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 -

 loss at the small aperture, which usually

 amounts to a factor of 2 for a point

 source. The continuum flux is strongly

 affected by the presence of interstellar

 dust, which produces the depression

 near 2200 A and the decline below 1500

 A (6). Interstellar lines are identified

 below the spectrum; stellar lines are

 marked above. The most noteworthy

 stellar features are the P Cygni lines of C

 IV (1548 and lSS1 A), He II (1640 ),

 and N IV (1718 A). The P Cygni N V

 doublet (1238 and 1242 A) is present but

 is strongly affected on the shortward side

 by interstellar Lyman cx absotption. The

 stellar Si IV doublet (1394 and 1403 A) is

 weak, most of the absorption being inter-

 stellar as inferred from the high-resolu-

 tion data. The feature near 1370 A is a

 blend of stellar O V (1371 A) and LMC

 interstellar Ni II (1370 A). The overall

 appearance of the stellar line spectrum at

 low resolution is intermediate between

 that of galactic WN3 and WN4 stars

 observed by IUE (7). Thus a UV classifi-

 cation of R136 implies a hotter object

 than the visual classification, OB(n) +

 WN5 + A(B), of Walborn (8). Since the

 UV and visual data contain different

 amounts of contamination from other

 stars, this result is not surprising.

 The large-aperture, high-resolution

 spectrum of R136 (image SWP 8002),

 which we will emphasize in our discus-

 sion, is of much higher quality than the

 small-aperture, high-resolution spectra

 (images SWP 2766 and SWP 7989). Fig-

 ure 2 shows the large-aperture spectrum

 of R136 in the Si IV (1394 and 1403 A),

 He II (1640 ), and C IV (1548 and 1551

 ) regions. The Si IV region of the

 spectrum is dominated by the interstellar
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 Central Object of the 30 Doradus Nebula, a Supermassive Star

 Abstract. R136 (HD 38268) is the central object of the 30 Doradus Nebula, a giant

 region of ionized hydrogen in the Large Magellanic Cloud. Observations of R136 at

 low and high spectral resolution with the International Ultraviolet Explorer reveal a

 peculiar hot object with a massive stellar wind. An outflow speed of 3500 kilometers

 per second and a temperature of approximately 60,000 K are indicated by the

 spectra. The bulk of the observed ultraviolet radiation must come from R136a, the

 brightest and bluest component of R136. Its absolute visual magnitude and observed

 temperature imply a luminosity about 108 times that of the sun. Most of the

 ionizations produced in 30 Doradus are provided by this peculiar object. If R136a is a

 dense cluster of very hot stars, about 30 stars of classes 03 and WN3 exist in a region

 estimated to have a diameter of less than 0.1 parsec. This is inconsistent with the

 ultraviolet line spectrum and the evidence for optical variability. An alternative

 interpretation of the observations is that the radiation from R136a is dominated by a

 single superluminous object with the following approximate properties: luminosity

 and temperature as given above, a radius 100 times that of the sun, a mass 2500

 times that of the sun, and a loss rate of l0-3 5 solar masses per year. Model interior

 calculations for hydrogen-burning stars are consistent with these parameters. Such

 stars, however, are expected to be unstable, and this may account for the massive

 stellar wind.

 The well-studied 30 Doradus or Taran-

 tula Nebula in the Large Magellanic

 Cloud (LMC) is the most luminous H II

 (ionized hydrogen) region in the local

 group of galaxies (1). Radio continuum

 measurements (2) show that the nebula is

 ionized by the equivalent of 100 type OS

 stars. The search for the source of this

 ionizing radiation has recently focused

 on the unusual object R136 (HD 38268)

 in the center of the nebula. From ground-

 based optical studies, Feitzinger et al. (3)

 suggested that the brightest, bluest com-

 ponent of R136, known as R136a, might

 contain a very massive star that pro-

 duces most of the ionizing radiation.

 NVe have obtained new information on

 the nature of R136a from an analysis of

 low- and high-resolution spectra ob-

 tained by the International Ultraviolet

 Explorer (IUE). These new data provide

 an estimate of the temperature of R136a.

 This temperature, when combined with

 ground-based estimates of the absolute

 visual magnitude (Mv), implies a lumi-

 nosity for R136a of about 108 times the

 solar luminosity (LR) and establishes

 that the nebula is primarily ionized by

 this object. A further analysis of the

 existing data implies that the radiation

 from R136a is probably dominated by

 that from a single object of mass

 M 2000 to 4000 times the mass of the

 sun (M>).

