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Ground-based photograph of the LMC in visible light (courtesy of Lick Observatory). The view is the same
as that of the far- UV electrograph on the facing page. The bright east-west bar in visible light Is inconspicu-
ous in the far UV , w hereas the hot-star groupings in the outer regions of the LMC are  relati~eIy much more
conspicuous in the far [V .
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S201 FAR-ULTRAVIOLET ATLAS OF THE LARGE MAGELLANIC CLOUD

INTRODUCTION

The Naval Research Laboratory ’s Far-Ultraviolet Camera/Spectrograph (Experiment
S201) was operated on the lunar surface during the Apollo 16 mission 21-23 April 1972. A
primary objective of th is experiment was to obtain far-ultraviolet images and spectra of
stars , nebulas , and extragalactic objects under the low-sky-background conditions of the
lunar surface. Preliminary results of S201 were given by Carruthers and Page [1]; other
papers have given details of the instrument (2] , imagery and spectrography of the terrestrial
upper atmosphere and geocorona 13-5], and imagery of nebulosities in Cygnus 16]. The
companion to this report , S201 Catalog of Far - Ultraviolet Objects [ 7 ] ,  provides a com-
pendium of photometry of stars and starlike objects in all ten S201 fields of view.

One field of view observed during the Apollo 16 mission included the Large Magellanic
Cloud (LMC) . A sequence of exposures beginning 22 April 1972 at 17:18.5 UT and ending
at 23.20 the same day included direct imagery in the 1050-to- 1600-A and 1250-to-1600-A
wavelength ranges, with exposure times up to 10 mm and 30 mm respectively, and spectro-
graphic exposures in the 500-to- 1600-A and 1050-to-1600-A wavelength ranges, with ex-
posure times up to 30 mm and 200 mm respectively. The spectrographic data on the LMC
are described by Carruthers and Page [8] , and the LMC imagery and spectra are briefly dis-
cussed by Page and Carru thers [91. The present report will present the final photometric
reduction of the S201 imagery of the LMC. The data are presented in the form of charts
representing the ultraviolet bnghthess vs position over the LMC (isodensity contour plots)
and a tabulated listing giving peak and integrated IJV brightnesses for individual objects or
groupings in the LMC. The data listing (available on magnetic tape , as described in Appendix
A) is presented in Appendix B in order to have it at the end of the report.

Ultraviolet observations of the LMC have also been made by other observers. These in-
clude far-UV photometry of selected areas made with the Astronomical Netherlands Satel-
lite (ANS), from which it was concluded that the interstellar extinction curve in the LMC is
anomalous [10-121 in comparison to that found generally applicable in our own galaxy
[13). Far-UV spectrophotometry of the entire LMC was obtained with the Apollo 17 Far-
UV Spectrometer [14]. Far-UV imagery of the LMC has been obtained from Skylab by
Henize [15] and from a soundin g rocket by Smith [16] .

Ground-based studies of the LMC are extremely numerous. Particularly worthy of
mention here , for comparison with the S201 far-UV measurements, are the Balmer-a meas-
urements of Henize and coworkers [17,18] , the catalogs of OB associations of Lucke and
Hodge 119,20] , and the LMC atlas of Hodge and Wright [21]. Among publications dealing
with the spectral classifications of individual early-type stars in the LMC are those of
Ardeberg et al . [22] and Walbom [23].

Manuscript submitted January 13, 1976.
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PAGE AND CAR RU T IIE R S

I)ATA AND ANALYS IS

The direct-imagery frames from the S201 instrument covered 20’ -diamete r cin.’ular
fields of view and had limiting resolution of about 2 are -minutes at field center , degrading
to about 4 arc-minutes near the edges. The LMC was near the edge of the field in those
frames in which it appeared ; hence the resolution was typically 3 to 4 arc-minutes. Expo-
sures of 1, 3, and 10 m m were taken with a LiF corrector on the eleetrographic Schmidt
camera (ILi exposures , wavelength ran ge 1050 to 1600 A , frames A 124 , A125, and A 126),
and exposure times of 3. 10, and 30 m m were taken with a (‘aF2 corrector (ICa exposures,
wavelength range 1250 to 1600 -~t . frames A 128, A129 . and A 130) . The frontispiece on
pages iv and v is a comparison of the 10-mm ICa exposure ( frame A 129) with a ground-
based visib le-light photograph. 0

