OYZIKH TQN AZTEPQN
2YNTOMEZ ZHMEIQZEIZ

1. BaolkEG €vvoleGg aKkTvoBoAiag

1.1 dwrewotnra (luminosity), L, eivatl o puBuog pe Tov omoio €éva avtike(LeVO EKTTEUTIEL
EVEPYELA TTPOC Ta £Ew (LoxVG):

dE = Ldt
(1.1)

Movadeg pétpnong pwrevoTnTaG:

e ergs-!t (CGS)
.« W)
o Lo =385x%x10%3ergs™?

H dwrtewotnta eival eyyevic ldlotnta tng mnyng (6ev e€aptaral amnd tnv amdotacn).
KaBe avtikelpevo (aveapTtnTwg oXNUATOG) MeEPLYPAPETAL OO TN GWTIELVOTNTA TOU.

1.2 Daocpatikn ¢wtewotnta (spectral luminosity) N daouatikn woxvg (spectral power)
gival n dwrewvotnTa ova povada HNKOUC KOpOTOC,
L (novadeg oto CGS of ergs™cm™!), 4 avd povada cuxvétntag L, (ergs tHz™1),
SnA. av n otoewwdng dwrewotnta petafu A kot A + dA (v, kaw v + dv) elval dL,
ToTE

dL = L;dA = L,dv (1.2)

1.3 BoAopetpik) dwtevotnta (bolometric luminosity) elvat n ouvoAikn ¢wtelvh LoXUG
o€ OAOL T UAKN KUMATOC f O£ OAEC TIG cUXVOTNTEG. AnAadn,

Lyot = J LpdA = [ L,dv (1.3)

1.4 Pop, f, eivaL n aktwoPBoloupevn evépyela ava povada xpovou Tou EPVA amo pia
povadiaia eridavela dA SnA.



dL=fdA (1.4)
Movdadecg pETpnong pongG:

e ergs lcom™%(CGS)
e Wm™Z(3l)

1.5 @aopatikn ukvotnta pong (spectral flux density), 3 (1 £,), elvawn por ava povada
UAKOUG KUHATOG, 1 ava povada cuxvotntag, SnA. av n otoxelwdng pon HeTaly A kal
A+dA(Av, kv + dv) elvau df, tote

df = fodA = f,dv (1.5)
Kol

dL, = f,dA, dL, = fdA (1.6)
Inuelwon: f, # f, A& Af; = vf, (apos = = — 5 = -2)

1.6 H BoAopeTpIKn pon eival N cUVOALKN por o€ OAEG TG oUXVOTNTEG (1] 08 OAOL TOL UAKN
KUHATOG):

f=1, fhdr= [ fdv (1.7)
Movadeg pETpnong GOOHUATIKAC TTUKVOTNTAC PONG:

o ergsT'ecm™2Hz lhergs tcm™2cm™! (CGS)
o Wm2Hz M yWm™2m=1 (S
e 1Jy=10"2ergs lcm™?Hz"! =102 Wm 2?Hz!

1.7 PoR o€ anootacn r ano To KEVTPO LOOTPOTILKNG TtNYAG:

‘Eotw Lootporikn tnyrn BoAoueTplkng dwtevotntag L. Tote n POAOUETPLKN por) O
anootacn r amnod To KEVTPO TS mNyNng Ba sival ion pe

f = L/4nr? (1.8)

1.8 Pon otnv emidpaveila aotpou



YroB£tovtag OTL Ta ACTPA EKTIEUTIOUV EVEPYELA LOOTPOTILKA, UITOPOU LE VAL OPLOOUE
™ pon F otnv emupavela evog dotpou pwtevotntag L, Kot aktivag R, wg

L, = 4mR?F (1.9)

Av n por| o€ andaotaon r amod To KEVTPO Tou Aotpou eival f, tote
R.\?
L. = 4nR?F = 4nr?f = f = (7) F (1.10)

Noapadelypa 1.1

Ma tov'H\w: Fg = 4:;% = 6.33 X 10%rgs~tcm™2
o

e anootaon ion pe tnv andotaon Mg-HAwou n pon eivatfp = § = 1.367 X

2

10%ergs~cm™2 kat eivat n Aeydpevn nAaki otabepd.

