View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by NASA Technical Reports Server
l/ . .

' Invited Contribution to Symposium to. L9 of the International

.

Astronomical Union

OV AND R.A.DIOE"?EQUEE\ICY CBSERVATIONS QF WOIF-RAYET STAPS
Hugh M, Johnson

- Lockheed Missiles and Spece Company, Palo Alto, California



https://core.ac.uk/display/85233359?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

, -2- _ ._:: : - - s o
I o OBSEHVATIO\IS w\’ITH 050 2 o B .
VeLJ few ooser\rat:.ors are avollable. Of early rocket work on. XVel (Stecher
~ and ‘ﬂ111~aq 1962, Smith 1967) the most deballed snectra are bj Stecner (1968) in’
_-tne range AN 1200 - 3100 A and by -Carruthers -(1-908‘) in the range /\}\1050 - 1216 A.
Westts (1971) spectrum of ¥ Vel with the 050-2 spevc_t.rorret.ber (Code <_a_t__:a_l__ 1970)
in the range AX'1050 - 2000 A appears to be sofnez«h;at different from étecher's.
Comparisc;n must await full Hetails.. | |
The 040-2 _,echo*»eter has scanred aooarertlj only ono other W star, W
50396, It is more informative than ¥ Vel because it is possibly a single star
7 without contzminztion by a domihént.O-star s;ectfum. It is 2lso- one of the WS
- sfai’s in a symmetric ne_bu‘.la. (cf.“ ‘section IT1). Smith (1971) tas reported the
040-2 spectrum of HD 50396; Let us rr.ake a few more remarks a2bout the same scans.
_ ?irst, the f"aasuredﬂ“{\{of _’p‘n_e »str_'ong e I__I 1.61101’ emission is A;\= 20 A, or |
‘about 17 & after. correction for instrﬁnental broadénirg, in agz‘émnﬂt with the
ratio AM/Aof fairly unblended lines at wévele'néths severé.ﬂl-times largér. Thus
Doppler Broadeﬁing is éonfirmed. Seco'nd, interstellar hydrogen a'osorption at
A1215 .4 may be”esti_ima'ted from the 21-cm survey of - McGee and ?-Zufray (1951):
R Ny - 2.0 x 102 # atoms cn2 toward ED 50396 Since the ster is at 1 = 231;?8,~
b= -lo?l,. and at the distancé 1. 50 'knc"(Smw't-h 196%) most of‘ the hydrogen
‘ shou1d~be\ in'frjont of it. ’J'Ortovﬂc (1907) Lor-mla fo:j the equivalent width

B (Lyel) = 7.31 x 10‘10

‘\x,_f(l) due to radis 10'1'c1=“1::1rp of the interstellar lire,
then gives .E‘Tn’(LyoL)$33 A in a:>=oro*1on. is estireted from Fl"fu:'e 1 the net
eo;uivalent. width of the featums zrourd L:,'c{ is < 30 A in em1<51on-, so the ret

' equivalent ’;ﬁ,_dth of the featires. befor‘e int -er stellar- aosa“o ion '=nould bo <6') L}
in emission. ?fes_l_lznably the c‘o'*-iﬁ:nt emission nesr A.1215 A vould be He TII 1218,
. the secord line in the series which H= I 1600 heads, e estimate E‘i.'!(/\lél_:o) =

