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Ry PARTIAL FREQUENCY REDISTRIBUTION FUNCTION AND ITS EFFECTS
ON THE FORMATION OF LINES IN EXPANDING SPHERICAL ATMOSPHERES

A. PERAIAH

ABSTRACT

The radlatribution In frequenay In |Inas farmsd In atmospheres In which the mattar Is moving radlally outwards
with veloalty gradienia Is studied In tho rest trame of tha star. Ws have oonalderad tha R angls averaged tunotien
(8as Hummer 1982) with radistion damping !n the atom’s reat frama and assumed 8 non-LTE two |svel atom,

We have consldersd B/A = 1, 10 end 100 where B/A la the ratlo of outsi to Inner radil of the medium. The
maximum valaolilea at tha outar most layars sra taken to ba 1 and 2 uplis of mean thermal valoolly, Two ceass of
line emiaslon and line and continuum amleston are caloulsted, |n ¢lthar cass we have taksn ths optlcal thlckness

of the medium 1o be approximaisly 103. For comparlson lines formed with compliste redistribulion {CRD) hava basn
prasantied fo: all oasos of velocliy distributlon and geometiiosl thloknesa.

A very striking laot amarges from thesas aaloulstions. The emlsslon of absorption |n corrsspondingly larger or
deaper In tha case of lines formed In CRD than thome formed with the Ay angle aversged lunotion. In matle
sphelonlly symmsttio medlum the smorgant mean intensities Jx show uvp In emlsslon wheiv as those In plane
parrallel case show up In absorptien when there Ia amission from conlinuum and profilss In sphatical symmeiry show
smisslon In the wings. In the dilfsrantially moving medium, wa notice rad smlssion and blue sbsotption vrhile the
cenire of the line la shiftad towarda violat alde, P oygnl type profiles ars notlasd In the prassnoe ol continuum and
line emlaslon,

Key worde: Rn partial (rsquency redistributlon function—radiative transfar In spherlosl symmetry—expanding
atmosphares

1. Introduotion

Durlng the prooesses of absorption and emission of a photon by an atom, redistribution of phaoton occurs
due to scattering. Thle redistribution of photons could be elther complete or partlel over the {lne. Complete
redistribution need not be acoomplisiied in atellar atmospheres and strictly apeaking ons hes to consldar the
redlstribution not only In frequency but slso In engle. Thla becomes more Important when one considera
spherical atmospheres with translatory gaseous motlons, elther radlal ornon-radlal. The major change
Introduoed by the redlatribution funotlon ocours through the scattering Integrel glven by

+1 4o
@(:_.u)_[ j RO o3 x, @) LK, @) d dp’
-1 —os

where x= (v — v.)/Av, v, being the central fraquency and Av ls soms standerd frequency Interval, and
9 (x, u) Is the proflle function glven by :
+1 4+

¢ p - I JR (%, 4, %', ') dx’ dp'

._1 pu—_
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end R (x, u, x', z') 1o the redistrlbutlon functlan, I (x’, #') Is the speclfic intensity of the scattered baam
making an angle cos™ 4’ with the radius vector with redistributed frequency X' with initlal frequency x
incident at angle coa™ !zt with the radlus vector. In the case of complets redlistributlon of frequencles over the
whole llna, the scattering integrel reduces to

+
J @ (x, )1 (x j') dy’ dx

—

As one can see from the two scattering Integrals of (one with redlstribution and the athor wlith tha profile
function), e detailed account of the photon redistributlon is possible only whan one conaidsra tha R introductlon
of the R (x, u; x’, 5t") funcllon In the scettarlng Integral. In @ moving msdlum the redlstrlbutlan functlon
becomes strongly dependant on angle and the fraquencles of Incldence and scatterlng x and x° becoms
X+ pvand x' + uv far the opponltely directed beama of radiatlon where v |s the radlal veloclty of the gas
In mean therma! unita. This angle depandance of the frequancy occurs Irraspactive of the fact whether or not
we conslder angle averogsd redistributlon functlon. |tis necessary that one must take into account of tha
angle dependance simply because of the foct that In spherlcally symmaetric approximation tha angle made by
the ray with the radius vector continually chonges with redlus and the frequency ls modifled by thls procesas
known es curvature scattering (see Peralah and Grant 1973). However, the I[nclusion of angle In these
caloulations Incrense the amount of effort on computer considarably. A thorough study of the angle depandance
has been Implemsnted on R, functlon for both lsotrople und dipole scattering media (Peralah 1878 b).
This study has shown that thers are obsarvationally noticeable differances betwesn the [Ines formed by using
angle dependant and angle independant redlstribution functlons. Several authors have studled the effscts of
these functlons on the formatlon of speotral [ines in atellar atmospheres In plane parallel approximation
(Hummer 1862, 19G9, Shine ot &/. 1976, Vardaves 1978, Mihalas 1978).

Tha effects of partlal frequoncy redistribution In axpanding spherlcal atmoepheres has been studled to
some exlent In detall by Pergiah {1878b; 1970), Peraith and Wehrse (1878). [n the abova studles, we have
conflned mostly to the offects of R, function for zero natural line widih, Howsver, It [a of great Interest 10
study the efisote of Ry partlal redlatribution funclion as It repreaenta scattering by a resonence |Ine broadered
by radlation damplng. Thls function has been studled by Jefferiee and White (1960).