 Ultraviolet observations. The IUE

 SCIENCE, VOL. 212, 26 JUNE 1981

 was used to obtain the ultraviolet (UV)

 spectra of R136 listed in Table 1. The

 exposures were made with large (10 by

 20 arc sec) and small (3 arc sec) aper-

 tures, at low ( 7 A) and high ( 0.1 )

 resolution, with the short (1170 to 2000

 A) and long (1900 to 3100 ) wavelength

 cameras (4, 5).

 Figure 1 illustrates a low-resolution,

 small-aperture spectrum of R136. The

 fluxes plotted do not allow for the light
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 Fig. 1. Lc)w-resolution, small-aperture spectrum of R136 from images SWP 6515 and LWR
 5584. The data for LWR 5584 were scaled upward by a factor of 1.09 to improve the data
 overlap between the short- and long-wavelength cameras near 1900 A. Various absorptions
 primarily due to interstellar gas (galactic and extragalactic) are indicated below the spectrum
 (9). The stellar features are marked above the spectrum. Interstellar dust in the LMC produces
 the depression near 2200 A and the decline in flux below 1500 A (6).
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 i

 (galactic and extragalactic) components troduce undulations in the continua of resolution spectra suggests that it is real.

 (9). A stellar Si IV P Cygni feature is not IUE high-dispersion spectra for wave- The R136 He II emission resembles that

 readily apparent, although weak Si IV lengths Ac 1500 A. Near 1383 A an bundforotherWolf-Rayetstarswithan

 absorption may exist shortward of the unidentified emission feature may be unidentified emission component ap-

 1394 A line. Uncertainties in the back- present. This feature could be of instru pearing irlside the P Cygni absorption

 ground and echelle blaze corrections in- mental origin, but inspection of the low- near 1630 A (n. The P Cygni profile of C

 IV is unusual in that it is very broad and

 at-bottomed with an intensity level of
 l 8 § ' ' } T t Y f l t 8 40 percent of the continuum. For C

 LMC Si IV IVS He II, and N IV, we infer outflow
 speeds (vedge1 of approximately 3500,

 - MW Si IV 330()7 and 2100 km sec-l. A strong N V
 (1238 and 1242 A) P Cygni profile is seen

 a lll I i r - in the high-dispersion spectrum. Howev-

 Z%4 4 '+i 5 8 l#j # : < lies nea t le bottom of an exe eedirgly

 R % valul 3500 km sec-l for the C IV line

 WI R J l J prob ibly refers to the wind terminal
 R R - } R - speed br the R136 object.

 O b X t l | An important consideration is the UV
 - spatial extent of R136. Intensity tracings

 ( A 4 & | k i ; + - ^ < perper1dicular to the dispersion across

 1360 1370 1380 1390 1400 1410 14Z0 the high- and low-resolution, large-aper

 r ¢ X ¢ * W $ r X 5 ture spectra show that the far-UY

 LMG A} II J (A 1500 A) spatial extent is broader

 MW Al 11 than that of comparison point sources.

 l - Ho-wever, on comparing profile areas we

 - a ihlJll 1i 1 1 - find t at the spatial extension observed
 | t ;t i 1f11 8 I IU i'1lll - fol t. 3 contain about30percentofthe

 % tY q 11 1st w lWiht t Illfli - de e e' larfgehai] ertntaminatiOn comes

 - from stars located 8 arc sec northwest

 \ - of R136a. These stars are identified as

 stars 3 and 4 in the isophote plots of

 Feitzinger et u1. (3). We conclude that

 O - , 70 percent of the radiation recorded in

 } R t > the large-aperture? high-dispersion spec-

 I I j X s I I i t 2 __s trum of R136 shown in Fig. 2 is from a

 1610 1620 1630 - 1640 1650 1660 1670 1680 "point source,8' which for our data ex-

 8 t f I X X t _ T i traction scheme implies an angular diam-
 - MW C V i eter of c 2 arc sec. The small-aperture

 LMC Si lZ L^4C C ZV spectra we obtained mostly refer to

 mw si 11 R13Xa alone. The small-aperture high-

 - 511WII MW C I dispersion spectru n (SWP 2766) general-

 IhSlf lJI | LMC C I I Iy confirm the re ul obtained from the

 t i I 'FW I I I, iL large-apertlre sp c um n particular,

 - < i 41 qqll 1 f IIJ similar tel ninal vele Fciti: are inferred

 - : (1 1 il s NIII 5 8 line is again filled in at about the 40
 0 5 1 t^, % percentlevel.However, between 2300