The lLi exposu res on all target fields include a diffuse background due to interplane-
tary Lyman-a emission (4 ] .  This background produced a rather high fog level on the 3-mm
ILi exposures and made nearly all 10-mm ILi exposures (including that of the LMC)
unusable due to saturation of the emulsion. The LMC camera field was near the southern
lunar horizon as seen from the A pollo 16 landing site , and the LMC exposures exhibited an
additional diffu se background whose intensity was related to angle above the horizon. This
bac kground was particularly noticeable on the IL l exposures but was also detec table on the
longer ICa exposures. its sourr e is not yet certain , but a likely possibility is scattering of
sunligh t by dust electrostatically suspended above the lunar surface. Figures Ia and lb corn-
pare the full-frame images of the LMC field in the 1050-to- 1600- A and 1250-to- 1600- A
wavele ngth ran ges.

By happy chance the LMC is close to the lunar south celestial pole. Therefore there
was no noticeable image smearing due to lunar rotation , even in the longest (30-mm ICa)
exposure . This allowed considerably fainter objects to be detected than in most of the other
S201 imagery .

F The data frames were analyzed by scanning the flight films with a Boiler and Chivens
PUS microdensitometer. A raster scan of 1024 by 1024 elements at 33-pm (1.19-an’-
minute) intervals was used, and the quan tity recorded on magnetic tape was 100 times opti-
cal density d: I) = 100 log10 1~ /I . An asset of the electrographic recording technique is that
the optical density of the processed emulsion is directly proportional to integrated photon
flux up to densities of about 1.5d , and the density-exposure relationship can be usefully
determined to densities above 3.Od. Preflight laboratory calibrations of the instrument ’s
spectral response and absolute sensitivity were used to determine the ultraviolet brigh tnesses
of observed diffuse and point sourres. Observations of the hydrogen geocoronal and inter-
planetary Lyman-a emissions 14 1 are consistent with other measurements of these emissions
and hence tend to confi rm the preflight calibra tions.

The PUS tapes were analyzed on the Univac 1108 and 1110 computers at the Johnson
Space Center, to produce isodensitv contour plots. Details of the analysis procedures and
computer programs are given in the companion report , “S201 Catalog of Far- lTlt .ravj olet
Objects” (7 ] .  Figures 2 through 9 are contour plots for the 10-. 3-. and 30-mm ICa frames
and the 1-and 3-mm ILi frames. The densities were typically smoothed by a weighted
averaging process between the particular picture element and the surrounding 12 pixels.
Also , the density values were “lineari zed” by correcting for the nonlinearity of the density -
ex posure relation (but not for the lag in the PUS rnierodensitometer response at. high
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Fig. is — Full-field S201 imagery frame Al 2F. including the Large Magellanic Cloud. The Fig. lb — Full- tie
wavelength ra nge is 1050 to 1600 A , and the exposure time is 3 m m .  This fram e is to be
compared with the fram e in Fig. lb. The diagonal streak s and irregular markings in each
frame are of instrumental origin , as is the lenti cular area of lowe r background in the
upper right and the region of slightly lower bac k ground near frame center. The back-
ground increases toward the bottom of each frame , which is about 4 degrees above the
southern lunar horizon as seen from the Apollo 16 landing site.
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Mage llanic Cloud. The Fig. lb — Full-field S201 imagery frame A130. The wavelength range is 1250 to 1600 A ,
dn . This frame is to be and the exposure time is 30 m m .
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density gradient). As noted in the S201 Catalog [7] , this correction for nonlinearty of the
density-exposure relation was determined from measurements of uniform geocorona densi-
ties on three Earth-imagery frames , with exposure times of 1, 3, and 10 m m .  The linearized
density is closely represented by

DL = DM + exp[0.674 (DM - 130)~~~ 1,
where DM is the measured density (X 100).

For any identifiable image, the integrated intensity can be determined by summing the
density volume V = ~ (DL — BL), where DL is the linearized density (X 100) of a pixel in the
image under consideration and BL is the linearized background density (X 100) near , but
outside of , the image, with the sum being taken over all pixels within the image. In the
LMC , determination of the true background density is particularly difficul t because of the
multitude of field stars age.inst which a particular association or other object in the LMC
must be observed . The density volume divided by the exposure , Vt E, is our direct measure-
ment of far- UV flux in each image .

