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SUMMARY 

The Scorpio-Centaurus associatioD is tbe aearest 

and richest source of early B-8tars and as suela pi..,. 

a fundamental role illl the calibration of absolute 

magnitudes. Some iDYestigatioas ot tbis aS80cl&t108 

bave questioned its reality. Many others Bave 

assigned detlJ1ite aembers to tbe association. Ia 

this thesis, I bav. presente' iatoraatioD obtaiaed 

from speotrographic studies ot as a.aT .eabers as 

possi'bl. i. order to resolve S8118 of these iSBU.ea, of 

The data that I have obtai.ec1 tor t.1.. thesia 

kave beeD. oolla eted _1.-l7: to auwer, "er~ a~.t,,1:tl0 

questioDs a •• erate,« at tbe e •• t tile fl~At c1laattel'. 
4l.0 i. this Ckap~.r~_ I baye PVJlta a o ......... l~ 

Ili.tory ot earl, vori •• tbe aaseoi.lf)t', with .. 

biaS 'awarda tko •• stu.«ia. wbit&ll ,are of io.ilate 

aport •• oe tor the p.~a to fo1101(.-

letati •• al veloe'ttieas tit "1'1 _bel'S of' 'ae 
'«J~.'av.rw.' ..... t-'t .. , .. ' ~"rlT.4 .... '41~ 

ie OW .... ~.,.. rill .1J'tJrW'" ',, __ l'lif"'t'ran tN. I_ 
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lists of Bertiau and Garrison brishter thaD. 

Mv a 8.5, were obtained with the 51 ca reflector 

at Kodaikanal and the 102 011 reneotor at Kavalur. 

The same speotrograph was utilised at tbe c,assegraia 

focl of t be two telescope s. The dispers10. of the 
o 

spectrograms 1s 47 A lame 

The rotational velocities were derived D, 

tlae graphical aetllod of Sba;tll aM Struve, fro. a 

cOII.parlS0fl of' the obser.ea leI 4026 allld Kg II 4481 

profiles with a faail, of theoretieall, Droaie.e4 

04 ....... tor variNs values of Yslai. The proftle 

ef Bel 4026 il. 'l Seo was used as the zero veloolt,. 

st andard for t he earl, B-st ar raqe &ad t .. 

MI II 4481 in or..CaBls Ifajoris tor the later Speotral 

8t1'b olasses. The earlier inY's~ i,at lons of rotatloltal 

velooit1e. 1& the Scorpio-Caataurus as_elati.a Aa4 

balM'" thalr aaal,s,. oa li •• wi'tll _ .. relleats wita 

a co.parator or Ofl "'iau.al e" e.ti.ates er rotatloaal 

Teloci t; le8. I ban tollowe .. t... elaberate proc.dure 

.f .t111s1o.l the •• tit. li •• ~r.til' 1a order to 

altataate uy aceideatal .. 4 _,et •• atte errors ,_, 

are It_loY to afteH •• ,~ •• Ift: rotatl •• -, 
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subjective methods. 

It is showa tbat the rotational Yelocities in 

this association closel, resemble those of the fie14 

stars .xcept at spectral type. 17 and later. !b.e 

distributioD of rotational yelociti.s of both the 

Upper Scorpius su'b-group allld tile Upper Cel1ta1U"ll.s-:Luplls 

sub-group is si.ilar t~r stars vitia My~O.O. How.T.r 

the stars with My> 0.0, all .t waiea are te ... i. the 

Upper Be.rpi •• re,le. retate .... faster thaa their 

eeuaterparts ..... at tio14 stars, tae Pl.i .... aat 

oc. ;»-r .. ' el •• tor ••• bers. 

• ~4ropll line illt.Bsities .,f ~ 4340! t. 
I< 

e 
1\ ,??OJ. al'ld the ••• 1;ral beli •• 11_ iat •• siti •• . . . .' of ~ 4026A •• "A44714 .. well ,,,,.t t. ... " II 11.e 

~ . 
• 1.t •• 81t7 et ~ 4411! ... q8t ....... J'.,:ef' til. • 
• 

S •• 1')1e-C •• t_'-'8 ...... l.tt •• , .. ~t" .. , " .... t.a. -_ 
~.e'r., wlaloD •• r •• tl1", te .."ny, retat i •• aJ. 

yel •• i tl •• , are pr .... ~ •• , 1.,.O"".~ .,..... I,ll • 

.. -.1y,&1e.' "l.tu ~"""I:r ""',,. ,"~,'aI'. ta 

&'ftJIl~.1l\ ,.-.r ..... , _\,')1,_, .... " .... i .... Ill • 
•• 11.~.,,*" t~ .. at ~~ ••• , ,~ re1atl ••• 81, 

a8rlTe4 " W ...... e:r .... '".. .ttlt .... t • .,.1. .. 



the 41ataDc8 aOdu!u8 to this a-stotation. the 

41.tanoe aodulus of 6.0+0.09 4.r1 .. e4 .ero 1s ia -

i'f' 

exoellent agree.-at with the 'eterei.ati •• of 4istance 

.o4ulu. br Orawford, Glaape, and Perrr tro. 

pbotoeleotrio Hp •• a8Uro .. nta aa4 tbo ,eo •• trl0 

dtataDce deter.taatio. 01 JODe •• a4 Bertiau fro. 

proper .otion8 aDd radial velooity data • 

• "ol"tlo"ar1 etl •• t. 1* tile '.H".' }aJttop. 

li •• late •• ltt ••• n to.a' "t~ ... , •• tWa .... b-cr •• ,-
ot tlw ..... t.'l... 'M "11 •• t., ••• 1ti •• ia , ... 

.... r' .......... ~p ...... 'r •• ' are .,., ... 'io&11, 

_all.1' t baa 11l the 1oua,.r Upper Seorpi ....... , .... , 

••• ber. at all apeotral t" ••• 

Aa .tt • ." 1 ..... t. tl.' , ...... ...,.., eft •• ," 

.t 1'.'.'1 •••• ,~ '01'1 ••• ~11 .. ta, •• attt... fbi 

1' ... 1'. aN .. ,.t1 .. 1.'10.'1 .. , isMt ft.'- otf •• ta 

~ • ..all ....... t1&111 ".anNl., :htJ'l.t. earlier 

•••• l".i.... 1' ... ..,." be:retoh, '" nl1eot •• 

,ft, .... , i.'r .... 1 .. .., .,,, ... , ••• rera t. , •. 

........... ...... t ....... , tile ... • t .,.. .... 11_ 

1 ......... . 



In Chapter four, the analysis .f bigh dispersie. 

spectra of ftve bright a.abers of tae Scorpio-Ceataurus 

association 1s presented. The spectra were obtai.e4 

with an ecbelle Spectrograph at the coude fofts of 

the 102 ca reflector at (avalur sad bave a aiaper.ioD 
o 0 

of 4.8 A 1_ at 4026 A. • 

the observatioDS were restricted to the blue 

violet regioR of the spectra. i. order to 4erive 

reliable beli .. a~.4aBoes fer tbe five stars aeleete' 

i. tlaia .tu.,.. Ia view of tile laot tbat big. diapersi •• 

-....l'.1~ J.ar.l". large .. e •• ts ef teleseep. t1 •• , aa .. 

ela_orate data r.daetio. proc.dures, I &aTe r •• trlete. 

tbe .. _ber of stars studl.d.. !M .etlao" ..,t ... illl 

'erivlq tlle beli .. a __ ••• 1& .. tli*" ,Ja tlda 

Claapter wita. a 4atail •• 4i ••••• t, ••• r t.:;. ..... lt ••• ica 

i.serpe .... t. • ..... f; .... -.11" • ." CrMl.~e ... y" t ... 11'.l" •• re. 

! .......... 11 .. a8l1, .... C. laI'." f.r ,$'""t1"'1 .Jt~a.t8 

... ri ..... "'re 1s 0.0,6 + 0 ...... , Y"'I1~,._lts.t .'.era -
are 1 •• .o.rpor .. ,._, v,''" ,.,. T~" •. ~,"" truster_d •• t .. 

... ",pe,..ttt.re "ea}.e,. tH:"_'~" alNNaa"t fr .. 

1, ... _~ f.~ " •• "'*1" ~.' .. f.. O."'l~ I.tt4. 
Tlae f&. ..... t """..' ...... N""" " aarrJJlall • 
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peculiar were oattted in torming the aeaD. For tbl 

two SQ'b-groups I derive a Talue ot 0.105 ± 0.001 

for Upper Centaurus trom three stars, aud 0.096+0.005 -
for Upper 5corpius froa 10 stars. Witbi. the 

capabilities of our present aethcas, there seems to 

be 1.0 ditferamee betweell t be two SUD-irOUPS as far 

as their tnitial heliull a'buac!lanoe is cORoarn.d, a 

fact that .ust be borne in aind in the interpretatic. 

of t be differanc. foua' betweel. t be two sub-groups 

fro. paotoelectric pBeteaetry. 

Ia ,. fifth Qllapter, the obser..,ed. liu 
o 

proftles of Bel 4026, 4388 and 44714., ill the tlare. 

sharp line stars, 1"'500, I( Oe ••• 4 ,cSco are 

eo.par •• with theoretical LTE aRi a.a-~I profiles. 

It is found t lBat the .oa-LTE profiles ta. to fit tlte 

ohseryati.ll. better, e.,.cial11 i. tile 11_ eere vllere 

t be diftereaces bet".e. J.TE .... aoa-I.%E are .eat 

prolloUlloe4. low.Ter t lae etteet s e. _.-:r.fE e. t be 

_,.iTal.at wi4tJas 1. t1ae el.e-T1el.' reel ••• • t t • 

..... tra., te ,,_i8k eur .t.4ies ar~ restricte., are 

..,eFt -..,l1 aad tlaerefers t1ae -,1 •• 1 ••• uri .... 1. 

t ....... ' • .1' • .,t.r ....... ...,t~.4. 
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An a~~1dent.al dis~overy of a ~ Capoe1 variable 

is reported in Chapt.er cix. R3dial velocity measures 

of' lJ Centaur!, one of the spectrosoopio binaries in 

t.be Soorp1o-Centaurus assooiation, shows tbat this 

obje~t, is also a fo Cephai variable with a fundamental 

period of 0.1750 d8¥S. 

A brief' resume of t;he present work ap.d suggestions 
.. 

regarding future t>oesible eft'eots are given in t.he 

conol ud:l ng p art. of the t hesi s. 

---
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CHAPTER I 

THE SCORPrQ-CENTAllRUS ASSQCIAXION 

1.1 Introduction The study of star aglitregates plays 

a fundamental role in the development of Astronomy. 

:Present day concept s of distanoes within t be galaxy 

and beyond it, of spiral structure as well as of 

stellar evolution have all emerged from studies of 

diverse aspeots of star olusters and associations. 

For, the star grouping represents a near Similarity 

of origin, ohemioal composition and age effects of a 

olose fuily held tog!'ther by the graVitational field 

cit ita .II •• b4ars. 

The study, therefore, of a oommon charaoteristic 

in such an aggregate, US the aA'v'aatag •• • 1 stability 

ot a&aple and at range ill bebaT'ottr t.laat is 'unaffected 

by unoertaint 1e$ till d1staace 0'):" "IU •• 1.,...tanoa$ &-r 

birth and subsequaRt .voluti~ •• 

Dietiaot in the degree of coap.ctness from the 

'Ilo~ula.r and galaotio cIu.tar. ~ •. tJ,e associat ionS (Jt' 

o ..... J stars or of the later s» •• traJ. tyPEIIJ k .. Qvra $$I 

the "~iatio •• ~ ~lWlW.t ""ll~.""t."~ 
in t.~\fI ,. "Iti.w' ••• : ,~;j 1*"~ ~ ..... 
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a distinctness and identity characteristic of the 

~roup as a whole, their motions are prinoipally goverasd 

by t he gravitational field of t h.e Galaxy- Dynamical 

arguments show that in the solar neighbourhood, groupings 

with spaoe densities below a. th.reshold value oannot 

withstand for a long time the shearing effects of 

gala.ctic rotation. An association of 0 and B stars has 

a sbort life-time during whioh interval its brightest 

members may show only minor ohanges oaused by 9volutioD. 

A study of some aspeot of such aD assooiation has tba 

c~~ab11it1 ot furnishing inforaation on the Darameter 

.. ar to the epoch of stellar birth in the groupiug. 

We owe to Ambartsumian (1947) pricaipally, the 

introduction of the term Itassoci.tiion" b\ the sanse we 

employ it today alil.d of aeyeral poatu.lat •• Oil the kine •• tic 

bebaviou.r of the ••• "rlll ot _aft ' ....... 118. ile poi.mted 

out tbat tbslr aces BU$t bAt ~t .. Q~ ffJt 107 ,ears, 

and tbat they must be ill a. ..t.t.' .. , ~D$icnl1. Sub".,u •• t 

studies with the &14 ot ... i;~J.\I", _d 'Photoelectric 

-'Wilq\1e. he.ve .,pol"Wdi ~ .. .,,._, bJpotbluil ••• ~ r. 8truCltu:r~1 o.f ~_.'''',!at1o ... i. p.~ ... 
Sllcb .-:,. eoatat .......... '~ •• ~"".1 lIId\if1-
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stars as we see in the Trapezium in Orion, and sometimes 

star chains. These are typically nuclei of the associations. 

Another characteristic is that of the existence of sub-groups 

wit hin the associat ion, representative of slightly different 

eVolutionary stages. The Scorpio-Centaurus and the 

I Orionis formations are examples of this kind, where it 

seems that over a large area of a oomplex in the 

interstellar medium where star birth at a given epoch 

happens, a near simultaneity of origin may not be a 

common oocurrence. Star formation in one domain of the, 

oomplex may have ceased when it has either begun or is in 

progress in an adjoining region. Studies of such 

sub-groupings in the future are likely to improve our 

information on the conditions in the interstellar medium 

that trigger star formation for a limited duration. 

!b.e Glde,t suoh sub-gl"QUp$ Qf aBsoo.iationa kl:l.owD 

to uS bave ages ot 1.5 x 107 '.ar.... ,. 111crea.se ill .iss 

of these sub-systems vitia as., 111Aieatea that Wb.ell .aa, 

disperse over a large &.rea,. tbey ,seldom retain the 

~aGteri.'1o$ tBat era_lie UI _.,· .. eognize the,..M-.r 

.... :Q:I"1.. It. 1"Ukel"~._~ of it. (} ... J'J.tarll 

" .... ;..1Ilw ae.,ra,lo. ....... .,.ld ~ .,.i,,-, __ 
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associat ions that at the present epooh are 

unrecognizable. 

1.2 The ocorpio-Centaurus Assooiation The boundattes 

of the Soorpio-Centaurus assooiation lie approximately 

between in = 20 and 3120 and bI = 50 and 260. At 

the lower longitude end, it orosses over the Sllactlc , 

plane and merges into tne baokgro~nd B-star population 

which makes it diffioult to separate out the members. 

Kapteyn (1914) first pointed out that the proper motions 

of the bright :a-stars in the Soorpio-Centaurus region 

~,QiQat. that tbey oQlllverge to a point as in tile 

well-known case of t he Hyades. Its georaetrical distallee 

WaS derived by Blaauw (19~6, wi~b proper metlolts based on 

the Boss General Catalogue aQu radial yeLooittes deteraiDed 

from the Lick Southern survey_ S. gay.,. list of certain, 

probable a.d deubttul ••• bers (36. 41, -ad 31 reapecti.aly). 

Bertiau (1958) redetaraiaad tbe ceaveraant point with 

"proper lJIotioEls based. OQ tQ,a ~ Sfatea .. lid well detal'lt1Ded 

radial velocities. H$ obtained a 41.'ance mQ4ul~ •• , 

~, !1M" ,f .. !' tl\8 4ll_~_.ti_.. 3.1 •• (,1971) r.4:a. ...... ci t_ 
'. 

$,.....,iN,w.ork, asad,,!fI~\A 'P:r~ ~ __ a.Md'oll _._ 

1M." • .., l"t.I.f,~~,p:f t_<~_"'N" ,..t. 
He Q~t.aa"',a"," ...... ".IIl ... ~ 5.a lrfjU;.olat.,,- all 
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luminosities fainter by 0.4 magnitudes. This difference 

between the two geomatric distance determinations is 

caused by the fact that proper motions based on the 

FK4 system are larger by 20% compared to that of th.e 

N30 system used by Bertiau. 

However, Smart (1939) Petrie (1961} and Eggen (1961} 

have argued that the assooiation is not a physical group 

and that they are part of the Gould's belt of early type 

stars. The objections raised by them have been 

satisfaotorily answered by Blaauw (1963). Clube (1g67) 

using t he same data as Eggen, linked the 5corpio-Centaurus 

members to the bright B-stars of Gouldts belt and showed 

that the radial velocities observed are oonsistent with 

a uniform velocity plus an expansion towards the galaotio 

centre. Similar arguments were put forward by Lesh (1968) 

with proper motions based on the 114 .y.tel'l. The work ot 

Jones (1971) shows that it the discussion is oonfined to 

t he immediate neighborhood of Saorpio-Centaurus, a :firm 

list of·47 co-movers towards lx = 2360, bn = 25° oan 

... 11y b8 isolated. And woile it is not an argument 

t~ abould clinch. the issue, tbe a.asociation of the 

Upper '.4or~ius .e.b.~. wltb '~l.ht and 4~k a.~ .. l.i •• 

stroql, _'~8tS ,,. v~,la1t7 of a. phTsio$l. $t'oup ... 