 II 1 1 Ill R and 27z30 km sec the data suggest g 1l 1 \ somewhat less filling in. The other small- o { t t 1 aperture spectrum (SWP 7989) is of very low quallty; apparently R136a was not t t , X 4 l 5 * S L X

 1 5 1 a 1 520 1 530 1 540 1 550 1 Si30 1 fi70 1 58(} properly centered on the aperture.
 O Interpretation of spectra. The spatial-

 Wavelength (A) ly extended nature of R136 and its reso-

 Fig 2. High-dispersion, large-aperture spectra of R136 fronl im88e SWP 8()02 Iht thrtfe lution irwto components a b and c (3)
 wavelength regions plotted include the lines of Si IV (1393.8 and 1402*S A), I4e 11 (1640.4 AJ ' '
 and C IV (1548.2 and 1550.8 i). The spectrum in each region was plduced by cnirXirig the SgSCSI that many stars are present tn a
 data from three or more echelle orders. Junction points between adjacent echelle orders ,e ctllster. However, the UV measure
 marked with vertical lines placed slightly below the zero levels. Milky Way (MW) arld Large mets are dominated by radiation frotn
 Magellanic Cloud (LMC) interstellar absorption features are marked- lhe wavelengths rt R136a. tt'herefore the IUE spectra may
 plotted as provided by the standard reductions. The wavelength shifts required to allow for tzhe
 210 km sec-] radial velocity of the LMC can be inferred frot} the I.MC irttersteilar lirleS rl he R pfovlde the key to decldtng whether the
 tlenotes a detector reseau. The high-dispersion, small-apertasre spectl lln om smage SNVP 77Xb radiatlon kom R136a is from a compact
 gives results roughly similar to those shown abo-ve, although with a -much hxgher noise. IevelS clustet (> 0.S arc sec or < 0.1 pc) of

 1498
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 comparable stars or is dominated by the

 radiation from a single superluminous

 object. The continuum spectrum is

 heavily affected by extinction by fore-

 ground dust (6), but the stellar line spec-

 trum provides a great deal of information

 about the object. The ionization and ex-

 citation seen in the lines (C IV, N V,

 excited N IV and O V, and very weak Si

 IV) are like those seen in the spectra of

 stars of the earliest spectral type.

 The strong P Cygni He II (1640 A) and

 N IV (1718 A) lines tndicate a very large

 rate of mass loss from R136a by way of a

 stellar wind. The P Cygni doublet of Si

 IV (1394 and 1403 A) is quite strong in O

 stars cooler than about 50,000 K with

 strong winds (10). Its weakness in R136a

 shows that such stars do not contribute

 much of the observed UV radiation.

 With 50,000 K as a lower bound to the

 temperature of R136a, the UV and opti-

 cal data imply a luminosity of about

 0.7 x 108 L> (11). This peculiar object

 probably emits more than 3 x l05l ioniz-

 ing photons per second (11). Thus we

 conclude from these rough lower limits

 that R136a is the dominant ionization

 source of the nebul-a (2).

 Can a collection of very hot, "nor-

 mal' stars (that is, stars with M 9150 to

 200 ME>) produce the spectrum? One of

 the hottest stars known is the type 03

 ((f)) star HD 93250 (12), which indeed

 has weak Si IV and strong C IVS N V, N

 IV, and O V. Like Rl36a, it has a wind

 terminal speed of about 3400 km sec-l.

 However, it has no P Cygni He II and

 apparently a relatively low rate of mass

 loss. Even slightly cooler O stars (such

 as 4 Pup; type 04f) show strong Si IV

 and slower winds ( 2700 km sec-l).

 The WN3 star HD 5980 (13) shows lines

 similar to those of R136a, but has a wind

 speed of only 2800 km sec- l In common

 with almost all other hot stars it also has

 a C IV (1550 A) line that drops to zero

 intensity in the blue absorption portion

 of the P Cygni profile. In R136aS the C IV
 intensity is flat at about 40 percent of the

 adjacent continuum for all speeds up to

 3200 km sec- 1. This precludes much

 radiation coming from stars with

 vedge c 2800 km sec 1.

 Thus, if Rl36a is a cluster of normal
 starsS the cluster must (i) have a unique

 luminosity functionS with both WN3 and

 03 stars present but with the normally

 numerous cooler stars missing, (ii) have

 all luminous stars in the cluster possess

 the largest known wind speed, and (iii)

 have a filled-in C IV profile, which is

 most unusual. In addition, if the ioniza-

 tion of the 30 Doradus Nebula is provid-

 ed by R136a, which is strongly indicated

 by the fact that the sum of the ionizing

 26 JUNE 1981

 fluxes of the other stars in the nebula

 falls far short of what is needed (3), we

 would need to pack on the order of 30 03

 or WN3 stars within a space of 0.5 arc

 sec (0.1 pc). Recently obtained speckle

 interferometry data should refine our un-

 derstanding of the detailed spatial struc-

 ture of R136a (14). Finally, a cluster of

 this nature could hardly be variable,

 while there is a strong suggestion (3) that

 R136a varies in both its V magnitude and

 its stellar Ha profile. Thus there are

 fundamental difficulties in interpreting

 the spectrum on the basis of a collection

 of normal stars.

