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ROTATIONAL EFFECTS ON LINE SOURCE FUNCTION

A, PERATAH and G. RAGHUNATH

ABBTRACT

The sifeats of rotation are Invesiigeted on tha souroe funailona In an expanding atmosphers, Wa have
considared a non-LTE two-level atom in 8n exiended atmosphare. We hava also mads use of von Zalpal's
theoram In giving the indident radiation at ¥ = Tme.  Uniform rotation e assumad and tha values of tha ratics of
the ocantrlfugal force and gravity foros at the equator ere taken to be 0.1, 0.4. 0.8 corrssponding to & uniform
rotatlonal veloaily of 1, 4 and B mtu. 1t Is found that rotation wall dilute the radiation fiald which 1e similar to
the effeots of sxpansion.
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1. Introduation

In an eariler paper (Peralah 1860a henoeforth celled Papet 1), we heve investigated how rotation ohangee
the line protlles emerging from a radlally expanding medla In a stellar atmosphere, It 1a found that subatantlal
changes are Introduced Into the line shapes when rotatlon |8 Introduoed. Hotatlon broadens the proflle end
whan there [e s radlally outward motlon It bacomes diffloult to predict the shaps of the emergent Iline profilas.
In paper |, we have treatad this problam for small valocities of rotatlon and sxpenslon by assuming an appropriete
redistlon flsld. In |t we have ehown that the emergent proflles ohenge thelr ehape substantlally and [ndl-
cated that a further detallad study of the radlation fie!d In roteting atmespherss, has to bs carrled out.

Here we Intend to study how the source functlons chenge when the rotatlonal velocitles change. We have
made use of von Zelpel's lew (1924) which states that the emsrgent flux of total radiation over the surface of &
rotaetlonally (and/or tidelly) distorted atar In radletlve equllibrium varles proportionately to the local gravity.
Thia lew has bean used for cbtalnfing the Incldent radlatlon &t ©=Tm end for caleulsting the source functlone
In the medlum by using ths comoving frame sclutlon of radlatlve transfer (Peralsh 1880b, o).

2. Results and Disoussion

As a pralIminary study we have consldered only the rotatlon of a singie star. According to von Zslpel's
law, the flux of redlation at a glven polnt ls proportional to the looal gravity. von Zelpel's law !s glven by
(KXopal 1969)
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where F, |a the flux of radiant energy across a level eurface of constant potentlal, C ls the veloalty of light, K s
the absorptlon coefflolent, p Is tha density, p |s the pressure and dn la the nommal distence between ad|acent
level surfaces. If ¥ Ia the tatal potentlal (/.e. sum of potentlals due to self gravitation, rotation end tidal inter-
action) then the radiant flux s glven by
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whara g |s tha local gravity. For e rotatlonally dlstorted ater without tidel forces from exiemal aourcea (Paraln
1970)
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whare 1, 8 are tha polar coordinates of a point and
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Hers x=ratlo of angular velocitiea at the equator and the pole, f=ratlo of centrifugal to gravity forces at th
equator, I, and r. ere the radll at pole and squator.* At the bottom of the etmosphere, we have Introduced thi
Incldent radlation proportionel to g glven by equatlone (2) and (3) end thle !s wrltten as

Uny1 (=T, z1)) =giN 1) C) (7.
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Where  and C are zeros and welghte of engle quadrature and N Is the total number of angles and T=1Tmer
This has been done on the grounda that the radlstlon [a Ingldent on the atmosephare In epherically symmetrl{
approximation, Here U [s the speclfio Inteneity multipiled by 4 wr. By sgsuming a veloclty law andan npﬂui{'
dapth (T =1200), we have solvad the lIne transfer In comoving frame with the boundary conditlon given In {8)
While calculating the gravity, g, we have assumad x=1 (unlform rotation) and the ratlo of centrifugal to graylh
forces at the aquator is set equal to 0.1, 0.4 and 0.8. The gsomatrloal extenslon of the madium la teken ta. bi
B/A=3 and 10 where B and A are the outer and Inner radi! of the atmosphers wlith a veloclty with constar
veloolty gradlent, The frequency independant sourae functlon Is calculsted by tha formula,
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8§ s the continuum souroe funotion and 8. |s tha line eourcs functlon glven by

where
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B (r) Is the Planck functlon, Jx I8 the mean Intenslty ¢ x Is the profile function (Doppler) and < la the probabllity
pei scatler thet a photon |s loet by colllslonal de-excitation. We have set € = § =0 In all cases. Wae have taken
Viot equal 10 1, 4, 8 mean thermal unlts corresponding to f=0,1, 0.4 and 0.8. The total source funcilone
plotted with respect to the optical depths are glven In Figures 12 end b for B/A=3 and 10, respectively. We
have consldered the meximum expanslon velocities Vo =0, 3 and 6 ea these are sufficlent to show the dlffarences
due to velocity gradients, The effects of rotetion are to reduce the source functlon conslderably and It Is
Interesting to note that the varlation of S runa almost pamallel to varlous veloclty gradlents. The source
functlons are reduced conslderably when rotatlonal velocities are Incressed. The raductlon le almast an order
of magnitude from V,o.=1 t0 V,q,=8. The maln resson foi the dilution le thet when rotatlon Increases the
squatorlel parts tand to extend end the density of radlatlon fleld decresses. As we are coneldering uniform
rotatlon, constant veloolty gradlents would reduce the radlation fleld unlformly whioh explelns the reason
why the source functions are slmost parallel to each other for Vim=1, 4 and 8, The source functions
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very efmllarly for B/A=3 and 10, When the geometrical extenaslon le Increased the fatl In the sourge
funotlons coresponding to V.o I8 lerge In the cese of an atmosphere B/A=10 than that of B/A=3.
Thls ls 8o becauee we have chosen the sems optlcal depth in both cases end therefore the density In the atme-
sphere with B/A=10 Is less than thet In the atmosphere with BfA=3. Thie effect Is enhanced when the
rotatlonal velocltles are Increased,

In Flgures 28, b, ¢ we heve presented for B/A=3 the I[ne proflles observed et Infinlty for Va=0, 3 end 6
mtu respectivaly (sse Paper ] for detelle). In each of these flgures wa have also ﬁraaanlad profiles for Viai~1,
4 and 8 mtu. In Flgure (28) we nate that all profiles 2re symmetric. For Ve..=1, we abtein a proflle with a
slight emleslon In the wings. Howeval when V.. |8 Increased to 4 mtu the wings bacome broader whereas the
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Fig. 3. Flux proflies F st Infnity for B/A=10,
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oore of the line becomes narrower. When V.. |8 Increesed to 8 mtu the line bacomes broader uniformly and
emlselon [n the winge dleappear. When the expanalon veloclty inareases we find a P Cygni type profile whioh
becomes more prominant when V.~ 8 (sea Flgure 2c). In Flgures 3a, b, ¢ the flux proflles have bhesn plotted
for B/A=10. These ara generally almllar 1o thoae glven In Flgures 28, b, ¢,

M S racalved on 1et March, 1881,
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