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SIMULTANEOUS SOLUTION OF RADIATIVE TRANSFER EQUATION IN
THE COMOVING FRAME AND THE STATISTICAL EQUILIBRIUM EQUATION
WITH: COMPLETE REDISTRIBUTION

A. PERAIAH

ABSTRACT

Complete redistributlon with Volgt prohle function hes bean amploysd in obtalning the simultansoua
solutlon of ne transler and the statlstioal squilibrium aquatlon for & non-LTE two level atom In an extended
stellar atmosphere expending with epharloal symmstiry. We have taken ths geometrjoal axtenslon of the
aimcaphere to ba 3 and 10 timas the nisllar radius. We hava nalso astimated the retlo of the number densl-
tlas N2 /Nj of the upper and lowsr levels essuming a veloalty law In such » way that [t elways eatlefles
the equation of oontinuity. In the first ileration, we have sei the upper lsvel population Na equal 1o zero.
In the subsaquent 1terailons this |evel gets populated oonalderably slthough Lt 1a still smeller then the squillbdum
valuss. Wa have est « (the probability of photon destruotion by aollisional de-sxoltatlon) snd g (the ratlo of
oontinuum te line absorption eosfilolants) aqual to zero In sll the aanss We note that valoaltios do not Influsnce
tha population densities of the |svels ss muoh e tha combination of geomstrioal stenslon and gas motiona.

Key words: radiantlvé lransfer—statistlonl squillbrium equation—volgt funotlon—oomplste redistribution—
lays[ population densitios

1. Introduction

In solving the lina tranefer, [t ls usual to assume the absomgtion oharacteristics In the atmoaphere, In addltlon'
wa asaume the type of geometry, veloclty laws, tempsrature dlatributlon snd other parameters. Ona must try to
obtaln a aonsletent eojutfon sc that the real physloal altustion oan be described. !n an earller paper (Peralsh
1880), we have treated the radlative transfer equetion simultaneously with the atatlstioal sgulllbrlum equation
along with the Doppler proflle for a resonance line In axpanding medla. It waa found that Irrespectlve of the
starting values of papulation densitles, the solutlon converged to & fInal unlqus one. One must take Into
account the hydrodynem|c aspects alao so that the flnal solutlon Is obtalned without paremeters.

Here, we heve Introduced the Volgt profile bath for emleslon and ebeorption of redlation In the ilne and
to evaluete the simultanebus solution between the statlstloal equillbrium equation and 1lne transfar In the co-
moving frame.

2, Computetional Proocedure and Disaussion of the Reaults

We have employed Voigt proflle glvan as

+od
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whete ¢ (a, x) [s the absorption/emlsslon profile, a s the demping constant {=10"%) and x s the nommaltzed
frequenoy at which the emleslon and abaorption s taking place, The quantlty x ls given by,

X = (v=—v,) [ Ava )
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where ¥,, v are the frequencies at the centre and at any point on the line and Ay, Is the atandard frequency
Interval. Normaliy the Doppler width s taken as

Ave=y @)

where ¢ ls the velocity of light and v [s the mean thermal velocity of the [ons. We have oalculated the
absorptlon coefficlent In the line by the formuls,

Kx (ﬂ—ﬁ%n‘(ﬂu Ni () =Bui Ne (1} ) ¢ (a, x) (4)

here B 3 and By are the Elnateln coefflclents and N2 {r) and N, (r) are the population denelitlea of the uppar and

lower levals raspectivaly. v, correaponds to the hydrogen Lyman elpha Iine. These are obtalned from the
equation
+1 +om
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Aq; Is the Elnsteln cosfficlent for sponteneous emisslon and Cyz and C‘" are the rates of colllslonal exltation
and de-exoltatlon respactively. They are glven by (Jefferles 1968)
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whers y, [8 tha excltation energy Eis and ao= 7./KT, T baing the temperature. Ix |8 the lonlzatlon potentlal of
hydrogen and N. ls the electron density,. Woe have considered hydrogen Lymen alpha line as & test case,

