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Transmission and reflection operators of radiative transfer equation
with aberration and advection terms. II. Line radiation in
spherical symmetry
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Abstract. A formal solution of the equation of radiative transfer is presented
with aberration and advection terms corresponding to the lines included. The
operators of reflection and transmission in a radially expanding spherically
symmetric shell are derived. This solution is valid in a medium moving
with velocity v such that v/c = 0.0167. Complete or partial frequency
redistribution of photon frequencies can be incorporated if desired.
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1. Introduction

Mihalas, Kunasz & Hummer (1976) investigated the effects of aberration and advec-
tion terms on line radiation for (v/c) ~ 0.01. They did not find substantial diffe-
rences between the radiation field obtained with aberration and advection terms
included in the line transfer equation and that calculated without including these
terms. They found that the Doppler shifts cause more changes in the line than
aberration and advection. Mihalas & Klein (1982) found that time dependent terms
are important when advection and aberration terms are included.

Recently we took up an ab initio investigation to see whether or not the terms of
the order of v/c = 0.01 would create any substantial changes in the solution. The
study of the order of magnitude of various terms in the transfer equation was under-
taken and it was found that the terms of the order v/c ~ 0.01 change the solution
significantly (Peraiah 1986). Aberration and advection terms were included in a
plane paraliel medium and a numerical solution was obtained by employing coherent,
and 1sotropic scattering in the radiation field (Peraiah 1987a). We find substantial
changes when the total optical depth = changes from 1 to 50. The changes in the
mean intensities and fluxes are of the order of 90-95% when 1 is between 40 and
50. We developed a formal solution for a mono chromatic radiation field in a
spherically symmetric medium (Peraiah 1987, Paper I). In this paper, we developed
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Transmission and reflection operators of radiative transfer equation 71

the solution of the line transfer equation in the comoving frame with aberra-
tion and advectlon terms included when the matter is moving with velocities of the

order of v/c = 0.1, in a spherlcally symmetric medlum
\

2. Development of the solution

The terms that introduce changes in the equation of transfer in the comoving
frame are

Tl

v oU(r, uo, x)
{7 a - uo) + u } axo | (1)

Here v’ = v/vy, is the velocity of the gas in terms of the mean thermal Doppler
velocity vin; up is given by

_|_
B0 = {t_”%, . (2)
where p is the cosine of the angle made by the ray with the radius vector
o B=V/g .(3)
U(r, o, X) = 4nr2l(r, po, X), ..(4)

I(r, o, x) being the specific intensity of the ray making an angle cos—! u with the
radius vector. The quantity x is defined as

x = (f — fo)/ Ao, -+-(5)

where fo and f are the frequencies at the line centre and at any other point in the
line. Ap is the standard Doppler width.

The equation of radiative transfer in the comoving frame including aberration and
advection terms in spherical symmetry at any point x in the line is (Castor 1972;
Mihalas 1978, Munier & Weaver 1986)

BU(r po, x) r {1 n FOB( r dﬁ) oU(r, po, X)

oo

(uo + B) 5 dr

. v’ d BU(F, Ho, x)
R T

-—3{ﬁ (I — p3) + us }-I-MU(&#,X)
+ K(r) [S(r, x) — U(r, no, x)] ...(6)

for0 < p 1. For — 1 < u# < 0, the corresponding equation is

oU(r, —po,x) 1 — u? r dg\7 aU(r, —uo, Xx)
(—ko+ ) or - r I:l —#OB(I ) dr)J__Bﬂoo—

= [— (0 — u3) + u ] _*—BU("aio’ &

—3[Ba—uy+ s |+ 28 B g, e v

+ K(r) [S(r, x) — U(r, —no, X). )]
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72 . A. Peraiah

Letting S
U(r, #os x) = Uo + Uik + Upgt + UxX + Urpifin + Uppan

+ UxeXE + UrposEnk ' «(8)
(¢f. Peraiah, Rao & Varghese 1987), equations (6) and (7) become

2
Ar (1o 4 B) (Ur + Urpo'f] + Uxtk + Ul‘pox"]x)

(5 a1 2]

X (Uug + Urpf + Upgxk + UregxEX)

= KO SO + [ = K+ 1 20 + B — 380 — ub)

