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OTPOPUAIKOU...

yslag (uala + akTivoBoAia) ava povada Oykou
rou (MeydaAn Exkpnén) éw¢ Kai oriuepa

XQVIOUOUG UTTEUBUVOUC yia TV TTapaywyn autng
OEIS OTA EOWTEPIKA TWV AOTPWYV, aKTIVoBoAia

NS UANG YUPW/OE UEAQVES OTTEG, LINXQAVIKN EVEQYEIQ

&

| A0y« Upevwy owparidiwv)
O Oegparoloyia:
a Tpeig NpoBAnuatiouoi
O To ewg Kal N aAAnAeTTidpaon Tou Pe TNV UAN
a O pbdAog Tng okdvng
0 H Evepylaki ®aopaTikry Kartavour (Spectral Energy Distribution - SED) evog yaAagia
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| pB)\nuaTlouéc 1

fKTlpr']oouua TV EVEPYEIA TWV QWTOVIWV ATTO TIG
Vv OTOIXEIWY

TIKWV YPOANMUWY Eival KAAUTEPO va oXeDIATEI
ayvwpioel o eukoAa Evepyoug "aAagiakoug
lei; AGN) aT0 «KovTIVO aUuTIav» (z~0);

SR

O [Moia xnUIK& oToixEia Ba TTPETTEI VA TTPOTIMNOOUV KOl O€ TTOIEG EVEPYEIEG;
O Y1dpxel €aptnon atod 1o €idog Tou yaAagia

O Eival kaAUTepa va £xw TNAEOKOTTIO OTO £€0AQOC 1] 0TO dIACTNHA;

0 KTA....

O BiBAioypagia
IPAC/LEVELS http://nedwww.ipac.caltech.edu/level5
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[JPOBANUATIONOG 2

O [vwpiouue OTI OTO PMICO TNS NAIKIOG TOU ZUUTTAVTOG (Zz~1) N TTUKVOTNTA
EVEPYEIQS ava povada oykou ATav ~10 @opEC peyaAuTepn aTT' OTI OrMEPQ.
ETTiong o1 yaAagieg eixav TTEPICOOTEPO AEPIO MIA TTOU NTAV TTIO «VEOI».

O [lNwg n amroéaTaon Kai N TaxutnTa atmoudakpuvongs (AOyw d1aoTOARG Tou
2 UMTTAVTOG) TWV YOAQCIWY QUTWY JAG ETTNPEACEI OTO VO AVAYVWPICOUUE TV
utTapén evog Evepyou NaAaciakou Mupriva (Active Galactic Nucleus)

[a Tapddeiyua:

O MNMwg etrnpeadel n aréoTaon Tnv duvaronTa TTapaTipEnong;

0O MNMwg etTnpeadel n aréoTaon TN SIAKPITIKI IKAVOTNTA TWV OPYAVWYV va EEXWPIoOUV TOV
TTUprva aTro Tov 0ioKo Tou YoAagia,

Q KTA....

O BiBAioypagia
IPAC/LEVELS http://nedwww.ipac.caltech.edu/level5
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¢ AGN oT0 KévTpo KGTToI0U YaAagia.

&
g
(
e
5

‘ouvelo@opd Tou AGN oTnV GUVOAIKA

h.edu/level5
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White light

A prism breaks white light into its
component colors or spectrum

Screen lets only one
color pass through

White light

First prism breaks

light into its spectrum Second prism only

changes light’s direction




2OVEXNGKAT O[T

Hot blackbody

Absorption line spectr

Continuous spectrum Emission line spectrum
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PANASTTIOPOO NIUEUAN = AVOKAOQON
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PANOAEITIOPOO —AVOKAQO

OpaAn Emeaveia (I1=R) AvpoAn Emigdveia
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ANANAETTIOPAC TINEUAN =ATTOPpPOYNON

Atroppopnon= A(A)
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AANAQAETTIOPOON UE UAN - 2KEOAON

2 kédaan: Rayleigh:~A4+, Mie:~ AT
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DO NOIHAEKTPONAYVNTIKNG AKTIVOBOAIAG

O To OTITIKO €ival Eva PIKPO povo pEpog TS HM akTivoBoAiag

O ['vwpioupe oTI Av = ¢ Kal E=hv, dpa 10 KOKKIVO Qe Ye JEYAAUTEPO PARKOG
KUMATOG OTTO TO UTTAE JETAPEPEI PIKPOTEPN EVEPYEIQ.