We looked for and detected most of the OB associations cataloged by Lucke and
Hodge [19] and many of the emission nebulas cataloged by Henize [17] . This was done by
converting the ca tal og positio ns (right ascension and declination ) to scan coordinates (x , y)
and then plotting a rectangle (~~x , ~ y) to match the cataloged size of the association or
nebula. These rectangles often overlapped but generally fell on or near a density max imum.
The local background was determined by averaging the edge densities on each of the four
sides of the rectangle ~ xI~y.

In a few cases (Lucke-Hodge catalog numbers LH29, 34, 77 , 107, 116, and 120) the
area described by Lucke arid Hodge [19] is not approximated by a simple north-south or
east-west rectangle. In these cases the area summed on the DL mosaic is a northeast-south-
west rectangle, or some curved shape, and the listed value of ~ y (in the *Y column of the
listing in Appendix B) is flagged with an asterisk. In all cases the areas summed for a given
Lucke-Hodge (LH) association were made to correspond to the same celestial coordinates on
each of the four frames, and the backgrounds were estimated in the same way on each.

In addition to these LH associations and Henize nebulas, over 130 other density peaks
were noted on DL mosaics of each of the four frames A124, A125, A129, and A130. When
these peaks occurred at nearly the same position on two or more frames, they are clearly
foreground stars, additional OB associations in the LMC not listed by Lucke and Hodge, or
perhaps individual hot luminous LMC stars . Twenty of these are readily identified as fore-
ground stars (four of them heavily overexposed) listed in the SAO catalog [24]. For all of
these density peaks the background was determined by noting the first minimum in DL in
each of four directions on the mosaic (+x , +y, -x , —y) and taking the average as BL. The
image “edge” was then taken at BL + 10, with no image smaller than i~x = 2, i~y = 2. The
measured density volume is then V = ~ (DL - BL) inside this “edge.” Because these density
volumes have been linearized , they are much larger in Appendix B than values listed in the
S201 Catalog [7] .

It was to be expected that frame A124, with the lowest exposure, would miss some of
the fainter objects and that high background on frames A125 (3 -mm ILi exposure) and
A130 (30-mm ICa exposure) would obscure some of the objects. Moreover the correction
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for nonlinear response is unreliable for DL > 600. Values of V that include 1k. > 600 are
therefore flagged (by an asterisk in the VI E column of Appendix B). Those values of V may
be too luw. Table 1 gives the statistics on all images listed in Appendix B. We consider that
110 of the 122 LII associations , 110 of the 221 Uenize nebulas (including nine lettered
“subnt-bulas ”), 16 of the 20 SAO stars (of types [35 to A5), and 130 unid entified objects
have reliable density volumes V listed in Appendix B.

TabLe 1 — Statistics of the Number of Far .t !V Objec ts Measured in the LMC

1 Frame A12-t Frame A 125 Frame i~129 Frame

Total object s listed 429 439 443 444
Objecta with V —c O 15 16 20 19
Objects with V ‘-. 10 88 58 59 46
Objects measiirt ’d ra ’alüobly 338 376 378 315
Background range 70-123 170-382 30-296 70-917

Lucke- Ilodge associations
w it h V>0  01 7 117 112 114

Lucke- Ilodge associations
with V~ - l 0  110 112 110 112

Lucke- lodge associations with
V ~ tO and peak density
P — 6 0 0  110 112 109 73

No . of Ilenize nebulas measured 157 157 157 1 57
Ih ’n lze nebul as with V >0 139 145 145 145
Il enize nebulas with V >  10 84 108 108 121
Nebulas with V >  10 and P ~-.. 60() 84 10$ 107 95

SAO stars with V >0 19 19 19 21)
SAO starn with V~~ 10 17 19 19 20
SAO wIth V~~ t0 a n d P ’-~6O0 16 16 16 11
un identi fied objects 110 1~ 8 123 124

Unidentif ied objects detected on more than one of the four frames 133
Unident ified objects detected on two frames 23

on frames 124 and 125 9
on frames 129 and 130 13

Unident ified objects detected on three frames 11
on frames 124 , 129. and 130 1
on frames l25 , 129 , and l3O 10
on frames 124 , 125 , and 130 1

Unidentified objects detected on all four frames 99

In several cases, two or more LH associations or Ilenize nebulas are grouped around a
density peak , and the measured background is sloping steeply across each area. In these
cases the areas have been combined (for example, L119, 10, and 13 in Appendix B) and a
new , lower background has been determined for the group. The individual areas sometimes
give negative V in such eases of sloping background , as not-ed in Table 1, Table 2, and
Appendix B.