There have been several photometrio ~nd 

bpectrosoop1c Qtudies of the assooiation in recent 
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years. Photometric measurements of the Upper bcorpius 

memberb were published by Hardie and Crawford (1961). 

Their UBV and ~~ measurements were confined to tbl 

nortbern regions, for stars with speotral type. earlier 

than AO, whioh were observable trom Dyer ~nd MoDoD&ld 

observatories. Bappu, Chandra, ~anwal and binvbal (1962) 

made r index: meaau.rl a ot star. 111 bot h t he Upper boorplus 

and Uoper Clntaurua-Lu.pua areaa. From r hadex-(U-B) 0 

ulota tbe, ahovld that the Soorp1o-0entauru. a.sooiation 

v •• older than the Orion aseootation, whloh in turn was 

more evolved than the II Persli or II Konooeroti. 

asaociationa. Extensive UBV ob.ervattons ot 251 Itara In 

thla regton "ere made b, MorlDO and NoraDO (1968) troa 

Chil.. The, allO _d, Ht. ob_rvatioA' ot .tar. br1,hter 

than 6.5 ... n1tu4e, oonaidered •• detinite or probable 

••• ber. trom URV pbotometrl. 01 • .,., (1971) sade uvb1 

.nd H~ ob.ervatton. ot the ••• oot.tion. Tn. .e.ber.b1l' 

'ova to FO va' ext,ade4 b7 Garl'ilOa ('1967) trom .ocurate 

ME tl ... itloatloa aa4 UBV pbot ... ,,,. Rotational .e100l'I •• 

of ,ia'a..t,lo-Centara ...... t.tloD ••• bere were ftr., 
la ••• tf"," 1>1 aaUC aM' .. h .... (1954) fro ... '-1'64 

1i .. vid'''. "'allolll tIl.o!,t •• or 82 "abj~* 



north of _42 0 declination were recently published by 

Slet tebak (1968}:. Hydrogen line strengt hs of the 
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association members have been measured by various 

investigators. AndrewS' 1i00measures lead to a distnace 

modulus of 6.34 (Jones 1971} while from H'i line strengths, 

Balona and Crampton (1974) derive a distance modulus 

of 6.45. Moreno et.al. (1967, 1969) have measured the 

H, ' H'i and HeS' line strengths of many B stars in the 

association with a low dispersion Spectrum scanner at 

Cerro-Tololo. 

1.3 rae lQR=sroups In almost all aSSOCiations, one 

can distinguish a concentration of members in one region 

while the other members are much more dispersed. In some 

aSSOCiations, more than two sub-groups witb different 

conoentrations can be easily distiDiUished. Though they 

all have the same convergent point. they represent 
, 

different stages of evolution as seem from the color 
, 

magnitute arrays. It has been found that the proportion 

ef' early type stars associated "it'h a.bulosities is hitfher 

1 .. \',. lIOst concentrated su'b--aywt_ :'t1ta.n in the more 

di~~.ht' otle. In the 0 .... 'Ot .. Scorpio-o-Oe-,atautu'fJ 

as Soc f ...... two h't1-o~lSt • ., • IIiltloper &0,,'1\1:_ ..r. t1:le 

"Upper ·cnt.:ttta 'W klnrr ~OU'Ps ba-H "-i. _i feia.tour.a. 
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There is less evidence of a third one, the "Lower 

Centaurus-Crux" p;roup_ The Upper Centaurus-Lupus 

sub-group is older, well dispersed, tends to be more 

evolved from the zero ago main sequence (ZAM5), and is 

devoid of nebulosities, while the youn~er U~per Scorpius 

sub-group contains conspicuoas dark clouds like those 

around p Ophiuchi and t he bright nebulosities near 

22 &corpii. The Upper $oorpius group is still on the 

main sequence and the turn off point is near B2 (Carrison 

1967). The distinct differenoe between the sub-groups 

is very well evident in the f',(u-b}o diagrams of 

Glaspey (1971)" which show that the hottest members of 

Upper Centaurus-Lupus lie appreciably above the ZAMS and 

that there are no stars with (u-b)o<'O.O. A differect 

situation holds good tor the Upper Soorpius group. 

Similar results bave originated from photometric studtes 

by Walraven and Walraven {1960;, Borgman and Bla~w (1964) 

and Moreno and Moreno (1968). 

Elaauw (1964), ,deter_i ••• t~ ttstance iroa proper 

..tdbua~ to be 170, 110, 1'. p~e.' for the Up,.~· 1c.r,lQ8, 

U,~"';Ce.tau.rt1"LUp'tl., a.nd •• ,LMte!' CentM.rae-f"* 

Stfb-po..- reIll78cCi,"lt\ei ai ,...-., that- tb.> ' ..... t.' rate , , 

of .Xll~'.t '''~,~I~ ••• a. vb61$ i.: 1)tf"O!i lsi. 



per second per parsec leading to an "expansion age" 

of 20 million years. 
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1.4 Peculiar Stars in the assoc~ation Garrison (1961) 

first pointed out the large cumber of ~eculiar B and A 

stars in the Upper Scorp1us region with strong metallic 

lines. In a number of cases, the photometric colors 

implied a higher temperature than that given by the HI 

spectral class. The main sequence was found close to 

the ZAMS, but 0.6 magnitudes below the recent absolute 

magnitude calibratioR of Bla~w (1963), ~heu a distance 

.o~ulus of 6.2 mag. is utilised. This discrepa~cy ~ould 

iuorease further if we use the value of 5.5 derive4 

recently by Jones. Garrison finds that ia addition to 

tbe strong hydrogen lines, all other luminoeity criteria 

indicate low luminosit, at a giV$n 4peotra+ type, in support 

of Blaauw's work whioh sugge$ts ap t.tF1asioally lower 

l~m1nosity of the Scorpio-Centa.rus .embers. Glaspey 

(1971) found that 1~ co-HI type plots for tbe Up~er 

Soorpius aud the Upper C.ntann .... :(,ltpu·. groups, t 1:1.e 

,..vJ.i,.,x: sta.r. were displaoed,.. fJ'Q4I. ~_ Ilea. :81a1; iOllal'll, 

4.f~,.' aQraal stars. ~,.;, t~~be .0-.0 diaaram, 

t he tv. 81l'b-groups <1_1'1_ 4Ufeteaat meaD r$lat 10 .... 1p •• 

Siaoe th trfa' C6ji'.HFJlp\l. «roup fali. tal._ tlrlb sue 
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band as defined by the field normal stars, it appears 

t hat the Upper ~corpius member~ are peculiar. rhis 

effect was found to persist even when the peculiar stars 

were eliminated. Glaspey believes that this effect may 

be due to anomalous line absorption in the stars of the 

Upper Scorpius group. 

1.5 Helium abundances The only attempt to derive 

helium abundances systematically in different clusters 

and associations is that due to Peterson and Shipman (1973,. 

They have derived the helium abundance for 5 stars in 

1;0 ~2'4, for 13 stars in the Upper Scorpi~$ ooaplex and 

tor 8 stars in r Lacertae. The derived m.a~ beliam 

abundances, from plate material witn dispersiQDs 

~ 20.A/mm in these three associations are 0.081-1·0.004--
for WGC 2264-; 0.097 ! 0.005 for II Scorpii, and 

0.102 + 0.005 for I Laoerta.. (rhe guabers are defined -
such that I He + liH == 1). The ages of tbese three 

olusters are NGC 2264 - 106 years, II Soorpl1 - 107 years 

•• d 1.2 x 107 years for I Lacertae. fbay com. to the 

i.,.ro1i>able conclusion t ha.t t b.e bell1i1l abundance is 

deertfMillg Oll a tille ecale .t 101 years! 

1.6 A PHl:iU, 9t tb! 'Et .... \ll!r~ Ia "kat te1J,.v.~ 

I sla.al.l .tA ... " t. Pl'GTi" 111for •• toD .a ,. '.llowing 
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questions. 

(a). Are there any differences in the distribut ion of 

rotat iona1 velocities between the two sub-p;roups, the 

Upper Scorpius and the Upper Centaurus-Lupus, of the 

Scorpio-Centaurus association? 

(bj Are there any differences in the line intensities 

between the two sub-groups as suggested by the work of 

Glaspey from narrow band photometry? 

(0) Does any helium abundanoe difference exist between 

t he two sub-groups? 

(d) Are there non-L!E effects in the atmoSpheres of 

these stars whioh may be responsible for some ot the 

anomalous aspects of the spectra? 

--



CHAPTER II 

ROTATIONAL VELOCITIES IN THE bCORPIQ-CENTAURUS 

AS&OCIATION 

11-1 

2.1 IntroductiQa In the early decades of the present 

oentury, Schlesinger and subsequently Rossiter and 

McLaughlin bad effectively demollstrated stellar rotation 

as an astronomical phenomenon ot common occurrenOe. An 

extension to single stars by Shajn and Struve (1929) and 

Elvey (1930} called for a radical change in earlier 

conservative estimates of maximum observable rotational 

velocities and introduoed the teohnique fOllowed 

subsequently for such measurement. In reoent years 

systematio studies of rotation in early aad late t,pe 

stars of the general galactio r~eJ.d as well. ._ ill olastctrs 

.tad Asaooiatiol1s baTe aitle4, IMtch!ta,·C)ur iat.~etativ. 

efforts of ,$tellar .Yol,,'.iolh l.,..ft'tvA". Jlt Blettebak, 

Abt, lraft, HUaaB aM HEaX'b:L, .PJI'GT,U- -.-h.. of the 

inf'ormatio. t bat ve pout .... tad .. .-" 

1.2 A altum 9.f 'iP JJ&.c1pll .t,tdlu. Soae of t be 

ft_.a o't)taiWJ4 "1 ".u~. U,rrfati,_tors of stella!" 

~ .... _ ..... -~ ...... ••• 1'1.-~~ 

(iJ liNaw at ... ~ ....... ·.1'8 .1'.' It * 
.,-al t!Wla • ~ ...... .., .&1...,lit. __ -



II-2 

(Kraft 1965) show that the axes of rotation are 

oriented at random. They have no preferential 

orientation and are not correlated with galactic 

latitude. This is an important factor to be taken 

into account in studies of stellar evolution. However, 

there is Some indication that A-stars at very large 

distanoes from the galactio plane might be rotating 

slightly slowly than the stars nearby (Slettebak at.al. 

1968}. 

(2) Metallic line stars and pepuliar A-type stars as 

a group are characterised by small axial rotation. 

(3) Rotational velocities decrease along the main 

sequence from middle B-type to late F-typs. Rapid 

rotations ooour at types 0, Band A. There ,is ~n,ab~p1 

drop at about spectral type F5 whiob is probably related 

to the inner cOTeotion zones, magnetic fields and 

chromospherio aotivity of these objeots at F5 and later. 

(4) Rotation in su~erglants is small and large 

atmospheric motions pl&1 an important role in the these 

higb lUminOSity stars. 

2.' ",,'10bll Y.19Ciil •• *"J~.rs aid As1GOiltl..t 

Data t"",~.g the' 41 ...... J ... ~., J(Il) t t."aa .. W. 



mo~entum as a function of mabS are required tor an 

understanding of the for(.Qation of stars from the 
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t nt.rsteliar 'Dad tum.. The !ne nlbers of a olust er oan b. 

assu~ed to be coeval and studieQ of the meMbers of 

~alaotic cluster6 are needed to establish this 

distribution. J!.'Ventually the oomparison of this 

distribution between different olusters and that ot the 

field star6 woulu provide important olues tor bett.r 

formulation of stellar structure and theories ot 

stellar evolution. 

A number of papers on rotational veloclti.s in 

lataottc clusters have appeared. Kratt (1970) haa 

summarised thl •• tn detail In thl 6truve $e.orlal volume. 

tn ,eneral tbe tleld .tars rotate ,lowly co.~ared to tbl 

oluater. tbousb lar~e 41tferenoe. exiet fro. oluster to 

oluater. 'l'be,A_'-J:'lDte~ _.,o~ •• l' (1962) tbat low 

binary frequenc, t. oorrelat.4 wltb bllb mean rotational 

velooit, 1D a oluat.r 18 ooDflr~d from studte. ot maa, 

41tterent .lusters. ~or .xaaplet tbe Alpha Jersel 

ol"lter a84 t be 1'111&4 •• tot.,. t.e'er at all 'peotral 

tnll. tbaD 'be 11e14 etare ald' baY •• lallar <v.lI11e.,» 
CUI,.t .. ,t'OIlI. I." f"''' 11~*,'" are owu ••• r .... 1>, 

at.11ar lOt trequ.D'" .f "hart.e. (eatt, 1"'). 'bi 
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distribution funotion for IC 4665 is lower than that 

of the field stars and the Pleiades oluster (Abt and 

Chaffee 1967). The oluster has a high frequenoy of 

binaries thus oonfirming the Abt-HUnter hypothesis. 

2.4 Predioted theoretical effects on Te' g etc. The 

theoretical oalculations of t be effects of rotation Oil 

observable parameters have been numerous. Sweet and 

Roy (1953). Ireland (1966), Roxburgh, Griffith and Sweet 

(1965), Roxburgh and Strittmatter (1966), Collins (1963, 

1965, 1968, Collins and HarriQgton (1966) have been 

prinoipal oontributors. Qualitatively, the effeot of 

rotation is to inorease the gravity at the polea 

relative to the equator. Henoe by von Zeipel's tbaQrem 

bo~b T. and surface brisatness will be gre~ter at the 

poles than at tbe •· •• tor. .An. asp.et effect is therefore 

apparent. There i& also the possibility of a difference 

in luminosity between a rotating star and a non-rotatiQg 

one of identioal ..as and obemical eo.position. 

The .tte.t of rotatioR is &leo to decrease tbe 

B.a. .... 11ae strellgtbs, aa4 iaot",.". tbe Yalu~ua of Go101' 

in4iMa. ..... Baiaer ~u.p, _1T tu-V)., (B-f). Mtl I. 

oo.pare4 ,. the Tallie •• '»talui for a Ilon .. r.i'dl., star. 
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2.5 Rotational Velocities of Scorpio-Centaurus members 

Huang (1953} systematically derived the width parameters 

of weak lines in the spectra of many stars for whom spectra 

were available in the Lick observatory plate files. Using 

this material HUang and Struve (1954} and later Buscombe 

(1965} derived the rotational velocities of the brighter 

members of the bcorpio-Centaurus association. Slettebak 

(1968} measured rotational velocities of 82 members north 
G 

of -420 declination with spectra. at 40 and 20A /mm.. Tne 
• rot at ional velocities :from the 40 A /Ilm plates were derived 

from visual estimates relative tG standard rotational 
III 

velocity stars. For objects observed at 20A /mm 

diSpersion, he derived the rotati~nal velocities from a 
o 

calibration of the line-width of 4471! at balt intec.sity 

and vaini of st.ndard stars. the "ma~~ oomolusioDS reached 

by Slettebak are: 

, , 
(1) Early and middle B-typ. stars 'as a Whole rotate 

, 
somewhat Slowly oompared to tlie field stars of the same 

81)eotr&l type; the saae re$u'lt \las oota.ined by Huug aild 

~rtrr.- (1954-). 

(2). ~ ... ~~ ~cl,~,~.~oa If..Q$~~ ~otate fap~&r,thao 

the at.r. of tbl out11i~,r$.ions. A sia11ar result was 



I1-6 

obtained by Buscombe (1965) based on Huang's measures. 

(3) The late B-stars, rotate oonsiderably faster than the 

field stars while the most luminous stars rotate slightly 

slowly compared to the field stars of the same spectral 

type. He found t hat in t he spectral range B1-AO, the 

14 stars he invest igated had all vsin1 > 150 km/ sec in 

confirmation of the suggestion by Abt Chaffee and 

Suffolk (1967} that there are no slowly rotating normal 

stars in t he range B7-AO with vsini < 100 km/seo. 

2.6 The present observations Rotational veloOities of 

112 members of the Soorpio-Centaurus aSsooiation, drawn from 

the list of members by Bert1au (1958) and Garrison (1967), 

derived in this present ~tudy are l1~ted 1A Table I1-1. 

The method folloved in the determination of rotational 

velocities is the one essentially developed by SbajD and 

Struve {1929J. To construot tae coatour of any line in the 

spectrum of a rotating star, we take as an initial contour, 

,the oblBerved contour of the sue lille in a non-rotating 

star of ai.ilar spectral olass. Giving various values 

to t~ equ.atorial ... e~OQl.\,. of rotation of star, we oonstruct 

for .~n. of th ••• values, the t_oratica! CQl.tour 
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distorted by rotation. By inter~olat1ng the observed 

oontour, of the same line in the s~eotrum of a rotating 

star, in the family of computed contours for different 

values of vsini, we find the proJected rotational 

velocity. 

