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We presant detslls of a new taghnique of obtalning a numerlcal solutlon of the radiativa transfer
aquation In apherical symmetry In a polychromatlc syetem. We employed the Integral operatora together
with an Interpolation formula of the apecific Intanelty defined on radius-angle-trequenoy grid. Wa found
that the method la quite atable and employa a large stepalze In all the varlables on the grid. We employad
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1. Introduction

There are several methods of solving the line transfer equation (Kalkofen, 1984).
Most of them are iteratlve In nature and therefore time consuming and not accurate to the

desired degree. Although speed is necessary In many sftuations, the accuracy ls more .
important-partlculgrly when we wlish to calculate flux carrled In & resonance line. Therefore
we are forced to'deVelop new methods which emphasize accuracy but we have still kept

In mind the 5peed with which the computatlons have to be done. For such purposes, ‘we
‘need to have large stepslzed algorlthms. We have developed such an algorlthm In thls-
'paper and applied to line formatlon problems.

The equatlon of llne transfer q'ar_t be wrltten in spherlcal symmetry as, (Peraiah,198%)

and.;.

2. Formulation of the Problem

Lep? T8 {1 (ry %) )

Sl

Kp(rowo %) {8+ Cr 1y x) Hs(r,uyx) =11 (ryu,x)}

u BI 1 (;_;_]J,K) .+

tor 0 <.y < I

ALt X) Lol B gy (o 00)

- U

=. St‘(_rf.';'i'li'rx")' {B+d(r,-p,x}} {sCr,-p,x)=-1'(r,-u,x)}

(1.

(2)



114 A Perdiah

Where I'(r,H,x) is the specific intensity of the ray making an angle Cos_lu with the
radius vector KL 1s the line absorption coefficient, B 1s the ratio of continuum to line
absorption coefficients $(r,u,x) 1s the profile function and s(r,u ,x) 1s the source
function The source function 1s given by, '

. b (x,u,r) B
some) = getonn S Eetom Sl 2

Where SLand Scare the source functions in the line and continuum respectively

Further more
Sc(r) = p(r) B(\)O, T (r)) (4)

Where B(v_, T _(r)) 1s the Planck function at frequency Vo and temperature T_.  We
assume that the factors p and B are independent of r The mean optical depth at frequency
v, 1s defined in terms of geometrical depth r by,

0 hv
1 8]

dt = KL(r)dr =TT (NlBlz— NZBZI)dr {5)

Where B and B are the Einstein's coefficients and N (r) and N 2(r) are the population
densities of the lower and upper states respectively The line source function for complete
redistribution 1s given by,

S(r) = AN (r)/(B N (r)-B N (r)) (®)

The statistical equilibrium equation 1s given by

+8 +%®
Nl[BHI?m(x)dex + C”] = Nz[:"\21 + C21 + leITm(x)dex] 7

When we combine equations (6) and (7) we obtain,

o+ G0
SL(r) = (l-¢) ftijm(x).’}xdx + €B (8)
Where J, 1s the mean intensity given by
. 1
|

3, “'5‘f.1 Iy du 9
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and

€ = C—z‘L 1 (10)
C21+A21[L-exp(—hvo/KT)]

Where ¢ is ‘the probabillty per scatter that a photon ‘wlll be destroyed by colllsional de-
excltatlon. For LTE, € = | and for non-LTE, ¢ <€ 1. We shall specify the quantltles B,p,&y¢
and B In advance.

3. Method of Obtalning the Solutlon
By wrlting that _
I(r,u,x) = 4ne21'(r,u,x)
S(r,u,x) = 4mr¥s{r,u,x) (11)

We can rewrlte the equations (1) and (2) as

a1 rr X +% .3_3 {(L-u®)I(r,u,x)}

H
= _KL(r,u,x) {B + ¢(r,u,x)H{S(r,u,x)-1(r,u,x)} (12)
and
- e LB ) 1,0

= K-L(r.-ll,x.){ﬁ + ¢(r','-u,x)}'{S_(r..-u,)t)-l(!".-li,x)} (13)

We ahall_expand' the speclilc Intensity Kr,u ,x) by the followlng interpolation formula (Peralah
and Varghese,[985).