10 2, 2 strength which apsears to confirm the absence of continuum from any

hot companion ster,
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The 040-2 pﬁotowcters (Coie et al. 1970) have been used in the 080-2 gues t-
1nvestloator program to obqer\e KD 192163 This N6 star wes se1ect¢d because
it is apoarently a single star and 1t is in a symretrlc nebula, NGC 6838 (éf.
section IT). In reSpecf to -the. latter 1t may not be norwe 1 | Thv four photo-
rmeters are esch eo1uooed w1th three Pllters - The range of efLectJve wovelenctbs
A\1330 - 3320 A is covered with- na<sb9nd< of Fuit = 240 - 860 A such that
préctically no gaps are*left in the observed continuum, However, ‘the data will
tell little'aﬁout a liné spectrum, Figure 2 shows the observations, Figure 3
«:corregts them for intérstellar extinctianby means of the color e::cces.:v,:b._c
-O'33'még for HD 192163, and the ratio V(?-V) = (un_th and Kuh_ 1070),
and the avewace ultrav1olet explncflon F(A.-V)/L(B V) glve1 by Bless and_
i. Savage (1971) There is =t111 a question about t‘e calloratlon of some of tre.
photbmetor- 11Ler resnonyos (Bless 1971), but 1t is a“oarent tkﬂu the run of
 vthe data corrected accordln" to thﬂs dlfrerent11l exuwrctlor ag;ees ra*hér we11
.Wlth an 1nternol ted model atvo»okere of iw e = 30700 X. AThlS is,the_efzectlve
' teﬂporature for M@ 192‘63 which ¥ orton (1970) derrved in a conﬂletely dl’fe*ent
' way. |
: Ultravioietvépectraliliﬁeé might‘bavé éoné éfféét on Figures ?.aqd 3, for
‘éxample the stronz line of B (A16k0) = 140 & such 25 HD 50896 .exhibit.s'; It
would fall hC A off center in the oas<b““d with l/\eff = 5 9S,kf1 cn T f‘
270.A» It snodld LherOforo 2dd clo=e to 1LO/27O x 100 psr cert, = 52 per cort
to tne lig aht o- the conulnnuﬂ, but in fect this point. ?alls 1ow in the plots,
We must conclude that ¥ II 16L0 1$,not'pr0miq;ht in D 192163. C IV 15L8 - S0
end N V'1238 - L2 fa11 in'passbands xith‘relétively high pcints in figure 3,
but we eénnot.cléim the presence of these lines from the dzta, -
Hoﬁck'(l971) has made 200‘040-2 Spect“ométef scans of ﬁ Lyr atth A
resolution in the renge AAIIOD - 1800 A,' Qe nes fqunﬁ emissions of C v,

Si IV, and "Ly «" (the latter sveriodically shifted.from interstellar absorption
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.by orovtal rotlon) in a <pectrum whch}A::ompareq w1th a star such as § Vei,
Dav1s (1071) has presented preliminary photoretrv of about SOO stars
doserved w1th'the Celescope on O0AQ-2. mwo of them are W stars CD-hSohh89 ard
HD‘76536. The new d:ta ar= magnitudes callnd U1 and U2 recoectlvolj taken_
4 withipassbands of 2100 - 3200°A and 1550 - 3200 A. Despite the 0ross pas<bands

‘additioral information on effective temperatures of a few.w stars shoulducome.'

 out of the firal catalog.
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- II. OBSLQVQTIO""'OF W STAQS WITH SI"W:TRTQ5&{N"BULAV AROUVD THEM "‘ R
~ Johnson and Hogo (1965) used the Green Bank telescoaes to - déteéilNGC 6838
'ar‘oﬁnd D 192163 at 750 Mz and 1400 ;erz;'al_so Nec 2359. arourd Pﬂj,56925 at 750,
1400, ard 3000 ¥Hz. The W stars are included with the nebulae in the ‘av_ai‘iable
telescope beams but it has beeﬁ assumed tﬁat the redbulze accOunt for t}e-observed:
flux dehsitiés. Johnson and Hogz (1965’ reported the §rivateiy commﬁnicated_
indeoendent discoﬁéfieé_by Herbig and by %1n<OWCk1 of a thvrd neoula 35' in
dlameter around I 50396 which ray be called S 308 but it was not detacted
in radlo;requency_untll later (Johnson 1971). Smlth (1967 1963a) soarched
Palomar S<y Survsy charns and other. raterlal ‘discovered four more SJnMe ric
.nebglae around'w.stars and noted t%at a11 seven stnrs were WNS5, 6, 01.8 t es,
Smith ard Batchelof (1970) orocesded to observe tnree_o; them NZC 3199, RCH 10k,
and RCW 58 at 11 cm. -Lozinskéya.(l970\ 'Teriian.(197Q), ﬁd Johnson (1971) ob |
sezwcd W3C 6838 zgain at SSOO, 318, and 7795 MHz, rescnctively - The r—clokrecu°fcv-
. spectrum of NGC 6883 is shown in ig. 1. It 1s avr arcntlj Lhermal Bfewéstr?nluw'
[P These radiofréquency data, ér al+ernat1xely the Jnte"rn+e fiux cf £he nebulavin
a Balmer line, cor”ected for extlncLlon, such as °ar cer (1963‘.has}estimated enly