Figures 10 th rough 13 give our best. estimates of the background densities on frames
A 124 . A125, A 129 , and ~ 130. In regions of irregular background , small areas (~~x .~y )  give
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unnaturall y high BL ,  and l arge’ ~~~~~ gives lower than average H L . I f these are’ ignored , the
contour lines show the’ general pattern of B~. on each frame. Although the patterns are simi-
lar . th ey are not entire ly consistent with the exposure t imes -t i  and 3 mm on frames A124 ,
and A1,25; 10 and 30 mm on frames A129 and ~~130). This reveals that neither our correc-
tion for nonlinear response nor our estimates of ‘L are precise.

The measur ed locations of identified SM ) stars on the LMC frames were used , with
their known values of right ascension and declination , to compute a transformation grid
relating fram e coord inates x and y to celestial coordinates ~ and ~i - This (Ce - ~ grid is plotted
in Fig. 2 , along with the computed locations of the associations of Lucke and Hodge 1191
(LII  labels) and the Ha emission regions of lienize 1171 (N labels). It is seen, particularly
from Figs. 2 , that there is fairl y good (although not perfect ) correlation of VV-bright areas
with known candidate sources; the mismatch is generally within the expected error of the
mapping procedure’.

Fig. 14 is a e-ontour plot of the overall inte rstellar reddening in the LMC , based on in-
tefl)olation of the measurements of Lucke 120 1 over the entire LM(’ . ranging from 0.05 for
LH72 and foreground stars to 0.42 for L1189. This is subject to uncertainties , due to lack of
knowledge of the small-scale variations of interstellar extinction in areas where it has not
been measured . Also , correction of the measured far-tT\’ fluxes for extinction suffer from
the probability that the far-V\ ’ extinction curve in the LM (’ diffe rs from the “average ”
interstellar extinction curve applicable to the local region of our galaxy. Nevertheless we
have estimated the correction for extinction in providing the unreddened ultrav iolet fluxes ,
UF , listed in Appendix B.

These ultraviolet fluxes combine the results of Bless and Savage I 1:1 1 and of Borgm an
et al. 1101 with Lucke ’s color-excess values and our density volumes ill a highly simplified
way, which we believe gives suitable values of the “unreddened flux ” from blue stars in the
LMC. From Bless , Savage , Borgman , et al. we adopt the ratio

~~~ 
\ - ) 

= ~E(B-V )

where E(B - V )7  listed as RE in Appendix B, is Lucke’s value plus 0.05 magnitude for fore-
ground color excess (somewhat less than 0.07 magnitude estimated by Borgman ci a l.) .
Since X1350 is approximately centered on our ICa passhand (1250 to 1600 A),  the extinc-
tion for density volumes V measured on frames A129 and A130 (iCa , 10-mm and 30-mm
exposures) is 4,2 E(B - V) magnitudes , where E ( B - V i  is taken from Fig. 14. Thus the Un-
reddened far .UV flux is

UF (on ICa ) = ( V/E ) 100’4t4 -211
~~ = ( V / E ) l O 1” ~~~~, ( 1)

wh ere V has been norm alized to a 1-mm exposure by dividing by the exposure’ time K.

We expect that the w ider I L i bandpass (1050 to 1600 -
~~~) at shorter mean wavelength

will increase the extin ction , as shown in Fig. 27 of the S201 Catalog 17 1- The correction to
Eq. (1) was taken from the curves for 20.000 K and 40 ,000 K in that fi gure and is approxi-
mately