H por pwag mnyng o€ piot GUYKEKPLUEVN TTEPLOXA MNKWV KUATOG (] cuxvoTtitwy) eivat
plo petprowun moodtnta, ¢tavel va AdBoupe umodn pag TG dlopbwaoselg yla tnv
omoKpLon TNG YALWVNG oTHOOdOLPAC, TOU TNAECKOTIOU KAl TOU QVIXVEUTH HOG. Av
E€poupe Kkal tnv amootoon NG TMNYAS (Kal tTnv pecoaotplkn amoppodnon) Tote
UTTopoUE Vo UTTOAOYIOOU E TNV avTioToN PWTEWVOTNTA.

1.9 H évvola tnG oTEPEAC ywviag

Ytoewwdng emipavela otnv emipavela g odaipag
dA = r?sinf d d¢

JTolXelwdng oTeped ywvia umo TNV onoia daivetol
n empavela dA oo to KEVTPo TNS odaipac:

sin® do

dA .
aqa = = sinf dO d¢ (1.11)
o >y OAokAnpwvovtoc ae OAO TO XWPO:

Jo da=[" [ sinodo]dg =

fozn [— cosm + cos0]d¢p =

2
X = [, 2d¢ =4m
IxAua 1.1 H évvota tn¢ ototyetwdouc
OTEPENC ywViag.

1.10 Ew8kn £vtaon aktwvoBolAiog — BOAOUETPLKN £vtaon akTtivoBoAiag



Atevduvan aktivag pe cuvnuitova
katevBuvonca, B, y

76 & (Lot SR

IxAua 1.2 Synuatiko Siaypauua rmou Ssiyvel nwe opiletat n évraon aktivoBoliag (avamapaywyn
Staypaupatoc aréo Cambridge University Press 0521770017 - An Introduction to Radiative Transfer:
Methods and Applications in Astrophysics — Annamaneni Peraiah).

Ac Bewprjooupe éva onpeio P oto xwpo pe Stdvuopa Béong 7 kal pio otoewwdn
empavela dA mou mepAapBavel To onpeio autod. OewpoUUE eV cuvVeXela Hia akTiva
TIOU TTEPVA oIt TN oToXELWdN emidAveLa Kal pio avTtioTtolyn oTolelwdn oteped ywvia
yUpw tNnc (BA. oxnua 1.2). H 8evbuvon ¢ aktivag opiletal amo ta cuvnuitova
katelBuvong a, B,y (onuewwvoupe Ot emedy a?+ B2 +y? =1, éxouue Svo
ove€aptnteg petaPAnteg). H kabetn otnv emidpavela dA oxnuoatilet ywvio 6 pe tn
S1evBuvon NG CUYKEKPLUEVNG AKTIVOG. XTN oUVEXELD Bewpol e OAEC TIC OKTIVEG TTOU
miepvoUuv armod tn dA kat mou ot SleuBUVOELG TOUG glval eviog TNG otepedc ywviag df2
TNG OUYKEKPLUEVNG akTivag. H ouvoAikn evépyela aktwvoBoAiag, dE,, mou nepva péoa
oo v enupavelo dA Kal eviog e otolXelwdoug oTepedc ywviag df) os xpovo dt
Kol péoa og TepLloyr ocuxvotAtwy dV (f og mepLoxr UNKWv Kupatog dA) divetal and
Tn oxéon

dE, =1, cos8dA dt dQ dv = I; cos8dA dt d dA (1.12)

omou I, (N I;) elvat n Aeyouevn edikn €vraon aktvoPoAiag, Kal amoteAEL T TLo
BepeAwdn moodTnTa yLa T rteptypadn tng Stadoong aktvoPoAiac.

AvtioTtola pe TIg £VVOLEG TNG PONC Kal TNG pwTtevotnToC, N BoAopMETPIKN £vtaon (N
amAd évtaon) aktwoBoAiag divetal amno tov TuTo:

I=[7 Ldv=[ LdA (1.13)

Movdadeg LETPNONG TNE ELBLKNC EVvTaong akTVoPoAlac:

o ergs tem ™ ?Hz lstrlfergs tem™2cm™ str! (CGS)
o Wm™2Hz lstr 1 Wm™2m tstr=1 (sl)