) |
— 33 |[ Vo + ULk + Unn + Usk + Usegfn + Vet

2 0 dv'
+ erXE + UrpoxE'qX] + A—x [li,(._r)\ (1 _ ﬂg) + “‘2) ldE.r)
X [Ux + Upgn + UsrE + Urpgxbnls e(9)
2 2 (1—p
Ar (— #o + B) (Ur + Uregn + UxtX + UrpganX) — Auo ( r I“_‘))

X [1 — ,U()B ( _ —g— %E)](UFO + UI'POE -+ U,.oxX + Urpoxgx)
= K(r) S(r) + [— K(r) + % 2(— w0+ 0)

d,
= 381 — ﬂ(z)) — 343 'de,:l I:UO + Uik + Upo'f] + UzX + Urpogﬂ

2 (R av’
- Upox'f]x + UHEX + Urpoxa"]x] + 'A;l: 4 E, ) (1 - ﬂg) + P% _Va(;{‘)
X (Ug + Upgxn + Ux:g + UrpoxE"])- ..-(10)
Applying the operator
1
Xoy = 50 E ...... du , ..(11)
1 Apg

on equation (9), we obtain

2 —_—
A (w0 + B) (Ur + Usl) + 3 Apso(Uriy + Urig}

+ iﬂo {(1 — 43) + wo (1 — (u3)) BR} X

r-

(equation continued)
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X (Upg + Urpof + UpgxX + UrpxtX)
= K[(SO '+ Sr€ 4+ SxX + erXE) - (UO + Uik

+ Ut + Us®)] + {2”° + 5‘3‘“ =D _ 3z ‘29_}

X (Upo + Ur,.OE + UppxX + Ur,.oxEX) + Ax [(Ux =+ Ux:E)

<02 438 TG+ 4 Wt )

av'(r) v'(r) ‘
v {T _re }] , ..(12)
where R=1— % %—? ’ ...(13)
and Wd) = 302, + B, ) \ ..(14)

Similarly applying X,,, on equation (10) we get

2 —
'A—r {(6 _FO) (Ur + erx) - %APO(Urpo + Ur,..ox)}

_K%%{(I_E)_E(l—(ﬂﬁ»ﬁ( EZ’E)}

X (Upy + Urpgf + UpgaX + UrpxEX)
= K[(SO + Si§ jl‘ SxX + erXE) - (UO + UrE 4 UxX + erxE)]

_{2K+ B — 3pud
r

+ 3T fTE} (U + Usk + Ux + UsxclE)

Apo o [ d |

Ao (B8 g —) (Upo + Usnek + Upgek + Usngel)

( ) il av'(r)
+ = Ax [(Ux + erE) { + ug ar }
— dv' '
+ 3 (Upgx + Urpgxf) wo- Auo { Vdf‘r) - Ygg}] . ...(15)
Applying the operator
Yv =—; j' ...... drr2dr ..(16)

Ar
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on equation (12) we obtain

2 G+ B) (Ur + Use®) + 3 Bo(Usig + Urp))
+ W + U {6 (2 57— 5 )+ 5 (% 4 )}
+ (Ur,.o + UrpoxX) G{(U ~ar TV
w5

A -
iy {[(So +500) + 355 (Se + Sud) | —[(Uo + U

+ 157 e+ s |} + Qo + 603% — 1)

X {% % (Uo + Usk) + 3 (2 _ A4 )(Ur + Urxx)}
_ 32 9{((10 + Uy + 324 M (U + erx)}

+ poin[ (84 72) {8 5 W + Ve

1 r d '
+x (2 - ’—AV—A—) (Urpy + U,,.oxx)} -2 {(U,.o + U )

15 Way + U} |+ [0 =) v0) fi $us

_ LA
n Al’_ (2 - ’—Aﬁ Ux,} i S (r) {Ux er}

— ' AA , —
+ % HoAnuo {dvagr) (Upox + %_A‘ Urpox)} il 4 (F)‘%FO'AF’O -
Ad .1 rAd
X {% v U,...ox + Ar (2 —_ —T/_) Urpox}], ) (17)
where
G =2 (1 — (u3)6. .(18)
Ko
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Application of Yv on equation (15) gives

2 _—
36 — ) (Us + Usel) = § BpolUnng + Vs

A1 dB\  AA 1 — 3
+ Wy + Un) {6 (15 5 @)= e
AA 1 d 2 —
+ Wi+ Vg {6(p =457 5 F) = 10 0 = #1)

—K {[(So S + 3 AA 2L S + erx)] [(Uo + Uyl)