 Properties of a singZe object. A single

 object burning hydrogen appears to have

 all the observed properties, but would

 have to have a luminosity and mass far

 exceeding those of any other known star.
 It would be as hot or hotter than 52,500

 K, the temperature of the 03 ((f)) star

 HD 93250 (12). Such a high temperature

 is indicated by the stages of ionization in

 the spectrum. For hot stars, radio obser-

 vations indicate that the mass loss rate is

 correlated with the luminosity (lS), so a
 very massive wind is expected. By ex-

 trapolation from normal stars, we esti-

 mate a mass loss M of order l0-3-5 MO

 year-1. For temperatures > 50,000 K,

 He+ ionizing photons (energy > 54 eNt)

 are produced in appreciable quantities,

 so that strong He II emission follows

 from the absorption of these photons in a

 thick stellar wind. We expect that any

 very hot, very luminous star with a thick

 stellar wind should have Wolf-Rayet

 characteristics. The strengths of the C

 IV, N V, and O V lines suggest an upper

 limit of 70,000 to 75,000 K for the tem-

 perature (16), above which these ele-

 ments are ionized further. At tempera-

 tures less than 75,000 K, our calculations

 show that, for M = l0-3 5 M) year-1, all

 of the He+ ionizing radiation is absorbed

 in the wind, in agreement with the fact

 that the nebula shows no He II emission

 (17, 18).

 Table 2 shows the parameters of

 R136a as a single object, assuming that it

 produces 5 x 105l ionizations per sec-

 ond, a conservative estimate derived

 from the radio data (2). Column l is the

 assumed effective temperature. Model

 atmospheres (19) provide the flux of hy-

 drogen ionizing photons (column 2). The

 stars radius R (column 3) follows from

 this surface flux and the total number of

 ionizations per second. We obtain

 R 90 + 40RandL 7.5 x 107Lz

 for the range of temperatures (50,000 to

 75,000 K) considered acceptable on the

 basis of the spectral features. Such a

 high luminosity requires that the star be

 far more massive than any previously

 Table 1. Ultraviolet observations.

 Date Reso- Aperture
 (year, day) lution (are see)

 EXpOSUl ;

 time
 Star

 R136
 R136
 R136
 R136
 R136

 R136

 R136

 HD 193793

 Image

 SWP 2766t
 SWP 6515:t

 SWP 65151:
 LWR 55841:

 LWR 5584t

 SWP 7989

 SWP 8002

 SWP 8004§

 1978, 269
 1979 258
 1979, 258

 1979, 258

 1979, 258
 1980, 50
 l980, 52
 1980,52

 High
 Low
 Low

 Low

 Low
 1¢T' t

 rLIgn

 High

 High

 3
 3

 10 X 20

 3
 10 X 20

 3
 10 x 20

 10 x 20

 13
 s

 10

 3.3

 7

 3

 70

 hours
 minutes

 minutes

 minutes
 minutes
 hours
 hours
 minutes

 *SWP is the short-wavelength prime camera, LWR is the long-wavelength redundant camera. tThis
 spectrum was obtained by de Boer et u1. (9). SThese spectra were obtained by Koornneef and Mathis
 (6). §Used as a comparison point source to evaluate the spatial extent of R136 image SWP 8002.

 Table 2. Properties of stars producing 5 x 1051 ionizing photons per second.

 Effec-
 tive
 tem-
 pera-
 ture

 (K)

 40,000
 45,000
 50S000

 55,000
 60,000
 75,000
 90,000

 Unred-
 dened
 visual
 magni-

 tude at
 55 kpc

 6.81
 7.56
 8.07
 8.58
 8.82
 9.62

 10.15

 Ed-
 dington
 lower
 mass
 limit

 (Me)

 3630
 2570
 2200
 1900
 1930
 1830
 1850

 EStl-

 mated

 stel-

 lar

 masst

 (M))

 4490

 3140

 2630

 2230

 2210

 2000

 1970

 Flux of
 . . .

 lonlzlng

 photons
 (cm-2

 sec-')