I(r,u,x) = 1_+ lrd + luB + Ly + Iruqﬂ

o
+ luxB-Y w1 pyas _'IruquT (14)
Where_llo, _lr' _Ill' _Ix’ l_l.'_u P [I-l.!' | I:ﬂ-' ifux are the lntei'polatlon cogﬁlclemts
and the quantltles -~ a, B, ¥ are glven by
Y r
= TAr/2

B

“miT2
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Y = Ax/[2
Where

- 1 B

ros 3 (ri+1 +r.), Ar = (r1+l - ri)
- 1 _
u=—2-(ul+l+uj), A”“(“Hl““j)
- 1

X =3 (xk+l * xk)’ Ax (xk+l xk)

Similarly we can express the source function as,

S5(r,u,x) = S5 * 5.0 SIJB + 5 4 SmaB

+ SuxBY + eryu + SruxaBY

We substitute equations (14) and (16) in equations {12) and (13) and obtain,

D-!m
=
——
J—
+
=

r TS 3 Irust}

ka1

|~

1
H

{I0 + IrOL + IUB + IXY + IrNOtB

+ INXBY + Ixryu + Iruxusy}

F4

{IIJ + Irua + [uxY + Iruxay}

=l
=iNo

= KL{r,u,x) {(S0 + 5.0+ SMB + Sy + SruaB

+ SUXBY + erYOL + SruXaBY)-(IO + 1o+ IUB

Iy o+ [ruaB + INXBY + Ixrya + Iruxuﬁy)]

and

A
. {Ir + IruB + ]er + Irux

+ IUB + IX'Y + I‘t” of + IMXBY + IX

u r

By} +—2—JE'}{IO + IrOL

YO+ IruquY}
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(15)

(16)

(17)
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1-u?

r

2 )
i {Iu + Irua + quY + Irux v}

= K(r,-u,x) [(So + Sra + SUB + SXY + SruaB + SUXBY + erya
+ SruxaBY)—(Io + IrY + IXY + IruaB + quBY

+ Ixryo:. + 1 x(xB‘Y)] (18)

u .

We apply the following integral operators on the radius-angle -frequency mesh (see Fig.1)

1
M = [ J..e.. dy
u Au Au
R, =% J oo, tmride
r Ar
and F - L S oo.o... dx (19)
X Ax A
X

We shall apply the operator M pon equations (17) and (18) and obtain,

2 - l
Ar [u(lr * Ier)+ 6 Au(lru * IruxY):I

I |
TR S LY + Topovd

K[(S0 + Sra + SxY + erya)-(lo + Lo+ IiY + Ixrya)] (20)
and

- Au
Ar [ROL + 1 v)+ =% (I, o+ 1]

L o-n2
Au (1-p2%) [Iu + Irua + quY + Iruan]

2 -
+ 7 U[Ioa+ Ira + IXY + Ixrya]
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+% é% (1, + T+ Loy + 1 ay]
=KI[S +Sa+Sy+S vyo- (Ig + T,oa+ Ly + I ay)l (21)
We shall apply the operator R on equations (20) and (21) and obtain,
_2 [R(I_ + 1. y)+ lA].i(I + 1 Y) 1]
Ar r Xr 6 ru rux
Fpe (18 L+ v 28 e . gt
(2-F. 81 - 28 [(1 + 1y) 525
P w1 ) g (27, 8]
- A% [(Iu + quY) %—A_% * (Iru * IruxY)' Z%
(2-F B = K LS, + S y)e(s, + 5 _y).s éﬁ
- Iy s L)+, + 1 y). 4 ég }] (22)
and
SEe [ s L e B G 1))
SE R L e 52y pheF A
+ 211[(10 + I y). %A% + (1 o+ «rY) leT (2-r -A—-e)]
e L AN G S B I M E NI LSy
= K [{(S, + S,y)a(s, + 5 y) L —A—%
- g e LA s 1 y) L é? } (23)
Where