UF (on IL i) = ( V / E ) l O o”1
~

5 -48
~~~ = ( V/ E) 1 0 2 - ’9~~ (2)
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Values of the unredd ened far-U\’ flux , listed as h F  in A ppendix B , were calculated in
this way ; they are’ fairly consistent, thus justifying the rough approximations used .

DISCUSSION

Using Henize ’s estimates of Ha surface brightnesses calibrated by Dohert y et a]. 1181.
we calculated the Ha flux from each emission region (column labeled HA in Appendix B)
and its ratio to the measured far-UV fl ux (hF) . This ratio , called the “hydrogen index ”
(HI), is zero or very near zero for the 35 LII associations and 140 other hot-star ar eas far
from lb emission regions. The small , faint Henize’ nebulas have HI values about 0.05 to 0.1 ,
which indicates the upper limit of Hii emission not detected by Ilenize.

Table 2 is a listing of the 157 llenize nebulas measured , showing the combined date
from all four frames— the mean V/ E for frames A124 and ~ 125 listed under “Pd L ,” and
the mean VIE for frames A129 and A130 listed under “Fil C.

” These values at-c used to
calculate mean il l = HA/ h F for frames A124 and A 125 listed under “Mean l i i , I’d I. ” and
frames A129 and AlSO under “Mean lB . Ff1 C. ” Italicized values arc- the most relizibh ’
(deviations less th an 10%). Figs. 15, 16, and 17 are plots of small , medium , and l arge values
of V7’~i for the nebulas in frames A 124 and .‘e125 (Fil L or ILj ) vs \ ‘E for these nebulas in
frames A129 and A130 (Fil C or ICa) from V/K = 0 to V7~ = 3800 , for both lIenize nebulas
and LH associations. Al though there are some devian ts (notably Lll35 and N5 1 at the upper
right in Fig. 15, N 144 in Fig. 16, and N 119 in Fig. 17), these figures show that V E( l Li )  =

1.77 ~7E(lCa) + 3 within ± 10% over this large range , thus confirming the back ground esti-
mates fairly well.

Because VIE is 1.77 times larger on ILi frames , UF is about twice as l arge- on IL l frames
as on ICa frames. Thus l-hI (IL i) 0.5 HI(ICa) , as listed in Table’ 2 under “Ratio (‘ - ‘L . - -  

We

averaged HI ( ILi) and 0.5H 1(ICa) to get a mean value of HI , contoured in Fig. 18. I’his shows
the distribution of atomic hydro gen across the LMC as determined from 8201 far- UV meas-
urements and Henize ’s Ha measurements 117 ,181 - There ’ se~cm to be seven or eigh t clots of
hydrogen around

x = 640, y = 600, near N 199 and N200, where HI = 0.91 at a = 5:23.5 , Is = - 71” 20 ’.x 720 , y = 640, near N 114 , where HI 1.78 ata 5:150, Is -69°35 ,
x = ‘720 ,y  = 760, near N77 , where ITt 1.49 ata = 4:49 .0 , Is = ~690 14 ,
x = 790, y = 750, near N8 , where HI = 1.35 at cc = 4 :53.1 , Is = -67” Sl ,
x 820 , y = 550, near N56 and N59, where HI = 2.26 at a 5:35.7 , Is = -67 ’37 ’,x = 820 , y = 590, near N5 1, where HI 1.59 at ce = 5:27.4 , Is = -67~ 34 ’,
x 870, y = 735, near N 14 , where HI = 0.95 at a = 5:00.2 , Is =
x = 885, y = 545, near N64 , where I l l  = 1.19 at o 5:37.2 , Is = -66’ 18’.

Measurements of some of these areas have been made longw ard of 1500 .-~e with the ultra-
violet spectrometer on board the ANS spacecraft 1101 -

Bright Ha regions require both hot stars (implying high UF ) and plentiful interstellar
material ; however , interstellar material can red uce observed far -I I V brightness ~V E) due to
dust ex tinction and may be responsible for some of the scatter in the correlation. The
famous 30 Doradus region, for example , is not the brightest far-UV source in the LMC; this
distinction is taken by the region of LH4 1, or N 119A, which include’s the highly luminous
A-ty pe supergian t S Doradus.
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t ion and stellar model atmosphere UV fluxes of Kuruc z et al. 125 1 and assuming no interstellar extinction.
Hot , unre ddened sta rs as faint as m

~ 
- 13 should be readily measurable in the longes t exposures .

To compare the observed far- UV fluxes with expectations, the camera response in the
direct imaging mode was folded with model atmosphere calculations of Kurucz , Peytre-
mann , and Avrett [251 and the “average” far-UV extinction curve of Bless and Savage 1131.
These predictions may not be totally applicable to the LMC , becau se there are indications
that the interstellar extinction curve in the LMC may be anomalous [10-121 - If heavy ele-
