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VĨznam slov 

Spektrum ï spektrum barev = ġk§la barev, paleta 

barev, rozdŊlŊn² nŊļeho (z§Śen²) dle nŊjak® vlastnosti 

(energie, frekvence, vlnov® d®lky).  

Z§Śen² Slunce - elektromagnetick® vlnŊn² (nebo 

fotonov® ļ§stice) maj²c² pŢvod ve Slunci. Z§Śen² 

pŚ²m®, nebo transformovan® prostŚed²m. 

Polarizace z§Śen² ï pŚirozen§ vlastnost odliġuj²c² dva 

extr®mn² (polarizovan®) stavy.  Podle dohodnut® 

konvence je polarizace z§Śen² pops§na urļen²m 

orientace  vektoru elektrick®ho pole elmag z§Śen². 



Ò Ferlet 2003 

Co n§m Ś²k§ sluneļn² z§Śen²? 

VeĢker® ovŐŠen² hypot®z o vesm²rnĲch objektech  se dŐje pomoc² analĲzy spekter   

Postupn® luĢtŐn² informac² obsaĤenĲch ve spektru 

Hlavn² duha 42 Ü 
Lom a jednoduchĲ odraz 

Proľ je pod hlavn² duhou jasno? 

VedlejĢ² duha 51 Ü 
Lom a dvojitĲ odraz v kapce vody 
Opaľn® Šazen² barev, slabĢ², 

proľ? 

DUHA 



VedlejĢ² duha Hlavn² duha 

Ot§zka: Jak to, Ĥe v hlavn² duze vid²me 
                  ľervenou barvu nahoŠe a ne dole? 





Disperze svŊtla refrakc² 

(Rozklad svŊtla lomem) 

Jan Marcus Marci,  

1595-1667  
"O duze a barv§ch tŊles" 

Publikov§no 1666   



Optics, principles,1704  

Isaac Newton  
1642 - 1727  

Zakladatel klasick® mechaniky 

1688 ð 1671 
konstrukce zrcadlov®ho dalekohledu 
Disperze svŐtla ve spektrum pops§na v: 



Povzdech filozofa: 1825 -  August Comte: "Chemick® sloģen² hvŊzd je typickĨm 
neŚeġitelnĨm probl®mem pro lidstvo". 

Ale uģ v r. 1814:  

A, kysl²k, 762 1  ¡,  B, kysl²k 6870 ¡,   C vod²k, 6563  ¡ (Ha), D (D1, D2) sod²k, 5896 , 
5890   ,D3 helium 5876, G (p§s kovovĲch ľar, 4308 ), H a K CaII 3969 a 3934  ¡ . 
(Fraunhoferovsk® spektrum).   

J. Fraunhofer ve sluneľn²m spektru rozliĢil nŐkolik tis²c tmavĲch ľar rŨzn® Ģ²Šky  
a intenzity, vytvoŠil prvn² mapu sluneľn²ho spektra, 324 ľar,nejsilnŐjĢ² promŐŠil 
a pojmenoval: A, B, C,é    H, K.  Fraunhofer zemŠel 1826 na TBC, nedozvŐdŐl se,  
Ĥe ľ§ry n§leĤ² jednotlivĲm chemickĲm prvkŨm. 
 



Gustav Kirchhof a Robert Bunsen, 1859, ļ§ry pŚ²sluġ² 

chemickĨm prvkŢm, kaģdĨ m§ charakteristick® rozloģen² ļar. 