H évtoon (edikn 1 BoAopeTpikr)) akTvoPoAlag lval cuvaptnon Yevika tng B€ong
OTOV XWPO (X, Y, Z yLa KAPTECLAVO CUOTNLOL CUVIETAYHEVWV) Kot TNG KateuBuvong tng
akTivag (mou opiletal amod ta cuvnuitova katevBuvong a, fB,y). Emiong, yevika
efaptatal and Tov Xpovo, t. Mmopoupe Aowumtov yevikd va ypadoupe ot [, =
I,(x,y,z;a,B,y;t). Avdhoya Me Tn YewMeTpia TOU TPOPARMATOG, MMOpel va
HElwOOoUV oL HeTaBANTEG, T.X. OTN TEepinmTwon &vOg HECOU TIOU QMOTEAE(TOL Ao
napaAAnAeg {wveg, I, = 1,(z, 0, @; t), omou z eival To VoG KABeTa ot {WVEG Kal
0, @ eival n moAwkn Kat aliouBlakn ywvia avtiotowa. Itn nepintwon odalpikng
ouvppetplag, I, = I, (1, 6; t). EQv oe éva onueio 7 oto xwpo n évtaon aktoBoliag
Sev e€aptdral and tn SievBuvon (SnA. yevikd and ta a, B,y) tote I, = L, (7, t), kaiLto
nedlo Aéyetal LoOTPOTLKO O€ ekelvo To onueio. Eav n évtaon oaktwvoPolAiog eival
avefdptnTn KoL anod tn Béon oto xwpo 7 kat and tn StevBuvon (a,B,y) téte o Nedio
oKTwoBoAiag AEyETOL OOLOYEVEC KAl LOOTPOTILKO.

Napadsiypa 1.2

% v oy
¥ oy
%
(a) ,/’dg (b) ggz"
o /Y -
0
dA cosf ) dA cosf 2
IS4 s ISV %
dA} dA)A

IxAna 1.3 Awdypauua tou Seiyvel tnv vtaon kot tnv €aptnor) e amo ) Stevduvan Kat T OTEPEd
ywvia. (a) To otoiyeio emipaveiac dA avtiotolysi oe aviyveut) otn In, e to {evid w¢ kadetn
Stevduvon- n mnyn Bpioketatl otov oupavo UTo ywvia & kat dQ eivatl otolyelwdne oTeped ywvia Umo
v onoia @aivetal n nyn. (b) ESw, Evac vontog avixveuTr¢ TOMOVETEITAL OTNV EMIPAVELA EVOC AOTPOU-
n évtaon ekpPAlEL TA PWTOVLA TTOU EKTIEUTIOVTOL UECA O SESOUEV OTEPEX ywvia UTo ywvia § aro thv
kadeto. Avanapaywyn dtaypauuatog amo Astrophysics-Decoding the Cosmos, by J.A. Irwin, John Wiley
& Sons Ltd, 2007.

Onwg eldape, n £viaon QMOUOVWVEL TNV EKTOWUT TIOU BpPlOoKETAL PECO OF HLa
6ebopévn otolxelwdn OTEPEA ywvia KoL UTO KATola ywvia wg mpog tnv kabeto. H
VEWUETPpLa paivetal oto IxNua 1.3 yio SU0 MEPUMTWOELG: Ui (a) OTou évag avIXVEUTNAG
AapBavel aktvofolia amd plo iy otov oupavo kat pia (b) omou évag vontog
OVLXVEUTNC €lvol TOmoBetnuévog otnv emlpAVELD €VOG GOTPOU. TNV TPWTN
nieplmtwaon, n mnyr UTIOTELVEL KATTOLA OTEPEQ Ywvia otov oupavo, o dtelBuven Tou
oxnuatilel ywvio 8 wg mpog to LeviB. O mapayovtag cosd Aappavel umoPn tn pelwon
™G evepyoU emidAVELOC TOU aviXveuTn kaBwc n aktvoBolla rpoortintel und ywvia.
YuvABwce, o aviyveutng otpédetal aneubeiag mpog tnv nnyn evéladEpovtog, onote
cosf = 1. 1tn beltepn MEPIMTWON, TO CUOTNUA CUVTETAYUEVWY £XEL TOTOOEeTNOEL
otnv emlpAVELA EVOG AOTPOU. € OMOLOSNTIOTE GNUELD TNG EMLPAVELAC, N akTvoBoAla
EKTTEUMETAL TIPOG OAeC TIC SleuBUVOELC pakpld amd tnv emdpdvela. H £vtaon
ovapEPETAL TNV EKTIOUT TIPoG TN SteBuveon B Kal eVIOg TNG OTOLXELWSOUG OTEPEAS
ywviag dQ.