for NGC 6338, with a distance estimate of the W star leed to the mass pf the -
" nebula and to the "excitation paraneter",g of tte star, or-tp the equivalént-
'fsﬁectral %ypé and_efféctive temperature. The "Zanstre temcerature of W stars
' is élso obtéined_if the'steliar rggnifude,zréther thad'the-distance,'is.emplofed
-with thé.nebuiar'flux density; ﬁbbrton (1970) refined the Zanstra method by éal-

culating model a2tmospheres in place of_blackbodies,:and e found effective

temperaturés as a function of W-star tyves. By including the observed anguler

s}

~”“j?5e¥&€j¥e*also zet the line2r dimensions and 2 confirmation of thre ress distribution

n

rotographs). Finzlly, observziions of the internzl

‘a

(thin-wall shell apoearanc

oo
o)

motions of the nebula may te comhirad with cbservations of the rc+e of mass loss

‘and eject iO” velocity from the W star, and with an estirzte of ambient interstellar
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v'deﬁsity;-in ofder‘te obtain the'age'ofﬁﬁhe systen.: . . T " ‘  .
ConsérQéfion bf momentum 2nd centinuous-ejectiOnZWere assumedAiﬁ'the simple

e theory (aohn<0ﬂ ard Hovg:l965).. Seherical symmetry was also éesﬁmed tacitly
contrary to the observed ellipticity of the nebulae, eccenfrlcltv of stellar site,
and correl¢ted 921mutha1 aefmnet”y of nebalﬂr perimeter (brightest nearest the
sfar); In apolosy one can only say.that these nebulae are Quife symmetrical

in compzrison with or01nary diffuse nebulz2e, and verturbations tnat are attrlbutcble

A}

to a stellar or interstellar magnetic field, or to 1rre"u1ar1t" of an blent inter-
stellar depsaty, a p.e; to be negligible in the first'objectives ef the theory.

The higher degree'of central-star concentricity which pre&ails in planetery nsbulae
ray be ex ulalned by tn ir Swaller rodll, s»atlsnlc.ll higher z-distances, and
.eonseQHen;Alack of‘interaction'with the ambient hedium. However; the non-circular
projection of meﬁy planetary nebulae.sﬁews_tiat centrai stars do not eject maés

isotropicslly.

The full application of these ideas has been *r;.de Only to NGC 6338, the
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star rebul2 in which large nebul ve rred (Courtes 1960,
 Lozinskaya znd Esipov 1968, Lozinskaya 1970, ard Georgelin ard Monnet 1070)

- The result is 2 sell-consistent picture of a single W6 =tar with the e fective
tericerature of about 31000°K, which for unknown reasons ejects mass at_a velocity
. J ra -5 -6 ., . } . . el
of lhOO km/sec and rate of 10 10 yn/vedr_lnto colT sion with an ellipsoidsl
nebuler shell of proiected’dimensioné‘l2' x .13, the distance is 1 2 koc tbn“
reen radius of the sh ell is 2, 6 ¢, which is considerablv zrger than the shells
of planstzry rbulae,  Smith (1968b) finds the distance to be 2, 20 kope, but this
sumrary is tased on the sm 21ler d1=t nce. The mean lin: 2zr thickress of the

