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HAIOZ

TTupnvikn evépyela (amé ouvtnén H), ou
KATAaAnyel aTnv emi@avela Tov ‘HAlou peTd
amod EKATOHHUpIA Xpovid.




HAIOZ

Qot600: O ‘HAloc dev éxel OTEPEA R UYPA
ETIPAVEID OTTWC €ival TTX N ETTIPAVEIA TNC
'n¢, av kai n d1apopd TTUKVOTNTAC HETACU
PWTOOYAIpAC KAl XpwHooWdaipdc Oev givai
Hikpn (2 Td€eic peyéBoug, 0.1 kg/m3 mpog
0.001 kg/m3).

M1a oUykpion oth 'n ivar 3 Td€eic peyéBoucg
(2,500 kg/m3 mpog 1 kg/m3).

Omwce PAEToupe R pwTOCYAIPA €ival
apaioTepn amo Thy arpoopaipa Tn¢ I'ne.




HAIOZ

H gaivopevn emedveld - h pwTooPalpa -
gival Hia TePIOXN TTETTEPAOHEVOU TTAXOUC TTOU
opi(eTdl WC N €MAvEId TTAVW ATIO ThV OTToid
n TOavoTnTa £vo¢ YwTOViou va amoppopnOci
gival HIKpOTEPN ATt O0,TI KATW ATIO AUTAHV.




HAIOZ

TTupnvikn evépyela (amé ouvtnén H), ou
KATAaAnyel aTnv emi@avela Tov ‘HAlou peTd
amod EKATOHHUpIA Xpovid.

MaTi;




HAIOZ

TTupnvikn evépyela (amé ouvtnén H), ou
KATAaAnyel aTnv emi@avela Tov ‘HAlou peTd
amod EKATOHHUpIA Xpovid.

MaTi;

«peT epmodiwv» (ouxvoTaTec okedAoeIC HE
TNV UAN - n TTUKVA UAN gpmtodilel To pwe vda
avaduBcei oTnv emedveia Tou ‘HAlov)




HAIOZ

TTupnvikn evépyela (amé ouvtnén H), ou
KATAaAnyel aTnv emi@avela Tov ‘HAlou peTd
amod EKATOHHUpIA Xpovid.

MaTi;

«peT epmodiwv» (ouxvoTaTec okedAoeIC HE
TNV UAN - n TTUKVA UAN gpmtodilel To pwe vda
avaduBcei oTnv emedveia Tou ‘HAlov)
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HAIOZ

TTupnvikn evépyela (amé ouvtnén H), ou
KATAaAnyel aTnv emi@avela Tov ‘HAlou peTd
amd EKATOHHUpIA Xpovid.

MaTi;

«peT epmodiwv» (ouxvoTatec okeddaoeig He
TNV UAN - n TTUKVA UAN gpmtodilel To pwe vda
avaduBcei oTnv emedveia Tou ‘HAlov)

"'AIvo avdAoyo; (TTapepmddiong pwroviwy)
Q1 oKIEC




Spectral Irradiance (W/m?2/nm)

Solar Radiation Spectrum

2.5 ' '
Uv |, Visible |, Infrared —
| |
| |
2+ ! I Sunlight at Top of the Atmosphere
|
|
|
|
1.5+ 5250°C Blackbody Spectrum
14
Radiation at Sea Level
0.5+
Absorption Bands
H,0 co, H,0

o

_
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)




Ta moAAa mgoowna Tov ‘HAlov

The Sun looks SOLAR ATMOSPHERE

, , 10 JAN 92
drastically different |- B |7

depending on the 2s00f  EUV] Xrays|
source of the data

instrument, and

date)
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Near UV, VIS, IR

6

1o 105 1o

Temperature (K)







[Tl £xeL moAAa tpocwrta 0 HALOG;

Meon Beppuokpacia tnc pwtoodatpoc: 5800 K
Oepuokpacia Tou nAlakou oteppatoc: 2 MK!