To Ixnua 1.3 BonBdel otnv KATOVONON TNG YEVIKOTNTOC QUTWVYV TWV HeyeBwv.
MrtopoU e va TOTOBETHOOUE TO CUCTNO CUVTETOYHUEVWY OTO KEVTPO EVOG AOTPOU,
OTO LECONOTPLKO XWPO N omoudnToTe eMBUUOUUE Vo TIPOCSLOPIOOUE TV £VTaon
oktwvoPBoAiag mou mpoépyetal and o mnyh.

1.11 I6LOTNTEG-XAPAKTINPLOTIKA TNG £vrtaong (eldikAG kot PBOAOUETPLKAG)
aKTwvoBoAiag
e H évtoon aktivoBoliag Sev aAldlel 6tav n akTivoBoAio avakAGTOL oo KATOTTpa
N mepva amno ¢pakoug
e Otav n aktwvoPolia Stadidetot otov eAelBepo xwpo (dnA. oTo Kevo) TOTE n €évtaonh
NG mapapével otabepn, SnA. elvatl ave€dptntn TG SLAVUOUEVNG amdoTaonC.

Acknon 1.1

No OSeixBel OtL n eldky £€vtoon NG oktivoPoAiag Slatnpeital Katd HAKOG
omnolaobnmote aktivag mou Sladidetal otov eAelBepo xwpo. H aAAwg n €18KA
£vtaon (kot n BoAoueTplkn £vtaon) ival aveEdpTnTeC TN amdotoong te mNYAG.

‘Eotw pia aktivo mou Stadidetal otov eAelBepo xwpo, kot £0tw Vo onueia P1 kat P2
KOTA UAKOG TNG aktivag dtddoong pe Py P, = 7.

Qewpw otoelwdelg emipaveleg dA, kat dA, ota onpela auvtd. Ou KABETeEG OTIg
ETLOAVELEG QUTEG elval 714 KalL 71, avtiotolya, Katl oxnuatilouvv ywvieg ; kat 6, pe to
7 (BA. oxAua 1.3).

IXAMa 1.4 Synuatiko Siaypauuo yia thv amodeién ot n L8k €vtaon oktivoBoAiac mopouEvel
otatepn kata ™ dtadoan tn¢ aktivoBoldiag otov eAsUdepo xwpo.

H oteped ywvia umo tnv onola ¢aivetal n empavela dA, amnd 1o kEvipo tng dA;
givaln:

__cos 6,dA,
dQ, = — (1.14)
EVW N OTEPEA ywvia UTO TNV omola dpaivetal n emudpavela dA; amo to kEvipo Tng dA,

givaln:



cos 61dAq

do, = =0 (1.15)
ATO TOoV 0pLopO TNC ELBLKAG EvTacong aktlvoBoAiag EXOUE:
dEv’1 = 117,1 COS QldvdﬂldAldt (116)
Kol
dE‘U,Z = I,,IZCOS devdﬂszzdt (117)
Ao TG (1.16) ko (1.14) mpokUTITEL OTL
dE,; = I,yc0s 6;dv =222 gA, dt (1.18)
KoL oo Tig (1.17) ko (1.15) ot
dE,; = I,,5c08 0,dv "1 d A, dt (1.19)
AMG AOyw Slatrpnaong tng evépyelog (6ladoon otov eAsUBepo xwpo)
dE‘U,l = dE‘U,Z ﬁ I‘U,l = I‘U,Z (1.20)
1.12 Méon évtaon aktivoBoAiag

H uéon évtaon aktwoPoAiag, /, MPOKUMTEL amd Tn HEON TLUAR TNG €vtaong Tng
oktwoBoAiag amd OAeg T kateuBUVaoELg

]z%:ﬁfldﬂ (1.21)

Y€ éva Lootporiko redio aktvoBollac n péon évtaon aktvoBoliag os €va onuelo oTo
XWPOo LoouTal Pe TV évtaon aktwofoliag, dnA. /| = I (mpokuntel aneuBelag anod tnv
1.21).