. ' -2 : . . ' ST -3

nebula is only 10 “ pc (shell walls); its electron density is LOO cmn™ and
elecctron temeer tu*e is 15 - 19 x 16° %%, The shell is expanding 50 - 80 km/zec

. ; e ' -3
p=1ntersteller matter with a density of about 1 - 2 em @, The aze
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is about 2 x 10% years if the ejection ard transfer of momentum ba< been steady.
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Tﬁeishéll nassAis about‘h M@‘ofﬂwﬁicﬁ ¢n1y>3 per cent has Eeeﬁ cgnfribuﬁed by
the ejécia of the W st;r,- Thus fhe_element ébunﬁances‘inferred fromithe stellart
.sbeétrﬁm of HD 192163 need not agreevwith:tbose'inferred from_the.nebular,Spectrum;
(nofmal)._.The éxcifation'of the shéli aprgears to be fgdiative, not collisional,

Beforv these 1nvest1gat10ns NG C 6888 was classified as a sppernové remnant
( . Pikelner 1959, Lozwnsaaya and T-’smov 1968) or as a ;gi ﬁt .1 anetary nebula™
(e.g. Parker 196h) Minkowski (1965) has =uagested also that S 308 tne shell
~around D 50896,'is possibly a planetery neoula. Ipzlnskaya‘and Esipov (1968)
and ceofgeliﬁ ard Monnet (1970)‘_agre'e, tm* the mean radial velocity of NGC 6833
is -SO'km/seé; novfms error is gi&en."(LOZinskayatend Esipo& 2lso eétiwated the
radial veiéciﬁy'of“HD 192163 equal tO»-IZO + QO-km/éec desplte the d’leCULtV

of the broad =pef+ra1 1wnes Y} The valactwc coordinates are 1 = 7505 b= 2 N

3

Fal
7

the cqmponent of differential galactic rotation is +7 kn sec'lkpc'l, and the
_componsﬁtAof soiar motion with res?ebtvto-the lcc%l stanaard Qf rest is 18 km/sec
toward 1D 192163. Heﬁcé on2 gomponeﬁt of the velocity_of the nebula'with_respect.
'to its local stanﬂard of rest is pfobably —Hl.to ;b9vkﬁ/sec at distances of.1.2
 ;'2Q3 koc. of coﬁrsé;vthe near side of the_nébqlé may contain most of the observed
filameﬁts. If not so, the meani&eiocity is apprdpfiate to 2 "funaway”.Q star or |
é‘planetafy nebula.,
In view of thre high:diSperion‘éf velocities in NGC 6838, it is interesting
that fﬁreg other examples do not shar it., They are giveh'in Tab1e i ard tbeiﬁ
velocity dispe ons do not differ significantly from those in ordinzry nebulae,
" Successive colurms give the nebula, its radivs in arc minutes and in pc acdcrding
to the sgectrosco pic distahcé,.ité mess (Smith and Batchelor 1$70C), the'rﬁs CF
of n velocities in the nebuls (Ceorgelin and'Georgel;n‘19?O§, the included star,'
its spectral type, its scectroscopic distance E(SQ)(Smith 19633); and the Xine-

matig%! distance of the nebula R(kin)(ﬁeorgelin and Georgelin 1970). If the

theory which has becen apolied usefully to NGC 6888 is apleed to tap objects of
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.Table 1, one nust concluﬂe thnt these nehulae have become massive and the veloc1t1es
-.of the shells have slowed down to ordlnary 1nternal mctions’ in nebulae becau<e
5:they are older than NGC 6888. For con:entlopal vglues of the oarametﬂrs, e.o.,f'
rate of M SS loss = 10 -5 M@/&ear veloc1ty of ejection =‘103 km/éec, and inter-