Ooco aveBaivel n Beppokpaocio, TO0O 1O OYKWON
ATOLLA XAVOUV TIOAAQL NAEKTPOVLA KOl EKTTEUTTOUV
akTVoBoAlol 0€ YAPOAKTNPLOTIKA LNKN KUUOTOC,
TTOU HLOC ETTLTPETIOUV VOl « BAETTOUE»
Aenttopepelec Tou HALoOU o€ SLadOopETIKA LLAKN
kUpatoc (kat og Stapopetika uyn)
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HAIAKH METABAHTOTHTA

H petaBAntotnta tng poncg UV kat akTivwv X
odelAeTaL oTN payvnNTKA LETOBANTOTNTA, TTOU
«SLOHOPPWVEL» TNV NAEKTPOUOYVNTLKN
akTtlvoBoAlo o€ AUTA TA LAKN KUMOTOC




Sunspot Number in recent centuries

The IS responsible
for the 11-year (also
called the 22-year solar cycle,
the sunspot cycle, magnetic
cycle).

All types of solar energy output
are modulated by this cycle. In
some respects, the Sun can
appear dramatically different
within minutes.







HAIAKH METABAHTOTHTA

H rteployn tou opatou HEPOUC ToU NALakoU
daopaToC (TToU CUVELODEPEL TO LEYAAUTEPO
LLEPOC EVEPYELAC TIOU TIPOOTILITEL 0TN N)
NOPOUOLALEL (EUTUXWC) TN MLKPOTEPN
uetafAntotnta (<0,1%).




HAIAKH METABAHTOTHTA

H rteployn tou opatou HEPOUC ToU NALakoU
daopaToC (TToU CUVELODEPEL TO LEYAAUTEPO
LLEPOC EVEPYELAC TIOU TIPOOTILITEL 0TN N)
NOPOUOLALEL (EUTUXWC) TN MLKPOTEPN
uetafAntotnta (0,1%).

(Q0TO00 OTO UTIEPLWOEC KOl OTLC AKTLVEC X, N
pon akTtwvoBoAloc purmopetl va petaPAndei
KOTOL OLPKETEC TALELC peyeBoUC KaTA TN
SlapkeLa eKAapPewv.
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HAIAKH METABAHTOTHTA

Av kat n pon aktwoPoAlog og UV, EUV
Kol X oItOTEAEL EAAXLOTO LEPOC TNG
OUVOALKNC NALtakng aktivoBoAlac, n
eMLOpOON OTNV OVWTEPN ATUOOPALPL
™NC¢ 'NC €lvat oAU onuavTikn.




solar energy output

near UV _ solar
VIS X-rays wind plasma
|_R _ & EUV energetic plasma
radiation radiation (SEP) heliosphere
uv & IMF
radiation
thermosphere
& ionosphere magnetosphere
energetic
mesosphere & lower thermosphere particles

(electrons)

stratosphere & ozone

climate



Thermonuclear
Energy from the Sun

Mass Emission

Solar Wind
& CIRs

ICMEs,
Shocks

Magnetospheric Effects

Storms/Substorms '




Effects of the Dynamic Sun

ELECTROMAGNETIC HIGH ENERGY LOW-MEDIUM ENERGY
RADIATION PARTICLES PARTICLES
ARRIVAL: IMMEDIATELY ARRIVAL: 15MIN TO FEW HOURS ARRIVAL: 2-4 DAYS
DURATION: 1-2 HOURS DURATION: DAYS DURATION: DAYS
X-RAYS, EUV, PROTON EVENTS GEOMAGNETIC STORMS
RADIO BURSTS
SATELLITE DISORIENTATION SPACECRAFT CHARGING & DRAG
TCOM INTEREERENCE FALSE SENSOR READINGS SPACETRACK ERRORS
2’20&% INTERFERENC(E: SPACECRAFT DAMAGE LAUNCH TRAJECTORY ERRORS
SHORTWAVE RADIO FADES LAUNCH PAYLOAD FAILURE RADAR INTERFERENCE
HIGH ALTITUDE AIRCRAFT RADIATION RADIO PROPAGATION ANOMALIES
SHORTWAVE RADIO FADES POWER BLACKOUTS