Kaģd§ l§tka pohlcuje svŊtlo na tŊch vlnovĨch d®lk§ch, na nichģ 

sama vyzaŚuje. Objev, ģe na Slunci jsou Na, Fe, Ca, Cr, é 

Chemick® sloĤen²  
zdroje z§Šen² i 
prostŠed², j²mĤ 
proch§z²  



SoHO / MDI 

Fotosf®ra 

27 oct 03 



Sluneļn² spektrum je spojit®, odpov²d§ spektru absolutnŊ ļern®ho tŊlesa o teplotŊ 5780 K. Jsou 

v nŊm patrn® absorpļn² ļ§ry (objeven® Fraunhoferem v roce 1814). NejvĨraznŊjġ² z nich jsou 

ļ§ry Ha , Hb Balmerovy s®rie vod²ku, sod²kov®ho dubletu D, H a K Ca II a tak® telurick® ļ§ry 

vznikaj²c² pŚi prŢchodu z§Śen² atmosf®rou ZemŊ. 

 



Sluneļn² spektrum je spojit®, odpov²d§ spektru absolutnŊ ļern®ho tŊlesa o teplotŊ 5780 K. 

Jsou v nŊm patrn® absorpļn² ļ§ry (objeven® Fraunhoferem v roce 1814). NejvĨraznŊjġ² z 

nich jsou ļ§ry Ha , Hb Balmerovy s®rie vod²ku, sod²kov®ho dubletu D, H a K Ca II a tak® 

telurick® ļ§ry vznikaj²c² pŚi prŢchodu z§Śen² atmosf®rou ZemŊ. 

V UV ļ§sti spektra dominuj² ļ§ry magn®zia a Lymanovy s®rie vod²ku, v IR oboru pak 

Paschenovy s®rie. Slunce z§Ś² t®ģ v rentgenov®m, gama a radiov®m oboru. 



Electromagnetic k® spektrum  
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SoHO / MDI 

Fotosf®ra 

27 oct 03 



Chromosf®ra 

 

 

 

 

 

 

 

 

 

 

 

 

 

He II 
SoHO / EIT 

T = 20,000 K 

27 oct 03 



Hork§ a Ś²dk§ sluneļn² kor·na: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fe XII 
SoHO / EIT 

T = 1,200,000 K 

27 oct 03 



TRACE 
Explozivn² jevy v kor·nŊ 
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Detaily  chromosf®r y a pro tuberanc² ð H- alfa  

Meudon  

spektroheliogram 



MFS (mnohokamerovĨ erupļn² spektrograf) 
Constructed by Valn²ļek, Ġvestka, Letfus et. al in 1958 

        Main Objective  230 mm/1350 cm,  Grating  600l/mm, 90 x 100 mm, Resolution 120 000  
in the 2th  order,  

              photographic  plates  (films ),  
              linear  dispersion  1 A/  mm,  
              in H- alpha,  H- beta,   
              H- gamma,  D- lines,  Ca H & K 
                                         (simultaneous) 
             up to  the  Balmer limit  



Optical Schemas of the MFS 

é originally 2nd right order, 5 cameras, photographic plates 13 x 18 cm  then  

 2 other cameras added - H-delta and Balmer higher lines, then 

 a photocamera taking H-alpha slit-jaw images added in 80ôs, then 

      5 plate cameras replaced by 5 film cameras plus slit jaw, photoghraphy became expensive   

 then in 90ôs : video cameras in the left orders with a high cadency  25 frames/s (however 

in 8 bits only, therefore concentration on bright and eruptive events) 

 



MFS parameters, comparision 

Two strips of flare spectrum from  
the photoplate era of the MFS.  

Large detectors, 13 x 18 cm 
Large field of view of 80 ð 120 ¡ 

Exposure times tenths of sec  
Maximum 12 spectra in a series  
Then developing of photoemulsion  

I ntermezzo : Film strips ð maximum of 50 spectra  
in a series, then developing, digitization, 12 ð 16 bits.  