B2 = (@2 4 5 ()2 (24)
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) 3 3

A = Viar (26)
— 2 z

AA = 4“(ri+1 - ri) (27)

We apply the operator F, on equations (22) and (23) and obtain,

12 DAL, o+ gbu 100+ g5 (1005 8 1
Fogk 2-F M1 1e2ar 3R 1
vopk (2-F Byr 1 - Al 5 25,
CEp (2F AR 1T =KLy g s
-1 %_é% [ }] (28)
and
R SLI VYT
N = RS e éi—) - ﬂjﬁﬁfl + 20
S RE S IR TS AN
; '_Zx'%". (2-F 811 = K [{5, + 3 —‘l—isr} -1y s %% 13 (@)

We shall replace the quantities 'Io,- [ I, 1 I

: ! U X', I'l’p’ .uxg ]xr, a.nd Irux by the -
nodal values IA’ IB’ IC, ID’_ IE’ IF" .[G and IH.' This gives us,

[ . .

I, =g [+l + Ig g * Iy + IE+jIF + T+ IH]
1 o

[l‘ z-g"[-IA- IB-' IC- [D+.IE+ IF + [G + IH]

IU:' = 3 -[-IA--+ IB + IC lD - IE - IF + ICl + IH]
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1
Ix =3 [—IA-— IB+ IC+ ID+ IE—
21 -
Iru = 3 [+IA - IB - IC + ID - IE
1
qu = 3 [+IA - IB + IC - ID - IE +
.1 -
Ixr =3 [+IA + IB - IC - ID + IE
SR S S S SRS S SN
prx ~ 8 A B C D E

Similarly, we can write the quantities So’ Sr )

Substituting equations (30) into equations (28) and (29) we obtain,

ALY v A TH Y ALl +
ala * bIB+ACIC+AdID+AeI +AfIF
+ A IE';[+AI+ = tT(st 4 st L ost + STl 1T(st st
g h"H A B C D E ' °F
and
A'l + A'IC B N - ' -
b'B * Aclc + Aglp + Allg + AjlD
+ A'TZ ¢+ A'LT = 17(ST - - -\ ot e - -
g G h"H (A+SB+SC+5D)+T(SE+SF+SG
Where
Aa = - 1l - m + n + p
Ab = -1l +m=-n + p
Ac = -l +m-na4+p
Ad = -1l - m+n + P
Ae = I - m-n + p
Af = I = m-n + p
Ag = 1 + m+ n + p
Ah = L + m+ n + p
Ay = - 1'-m+ny po
Aé = - l'+ m' - n'+ p’

+Sé+5

+ SP-I)

Sp etc. in terms of SA , SB etc.

+
H

(30)

(31)

(32)

(33)
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A(': = ~ 1"+ m+ nt'+ pr
Ac‘i = = 1'-m'+ n'+ p!
Aé - IT..m'._ n|+ pl
A' = 1'_m'_ n|+ Pl
Ag' = '+ m'v+ n'4 p!
AL s ' m's nty p!
1 MA- P AA
I = = - . - — [Ala
e x A 2u (1 AT A)
Y. T T
m= == [ - = Au]
A Au 6
1 _t LA _2 (.52
P =T, - U 5%%
s fry BBy 2p(r- £ A4
A A
AA (1] i~
m' = {au- }
_ 1 TOAAy L 2 sy T
n'— BAU(I"' Ar' /T\)+ ‘{_\‘u (l”u)(ar'
» = AA
p'= T, N 2
T,= Té (x) = K.Aro (x)
1= T{li."éé‘é
A
From Figure 1 we have, further more
R R T o qd, +
In = Uik Te = Lidywe Te ® Ldi,kerr Ip =
T B i+l + P+l o
g = Tiksrr Tp s k" 0 lg = T Tn e
T i"' - 1:" - by - TS
W= Uk Te = e fe = Bii,ker Ip s

Ly
jak+l

i1,
ii‘l,k'*'l

1,""
Boket
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{34)