stellar densxty 1 hydro~en atom cm -3 the derlved ages are 2 - 20 x lOS years;f

’
'or'lo_e lOO;x the age of huC_éSSS The difficulty is that w6 =tars apoarenfly
,‘survlve 21xle6'years if 1D 192163 and'HD lh?hl9'are ecualﬂmembers of the class
N6, But the total mass loss is 20 My at this age and the mss ofl n5-6 stars
.in birary systehsiis about ll MQ_(Smiph 19683). A reduction_in rate.of mass loss
.by a factor of 10 increases agé'ﬁy'ébout'JlO so thaf thertdtél méssllosé'is_ﬁhen
6 My rather than 20 Mq.ﬂ An increase of ambiont’density ouﬁside the shell by a
factor of lO also increases ge by about JEO |

Thn nasé OL 302215 estimated tc be smell, 5. 7 My (letn ard natche]or 1970)"
and llxewwse ‘the mass of S 308 to be only 3 Mg (Johnson 197‘). They are candi-
4dates for large gxpansion velocities but tﬁey have not. been oosérved ﬁitﬁ the
.'inﬁefferoréter.. Neither_has‘aﬁy symmétrlc nébulé round a W Sta” be n repo¥ted
'iﬁ the rédiéfrequencyia recombiﬁation_lines; It is reaconablc to consi d
' measuring proper—notion éxpanéiéns in S 6C 6588 de S 303 but ?uJ 58 may be too
small for the scale of available pletéé. At presenu we tentatlvely conclude
that the lsss rassive nebulae ollﬁhé-class ve hayeldiscﬁsséd éreifhé younger,
~and tnat the best-studied member of thre class, NGC 6883 'may be peculisr as’
well as yOun~.

If we accept thé theory of-ejecﬁed-stellaé mass sweeping out a volﬁme of
ambient interstellar gas a:bund sohé W stérs and nbte thz result thétvthe staf

“contributes only a few per cent o’ the total mss in ecch case, we may derive .

st, a

B

the arbient interstellar de ﬂqltj ”H of the swe dt volL"° This is, fi
check on self—consistency of the theory for which Johnson and Horg (1965)

originally had to eoLlrﬂto Ny - indep lj in order to establish the theory;



ard, se.cond, it mokes ‘possiﬁlg sore compari‘sAons with the ri-v-al .ﬁggestion that
fhe gas in a symmetrié nebula hés been ejeéted from the stsr at some earlier
'stagé of evoluﬁién (e;.g. red giant) and's.aid' gas.-nﬁ_gﬁt: have no ’dépendénce on
—current mass-loss‘in the W sﬁar. The.foﬁr.nebulée of Table 2 are the only ones
for which the symmetrlc-nehular mass M has been derlved from the soectr050001c
distance R, the obs rved. Llux density, and t;e observed nobulgr gas density Ny
via the method of the [o IIJ 3'/26-29 dcublet-ratio. If the gas is non_.uniform,
_ E is overestimated and IIénd . are unAe;ectlrstcd \ We dra the foilow1n?
Aconcluéions from the table: First, ?he”e is an ao*arent dependence of NH
'thg E—distan@e from the galactic plane, in the sense expected of swépt interstellar
5.gas rather than of a rass entirely derived from the ster durirg stellar e#olutibn.
Second | ¥ is 2 féétor of 10 preﬂter than mean 1nter=tellar den ities, so thatvan
a;sociation of W:sters with denser clowds is implied. ﬂlternatlveiy we could say
‘that N decreases from tyve WNS to type WNG, and the absclute density is governed -
by factors ofher than ambient-infgrstellar mean densiﬂyvto‘make it greater than

thé mﬂén. t present the 1nter=t°ll=r den§1+y nvaf <§ecif W stars-is nét well

independently
enouzh kHOﬁﬁ to decide.,
It is'interesting to aék abéut the,visibility of-the ejecta éf W stars