Composed videosignal from 4 
videocameras,  

Analogue medium, cheap (important in 
90ies) 

Small detectors, 1/ 3ò, small objectives 
=> aberrations, small field of view ~ 4 

~¡  
Short exposure times < 40ms, low signal 

but a  
frequent saturation, small S/N  

Digitization  grame grabber, 8 bits, 
complicated and tedious calibration,   



Video Spectra and  HŬ filtergrams 

HŬ + Hɓ, Ca8542 A in flares, eruptive/quiescent prominences,  

HŬ linear polarization, archive asu.cas.cz/~pkotrc/index5.html 



MFS advantages x disadvantages 

A good luminosity (lens rapidity)  0.17,  compare to 0.14 for the HSFA,  
A large team of users and observers at the beginning,  

the main instrument of the department  
A fast accessibility and rapid connection to the the  patrol allerts   

but:  

Horizontal system, seeing influenced by a large building,  
Pillars for optics connected to the strong floor and the building, vibrations,  

overcrowded location, spectrograph was a walking through room,  
i.e. dust & vibrations,  

the observer was operating next to the telescope focus, i.e. heating & dust.  
Small cadency of spectra in the series,  

no exact detection of the time on the observation data  
 

A continuous improvement had its fundamental limits 



Multichanel Flare Spectrograph - studied topics 

- photographic era:  

é flares: asymmetry of spectral line profiles (plasma flows during flares), (Ġvestka 
1962)  

é from intensity in wings of lower Balmer lines - optical depth in flaring plasma; 
from width and shape of higher Balmer lines  - electron density of flares 

é prominences ï flow of plasma, rotation 

 

- CCD video-cameras (25 frames/s) era: 

é flares ï fast processes: velocity fields, line  

 asymmetry, diagnostics of accelarated  

 particle beams (Heinzel 1994, ProseckĨé) 

é bright prominences/filaments, surges: velocity  

 fields and their kinematic models (KarlickĨ et al., 2001) 

 

MFS participated in join international observing campaigns  

 

June 2004 - MFS reduced to one-way experimental spectrograph 

Observation of solar optical spectra moved into modernized HSFA2 spectrograph 

 

Kashapova et al.,  2008  



Flare kernel analysis  

Left: Composed spectrograms of H Ų (right), H Ǿ (left) lines 
and HŲ slit - jaw filtergram (center) taken by MFS at 

07:23:42 UT (the second flare phase). Right: The ratios of 
the H Ų to H Ǿ intensity profiles. A color corresponds to a 

scan position as marked on the spectra panels.  

 

Bump 
positions:  
ȅ0 Ñ 0.5 ¡ ! 



Flare spectra x accelerated particles 

 
 

-  We found at least two  other flare spectra where the ratio of the HŬ/Hɓ line profiles  

coincides in time and position nearby HXR sources and resembles the predicted shape. 

 

Shape of the profile ratio is almost symmetric according to ɚ0 

  

-Bumps were found at position ɚ0 Ñ 0.5 ¡, while predicted at ɚ0 Ñ 0.7 ¡ 

 

-Profile ration with  bumps were not found at other positions anad times then 

 those connected to the HXR sources occurrence. 

 

-When the causal connection would be confirmed then this effect can be used for  

diagnostics of the accelerated particle beams 

   

We need more statistics for analysis of the effect. 

 

To understand this effect we need to use numerical simulations. 

 

  



Recent observations of the āMFSó 

A prominence on July 9, 2010  

A flare on June 12, 2010  



Recent work on 2002 August 8 limb flare 
Kotrļ P., B§rta M., Schwartz P. and Kupryakov Yu. A.  

Kinematic model  



MFS data archives 

Photographic era: glass plates ï digitilization  

    films ï digitilization  

 

Video, both analog and digital. Archive at: 

 http://www.asu.cas.cz/~sos/archive_mfs.html 

Data stored at tapes, disks, at the server 

Radegast disk field 

 

http://www.asu.cas.cz/~sos/archive_mfs.html


A test of LFS & HR 4000 spectrometer 

The HR4000 Spectrometer is a high -resolution 
spectrometer with a 3648 -element CCD-array detector 

from Toshiba that enables optical resolution as precise as 
0.02 nm (FWHM). It is responsive from 200 -1100 nm, but 
the specific range and resolution depends on the grating 

and entrance slit choices.  