Let us represent the 11ne contour broadened by 

rotation by R( ~:. and the contour undistorted by rotation 

to be R'( ~/}. Let the broadening funotion be Bey»- If 

we represent all wavelength differences in units of 

maximum wavelength shift A~qat the equator, then 

+1 

R(x) = J 'R'(X-y) BC),)dy 

-J 

i 

where the broa.dening funotion :a'(Yi 1s gi"era by 

B Cy} = 

Here p 1$ tlle lillb darken1a.g eoerfir:tent.. The 

l;Iroa.dening tUl!lotloQ is normalised suoh that 

(2- 1) 
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1 have used for Rt{x-y}, the observed profile of 

Hel 4026 in 'f Scorpii, which was assumed to be non rot at ing. 

Slettebak (1968} gives the rotational velocity of 

"t' Scorpi i as ~20 km/ sec., while my value for this 

parameter obtained from high dispersion spectra is 

15 km/sec. In the present study for the rotational 
o 

velocities, I have used a dispersion of 47A /mm and cover 

the members of this association brighter than V = 8.5. 

roe spectra were obtained mostly with the 102 cm. reflector 

at Kavalur while Some of the brigttt members were taken 

~ith the 51 em. reflector at Kodaikanal. The same 

speotrograph was a.ployed at the cassegrai~ foci of both 

telescopes. The projected slitwidth was always kept at 

18ft a.nd t he spectra were widened to 200-400f- depending 

on the brightness of the objecta. Host of the spectra 

were obtained on IIa-o, and baked IIa-o plates while for 

some objects the 103a-o emulsion was employed. fbe plates 

were developed in D19 for rfur ~1IUt •• along with the 
, < 

8~iDration spectrum O&ta1Rad •• a ~late from tne .... box. 

t .• e-.libra:; iOJ1 was prGv14.d. 8, a l'9iiating sector and qu.artz 

.,1 ... 'Peetro,raph. !b$ reiating $eotor has seTente~D 

lmt.~fl'7 ••• ps with lo~ ~ ~~'.rTala of 0.1 betweeg 

aAjacent ... ,s. 



11-9 

The contour of HeI 4026 in ~Scorpii and that of 

the visible disc of the star was divided into 40 strips 

and the integr~tion of equation (1) was performed for 

values of vsini ranging from 50 to 500 km/sec. The 

effect of ~ravity darkening was neglected in these 

computations, since its contribution is iaportant only 

in the case of extremely fast rotators. There are no 

B-stars in our list which have vsini > 400 km/sec. 

The approximation introduced by neglecting the gravity 

darkening effect should have therefore a negligible 

effect in the derived rotational velocities. For the 

late B-stars, in the association, Mg II 4481 was 

utilized in determing the rotational velocities. The 

~rofile of Mg II 4481 as observed with our instrument 

in Sirius CAO V} was used as the initial zero velooity 

standard. 

Stars having vaini values in common between 

Slettebak (196B) and the present study are plotted in 

Figure 11-1. In general the agreement is very good. 

The present determinations, with 30 more new vaini 

value., is oonsidered more acourate since the use of 

line ~roflles avoids subjectiye 8ye estimates &ad 



FIGURE 2 - J: 

.comparison of the rotat:t ona~ veloc1t:i..e s of tho 

members of the Scorpio-Centaurus association 

determined in this study and those by SlE? ttebak 

(1968) • 
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TABLE II-1 

--------------------------------------------------------
vsini (ken/ sec) 

Serial HD Spectral ------------------- Remarks 
Number Number type Present Slettebak 
-----------------------------------------------~~-----~ 

10 103079 B4 IV 140 
2. 103884 B3 V 150 
3. 105382 B6 III 200 
4. 105435 .B2? Vpe 200 
5. 105937 B4 V 210 

6. 106490 B2 IV 120 
7. 106983 B3 IV 140 
8. 108257 B4 IV 150 
9. 108483 B2 V 220 
10. 109026 B5 V 180 

11. 109666 B3 IV 190 
12. 111123 BO.5 V <"50 
1'3. 112078 B5'? Vn 330 1 , 2 
14. 112091 B5 Ve 350 
15. 113703 B5 V 160 

16. 113791 B2 V ~50 
17. 115823 B5 III 1()O 
18. 116087 B5 V }GO 
19. 116716 B1 V 80 
20. 120307 B2 I,V 100 90 

21. 120324- B2 Vpne 210 190 
22. 120709 B5 III 450 ~20 

23. 120908 :85 V 100 
24. 120955 B5 III <.5{) ~20 

25. 121743 B2 IV 120 100 

26';', 121790 B2 V 20t 3 
27. 122980 B3 V ~J50 ,(,,20 
26. 1R'5S23 B3 V '100 ~20 

29. 121972 B1.5 V1as ~,: 300 2 
30. 1_:66: B2 II ~~-' --- _~tt_ ... ~-... .. _1 *$l'illl:l"W''f- r .................. __ ... _ ............ _ ... ~~ __ .... _.....,.. ..... __ 
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TABLE 11-1 continued 

-----~-----------~---------------~---~~~---~~--~----~-vsini (km/sec} 
Serial lID Spect ra.l -------~-----~----- Remarks 
Number NIJ.mber type Present Slettebak 
-~----------------~--------~--~-~----------~-~---------

31. 129116 B3 V 170 200 
32. 130807 B6 III -450 
33. 1320~8 B2 IV 110 130 
34. 132200 B2 V ~50 ~20 
35. 132955 B3 V ~50 ~20 

36. 133937 B7 Vnn 330 350 
37. 133955 B3 V 180 
38. 1;6298 £2 IV 240 2;0 
39. 1;6664 B5 V 220 210 
40. 137432 BS V 160 130 2 

41. 138485 B2 Vnn 300 250 
42. 1;8690 B2 Vn 250 270 
43. 13$164 B7 IV ~50 ~20 
44. 1;8769 B5 IV 150 
45. 139094 B7 Y 180 

46. 1;9160 B8'Y 200 130 
47. 139365 B2~5 V 140 130 2 
48. 139486 B9.5 V 220 2;0 
49. 140008 136 V TO 50 2 
SO. 141404 139 .. 5 V 200 

51. 141637 B2.5 n 270 :590 
52. 141714 B9 V 210 1SO 
53. 142096 B3 V 200 290 4-
54. 142114 B2.5 Va. ;;0 "0 55. 142165 B6 V 250 240 

56.- 14.2184 132 VI1D 400 350 
57. 142250 B7 V 4$0 ~50 
58. ,142~1 137 IV 
59. ;.1U301 MV iJO 300 
60. !1W18 ' :25 V :,to 240 

iii .111 ,."ji'''' I .i.~.Ifi"""'"'., iii 1"II(IIIiM ,.....,,...III." ........ ~ !i.1lfIIII"""----.. .,-....-....,. .. ,.-: .... ~, •• = ~ ,-...---.---
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TABLE 11-1 continued 

-----~---~~--------------~--------------~--------------~-vSini Oem/ seo} 
Serial HD Spectral -~~---------------- Remarks 
Number Number type Present Slettebak 
-----~----------------~-------------------~---~-----~----

61. 142669 132 V 120 140 
62. 142883 B3? V 110 100 
63. 142884 B9 p 220 200 
64. 142983 B p 400 400 
65. 142990 B3? V 150 200 

66. 143118 B2 V 270 240 2 
67. 143275 BO V 190 180 4-
68. 143567 B9 V 290 100 
69. 143600 B9 Vn 320 300 
70. 143699 B7 IV? 180 170 

71~ 144217 BO.5 V 150 120 4-
72. 144218 .82 V 60 80 
73. 144334 B9? III "-50 
74. 144470 B1 V 130 140 
75. 144661 B7 TV 50 100 

76. 144844 B9 V 190 180 
77. 145353 .89 IV 220 
78. 14,482 B2.5 V1'1 220 240 
79. 145483A ~J9 V 200 
80. 145502 132 IV-Y 270 200 4-

81. 145519 13~ in 300. ~OO 
82. 145554- B9 Vll 1,80 186 
$3. 145631 13~h5 Yo. 200 16e) 
84. 145192 B7 IV ~50 ~50 
85. 140001 :as IV 240 200 

86. 146284- B8 IV 200 
87. 146285 B8 v 200 1EO 
88, 146,.,2 135 II 100 5 
89. ,imd~ :89 '" ;~ 300 
90. 99 V 

- ... ~-~~~---------~--~~-~~-----~-\ 



TABLE 11-1 continued 

--~----~--------~---~-~------------~--~---~------~---~-vsini (kal/sec) 
berial HD bpeotral --~---~------------ Rema.rks 
Number Number type Present Slettebak: 
~~---~-----------------~----~-------------~------~-----

91. 147009 B9.5 V 220 160 
92. 147010 A-p ~50 ~50 
93. 147084 A5 II 450 ~20 
94. 147165 B3 IV ~50 60 1 
95. 147196 B8 Vnnp 350 3 

96. 147703 B9 Vn 280 
97. 147888 B5 V 180 180 
98. 147890 B9.5 1) 6. 50 ~ 50 
99. 147932 B5 V 200 180 2 
100. 147935 B3 IV 290 300 

101. 147934 :82 V 260 300 
102. 147955 B9.5 V 280 
10;. 148199 A-p ~50 L ~O ..... 
104. 148321 AS mp 100 
105. 148478 MA Ib ~50 < 20 .... 

106. 148579 B9 V 250 150 
107. 148594 B8 Vtln 300 300 
108. 148605 B2 V 270 230 
109. 148703 :82 IV ~O SO 
110. 148860 :89.5 V 300 

111. 149438 BOV ~50 ,,20 
112. 151985 B2 IV '-50 40 
113. 157056 B2 IV ~50 ~20 1 

-------------.... .---.-_ ......... - ......... - ... ------..--....... ...----... --------....... - .. ...-.. 

~elark! 

1. Beta Cephei Tariabl. 
2. ..b~ s,~.tt.r ... epl. »i.art 
3. ff~~U.t •• b.ows .a1s.1011. ia tbe oore 
4. 8p.o'f~ ••• pio Binar1 
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1 __ .... 
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TABLE 11-2 

Test for Maxwellian Dist~ibution 

Number 2 • 
~pectral of [<Cvsini} >] bs ~sini> bs <vsini) c O-C 

type stars 0 0 

-~---------------------------~-------~--------------~-----

Upper Scorpius Group 

Bo-B3 V 12 221.3 190.4 196.2 - 5.8 

B4-B6 V 5 128.1 108.0 113.5 - 5.5 

B7-B9 V 15 269.0 264.0 238.4 +25.6 

B9.5 
later V 5 24-3.6 240.0 215.9 +24.1 

Lower Centaurus-Crux and Upper Centaurus-Lupus 

BO-B3 V 17 

B4-B6 V 8 

191.1 

225. rr 

169.3 - 1.9 

200.0 +17.5 

All Stars in Scorpious Ceut!"rs8 Ai,tpe1atiQD 

BO-B3 V 29 204. , 176.9 180.9 - 4.0 .. 
B4-B6 V 13 194.1 115.4- 172.0 + 3.4-

B7-B9 V 15 269.0 264 .. 0 238.4- +25.6 

B9-1atet. 
2'40.0 215.9 +24.'1 V 5 24'';.1-

, 
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accidental errors introduced in determination of 

rotational velocities by visual inspection of spectrograms. 

A similar view has been expressed by Treanor (1960}. 

Errors of measurement of vsini for my determinations of 

rotational velocity range from !10 km/sec. for the 

slower rotators to ±20 km/sec. for values of vsini 

:> 300 km/ sec. Measures of t his kind obtained from 

a match with rotationally broadened contours, have a 

capability of uniformity in performance with lack of 

subjective errors, which the visual estimates of 

vain!, while very much less time consuming in 

application, oan hardly hope to equal. 

2.7 Results and Discussion A oharaoteristic of the 

veini values for early type stars ia the general galactio 

field 1s the existence of high values of the roation , 

velocity for stars in the B5-B7 raD6e. Slettebak and 

Howard (1955) note this 1n their study of the bright 

Dort hern early B-st ars. When all. at ars of the Scorpio­

CeQtaurus association are plotted ~ndividually on a 

'Vaiui My diagram, the et)velO'Pe of h1~hest values of axial 

rotat1o~1 bas a bro_d p~ak l~l.g from B5 to B9. Two 
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stars have the highest values of rotation measured of 

vsini e~ual to 400 km/sec. One of them is the well 

known shell star 48 Librae. When mean values of 

vsini are used instead we get the curves of Figure 2-2. 

Taking the main sequence stars first into account we 

have here the two sub-groups along with the composite 

whole. The U~per bcorpius plot covers My from -3.5 

to +1.5. Also drawn in on each of the curves of 

Figure 2-2, is the Abt and Hunter (1962) mean curve 

obtained from a large number of observations of the 

field stars. There is little soatter of the points 

about those of the mean field, speoially for speotral 

types earlier than B7. The limited number of stars 

available precludes a possible better fit to the Abt 

and Hunter mean line. To inQre&se the statistical 

significance of the Upper Soorp1us sample, I have in 

the seoond half of Fig.2-2 treated luminosity olasses 

IV and V together. Tbe improvement in the fits is 

oonsiderable. But there still remains the enhanced 

values of vsint at absolute magnitudes around +1.0. 

The ~mber of stars available in this grouping at 
, rlv, ~ 

Mv + 1.0 ia fairl, large. !be reality of enhanoed 



<'v~:ini'? fl~ ~ -rl'''ctjJIl1. 0" T,~V r'1'" S(,r'lrr";l) Centr.l1rllf, 

members. Luminosity cIa sse s IV t.' V, ~l1d V are 

shown separately. The sar-le function I'DI' field 

stAT s is shown by the solid line. ft:e 61' r or bEll'S 

correspond to two st~ndara deviations for both 

<vsin1) as Vlell as ]f.\,. 
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vSini values for these stars cannot be questioned. 

'The Upper Centaurus stars follow the Abt-l:lunter 

curve fairly closely_ There is an appreciable scatter 

here presu~ably due to paucity of nu~bers of stars 

studied. Even so from a comparison of the plots for 

this sub-group of luminosity clasbes V a& ~ell as IV 

and V put together, one sees the validity of the 

inference t hat the mean be havtour of st ar b in the 

p;alacttc field bas little difference fro.n t hat of the 

recognized members of the Upper Centaurus-Lupus and 

Lower Centaurus-Crux formations, takeo. together. These 

two sub-groups are the more evolved in the entire 

association when compared to the Upper bcorpius stars. 

It seems a clear conclusion to make that if rotational 

characteristics at these early spectral types can be 

utilized as an age criterion, then there is little 

difference between the present stage of evolution 

between these two sub-groups and the individual .6-stars 

of the galaxy. If the field stars have drifted away 

from inadequately bound associations, individual B-stars 

of the Upper Oentaurus and Lower Centaurus sub-groups 

are close to their final stages of existence together. 
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Also, the early type field stars are not much older 

than those in existing associations. 

Slettebak (1968} has from his plots of(vsini? 

for three absolute magnitude groups, concluded that the 

mean rotational velocities of the most luminious stars 

in the Scorpio-Centaurus association are somewhat 

smaller than for field stars of similar absolute 

magnitude. With the larger number of stars utilized 

in this study, my conclusjon differs fro~ that of 

~lattebak. olettebak's absolute magnitude intervals 

are larger than the one magnitude interval I have 

chosen as the basiS for Figure 2-2, and while blettebak's 

procedure may lead to greater stability of value by 

virtue of numbers, it minimizes the variation in trend 

which is a useful indicator of identity. 

The distribution of rotational velocities in a 

cluster or association is an important parameter in a 

study of the pnysical aspect of origin. Deutsch (1967) 

has ar~ed that a Maxwell-Boltzmann law does indeed 

represent the frequency function for each group of stars 

categorized by spectral type. Kraft {1965} has Shown 
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that in the Cocna and Hyades clusters the distribution 

of true rotational velocities agrees with the Maxwellian 

law, though the latter is by no means a unique 

possibility. 1ft he observed distribut ion of rot at i onal 

velocities is denoted by ¢(y)where y= vsiYlI and if the 

rotational axes are distrib~ted at random, the relation 

between the observed and true distribution of rotational 

velocjties is given in the well known form by 
7t{:J. 

¢ (y) =- f f (y / S Illi) d, (2. - 4-) 
o 

If f is Maxwellian, the first and second moments of 

f will sat 1sfy t he condit ion. 

(2-S,) 

Table 1I-2 gives the values of the second moment 

of f derived from the observations of vsini. I have 

divided the stars into four spectral ranges; BO-B~, 

E4-B6, B7-B9, B9-1ater types. The two sub-groups and 

the entire association as a whole have been separately 

considered. Only main sequence stars have been 

taken for this purpose. The o-C values indicate 

a good fit with the Maxwellian law for the Bo-B~ 

spectral range in all three groups. The major 

discrepancies are in the ranges B4-B6 and B7-B9. 
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Especially in the Upper Scorpius group is this 

deviation striking. This is due to the large values 

<vsini) in this group at these spectral types. 

It would be of interest to follow up these deviations 

into the B9-later spectral types in this association. 

We have a comDosite olot of vsini for several - \. 

galactic clusters and associations in Figure 2-3. 