As a first step, In thls paper the effects of angle averaged redlstribution functlon Ry on the formation of
lines In expanding spherical media are investigated.

2. A Brief Descriptlon of the Method
The method hoe heen described In detall In Peralah {1978b). Wae ehall empley Lhe angie averaged re-
dlstributlon function Ry; glven by,

(-]

o) = e fon o (5 (5] 0

F1E-3%1

where % and x are correspondingly the maximum and minimum values of x and x* and x (= (v— v.) [As) and
x' (= (v'—v,) [Ad’, As balng soma convenlent fraquency Interval) are the fraquanclas of the absorbed and
emitted pholon. The equallon of radlative transfer In spherically aymmetrlc madla for a non-L.T.E two-leve)
atom model le wrltten as

al (¢, pn, 1) 11— p?al(
A or +

r g;‘#. D K (B4 (%, 1100 IS 1) = 1 (%, 5, 1)] (2)
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and for oppoaltely direoted beam,

"!la ! ("'5:‘"'—" Sloptall o) =K B+ Q=S ~p 1) =1(, ~p,1)] (3)

r ou

Here I (x, 4, r) latha epsciflc Intenslty of tha ray making an angle cos™'u {j « [0, 1]} with the radlua vector at
the radial polnt r with frequercy x( = (v-v,)/As, As Lelrg scme convenfent frequency Interval), The
source functlon S (x, L x, r) a glven by,

XTETR) “.¢¢("(-x,i fﬁ,')r)sl(;' +4,1) + BSa () “

Whare f I8 the ratlo of K/K. of cpacity due to continuous ebsorption per unlt Interval of x to that In line
centre ard ¢ (x, £ g, r) is the proflle furctlon, S. (x, &, 1) end S. (r) are the source functlons In Iine and
cont/nuum and are glven by,

Su (r) el (r) B (vol TI (r) ) (5)

wherep (r} Is an arbltrary factorand B (v, Te (r) ) Ia the Planck functlon for frequency v, at temperature Te and

den -1
|—
Su(n a0 1) = Tﬁ:.‘i’m]df Jn.. (2 4%, ') T, ') dp' + «B (1) 8)
-t~
end ey
1
e C:|+Ail [1 —exXp ("'hl’ofl'r) ] -l (7)

Is the probabllity per acetter that a photon s dastroyed by colllsional de-excltation. We heve treated two
ceses: (1) ¢=107%, =0 and (2) ¢=f=10"% We have 10 aclve the two aquationa (2) end (3) by spack
fyirg the quantltles ¢, 3, p (<1), Rj; end B In advance and we have set the line centre optical depth to be
equai 1o 103, Evaluation of the redlstributlon functlon Ry appsaring in the scattering Integral ehould be done
accurately, For a statlc medium, we need 1o calculate Ryj functlon only once as this |s angle Bveraged where
a8 when the gases are in motlon the frequencles change because of Doppler shifts and we nave to evaluate
four functlons :

Ryp (x+puv; X' +av), Ry {x—uv; x"+pv),

Rpp (x—pv; x"—uv) end Ryy (x+pav; x' = uv).

As we can aee there |8 no symmetry among theese functlons and all the functlone must be calculated at each
radlal poilnt. The normallzing condltion for the radletribution functlon ls (See Peralah 1978a)

K K
FE D (R e Wit Wat* 4 RIL™ 1 Wit Wa] =1 (8)
=1 m=1
where
A, R”, Im

- -
WL m=aic, & EK RIL 10A G
I,m=1

where A" and C" are the quadrature welghta for frequency and angle points respectivaly.
and [k, I, m] = [J+ (1-1) J]
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i, | balng the running indices for fraquency and angle point and J is the total number of angle points.
The symbola Ri; ** and RiL ~* repreasnt,
Rt ™ = Ry (x+pv; x'+uv)
and Rip =% = Ry (x—av . x'+ puv)

whaere v ls the radlal velocity of the gas In units of mean thermal velocity of the ges. Similarly R,,*" and

Ry; =~ ere deflned. The proflle function of the line for partlal frequency redlstribution Is caiculated from the
relatlon

I m

G’ = a (+p0) = 2 ER Rl (10)
- J-

Calculatlona of the diffuse reflaction, transmission functlons have bsin performed a2s described In Peralah
(1978b). In the next saction we shall dlacuss the resulta.

3. Results and Dlsousslon

We have computed line profiles In plana parallel and sphericelly esymmatric gsometrias to find out the
geomotr|cal effocts, The quantity BfA, ratlo of outer to Inner ratio Is set equal to 1 for plana parallel geometry
and 10, 100 for apharlcally symmetric goomelry.