Slit jaw in H Ų 
Condensing lens 

Fiber cable  
Spectrometer  

Solar spectrum along the slit  
Exposure time ~ 50 ð 100 ms 

HŲ 

A detail in H Ų range  
resolution 5 px/¡ 



HSFA2 ï modernized recently 

Jensch  type coelostat 4 ð 6 m 
above ground ,  sliding shelter,   

ű of mirrors  60 cm,   
M1 ű 50 cm, f 35 m.  

 

1 ð Jensch coelostat, 2 ð main objective,  
3 ð flat mirror, 4 ð collimator, 5 ð 

grating,  
6 ð thermal filter, 7 ð slit - jaw  

objective,  
8 ð HŲ filter, 9 ð CCD camera 
C1é..C4 (ð C5) spectral camera 

objectives + CCD cameras,  
a,b,c,d,e ð folded optical system of 

cameras, correction of astigmatism and 
coma   

 



Light beams in the telescope and spectrograph  



Main missions of the HSFA2 

Advantages: flexibility and availability 

The only limitations:  

weather and season 
Solar active phenomena observations (flares, prominences, 

filaments, spicules, dark mottles etc.) 

Cooperation with other ground based telescopes (optical 
and radio) 

Support of space born devices 

Spectral diagnostics and modeling of phenomena 

Education and practical training of students 



Results 

2 Papers  published (ApJ ï prominences),  

SP ï oscillations in prominences prominences 

 

Å2 



Interferenļn² filtry  ï propouġtŊj² jen ģ§douc² ļ§st spektra  

Đzkop§smovĨ filtr ï vysokĨ kontrast 

chromosf®ry 

Protuberance ġirġ² filtr ï zachyt² i z§Śen² 
posunut® dopplerovsky od stŚedu ļ§ry 

1 ¡  pro HŬ odpov²d§ cca 47 km/s 



Sn²mky Ă¼zkop§smovĨmñ H-alfa filtrem  

Coronado 0,7 Angstromu,  
 slit - jaw Day Star,  

?? 0,3 Angstromu ??,  
Slit - jaw 

Z tŐchto sn²mkŨ lze udŐlat 
jen relativn² srovn§n²,  
z§vis² na kvalitŐ seeingu 

  

PotŠeba promŐŠit profil  
propustnosti filtru  

na spektrografu  

? 



PromŊŚov§n² propustnosti filtru ve tŚech m²stech spektrografu HSFA2 

Sb²havost svazku  
mus² bĲt menĢ² nebo rovna f/30 
Podm²nku splŚuj² polohy A, B a C. 

C ð jinĲ filtr 
DayStar 0.7 A  

C 



NamŊŚenĨ tvar spektr§ln² ļ§ry za filtrem 

Profily propustnosti jsou podstatnŐ ĢirĢ²  
a liĢ² se v rŨznĲch m²stech filtru. 
Spektr§ln² mŐn² sklon a tvar pŠi  
pootoľen² filtru a zachov§n² souososti.  



StŚet ¼dajŢ vĨrobce/autorizovan®ho 

z§stupce se zmŊŚenou realitou: 
VĨrobce:  

DayStar Filters LLC, Warrensburg, USA 



Helioseizmologie 

p-m·dy (zmŐna tlaku) ð detekov§ny, zdroj informac² 
g- m·dy (t²hov® vlnŐn²) ð dosud neidentifikov§ny 



What is light polarization?  

Electromagnetic waves are 
transversal  ­ can be polarized in 

the plane perpendicular to the 
direction of propagation.  

Classical image:  Quantum image:  

Photons are particles with spin 1 
oriented in the direction of 
propagation ­ statistical 

correlation of these spins may lead 
to measurable polarization.  

circular  elliptic  linear  

x 
y 

z ð 
quantization 

axis 

basis composed of 
2 base state 

vectors  



Two- level atom, normal Zeeman triplet, anisotropic irradiation  

Irradiation by anisotropic 
unpolarized radiation leads to 
Zeeman sublevels population 

imbalance. We say that upper 
level is polarized . 