Eidape otL n évtaon aktwvoBoliag Statnpeitat katd tn Stadoaon otov eAeUBepo Xwpo,
Kol apa Sev e€apTATAL OO TNV ANMOOTACH TOU ONHELOU HETPNONC amd TV mnyn. MNa
™ Héon évtaon aktoBoAiag, autd LoxUEL LOVO yLa TN MEPLMTWON LOOTPOTILKOU
nedlou, 6mou, onwg eidaue, | = 1.

Napadsiypa 1.3

Ag umoBéooupe OtL OEAoupE va UETPAOOUME TN UECNH €vtoon akToBoAlag Tou
TIPOEPYXETAL Ao Tov NALaKO dioko, otnv emidadvela tng Mg Kal otnv emidpavela Tou
Apn. OswpoUlue OTL N povadikn mnyn aktwoBoAiog eivat o nAtoc.

nR?

= omou £xoupe Bswpnoet OtL n

. . 1 1
MmnopoUpue va ypapoupe | = Efldﬂ = El
gvtoon oktwoPoliag I sival otaBepr amnod onolodrmote onpeio tou nAlakol Slokou
(ot pn6év omoudnmote alkoU). R eival n aktiva tou nAtakoU Slokou, Kol 7 N
anodotaon mapatnpntri-nAtou. Mpodavws to | eival dladopetikd yla toug Suo
nopatnpnteg (Stapopetikd 1), emeldn n oteped ywvia und tnv omoia daivetal o

nAtakog diokog eivat Stadopetiky otn 'n Kal otov Apn.

Napadewypa 1.4



Ac Bewprooupe pla emPAVELA TIOU EKTIEUTIEL OUOLOYEVWC aKTIVOBOAL TtpoC Ta £€w
(n évtaon Ieival (6la amd OAa ta onueia TNG emidAVELOC KOL TIPOG OAEC TLG
KateuBUVoEeLC Tou nuLodatpiou).

Edooov n ekmopnn eivat npodatpkn (Lovo npog ta €§w, 6nA. 0 < 8 < m/2), n péon
£vtaon Oa sivat:

1 I 2m o I z . 1
] = Ef 1dQ = Efo JZ sinf8dod¢g = -2m JZ sin6d = 5

1.13 Ix£on €vtaong KoL pong aktivoBoAiag

ATO TOUC 0pLOUOUC TNG EBIKNG (1 TNG BOAOUETPLKAC) €vtaong aktivoBoAiag kot tng
daopatikn tukvotnTag (A Tng BoAoUETPIKAC) porg aktvoBoAiag, mpokUmTeL OTL:

df, = I,cos8dQ (1.22)

JUVETWCE, N GUVOALKN PON TIOU TIEPVA HETT A0 Hia OTOLXELWSN eMmLdAvELa ElvalL:

f, = [ I,cosfd = f02n fon I,, cos 0 sin Odpdf = fozn do fon/z I,, cos 0 sin 6d6 +

)T de [7 I, cos6sin8d6 = f,(+) — f,(—) (1.23)
2

omou

fo() = [." [7 Lcos @'sinOdfde (1.24)

KOl

f,(=) = _[02” f;r/z I,,cos Osin 6dOde (1.25)

To f,(+)avtutpoownevel tnv aktvoBoAia mou pwtilel Tnv emdpavela and tn pia
TAgupaq, evw 10 f,(—)avtumpoowrnevel tnv aktwofolia mou ¢wrtilel tnv enwdavela
amno tnv GAAn mAeupd. Emopévwg, to f,, dnAadn n pon aktwoBoAiag mou Siépxetal
péow TG emudavelag, sival n Sladopd avapeca oe QUTEG TG dU0 ocuveloDOpPEC
dwTLopoU NG emidpAveLac.