The profiles formed with partlal redistribution (PRAD) are compared with those formed with complets re-
distribulion (CRD) by using Voigt proflle funcilon. Wa have used the algorithm due to Beschek &t &/ (1966)
to onlculate Volgt functlon assuming a damping constant equal to 1073, No Incident radiatlon on afther alde
of the medlum ls assumed, thst Is

Ur* (k1 7= 00 gy) = UTupr (i, 7=T, j1y) = 0 (1
where Uit (O, =0, 1)) = 47 Reui 1 (%1, Reur, f0))
and U ugr (1, 7T, f)) = &m RUn L (%), Rin, f13)

Roo BNd R 1o are outermost and Innermoat radll of the maedlum. N [a the total number of shells into which
the medium has been divided. For reasone eea equatlon (18) of Peralah (1878a). The quantity B (r) s set

aqual lo 1

B ~ g rt (12)

whera T |s the mean radius of the shell. The frequency and angls independant source functlon [s calculated
by the expresslon In diecrete farm

1 J
S(e)= X X S(x m: m)AG (13)
j=1 =1
and the monochromatlo flux Is celculatad by
A2 J
F (0) = (B) J£1 U™ (e s 7=0) G iy (14)

The fraquency depandant mean Intenslties are oalculated by the expression

J
Jo (1) = 3 F-1c1 [Ua* (xt. fy) + Ua™ (1, i1y)] (16)
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and the tolal maean intenalty |e glven by

1
Ja = I):_I J (xi, n) Al (16)

Wae have assumad that the veloclty Is Increasing rzdlally and [e given by the relallon
Ve =Vu+ (N=n+}) AV (17)

where Vy [s the velocity at the bottom of the atmosphare, V, Is the velaclty I eurrent shell number n. The
quantity 1/2 is introduced to estimate the veloclty In the centre of the shali, And

AV = (VI—V)/N (18)
All veloclities are measursd In unlts of mean tharmal velochy of the gas.

Wo have presented the resulte In Figures {1) to (18). In sach Flgura, we have plotted, the total source
functions, end total mean Intenslty J, versus tha optlcsl deplh , a gradual progresslon of frequency dependant
mean Intensitles Jx In the lIne corresponding to shell numbers 10,6 and 1 and the emergent monochromatlc
flux profiles Fx veraus X. Figureae {(1-2) describa the results for statlc plane perallel stratlflcation B/A = 1
for the two cases: ¢« = 1073, ff = Oand (2) ¢ = f§ = 1073 respsctively. The results in case (1) show
central absorption with slight emlselon In the wings where es the results In case (2) are totally differant In
that the mean Intensitiesa at shell 10 show completely absarptlon featura and thoas at ahell 6 show complately
emisslon end those at shell 1 show absorptlon feature. The emsrgent flux proflles In Flgure (1) show
emisnslon with central ebsorption andthose In Flgure (2) form a total absorption line with legs than 1%, of
emisslion In the wings.

In Figures (3) and {4), we have presanted the resulis for cases (1) and (2) respectively with V = 1 mean
thermal veloclty of the gas In plene parallel medlum. Simllarly the results in Flgures (6) and (6) correapond
tocasaes (1) and (2} forV = 2, Whsn motlon Is Introduced Into the gas, wa notlca that the mean Inten]nlty
proflles and the emergent flux profiles show asymmatry in thelr shapes. Howevar, the maan Intensity profiles
at shell number 10 do not show any asymmetry because the gas atthls pointla statlonary. One elao obaerves
the red amiaslon and blue absorption with the centres of the llnea shifting towards blve slde, The profiles
oalculated with CRD show largsr emission [n the cese of amliasion wings or deeper absorption In the cese of
absorption lines comparad to those formed by the PRD functlon of Ry,

In Flgurea (7) and (8), the reeults for cases (1) and (2) respectively are presanted for B/A = 10 in a
stationary medium. The proflles of Flgure (1) are quite similer to those of Flgure (7) except that there is
no oentral absorption In tha mean Intenalty proflles where as thoae In Figure (2} are quite dlfferent from those
glven in Figure (8). The maan Intensity profiie In PP for V = 0 at shell number 1 s complgtely in abaorplfqn
(In Flg 2) where as the profiles for B/A = 10 ard V = 0 (In Flg 8) at the same radlal point are In complete
emleslon while the amergent fiux proflle Is In absorption with 20% of emlsslon In the wings. Thia is clsarly
the effect of curvature scattering. Flgures (8) and {10) present profllas for ¥V = 1 for the two cases with
B/A = 10. The P cygnl type profllea are qulte prominant In case {(2). Flgurea (11} and (12) glve Pprofiles
for V= 2. They show almliar characterlstice shown by those In Figures (8} and (10). Flgures (13) to (18):
agaln repreaent tha results for a geometricat extenslon of BfA = 100 and V = 0, 1 and 2 for the two caces.
The effecis seen in Flgures (7) to (12) ers enhanced In theee bacause of more cuivature scattering.

Conolusions

Woa have compared the proflles calculated with CRD and PRD functlon of Ri1 In & epherlcally symmetric
expanding medium. Those profiles formad In CRD show more emlsalon end deeper absorption wherever these
ocaur compared to those formed by FRD funotion, Piofiles formed In spherically symmetric medium show
larger wing emlsslon due to curvature scattering. The extendad and expanding medium with emisslon in the

oontinuum exhlblt P eygni typs profiles.
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