How does look the radiation emitted by atom under these conditions?  

Irradiation in direction of 
quantization axis  populates 
MU=- 1 and MU=+1  Zeeman 

sublevels of upper level.  

z 

The density matrix can be used to 
describe upper level population and 

polarization:  )2(
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Polarizace: rovinn§, eliptick§, 

kruhov§, pravotoļiv§, levotoļiv§ 

. . 



Stokesovvy parametry 

M²ra polarizace = I p/I  



Vznik polarizace svŊtla 

. K polarizaci svŊtla doch§z²: 

- prŢchodem svŊtla polarizuj²c²m materi§lem, 

- odrazem svŊtla od nekovov®ho leskl®ho povrchu, 

- lomem svŊtla, 

- rozptylem svŊtla na ļ§stic²ch. 

Naopak k depolarizaci polarizovan®ho svŊtla doch§z²: 

napŚ²klad pŚi dif¼zi svŊtla pŚi odrazu na texturovan®m, 

matn®m povrchu nebo pŚi prŢchodu prŢsvitnĨm, ml®ļnŊ 

zabarvenĨm materi§lem. 

 

 

z nepolarizovan®ho svŊtla 



Vznik polarizace lomem a odrazem 
ObecnĲ ¼hel dopadu Ȃ                                                       BrewsterŨv ¼hel dopadu  ȂB 

ȂB = arctan  (n2 / n 1) 

n2 je index lomu materi§lu, od 
kter®ho se svŐtlo odr§Ĥ² 
a n1 je index lomu m®dia, 
kterĲm se svŐtlo Ģ²Š².  
NapŠ.pro sklenŐnou 

desku:  n2 = 1.52, pro vzduch 
je  n1 = 1.00. 

 BrewsterŨv ¼hel je 56.7 Ü.  
Rozhran² vzduch-voda  cca 55Ü 



Polarizace svŊtla rozptylem na ļ§stic²ch 

RayghleiŢv rozptyl 

ĐmŊrnĨ 1/ɚ4  - modr§ obloha 

Elmag. vlna (foton se pruģnŊ 

sraz²) rozkmit§ ļ§stici. 

RozptĨlenĨ foton m§ stejnou 

(n§hodnou) polarizaci pokud 

pokraļuje v pŢvodn²m smŊru. 

V jin®m smŊru bude 

polarizov§n ļ§steļnŊ . PŚi 

¼hlu rozptylu 90Ü je plnŊ 

polarizov§n. 

Slunce v zenitu  



Vznik polarizovan®ho fotonu ï 

sejmut² degenerace hladin v atomu 

aplikace magnetick®ho nebo 

elektrick®ho pole. 

ObecnŊ: vliv neizotropn²ho prostŚed² 

. 

Sluneľn² skvrna, siln® magnetick® pole 
ZeemanŨv rozĢtŐp spektr§ln² ľ§ry 
(viditelnĲ v polarizovan®m z§Šen²) 

PodobnŐ StarkŨv jev ð  
detekce elektrick®ho pole  

Siln® vnŐjĢ² pole (el. mag. é) 
sn²m§ degenaraci hladin v atomu,  
(rozĢ²Šen², rozĢtŐpen² ľar.,  



MŊŚen² pomoc² ¼zkop§smov®ho filtru  

 

 

 

 

 

 

 

 

 

 

 

 

 

Rozd²l obrazŢ ve dvou komponent§ch 
SoHO / MDI 

27 oct 03 



MŊŚen² magnetick®ho a elektrick®ho 

pole je zaloģeno na mŊŚen² polarizace 

  Magnetick® pole: ZeemanŢv jev rozġtŊp ļ§ry v 

magneticky citlivĨch ļar§ch (velkĨ faktor 

Land®, ¼zk® ļ§ry kovŢ, siln§ pole) 

 HanleŢv jev slab§ pole (protuberance,korona, 

depolarizace)  

Elektrick§ pole ï elektrograf, pomŊry profilŢ ļar 

stejn® vod²kov® s®rie. Balmer Paschen - 

StarkŢv jev. Makroskopick® pole nenamŊŚeno 

spolehlivŊ. Vodiv® prostŚed² vyrovn§v§ rozd²l 

elektrickĨch potenci§lŢ. 