For absolute magnitudes fainter than Mv= -1.0, the 

Pleiades stars as well as those of the <X.. Persei 

cluster show the trend of a slow fall after maximum, 

similar to t hat shown by the field stars, but with 

higher values of mean velocity. The spectral types 

corresponding to Mv = 0.0 and fainter in bcorpio­

Centaurus, have values of vsint atleast 120 km/sec. 

larger than the field stars and about 40-50 km/sec. 

greater than eq\1ivalent Q. Parsei stars. While normal 

stars are known to have this tendency of possessing no 

slow rotators in the B7-.AO range, (.Abt, Chaffee, and 

Suffolk 1967) the Upper Scorpius members have a high 

value that oalls for interpretation. 

5lettebak (1968} has in his paper a diagramatic 

representation of the distribution of rotation velocities 



FIGURE 2 - 3 

Composite diagram of <'vsini), Mv for 3 ff21'J c1ust(r:~ 

and field stars. The sa~e function for the 

Scorpio-Centaul'us association is plotted as filled 

c1rc165. .cue source u.t' l'otLitl.OnaJ.. velocities 01' 

clust6r s other than Scorpio- Centaurus is Kraft (1t'70). 
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in the ~cor·)jo-Centauru", t.t~sociat.iori with locutirm in 

the bky_ The diagr'::I.ll :;,hl)ws up in ..t :strikin~ !nl:;l.nncr 

.Buscombet~ (1';36:;) findiIlI ... thu.t th~ rot.J.tion cl.pl)eur~ 

to be Ilifferent in .liffurcnt oarts of' the as~oci..;t.tiont 

with tho t1l3n~cr rlJL,ioQt. of tb~ c..tf:l:..ooiution h.,tvint"; 

t he highe~t vulu~~, :.tQ I, 1 :.... uail v.tl,le:... typio""l of the 

re!Dote U.rtHJ.~ l'ro:ll th!:! nuclel1~.. J1 l::iiJli l.:Lr fe(;ttur~ i 1:.1 

also £)een in t be Ple 1autH>a 'rr.:ti .ven-t.l •. .d (1YbC!~ t-.!xplai nb 

its origin a~ due t.o tho Lnl,ulbe I:tc'iuirell fro'n 

tr~'lIentatton of pI'u:...tellur :ni.l.tttlr. L.uch an impultiEt 

Causes the nroto:..t ar to ht-J.ve a veloci ty ot' IJJCpd.n::;;i on 

and by ~u 1 table Btlo!n~t, ryan tlnhance uent at' the undular 

velocity~ The nLeno.nonon of run-,tWlty utt",r:... in u.s:",oo1ations 

1s thus eXpiaintld. On thio internretat.i(.)n, star::; which 

have the largest velocit1e~ of 8xl')an:Jion und \oIhich ~till 

ret a1 n t hei r ab~oci at 10n c haracteri ::3t i u .nu:st bill at the 

outer oeriphttry 01' the I;:lssociatton. 11' ~uch star~ have 

an.~lar velooi ty changes by fraP:'118 nt 1 mpu lses, t htln suo h 

a possibility woulu be gr~atet,t on thoso IRf:!Jlberb that 

bay. experienoed the 11.lO:..t violence of the catestroone. 

Henol the conclusion iii nece",Qary that the outerlllust 

stara should also bave the lar~est rot~tional velooities, 

which i. contrary to ou.r exper1enotl wit h the ,",corpio 
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Centaurus association. 

The "nucleus" of the Upper bcorpius sub-group 

is located in the midst of the large cloud complexes 

of Ophiuchus and Scorpius. The fastest rotators 

in the Mv domain can be seen on Palo~ar charts to be 

associated with the dense clouds of the region. Two 

possibilities exist as a result of such an as~ociation. 

There js the phenomenon of accretion of the matter by 

the star that can increase its angular momentum 

similar to the reverse situation experienced at time 

of mass-loss. If so, one should see a general departure 

towards hi.gher values of (vsini) for stars t hat have 

a visible association with interstellar matter. NGC 2264 

should provide several good candidates for verificat 1. on 

of this possibility. 

If individual stars are plotted, on the 4sini> 

Mv diagram, one sees very few stars wit h vsin! values 

~ 50 lems in the 0.0< My <+1.5, domain. One can have 

such a situation if there is by virtue of interaction 

with the dense interstellar medium even a mild 

preference or orientation of rotational axes with 

respect to the galactiC plane. Kraft's (1965) 
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comprehensive studies on this point in other galactic 

clusters show that a strong preferred orientation is 

unlikely. But at the Same ti:ne it does not categorically 

rule out the chance of a mild oreference caused by the 

uncom~on situation of being deeply involved in large 

cloud complexes, even if the stars have be~n in 

existence for some time. And :night not sue h a s1 tuat ion 

prevail in the context of the high velocities of the 

later spectral types in Upper bcorpius? One would 

need more data on this and other clusters to extend 

t he argument. 
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CHAPTER III 

HYDROGEN AND HELIUM LINE INTENSITIES 

3.1 Introduction The hydrogen line strengths in 

early type stars play a fundamental role in astronomical 

distance determination. They are excellent indicators 

of the absolute magnitude and as such an accurate 

calibration of this luminosity Criteria has been one 

of the primary objectives for optical studies of 

Spiral structure of our galaxy. 

P'etrie (1953, 1965} developed the Victoria 

system of absolute magnitudes based on H1'line 

strengths derived from photographic spectra. 

Bappu et.al. (1961}, Crawford (1958, 1970} and 

Andrews (1968} utilised narrow band photoelectric 

measurements of Hi' Hfb and Hcx.respectively and 

showed that photoelectric techniques are superiod in 

speed compared to the photographic width measurements 
+ 

of Ht by Petrie. The two methods have their own 

advantages and disadvantages. Photographic spectra 

are a permanent record, and peculiarities if any in 

t he spectrum can be not iced. They are also capable 

of yielding much more information if required while 



photoelectric techniques have the advantage of 

high accurracy, speed and ca~ability of extension 

to faint limits. 

bpectra of the 114 members discussed in the 
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previous chapter in deriving rotational velocities 

were utilised to derived hydrogen anu helium line 

intensities. The observations and technique of 

reduction procedures employed have already been 

outlined earlier. 

3.2 Results and Di~cussion The derived line 

intensities of hydrogen at 4340A, 4101A, 3970A, 

3B89A, 3835A, 3798A and 3770A as well as of the 
o 0 

neutral helium lines at 4026A and 4471A are 

given in Table 1I1-1. The equivalent width of 

Hi as derived by me is plotted in Figure 3-1 

against the values on the Victoria system as 

given by Salona and Crampton (1974}. A few 

objects not included in this study but for which I 

had derivedthe equivalent widths with the same 

spectrograph have also been plotted in this figure. 
o 

The 45 degree line for a perfect fit is shown as a 

continuous line. Denoting the observations of Petrie, 



FIGURE , -1 

Comparison of WHy ebtained in the present stud, 

with those determined b, Petrie, Balona and 

Crampton. The ~5G line for perfect fit i& 

al so shown. 
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Balona and Crampton as "Victoria", a least squares 

fi t to t he point s yield 

This shows that there are no systematic differences 

in the equivalent widths of Hy derived in this study. 

The agreement is excellent insuite of the fact that 

these eQuivalent widths are measurements fro~ single 

s-peotra. 

The Hoy and HS' photoeleotric meaSures by 

Moreno et.al. (1967, 1969} are plotted against my values 

in JHgure 3-2. This plot shows that the photoeleotric 
o 

values of Moreno et.al. are overestimated by 2A at all 

values of WH.,. and ViH~ 

Assuming that the relationship is one to one 

between my Hi measures and t hose of Balona and Crampton, 

their absolute magnitude calibration were utlised to 

derive the individual absolute magnitudes of the ScorpiO 

Centaurus members, All peculiar stars, speotrosoopic 

binaries, and stars later than speotral type AD were 

omitted. A total of 77 stars remained in the list. 

Balona and Crampton (1974) have given two relationships 



FIGURE :3 - 2 

Coaparison of the pbotoelectric measures of Hy 

and H~ 1 i ne tntens! ties obtained by Moreno et al 

(1967, 1969) plotted agaillst the photographic 
o 

deterJBio.atiolls of the present work. rne 45 

line tor a parfeet fit is also shown. 
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between Mv and WHy. The first one involves a 

knowledge of spectral type and the second one involves 

a knowledge of the unreddened CB-V} colour. The 

spectral types of tbe Upper &corpius members were 

taken from Garrison (1967) and for the other obJects 

from Bertiau (19~8}. The (B-V}o colours for all these 

objects were taken from Moreno and Moreno. A correction 

of +0.01 magnitudes was applied to these values (see 

Chapter IV). The absolute magnitudes were derived from 

both these relationshi~s. Practically no difierence 

was found in the two derived values except for objects 

later than B7 where a difler~nce of as muoh as 0.4 

magnitudes between the two derived values is seen. 

The mean of the two determinations was adopted as 

final. The indiVidual distance moduli for the 77 stars 

were computed uSing Vo values given by Moreno and Moreno 

(1968) and for stars not found in his list, from 

Garrison (1967). The mean distance modulus from these 

77 objects 1s found to be 6.02ZO.06 magnitudes. For the 

three different sub-groups, the derived values are: 

Lower Cemtaurus-Crux = 5.82+0.06 magnitudes (15 stars); -
Upper Centaurus-Lupus 6.19!O.10 magnitudes (19 stars}; 

and Upper Soorpius = 6.00+0.09 magnitudes {43 stars}. -



The distance modulus derived by Balona and 

Crampton for the ~corpio-Centaurus association is 

6049±O.07 magnitudes. The difference is probably 

111-5 

caused by the inclusion of a few HP. measurements of 

Moreno and Moreno transformed to the H-y scale. 

However this has not been investigated in detail. 

The distance modulus derived by Crawford et.al. of 

the Scorpio-Centaurus association from Hp photo~etry 

is 6.0 magnitudes. The recent geometric distance 

modulus determination by Jones is 5.8. The H~ 

measures of Andrews (1968) lead to a distance modulus 

of 6.45 (Jones 1971}. The earlier geometric distance 

modulus determined by Bertiau (1958) with ~ro~er motions 

on N30 system is 6.2 magnitudes. The difference of 

0.4 magni tude between the two geometric distances 

modulus determination is caused by a 20% systematic 

higher values of the proper motions on the 1K4 system 

used by Jones over that of the N30 system employed by 

Bertiau. The distance modulus derived here is in 

excellent agreement with that of the photoelectrio 

determination of Crawford, Glaspay and Parry (1970}. 

Figure 3-3 is a plot of the mean equivalent width 



FIGURE ;, - , 

the aeu of i1 awl lila line intensitte. Is plotted 

&gaiast the unr.ue.ad (B-V) colour. 'rb.e Opper 

Scorpius aaabers are plotted aa op •• circl •• aDd 

Upper Centaurua-IauPlls Ileabars &8 filled circl ••• 

The fall 11ae refers to t. Rr .s1)eotral tn. 
ralatioRSRip of Baloa. ad Or.." •• (1974). The 

(B-V)o 'f'alues for the correspond1 .. apectral t1p. 

ara takeR for Jobasoa (19"). 
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of H?, and Ho against (B-V}I O• The continuous line 

is Bt equivalent widths, spectral type relation 

given by Balona and Crampton. The (B-V}o valuesjbr 

the corresnonding spectral type~ were taken from 

Johnson (1966}. It is evident from this plot that 

the Up~er bcorpius members plotted as open circles 

fall systematically below the relationship defined 

by the Upper Centaurus-Lupus members. The Upper 

Centaurus-Lupus members are plotted as filled 

circles in this diagram. These are well dispersed 

and are not associated with any nebuloSities, 

while the Upner Scorpius members are com~act with 

conspicuous dark clouds as around po~h and bright 

nebulosities near 22 ~co. The Upper bcorpius members 

are younger and this eVolutionary effect is very well 

noticeable in this diagram. 

These observations do not of course explain 

completely tbe differences found by Glaspey between 

t he two sub-groups in t he eo, rno diagram. He found 

that the Upper Centaurus-Lupus members behave like 

field stars while the Upper bcorpius ~embers behave 

differently. The effect was found to persist even 
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when the peculiar stars were eliminated. The V filter 

contains the H8" line .. nd since differences exist in 

the hydrogen line strengths between the two sub-groups, 

this effect shows up in the m-indices of narrow band 

photometry. However, Glaspey remarks, "Relative 

differences in Ha line strengths due to evolutionary 

stages can be ruled out since the differences in 

m-indices are greates for the mid B-star range and are 

smallest for early B-stars where evolut j onary ef l'ect s 

are most noticeable. Also there is no obvious 

correlation between Am and 6.13 taken relative to 

ZAMS at a given (u-b}o colour for the U~per Scorpius 

stars ••••••••• The m, index could be performing the same 

funotion with B-type stars as it is known to do with 

the late A and F stars, namely to indicate ano~olous 

line absorption". 

This remark cannot be reconciled with the 

observations presented in this thesis. There are no 

differences between the two sub-groups as far as 

their rotational velooities are ooncerned except that 

tbe B7-B9 stars in Upper &oorpius rotate much faster 

than the field stars. The helium abundances derived 
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o 
a. EquiTalent width of 4026A itl the ••• bers of the 

Scorpio-Centaurus association ShOWD as a function 

of snectral type. the expec~ed relationshi» for 

two helium abundances for log g = 4.0 0 ••• 4 oa 

Mortoll model ataospheres are slaown as full lin.a. 

~. ~he mean of the equlvaleat ,,14th of Hr aDd US' 

1s plotted as a iunetio. of spectral '1pe. The 

full line corresponds to the recellt calibratioll of 

By equlvaleat width b1 Balolla aDd Crurptoa (1974). 



80 i: .. ~ \ ~ "" !"I> 
'f:~~ .. ?-"t AO A2 A4 

.. - I .... ;~ ..... 1 .'4.i.~ ... -
-

4 ~""" U~p'r Centou rus - Lupul 

O-Upper Scorpius 

3 

WHe -0.10 
CD 
N 2 WH (0) 0 
~ ., 0 

3: 

o ---0-05 

2 • - Upper CentaurUI-
N 

" nn .... o-Upp.r Scorpiul -'G • I~][ crp l: 6 
~ 

P t P G-p + 
)Q 

z 
( b) "5 10 

""""- • 0 

14 iT -
18 

84 86 B8 AO 

SPECTRAL TYPE 



FIGUD , - 5 

fhe H,-colC)ur relation ot slow aDd fast rotators. 

Eftects of rotatioR on the derived equivalellt 

widths are see. to be l1eg11gible. 
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for objects in the two sub-groups are nor~al (vide 

Cha.pter IV}. The actual abundance of helium from 

III-14 

:3 st ars in Upper Centaurus Lupus is O.105,!O.001 and 

from 11 stars in Upper bcorpius is O.095!O.004 by 

number. The differences are not signifIcant. Bven 

if it were to be, its in the opposite sence fro!Il 

Glaspey's experience. Atleast part of the differences 

is accounted for by the high strengths of the 

hydrogen lines of the Upper ~corpius members. The 

remaining differences are probably due to anomolous 

reddening in the Upper bcoroius region. UBV 

observations of Moreno and Moreno {1968} do indicate 

t hat the value of R may be as high as 6.0 in the 

Upper bcorpius region. 

The equivalent width of He! 4026 is plotted against 

speotral type in Figure 3-4a. The expected relationship 

between the eQuivalent width and spectral types for a 

belium abundance of NHe/NEFO.10 and 0.05 for log ~ = 4.0 

based on Mortons model atmospheres' is shown as full 

line. The stars of t he Upper Centaurus-Lupus group are 

plotted as filled circles and the Upper bcorpius members 
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as open circles. It is evident from this figure that 

as long as we assume that the mean gravity of the two 

sub-groups is the sa.::ne, there is no helium abundance 

difference between the two sub-groups. This qualitative 

analysis is further strenthened by analysis of high 

dispersion material of a few bright objects pre5ented 

in Chapter IV. 

In order to find the "aspeot effectlt of rotation, 

I have plotted in Figure-3-5 the averaged value of 

WHy,and WHO' for stars with vsini < 200 kIn/sec and stars 

with vaini > 200 km/sec. against (B-V),o and (U-Bl,o. 

The (B-V}o, (U-B)o values for these objects were taken 

from the Moreno and Moreno (1968}_ The eXpected effect 

of high rotation is to decrease the Balmer line intensities 

and increase the colours. No such effect is found in the 

diagram indicating tbat the effect are smaller than the 

errors of observation. These are in accordance with the 

results of Petrie (1965). Any such differences introduced 

by rotation will not alter the results derived from 

ewploying hydrogen line equivalent widths. Thus, the 

differenoe in H-line strengt hs between the two sub-groups 

is real aDd the distance modulus derived from the 



FIGURE' - 6 

The relationahi-p between equivalent widths ot 

higher and lower Balmer series as determined 

ill this study_ 
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The absolute .Initucle, equ1valel1t width 

relatioashi~ for different Balaer lines. 

The absolute magnitudes used are those 

of Bertian. 
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~equi valent widt hs are not in any way affected by the 

rot at ional velocities. of t he members of the associat ion. 