 Stel-
 lar
 ra-
 dius

 (R)

 242
 161
 121
 93
 79
 49
 34

 Stellar
 lumi-

 nosityt

 (L<))

 1.33 x 108
 9.40 x 107
 8.06 x 107

 6.96 x 107
 7.08 x 107
 6.69 x 107

 6.78 x 107

 Bolo-
 metric
 mag-
 nitude

 -15.69
 - 15.31
 - 15.15
 - 14.99
 - 15.01
 - 14.94
 - 14.96

 24

 24

 24

 24

 2s

 I o2s

 lo25

 1.40 x

 3 17 x
 5.64 x

 9.56 X
 1.33 x

 3.44 x

 7.03 x
 *Number flux of H ionizing photons at the stellar surface as derived by Hummer and Mihalas (19). tStel-
 lar interior models constructed with n - 3 polytrope theory and an assumed hydrogen abundance of

 XH = 0.75 yield the luminoslties listed here at an effective temperature of 63,000 K. tEstimated by

 assuming the empirical relation for terminal velocity versus escape speed valid for O stars (Eq. 1).
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 known. A firm lower limit on the mass is

 the Eddington limit (column 7), at which

 the inward acceleration of gravity is bal-

 anced by the outward radiation pressure

 gradient acting on electron-scattering

 opacity. This mass limit is MEd

 > veL(4qrcG)-l, where Ce is the elec-

 tron-scattering mass absorption coefB-

 cient of 0.20(1 + X) cm2 gl (X = frac-

 tion of H by mass), L is the luminosity, c

 is the speed of light, and g is the gravita-

 tional constant. For L = 7.S x 107 4D,

 we find MEd ' 2000 Mg,. We can make a

 better estimate of the stellar mass. The

 empirical relation for O- stars (20) be-

 tween the wind speed, vOOS and the effec-

 tive escape speed is

 vOO = 3 Vescape = 3 [2G(A - MEd)/R]

 (1)

 The stellar mass derived from this rela-

 tion is given in the last column of Table

 2.

 If R136a produces 1052 iorlizations per

 second, as indicated by some radio ob

 servations (2), its luminosity and esti-

 mated mass would approximately dou-

 ble, to 1.4 x 108 L) and 4400 M,i,, re-

 spectively.

 The mass loss rate from R136a could,

 in principle, be derived from the UV line

 profiles, but this requires knowledge of

 the fractional aburldance of the ions pro-

 ducing the lirles. Rough estimates based

 on the C IV line yield M > 4 x 10-4 MG

 year-l. A minimum mass loss rate can

 also be derived by requiring that the

 He2+ ionization zone be cotlfined to the

 wind, to explain the aTosence of the He [S

 4686 i recombination lille in the nebula

 This gives M-1 x 104 for arl cffee

 tive temperature of 50,000 K and

 M-1 x 10-3for90,000K. Perhaps the

 most reliable method for estimating the

 magnitude of the mass loss rate is by

 extrapolation from ordinary stars with

 similar spectral characteristics. The

 mass loss rates derived br early Of stales

 are of order L/vooc ( 4 x l0-4 Mo

 year-1 for R136a), and the [nass loss

 rates for Wolf-Rayet stars are 8 L/vooc

 ( 3.2 x 10-3 M) year-l for R136a).

 We choose to use M - 10-35 + 1 Mg,

 year-1 as a reasonable estimate of the

 mass loss rate of R136a.

 The peculiar C IV line is readily ex-

 plained by the single-star hypothesis.

 Both the large- and small-aperture spec-

 tra show the line with the large terminal

 velocity of 3500 km sec- 1 * The residu-

 al intensity in the absorption compol-1ent

 seen in the small-aperture spectrom is

 somewhat smaller, as expected if there is

 more contamination of the large-a-pertllre

 spectrum by neighboring stars. The re

 maining residual intensity can be ex

 1500

 plained with at least two mechanisms

 that are not applicable to the cluster

 model. First, for mass loss leates > l0-3

 M) year- I, the electron-scattering opti-

 cal depth of the wiIld is of order unity.

 Stellar light passing through the nonco-

 herent electron- scattering atrno sphere

 should give rise io the washed-out ap-

 pearance of the optical spectra of R136

 (83 and to the filling-in of the C IV

 absorption trough (2 j) . Second, a homo-

 geneous supermassive star should be

 hotter thall ordinary stars, as discussed

 below) and the abundance of C3+ should

 be lower. The fractional abundance of

 C3+ decreases from 1o-2 to 10-5 for

 stellar eftnective temperatures increasing

 from 505000 io 70,000 K. Thus at the

 highes- tes-llperatures the carbon could be

 too highly ionlzed to produce optically

 thiek (: IV. Reliable measuremenis of

 the depth of the P Cygni N V (1238 and

 i242 A) line may discriminate between

 these two suggestions.