Polarizace v praxi 

Navigace ï Vikingov® 

Orientace vļel, pt§kŢ, ryb 

Fotografie 

3D filmy ï IMAX  

LCD  

Elasticimetrie, defektoskopie 

Polarizaļn² brĨle, rybaŚen² 

 

Karl von Frisch  Nobelovsk§ cena 
Tanec vľel na pl§stu ð 
polarizovan® svŐtlo oblohy 



DŊkuji za pozornost 

. 



MFS history 
Constructed by Valn²ļek, Ġvestka, Letfus et. al in 1958 

Main Objective  230mm/1350 cm ,  
 Grating  600l/mm, 90 x 100  

 Resolution 1 20 000  
      in the 2 th  orphotographic  plates  (films ),  

          linear  dispersion  1 A/ mm ,  
          in H - alpha, H - beta,  

          H- gamma,  D- lines, Ca H & K      (simultaneous) 
          up to the Balmer limit  



Sluneļn² oddŊlen² As¼ OndŚejov  

1666   

 Zeiss 21cm/341 cm  
 ð HŲ filtr  Day Star  
FWHM 0.7 Angstrom  

patrola  

spektrograf  

Slit -jaw sn²mek a H-alfa spektrum  
ð HŲ filtr  Day Star FWHM 0.7 Angstrom  
  



Horizont§ln² dalekohled HSFA2 v OndŚejovŊ  

S 

l 

Day Star, FWHM 0.7 Angstrom  
Detail AO 0953 na slit -jaw sn²mku 
 

Coronado 

Filtr Coronado, 0.7 Angstremu  
CelĲ disk Slunce 

Na HSFA2: 2 ¼zkop§smov® filtry 
1 Slit - jaw dalekohled pro detaily  
2 CelodiskovĲ dalekohled 

2 

1 

2 1 



Paramount ME , nŐmeck§ mont§Ĥ 
nosnost : 68 kg, ovl§d§n² z PC 

kopule Astro Haven Ï 3660 mm  
hmotnost : ~ 200 kg ,ovl§d§n² z PC 

OndŚejovskĨ robotickĨ sluneļn² dalekohled SORT 

Reflektor  s ot evŠenĲm tubusem 
M1 d=280 mm (opt.) a f=1400 mm  
Feff f' = 3700 mm  

Filtr y DayStar:  ¼zkop§smov®  
HŲ ð FWHM ~ 0.3 ¡  

Ca II H ð FWHM ~ ?? ¡ 
 

?! 
!? 



Popis mŊŚen² a zpracov§n² dat 

Filtr DayStar byl vloģen pŚed ohnisko f/70 horizont§ln²ho dalekohledu a souļasnŊ pŚed  

vstupn² ġtŊrbinu spektrografu a byly poŚ²zeny sn²mky CCD kamerou pŚi rŢznĨch ¼hlech 

natoļen² filtru.  

ĂSpektrumñ bylo zpracov§no flat-fieldem, v kaģd®m pixelu pod®l ġtŊrbiny byl vypoļten 

profil propustnosti. Tyto profily byly redukov§ny na pozad² DF a kaģdĨm profilem 

redukovanĨm byla proloģen GaussŢv profil metodou nejmenġ²ch ļtvercŢ. 

 Poloġ²Śka Gaussovy kŚivky je povaģov§na za FWHM propustnosti profilu v dan® 

pozici filtru. 

Z profilŢ pod®l ġtŊrbiny je vytvoŚena animace, kde se ukazuje ġ²Śka profilu. Podle ¼dajŢ 

vĨrobce mŊla ļinit 0,3 Angstremu, podle  autorizovan®ho z§stupce pak mŊla bĨ 

jeġtŊ lepġ² ~ 0.25 Angstremu.  