L A4 — 5
+ 3 (U + erx)]} — (Uo + UxX) {é 5 (o +B—3puf)

d — J—
+ 3ul dp} — (Ur + UxX) {P(Zﬂo + 8 — 3pui)

g, A4 L Ad
+ 3us ar & 7} (Upy + UpxX) {Apoﬂo[d 07

(5= = 8) J} = Wy + Ureoet) { S [ 1 25 8

n p(% - )]} + [(1 — ¥ v(r){léé Uy + per}

— av'(r AA ay’
+#o dif )(Ux + % € T er) + %#OA.UO{ :iﬁr) (Upox

, AA , AA
+ 6 g Urpox)} —_ %‘U.()A[.L()V (r) {% 7 Uf"Ox + pUrpox}:],...(lg)
where p=71— Z—LAA
A 7 . ...(20)
Applying the operator
1
Zx = Ax i ...... dx -..(21)
Ax

on equation (17) we obtain

i :
2 e+ B Ur + & Buo- U }) + UPO{(&

(equation continued)
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[Uo+ 5 U+ (e — 0} i 5 0o
x (2 — ’AVA) Ur} 35 98 (Uo +334 Ur)
+ Apo- .Uo[ 3”0){ Alf Uy + = (2 — r?,A) U,PO}
~ 2 (v + 12 V) [+ E[a —r0 15 v
o (2 - "AA) er} + B0 (Ux +3 %Un)
+ 3 k- Auo {df;r(") ( Upge + 2 25 Urpox) — V(1) e Do

AA 1 r-AA
x {15 U + 37 (2= Z5%) U} | (22)

Effecting Zx on equation (19) we obtain

0‘|H

Ad . Gd
{(B — uo) Ur — % Apo- Urpo} UPO{Z 7.G - E—?‘
Ad1— il 104G dB 2
AR }+U“‘°{G”‘6 I 5 dr Bl TP

A
{(So + % ; ) (Uo + 3 é;;— Ur)} — Uody — U4,
— AA
— Upyds — Urpds + Aix[(l v {% LA v+ per}

— av’ , AA — dv’
+/‘(2) ‘;ﬁr) (Ux ‘I‘ A er) + %ﬂo-Allo {—zif—r) (Um)x

, A — , AA
+35 Urmx)} — 3 Auo' () {% A Upge + pU}]

.(23)
where
A =1 %7‘4 {2,34— Bl — 3u2) + 3ud %%}, ...(24)
—dB AA
4 = p {2 + 80 — 30} + 1B 5 5F, (25)
—¥fd AA
A3 = Apo-po [d?‘ +iy (3—% — ):] -.+(26)
L AAd ]
Ay = Dporpo | 3 v d‘i +p (3“!; — (5)] -+(27)
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Transmission and reflection operators of radiative transfer equation

Equations (19) and (23) can be rewritten as

2 (o + 8) + 325 Ke— p {20 + 8033 — 1}

+3573 ‘3‘-{@]+ U,,D[G(z, __{15_"—{:)
4

Sl

- dw #o{(ﬁm,m) -5 &)
dp

+ UO[KX — 352 ko + 80 — 1)+ 33 B

71

=Kx[so+ s |+ S a-®ve

av’ (r)

M }]+er|:Ax - v+

[M {1 (20 — 44 v@)}]

+ Urpgx [737 {3 Asopo ( dvdf,r) % A; —v'(r) P)}:] ,

[Ar @ —no) + 3 [I Kx + Az] + Uy (B1 + A43)

and

A
U (B2 + Ao = 332) + Unlds + K)

=K(S0—|-—‘%Sr)+Ux[ {(1 )v(r)1
v\ d"(r)}:l + erl:Azx { 1 —mrO+iSE
+ Upge [17 {%noAyo(d"—(r—)—éV v())}]

2 AA d
4+ Urpox [:H {%ﬂoAﬂo (415 572 vdE,, V'(r) P)}]

I1ere

%]

...(28)

AA

4]
...(29)

...(30)
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78 A. Peraiah

and
AAd Gdg 2 —
B =G -—"*—_——————— — ul .
> 'p § 8 dr B A—uwd)p -.«(31)

Equations (28) and (29) can be rewritten as
aUr + BUyy + YUrgu, + 3o

AA
= Ar-Kx [SO + % A Sr] "I‘ pUx + Ger + EU"’OX + Al}r,,ox -(32)

and
%' Ur + B'Up, + Y'Umo + &'Up

= Ar- Kx [S() 'I_ ] —I_ pUx + Ger + EUPOX + AUI‘}LQK’ ..(33)

where

2 — AA - _
o= {2 G+ )+t Sf Ke —plio + 804% — 1)