Mnkog KUUOTOS OE EXaT00Ta

Duoikd péyeBoc... |

‘h%@@& e @

Kripia AvBpwnol ‘EvTouo Kappitoa Npowrdlwa Mopia ATtoua Nupnveg ATopwy
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(DOO NATIKEGIIPONUEG&IAONNG TG YANC

O To 1814 o Fraunhofer Traparripnoe Ot TO ACUA ToUu ‘HAIOU €ixe OKOTEIVEG YPAPMES
(atroppoenong). To 1857 o1 Bunsen kai Kirchhoff avakaAUTITouv 611 SI0QOPETIKA XNMIKA
OTOIXEIa ONMIOUPYOUV OIAPOPETIKEC OKOAOUBIEC YPAUPWY (EKTTOUTTAG)

O 2AMEPA YVWPICOUME OTI Ol AQUTEG OPEIAOVTAl OTIC DIOKPITEC EVEPYEIOKEC KATAOTACEIG OTIG
OTTOIEG MTTOPOUV Va BpeBoUV Ta OEOMIa NAEKTPOVIO OTA ATOUA TWV OTOIXEIWV KaBopilouv
TNV OKTIVOBOAIQ TTOU Ta ATOPA AUTA ATTOPPOPOUV KAl EKTTEUTTOUV

0O PaouaTIKEC YPANUES MTTOPOUV Va dnuioupynBouv
0 AAAnAemtidpaon Coulomb peTagu nAekTpoviwy Kal TTupfAva
Evépyeieg ~ eV, ekmmouth/atmmoppopnon oto UV/otmikd/near-IR, xnueia (aTopikog apiBudg)
O TaAaviwoelg popiwv (11 SiO, H,O, N,, PAH)
Evépyeleg ~ meV, extmoutri/ammoppd@non oto mid-IR, didyvwon 1I60TOTTWY (Jadikou apiBuou),
TTOAU PIKPR atTOpPOPNON OTTO OKOVN
a [lepioTpo@ég popiwv (Trx CO, HCN)
Evépyeieg ~ meV €wg peV, ektroutrii/atroppdé@non oto Far-IR, didyvwaon 100toTTwy (Jadikou
apIBuou) eAdxiotn ammoppdPnon aTrd oKovn
O Eidikég “ammayopeupéveg petamtwoels” (L-S coupling) (1rx [CH]158um, [NI1]205um)
Evépyela ~ peV, ektmoutti/atroppdenon oto Far-IR
O To Qw¢ UTTOPEI VO JAG ETTITPEWEI VA EKTIMACOUME TOOO TN XNMIKN ouoTaon TG UANG TTou
dlaTTEPVA, OAAQ KAl TNV EVEPYEIQ KAl TTUKVOTNTA OTO XWPEO OTTOU QUTO TO WG TTAPAYETAI.
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PO TERTAE=INVEGAKTIVOLOANAGIVIEAGVOC 2 (0UATOC

(OYEO0V)

Amazl = 0.29 cm K

5525 K Blackbody Spectrum

500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)
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HIOPYIRNIo0vVOpTRoN WacaG TV . aoTepiwy - IME

® Scalo (1986) Salpeter (1955)
«= == = Chabrier (2003)
= = = = Ferrini et al. (1990)
m,=0.32M,, m,=114Mg

Mdada

L~M? (a~3.5 éwc 1)
tys ~ MU

Zwn otnv Kupia AkoAouBia

0.08 Mg
0.8 Mg

~8 Mg

~80 Mg,
150-200 Mg,

10" yr (brown dwarfs)

