- 2) x 1000K

IONIZED COMPONENT

Electron density < 0.3/ cubic cm

Flow speed Assumed same as neutral component

Flow direction Assumed same as neutral component

lon temperature Assumed same as neutral component
MAGNETIC FIELD Magnitude 0.1 - 0.5 nT Direction Unknown
COSMIC RAYS Total pressure (1.3+/-0.2) x 10~(-12)dynes/square cm
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Figure I. The configuration of the heliosphere shown schematically.
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Heliosheath

Heliopause

By NASA/JPL/JHUAPL
(http://photojournal.jpl.nasa.gov/catalog/P1A12375) [Public domain], via
Wikimedia Commons
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As the solar wind flows from the sun, it
creates a bubble in space known as the
heliosphere around our solar system. The
heliosphere is the region of space under the
influence of our sun. The interstellar
medium, the matter that fills the local
region of our galaxy, is forced to flow
around the heliosphere. It disturbs the s
wind so much as to create a secondary.
bubble around the heliosphere known a
the heliosheath, which is filled with he
slower solar wind.Scientists on the
mission used the lon and Neutral Ca
sensor on the Magnetospheric Imagin
Instrument to look at the interaction of
these plasma bubbles with the interstellar
medium. The scientists also looked at how
the heliosphere and heliosheath move
through the interstellar medium together.
The sensor on Cassini detects hot particles
known as energetic neutral atoms at high
energies, complementary to instruments on
the NASA Interstellar Boundary Explorer
mission.
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heliosphere and heliopause Ulysses data
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Voyager 1 and 2 inform ation from _the web page http://sd-www_.jhuapl.edu/VOYAGER/index.htm|

Voyager 1 crossed the termination shock of the solar wind on 16 Dec. 2004 at 94.0 AU.
Voyager 2 crossed the termination shock several times during 29-31 Aug. 2007 at 83.65 AU.

Both spacecraft are now exploring the shocked solar wind in the inner heliosheath.
They are headipg toward the heliopause, the boundary that separates plasma of solar origin
from the interstellar medium.
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% the shape of the heliosphere using Ulysses measurements
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the shape of the heliosphere using Ulysses measurements
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Solar Orbiter

feAlovTiKn] Ol0GTIUIK

OLTTOGTOAN
5tov HA10 6tV 0moie
CLUUETEYOVUE




ITPOOPIXMOX: HAIOX
HMoxo Tpoyioxoé owaotnuomioro Solar Orbiter, owootnuikn
0T0GTOAN 6TV 0tolo cvuuetEyel To EKITA
http://www.esa.int/Our_Activities/Space Science/Solar_Orbiter




IMPOOPIEMOZX: HAIOX

K6 TPoyLoKo dracTnuoTAoro Solar Orbiter, sroeTnuIKY 0T0GTOAN GTNV 0TOLN) GU)

70 EKITA

O Tperg KGOeTES PETULD TOVS KEPUIES EIVUL TOV, TELPINOTOS NOS TOV
poorogkmounés Tov Hilov kon Tov A lia'ro'g 0V NAMOKOV OVE

Tw oweoTnuoTrioro 0o TAnciacer madpa woiv Tov HA ,28 0.6 TPOVOIKI|EHIOV0.00G)

Oa ekToevOel Tov Ioviro
.esa.int/Our_Activities/Space_Science/Solar_ORGiter:
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[Tepdpota oto dtaoctnuoéTiolo Solar orbiter

Heliospheric in-situ instrumentsSolar Wind Analyser (SWA): To measure solar
wind properties and composition

Energetic Particle Detector (EPD): To measure suprathermal ions, electrons, neutral atoms,
as well as energetic particles in the energy range from few keV/nuc to relativistic electrons
and ions up to 100 MeV (protons) and 200 MeV/nuc (heavy ions)

Magnetometer (MAG): will provide detailed measurements of the magnetic field

Radio and Plasma Wave analyser (RPW): To measure magnetic and electric fields at high
time resolution (weipapa mov coppetéyel 1o EKITA)

Solar remote-sensing instrumentsPolarimetric and Helioseismic Imager (PHI): To provide
high-resolution and full-disk measurements of the photospheric magnetic field

EUV full-Sun and high-resolution Imager (EUI): To image various layers of the solar
atmosphere

EUV spectral Imager (SPICE): To provide spactral imaging of solar disk and corona,
characterize plasma properties at the Sun