41 Aj 352 fﬁ} (3%)
- el 1) (05

- A,,oﬂ—o[(g n 3%_0) 3 54 ‘%ﬂ}’ .(35)

r=arfifi e YA %, IZE
_ Auo.,ro[(g n EI) 1 _Ajﬁ‘iﬂ}, | ...(36)
5= Ar {Kx — 127 uno + £GHE — 1]+ 33 ‘ég}, .(37)
o=t i a—mvo +a w20l -.(38)
s = Ar. Aix {p(l — 2D)V() + % ; Zﬁ_dv#)},» _ (39)
€ = Ar-% {% . (‘% — %é; v’(r))} , ..-(40)
A= arl {”TOA w0203 2 (r)} - (41)
= Ar [127 (€ — mo) + % ?JA Kx + Az:l, --(42)
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Transmission and reflection operators of radiative transfer equation 79
B = Ar(B; + 4), (43)
, A |
= A —1 2k
Y r (A4 -+ B, 5 TA, ), (44)
8" = Ar(Kx + A), (45)
g = v ...(46)

Following Peraiah, Rao & Varghese (1987) we re
_ ., place U;, U, ...by the n
Ua, Uy, ..in equations (32) and (33) to get " Doty fhe Rodal values

+ +
AU + AUT + AUY + 4aU; + AU} + AU + AU + AwU}

f— - + -
=% (Sa + S5+ 57+ S + <L (P + SF S5+ SH .47

and
AUy + AUy + 4U7 + 4,U7 + 407 + 40~ + AU; + 4,Us
=t (S; + Sy + S +87) + (Se—-{—Sf— + 8+ 87),  ...(48)
where
Aa=—a—(3+'y+8—l—p—c—-e-f—/\, ...(49)
Ad=—at+B—y+3+p—0o+ec—2 ~+(30)
Ae=—a+B—7+8—pdo—ec+A, o (51)
Add=—a—B+y+8—p+o+e—2, -+(32)
Ae=oc—(3—y+8—p—a—|-e+/\, ...(53)
Ar=u—B—v+3+p+0—e—A (54
dg=a+B+y+3+p+0+e+2, (59
Ah=a+B+Y+8——p—c——s-—/\, ...(56)
, A= =o' — By + ¥+ p—0—et +(57)
Ay=—o + B =y + 8 Fp—0+e—n, -+.(58)
A== + 8 ~v + 8 —p+o—c+a -+-(59)
A;iz_“I—B"_!_Y'_{_s’_‘P—'_G—I—E_,\’ .(60)
Ado=—a' — B —¥ + 8 — o+ o4 e+ A, ---(61)
‘A}=oc'—{3'—‘{'-!—3'+p+0—€—f\, ...(62)
Ag=a" + B + v + 8 +o+0+ e+ | ++(63)
T N - (64)
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80 A. Peraiah
AA
oo o (1 + %T)’ | ..(65)
3 AA
T =T(l—%7), ’ '(66)
= K.Ar. ...(67)

Uf, Uf,ete.and U, Uy, etc., represent the beams of radiation in the opposite direc-
tions. We make the substitutions (see figure 1 of Peraiah, Rao & Varghese 1987).

+ _ 1-154 - + 1—-1,+ + -1+
Ua Um-—l’n—l ’ Ub - Umsn—l ’ Uc = Uman
+ =D+ + oyt + oyt
Ud - Um—lan’ Ue - Um—l:m ’ Ut - Um—l,n_l
+ is+ 1+ -
Ur = Ul Ul = Ut ...(68)

together with similar equations for U, U, etc. and S%, SE, ete., into équations
(47) and (48) and obtain equations for (m — 1) th and mth angles :

Aa U1—1’+ -l— Ab i~1s+ + AICD U:,ll;-*' _}_ A L]i—l,+

m-1 “ m—-1"n—1 m m’nl m—1°n

e la+ is+ ) ’
+Aml ml’n+Am1 ml’nl_'_A 1+ +Ah o

m m’n -1 m m’n
15+ N i-1 M 1—-1,+
— =1 s - , -1 i=15—
7 {l¢’ 9bm—-l’n— n’=Z—N n ¢n' m'2=lcm (Um"n—l T Um’m—l)]
y 1-1, Py 1-1+
1 (e ¢m—l-’|-n—1 + ¢'B) Bm—l’n—l
N M
r g 1-1s+ i1 i—1, 1—1,—
+ [G ¢m,n_1 '=Z—N an’ 95 'z=]_ Cm' (Um”:—l m/n— l)]