ments are deficient with respect to hydrogen in the LMC, there may be less line blanketing
in the stellar far-UV spectra than for galactic early-type stars [81 ; hence the model atmos- 

- -

phere predictions may not be accurate.

Figu re 19 is the computed st-ar magnitude required to produce a density volume of
5131, for the various exposures, in relation to unreddened model effective temperature.
This “standard ” density volume corresponds to a conical image with peak density of 1.0 and
7 rast ers full width and is by no means the weakest measurable image. (Density volumes less
by a t least a factor of 100 are accurately determinable.) Further details are given in the
S201 cataIog~~7 I .
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Unfo rtunately it is not practical to separate the effects of temperature and of inter-
stellar extinction using the UV imagery data alone , because’ the effect of extinction is nearly
equivalent to a decrease in effective temperature in th e wavelength range covered by the ILi
and ICa exposur es. Only if the reddening and/or effective temperatu re is known from
ground-based measurements can the UV fluxes be used to provide independent estimates of
temperature and far~L T V extinction. Although Lucke 120 1 has estimated the extinction for
some of his associations and Bok and Bok 126 1 hav e measured integrated visual magnitudes
and colors (B - V) for some associations , companson of the present UV data and ground-
based data is difficult because the available ground-based data are incomplete and because
the 8201 measurements integrate over areas which are larger than the individual associations
and hence include ’ a large contribution due to field stars .

SUMMARY

Far -UV elec tro gra phs of the LMC taken from the lunar sur face on Apollo 16 hav e been
scanned with a specially tuned PI)S microd ensitomet er. The digi tized scan data in un i ts of
OM1 D at scale of 1.19 arc-m m per pixel (33-pm raste r) have been smoothed , contoured , and
corrected for an empirically determined nonlinear response of the 8201 electrographic
camera, and isodensity contour maps of the LMC exposures were generated . On computer-
printout mosaics of linearized density 1~L- the 122 Lucke-Hodge (Lii) associations and 157
of llenize s nebulas (N ) in the LMC were located , the local background (BG) carefully est,i-
mat ed for each , and density volumes (V ) summed within the specified areas. The far-Us’
brightnesses (\ ‘/ E)  were corrected for inters tellar reddening (RE )  in the LM C to give the un-
reddened far-U\’ flux ( t J F ) .  All these data , as well as the l h~ flux (HA ) for the nebulas, are
listed for 1755 measurements in Appendix B.

Although an irregular background-introduced large errors in some of the UF values , it
was possible to derive meaningful values of the h yd rogen index (i -i l )  for 90 nebulas, from
which a contour plot of III  = IIA/UF is reproduced in Fig. 18, showing seven or eigh t clots
of interstellar hydrogen in the LMC. Some of the deviants in our plots of V/ E( lLi )  vs
V/E(ICa ) in Figs. 15, 16, and 17 may involve OB stars with abnormal emission lines. Most of
the 210 objects plotted in Figs. 15, 16, and 17 fall within 1O” — of the relation V/ E (l Li )
L77V/E( lCa) + 3 over the range 0 to 3800.

Figu re 20 is a plot of the unidentified objects detected on at least two frames, They are
listed in Table 3, which gives the mean value of V/ E from all frames measured and Possible
identi fications with NUC objects in some cases. Of the remaining 85 cases, some may be
foreground OB stars not listed in the SAO catalog, and some may be stellar associations in
the LMC not listed by Luck e and 1-l odge 1191. They are worthy of fu rther study by higher-
resolution far-UV imagery and spectrographically (such as with the t UE satellite or a Space-
lab experiment). Likewise , more detailed far-UV measu rements of the known associations,
as well as more accurate ground-based photometry and spectrophotonwtry thereof, would
be’ useful for determinations of stellar flux distributions, interstellar extinction laws , and the
distributions of interstellar gas and dust in the LMC.
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Appendix A
- - S201-ATLAS-LISTIN G TAPE AND LINEARIZED-DENSITY-MOSAIC TAPES