1 (g, ¢, x) is the speclflo Intensity of tha ray atr meking an angle ocos™ u with the radlus vector. This Ia
obtalned from the line transfer In comoving frame glven as,

Tk t), 1— 0 al (X, 2,
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and
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hers £ ls the ratlo of continuum to line centre absorption per unit fraquency Interval, § (1) la the total source

function given by
0= p gl O g 0 o
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Fig. 1 (s) The mtlos of level populatlon N2 /N ara plottsd
varsus the total optioal depth. (k) The line acures {fynoction
8L Iagrven against 1otsl optical depth. {o) The totml mean
Intensiiles are glvan egainst the total opllcal depth for B/A=3.

Plg. 2. Samd as glven [n Flg. 1 with B/A=10.

where S (1) and S.. (r) are the continuum and line souroe functlons. As we ere setting S=0, equatlon (10) le
reduoed to

S (=S8, (n. {11)
The lIne souree function fa calculated by the relation
S (0= By 0 Ba Ty M (12
and alao by the relatlon,
+1 +eo
8. (N =(1 -s)J. .[dx da' L (x, 4’ 6) ¢ (8, x)+¢B (1) (19)
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where B (1) Ia the Planck funotion and « s the ptobebllity per soatter thet a photon Is thermalized by colllslonel
de-exoltation, This parameter has been sst aqual to zero,
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We have assumed 8 temperature of 30,000 K end an electron denalty of 10'f em~%, This wlll declde the
number of neutral atoma N (1) = {N1 () +Nx {r) ) through Saha-Boltzmén equation. We hava taken the Inner
radlus of the atmosphere to bs 10'2 cm. The aimosphare [s taken to be 3 and 10 tlmee the Inner radiue.
The veloclty and the slectron denslty are va;led [n such a way that thay always setlsfy the equatlon of continulty.
The veloclty ls kept minlmum &t T=Tgw, the Inner radlua A, end [8 maximum at r =0, the outer radlus B.
Here the veloclty Incroages with the geometrical thicknesa and decreases as the opticel depth Increasss.

With the abavs assumptione, we have caloulated the optioal depth from equation {4) by putting
Nj () =N (r) and N3 (r) =0. Then, the aquation of transfer given In equetions (8) and (B) s solved. This
solution (s used In obtalning new ests of ratlo N(/Ny from equatlon (6). The second Iteratlon oan be started
by calculeting the optical depth from equatlon (4). This procadure [s repeated unill wae reach en accuracy with-
In 1 parcent In Ne/N; In two sucoesslve fterations. Thus we have obtalnad a converganos with 2-3 lteratlans.

The rasults have been preasnted In Flgures 1 and 2. In each figure, we have glven the ratlo NafN,, S. and
the total meean Intensitles, J. In Flgure 1a the ratlo Ng/N1 I8 plotted verauas the total optical depth tor BfA=3,
Wa nots that the rstlo [ncreasee as the optlcel depth [ncreaees and ls at [t8 meximum at the Innermost boundary.
Wa heve used maximum velecltles &t B equal to 0, 6, 10, 30 and 80 mean themmal unlte. The reeulta bacome
graphlcally solvable only when the velaclly at B reeches 80, The veloclty gradlents do not seem to Influence
tha ratlo Ng/N; very much, In Flgure 1b, the line source function ls described and Its verlation I8 quite slmilel
to that of Ng/N;. In Flgure 1c, the mean Intensltles are glven egalnst ». The mean Iniensltles atteln a maximum
value Inalda the atmosphare, In Flguras 28, b, ¢, we have glven the same quantitles for B/A = 10 ea those glver
In Figurs 1. The extended geometry ohanges the ratio N3/N:, S. and J much more rapldly.

M S recelved on 16t March, 1881,
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