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LINES FORMED IN SLOWLY EXPANDING THIN SPHERICAL SHELL

A. PERATAH, G. RAGHUNATH and K.N. NAGENDRA

ABBTRACT

We have Investigated how en optically thin spherioal shall wlith amall veloojties change the profilas and
squivalent widtha of the [ines. Wae havs smployad aevarsl types of verlations In denaliy, velacity of expanslon
and sourca funotlons. In ail the cases we find that the line csntres are shiftad to the bjue side aimost In propo!-
tlon to the velocity of axpansion. The shalls moving with conatant velooltiss shift tha line cenire the most,
Irraspeotive of the denslty varlation, The veloslty gradients shlift the line centre the |eest. Maximum veloolty
of sxpansion consldered [s @ mean thetmal units and the total optical dapth (s teken to be squal to B,

Key words: apherically symmetrio flow—radistive transfer aquation—smergant flux profiles,

1. Introduction

Earller, wa have preaented results of apectral line profile formed In rotating and expanding apherloal
shells. (see Peralsh 1880, 1881), Here, we have used large optical depthe In the shell. Ws have allowed
the rotatlon to affect the formetlon of the !lnse upto the outermost leyers of the shell. However, socording to
the conservatlon of angulaf momentum, the rtotational veloclties should reduce outwsrd: In systems (ike
Plelone, the outermost shell which s fer eway may be rotatlng very alow, Such sheils ere thinner and are
expanding alowly. in this paper, we would Ilke to obtaln ilne proflles which are formed In such shells, Some

of the varlations of denelty, and veloclty of expension, need not setiafy the equation of continulty for a
spherlcally symmetrio flow.

2. Disouasion of the Reaults

The method has already besn desarlbed In earller papers (Perelah 1880, 1881) and we present only a brist
sketah hers. The whole line-forming medium Ia dlvided Into a number of ehells. Wa assume the denaity at the
boundary of sach shell. The optlcal depth Is ocelculated between two shell boundarles In the line of sight
because, the emergent Intenaltlea are cslculated along the line of alght, We assume no Inoldent radlatlon from

outside the medlum. The emergent Intansity ls calculsted by the formel solution of the transfar equation and
Is glven by (along the lIne of sight)

s

I(*-)-J. s{t)oxp [=(ri~t) I dt + Tmwd ™" , n
0

whare 8 (t) Is the eource funation, . the optical depth In the ahell, and Lude the Inoldent radistion on tha shell.
The optloal depth [s glven by

r=Aske !-" N, (2)

where As Is the geometrical dlstance between two successive shell boundarles, Ko the absciption cosfflolent
end N the number of absorbing atoms, Hers x |8 the normallzed frequency gliven by

X=(v—v,) [ Ava, (3)
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where Ave=1v, V: [ C. V¢ |a the thermal velocity, We meaasura &li velocities in terma of mean thermal unlts {mtu)
of velaclty. The speclfic [ntenslty I (i) le used to calculate the flux F {x) glven by

fent

F(x)= ‘[ I(x,p)pdp (4)

where p s the perpendiculer distance from the centre of the star {0 the ray along the line of slght.

Woe have consldered a shell with Inner radlus 10!! cm and an outer redlus 1.6 x 10! cm. The meximum
veloclties that are treatad here are 0, 3, and 8 mtu. The sourge functlon |s assuined to be varying as 1)1,

The results are pressnted in Flgs. 1 to 4. In all the flgures, we have glven the flux profliee with F=F {x)/
F (Xcmax) 88 Ordinetes and Q= x/Xma: 68 Bbaclsese. The paremeters n Flg. 1 {e) are auch thsat the denslty g I8
changing a8 1/r end the shell Is expanding with conatent velocitlea of O, 3 and 6 miu. Tha linea shlit by
almost the same numbar of mtu tcwards the blue slde of the centre of the line. At the same tlmse, there Ia
conalderable reductlon In thelr equivalent widths. The ahift In the centre of the line I8 directly due to the
outward motlon of tho shell end In dolng 8o, the denslty gete reduced and the number of Ilne ferming atoma
are proportlonately raduced. This contrlbutes to the reductlon In the equlvalent wldth. The flux proflles In
Fig. 1 (b) also exhlbit the aamae verlstion as those glven In Fig. 1 (@), In Flgs. 2 {a, b andc), we have presented
profiles for a constant denaity In 8 ahell and Vw—:, ¢, and rrespactively. When V Is decreaslng wlith r, the ehlit
Is not appreclable as shown by the profiles In Flg, 2 (a) ; when we Introduce constent velocity the shift ie almost
proporilonal to the veloclty In mtu s shown In Flg. 2 (b). Agealn with veloclty gredients the shift of the
centre of the |Ine ls quite appreclable but not properilonal to the veloalty (ese Fig. 2c). Flgures 3 {a. b and o)
show the line proflles for p~1j13, with V~1/r, ¢ and r respactively, whare c Is the constant veloclty shown In
the graphs. Simllarly In Figures 4 (a, b end ¢) we have presented the line proflies for p~12. Theee iwo sots
of proflles do show simllarltlas with those given In Figs. 1 and 2, However, the proflles for the case wlth
density decreasing se 12, we obtaln a amali amount of red emlesalon and blue ebsorption.
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