ZARENI JAKO HLAVNI ZDROJ INFORMACI
O VESMIRU

ELEKTROMAGNETICKE ZARENI: TEPELNE ZARENI, BRZDNE ZARENI,
CYKLOTRONOVE A SYNCHROTRONOVE ZARENI,

POLARIZACE,
ZARENI ATOMU A MOLEKUL, SPEKTRALNI CARY, KONTINUUM,
KOSMICKE ZARENI, NEUTRINA, GRAVITACNI VLNY



NOSICE“ ASTROFYZIKALNICH INFORMACI
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ELEKTROMAGNETICKE ZAREN/

e 95 % informaci o vesmiru

Electromagnetic Wave

B Magnetic field

Electric field

* jeho popis a pochopeni souviselo s poznanim vlastnosti elektrického a magnetického pole (Maxwellovy

rovnice)

* ménici se magnetické pole generuje elektrické pole a naopak




ELEKTROMAGNETICKE ZAREN/

2.7x10M-=7.5%10™ Hz
Visible (Optical)

* pohybuje se i ve vakuu, nepotrebuje ,médium“

* ma jednotnou rychlost ve vakuu

0.01-20 nm 500108 nm more than 108 nm
» charakterizuje jej tzv. vinova délka (1) X rays Infrared Radic
T |:|1 1_
* plativztah f — © / A 1,910 =3x109 Hz 97x10% Hz less than 3x1011 Hz

* mechanismy vzniku elmg zareni délime na

less than 0.01 nim 20-400 A
* tepelné Gamma Rays Ultraviolet
maore than 31019 Hz 7.5%10M —1.5 %1018 Hz

* nete pelne Highegt energy ——D——o—o—o0o— Lowest energ Vi

The Electromagnetic Spectrum



ELEKTROMAGNETICKE ZAREN/




EM particle
(photon)

ELEKTROMAGNETICKE ZAREN/

kvantova povaha elektromagnetického zareni — Max Planck

https://www.aldebaran.cz/bulletin/2024 11 fot.php?fbclid=IwAR2alqg-
XQD1GsabwTtZ8nWWyqgfmESsWQnR8qgClm LZQJoKlycAU2PHPIdw

foton nese energii E = h X f

More Intense

More energetic



https://www.aldebaran.cz/bulletin/2024_11_fot.php?fbclid=IwAR2alq-XQD1GsabwTtZ8nWWyqgfmESsWQnR8qCIm_LZQJoKIycAU2PHPldw

ELEKTROMAGNETICKE ZAREN/

T m=mm-

418

e kontinuum — tepelné zareni

blue dde). Wien’slaar: 2

(T isunits of K). Find st

* zafeni ACT
Wien(v posunovaci zdkon 4,,,,, = 2,9 X 10%/T

497 nm

e Stefandv — Boltzmann@v zakon I = o x T#

Z0on a 1000 1200 1400 1600 1800 2000
velendgth (nm)




ELEKTROMAGNETICKE ZARENI

ation line spectrum

Hydrogen Enizeeon Spednam

* absorpcni spektrum

e I

ion line spectrum

Twoways of showing the same spectra on the left are pictures of the
dispersed light and on the right are plots of the intensit, xavelength.
Motice that the pattern of spectral lines in the absorption and emission
line spectra are the same since the gas is the same.




ELEKTROMAGNETICKE ZAREN/

Hydrogen Helium

* elmg zareni atomu — procesy v elektronovém obalu

Emission line

P hoton with Ener g =
iE; -E)

el ectron in lower energy orbit

& = proton (+ charge) The structure of the atom s
for the two most common

{3 = neutron (no charge) elements in nature.
Cifferent elements

& = electron (- charge)
' ge, different numhber of protons

and different layouts of their
energy levels.

Hydrogen — .| Helium .

--—-- = energy level




ELEKTROMAGNETICKE ZAREN/

Absorption line
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=
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* vzhled spektra zalezi také na geometrickém
usporadani zdroj — absorbujici prostredi —
pozorovatel

. elecheon ere it elechon 1 L
electon D lowe

e v praxije pak spektrum véetsiny hvézd
kombinaci kontinua, emise a absorpce

B,




ELEKTROMAGNETICKE ZAREN/

* Pozorovani vesmiru v mnoha oborech elmg zareni e -
e Vytvareni virtualnich observatofi e N
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https://upload.wikimedia.org/wikipedia/commons/transcoded/a/ac/NASA_SDO_multispectral_view_of_the_Sun%2C_September_2011.ogv/NASA_SDO_multispectral_view_of_the_Sun%2C_September_2011.ogv.720p.vp9.webm
https://ivoa.net/