And finally in order to assess the suitability 

of the higher ~embers of the Balmer series for 

luminosity ~easures, I have plotted in Figure 3-6 the 

me an equivalent widt h of HI' and H 8 against mean 

values of 'HH + 'II and Wa. + 'WH • As one goes to 
S H~ --~ 10 

higher ~e~bers the range in equivalent width diminishes 

as is to be expected when the Balmer decrement is 

operative. In Figure 3-7 three sets of equivalent 

width measures for the same stars are plotted 

against their respective visual absolute m~nitudes. 

These are the nean equivalent width of the co:nbinations, 

HS ..,. H6t a, + HS and Hs + H9• In going to the later 

members of the Balmer series one seeks an advantage 

of increasing sensitivity of the profile to Stark 

broadening. The effect seems to be offset by the 

decreasing total equivalent widt h of t he higher 

members. Hence there seems to be little to gain by 

going beyond H6 in any such effort. 
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:tiELTUM AlJUNJAlIfC.3 .l)EiBH1lINArIONb 

4.1 The Heliu~ Problem The determination of the 

helium conte nt in t he galaxy has lllanyfold obJectives. 

The pri~eval He concent has a bearinh on cosmological 

models. The variation of chemical composition as a 

function of position tn the galaxv gives us an idea 

of the chemical enrich!nent of the galaxy and the 

history of stellar nucleosynthesis~ 

Tf the proponents of the btg-bang cos~ology 

are correct, the pri.neval He content from which the 

galaxies have forned should have an heliu~ content of 

27% by maSS. The heliu~ produced inside the stars by 

conversion of r~drogen cannot be brought out by the 

presently understood stellar structure theories except 

probably by supernova explosions. The present results 

broadly indicate that NHe/N+i= O.1:,!;O.02 by number in 

support of the primeval fireball cosmological model. 

The observed ;oK background radiation see~s to support 

such a model. 

However, the observations indicate sizable 

fluctuations in the derived helium abundances. Many 



investigators have obtained a helium abundance 

significantly lower than 10;~ for Cluasi-stellar 

objects. leimbert ~nd &pinrad (1970) fro~ studies 

IV-2 

of H II regions in four galaxies find a value of 

NHo../NH = O.1:!;O.01 while Churchwell (197'J1 obtains 

values ranging fro~ 0.062 for W3 to 0.J86 for NGC 6357. 

Other determinations of the helium. abundance in 

extragalactic objects are by Aller and Faulkner (1962}, 

Johnson (1959}, Mathis (1965},. &chmidt (1962), and 

others. The helium abundances derived by them are 

all close to 0.1 by number. 

Certa.in population II stars and horizontal-branch 

stars in globular clusters have abnormally low helium 

abundances while hot normal 0 and B stars and the 

tnteratellar medium indicate a helium abundance of 

O.1;!O.02 by num.ber. knongst the hot population II stars, 

there are two groups of objects with considerably low 

helium abundances. These are firstly the weak-line 

field stars (type BW) and their analogues on the 

horizontal branch of globular clusters that have normal 

gravities and low heliuw abundance. A second group 

con_lata of the sub-dwarf B-stars with low helium 

abundances. (Danziger 1970). There are a few population 
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II objects which have helium abundances close t.o those 

obtained from pupulation I objects and the interstellar 

matt.er. One interesting example is the O-star studted 

by Strom and btrom (1970} in the metal-poor globular 

cluster M3. The chemical co~position of this object 

resembles the normal population I obJects. 

Before these quoted variations in the helium 

abundance are taken seriously, one should take into 

consideration the nature of observing techniques, data 

reduction and the theories used in deriving these 

abundances. For example, t he initial helium abundance 

derived for the Sun is still oontroversial •. With a 

neutrino flux of 3X10-36 neutrinos/sec./37Cl nucleus 

given by Davis et.al.(1968), Bahcall et.al. (1968) 

dertve an initial helium abundance 0.07 by number. 

This has been questioned by Tben (1968}. He suggests 

that the present heavy element abundance parameter must 

be considered a free parameter. This leads to an upper 

limit of 0.05 consistent with the neutrino flux d.erived 

by Davis at.al. From a discussion of the observed 

abundanoes in solar cosmic rays, Lambert (1967} derives 

a value Q.f NI-I",/J'J .. =O.05 wh.ile lilndhausen et.al. {1967} 
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from long ~erm monitoring of solar wind derive a value 

of 0.04. Fro~ solar pro~tnence s,ectra, Unsold (1969) 

derived a value of 0.16. These value~ are not only 

incon~i.st.ent a.monG~t t.he:nselve::. but. are also so with 

our present underst:andinc: of the -physiCs of the f)olar 

interior. 

It is ~robably ~remature to conclude one way 

or the otht;;r a.bout the origi n of the pri.neval helium 

content of the universe. At+.empts to explain the 

soat ial variat ion of the hel ium content have been made 

by the ,roponents of the primeval fireball in terms of 

primordial temyerature and density fluctuations in the 

early uni verse (Harrison 1968, Silk and f.ha!)iro 19'71). 

These observations dre also consistent. with the 

production of helium in explosions of supermassive 
o 

objects which can also qualitatively explain the :3 K 

background radiation (Burbidge 1969}. These proble~s 

are discussed in detail in the reviews by Tayler (1961}. 

Burbidge (1969) and Danziger (1970}. Here we shall 

restrict ourselves to the spectroscopic determination 

of the helium abundance from early type stars. 

4.2' ~ remarks regardigg He abundance determination 

the presence of well developed Hel lines in the spectrum 
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of B-stars is a well known feature. These lines ~rovide 

an Ln90rtant :;;ource of infQrmation regardin,g the 

abundance of heliu..o., the nost abundant ele.Tlent, other 

ttan hydrogen, in the Universe. irogre~s in utilizing 

t he bel iUul s;:>ect rum has bee n hamperej by t he inadequacy 

of broadening theories. Only recently has sbti6factory 

progress been ~ade in thi~ direction. During the past 

few years good theoretical descri9tions of the HeI lines 

with overlapn;ng forbidden component~ have a~peared 

(Griem 1968, Gieske and Griem 1969, Barnard, Cooper and 

bha~ey 1969, Barnard Cooper and cmith 1974). rhese 

developments have largely improved the comparison between 

theory and observations, thoue:,h inadequacies 1n the 
o 

broadening theories are still present (eg: 4921A}. buch 

discre9ancies that are present are matters of detail 

in fitting the observed forbidden components and as 

such we may safely conclude that reliable helium 

abunJ.ances can be ob tained from observations of B-star 

spectra today. These developments have taken us a 

long way towards underst.anding B-star spectra since the 

time Struve {1928, 1931} pointed out the singlet-tri9let 

anomaly. 

In order to derjve the helium abundance of a 
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star, an accurate knowledge of the temperature and 

gravi ty of t he object is required. The present 

methodolo6y is to derive these ~uantitites fro~ various 

nombtnations of the observable parameters of the obJect 

an,l .:nodel at 'nosp heref:J. In deri vinlS a t ellperature 

scale, the model atmosphere predictions ar~ lnti'uately 

tied down to the continuum flux and the Bal~er JU~P 

observed in nornal stars (the Bal:..ner jU!Ili) is extreaely 

sensitive t.o temgerature in the B-star range). The 

derived temperat.ure of a star de,ends finally on the 

temperature scale used, [Morton and Adams (1968), 

Wolf, Kuhi and Hayes (1968}, Hyland (1969) and bchild, 

Petercon and Oke (1971)J and the absolute calibration 

of Vega, [Hayes (1970), Oke and bchild (1970)J to which 

all continuum flux measurements are referred to. The 

differences among the various temperature scales eiven 

above are small except at spectral types B8 and later 

where the Schild, Peterson and Oke (1971}, hereinafter 

referred to as 6?O, scales are substantially hotter 

t han the at hers. 

The hydrogen line profiles, Which are extremely 

seneltive to Stark broadening, together with the derived 

temperatures are utilised to derive the gravities. The 
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model atmos~heres together with the hydrogen line 

broadening theories are usee to nredict tte hydrogen 

line orofiles for various teJl?eratures and graV"ities. 

A comryarison of the observed line profiles of hydro6en 

at. the app ropri at e te'D'Jeratures wi ~h the ?redicted line 

profi le::. ei ves us t he gravity of the obJect. :rhi s again 

deiJends on 'cha hydrogen line broadenino theory utilised 

; n t he calculations. The ..:.c.lnond, 5cb.1uter EW,j •• elll:l 

{1967J, herein aften.,rards referrel to as i.~.i, a.nd the 

Orislu (1967J theory of hydrogen btark broadenin.; €ive 

reLultb systematically different by Alog g = J.2, in 

t he sense tbat .sSW t heerie IS .9rediat higter gra.vi ties. 

The presently .'lvai lable observations do not 

resolve this controversy. In their ana.lysis of 

1r ~corpij, Hardorp and ~cholz (1970} could not ~ecide 

bet;ween the two theories while Olson (1968) finds that 

the gravities derived from light and radial velocity 

solutions of ecliosing binary systems are ~ore consistent 

with the ;:;bW theory. However bPO find, with "';heir new 

temperature calibration, v/hich is sub:=.tantially hot""er at 

AO than other temperature scales, that the observed 

hydrogen line profiles by p.'eterson (1968) of Vega are in 
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excellent agreement wjth those obtainea by ~sinA Gr~e~'s 

theory. The ~ean gravity derlved by ?eterson s.nd ~tii)llan 

(1973) for NGC 2264 (log g.:4.4~} vlith Griell's line 

bro&denin~ theory is in better asreellent with ~he ~ean 

sruvity of the zero ~ain sequence (log g=4.4;, ttan 

t.h~t. ..siven by the E~d theory. The E~V; theory leads t.o a. 

tlSan gravity of 4.55 for the 5 stars observed by thell. 

,¥ith the derived tellperatures a.nd graVities, tee 

line ?rofile~ and e~uivalent widths of the observed 

heli u.n 1 i nee can be used t.o den ve the heliu.:n aounaances. 

Model attnoSpheres have been constructea for a;oor09riate 

vi-llues of te!Dperatures and gravities for a. grid of heliu:a 

abundanctes. A comparison of the ob::.erved :;>rof11e and 

equivalent widt he, with those inter~olat,ed fro:!! the grid 

of profiles and equivalent widths ~redicted by ~odels, 

enables one to derive t.he actual heliu'lI abundance in +'he 

star. The entire procedure depends on +.he ~ua1ity of 

observat. iOllS, the te!ll?erature scales useu, t he line 

broadeni ng theories used and the model at:nos'O neres enr?loyed 

for t he computations. 

4.3 Observations at hi~h dispersion of some stars in 

the Sogrpio-Centaurus association In all, I obtained 
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eleven good Sijec+;ra of ii ve bright .ue!Ilben;) of i: he 

~corpio-:entaurus a&bociation during June-July 1974-

with an echelle 5?ect,rogra~h at the coude focus of the 

102 C'Il. reflector t;elesco,e at Kavalur. 'l'ne echelle hab 

73 grooves ~er ~n and is crossed with a 6JO groove/~~ 

grating to give on a gem x 12cm ~late in the focal plane 

of a 25 C,D. carllera the entire ~oectru:n from 3800-66)0;\.. 
, I 

The dis"Oersion at 4026A is 4.SA/m!Il (55th order), and 

8A/mm at 66:)OA. The details of the E)nectra are biven 

in Table lV-1. The various columns are self exulaaatory. 

The calibratjons were provided by the same rotating 

sector 9rism spectrograph combination utilized for the 

low dispersion studies. The calibration ex~osure 

durations were comparable to those employed on the star. 

Two calibration spectra of different density ranges 

were obtained to ensure well defined calibration curves 
o 

from 4000-4600A. The star exposure together with 

the calibration plates were developed Simultaneously for 
o 

four minutes in D19 at 68 F. All plates were traced 

with a Zeiss microphotometer operating in the density 

mode. Wavelength regions from 3900-4100A, 4100-430~A, 

and 4300-4500Ao were analysed with different calibration 
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TABLE IV - 1a 

Plate St.ar Exposure Date Plate l"temarks No. Time ( Kind). 

h m 

36 2500 4 30 14-6-74 IIa-O baked. 

44a 2 05 19-6-74 IIa-O baked .. Slightly overexposed 

35 K Cen 2 50 17-6-74 IIa-O baked. 

31 2 50 8-6-74 103a-D 

29 3 00 7-6-74 103a-D blightly underexposed 

21 seo 2 20 1-6-74- 103a:-D blightly overexposed 

28 2 ,4- 6-6-14 103a-D blightly overexposed 

42a seo 0 46 18-6-74- IIa-O baked. blightly overexposed 

0 26 18-6-74 IIa-O baked. 

40a Can 0 37 18-6-74 IIa-O baked. 

40b 0 58 18-6-74 IIa-O baked. Slightly overex~osed 



curves obtained at 
000 

4000A,420uJ.l and 4400J.l 
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respeotively. The free spectral region ~f the echelle 
o 

used is 100A. In thi~ interval, the density falls, 

off rapidly as one goes away fro~ the ceatre of each 

order. ior the hydrogen lines, the continuuill wa~ 
o 

defined at ! 20A fro~ the line centre irrespective 

of the rotational velocity of the obJect under 

considerat ion. 
o 

o 
A smooth curve was drawn over! 7J.l 

at ! 20A from the line oenter, to represent the 

oontinuum at these regions. The density values were 

read at these regions and a third degree polyno~ial 
o 

was fitted to represent the oontinuum over ± 30A 

from the hydrogen line oenter. 

The inconvenience that exists in fitting continuum 

curves to echelle speotra are more than offset by the 

enhanced resolutions available. In the case of heliu~ 
o 

lines, the continuum was defined at ! 12A from the line 

center and a similar procedure as described above followed. 

The lines He! 4388 and 4471A fall in regions where the 

density is rising fast, while He! 4026, Hy and HS' are alllost 

centrally placed in their respective strips. Under thebe 

oircumstanoes, the present procedure in representing the 
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cont iauu'l] iEJ ,robably the oest and should l'Iot introJuce 

any eystenatic errors in the derived line ,rofileEJ and 

e~Juivalent widthb. Any EJuch exoected syste:Jatic error 

bbould show Ul) in the derived. hydrogen line ;;>rofiles. 

COID:;Jarison with published line profilefl of 'l""bco and 

~ Cen by Norris (197n show excellent agreement to 

wit hin t~ of t he continuum. 

4.4 :re.::nper.9.tures, Gravi~ and Helium abund.§::!!Q! 

T have esti~ated te~peratures and gravities from the 

published UBV data and the hydrogen line profiles 

obt:;ained 5n this study from the echellesuectra. The 

redden; nb slope waS. aEJsu.ned to be 0.'72 ano the 

reddenin~ independent parameter ~ was derived from 

Q = (U-D) -0.72 (B-V} 

The U.l:SV values of the five s.tars discussed in this 

study were taken from Moreno and Moreno (1968}. Tbe 

17i, Be relationship used ifl that due to .. child, 

Peterson and Oke (1971}. This relationship is given by 

9e. ::;; 0.378 ~ + 0.500 

The temperat.ures derived with the above two equations, 

were corrected in Qe. by +0.01 since there seems to be a 
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systematic error of +0.025 in +'h~ derlveJ ~ t/llen the 

(U-B)., (B-V} value::) of Horeno and l~oreno are use:J.. 

I have plotted in ltgure IV-1, the (.o-Vlo and (U-.l:S1 o 

values of t; he ~cor:)i o-Ce nt 1;.iuru~ :ne.nberb a.cai nst ". 

The (B- V} 0' (U-B) 0 value s are t hObe J bt at nell by More no 

and Moreno. or hey have u:;,e":' a 'value ·::>f !-{, t he rat io of 

total extinction to color extinction, equal to 3 in 

deriving the unreddcneu colors. Tbe J, (b-V}o and 

'.l, (U-B} 0 relat ionsht pS given by bP'Q are plot. t.ed as 

full lines. All the observed points fall systematically 

below the relationship given by SFO. Si.nce the bP'O 

relationship fits the UEV observ,;r'~ions of Hardie and 

Crauford (1961}, I believe it is the observations of 

Moreno and Moreno that need to be corrected by ab~ut 

0.01 magnitudes in (H-V} and (V-B). The :nean differences 

quoted by Moreno and Moreno bet.ween their observations 

and that of Hardie and Crawford is (MM-HC} = -0.0110.007 

in B-V and -O.01!O.009 in U-V. binee we have two stars, 

in the Upper Centaurus-Lupus region for whioh observations 

of Hardie and Crawford do not eXist, and also because the 

UBV observations of Moreno and Moreno seem to be of very 

high Quality exoept for this systematic error, I deoided 

to use the values derived at Chile after taking into 

account the eystemat 10 error. 



FIGURE 4 - 1 

The readening independent par.-eter Q as 

a fUllction of (:B-V}o and (U-B).. !he 

(B-V)o and {U-B)o values are fro .. More.o 

and Horeno (1968j. The SPO relationship 

is shown by the solid line. 
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The observed H1 line orofiles, given in 

fable IV-1 were used to derive the gravity at the 

appropriate tem~erature from the Q ~ethod discu5sed 

above. The full widt h D10 and D20 at 18 and 20 percent 

absorption resoectively of the By line was U5ed in 

deriving log g" The model atmospheres used are those due 

to Morton and his co-workers, (Mihalas and Morton 1965, 

Adams and Morton 1968, Hicock and Morton '1968, Horton 

and Bradley 1968}. The ESW theory of hydrogen line 

broadening is used in these calculat ions. Actually, 

I used the resultant hydrogen line profile given in a 

fine grid form by Norris (1971). 