Hubble time

~107 yr ( TeNik& Pne 3 SNe)

< 106 yr (Gvw 6pl0 EUCTOBWY ACTEPWV)
Ta pyeyaAuTepa aOTEPIA TTOU £XOUUE OEl
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HEKITONTTNIOANCCENTIETNV NAIKIQ TWV 0O TEPIWV

")

10

log (S, /L,A'M

da Cunha 2008

Figure 1.7: Spectral evolution of a simple stellar population with solar metallic-
ity and with the distribution of stellar masses following a Chabrier (2003) IMF,

computed using the latest version of Bruzual & Charlot (2003) models, with ages
indicated on the top right corner. Figure adapted from Bruzual & Charlot (2003). SSZUE
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(DOO NOWOAAACICOVIAOY W TV A0 TEPIWY TOUC

Early type Spiral

log (L, / arbitrary units)

é_Late type Spiral )
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(OTDONOGTNGOKOVNG

O H okovn dnuioupyEiTal ota TEAeuTaia otadia TnS (wns evog aoTtpou (AGB, SNe).
2 XETICETAI AUECQA UE TN TTEPIOXES OXNMATIOMOU VEWV OOTEPWY MIA TTOU AEITOUPYEI WG
KaTaAUTNG yia TN dnuioupyia popiwv

O H pacda tng okovng gival ~ 1% NG oUVOAIKAG NACAG ATOPIKOU KAl JopIakoU agpiou

O H okovn €ival 0 «kKUPIOG UTTEUBUVOG» OTNV ETTIAEKTIKI ATTOPPOPNCN avAAoya JUE TO PKOG

KUMATOG KOl ETTAVEKTTOMTTH. To Qaivouevo gival yvwaoTo we “reddening” Kai
QTTOTUTTWVETAI OTTO TNV «KAUTTUAN atmmoppd@nong» “extinction curve”

Silicates (9.7 et 18 um)

1.25 um)

Graphites (2175 &)

=
=T,
Py
~
SN
=T

>
-
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EIONTOKOVNG

O1 KOKKOI OKOVNG £xouv péyeBog atro ~100 A £wg pepik@d um. ATTOTEAOUVTAI KUPIWS ATTO
EVWOEIGC AvOpaka Kal TTUPITiOU.

“classical” dust grains  — péyeBoc 0.1 um, amoteAoUvTal = 10000 aToua
utTeEUBUVOI Yia ekTTOPTI) oTO Far-IR, sub-mm

very small grains — armroteAouvtal < 100 aropa ( pEyeBog <10nm)
UTTEUBOUVOI YIa TNV aKTIVOBOAIa oTa ~10um

PAHSs (Polycyclic Aromatic Hydrocarbons)  Ouadeg BevloAiou pe N ~ 50
aropa, dnuioupyouvTtal o€ photodissociation regions.

Due to the size distribution of grains & variations in the underlying radiation field the dust
temperature varies (cold, warm, hot dust)

Spectra of different dust components are fitted by modified Planck curves
l, e, B,(T)
Power-law emissivity: €, « vP (B~1-2: is the emissivity index see Dale et al, ApJ, 2001

Really hot dust (~200-1500K) in a equilibrium is observed via a near/mid-IR “bump”
close to tori of AGNs.
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PAANQAEITIOPOO NIOWTOVIOU T = OKOVNG

T1 Ba cupPei av Eva @WTOVIO XTUTTAOEI £vav KOKKO oKOvNG;
@a aveRel n Beppokpaaia Tou

[evikd n BeppoxwpnTikotnTa C,, e€aptaral amo T 7. To péyioTto 1nG T,
T, diveTal Ao Tn oxeon :

T, C T’ viaT<0O
hv=[C (T)dT 610U ' ’
0

Cv =3Nk vaT> Oy
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5 pa: péyebog KOKKOU Taps- xpovog avauaoa o€ 2 Kpouoslc_; cprokuL
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a= 100117 _7’50s
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ommké | . : Ymrépubpo