+ (E,¢i~1’+l + p’B') Bi—l’-lv

mo'n— m>n-—1

N
+ [ ¢ ~1>+ 2 1—; Azl C U1—15+ l—l)—
m-—1°>n ,=_Nan' qsn' m =1 m'( m’’n m"n )]

+ (G i-1,4 + plﬁl) Bi—lH—

m’n m>k

I,n

N .
+ <t {[G'(ﬁ;tl’n ) x Nan' 'i’:ll E Cuw’ (Ui:+ + Ui;;,n)]
m =1

+ (€datn + 80 BRF +

(equation continued)
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Transmission and reflection operators of radiative transfer equation 81

1+ N / 1 M b+ 1’_
+ [ (}5 z an'¢n, lz 1 Cm' (Uml9n—1 m'ﬂl)]
m =

mon—1 e N

1:+

+ (E qbiﬁn—l + [3) Bmm 1

N .
i+ i 1y 11—
+ [ ¢’m—1’u—1 n 2 Nan'sb 4 Z Cm (U -’l-’n+1 i mln_l)]

+ (5"?51;:1,!1_1 + P'B’) B:J(;tl’n—l

r g is+ Al i M 1,4+ 1,—
+ [O‘ ¢mvn 'E_Nan' ¢n’ m,z=1 Co (Um’an + U 'an)]
+ (€' bun ©'B) By (69

where ¢’ = 1 (1 — €') i, m, n are the running indices of radial, angle and frequency
dlscretlzatlons M and N are the total number of angles and frequencies respectively;
¢ is the profile function of the line; ¢’ the probability of thermalisation upon colli-
sional de-excitation; @ the ratio of opacities due to continuum and line centre; p’ an
arbitrary parameter; B is the Planck function. Equation (48) can be written
similarly.

Equation (69) and its counterpart can be succinctly written for M angles as

ADUYY =o' Q" Vi) + (AU —+a'Qe " V)
+ (AUYY, — v Qe Vi) + (AU — v5'Qeyt X))
= QU Y, + 5T YD) + Qe Yo,

+ 477 V) + QR + ¢4, B + o' Q'
+ e BITT 4 e’ Qe + €'9) BUY,

+ +e'Q(e'E + ¢'d, ) BIY +(70)
and

(DU — =o' Qel T Yo ) + (DU —a'Qé ) Y)
+ (DEUYT, — ++'QelT Y, ) + (DUL™ — 7+6'Qé,” Y,)

=o' Qe Yo, + 67 X)) + e Qe Y, +

(equation continued)

© Astronomical Society of India ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1987BASI...15...70P&amp;db_key=AST

7BASI T T.C15. D C70PT

rt

82 A. Peraiah
+ a7 Vo) + o' Qe + €4 ) BT + o Qe
+ €9y )BT 4 rra'Q(eB + €9, B

+ te'Qe'8 + ¢'$,7) B,"

n 2
where
r b N
A?n—l Am
b
A?n Am+l
Al — .
1
Ay A
I| Aa
L )
[, b )
A Ar
' ,b
A% A .
D = ‘.
' /b
A :{—1 A M
A
L »J
(11 1
|
1 1 lI
Q= D
1]
‘ EU
L 1)

for M angles (M rows and M columns);
rU(rl—l: + Km-1, xll—l Wl

bt = | U(I‘g_l, + pm, Xn-1 I]

n-—1
LU (riets i, Xn-1 )

N M
Yl—l,+ — z an'¢:171 z Cm' U1—1!+ .

m/>n—1
n’:—N m'=l

we(71)

- (72)

w(73)

.(74)

..(75)

..(76)
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Transmission and reflection operators of radiative transfer equation 83
The matrices Ade, Afe, Aeh Dds, Deb are expressed in a similar way.
Defining
d _ 1 - eh __ -
A:‘J = Q-1A8b, ch = Q-1Ade, Aq3 = Q'A% AT = Q-1Aeh,