To take into account the controversy over the 

two hydrogen line broadening theories di5cus5ed earlier 

and in view of the fact that the Griem line broadening 

theory is more 1n accord with the bP'O temperature scale 

used in this investigation, I have applied a correction 

of -0.1 to the derived log g values. No corrections due 

to the slightly higher helium abundance of t-JI-\I?/t-J ... = 0 .. 11 

used by Norris (1971; in his calculations, was applied 

since the observations of Peterson and 5hip~an (1973} 

indioate tbat the helium abundance is probably higher 

in the Scorpio.Ce.taurus association. The final adopted 
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values of ee and log g for the five stars studied here 

are given in Table IV-3. In view of the differences 

between various hydrogen line broadening theories and 

the temperature scales, we expect that +.he values quoted 

he re are accurat e to A log g = :0. 1 and Aee = :!: 0.01. 

The equivalent widt hs deriveJ. fro!ll the observed 

helium and hydrogen line profiles were calculated using 

the Simpson quadrat.ure fortDula. The heliuJl lines 

available for this study are, ~A 4009, 4026, 4143, 

4388 and 4471. HeI 4121 WaS found to be ceriously 

blended with 0 II lines and therefore I have not made 

use of it here. Hel 4438 waS not measured. The derived 

equivalent widths of the helium lines together with 

those of H'1' and HS are given in Table IV-2. 

The equivalent widths were directly interpolated 

in NorriS' (1971) tables whtch employed Morton model 

atmospheres and the calculation of Griem et.al. (1962} 
o 0 

for the lines 4438A and 4713A , the data of Griem (1968) 

for 4471 and of Gieske and Grie::n (1969) for 4026 A, 
o 0 

414;A and 4388A. The derived helium abundances for the 

indiVidual lines are ta.bula.ted in Table lV-3. The 
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last column gives the mean helium abuadance for each 

star fro::n a logarith::nic sum.nation of all lines. 

4.5 Results and ~iscussion The :ne an hel ium 

abundance for the five stars studied here is O.096~J.004 

by number. This can be cO:!lpared with the lllean heliu:n 

abundance of O.094!O.005 derived by Peterson and bhipnan 

(1973} from a study of 13 stars in the Upper bcorpius 

Complex. I have made a logarithnic sumuation of the 

individual abundances given by them after convertlng 

them to Nl-le/N rt • The value quoted by t.he:n is O.J97±O.005 

where the abundance is '..J.efined such that Nth.+NH = i 

To find if any helium abundance dif[erence exists between 

the Upper Centaurus Lu-ous member~ and the Upper Bcorpius 

!llembers, I have used along with the heliu:n abundances 

derived in this study those obtained by Norris' (1971) 

as well as Peterson and bhipman (1973} for the ~embers 

of the Scorpio-Centaurus associat ion. The Beta Cep hei 

stars included in Norris' list were left out. To express 

the Mt Stromlo observations on t he present scale, the 

equivalent widths of the 5 Be lines utilised in this study 

were taken from their list, and with te~geratures aerived 

by the Q method and log g determined fro~ their hydrogen 

line profiles corrected by ~.1, the helium abundances 
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were derived afresh for the 6 stars they studied in the 

bco-Can association. 

The mean helium abundance from all these data is 

N~~/N~= 0.09810.004. The mean heliu~ abundance fro~ 

10 Upper Scor~ius mempers alone is O.096!D.005 while 

that. from the 3 Upper Centaurus-Lupus me~bers is 

O. 105,!O .001. 

In the above calculations, four stars in ?eterson's 

and Shipman's list have been left out. These four stars 

according to Garrison (1967) are of low luminosity for 

the heliam speotram type given by him. however, even if 

these four are included in the averages, the nUUlber::. 

quoted in the previous paragraph do not ohange 

significantly. 

It appears that there is no significant difference 

in the helium oontent of the two major sub-groups of 

this assooiation.. The hydrogen line strengt h differences 

found in Chapter 3 must therefore be explained in ter:ns 

of evolutiol'lary effeots. '.rhere is no difference in the 

rotat10.al velocities between the two sub-groups except 

tbat t~ ~7~J9 -*.rs of Upp.r Soorpius rotate faster 
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than the field stars. However, the Upper Centaurus 

region does not conti::l.in any- late B-star~. There is 

only one b7 star jn the list of ?eterson and bhip~an 

which does not in any way alter the above conclusions. 

The study by watson (1972) of f Cephei stars 

include ~ stars from Lcorpio-Centaurus association, 

two of which belong to Upper ccor~ius, one +'0 Upper 

CentaurUs-Lu9Us and one in the Lower Centaurus-Crux 

sub-group. 

:the metal abundances derived for ~ Lup in Upper 

Centaurus-Lupus region is slj6htly lower cO~9ared to 

the other stars. However the Jifferences are probably 

not significant to evoke any metal deficiency in the 

Upper Centaurus Lupus me~bers. 

Thus it appears that the two sub-grou~s, are 

nearly similar as far as their rotational velocity 

distribution and helium abundances are concerned. The 

observations of Glaspey from narrow band ,hotometry 

that the Upper Scorpius members are peculiar cannot be 

explained from the present spectrogra,hic observations. 

rerhaps, there may be t1fferences in the ultraviolet 
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fluxes recai.ved fro:n these two grou?s of st3.r.s, ~/hi:Jh 

'nay 'Jffer ~orne clue. 
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T iWLi: I V-1 

~ydrogen Line Profile& 

-------------------------------------------------------------
nl' ( .6.;\ A } 4340 

btar -------------------------------------------------------
o 1 2 4 6 8 1J 15 

-------------------------------------------------------------
Can 0.380 0.590 0.666 0.'788 0.874 0.921 0.949 0.992 
Seo O.4t10 0.594 0.686 0.808 0.870 0.904 ~.928 0.982 
beo 0.520 0.638 0.733 0.840 8.897 0.835 8.965 0.996 
Seo 0.585 0.60'1 0.687 0.843 8.907 0.940 0.965 8 .. 995 
Cen 0.540 0/11580 0.647 0.780 8.87S 0.922 0.947 0.993 

-----~-~----~-~-----~----------------------------------------

--------------------------H~-(-AX-K)----4101-----------------

Star ~-----------------------------------------------------0 1 2 4 6 8 10 15 
--~----~----~------------------------------------------------

Cen 0.415 0.:;60 0.658 0.809 0.892 0.943 0.969 0.996 

Seo 0.455 0.540 0.690 0.840 0.90D ~.945 0.973 0.990 

Sco 0.477 0.624 0.731 0.838 ).898 0.940 0.973 0.990 
Seo 0.575 0.619 0.700 0.825 0.881 0.923 0.955 0.990 

Cen 0.485 0 .. 555 0.679 0.825 0.900 0.942 0.966 0.987 

~-~---~~~--~~-~--~-~-----------------------------------~--
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TABLE IV-2 

-----~-------------------------------------~---------------Equivalent \Jidths (A ) 
Star -----~------~----------------------________________ _ 

4340 4101 4009 4026 4143 4387 4438 4471 
---~------~------------------------------------------------

Cen 3.64 4_47 0.660 1.470 0.'795 J.985 J .154 1.330 
&co 3.89 4.74 0.638 1.380 0.729 0.862 1.415 
bco 3.55 3.64 0.688 1.024 0.411 0.599 0.996 
Sco 3.90 4.11 0-567 1.262 0.771 J.620 1.293 
Cen 3.68 4.77 0.656 1.496 0.765 0.711 1.720 

------~--~-~-----------------------------------------------

TABLE IV-3 

Effective Temperatures, Gravities and 
Helium Abundanoes 

-------~---~-~~---~~-~~-----~-~----------------------------

Star 
log g __________ :~:~ ________________ (He} 

4009 4026 4143 4387 4471 Mean 
--~~~--~~~~----~-~~---~---~----~~------~------~----------

Cen 0.261 3.70 0.086 0.100 0.116 0.204 0.096 0.114 
Soo 0.2,8 ,.78 0.084 0.091 0.097 0.080 0.101 0 .. 090 

Boo 0.1e6 4.10 0.153 0.0660.045 0.100 0.070 0.080 
$00 0.196 4-.15 0.078 0 .. 098 0.126 0.085 0.098 0 .. 096 

Cera -0.222 4.05 0.081 0.093 0.108 0.090 0.156 0.103 
--~~--~~~-~--------~--~-~-----------~------~---------~---

Mean belium abundance = O.O96±O.OO4 
- ,. 

-~.~ .. ~~~~.~~-~~-~---~~---------------~~--~------



HELIUM I.IN~ PROFTLJ!!b:: COi.llr'.t.utTbOI~ '\/I~H NON-LfE 

MODEL ATM06£HEHEc 

5.1 Introduction The analysis of helium line 

strengths and the effect of deoartures from local 
~ 
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thermodynamical equilibrium (L~~) have been a subJect 

of controversy ~inoe the time Struve (1928, 1931) 

pointed the so called 'Helium ~inglet-triplet' 

anomaly. As early as 1939, Goldberg (1939; argued 

that the singlet-triplet behaviour can easily be 

eXplained by differing saturation ef~ects without 

invoking departures from LTE. However, the validity 

of his treatment continued to be questioned, till 

improved bilium line broadening theories and model 

atmospheres became available. It was shown by 

NorriS' (1970), and Leckrone (1971) that in the 

blue violet region of the speotrum, the Singlet 

triplet anomaly can be fully explained within the 

frame work of LTE. FUrther, t.he analysis of Norris' 

(1971), Leokrone (1971}, O'Mara and ~impson (1972) 

eb?wed that departures from LTE have negligible 

effects in t~. glue violet reg10Q of the spectrum 
o 0 

and beaom •• 40miaant only for 5876A and 6678A • 
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Also tl~t it is not ~ossible to match si~ul~~neously 

an observed line core and the line wings within t.he 

Lr~ fr~me work and that the observed line cores are 

syste..adt i cally deepe r and broader than that e;reC1icted. 

by LT~ oalculations, In addition Lt3 ~nalyQis doe~ 

not sat.isfactorily predict the observed forbidden 

cOrD,?onents, especially for 4471A ane! 492dA. 

These observations were further &trengtheneC1 

by the oalculations of Johnson and Poland {1969} 

a.nd Poland {1970} who showed that the L'!1:. ccLl.culations 

satisfaotorily represent the wings and the forbidden 

components while non-LTE is important only in the 

line core atleast for lines in the blue violet 

reeion of the spectrum. The significanoe of non-LIE 

\liaS reopened again by Hearn (1970~. Based on his 

caloulations, Underhill and Hearn C 1971}, 

Snijders and Underhill (1971} crit.icised the 

work of Johnson and Poland (1969} and Poland (1970) 

and insisted that departures from LTE should have 

significant effects in the analysis of HeI lines in 

t~e B-star speotra. fbese criticisms have been 

answered bl ~olaRd and Skuaanich (1971) and Poland (1972). 
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The controversy re'uained till t, he calculat, i onf:> of A.uer 

1:iI.nd Hi halas (1973) beca'ue available for a wide range 

of t.e.npera+.ureb and e;ravi ties whi ch essent j ally 

ex) n!i.r.J t.he conclusions reacheu earlier by Johnson 

and ?oland (1969} and Poland (1970). The nain 

conclusions fron the recen+. work of Mihalas ~nd his 

co-workers ares. 

(1) Oe~artures fro(u LX':;, j n .J3-star spectral range 

have lH+.le effect. on the e-lu1valent widthEl in the 

blue violet region of the sp~ctrum. The non-L£~ 

eftects become larger at longward wavelengths and 
o 

is extre,nely significant for lines buch aEl 5876A 
o 

and 6678A. This explains the derive~ LTE abundances 

as a function of A fj rst. noted by Norris (197 n. 

(2} The singlet-triplet ratio is not changed for 

lines in the blue violet region by Significant amounts 

while a ratio like 5876/6678 can be satisfactorily 

represented only if departures from LTE are taken into 

account. 

(3) Exce~ting near speotral type BO and B1, the core 

and the wings can Simultaneously be represented only 
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if non LTE effects are taken into account. 

(4) The effects of de9artureo fro~ L:E ugon e~ulvalent 

widths of a. given line often are lar§er when the line 

is weak t han when 1 t is st.rong. 

Though extremely satisfactory repreoentation 

could be obtained by Auer and Mihalas with gublished 

11ne profiles, they still encounterea uifficulties 

in repretJenting the forbidden oomponents of diffuQe 

lines especially ~i\ 4471 and 4921 with the available 

helium line broadening theories. They had employed 

the line broadening theories of Barnard, Cooper and 

Bhamey (1969) and Shamey (1969~ io their calculations 

and to extrapolate to far line wings they followed the 

suggestion of Barnard and Cooper (1974}. Such 

difficulties, especially near the forbidden components 

bad alr.ad, been noticed from laboratory work by 

Burges. (1970), Burgess and Cairns (1970) and fro~ 

oompar1aon of theory with observations by Leckrone . ' 

(1971)" lorrta (1970, 1971}, t,;Elijders and Underhill 

(1971). III .al.l these works it was found that the 
, " 

.xi.t1.,.~o" •• lag theories, predicted forbidden 

OOllpO .... Vkldla w .. too narrow and deep and the line 



V-5 

opacity between the forbid and permlt+.ed components, 

too low. 

These difficulties have now been overcome, atlea&t 

in the case of HeI 4471 with the new quantum ~echanical 

calculations of Barnara Cooper and S~ith (19741 of 

HeI 4471 stark profiles having become available. 

Computations of Hel 4471 line profile over a wide 

range of temperatures and gravities CTe= 15000-27500, 

log g = 2.5-4.0} have bean made by Mihalas at.al. 

(1974}. They have shown that. these calculations are 

in excellent agreement with the presently available 

observational material. 

5.2 Observations and Result~ High dispersion 

spectra of X cen, 'l: Seo and p.'bco, the three fairly 

sharp-lined stars in my list ¥ere utilised for a 

comparison of non-LTB and LTE line profiles with 

observat ions. 

The observations and reduction prooedures are 

described in Chapter IV. The observed line profiles 

of HeI i\i\ 4026,4388 and 4471 are listed in table V-1. 

Flgure 5-2, 5-3 and 5-4 show the observed line 
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profiles (plo+.t.ed as filled circles} corrected for 

instrUIDetltal profile. The correotion for instru..nental 

broadening was found to be extremely s~all, of t,he 

order of 1 to 2;& at the C01"e. The lllethoa. of succef.sive 

iterations, buggested by ueJager and Neven (19641 was 

followed to deconvolve the observed profile with the 

:I nstru'llental profile. The instrumental profile, was 

derived from the iron lines in the Fe-Ne hollow 

cat hode used as a cO!D'Oarison source for ":; he s()ectra 

obtained 1n this study. Thi6 is shown in figure 5-1 

(not normalised}. 

It R ( A } is the observed proftle, T, the true 

profile, A the apparutus profile, then 
lID 

R () } • ['Z ex} A ( jI-X} dx -----------e n 
-'ZIo 

The unknown function T ( ~ } is solved from this 

integral equation in successive steps, with the nth 

approximation given by 
iIII 

'ZII ( ). ) • 1' ... 1 (A ~+R (l\ ~ - f 'X ... 1 ( l/ } A (ii-x} dx 

:~--~----~-------(2) 

and with ,be tirst approximation being given by 

! 1 ( A ) = R ( A ). 
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The instrumental profile corresponding to a 

projeoted slit width of ,~ eaployed in 

this study at high diSpersion. Five sharp 

comparison lines from & Fe-Ie hollow oatbo4e 

source were utilised to deriYe the 

instrwaental profile. rae tiaal ado~te4 

~rofile is snown by the so11d 11a •• 
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nGlIRE 5 - 2 

Com»arison of the observed aDd computed profiles 

for ~Sco. Tlte soli4 lia. cOl"reapOJlde to 

aon-L'lE .Q4els. Tbe cb~ted 11118 oorr • ."oa4& to 

LTi .04.1.. rba pretile. oorr •• po.a to 

Xe = 22,500, log g= 3.9, T sin 1 = 40 t./eee. 

The assuae4 11mb 4arkening coeff1cieat 1s 0.4. 
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FIGURE 5 - , 

Comparison of the observed and computed profiles 

for ~ Cen. The solid line oorresponds to non-LTE 

models. The dotted line corresponds to LTE 

.odels. The profiles corres~ond to fe== 22,500 

10'; g :: 3.9 T sin 1 = 15 kIl/sec. The assumed 

liab darkeniag ooefficient 1s 0.4. 
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FlOOD 5 - 4 

COll1)arison of the observed aDd e.aput.4 protiles 

for,.. Seo. The solid lira. cerrespoJlda to aoa-mE 
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For the three stronx heliu~ lines consldered in 

this stuuy, the serie~ converged withi.n three 

approximat ions. 