IR

radiovy

extrémni UV

H alfa

Slunce



http://solar.physics.montana.edu/YPOP/Spotlight/Today/ultraviolet.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/ultraviolet.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/infrared.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/microwave.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/ultraviolet.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/ultraviolet.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/visible.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/infrared.html
http://solar.physics.montana.edu/YPOP/Spotlight/Today/microwave.html

uv

blizke IR

svétlo

stredni IR
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radiovy obor



http://wave.xray.mpe.mpg.de/rosat/publications/highlights/moon
http://archive.stsci.edu/uit/project/Astro2/Astro2_pictures.html#LUNA
http://antwrp.gsfc.nasa.gov/apod/ap991222.html
http://www.gb.nrao.edu/visitors/gbtour/radiomoon.jpg
http://wave.xray.mpe.mpg.de/rosat/publications/highlights/moon
http://archive.stsci.edu/uit/project/Astro2/Astro2_pictures.html#LUNA
http://tie.jpl.nasa.gov/cgino/moon_mos.htm
http://antwrp.gsfc.nasa.gov/apod/ap991222.html
http://nssdc.gsfc.nasa.gov/photo_gallery/photogallery-moon.html
http://antwrp.gsfc.nasa.gov/apod/ap970110.html
http://www.gb.nrao.edu/visitors/gbtour/radiomoon.jpg
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http://www.jhu.edu/news_info/news/home97/jun97/pleiad1.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45dss.gif
http://www.aao.gov.au/images/captions/uks018.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45iras25.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45iras60.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45nvss.gif
http://www.seds.org/messier/more/m045_rosat.html
http://www.jhu.edu/news_info/news/home97/jun97/pleiad1.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45dss.gif
http://www.aao.gov.au/images/captions/uks018.html
http://www.ipac.caltech.edu/2mass/gallery/pleiadesatlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45iras25.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45iras60.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m45nvss.gif
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http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13x.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13dss.gif
http://www.seds.org/messier/Pics/Jpg/m13jw.jpg
http://www.ipac.caltech.edu/2mass/gallery/m13atlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13iras.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13nvss.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13x.gif
http://www.astrsp-mrs.fr/private/foca/foca_agl.htm
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13dss.gif
http://www.seds.org/messier/Pics/Jpg/m13jw.jpg
http://www.ipac.caltech.edu/2mass/gallery/m13atlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13iras_12.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13iras.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m13nvss.gif
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http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20dss.gif
http://www.noao.edu/image_gallery/html/im0587.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20nvss.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20x.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20dss.gif
http://www.noao.edu/image_gallery/html/im0587.html
http://www.ipac.caltech.edu/2mass/gallery/m20atlas.jpg
http://www.spitzer.caltech.edu/Media/releases/ssc2005-02/ssc2005-02a.shtml
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m20nvss.gif
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http://chandra.harvard.edu/photo/casajph/
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/casA_dss.gif
http://www.ipac.caltech.edu/2mass/gallery/casaatlas.jpg
http://www.iso.vilspa.esa.es/galleries/cir/CASA.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/casA_iras60.gif
http://chandra.harvard.edu/photo/casajph/
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/casA_dss.gif
http://wonka.physics.ncsu.edu/~blondin/booth/cassa.html
http://www.ipac.caltech.edu/2mass/gallery/casaatlas.jpg
http://www.iso.vilspa.esa.es/galleries/cir/CASA.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/casA_iras60.gif
http://imagelib.ncsa.uiuc.edu/document/95.MA.01.01
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http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57dss.gif
http://antwrp.gsfc.nasa.gov/apod/ap990107.html
http://tie.jpl.nasa.gov/tie/objects/html-files/m57.html
http://www.ipac.caltech.edu/2mass/gallery/ringatlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57nvss.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57dss.gif
http://antwrp.gsfc.nasa.gov/apod/ap990107.html
http://tie.jpl.nasa.gov/tie/objects/html-files/m57.html
http://www.ipac.caltech.edu/2mass/gallery/ringatlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m57nvss.gif