 The inte-rior of a supermassive star is

 well described by an n = 3 polytrope.

 All pltoperties of the model are fised by

 specltying M arld A. We take an eifective

 temperature (and R) from Table 2 and

 use the polytroplc relations (22) to deter-

 mine the centrai temperature. We thers

 nake an independent determination of L

 by integratitlg the standard luminosity

 equation outward, assuming CNO hy

 drogen burnbng. The luminosity in-

 creases very ra-pidly as the assumed

 eSeeti-ve telllpeiSatuxoe is increased. It is

 as large as that zequired to account for

 the nebular ionization for -; 63,000 K.

 This is just in the range allowed by the

 spectral lines, and provides an indepen-

 dent chec.k on the plausibility of the

 supermassive star hypothesis The star

 should be very nearly ho^ogencous and

 remain so during its evolution because of

 convective mixing in the interior an

 rapid removal of the atmosphese by mass

 loss. This shollld lead to a depletion of

 the atmospheric abundance of carbon

 and oxygen relative to nitrogen.

 There are well-known problems with

 the stability of a super-massive star

 against pulsations (23)c VVe nay see the

 efFects of irlstability in the massive steilar

 wind Sotne variations in brightness

 might be expected and should be

 searched br. Similarly, the formatxon of

 supertnassive stars is not easily under-

 stood (24), because the large luminosity

 of an accretion shock at the tOp of the

 collapsng Isi-estellar cloud whl stop the

 intall of the grainse which are in turn

 coupled to the gas. The LMC has signih-

 cantly less dust per gram of gas than our

 Galaxy (9). Also, a protostar of large

 mass should have a low density, and the

 grains may be driven through the gas fast

 enough to be destroyed by sputtering.

 Grain sputtering apparently occurs in the

 winds of red supergiants (25).

 Follow-up studies of R136a are cer-

 tainly warranted. The object will be

 morlitored with IUE to search for iine

 profile- arld continuum variability. Coor-

 dinated ground-based programs would

 be highly desirable. X-ray observations

 obtained by the Einstein observatory

 may provide furtheI constraints on the

 nature of R136 (263. Other galaxies might

 contain similar objects (27). Ultimately,

 the Space Telescope will be able to ob-

 tain important observations of R136a and

 related objects with a combination of

 high spatial and high spectral resolutiotl.

 JOSEPH P. CASSiNELLI

 JOHN S. MATHIS

 BLAIR D. SAVAGE

 Wa3hburn Observatory, University of

 Wisconsin Madison 53706
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 obtained by B. D. Savage and K. S. de Boer
 [Astrophys. J. 2A3, 460 (1981)] show that the
 following stars in the Large and Small Magellan-
 ic Clouds have -very strong P Cygni Si IV: HD
 364025 WC5+OB; HD 268605, O9.?Ib, Sk 18-
 67, 06-7+WN5, HD 38282, WN6-A(B); HD
 269357, 06lb(f); and Sk 80, 07Iaf+. Magellanic
 Cloud stars with weak or missing Si IV include:
 R136a; Sk 108, 06.5+WN3; and HD 5980
 O}39+WN3. The strong P Cygni Si IV observed
 in the cooler LMC O and WR stars supports our
 claim that the weak Si IV in R136a is prodllced
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 by high temperature rather than simply a low Si
 abundance in the LMC.

 11. EFstimation of L and nc, the luminosity and
 number of ionizing photons, is complicated by
 two major uncertainties: contamination of the
 spectrum of Rl36a by other stars and the large
 and peculiar extinction by dust. If all the visual
 light of R136 arises from R136a, with T-
 50,000 K, apparent visual magnitude V 2 10
 (3), distance d = 55 kpc, and visual extinction
 Av - 1.8 magnitudes, then L 7 x 107 L,?
 and nc 4 x 105l sec t. Photographs (3) sug-
 gest that Rl36a is responsible for most but not
 all of the visual radiation from R136. Hence