Source: Flares CMEs/Flares CMEs/Coronal Holes



To NALOKO GTEMMOL

Solar Corona

31



32



Corona
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To NALOLKO CTEpQL
N
H nAltakn kopwvn
(Solar Corona)




Solar disk in extreme ultraviolet light (17.4 nm), PROBA2/SWAP, ESA/ROB




Skylab X-ray telescope
1973-1979
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Figure 2: Monthly averages of the daily International Sunspot Number. This illustrates the solar cycle
and shows that it varies in amplitude, shape, and length. Months with observations from every day are
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Figure 14: A Magnetic Butterfly Diagram constructed from the longitudinally averaged radial magnetic
field obtained from instruments on Kitt Peak and SOHO. This illustrates Hale’s Polarity Laws, Joy’s Law,
polar field reversals, and the transport of higher latitude magnetic field elements toward the poles.
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Corona: Physical Properties

Corona has much higher temperature than
chromosphere or photosphere: 10° K—2 X 10° K

Densities are lower than those of chromosphere
or photosphere: n =103 — 3X10“ m3, out to
2 solar radii from Sun’s centre.

Pervaded by a magnetic field, strength ~1mT,
mostly in form of loop structures.
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Corona: Physical Properties

Temperature, density, and magnetic field
strength much enhanced over
sunspot regions (“‘active regions”)

Reduced density and temperature and
open magnetic fields at poles, particularly
at solar minimum: coronal holes.

Undergoes an | | -year activity cycle like
photosphere and chromosphere: brighter
and more irregular at solar maximum.
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Energy Flux Spectral Density (W/(m? « nm))
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The mother of all Hares

1 >entepPpiou 18\55/‘;0
Y

“ 20°NE
e MopdAAnAa arnod tov S
Richard Christopher \
Carrington kol tov
Richard Hodgson

* |oyupotatn pHayvnTkn
Katalyilda tnv Emopevn
uepa

Drawing by Carrington



ExAapyerg
Kt
OTEUUATIKEC EKTIVAEELC palac

O1L 8V0 GUVIOTWOEC
TWV NALAK®OV “ekpniewVv”
(solar eruptions)



Counterstreaming
Electrons



A1pvidia, Taxeia kai evrovn
auénon Tn¢ AapnpoTtnTac (evraonc)
NAEKTPpOMAYVNTIKNG aKTIVOBOAiIac

o€ NOAAQ O1APOPETIKA UNKN KUMATOC
(uEyaAo duvapiko eUPOC)



Kabwc kai
aipvidia, Taxeia kai Evrovn
EKAUON OWUATIOIWV MOAU

LEYAANC EVEPYEIAC



AUTO onuaivelr:

Ioxupn Kal anoToun EkAuon
EVEPYEIAC OTNV ATUOOPAIPA TOU
'HAlou: 1022 - 102> Joules

ETnola naykoouia KatavaAwaon
evepyelac: 1025 Joules



WAVE 1 /\/\/

p—— Wavelength —

WAVE2
] Amplitnde



Flare at various wavelengths




AuvénnéEvn Aapnpotnta os:

MoaAokeC aktivec X — mavta

Y KANPEC akTilveg X — oxeOOV mavta
AKTLVEC YU — OTIAVLOL

PadlokUpota — omtavia we oAU omavia
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\ \‘ Ta&ivopnon eKAGUYE®V

Pon akTivoBoAiac paAakwyv
akTivwv X (0.1-0.8 nm) oTn
vewoTaTikn Tpoxla (GOES):

V4 A1 =108%W m™
B1 =107 W m2
| C1=10°W m=2
M1 =105 W m>
X1 =104 W m2
/1 =103 W m?>