Spiral Galaxy M51 (“Whirlpool Galaxy”) Spitzer Space Telescope * IRAC

NASA / JPL-Caltech / R. Kennicutt (Univ. of Arizona) ssc2004-19a
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O1rTikd

Y1répuBpo

“Cigar” Galaxy M82 Spitzer Space Telescope ¢ IRAC

NASA / JPL-Caltech / C. Engelbracht (Steward Observatory)] and the SINGS team

ssc2006-09a
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Visible + Infrared

OomTKG S . . | Ymépubpo

Sombrero Galaxy/Messier 104 Spitzer Space Telescope * IRAC

Visible: Hubble Space Telescope/Hubble Heritage Team
NASA / JPL-Caltech / R. Kennicutt (University of Arizona), and the SINGS Team ssc2005-11a
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CARTWHEEL GALAXY

AkTiveg-X

CHANDRA X-RAY

Ytepiwde 4

GALEX ULTRAVIOLET

O1TkS

HUBELE VISIBLE

Ymépubpo

SPITZER INFRARED




HIOTHO0 QAP0 TTOPPOMO/OKEOULEI
NEPOGITNGITPOOITITTTOUOOC OKTIVO[BOAIAC

Atmospheric

1 nm 100nnm 1ym  10pm 100pm Tmm  fem  10em  1m 10m  100m  Tkm

Wavelength

Long-wavelength
Redio Waves observable R::?;m::m

blocked.

Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper atmosphere
(bast obsarved from space).
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METPWVTAGT NV H/M OKTIVO[3OAIQ

H Baoikn Traparnpnoiun moootnta gival n pon=flux (f):
O Flux is the energy incident per unit time within a defined EM band per unit surface area
(cross section of our detector)

O Suvnbwcs avapepouacte o “Bolometric ” flux, Bswpwvrac Ot yivovral Taparnpnoeic o
OAa 1a unkn kouarog (n ocuxvornra) => NMNPOPANQE AAYNATON NA METPHQOEI

O Practically we measure incident flux within finite bands, engulfing typically 1-20% of the
total flux. ( ie Flux in the U,B,V,K, filters or “IR” and “soft/hard X-ray” fluxes)

Q Emionc avagepduacte auxva age “Monochromatic ” fluxes : within infinitesimal intervals
f, : flux within the frequency interval v and v+dv
f, - flux within the wavelength interval A and A+dA
QO Agou f,dv =f, dA kaiA v =c, 101E VI, =A f)
O Tumkéc yovadec
[f,] = erg s’ cm?Hz' ;[f,] = erg s cm? Angstrom™'
1Jy =102 Wm2 Hz'= 102 erg s' cm2 Hz"

['vwpilovTtag Tn¢ atrooctaon (d) TTpog TNV TTNyr MTTOPOUUE VA HETPROOU
TNV AaptrpoétnTa (Luminosity) L= 4md? * f (loxuc)

Movadeg: W or erg s or Solar Bolometric luminosities L;=3.9 x1033 erg s
VC ENAZET - louhiog 2016



SEDRIYecomposition o a Galaxy

B EEE VAV N—

X-rays UV Visible Infrared Submillimeter Radio

| | | I | |
GALEX ?MAS§ ) IRAC X MIPS ) SCUBA IRAM ) ) Various telescopes

} 14
Various ' L 1 r Ll 1
llflescop_er HIFI
. PACS  SPIRE
Emevgy absorbed ¥ ¥ 1
in the HI

(o1) (cu)

[Si Igi! Dust in the HI

Coid dust
modeculay clowds

Norndoamizing
dars (HI)

Synchvodron
Radiation

1),

L\

10 nm 100 nm 10 pm 100 pm
Credit: F. Galliano Wavelength
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NGE6240 =8 sAUminousinteracting system
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NGC 6240

1keV LV J KUOCum 1mm bcm HI 100MHz
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