(35)

(36)

(37)

(38)
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R T e N NI Sor i

i< i s = SH e S5 SHE e S - sh

SE = Siiklr SF T STy SG = S s - shn

SA = S5tk S5 7 STk 56 7 STkt S < S

527 ST S 7 Sk T S6 = S S - S 69

Where S's are the source functions at all the nodal points. They represent the scattering
and the non-scattering parts of the source function. We replace the integrals by the quad-
rature sums. For example,

. . K 3
stoosbyr CLipgy 5ot g a,, ¢ 1 ¢
AT 35,k "2 ok e kMRS S
i+ iy-
(Lillk * Iy+1,k)
Iy+
€0.
v (eo) ) vop)Bl 7Y (0)

Where the term with BJ ’l: represent the interval source. With the above definition, we
can write equation (31) for angles u] and ul. 41+ This is given by,

a i,+ b i,+ C 1y+ d [i,+
AT AT Tkt AT LT ke A T
AC pi+l,+ i+l + g i+l,+ h i+l,+ _
joiakel PAY LT AT T e ¢ AL LT e
. K o] .
; .
T {06, z K i I lcj.<1;;;. + ; AR <e¢" + pBYB
= - J = b
v [opir® K a , ¢l g c. (1% 1'17 )]
jlok 0o 3k Sk PSR RS Y S AN

+ (20517 + 0B)B 1Lk

. J .
1 . 1,-
e ke %k §'=1 Gt ksl ik
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i,+ iy«
+(ed’ .+ PBIBL Ly

]
lopl?? ? .¢1 g C., (1l s 1he" )]
¥ Lokl 0o B k'S T kel i, kel
i,+ iy+
PO ket Y PBIBL st
. J
+ P+l,+ i+l i+l,+ i+l,-
T {[O‘q)] kil | K ak' ¢k' I‘J;':]_ CJ'(I]'pf{‘fl 1]1;|<+l)]
N (€¢l+1,+ N pB)Bl+l,+
jak+l jak+l
K J
ek, i+l i+l,+ i+l,~
+ [U¢]+lik E':-k B q)kl ?‘:l C]'(Ij',k + Il'!k )]
(€¢1+1’+ pB) Bl+1,+
l,k j+l,k
+ [Uq)l'i'l,*i' l;: a ¢i+l y cC (Il'i‘l,-l‘- Il"rl,")]
N (8¢1+1,+ pé) Bi+1,+
jrl,k+l jrlik+l
. J
i+1,+ i+f i+l + irl,-
Floti ke B At ?,:1 Cillyv g * 1 k)]
. (é¢i4l,+ + pB) Bi+l,+ }
j+l, kel jel,k+l
In ‘a similar way _equation (32) can be rewritten. This is'given\ by,
| a i, aibiiiye g€ idy- d -
AR T e AT T e AT A;,k+1 kel

e ikl Eoiel, - g 04l h o i4l,-
F AT e A e A;+1 LR+ A 5 e

. - I . i
= T-{[0¢.:R(Y&$+ 4 Yk’ V7 4 [e¢;:k + pB) B;:k
Jire

* [0¢]+l k( k- Yﬁ’ﬁ)] * [E¢;:;+l +0B ] B?l],k

+. [G¢ k+1 (Y l + Y l)] + [E¢l k |t pB ] B] k|

[an
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i I,- - i,-
[“¢;+1 ket 21+ YT+ [G¢]+l kel * PBI BT L)