In figures 5-2, 5-3 and 5-4 t he non-Lr~ and 

LTE theoretical predictions of AUer and :Uhalas (1913k 

and Mihalas et.a!. (1974) are shown ab continuous and 

dotted lines respectively. In fitting the observe1 

line profiles to non-~T~ models, several iterations had 

to be performed in Be' log g and vsini with the 

initial parameters e~, log g bei.ng given by the values 

in Table IV-3. In the convolution of the broaclening 

functions wit.h non-LTg and LTE urofiles, the value of 

the limb darkening coefficient WdS aS2u~ed to be 0.4. 

The final adopted values for the three stars are 

Ii' cen (1'e= 22500, log B = 3.9, vsini = 15} rr bco 

(1'. = 30000, log g = 4, vaint = 15} and f-2. bco (1e=225oo 

log g • 3.9, vaini = 40}. No atte~pt waS made to find 

tke best fitting LTE profiles for these stars; we have 

simp11 shown the Ll'E profiles given by Aller and i~1halas 

(1973) and Mibalas at.al. (1914} corresponding to the 

TalU •• ot 1'., log g and vsini quoted above. 

"or it1 4026 and 4388, the LTI!: and non-L'ilS predicted 
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profilel::, which utilise a helium abundance of 

NHe./NI-f = 0.10, were taken fro_n Auer and f·1ihalas 

(1973) except for ~ beo for which t.he earlier 

calculation~ of Auer and Mihalas (1972) are used. £or 

HeI 4471, the most recent calculations of Mihalas, 

Barnard, Cooper and b~ith (1974) e~~loyinb helium 

stark broaJening calculations of Barnei, Cooper and 

orntt:b (1974). were utilised to fit the ::,oservations. 

However, the temperature range for which ~hese 
\) 

calcul1;1.tions are ava.ilable extends only u:::to 27,500 

at the hot end. Therefore for 't boo, for which a 
o 

tamperi:iture of atleast ;0,000 is requi.red ";0 fit 

the observations, I used the earlier work of A~er 

and Mihalas (1972}' employing heliull bf;ark broaden in6 

calculations of Barnard, Cooper and Shamey (1969). 

"i Cen The non-LXE and laTE line profile calculat ions 

of Auer and Mibalas (197;} used to fit the observations 

utilise unblanketted model atmospheres of l.fihalas {1972} 

and ESW hfdrogen liDe broadening theory. 5till this 

does not oompletely explain the high te~?erature that 

wa~ reuuireQ to fit tae beliu~ line profil~~. rue 

teiioer..,ture t bat w .. o.eri ved in Chapter IV for t hi s 



V-9 

object is 19,300° while the te~oerature derived from 

the line profile is 22,500°. The s~all difference 

of ~ log f!. = 0 .. 2 can be understooa in ";eriDs of the 

di.f ferences betwee n t be two hydroge n 1 i.ne broadenic6g 

t. heorieo. T £l Ohal)ter I V we h~1.i. cor ,'eet.ey the ...teri ve .... 

log 11. valueEl froUl aRe of s:.""; theories by 6.1og g = -0.1. 

The difference in unblanketed .noo.els of r·Iihalas 

and the blankett.ed models of Morton his co-workers at 

this tenperature is about c1"'T= 1000°. \Jhile the 

actual difference in tern~era.ture derived in Chapter IV 
o 

and tha.t used to fit the profiles here is 3200. One 

posbib11ity is that the line ~rofile of HeI 4388 

derived here is slightly in error and t.he continuu.n 

is probably overestimated by 3 to 4'~. But i.s is well 

to reoall that the proftle utilizeu is the ~ean ~erived 

from three plates. A likely error in equivalent \'Iidth 

oan also oause the hi.g1:1 heliu'Il I:Lbundanoe derived from 

th1~ line in Chapter IV. However, the three para:neters, 

8&, log g and vsini utiltsed, fit the other two lines 

also extremely well and this ~ust be considered before 

one oan come to any definite conclusion. 

fblre 1. uo indication of any gross errors in 
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ei~her loS g or vSini. v~ini = 15 ~/sec. utilised 

here is the 51:1..1e as that \leri-Ted by No.cris (19711, 

and t.he Ll'.£:, non-L',r.cl models utiUze a value of 

NHQ/NI-t = 0.1, which is no~ nuch Jilierent fro a 

that deriveJ. fro'B the equiv~lent wi.dths ana. LXii 

diagnost ics by me and by Norri s (1971), I believe 

t.hat thib hi.gh tenoerature ra(],utred '1;0 fit the 

observati.ons nay be real. 

}}=2.bco A goot.! fit is obtained with Ta , log g, 

vaini values of 22500, 3.9 and 40 ~~/sec. respectively. 

The difference between te:nperatures found in Cha:pter IV 

and that utiliseu to fit t.he profiles can be explained 

in ter!Ds of the differences between blanketed models 

utilised in Chapter IV and the unblanketted ~odels 

of Mihalas utilised to fit the oro/iles. 

~Sco The fit between observations and theory 

is quite good except for HeI 4471. ouch a difficulty 

already bad been encountered by Auer and Mihalac (1972}. 

However, the observations presented here for ,-bco are 

in much better agreement with theory than the ones 

Shown by A.uer and Mihalas. They had used a medD profile 

derived from all observations of this object. published. 
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in literature. The vaini vcUue UbeCl. by the . .l1 is 

30 krn/ sec. whi le I fi nd t hat a value of 15 k:D/ sec. 

fits the observations very well. O~her vsini values 

published for t.his object in literature is 0 km/sec. -

Norris' (1971), <:20 km/sec. blettebak (1968}. 

The discrent:tncy near the intercomponent flux 
o 

maximum in 4-471 A near 4~ = -1 .. 0Jl. , between the 

predicted and observed profiles can be e11~1nat.ed with 

the new quantum mechanical stark broadening calculatione 

of Barnard, Cooper and bmii:h (1974) wiijh !lloctel 

atmospheres calculated at the appro'lriate temperature 

and gravity. Also the observed central intensity is 

deeper than predicted by theory though non-Lr~ 

profiles tend to fit bet.+.er than LT~ ~rofiles. the 

difficulties encountered at these temperatures are 

discussed in detail by Auer and Mihalas (1912}. 

Whatever discrepancies that &till remain 

between theory and observations oan be overcome by 

use of model atmospheres constructed at the relevant 

temperatures and gravities for a grid of helium 

abundana. sucb that all the information in the 

oont inuUII IJld lines oan be utilised to get a better 
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insight of the interactj on of radia+.ion witb tJlatter 

in the btellar atmospheres. 
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TABLE V-1 continued 

Helium line Profile A 4388 

--------~-~---~~~---~----~------------~--~---------

-6.00 
-5.00 
-4.00 
-3 .. 0'1 
-2.50 
-2.00 
-1.50 
-1.25 
-1.00 
-0.75 
-0.50 
-O.2~ 
0.00 
0.25 
0.50 
0.'75 
1.0') 
1.25 
1.50 
2.00 
2.50 
3.0·:> 
4.00 
5.00 
6.00 

995 
977 
977 
974 
965 
940 
876 
842 
802 
763 
683 
605 
520 
620 
732 
792 
847 
890 
920 
950 
965 
972 
980 
984 
992 

999 
992 
987 
977 
975 
960 
942 
897 
845 
798 
740 
675 
650 
662 
730 
790 
840 
877 
902 
935 
955 
970 
992 
995 
999 

999 
999 
992 
987 
980 
967 
947 
925 
882 
835 
765 
715 
612 
71:> 
835 
887 
920 
940 
957 
975 
982 
988 
994 
997 
999 

~~~~------~--~--~----~~~~----------~---------------~-



-6.00 
-5.00 
-4.00 
-3.50 
-3.00 
-2.50 
-2.00 
-1.75 
-1.50 
-1.25 
-1.00 
-0.75 
-0.50 
-0.25 
0.00 
0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 

TABL~ V-1 continued 

Helium line l?rofile A 4471 

985 
97'7 
965 
950 
916 
·-s75 
822 
790 
767 
780 
802 
790 
700 
575 
500 
565 
667 
762 
830 
867 
892 
912 
930 
948 
964 
980 
985 
992 

982 
972 
958 
942 
917 
887 
840 
805 
778 
762 
760 
737 
675 
,97 
558 
592 
662 
745 
812 
852 
875 
902 
925 
940 
955 
977 
982 
985 

995 
985 
965 
957 
3~O 
930 
898 
862 
815 
835 
874 
823 
75; 
675 
472 
615 
760 
838 
880 
910 
936 
955 
965 
978 
984 
994 
999 
999 

V-1~ 

~~~-~~~-~-~~-~--~~~-----~--~~----------------~----~ 
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6.1 Introduction AS ~art of a long ter~ effort to 

study t.he binaries of the bcor;;>io-Centavrus associa.tion, 

I had included 1) Centauri on my li~t.. J?his chaoter 

details .ny findings on this system frt)'I] r&..dial velocity 

measures alone. l'he bi nary character of 1.1 centauri was 

first announced by PGJ..uer (1906} ~n~ 4; (£e only orai t t h.at 

exi~t o;a for t hi", object i~ uy w il/;lon (1914l who founG. it 

to be circular with ~ per1.od of 2.62516 c1ayb. Its 

spectral type is B2 tV and the rotat.ion....l. velooity i~ vi' 

the or\1er o£ 100 kLel/bec. (90 k.a/bec. - ~lettebak 1968, 

100 km/seo.-Levato and Malaroda. 1970, 100 1OIl/~ec. present 

study}. This is a member of the bc~rpio-Centauru~ 

assooiation and absol~te ~~nituue ~eter~in~t.lonb for it 

r"lUC8 from -2.9 (.dertiau. 1958} to -2.01 (Janet.. 1971}. 

The liAht 1s variable (Bailey 1895} and photo&etry by 

Johnson et.al. (1966} indioate a range in V of :>.16 

magnitudes and 0.12 magnitudes in B-V. 

6.2 rhe Observations Twenty nine spectrograms of 

11 Oeatauri were obtained during t he years 1968-1972 

with tbe 51 em. refleotor at Kodaikanal and were 
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sup..,le..:len+.e.' with nine additional spectr.::.. obta.lnea with 

the 102 011. reflector at Kavalur. ,All ttlebe ~.?ect.ra were 

obti:.dneJ wi+.b i:he Sa%3 ,srating ~re"tro6raph anu have a 
o 

'ne.!? n di soersion of 47 A /mlJ. at Hi. .c ne line;; %aa5urea. 

in this study and the wavele~thl:l usecl are listed in 

Table VI-1. All speotra were ~ea5ured wjth an Abbe 

comuarat.or. Table VI-2 lists the plate number, phases 

com'Out.ed from t, the time of periastron paooage, and the 

measured mean radial velooity obtai ned from the heliull 

and hydrogen lines. ~inoe the veloci 1; ies in Table VI-2 

indioate that the primary oomponent of 'JJ Centauri may be 

a Beta Cephei variable, fourt.een spec+,rograms tn an interval 

of 4 hours, were obta.i ned on April 26, 1974 at a di sf)er si on 
o 

of 26A /mm. The measured radial veloci. ties are 1 1st. ed. 

oeps.rately in Table VI-3. £houc:;h the velocities obt.ained 

for each 11ne showed the general lJattern of the racli.::tl 

velocity ohanges to be disoussed below, it ~ust be nent.ioned 

that their behaviour is differdnce froll one aaother in t be 

amplitude of the radial velocit,y change. The anplitude 

derived from th.e H11ine is the least, indicating a 

sl tght fillin8-1n of the line, probably due to eJ1ission. 
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TABLE VI-1 

'.Javelengthb used for radial velocitY-1~~re~ent 

---------~-----------------------------------------
o 

Wavelengt h A 

4471 .. 325 

4387 .. 928 

4340.468 

4101.73'7 

4026.14-0 

3970.074-

Line 

Hel 

Hel 

n 7" 

HS 

Hel 

HE;. 

--~-~~--~-~~----------------------------------------
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TABLE VI-2 

-------------------Juli~n D~;----------------Ob~~;;~d-;~~i~l---
Plate No. of Phase VelocHy 

Observat,ion (~eriod) ------------------
lie h 

km./ sec.. K'1l/ se c. 
~-----~-~----~---~~~-----------------------------------

722 
1645 
1646 
1858 
1859 
1474 
1623 

2243 
1475 
708 

1435 
1477 
689 
1439 
1440 

1467 
1769 
1656 
1471 
2204 
2205 

1873 

2400000+ 

39926.271 
41404.365 
41404.385 
41727.339 
4172'7.356 
41042.253 
41399.299 
41785.228 
41042.303 
39921.335 
41029.285 
41042.441 
39916.426 
41032.304 
41032.335 
41040.271 
41704.488 
41426.296 
41040.424-
41178.256 
4-117S.268 
41728.490 
4-1728.505 

0.003 
0.028 

0.036 
0.053 
0.059 
0.095 
0.098 
0.104 
0 .. 114 

0.123 

0.155 
0.166 

0.254 
0.306 

0.317 
0.340 
0.348 
0.382 
0.398 
0.448 
0.452 
0.491 
0.497 

+26 .. 9 

+10.3 

+19.4 
+14.7 
-20.5 

-44.5 
+ 2.2 
+ '7.4 
- 9.0 
+ 5.8 
-32.1 
- 8.5 
-40.8 
-26.4 
-26.2 
-40.2 
-13.0 
.. 3.2 
-41.8 
-17 .. 4 

- 7.3 
- 6.2 

+33.1 
+4-5.2 

+39.2 
+ 0.8 

+ 6.3 
i-37.7 

-3ct.3 
+41.8 

+ 9.6 
+15.2 
+17.7 
+22.7 
+ 8.4 
+19.1 
+11.4 
-46.3 
-23.6 
+10.1 

-33.1 
-34.3 
-19.5 
-19.9 

1874 
___ ~_-.., ..... kl-.... - .... -----------------------------
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TABLE VI-2 continued 

~-~---~-----------~--~---------------------~------------JUlian Day Observed rs.dial 
Pla.t e No. of 

Observat ion 
Phase Velocity 
(~eriod) ---------------

He H 
km./ sec. k..ri/ sec. 

~~~~-------~---~~~-~--------~------------------~--~-----

2400000+ 

1459 41038.254 0.572 -11.9 +25.6 
1461 41038.358 0.611 -30.5 + 7.3 
1462 41038.410 0.631 - - - + 5.8 
1445 41033.288 0.680 +18.4 +37.4 
1618 41398.257 0 .. 701 - 8.3 + 4.3 
704 39920.290 0.725 +14.8 +29.3 
1658 41427.306 0.766 - 0.6 +52 ... 2 

1450 41036.240 0.805 +22.2 +2,.2 

1452 41036.317 0.832 +17.5 +12.7 
680 39915.328 0.836 +34.5 + 6 .. 3 
2256 41787.242 0.870 +20.5 +21.1 

1455 4-1036.426 0.875 +28.5 +24.8 

715 39923.333 0.885 -1+-70.2 +48.3 

1464- 410~9.276 0.961 +18.0 +26.2 

1611 41396.340 0.971 +41.0 - 5.9 
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l' ABLE vt-3 

~--~--------~~-----------------------------------------

P'late No. 
Ob~erved radial 

velocity 
km/ sec. 

-------~-----~-~----~----------------------~-----------

2834 1b 58 00 .. 3 

~835 17 15 -14.6 

2336 17 29 - 2.7 

2837 17 44 - 3.5 

28,8 17 ')7 - 8 .. 0 

2839 18 10 - 1.2 

2840 18 19 - 9.0 

2841 18 30 -15.1 

~842 18 44- -11.0 

2843 18 55 - 8.6 

2846 19 53 - 6.7 

2847 20 08 -13.6 

2848 20 28 - 3.4 

2849 20 46 + 0.2 

--~~~~~~----~-~~--~---~----------~--~----~~---~--------
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p h:...,,-,fj b of 0.96 and. 0.7'7 j,~ not s hoI,; 

""it.h Ca II, H, and Hs due to HeT 3833. : .::' 3,.'rld, 

U~l:ld only Hi and. Hs S,S re~)resenta";lV9 oJ:' ::.:3 r.:':;';::6i;):" 

l;ne~ and HeI 4471 am. 4388 as re~ref:,ect:I.'I;::·e ~~ +:.a 

heliu~ lines in this obJect. Hel 4026 ' as ne~:&~~9! 

becau~e of its b1 ightly different. behavio:..i.r :r::c:. ~ :'1'::& 

o 0 
of 44'71 A and 4388A • 

6.3 The new orbit The orbital varia"t:'ons 5ee.:1 t-:o .::e 
o 0 

bebt represented by HeI 44'71A d.nd 4388A. GonE:a'::"Js.:~:··, 

thet;,e lines were used i.n Jeriyint, ";tle ne'l Jrci":". ."'10 

comparison with Wilson's radlal velocity curve ~nON& .L. .. :.,J.. 
~ ..... """" .. 

the period needs to be increased froJl 2.62516 i.:!..:~ +0 

2.62S275 days to brine ~he two observations in~~ ~cras~e~~. 

Though wilson's meaSures are averaged velocitle~ o~~air.a~ 

fro!ll bot h the hydrogen and heliu:n lines, t, he need for ::ti.::f,;e 

in the period is il1l.l.icateti by the in6.ivii!la:' 1ineo ... ~ .. 'e:': :l~ 

their average. 

rbirtyfcur of the th1rtyeight plates Jctained 

at 47AQ/mm dispersion (Xable VI-2} were use~ t~ for~ ei6h~ 

normal plaoes.. All the points were trea~e::i with e;u5ll 
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we; ght. &tnu l?reliuIinary ele nent..& obtai ne'i by 1'; he .uet}1l)d 

of 1ehnann-lU he.\:. were i'G')roved by t he least s luares 

9ronedure of o~hle~tnger (19G8j. iollowing ~~erne (1941) 

l' we:.. re:;>laced by 1'0.(£0 is the time at which the .Dean 

lonoi tude w+M is zero}. 

The comnuted radial velocity curve with the 

fina.l ale.!lents togeth~r with the observed .llean velocities 

fro n helium and hydrogen art:: shown in Figure 6.1. 'I'he 

fi nal element s derived by w·tl~on are al bO gi ven. No probable 

error~ are quoted for the oribital elewents derived in this 

st.udy ~inc~ t.he scatter of the individual ob.&ervatioos 

about +.he mean is large and whatever short-period 

o&cjllations {see below} are present, have not been ta~n 

int.o account in det.ermintn~ t.he new orbital ele~ent.s. 

6.4 Nat-u.re of Pulsations The large deviations of the 

individual measurements from the computed curve indicates 

t.hat oscillations other than orbital motion are present. 

An inspection of Figure 6.1 indicates that the situation is 

worse in the case of the hydro/iten line meaflures. Just 

im.rnediataly after the node on the desoending brancb of the 



FIGURE 6 - 1 

Radial velocity curve of Nu oentaarl. Top 

figure was derived from Rtand HS. Botto. 

figure was derived from 4471 A and 4388 A. 

The normal points used in deriving the DeW 

orbit are shown as filled oiroles. Measured 

velocities from individual plates ar$ show. 

as o~en circles. fbe coaputed curve fro. 

the ele •• nts derived in this study 18 allowa 

by the solid line. lotice the large ~osltiT' 

velooities given by hJdrogen linel at 

'P hase 0.25. 
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Qrbital ele:n~nts of Xu jea:'::s..-.ri 

-~--~--~~---------------------------------------------

R.E.'tJtlson ?re;san~ 

-~--~-~-----------------------------------------------

p = 2.62516 days 2. oc:~27 5 :";;',i"W 

Vo = 9.05 ~ 0.54 k~/sec. -2.d £.u/sec. 

K = 20.63 ! ':).7'7 km/ sec. 2S.9 'o/';;Jec. 

e := 0.00 ).26 

G..) := 

0 

4-4 64-

T := 2420301.39 ! 0.015 dayQ ~iJ 2~"1"J855.60a 