GALAXIE M 65 (SA)
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http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65dss.gif
http://www.aao.gov.au/images/captions/aat061.html
http://www.ipac.caltech.edu/2mass/gallery/m65atlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65nvss.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65x.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65dss.gif
http://www.aao.gov.au/images/captions/aat061.html
http://www.ipac.caltech.edu/2mass/gallery/m65atlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65iras25.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65iras100.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m65nvss.gif
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http://antwrp.gsfc.nasa.gov/apod/ap951231.html
http://www.galex.caltech.edu/popups/gallery-M31.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m31dss.gif
http://antwrp.gsfc.nasa.gov/apod/ap991114.html
http://coolcosmos.ipac.caltech.edu/image_galleries/IRAS/andromeda.html
http://www.spitzer.caltech.edu/Media/releases/ssc2005-20/ssc2005-20a.shtml
http://www.iso.vilspa.esa.es/galleries/nor/m31.htm
http://www.mpifr-bonn.mpg.de/public/science/m31.html
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http://www.seds.org/messier/more/m100_uit.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100dss.gif
http://www.aao.gov.au/images/captions/aat058.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100iras12.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100iras60.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100nvss.gif
http://www.seds.org/messier/more/m100_uit.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100dss.gif
http://www.aao.gov.au/images/captions/aat058.html
http://www.ipac.caltech.edu/2mass/gallery/m100atlas.jpg
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100iras12.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100iras60.gif
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m100nvss.gif

AKTIVNI GALAXIE M 51

rtg uv sveétlo svetlo
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http://chandra.harvard.edu/photo/2002/0158/index.html
http://www.galex.caltech.edu/popups/gallery-M51.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m51dss.gif
http://antwrp.gsfc.nasa.gov/apod/ap020710.html
http://www.ipac.caltech.edu/2mass/gallery/m51atlas.jpg
http://www.iso.vilspa.esa.es/science/galleries/nor/M51.html
http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/images/m51iras.gif
http://www.mpifr-bonn.mpg.de/staff/wsherwood/Images/m51cm20i.gif

POLARIZACE

smési sianu  chininu
N a naslednou

Obr. 2:

Absarbei

» klasifikace \aplar 2 Wy e, nebo. oazem o | o ot N

Rozptylem
P ichodu

¥
tity tuto polarizaci



http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/polar.html#c1

ELEKTROMAGNETICKE ZAREN/

LecTure Online

* Lectures in Light and
Electromagnetic Radiation

* http://www.ilectureonline.com/lectures/subject/
ASTRONOMY/2/6



http://www.ilectureonline.com/lectures/subject/ASTRONOMY/2/6

BRZDNE ZARENI,
CYKLOTRONOVE A SYNCHROTRONOVE ZARENI

kladné nabita castice
elektron




Brzdné zareni
/Zmena hybnosti ¢astic je vyrovnana

vyzarenim fotonového kvanta (fotonu).
Nabita Castice jejiz hybnost se meni.

kladné nabita castice
elektron




Magneticke brzdné zareni

Pusobenim Lorentzovy sily se draha
elektronu v magnetickem poli zakfivuje,
elektron méni hybnost — musi
vyzarovat.

Zareni je polarizovaneé.

Cyklotronové
Synchrotronové



Magneticke brzdné zareni

- Elektron zari vsesmerove.
- KmitocCet je roven frekvenci
jeho obehu.

Cyklotronové

silocary

magnetického
pole




Magneticke brzdne zareni

Synchrotronove

- E, elektronu > E,

- Elektron zari Uzce smeéroveé (ve smér
pohybu).

- Vrcholovy uhel kuzelu je tim mensi
Cim vétsi je energie elektronu.

- Vliv relativistickych efekt.

- Zakladni frekvence, nasobky
frekvence, spojité spektrum (s rustem silocary
energie).

b
y
9
;

https://www.youtube.com/watch?v=0ZNICfr5K8s



https://www.youtube.com/watch?v=oZNlCfr5K8s

Comptonovy jevy

Comptonuv jev versus inverzni Comptonuv
jev

relativisticky

@® elektron elektron

\

foton po srazce
ma energii




KOSMICKE ZARENI, NEUTRINA, GRAVITACNI VLNY

* Neutrina

* https://www.youtube.com/watch?v=0mXW1zPIXEE&t=73s

Primarni kosmicke
Zareni

e @Gravitacni viny

* https://www.youtube.com/watch?v=EAyk20OsKvtU

e Kosmické zareni

* https://www.youtube.com/watch?v= g79uppMX-Y



http://hp.ujf.cas.cz/~wagner/popclan/neutrina/neutrina.htm
https://www.youtube.com/watch?v=0mXW1zPlxEE&t=73s
https://cs.wikipedia.org/wiki/Gravita%C4%8Dn%C3%AD_vlna
https://www.youtube.com/watch?v=EAyk2OsKvtU
https://www.particle.cz/infrastructures/auger-cz/cronin.html
https://www.youtube.com/watch?v=_g79uppMX-Y

THE END

* This images are courtesy of Nick Strobel at www.astronomynotes.com



http://www.astronomynotes.com/