beéore any effects of collision with amSient infefstellar métter.: If the velocity
‘of the mass lost at redii r.> 30 Ry = 7 x 10~7 oc is constant, then eleciron
density be(r)cx T 2 If'ﬁé = 1012 cm'3 at r = 30 Eé fﬁe hydrégeﬁ emissio n_meésure‘
_EM = U{Ee(s):g(s)ds may be comput ed 2long linps of sight which pass e_pc from W |
stars. 1In thciappnoximatibn that @ is srell comnared with the diste nce ‘of the
star, EM - 0.1277Q434pc cm’é. Tor exam pl;, at R = 1200 pc, ¥ = 1.9 i 106,pc ;m’él
at, 1":arc from the st r, or 1.9 x i3 e cmfé-et 100 érc, ﬁebulaeffor wrich
ED?} koo »e cm.‘6 are'commonly,visiﬁlé on Y pﬁofograﬁhs. However, the star

image would be competitive on ordinery nhotogravhs, and the hydrozen emission

<

measure would.not be agoroprizte for hydrogen-deficient W stars, According to
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’Penoelly (196L) the 1nten<1ty of recom01net10n He II 6560 is 0. 6 3 ‘% the 1nten51ty
of Hoc in the limit of a low electron density and at T, = th J .v_Likewise the
intensity of He II 4686 is L, b x the intensify of Ho{ ., We should probably find
Ee = Z_EHe2+-rather than N, = Ng+ ie the en&eioees_qf SOFEVWfstafsf’ Note also
. tiet', accordirg to the adopted density 1a£;, N €10%0 cn3 at r 3 300 g_@, 2nd
forbldden lires can be emi ted They_may.compete gith He IT lines in intensity
as in planetary nebulae. | |

But one more question rema2ins about the exﬂandlrc envelope of a W star

reoarded as a seec1al H II region. 1Is the Strdmgren radius r. sig flc:ntly

=s
.lerger than the ster? Cen tre continuum photons of the'core'belowA912 4 escape:

to photoionize tlre symmetric.nebulée?' If the envelope density N = 10 cm™

is constant inward from r = 30 Ry to ‘the ohotoeohern of a star of_radius Ty

7

6 Rg and effective temperature of BOOOOOK' = 29 N’Q/B oc = 2,9 x 10
13-5@; as_given by Seitzer (1968) for a standard 03 sta T The actLal radius rg
"will be larger if the ¥Y-star core'is'larger or hotter or if Ne is less. Howefer,
i, may be grester since the possible renge is 1010 - n™> (Undernill 1968),
and the density may-follov the 3’2 law.for constent—velccify ejection dewn.te,
the_phdtoéphere. Doublyfidnized Te re"*onQ are sm2llsr than 1om.ved regions,

. beiailed models are in crder, but an 1nﬂeclste COHClL’101 is that sone W
envelopes m2y smother‘thelstellar uv radiation, unless the envelo;ee are con-
fined to the eguatorial vlane or sore other non-isotrovic cornfiguration, e

should be temoted to explain in this way the absence of syrmetric nebulzae or

by

other nebulae around some W stars excesol {o

o}
ctk
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doubles with compaznions tmt are independently 2ble to dhotnionize surrounding
nedulse." .
Are W stars or their expending envelo;eS‘detectéble as rzdio sowrces?

Davies et 2. (1967) regorted ) 16523 and I 193793 at 299) M ?"n a beam of -

15t H{P3W. However, the former source is prcbably identifiable with LCS6.0L
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fathar thén tﬁe>w:star (Johnson 1971)5vand,n§ w star'5asibeén éétectédAih.a
sedrch with the Green Bﬂh?-intorferowefer ("jellwdﬁg 1971). ‘.Jéﬁnson (1971)
looVed at‘HD 997L, I 168206 HD 177230 HD 187282, HD 1190918, HD 191769,
HD 193793, I 211853 and 1D 21hk19 at 7795 M4z in a bean of Lil HPRW. One
source was LOUHd in the beam at HD 211853 but th*s is orobanly part of ‘a
'(non—gymxetrlc) nebu]a in the area. | The answer to tne qus: tlon apgears to be
- no at present. | ’ | |