+ i+l,- i+l,+ i +1,- i+l, - Bi+l,-
{[c¢j,k’ (Y, + Y )] o+ [€¢j,k + pB] ik

i+1, i+1,+ 1+1 i+l, i+1,-

+ [0¢}+1 Kk (Y + )] + [E¢ 1 k + pB] B]+l,k

i+l, - i+l,- 1+l 1+l i+1,
L00) ein W™ # YL DT s Leeg T 081 BT (42)

i+1, i+1,+ yi+l, i+1, i+l,
P L0 ke M’ N T v Leog T, - 081 B

j+1, k+1}
Where

1 1,2
S Tt 43)
ek ak, ¢k j|:1 i, k, j (

We can rewrite equations (40) and (41) as, (0 =

2 (1-en)

ab i,+ _ Ly+ o+ dc [i,+
[(A™ 1 TOQYT XY+ AT LT - 09¢k 1 Y]
+ [Afg IL+1’+

+ I+1,+ o+ eh i+1,+ I+l,+ o+
AR - T oRey NJ = I LT - tTeQe 1T v, )
iy+ -

i,+
FToQ Le T Yy v 0l Y kil

i+1,+ i+l,+ -
+ T70Q Lo 1’ Yy ]

©oRloBrea TIBE + ToQ [oBreg)2]] Bl

. T+09 DB+€¢1+1 +]Bl+l,+ .1 Gg [DB+€¢1+1 +J B&Ii )+ (4ts)

and

b oyi,- - i, - de (i,- - Q- -
[A'® 17 - TToQe T YRl 4 LA Ieir - TR0 Y,

f i+1 i+l, yeh yi+l, - i+, -
GV SR R LA SHRRL R R L’ - tToQe ) Yk+l]

- Ly- + i+1, 1+1, v
= T oQle Y ¢ ¢k+1 Yeo11 + TT0Qlg, * 1 Ykt

+ T'cg[pswgi"] gii(" + *r'cg[psws'dw)li< 1] Bk+l
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Where

b

1
w
i

dc

.
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I, ..
\\i \‘\\"1
1
b
A il
a b
Aj+1 Aj+2
o a
Aroy
[
Aj+l
d ¢
sl Mz
., d :
A3l
g
_Aj-l-l
Avi M
‘\.\‘. f
Ay

(16)

(47)

{(48)
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AS Al
Aeh _ ATH Af;+2
) \ A, AD (54)
i A
FI(rl, L X} |
1&** - (e, 1 Mg X, ) (55)
I(rl, + My Xk)
and
PI(rl, -0 Xk) )
I Heps 7 Wy X (56)
_I(rl, - Uy X )
Similarly the quantities ¢ , B are defined We shall write that
égb - Q-l ﬂab
é;ic - 9-1 Qdc
AE = Q7 T8
ﬁ:h . 9-1 th (57)
ﬂéab - 9-1 ﬁ,ab
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ééeh _ g-l é,eh

In terms of (56) we can write equations (44) and (45) as,

ab i,+ = iy iy de = i+ iyt
[ﬁq Ly Tog] Y] [ﬂq T 0% Y i)

fg i+l.+ S D T eh l+ly+ 4 i+l iel, s
v [AS Iy - Tog T Y T e A Ly Tl el
3 T_U[Q;’+ Xg’- . ¢k+1 ] . T 0[¢1+1 y + ~i+l 9&:1 y + xé:i,-]

 oloBregl a:;*  olopicgl il B

1+l,+] §i+l,+ .o U[DB+€¢1+1 ] Bi+l,+ (58)

+ T G[pB+€¢ Bl

and
(a3 phom o prgpla ylamy pande phae gl s ylimg
~q ~K ~k ~k ~q ~k+ 1 k+1 ~k+1
g i+l i+l, i+l,- eh i+l,- i+l,- i+l
+ LA S e T XYY LAy lk+1’ - T °¢k+1 RO

- - ol by- i+ i+l, P41+ i+1 Ll
= volg T YT e 8T Y gl e olg T Y N el
T N

+T U[p8+€gl+l’ ] §i+l’" + T U[p8+egl+l’ ] Bﬁ:i’ (59)

We shall now combine the frequehcy points. We shall write

e

'Aab Adc 7]
~q,k ~qsk+]
' Aab dc
""q,k‘l‘l‘ """q’k+2
. . . "‘-._"\\ ".._“‘ (60)

ab "__. . -\M. ab \"\"-.. de
édC'” ‘ ﬁq,K—l éq,K

ab
. L éq rK’
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Where U is the unit matrix.