 L 5 x 107 L and nc 3 x 1051 sec-l are

 not unreasonable estimates. If the temperature
 of R136a is 60,000 K, L and nc would approxi-
 mately double under the same assumptions. It is
 difficult to estimate Av. We used various nebu-
 lar Balmer line/radio continuum ratios to esti-
 mate the extinctions at Hcz and H, [for example
 see (2)]. By interpolation, we obtained Av be-
 tween 1.6 and 2.1 mag. We consider it reason-
 able to assign the same extinction to R136a.
 While some of the nebular du$t may be behind
 the star, thus not contributing to the stellar
 extinction, the nebular Balmer lines are affected
 primarily by the absorption of the dust (as
 opposed to scattering). For the Balmer lines, the
 absorption of Galactic dust is less than half the
 extinction [B. D. Savage and J. S. Mathis
 Annu. Rev. Astron. Astrophys. 17, 73 (1979)
 sect. 3.1], so our assumed extinction is probably
 conservative. The colors of R136 suggest a color
 excess of E(B - V) = 0.38 [F. P. Israel and J.
 Koornneef, Astrophys. J. 230 390 (1979)]. Us-

 ing AV/E- p 4.65 derived from the

 Balmer lines, we find Av - 18. However, the
 dust near Rl36 is likely to be peculiar- for
 instance, the UV extinction of R136 (6) is some-
 what different from that of the general LMC.
 The extinction for the UV is even more difficult
 to estimate than for the visual. We suggest that it
 is about A(1400 ) - 4 + 1 mags based on
 A(3000 i) - Av - 1.5 as derived from the Ga-
 lactic and LMC extinction laws, Av - 1.8 mag
 and A(1400 i) - A(3000 i) - 1.3 mag from
 IUE observations (6). If we assume that A(1400

 A) 4 mag and that RI36a is responsible for 70

 percent of the large-aperture 14()() A flux we

 find L 5 X 107 Lo and nc 3 x 105l sec l

 for 50,000 K, and values 1.5 times larger for
 60,000 K.

 12. P. S. Conti and C. D. Garmany, Astrophys. J.
 238, 190 (1980); R. P. Kudritzski, Astron. As-

 - trophys. 85, 174 (1980).
 13. High-dispersion IUE observations of HD 5980

 (OB?tWN3) in the Small Magellanic Cloud
 obtained by one of us (B.I:).S.) reveal P Cygni
 lines of N V, C IVs He II, and N IV. The stellar
 Si IV is very weak as in R136a. A photospheric
 O V 1371 A feature is present. The absorption
 part of the C IV profile saturates. The edge of
 this line implies a terminal speed of 2800 km

 I .

 14. We recently learned that G. Weigelt (private
 communication? has speckle interferometry
 measurements of R136a with the ESO 3.6-m
 telescope at La Silla, Chile. He has not complet-
 ed the reduction of his data, but his preliminary
 results indicate that RI36a consists of two objects
 with a magnitude difference of 2 in a complicated
 background. This seems in accord with our con-
 clusion that a single object dominates the UV
 spectrum. We thank Dr. Weigelt for permission to
 cite his results before publication.

 1S. I:). C. Abbott, J. H. Bieging E. B. Churchwell
 J. P. Cassinelli, Astrophys. J. 238, 196 (1980).

 16. Estimated from the models of J. P. Cassinelli
 and G. L. Olson, ibid. 229, 304 (1979).

 17. G. W. Wares and L. H. Aller, Pllbl. Astron.
 Soc. Pac. 80, 568 (1968).

 18. 1:). P. Cox and W. H. Tucker lAstrophys. J. 157
 1157 (1969)3 showed that collisional ionization of
 Hef is negligible even if the temperatures of the
 wind are 60 000 to 70,000 K.

 19. D. Hummer and D. Mihalas [Jt. Inst. Lab.
 Astrophys. Rep. 101 (1970)3, D. Mihalas [Natl.
 Ctr. Atmos. Res. Tech. Note NCAR-TN STR-76
 (1972)1, and R. L. Kurucz [Astrophys. J. Sllppl,
 408 1 (1979)} are in good agreement about the
 gross properties of the spectrum of hot stars.
 Hummer and Mihalas tabulated the H and He
 ionizing fluxes that were used in Table 2.
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 gross properties of the spectrum of hot stars.
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 20. D C. Abbott, Astrophys. J 225, 893 (1978).
 21. The electron scattering fails for a cluster of stars

 because one needs the entire volume of the
 cluster optically thick in electrons, which re-
 quires huge mass loss rates from the cluster
 several Mg per year. We can reject two-photon
 emisslon rom H filling in the C IV profile,
 because such a cloud of ionized gas would
 produce far too much Balmer line radiation.
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 High densities only make the situation worse
 because two-photon emission is quenched first.

 22. F. Hoyle and W. A. Fowler, Mon. Not. R
 Astron. Soc. 125, 169 (1963). For a lengthy
 discussion of polytropes, see S. Chandrasekhar,
 An Introduction to the Strdy of Stellr Structure
 (IJniv. of Chicago Press, Chicagos 1930).