III AC I@IL JGEXENT >S
This report has beén supported partially by the Lockheed Independeﬁt
VReSearéh ProgfamAané partially by the NASA undef.co“ura”t V“SI-797?. The
0AO-2/~*P 1vvestigators have vprovided primary data under thégyest;observer
program,‘vThe,Argentine Codsejo Naéionai‘de Investigaciones Cientifica é v
Técnicas defrayed mucﬁ of the cast of trave1>£o the symposium, Thé.hOSpitality
ofiDr. J. Sahade ané his colléagges in the Instituto devAstfoﬁééigiy Fisics del

' Espscio is very much appreciated.



R
REVE ENCES .
" Bless, R 971 nr1vate comru.lcatlon,

Bless, R, C., and Savage, B, D.'197l,3in Symdésium on Scientific Results from

' 0R0-2 (Amherst).

Bradley,’?.'T., and Forten, D, C. 1969, Ap;J., 156,

687.

. Carruthers, G, R 1968 Ao.d., 151 269, _ '

Code, A, D., Houck T E., McNall, J F., Blees R. C.;_and Llllle, C. F.
1970 Ao.d., &é; 377. ' - ff A

Courtes, G. 1560, &nn. dlap.;~g§, 115 (Table IX).

_'Daviés;”J. G., Ferriday, R, J,, Héslém,_C; G..T;, ﬁbran,'m.,fand Thomgésoﬁ, P.

| 1967, M.N.B.A.S., 135, 139. o

Davis, R, J 1571, Pr911W1rary'GataJoo of C“leQCOOG Ultravwolet Ucservations

(Camsr1dge:> Smithsonian Institution Ap. Obs,).

Georgelin, Y. P., and Georgelin, Y, ¥, 1970, Astron, and tp,, 6, 3L9.

Georgelin, Y;‘P., and Monnet, G. 1970, Astrophys. Letl,“55 239.

Hjellming, R, M, 1971 per“tP commmnication, -

HOUu!’ T, E 1971, - ;ﬂ \yﬁOOS’uw on Scientific °e¢u1t<"ro" 010-2 (im herc ).

Johnson, d. M, 1971, Ao, J., 167 L9l

" Johnson, H, M., and Hozg, D. E, 1569, Ap. b.; ggg 1033,

L621n<<q/? T, &, 1970, Astran._gh.,‘gj, 122,

Lozinskaya, T, A., and Zsipov, v, ¥, 1968, Astron, Zh,, LS, 1153,

© McGee, R. X., and Murray, ¥. D, 1951, fustrel. J, Phys,,; 1k, 260,

Minkowski, R. 1965, in G3lactic Structure, ed. A, Blazuw and M. Schmidt

(Chicazo and Lordon: University of Chicezo Prsss), v. 337.
Morton, D, C, 1967, Ao.d., 17, 1017,

...... -----=. 1970, ibid., 160, 215,

'1)

- Perker, R, 4, R, 19 52, thesis, California Irstitute of Technology.



-13-
Par&er, R. A, R. 196h Ap. J., 139, h93

Pengelly, R M. 196h MN.R A.U., 127, 1h5

‘ Plkelner, 8. V. 1959, Physics of the Interstellar M= dlum (“oscow Asad, Sci,

U.S.S.R.), Fig. 30,

e

Spitzer, Jr., L. 1968,.Diffuse Yatter in Space (Mew York: Interscience Pub,),

Table 4.5, A 5
Smith, A. M. 1967, Ap.d., &gg; 158.