[la ouykpion, N OAIKN pon Eival
1.366 W m™=




Solar Flare Class

12 July 2012: X1.4 class

flare
0.1-0.8 nm
0.05-0.4 nm
Y | e N T X (extreme)
| it i hiliotdikef i bl sttt Mt ekttt M (moderate)
FoER] e el e -==1C (common)
= 7§ i\) RELE CEEEE P TR L —{w— (ﬁ” -« ==1B (background)
O 1 3
R e S e b . 3
duly12 July12 duly13 July13 duly14 July14 duly1s

hours:minutes, July 11, 2012 = July 15, 2012

X1.4 class: flux(0.1-0.8nm) = 1.4x10-* W/m?






)

B5=5Xx107 W m>

M8 =8x105Wm=2

X7=7x104Wm=



B5=5Xx107 W m>
M8 =8 x10%W m~2
X7=7x104Wm=

Big daddy:

4 Nov 2003, 19:20-20:06 X17.4
A1000Y1KEC EKTIUNOEIC:

X28+, X37, X451 X40

'ExAauyn tov 1859: iow¢ X40




ATIO TIOU TIPOEPYOVTOLL Ol LETPNOELC
(ko yiorti)




GOES WEST GOES EAST
135° We_:%t, 75° West

GOES )
Launch / Checkout - 90° West
Storage Position - 105° West




t X-Ray Light Curves from GOES

(Geostatighvary Operational Environmental Satellites)
GUES Xray Filux (5 minute data) Begin: 2006 Apr 26 0000 UTC
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t X-Ray Light Curves from GOES

(Geostatighvary Operational Environmental Satellites)
GUES Aray Flox (5 minute data) Begin: 2005 Sep 7 0000 UTC
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4 Nov 2003: X17.4 Flare
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\‘ Flare: rapid energy release

. triggered by an instability in the
magnetic configuration. Results
in acceleration of non-thermal
particles and heating of
chromospheric/coronal plasma,
emitting radiation in almost all
\WVavelengths
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CMEs
Coronal Mass Ejections

Blowing in the wind — Bob Dylan
https://www.youtube.com/watch?v=G58XWF6B3AA



https://www.youtube.com/watch?v=G58XWF6B3AA

Coronal Mass Ejection
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Scuvce: High Altifhde Observatory/Solar Maximum Mission Archives




Coronal Mass Ejection

¥280: White Light
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Scuvce: High Altifhde Observatory/Solar Maximum Mission Archives




Coronal Mass Ejection

¥280: White Light
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Scuvce: High Altifhde Observatory/Solar Maximum Mission Archives







Morphology of Coronal Mass Ejections

Three-part structure:

— Bright outer rim

— Dark cavity behind rim

— Bright inner core of erupted prominence material



2000/02/27 00:18




Halo CME

Earth Scale | LASCOC2
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CME / flare

The most energetic CMEs occur in close
association with powerful flares.

Nevertheless large-scale CMEs do occur in the
absence of major flares even though these tend
to be slower and less energetic.




https://www.youtube.com/watch?v=TWijtYSRIOUI&list=PLF14609877EF3419B



https://www.youtube.com/watch?v=TWjtYSRlOUI&list=PLF14609877EF3419B

S R 3 L e www.helioviewer.



Decades of the Sun, as seen by SOHO



https://youtu.be/badXcHfQkO0?si=Uuj1zd9-AgnEzbe3

PLASMOID

Gosling, 1993

Supernovae Cassiopeia A

HEL ] OSPHER
CURRENT sHégT

ECLIPTIC

Chandra Observations: The bright outer ring
green) ten light years in diameter marks the
location of a shock wave generated by the
supernova explosion. The colors represent
different ranges of X-rays.



CME Properties

* Mass:~10'%1% kg
* Speed: few hundred - 3000km/s

..0Or

e Mass: ~| million Nimitz-class aircraft carriers

* Speed: 1.5 -10 million km/hour

Karth

* Arrives to Earth in -4 days