~~~~~~--~~~-------------------------------------------
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radi.Q.l velocity cur~'e, where one ex,)ec~s +:he priLiJary 

ecli,J~e to occur if the inclina"':ion of ~he orbi.t were 

favour;;..ble, r.r.e hydrogen linef:> Jl"e larbe posi.tive 

ve10citie~. The hydrocien linee Eee~ :0 ~e affec~ed ~y 

g~s Qtreans and t.his conclusion js fJrther au~~eated by 

t.re relat.ive strengtheninb of HeI 3965 found on a few 

speet r1.t, j nd teat in,::: d ilut; 1. on effect. s. "[ have t herclfore 

us'ed +;he rebiduals foun<J. fro.n the heliu.n line::::, ~l~ne 

(lict.ed in Table VI-2) and these are vlc~~ed again5t a 

period of 0.1750 day~ i.n .E'i.&ure 6.2. Tr-is value of the 

perioJ can Kt best be only orovtsfonal since oDservat.ions 

are spread over a long in+.erval of tj~e ana nore th~n one 

domi nant period see:as to be ?rebent. 

The maxilllu 11 a'npl i tude of t he ~hort, ~)eriod. 

oscillation is about 45 k~/sec. The oreseace of ffiore 

than one dominant period is also 5ug~e5ted oy the radial 

velocity observations of April 26, 1974. The neasured 

radial velocities from 14 spectra taken within an in+.erval 

of 4 hours i.s plotted in i1.gure 6.3. The observations fit; 

in very closely a period of 0.1750 days but the aJlplitude 

is only of the order of 10 km/sec. This sUe~est& t,hat 

atleast two dominant osoillations are present with periods 



FIGURE 6 - 2 

The residuals found from helium lines plotted 

against a -period of 0.1750 dqs. 
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fhe observed radIal velooities OD April 26, 1974 

plotted for a period of 0.1750 d~s. 
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clo~e ";r. 0.175:> rll:tYs !i~ in other \'lell knolJn Jeta Ce:;::het 

O!'l Q:':least, one )late, s.11 ~he l:~liu.1 li!.1e~ <.ire 

found t.'J Je dou ole an.. t. te !.1ea.::.ureu raji al velocities 

show t,bd.~ H: cannot be at~ribut.e,:l to the secol1:id.r~r 

t.hat +he line:; are broader than nor li:::l.l on a l'e~J )lat.er:.. 

I ndeeJ., t. heGe s~ect, rngr,3,".Jh".c observd:!; ions c.e'll·,J nst ra+; e 

+.hat. 2J Cen+'c::I.uri ts a Bet.a (;e)hei +,y?e v.::I.riable ~vit.h a 

peri od. of ,) .1750 da.y~.. ~he f oict t; hat +, h~s is exactly 

one fifteent,h of +.he orbi.tal ,:,eri:J-:A. is in"'r~.;u!ne.. 

Extenf:.o1ve ;>ho+:oelecf;rin observat.ions tr:l de+.~r..:l1.ne the 

exact. vulue~ of t.he v~riou~ }ertode of oscillatioa are 

necel;)~ar~T for furt her b":;UQY of t, 11'; ~ int.ere.:.t i n~ syr:.te.o. 
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-Cbe re::.ultr:. ~re~ented in Chapt.er~ II, III, IV 

:lnu. V are in dn£Md!' +'0 a few luest.ionoS for wLjch 

T bave 5tt,t.e..nDte'':' to QroV'i ,:e i.nfornation. .l'he ;,uestiono 

Liven in page 1-11 are rege~ted here on~e aeain for 

nonveni enee: 

(a} Are t here any cl i.fferences in the c:i.; st;ri. but ien of 

rotattof!:J.l velo(';~ie::, between the tvla ::.ub-srou)s, ~he 

Upper ~cor"i.us and + he Up~er Cent.a~rus-Lu~)Us :Jf the 

bcorpi.o-~e nt, aurus assoc iat 1. on? 

(b} Are t.bere any -Ufferences in the line intensi+.ieE> 

between t.be two sub-grou?~ d~ bu¥~e~teJ uy tne w~r~ oL 

Glaopey J:'roJl rl.;;l.rrow Od.nu })hotO:..aetry? 

(0) Doee uny riel iu n abundance difference exi::.+; be'hisen 

t. he +,wo /:lub-groups? 

(d} Are +.here non-LIt. effects in the at.iJlosph~res of 

'these E>tur::; wrlich :nay be res;?onsible for sone of the 

anomalous aspec+'s of the ~~ectra? 

~xcept for ~uestion {b}. the answer is 'NO' for 

each of the questions listed above. However, tte 

difference 1n hydrogen line intensities founa between 
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t. he ~w::> EUb-~rOU)6 can be ex!") lat ned tn of: ar J.~ ')f the 

ev:>lui-ionary rJifferences J,lle to difference:::. tn a.::.e 

betw~en +'b.e two sub-orou:1s. fhe V-filtl3r of the 

uvby narrow band ph:>t 0 netri c sYf)t en e''l:;>loyeC!. by 

Gla6~ey, cJntatn~ t.he 58 line ~nu ~ince differences 

in Hs line r;,tren:..;t:h& exist bet.ween +.he two &ub-;srouys, 

these are reflect-ed in the tndices of narr:>w band 

photoLlletry. Xhat the mid .B-f.tar range exhi.bi.ij~ lar~er 

differences can be unlerst.ooj if we can aSSUl9 that 

star for.nation rangeE.! over a peri OJ. :>f t t.ne and 

that stars of spectral classes :ao-B2 are for:neCi. ,.Duch 

later than stars with flpectral t.ypeo B4-37. '!hib is 

in general conformity with Herbig's ~u6~es+'ion +hat 

star formation ceases once +.he e~rly 0 and B stars 

arB formed. 

Both the rotational velocities of the two 

sub-groups and their helium content esti~ate~ Show 

no dissimilarities that could be utilised to unuer~tand 

these differences. Though the Upper boorp1us meillbers in 

the spectral ~anBe BO-B7 seem to rotate slightly faster 

t han the Upper O.ntauru.s-Lupue members of t b.e sa.:.ne 

s~'Qtral class, the difterence is not Significant. 
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the? b.)t[ re::;e'lble +:he field s+:arE:. in this soectral 

rot.:..tt.e: 11:.11"':1:: fc;~ter t;han, the field si;ar~, st.arf.. tn the 

~ ;~rL8' cluL~~r, aL ~all as the ?l&iades Cluster 

'ne'ilbers of t.he corres,Jonuint::!. s,)ectral tYge. Their 

rotd~ioo~l velocitteQ are not com?at1ble with a 

l~ttX:well i_cln dif:it.ribut.ion. :Che red,oon for this higb 

incluence of ro+'~ti0n ~JOn~bt ~7-AO stars is not 

unJ~r;~f:o )::... In+' he t;~orJj o-CentauI'u::, ab~ociat ion, 

alno~~ ~11 t.he fOft rotai;in6 B7-AO nor~al st~Q are 

a~~oci at.ed wi 1; h brigh+' and. dark nebulobi ties. 

Probably thei tuve aC'luirecl their hi~h angular 

~onen~~ due to accretion of ~atter in whjch they 

are 'i, abcH.l,l~d. T bave also dj scustied the possibility 

of l:t !Ii lJ. non-rlln,jo~neti~ of orient.ation of axes. 

A better underst.andi.ng oan be reached if 

rot. i-;l,t i (;nf:,\l veloC'it.y de+'t:lrmina+;ions are ext.ended to 

f:lin+' li'nttfJ ot as ,nc:lny clus+.ers a.nd aSfiociations with 

early ty?e bt...tr~. :rhe need to det.ermine this function 

over all ~peotr~l t.ypes ib very es~ential. &inoe these 

youne; format ions are c hc:t.r ... oterised by high rotat ~on, 
'0 

low disperbion b~~ct.ra, in t.he range 50-S0A /mm should 
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This if: 
_Por e~ 1 . L .• a.np e In ,.. Coe ~ase of 

I ur; ')'i i:.., or I 1C:Jcert ~e, tt waulu. oe ver', hebful .. . 
to '111"£,'0;;"(,: 1:.1 1.. 't. • , .. r,;.. UC ,. ue ,eruJlnat iom: ":0 crdatclr nu'uoarb 

an'" t: -' 1',.1 n":l:}r U Jli+.s. There are J.n.:louu~e::.ly nll::\.;:r:>:l~ 

Jirf~I'~I.~,·e~ to buctl a ve"'+'urtl. ..,. 1.. u .. e n-a ~a ,0 ,.:iva S,s a 

~lu:...~~or::. Ul'.l ",,~:.oci a:Hvns; t hi I:: ~c:..r. oe .... :H16 oy ,hJ-+j.,)jJetr~ r:: 

<,m...1 d II'~ 'I ,+.ir:: "roceuureQ. 11. fac+Jr tr.::;.t ·.v:lUld cculJlicil.te 

f:ht! :,i"'I1' ... ~1on \l/ould be the incia.ence of binarjeo 

Ct'DOU, .","': t heLe :...t.dl's. :n~e:;:e have to ba eli .J1inaf;el 

before J. co,ll)ariQon between d:if:eren+; clucters of 

ci a1l~r dITolu+' i onary iStae;e can be understood, l'heQ03 

\iit. h 1 UI\:.d telescofJeb. A II sim,le" Wd.,lT would be ":;0 

develo,,) .,hot:oelect:ric methods 1;0 'J.e~ernine ro+.~ti anal 

velo~it.ies, si~;lar to +;ha+. recently tn"'rod~ced for 

radial velocity mea&ure~ent. ~hotQelectric techniques 

have t.he great. advantage of 6oe~d and accuracy and 

elhi Il:lt.e the labour anl inaccuracies involve.] in 

phOt.06r~,:')h~ c .ne~ hods. Phot.ogra}hic +.echni'luec have 

ofoourse the advanta$9 of providin6J besides a per.nanent 
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record, ~uch adaitional tnfor~atjJn on line anu 

~ontinuuJl, than is needed nor.nally for any Q)ecific 

j nvest.; eat. ion. !?ecul i.ari t. i.es j n Qpect ri .... l featul'eb 

can be eustly r13'1o.:,ni.sed cml.l f;atCen in+.o account 

P'robably the ?hotoelectrtc ; nu; coeb WLlsn !Jro)erly 

chosen could also indicate ~s Juch wi+.h ~r~~ter 

accuru~y. r+;s l;lotent,iali+.y of speed ~nd tho ab~lity 

to penet.rate deep in the sky is one adv~ntu~e +.hat 

render~ oJ; he p hotoelec"';ri c t eohnL!,ue ; ncresi. nl;ly 

t he favourite of the fut.ure. 

The hydrogen line intensitield have bean 

utilised extensively as an i.ndica+,or of absolute 

rnagni. tude. However the Hp indices lleveloljeJ by 

Crawford haye +}:,e l.atnor defect of tnnorree+, values 

caused by incipient e~ission in t.he early t.ype starb 

which are fast rotators, and which are prone to have 

Balmer-li ne ernis~ion. Xhe adva.ntages of 1J0ing t.o 

hi gner Bal'ller series have be'~n known for so.ae time but 

no attempt has been made to uti.lise t.he advantageb 

offered by them. Bappu et .. al. (1962) have utilised 

the H'1 indices cllcoessfully. 1:Sut probably the best 

11ne to choose could be HB where the effeots of 
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a.JibSiOn w7)ui...: no"t be noticeable. Lines o+'h.ar +.h:iD 

hI' l;iiuffer fr'J'i1 1:>19 ad is.. H ~ 1. s tlande .. ' 'N'H~ 11 C~.IT h. 

TY.lt. er,~+;eller .' \Joll1u crea.te :;;.eri. :lUI:;. Ji.f.fi r::ul +, j efa at 

+ hi s waveleo8": h if r-1" in hl.llj Y.lO:lS obJ13ct; f;.. are U..::d'J. 

+'0 ~e~bura lUjinosi+.y. h\ (3839~) ~uflerQ rro~ oienafa 

uue to HeT 388a. tl,S ~/e t,o to hi~her a.eaberb +.he 

be~1n +'0 cecrc~se r~Ji~ll. ~xt1ncti~n incre~seQ 

i- OW:lru~ +. he uli- rd.violet and 1,..,,, i nt rf)~lu~a large 

SO.:1t +er in +. he observ'Stti ~ns. Un::ier -r. bese ci rcu:n::.t • ..I,nces. 

it. ;0.1 ti.J~, that, "'"' oeginning be :Dad.e to ut.ili~e liS 

as a lu'tli nosit., 1 ndtcator. 

l'he heliUln abund,Jnce~ anrl the heltu'll line 

prottle &+'uJie~ reoort.eJ tere do no+' lend credence to 

Clny difteren~es be+'\"een t;hld +'WO bub-groups of the 

absocia.ti on. Bven in +.his field, l:1hot.oeleot.rio 

technt lues have OO:l1e of::') f>Ur?a6S t. he rhot;ographic 

t;echni~ue.;. rhot,oelec+:r;~ f>~ectru Q ~Cl:lnnero wit.h 

very higb resolving potv'er anJ 11ul+:i-cbannel pulse 

countjne techni,,:!ues or t.he use of i:nage d,issectorE. 

will yield results t.oCiay t.hat are vast.ly l':Iuperior to 

those obtained by ~hotographio methoul':l. One very good 
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eXadp1e of t.his kina ~~ the stu:iy of lieI 5S'76A 

1;ne -profiles ... w.cl~ by Ande.l. ... eon \/ith an ecbe11e 

spectrogranh at";ached to a 91 en refl~ctor. These 

hibil resoluti.on ob~erva~ions haYs conciu.e..t'ably 

:at nl.nized the discreoancy between non-LTii,; t h~ory 

and obcarva+.ionli::, t h£.t. earl ~er .?h::)'~o~ra.()hic 

'tl£;.+erial avai.lable ".1'1 tl .. e li"ier.:...ture could not 

achieve. here then ie. obviously do technique for 

future line ~rof11~ s~udie~ with exactness. 

Finally, I believe that such differences 

t hat exist bot.wean t he two sub-groupE! of the 

associat.1on can be unde~etoou better when observations 

in the ult.rDviolet beco~e available. The recent 

dtbcovery of ul+.raviolet flux differences between the 

Hyad.es and t he Pleiades, \.;htoh could not be understood. 

In terms of differences known in t he visual part of the 

speotrull, lends sU.?~iort "to the above suggestion. 

Observa.ttons n~de in the entire electro~agnetlc spectrum, 

followed up by theoretioal devslo~~entg to represent 

the atmospheres and predict their e~ergent flux, both 

in the continuu.:n and the lines, hold. forth every promise 

of a rapid at tainment of our goals. 
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