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ATomic TRANSITIONS:

- ORIGIN OF o4, %k 4,

AounND- BounD gb-L) TRANS ITIONS

(LINE TRANSITIONS c><;,( s )rf)

RADIATIVE b-b TRANSITIONS:
SPECTRAL LINES

SPecIEeS A :
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EINSTEIN COEFFICIENTS FoR

RADIATIVE b-b TRANSITION L & u:

Aul, BI:;) Bu/

- QUANTUM MECH. AToMic PARAMETERS
FoR TRANSITION PRORABILITY

PERMITTED TRANSITIONS:

- ALLOWED RY (.M. SELECTION RuULES

-RELATIVELY LARGE Auf, B.t, E’lu

FoRR) DDEN TRANS | TIONS :

- VIOLATE Q.M. SelLecTiod RuLes
-ReLATIVELY sMALL Ay, By, By,
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SPoNTANEOUS RADIATIVE

DE-EXCITATION: U —> {
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AXﬂ %%L#/ ////////// :)—Z!

PHoTon E, = hy, = X, - %,

A,/ = No oF SPoNTANEOUS ux-»ﬁs
PER SEC. PER (PA%T)CL

LEVEL U (Ru—-rew

—nu Aul = SPonNT u—’l ﬂATé ER
— VOLUME s™ cm 33
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SPONT. EmMissioN LINE PROFILE,
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STIMULATED RADIATIVE

DE-EXCITATION: U —> {
(STImuLATED €Mlssmr\l)

&X . R K

-

X‘A N>

AKXy HEESELE A,

Q.M. BoSoN CLONING
> STIMULATED X IDENTICAL To oR\GINAL X

-eg. ASTRoNOMICAL MASERS

B,/ = No oF STIMULATED u-=>{s

PER SEC PeER PARTIcLE _IN
LEVEL U PER eg/s/cm"/snsa/uz
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S No. oF STIM. u—=fs Per sec. PeRr
PARTICLE |N LevEL W

= M SWIL ’X,V(V-V.> dy = Byl -]—;\-,.7(

° (s™)

— g
whege, T = | T, %, (v-v) dy
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X
“Nu ButJ,” = sTim. u~={ volLume
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.. ToTAL RADIATIVE u->f RATE Pcnr
PARTIcLE, Ry :

Rul = Ay * Bul—j—.x (S-l)

. ToTAL RADIATIVE u-{ VoLume RATE
— nuRul (S-l Cm-?’)
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RADIATIVE EXCITATION: [

(E’xT’lNC‘T‘loN)

——

AN EEEpre X,

Yo 2

AKXy HEESES K,

Bjfu = No ofF STimutaTep J-=us
— PER Se¢, PerR PARTIcLE _IN
Level [ PeR erg/s[cm*/smerfuz
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EXTINcTIoN LINE PROFILE,

¢, = 8, (v-x)
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.~ No. oF f—-»US PeR <sec. PerR
PARTIcLe In Level L Ry,

=Bﬂu SWTV ¢,,olv = 61u—j';
> (s™)

WHERE —¢ S:r¢(vv oy
—:E ]

¢

N, By, _j:‘,. = l-»_%,t VoLuME RATe
(s em™)

. ToTAL RADIATIVE L - u VoLume RATE
= anQu = nl (B!u ¢)
(s em™)
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LINE PROFILES:

¢V(y-l/o) = EXTINCTION  PROFILE

t (v-V.) = SPonT Emission PRoFILE
')(,(V-V.) = STIM. EMISSIoN PRoFILE

[l A7
DX, xﬁ% AT *u

N> Xu!

A'Xﬂ 1: /I///'7f//¥///J X
THRTIITTT X

LINE cenTRE, V, = Xu—-X4
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b, (v-v.) + s(v-v)
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b, (v-vi) =
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GENERALLY FoR TRANSITIoN [ = w:

b, + ¥, + X,

COMPLETE FReEq@ REDISTRIBUT oN (C.RD)

APPRDXIMAT. INE

¢,,, ¥ X, UNCORRELATED

~Assume ¥ =X = ¢V

- ONLY NEeb ﬁ, (V-V.)

CRD A Good APPROX. FoRA osT
SPecTRAL LINES IN STELLA
ATMOSPHERES




IN I1SM (Low Q):

- IN HIGH A [ TRANSITIONS

- COHERENT SCATTERING APPRoX:

=>‘7l$:'£'-xlfi¢v

PARTIAL FRe@. ReDISTRIRUTION (P'QD)‘

-MoRE REALISTIC

- DIFFICULT

- %’,‘-‘#’){VT#¢V

- Zog.
N_E-QDED FoR <olLAR (=

HK

3 MZ Ak LINE coRes
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coLlLiSioNvAL b-h TRANS|TIONS f'{-’-’ u:

- AFFECTS Tll 3 ﬂu

X
AKE < O 1
PERTURR ING
PARTICLE

(HI,H]:L oR e’)

“colLISIoNY: EM INTERACTIoN



ColLLiISI1eNAL €INSTEIN CoEFFICIENTS

C,. = No. OF COLLISIONAL f=us Per

—_— SEc. PER PARTICLE IN LEVEL f
(=) -

Cuy = No. OF CoLLISIONAL u—=>fs Per

S— SeEc. PER PARTICLE IN LEVEL

(s™)

ToTAL VOLUME TRANSITIoN RATes:

(S" cm's)

u—L:
N (Ru + Cu!) =N, (Aul + Buﬁff + Cut)

{>u:

N, (R + Cu) = Ty (szuji.‘ + Clu)
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FoR ColLLIiSIoNAL EXCITATION

- U
O_Zu. U'C/f
[
~
U=
o—>
PERTURBER,E A\

TARGET, X (
Vo= Oy, vt
u

FoR PERTURBER, p, oF SP€en U oF

No. DENSITY ﬂanr :

I-» u RATE PER_PARTICLE ofF X
= Ozu\l'(nr)u-élf) (S-‘>
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= C_l_= SOI“(V)V{L (\r) dv

W,
vav;

THRESHoOLD, Uy :

'i-m U,g-: = yu-_xl

P

ﬂp’v.(u') = M-R DISTRIRUT|oN

IMPORTANT PERTURBRERS (p)‘-

FGKM STARS: HT (HeT)
OBA STARS: €7, HIL (Hex)



EINSTEIN RELATIONS:

%

FoR TRANSITION L & u:

B —

B =g
Ad = 24%°
Bul Cz

A = B gy 2hy?

9“’

C
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AND [FoR PeRTURRER P:
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= e "_'/
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IN PRACTICE:

onY Aul % Cy, PROVIDED