Hys xk+l) (63)

,._
B

and

—
—
-~
—_
I
=
«
-
b
ko
~

(66)

[ e L e |

Equations (58) and (59) can be rewritten as,

ab -+ fg ,+
[Adc I -t UQF<|> X 1« [éeh [i+l - T GOCDl

+1 ;+l]
T OQReT Yi ¢ TToQp of, X[,
+ T'UQF[QBH:d)J{] g}' + T UQF[pBH:ng] B1+1 (67)
and
[éégb'li h T-GQFézxzj * [ééig l;+l B T+GQFQI+1 XI+I]
T TOQREX; ¢ TToQpei, YiL,

* T oQrleBreg]] BT + T 0QplpB+eo; ] B, (68)
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We write the following quantities

gab -1 ,ab z,ab _ .-} ab
édc " 9F édc, édc - 9F éc'Ic
fg -l Afg x.fg _ -l fg
Ak = Q Aehr Ben = 8F Ren

and rewrite the equations (67) and (68) as follows:

zab - Lk + zig +o++ +
[Bge = o0 Ey 1Ay + [Bey - ot Ei 0 Ly

= gt ETT1T 4 ot'EFTT, 17

o] ~i+l ~iwl
-k 4+, + +
B, o+ . .

v ot i;%l ot 9'1+l ~i+l

and
[Aab - 0T F. 1 1, + [Afg - ot'FT |11
~de ~i ~i h Pt !
-t +
S0t B A
+ ot 9191 + O
Where
ot T+
ehY = aeely

+ + ++
$i+lyi+l = [£+Q+w ]

OrYT = [ oW

~ |~ IR
8, 1Yi. = Lo, 2T,
o = (oBred()8,,, = [0,]
EJ1r,1-l BT,lnllé
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L = (78)

+

The quantittes ¥, F °, ¢ and B are similarly defined

We shall introduce the following quantities

X, = &b oTEN 79)
X, = oT FT (0)
X, - °T+F1:l (81)
X, AR otE (82)
Y, = 532 0T ETJ“ (83)
Y, =0oUF (84)
y ~otEp” (85)
Y, Bad TR, (86)

By using equations (79) to (86), we can rewrite equations (70) and (71) as follows

+ + 4 + + 4

le-[-'l * r)-slnlunl - ?v(zll * lewl v ot gi"B*E v ot 21?31 v ot 21+1§u1 (87)
+ + +

2-‘(411 * xull+l xa"!‘l * ?-'(all-!-l + ot 21'%1 v ot 214.1&14.1 (88)

Equations (87) and {88) are written in the form

+ +
Livl X Xa 1 2+ §+
| - E ! +UT5 l
[
~1 X, xu L 4 B (89)
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We may compare equation {89) with the canonical form of the interaction principle given
by Peraiah, 1984,

+ i N . y +
li+1 1(1+1,1) _1:(1,1+1) I1 Zi+
L c{i+l,i) t(i,i+1)} 1 .E” | (90)

Where the quantities t(i+l,i), t(i,i+l), L(i+l,i) and r(i,i+l) are the two

pairs of transmission and reflection operators. The quantitise

+ - [

Z"i+i and EH% are the internal source vectors.

By comparing equations (89} and (90), we obtain the transmission and reflecti
t(i+l,1) = RY x P xx7ly - v
~ Napriy o~y ~1
t(i,i+l) = RP XD X xty - v
~t ~ 4 NImL o~y v

Sy L et gl -
r(i+l,i) = R 254 [Xs -Xqﬁ]
P(iyiel) = R7F L
R"™ = [L -
R™" = [1 -
¥ = or* X"
~i+ - P~ T~
s X XU ek
Hzmq ~] o~
_ -t =1
-1 -t
+ X X {(t o1
~3~1 ln

The equations (91) to (98) are employed in

+ -
Lisg =L
L= g, hel) 1T e v, (100
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With the initial condition 17 | = C'(say) (1o1)
Where t'(i,i+l) = Ii+§ t(i,i+l) (102)