Napadsiypa 1.5

Na urtohoyLlotei n por| aktwoBoAiog f mou kataypddetal and Evav aviyveutn o
ormolog gival oTtpappévog aneuBeiag mpocg pLa tnyn aktvoBoliag opoopopdng
gvtoong I, n omola KAAUTITEL HLKPr) oTEPEd ywvia d{) wg MPog ToV aVIXVEUTH.
ESw, cosO = 1 (adol n oteped ywvia gival pikpr, propoupe vo Bswprnooupe 0
otaBepo), to I ival otabepd Kal EMOUEVWC

df =1IcosfdQ = f = [ I[cosfdQ =10

Nopadeypa 1.6



Na urtoAoylotel n por| aktwvoBoAiag otnv emipavela evog aotpou, Bewpwvtag OtTLN
£vtoon aktwvoBoAiag sival otaBepr) og 6Aa ta onpeia tng emtpavelog kot (dla mpog
OAec TI¢ SlevBUvOoEeLg (LoOTpomn EKMOUTN)

H aktwvoBolia dpelyel mpog ta £€w, omdte n {nToUEVN pon ival n

2w 2 . _ 1
f=f(H)= fo foz Icosf sin 0dOde = I2m - = nl

Napadeypa 1.7
Bpeite tn pon og éva Lootporiko nedio aktivoBoAlag.

2w T . T .
f=1, J, Icosfsin8dfde = 2mul [ cosfsinfdf = 2ml.0 =0

Napadewypa 1.8
To tnAeokomio LeTpoUV por 1 €vtaan;

Av n xwpLkr avaAuon (spatial resolution) tou tnAeokormiou ival xapnAn kot Sgv
propoU e va dltakpivoupe tn Sopn tng mnyng (unresolved source), TOTE LETPALE
por|. AvtiBeta, av To TNAsoKOTLO PTopel va dlakpivel tnv mnyn (resolved source),
TOTE PeTpapEe évtaon. MNati cupPBaivel auto;

Ag e€etdoou e TNV mepimtwon omou n mnyn dev eival Stakpltr (unresolved). Av
LETOKLVI|CGOULE TNV TINYN OE LEYAAUTEPN ATTOOTAOH, O APLOUOC TWV GWTOVIWV TTIOU
PTAVOUV OTO TNAECKOTILO HELWVETAL HE TO TETPAYWVO TG andotacng (x 1/72). St
oUTA TNV Neplntwon, LETPAUE T pon.

AvtiBeta, 6tav n tnyn eival Stakptrr (resolved), T0te KABWC ATOUAKPUVOULE TV
minyn, auéavetal n empAveLD TN TTNYHG TIOU OVTLOTOLXEL 0T OTEPEQ ywvia Tou
tnAeokoTiou, Mpaypa mov avtiotabuilel Tn peiwon tng porg Adyw amootaong. Etot,
0 apLBPOC Twv dwroviwv mou cuAEyovTal MaPApEVEL oTOBEPAC, KOl OE QUTH TV
niepintwon YETPAUE TNV €vtaon.

1.14 MukvotnTta eVEPYELOG KTLVOPBOALDLG
H nukvotnta evépyelag (energy density), u, eivat n evépyela aktivoBoAlag (radiative
energy) ava povado oykou

dE
du =—
av

(1.26)
MovAadeg LETPNONC TNEG TUKVOTNTAC EVEPYELAG :

e erg cm 3 (CGS)
o /m73(SI)



H eldwkn mukvotnta evépyelac (specific energy density) ival n mukvotnTa eVvEPYELAG
ava povadlaia mepLoxr cuxvotntag, U, N KAKOUG KUUOTOG, U, Kot opilleTal wg

du = u,dv = uda (1.27)
MovAadeg LETPNONG TNG ELBLKNC TTIUKVOTNTAC EVEPYELAC :
e erg cm 3 Hz 'herg cm™3 cm™1(CGS)

o /m3Hz 'AJm3m Y(SI)

H mukvotnTa evépyelag u oxetiletal Ye Tnv évraon aktwvoBoAiog I wg e€nc:
u=%f1dﬂ=47”] (1.28)

omou J n péon évtaon (J = ﬁf 1dQ)

a dl = cosf cdt

Anédedn dE = I, cos8dvdQ dAdt L,
o~ ‘ dA dV = dAdl
du = dE _ Iy cos 0dv dQ dAdt _ ) () @ I
av dAdl UL
IydvdQdA —~_
cdA - >

I, dv dQ 1 1 IxAna 1.5 Awdypauua yia tov umoAoytoud g
= fﬁ u= sz I,dvdQ = ;f 1dQ oxéong I — u. Avamnoapaywyn Staypduuatoc ano
Astrophysics-Decoding the Cosmos, by J.A. Irwin,

John Wiley & Sons Ltd, 2007.