The listin g in Append ix B of this Atlas is available’ on seven-track, 800- bit-per-inch ,
odd—parity tape. The tape was written on a Univac 1110 computer und er the EXEC V I I I
operating system using Fortran- formatted write statements. Thus the file strut-ture is of the
Univac SDF sequential formatted record type. A more detailed description of this format
can be found in the Sper ry Univac 1100 Series Fortran V Library Programmer l{e’ferenee
(UP-7876) .

There is one data file on this tape, consisting of 1757 data records of l~~2 field data
characters each. The firs t data record contains a title line, “S201 F ’AR~ L 1\ ’  A’l’LAS OF I’ IIE
LARGE MAGEL LAN I C CLOUD. ” This is followed by a 132-character line of column head-
ings , as in Appendix B (but not repeated). The meanings of the remaining 1755 iata records
are given in ‘Fables Al and A2 . To accommodate groups of LIt objects (see’ t e x t ) , there is a
different line format for them (Table :~2). Character 31 specifies the ’ group-data-line ’ format.

The Atlas tape file ends with a software end-of-file mark and a h ardwar.’ (‘nd-of-file
mark . ‘Fable A3 gives a simple Fortran program for reading the :~tIas tape. ‘l’he’ tape has been
checked for errors , using this program .

Two linearized-density-mosaic tapes provide the mosaics of 1
~ L values used in summing

density volum es fro m frames A124 and A125 (on one tape) and ~ 129 and A130 (on the
other- tape). These two tapes were writ ten on a Univac 1108 under the EXE( ’ II operating
system, and each contains two files, one for each frame, covering the area from x -175 to
x 986 and from y = 381 to y = 830. Each file ends with a software end-of-file mar k and a
hardware end- of-file mar k . ‘l’he simple Fortran program in ‘l’able’ A3 will print out the
mosaics in convenien t form . The mosaics are each 145 pages long; in pairs (290 pages) they
require larger-than-norm al stor age -

Other program s can be written for listing single Lucke’-l lodge’ obje cts , se’le ’e-ting charac-
ters 68-72 with flO Parentheses and no asterisk in 30, for listing l ien ize nehulas , selecting
characters 91-98 with no parentheses, and for listing unident ified objects , sele’ct in g double
m inu s charac ters 119-120 and parentheses or nothing in 68-76 and 91-97 .
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Table Al Meanings of Characters in a Normal l)ata Line

Characters J 
Meaning (digi ts right-justified)

2-4 Frame number
6-8 x raster coordinate

10-12 y raster coordinate
14 Hours of right ascension
15 Separator i, :)

16-19 Minutes of righ t ascension rounded to tenths
21-23 Degrees of declination

24 Separator(:l
25-26 Are-minutes of declination
28-29 x-raster inte rval summed (*X)

\ (times)
31-32 y-raster interval summed (*Y )

33 An asterisk (9 indicates that area ~X~Y is not rectangular
34-36 Peak density at center of image (P)

37 An asterisk (9 indicates P is not a maximum
38-40 Background density (HG)
42-4 6 Densi ty volume of area summed (V)
48-4 9 Exposu re time in minutes (E)

50 Filter type (L or (‘~
52-56 Density volume divided by exposure time (VIE )

57 An asterisk (9 indicates that the density exceed s 600
58-60 Reddening, RE = E(B - V), in magnitudes, rounded to hundredths

61 An asterisk (9 indicate’s an RE value observed by Luck e
62-66 Unreddened UV flux ( ( I F )
68-76 LI I followed 1w one- to th ree-digi t numbers are LII objects , parenthe-

ses mean that the Lucke- Hodge are’s overl aps the ar ea summed;
SAO followed iw six digits means a foreground star near the area
summed

76-79 N orth-south extent of LII object in are-minutes rounded to tenths
81-84 East-west extent of LII object in are-minutes rounded to tenths
86.89 Number of blue stars in LH object (BS)
9 1-98 Numbers ari d letters of Henize nebula or nebulas (N NO.); parentheses

mean that the nebula area overlaps the LII area summed
98-103 Ha flux in units of iO~~ erg , ~~~em 2 ‘ ste’rad , rounded to tenths, from

Henize nebula or nebulae (HA )
105-109 Hydrogen ind ex , III H A / I  IF , round ed to hundredths
109-110 An asterisk (9 indicates an uncertain HI value; V < 10
111-120 Numbers separated hy a comma or dash arc NGC numbers associated

with the LII object; in one case the number starts with I ( ’ . in a few
cases an LI-i number in parenth eses or an SÃO number in paren-
theses indicat es overlaps