Equations (99) to (101) are calculated with i = N, N-1, N-2, ...... 2,1 where i=1l
coincides with r = B (the outermost radius) and i = N with r = A (innermost radius). The

., . P N . -+ - « e
f;uantmes r(i,i+l), t(i,i+l), !i+§ ; Xi+§ ) Iid are calculated initially from
i=1,2,.... N-1,N with the following recursive relations:

r(l,i+vl) = r(i,i+.) + t(i+l,i) r(i,i) I“i t(i,i+l) (103)
+ _ Vo . + +, . .
Vieg = tr(isl, i) y'i—i + LT (i+l,1) + 5“& 'gi*i (1o4)
+ . . + -
-Y'i+§ - Lo(1+1,1) -Y‘i—§+Ii+:} §i+§ (105)

With the initial conditions

r(1,1) =0 (106)
v = C (say) (107)
and

el i) = tliel, i) Ky g (108)

£rGiel, 1) = el i) Ky (109)

Ri,3 = £'(ivl,i) r(L,i) (110)

T,y = [E- 5(14,1‘,}(-1,1))]°1 (111)

Ki,y = [E - c(1,i) clist, 17! (112)

Where E is the identity matrix.

4. Discussion of the Results
The solution of the transfer equation derived in the previous section is employed
to calculate the line profiles in an extended medium. We have considered several cases
in which the density and velocity vary according to the equation of conservation of mass
in spherical symmetry. That is,
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For the purpose of calculating the optical depth we have assumed an electron density Ne.
The optical depth is calculated using the two variations of electron density, that is,

(1) v ~r, Ne (r) ~r”? (114)
and (2) v = const, Ne (r) ~ r~2 ' (115)
The optical depth is given by
ra2
T (r) = .I'rl O, Ne (r) dr (116)

For case 1, we have

T (r) = - © (117)

Where s is the star's radius, r and r, are the inner and outer radii of a given shell.

OTh is the Thomson coefficient for scattering of electrons. And for case 2, we have

o Ne (r ) r? Ar
T (r) = —Ib o’ o (118)

r r
1 2

Ne (ro) is the electron density at the radius r_. The quantity B/A is taken to be 1.5, 2 and
3, where B and A are the outer and inner radii of the extended atmosphere. We have set
N, (ro) to be equal to 10**cm> . We considered only a stationary atmosphere. We have
plotted the optical depth for the two cases in Figure 1 for B/A = 1.5, in Figure 2 for
B/A = 2 and in Figure 3 for B/A = 3. The optical depth increases suddenly in the outer
layers and then increases gradually towards the center of the star. The increase is steep
for B/A = 3 and after the first few shells the optical depth changes linearly. In Figures
4 to 6 the source function is plotted against the optical depth. We have considered three

3

types of atmospheres (1) Pure scattering € = 0 and B = 0. (2) Line emission with € = 10""and

. ; -3
B = 0. (3) With both line emission and continuum emission € = 10 3, g =10".

The boundary conditions in pure scattering medium are given by the intensity incident
at the bottom of the atmosphere and no incident radiation is given on top of the atmos-
phere. For the other two media we have set a constant emission source in the medium
and no incident radiation is given on either side of the atmospheres. In Figure 4, the source
function corresponding to these three media are plotted with respect to the optical depth
and for the case I. | |
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In the case of scattering medium the source function keeps Increasing towards the
higher optical depth whereas ih the media with emisston appears to be almost parallel
to the optical depth axis In Figure 5 the source functions are given for B/A = 2 and
in Figure 6 for B/A = 3. The behaviour of the source function is very similar to that given
in Figure 4. In Figures 7 to 9 the same quantity as in Figures 4 to 6 are plotted but for
the case 2 The variation of the source function appears to be similar to that in Figures
& to 6 In Figures 10 to l6 we have plotted the line profiles corresponding to parameters
shown n the Figure in the scattering medium for case 2 The profiles in Figures 14 and i5
are also similar to those shown in Figures Il and 12
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