VĨsledek mŊŚen² je vidŊt na  n§sleduj²c²m sn²mku. 



Z webovĨch str§nek autorizovan®ho 

z§stupce COMES TRADING 

DayStar Filters L.L.C. , DayStar Filters LLC/USA, je firma  
s dlouholetou tradic², se kterou B.  Reichmann nav§zal kontakt  
jako amat®rskĲ pozorovatel sluneľn² chromosf®ry jiĤ v roce 1982. 
 SpoleľnŐ s pŨvodn²m majitelem DayStar, panem Deel Wood 
zajiĢŦoval koncem devades§tĲch let prvn² dod§vky 
chromosf®rickĲch filtrŨ pro sluneľn² teleskopy ăComesò do 
hvŐzd§ren v Praze/PetŠ²n, v BrnŐ, Hradci Kr§lov®, ValaĢsk®m 
MeziŠ²ľ² a v Teplic²ch.  
V roce 2006 zakoupil firmu novĲ majitel, pod jehoĤ veden²m   
doĢlo k rozĢ²Šen² nab²dky filtrŨ a zajiĢtŐn² oprav a ¼drĤby vĢech  
typŨ ( i starĢ²ch) filtrŨ DayStar.  
Od bŠezna 2007 je Comes Trading - Astrotechnika autorizovanĲ 
z§stupce firmy DayStar Filters pro Ľesko, Slovensko, Polsko a 
Holandsko.  
 
 

 

http://www.daystarfilters.com/


Z§vŊry 

Pro dokonļen² projektu SORT potŚebujeme 

kvalitn² a lehkĨ ¼zkop§smovĨ H-alfa filtr. 

Co d§le ? 

Filtry Day Star maj² z§ruļn² dobu 10 let. 

PromŊŚ²me CaII H filtr Day Star a dalġ² filtry 

Budeme poģadovat opravu nebo vĨmŊnu filtru 
H-alfa a vŢļi vĨrobci i autorizovan®mu 
z§stupci uplatn²me vġechny  n§roky a pŚ²padnŊ 
i nezbytn® pr§vn² ¼kony. 



DŊkuji za pozornost 

 

http://www.asu.cas.cz/ ~sos/  

Pavel Kotrľ AstronomickĲ ¼stav AV ĽR, v.v.i., OndŠejov 

Prezentace na semin§Ši ĽlovŐk ve sv®m pozemsk®m a kosmick®m prostŠed², đpice, 18. 5. 2010 

??? 



SoHO / EIT 

Nad Sluncem: 

Ģhav§ sluneļn² kor·na 

 

 

 

 

 

 

 

 

 

 

 

 

Fe X 
T = 1,000,000 K 

27 oct 03 



SoHO / MDI 

Slunce je obrovskĨ magnet 



Nejvyġġ² ļ§st atmosf®ry Slunce 

Kor·na 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fe XV 

SoHO / EIT 

T = 2,000,000 K 

27 oct 03 



Jedineľnost kor·ny pŠi ¼plnĲch zatmŐn²ch Slunce 

29.3.2006  



Sluneļn² v²tr zasahuje do cel®ho planet§rn²ho syst®mu 

SoHO / LASCO / C3 

27 oct 03 



Sluneļn² skvrny a granulace  

SST 



Sluneļn² erupce 

Energie erupce ~ 10 25 J  
 
Vod²kov§ bomba ~ 1016 J  

Above a solar sunspot  

Sluneľn² explozivn² jevy maj² trv§n² nŐkolik 
sekund, minut, ale velkĲ vĲdaj energie 

 

Exploze pozorovan§ 
 v UV z§Šen² 



VelkoĢk§lov® sluneľn² exploze   

Sn²mky poŠ²zeny  koronografem na sondŐ SOHO.  
Koronograf vytv§Š² sn²mky t²m, Ĥe zastiŚuje z§Šen² od 
sluneľn²ho disku (b²l§ kruĤnice) a pŠ²padnŐ i jeho okol².  