 23. M. Schwarzschild and R. Harm, Astrophys. J.
 129, 637 (1959); K. ZiebaNh, ibid. 162, 947
 (1970), C. de Jager, The Brightesf Stars (Reidel,
 DordrechtS Netherlands, 1980).

 24. H. YorkeS Int. Astron. Union Symp 42 (1978),
 p. 38.

 25. S. Kwok Astrophys. J. 198, 583 (1975)- J. P.
 Cassinelli, Annu. Rev. Astron. Astrophys. 17,
 275 (1979).

 26. We expect on the basis of x-ray observations of
 O and B supergiants (J. P. Cassinelli et ul.,
 Ast7"ophys J., in press) that the x-ray luminosity
 of the star might be of order 10-7'5 Lhol (1034 erg
 sec ') where Lbo, is the bolometric luminosity,
 and some of this would be attenuated by inter-
 vening interstellar matter [hydrogen column
 density = 7 x 102l (9)3. A dense cluster of O
 stars, on the other hand, might be a strong x-ray
 source because of the collision of the various
 stellar winds [B. A. Cooke, A. C. Fabian1 J. E.
 Pringle, Nature (London) 273, 645 (1978)3. A
 shock at the interface of the observed outflow
 and the surrounding interstellar medium might
 also be a source of hard x-rays [J. Castor, R.
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 McCray, R. Weaver, Astrophys. J. Lett. 200
 L107 (1975)].

 27. IUE low-dispersion spectra of supergiant H II
 regions have been published: NGC 604 in M33
 and NGC 5471 in M101 by M. Rosa [slstron.
 Astrophys. 85 L21 (1980)] and regions in NGC
 2366 and K 25i4 by P. M. Gondhalekhar D. H
 Morgan, K. Nandy and R. Wilson [in Second
 Europesn I UE Confererlee (ESA-Sp- 157 Euro-
 pean Space Agency, Paris, 1980) p. 13i]. The
 spectrum of NGC 604 appears to be compatible
 with that of a cluster of normal O stars (strong Si
 IV); NGC 5471 has a spectrum resembling that
 of an exceedingly hot object.

 28. B.D.S. is a guest observer with the IIJE satel-
 Iite, which 1S sponsored and operated by the
 National Aeronautics and Space Administra-
 tione the Science Research Council of the Unit-
 ed KingdomS and the European Space Agency.
 We thank the entire IUE staff at Goddard Space
 Flight Center for their assistance in acquiring
 and processing the IUE data included in this
 report. We thank M. }t. Meade for her assist-
 ance with the data processing. B.D.S. acknowl-
 edges support from NASA grants NSG fi41 and
 5363, J.P.C. from NSF grant AST-79l2141, and
 J.S.M. from NSF grant AST-7906829. Useful
 comments on the manuscript were provided by a
 number of colleagues, especially L. Hartmann.
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 Solar flares that occur in active re-

 gions where the photospheric magnetic

 field has a southward component tend to

 be associated with enhanced solar wind

 velocity observed near the earth 4 days

 later. This was observed in both the

 northern and southern solar hemispheres

 during portions of the last two 11-year

 sunspot cycles. Dllring most of the time

 interval investigated the solar field po-

 larity was outward in the north- and in-

 ward in the south.
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 For this report we used all the flares in

 the interval 24 August }978 through 9

 November 1979 with importance 2 or

 greater, as reported by the group obser-

 vations in Solar-Geophysical Data (1)*

 Flares whose disk longitude exceeded

 70° were not used The start of the inter-

 val was determined by the beginning of

 observations by the Los Alamos solar

 wind experiment on the spacecraft Inter-

 national Sun-Earth Explorer 3 (ISEE-3),

 and the end of the interval was selected
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 Fig. 1. Solar wind ve-
 locity observed near
 the earth on the
 fourth day after a
 flare as a fullction of
 the directic)n c)f the
 flare-site photospher-
 ic magnetic field.
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 Solar Flare Acceleration of Solar Wind:

 Influence of Active Region Magnetic Field

 Abstract. The direction of the photospheric magneticfield at the site of a solar

 JZclre is a good predictor of whether the3ffare will accelerate solar wind plasma. If the

 field has a sollthward componentf high-speed solar wind plasma is asaally observed
 near the earth about 4 days later. If thefield has a northward component) sach high-

 speed solar wind is almost never observed. Southward-field flares may then be

 expected to have much larger terrestrial effects than northxvard fiares.
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