D:b — Q-1Dab, ch = Q-1Dde, Dag = Q-1Dfe, D:h = Q-1Deb, ...(77)

we rewrite equations (70) and (71) :
(A:b Ui_lrl‘ _ T_G‘¢i_1;+Y:1__l,+) + (A(qlc U:l—l,-‘- _ T_Gl¢:]—1’+ YL—I’+)

n-1 n— 1

_I__ (Aig U19+ _ 1+cl¢1]1’:'1 Yil’:'l) + (A:h Uln’+ _ T+cl4’;,+ Y:l!'l')

n—1i

- -1+ si-1— -1+ yi-1 + gt yls—
=" c’l("’n—l Yn—l’ + lf:'n Yn )+ * c"(‘1’11—1 Yn—l

-1 —'1’
R PR G ey

+ oo+ oy BT el + € )BT

+ tre(p'f + 'pU ) BYT ..(78)
and
(Dab Uln—-_11’+ _ T—Gl‘#in__ll’— YL—_"—) —I- (D‘;c Uin_l,_ . T—G’¢1;l’_ YL—I)—)

q 1

+ (D UL, —cta'¢lT, Yoo) + (D5 U™ — Trodi-Y)

n-1
R R A

+ e’ (6 YIS, + #UTYRY) 4 oo (e + by )BT

+ e + oI BT + v (elp + €9, By

+ te'(p'3' + $UT) B --(79)

We now rewrite equations (78) and (79) for N(1 < n < N) frequency points :

A% — o= FD UL, +@Ag — o'w+F) U]

= o'vFi5, Up, + o'v*F U] + o' @] Bl +o't*® B , ...(80)
(D, — e F ) UL, + D, — o'+ F ) Uy

= c‘*r‘F:l UT_I + 0'1:+F1_|- UT + c‘r—‘I’;'_l B:_l + c"r'i" ® B/,
...(81)
where AY = Q' AZ';. .. (82)
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Matrices A , D} and D' are similarly defined.
fI I =
I 1
Qr = R
i I
L o I )
where I is the identity matrix. Furthermore
[ ab de )
| AQ’D—I Aq’n
< Aab de
Aqm Aq’n+l
Afe =
ab de
Aq’N—l Aqu I
ab
\ Awx ]

(I’T-l Y:-x = [@_,_(I): W] U1+—1 = FT-+1 U:-—l >
W = [Widkxl,
We=0a1Cn, k=m+n—1)M, 1<k<K=NM,

@, = [oF + <871 Son = [Pum],
B, =B L,

ri—1 1>i~1

Azi , Df{: , D;i , F++, F+=, F~—, @+, &~ can be expressed similarly.

Equaﬁons (80) and (81) can be written as (cf. Peraiah 1984)
.r U; } Irt(i,i—l) r(i—l,i)} IrUf

|
v, | ILr(i,i—-l) i—1,9) | | U

|
|
L P

« (83)

o (84)

.--(85)

...(86)

(87)
.-(88)

.-(89)

i .-(90)

Here t(i, i — 1), t(i — 1, i); x(i, i — 1), ¥(i — 1, i) are the transmission and reflec-
tion operators. The gqantities Z+ and Z- are the source vectors, which represent

the contribution to the radiation field from the interval sources.
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Transmission and reflection operators of radiative transfer equation 85
We now introduce the following quantities :
Xi = Af — otF]", Xp = o' F |,
X; = o'vtF/ 7, Xs = D2 — o'ttF 7, -.(91)
Yi =AY — v F T, Yo = otF/,
Ys = o't F7, Y, = D — o'rtF ", | .(92)
t(, i — 1) = RTX [XX;1 Y5 — Yy, ...(93)
ti — 1, 1) = R+X;1 XX Y2 — Y, ...(94)
1, i — 1) = R+X;1[Y; — XsX1Y], .-.(95)
i — 1,i) = R¥X71[Y, — XX Y4, .-+(96)
R = [ — X1 XX 1 X5), ...(97)
R+ = [ — X7 XX X0, ...(98)
3= cIR+_X1_l [(«-®]_, B, + ~*®]B)
+ XoX['(®p, B, + ®]B])] ...(99)
T = GIR_+X;1 [+<®,_, B, + ¥ B))
+ X:X[' («—®]_ BY, + P B])]. .-(100)

We thus obtain the transmission and reflection operators in a spherical medium

expanding radially with aberration and advection effects taken into account.

The

diffuse radiation field can be obtained by employing the procedure described in

Peraiah (1984).
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