Smith, L. F. 1967, A.d., 72, 829.

e . 19683,'in Wolf-Fayet Stars, ed. K, B, Gebbie and. R, N. Thomas

(weshington: Nat. Bureau Stendsrds), p. 21.

mm—memm e . 19680, M;N;R.A.s., 1L1, 317.
E 2 .
o ----~—----f; 1971, in thls Sympocium; and in Symposium on Scientific Results

from 040-2 2 (Awnnrct)

.'Snlbh L. F., and Kuhi, L. V. 1970, 4p.J., 162, 535.

Swith, L. F., and Batchelor, R, A, 1970, Austral, J. Phys., 23, 203.

Stecher, T, P, 1968, in Wolf-Rayet Stars, ed. K. B. Ceboie and R, N. Thomas

(Washington: Nat. ‘Bureau Standa rds), p. 65.
‘Stecher, T, P,, and Milligen, J, E. 1562, 4p.J., 136, 1.

~ Terzian, Y. 1570, 4.J., 75, 1155,

 Underhill, A, 3, 1958, in Mass Loss from Stars, ed. ¥, Hack (Dordrecht-Holland:

D. Reidel Pub. Co,), p. 17

West, D, K, 1971, in Symoosium on 501cnt1L1c Rezults from 0A0-2 (Amherst).



l-lh-"

CTABLE 1

SYMMETRIC NEBULAE WITH SMALL DISPERSIONS OF VELOCITY

Nebula . ' Radius M ¢ . o . Star S5. R(sp) R(kin)
(tare) (o) (8)  (kw/sec) (kpe)  (koe)
NeC 2359 L 8% 330° 8.0 29 D 96935 WS 6.2  L.S7
NoC 3199 8 8 Loo 6.5 33 39338 wis 3.3t
RGW 10L+106 10 18 650 6.31

8.0t 6ot w W19

ZRES

3.75

o, . X . .
. “Pertains to the sharp inner ring of the nebula.

Tpifferential galactic rotation at 1 = 28395 ic too emzll for a significant

Kinematical solution.

tData for both nzbulae.
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- TABIE 2.

© INTERSTELLAR DENSITIZS MEAR W STARS

6.31 165

650

Nebula Star Sp. _E_{_(Sp)- E 3 : .ge(sp) o P__I ' gq

(kpe) (pe) (pe) (emT) (@)  (em™)
¥oC 2359 HD 56925 NS 6.2 12 8 100% | 330° L.y
NGC 3199 HD 89338  WNS 3.6 63 8§ 240 koo 5.7
WoC 6838 ED 192163 W6 2,29 96 5 Loo 21 1.2
ROV 1ok D 1u7h19 WNG 18 190

. 0.8

FPertains to the sharp inner ring of ths nebula.
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| ‘Cdvrloms |
Flaure 1 ~-Scanaed Spectrum of the WNS star HD 50395 .
' Flgure 2. --Photometered spectrun of the d16 star m 192L63 w1th 1nten51ty per
| unit uavelenoth I)\ norm allzed to an arbltrar:, zero-oomt at 1\3?20 A,
.The first set of data has 12 solid'points; the second ha; 9 open
circles.
‘ Flcure 3.--Mean data of HD 192163 (001nts) in Flcure 2 reouced to 1ﬁ+en”1+y pe;
unit frequvrcv, co*rected for 1nter<tellar ‘extinction, and comoercd
_'unth twio moﬁel O-tynn atmospher (7ebeled curves) by Bradley and
| . Morton (1009) -Dr. ‘b"ton sug cesked thp comparison 3-£h thése:nwdels.

e

The zero-p01nt of observad 11ten51ty is fitted arolfrarlly to th

scale T of tqa curves;

Figure li,--Radiofrequency Spectrum.of'NGC'6888.-aUnit flux density (f,u,) =

10.2.6 Wm*QHZ'l. The observed data are by Johnson and 3o~c (196%)

- J-H, Ibzinskayi(l970) L, Terzizn (1$70) T,_and Johnson (1971) J.
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