Obrovsk® eruptivn² protuberance, Ģk§la nŐkolika hodin 
dosah nŐkolik polomŐrŨ Slunce. VĲrony koron§ln² hmoty 
(CME = corona mass ejection).  



Helioseizmologie 

p-m·dy (zmŐna tlaku) ð detekov§ny, zdroj informac² 
g- m·dy (t²hov® vlnŐn²) ð dosud neidentifikov§ny 



Sluneļn² dalekohledy ve svŊtŊ 2007 

SOHO (1996é) 

Tenerife  

Solar B  22/ 09/ 06 

Nan­ay 



Sluneļn² oddŊlen² 

 v OndŚejovŊ 

Plasmov® procesy ve sluneľn²ch  
erupc²ch a protuberanc²ch 

Struktura a dynamika  
sluneľn² atmosf®ry 



Na jak® ot§zky hled§me  odpovŊdi ze spekter a modelov§n² ? 

Co a jakĨm zpŢsobem prob²h§ v sluneļn²ch erupc²ch? 

 

Jak je ohŚ²v§na kor·na? 

 

JakĨ je mechanismus vzniku CME? Jak jsou CME 
urychlov§ny? Daj² se pŚedpov²dat? 

 

Co urychluje sluneļn² v²tr? 

 

Jak jsou urychlov§ny ļ§stice (elektrony, protony) ve 
sluneļn² kor·nŊ?  

 



Slunce je zdrojem z§Śen² i ļ§stic, 

  z§rukou podm²nek pro ģivot na Zemi , 

 objektem studia fyzik§ln²ch procesŢ 

Sluneľn² oddŐlen² 
OndŠejov: 
16 vŐdcŨ 
4 PhD studenti  
x diplomantŨ 
5 technikŨ 

Poľ²taľovĲ cluster 
paraleln² programov§n² 
numerick® modelov§n²  
magnetick® rekonexe 
pohybu plasmoidŨé 



Konec presentace 

 



What is doing the Sun ?  What is the Solar Wind ? 

SoHO / LASCO / C2 

27 oct 03 

Different states for the matter: 

1.Solid 

2. Liquid 

3. Gas 

4.  Plasma (the atoms are cut into 

electrons and protons)  



Our daily Sun as we like it ! 



SoHO / MDI 

How is generated the magnetic field? 

   Differential  rotation 



SoHO / MDI 

How is generated the magnetic field? 

   Differential  rotation 



SoHO / MDI 

How is generated the magnetic field?  

 Differential  rotation 



SoHO / MDI 

 How is generated the magnetic field?  

Differential  rotation 



Formation of the loops in the corona  



flares                     Expulsions  of electrons and protons  



Coronal Mass Ejections 

& 

High energy Particles  

SoHO / LASCO / C3 

SoHO / LASCO / C2 

28 oct 03 

A coronal mass ejection (CME)   
is an observable change in coronal  
structure that occurs on a time  
scale of a few minutes and several  
hours and involves the appearance  
 (and outward motion, RS) of a new,  
discrete, bright, white -light feature  
in the coronagraph field of view."  
 



 * Damage to solid state devices, leading to malfunctions, single 
event upsets, latch -ups etc. in satellite electronics,  

 * Blinding of CCD cameras in Earth orbit,  
 * Enhanced radiation doses for astronauts  

Effects:  * Heating and ionization of the Earthôs upper atmosphere,  
 * Electrification of the upper stratosphere.  
Impacts:  * Radio communications disturbed,  

2. High energy particles from flares and CME shocks  

Electrons, protons and other ions with energies 
of few 100 MeV, at times several GeV  



Arrival of the magnetic clouds close to the Earth  

It is generally accepted that CMEs involve fluxrope 
structures with strong non radial fields  

The Earth : a magnet  