Spectrometer/Telescope for Imaging X-rays (STI1X): To provide imaging spectroscopy of
thermal and non-thermal solar X-ray emission from 4 to 150 keV

Coronagraph (METIS): To provide simultaneous UV (121.6 nm), and polarized visible light
Imaging of the corona

Heliospheric Imager (SoloHI): To image quasi-steady and transient flows of the solar wind



http://www.ucl.ac.uk/mssl/space-plasma-physics/missions/solar-orbiter
http://en.wikipedia.org/wiki/Solar_wind
http://www.ieap.uni-kiel.de/et/solar-orbiter/
http://www3.imperial.ac.uk/spat/research/missions/space_missions/solar_orbiter
http://lesia.obspm.fr/Solar-Orbiter.html
http://www.mps.mpg.de/en/projekte/solar-orbiter/phi/
http://www.mps.mpg.de/en/projekte/solar-orbiter/spice/
http://en.wikipedia.org/wiki/Spectrometer/Telescope_for_Imaging_X-rays_(STIX)

% 1004010) 4 02\7 (0 )25 "N (0)>

LOKO TPOYLOKO ortacTnuoioto Solar Orbiter, SteeTuiKY] 07T0GTOAY GTNV OO0 GUUNETEYEL
70 EKITA
O Tpeic KAOETES PETACD TOVG KEPOLES EIVOL TOV TEPANOTOS OGS TOV KATAYPAPEL TIG
pooroekmopmes 100 HATov Kot Tov TAGGRATOS TOV NALOKOD OVEROV
http://www.esa.int/Our_Activities/Space_Science/Solar_Orbiter
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Xpnuoatodotnon

* To mopov ekmaldeLTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTaLOEVUTIKOU €pyou Tou dtddokovta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTtodOoTACEL LOVo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol Mpoypdppatod
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv

Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBvikoug
TTOPOUC.

EMIXEIPHZIAKO MPOITPAMMA |
G EKTIAIAEYZH KAI AIA BIOY MAGHEH == EZ"A

I O
YNOYPTEIO MAIAEIAL KAl BPHIKEYMATAQON >OMNAIKO KOINQONIKO TAMEIO

Evpwmnaikr ‘Evwon EIATKH YNMHPEXIA AIAXEIPIZHEX
Evpwmaiké Koivwviké Tapeio . . TR
Me tn ouyxpnparoddétnon tng EAAadag kat tng Evpwmnaikig Evwong

* *
* *
* *

ENREVIVON 6TNY UOLVWYIA TNE. YVWER

* 4 *
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>NUElwpa lotopikou Ekbooswv Epyou

To mapov €pyo amotelel tnv €kdboon 1.0.0
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>NUELlwpa Avodopac

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, =evodpwv A.
Mouaoag 2015. «Etcaywyn otnv Aotpoduoikr. O ‘HAlog we Aotépacy. Ekdoon: 1.0.
ABnva 2015. AtaBeotpo amno tn diktuakn dtevBbuvon:
http://opencourses.uoa.gr/courses/PHYS1/
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>Nuelwpa Adelodotnonc

To tapov LVALKO SlatiBetal pe toug 0poug tng adeslac xpnong Creative Commons
Avadopd, Mn Eunopwkn Xprion MNapopota Atavopun 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&aipolvtal ta autoteAn €pya Tplitwyv m.x. pwroypadiec, Staypappata
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oTo «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:
* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC artd TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou Epyou Kot adelodoxo

* 1ou 6ev mepAapPAveL oLkovouLKN) ouvaAlayn we npolnmoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEn TOU £pyou Kol adelodOX0 EUUECO OLKOVOULKO ODEAOC
(rt.x. Stapnuioelc) armod tnv npoPfolr Tou €pyou o SLASLKTUAKO TOTIO

O Swaovyo¢ pmopel va rapexeLl otov adelodoyo Eexwplotr AdeLa va XpNOLLLOTIOLEL TO €pYO yLa
~ EMmOpLKN Xprion, epocov auto Tou {ntnBeL.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N dlaokeun Tou VALKoU Ba mpemeL va
oupneEpLAaUBAaveL:

" 10 2nueiwpa Avadopdc

" 10 2nuelwpa Adelodotnong

=" N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueiwpa Xpriong Epywv Tpitwv (edooov umdpyxel)

nall pe Touc cuvodEVOUEVOUC UTIEPOUVOECHUOUC.

1Y
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