119-12-) Six-digit number of an SÃo st-ar
125 A query (?) indicates an uncertain SÃO identification ; the letter II

(one case) indie’ate’s that th e number is j~ the Il l )  (‘atalog
126-129 Visual magnitude of an SÃO star , rounded to tenths (Ml
131-132 Let t er  and digi t for spect ral type of an SAO st-ar (81’)
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Table A2 Meanings of (‘haracters in a Group 1)at-a Line

Characters Meaning (digits right-justifie d)

2-4 Frame’ number
6-8 x raster coordinate

10-12 y raster coordinate
14 Hours or right ascension ( R A )
15 Separator( :)

16-19 Minutes of righ t ascension rounded to tenths
21-23 Degrees of declination

24 Separator ( : )
25-26 Arc-minutes of declination
28-30 Num ber of pixels summed in a group of LII objects

31 An asterisk (9 indicates a gr oup data line’
34-36 Peak density at center of group image (P 1

37 An asterisk (9 indicates that P ts not a maximum
38-40 Backg round density (H G )
42-4 6 Density volume in the group area summed
48-49 Exposure time in minutes

50 Filt er t y p e (L o r C )
52-56 Density volume div ided by exposure time (V K)

An asterisk (9 indicates that the density exceeds 600
58-60 Reddening, RE E(B — V), in magnitudes , rounded t-o hundredths

61 An asterisk (~ ) indicates an RE value observed by Lucke
62-66 Unreddened IIV flux (UP)
68-77 L II  followed by one- to three-dig it numbers that art’ separated by com-

mas are LU objects in the group
79-83 Tota l area of the LII group in (arc-mm ) 2 rounded to tenths
82-83 An asterisk (5) indicate’s a group
86-88 Total number of blue stars in the LU group (BS)
91-98 Numbers of Henize nebulas overlapping the LH group

111-117 NGC numbers associated with LII objects in the group

Table A3 — Simple Fortran Program for R eadin g
the LMC Atlas and Mosaic Tapes

Line 1 : DIMENSION L I NE (22 )
2: REWIND I
3: 5 READ( 1,1000 ,END =100) LINE
4: 1000 FORMAT (22A6)
5: WRITE( 6, 1000) LIN~
6: GO TO 5
7: 100 STOP
8: END
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Appendix B

S201 ATLAS LISTING OF FAR -UV OBJECTS IN THE AREA OF
THE LARGE MAGELLAN IC CLOUD

The S201 Atlas listing contain s 458 far -UV objects in the LMC are a, each detected onone or more of the four frame s: A124 (1-m m lLi exposure) , A125 (3-m m IL i exposure),
A129 (10-m m ICa exposure) and A130 (30-m m iCa ex;’osure . There are 26 columns , list-
ing data from four other catal ogs , as well as S201 measuremen ts of far-UV flux from 122
Lucke-Uodge associations [191 with associated NGC objects, from 156 Uenize’ nebulasI 17j, and from 20 SAO foreground stars 124 1. The column entries are defined as follows ,
with asterisks on column entries flagging peculiar entries as noted:

FR. S201 Apollo fram e numb er
X x coordinate in the PDS microdensj ton-i eter scan
V y coordinate on the PDS microdensitometer scan
R A .  right ascension for the 1950 epoch in hours and minutes (to tenths of

minutes), obtained from the LU , l-Ienj ze , or SAO catalog for objects
therein and from the xy coord inates for unide ntified objects

DEC. declination for the 1950 epoch in degrees and arc-minutes , obt-ai~ e’d from
the’ LU , Henize , or SÃO catalog for objects therein and from the xv coor-
dinates for unidentified objects

number of pixels summed along, the x axis , centered at X
number of pixels summed along the y axis , centered at- 1. A multi plicatioi ,

sign between the two values “X and *~~ indicates that the cataloged size
of the object is matched by an area ~ x~~y in units of the are’a of one pixel ;
an asterisk indicates that the ~ x..X y area is not a rectangle’ but is slan ted
or curved. For grouped images the’ total number of pixels summed is listed
as a single value followed by an asterisk , instead of being listed as a product
of two values.

P The central (peak ) density of the image , corrected for nonlinear response but
not for PDS lag. An asterisk indicates that the image center ( pixel at x , y )
is not a density maximum,

BG the local backg round densi ty, obtained by averaging the four density values
on the ’ centers of the four sides of the rectangle ~~~~ from the mosaic of
density values corrected for nonlinear response . In some’ images HG has a
l/2 -d e’nsity-unit remainder , and the listed value has been rounded upward
to a whole number and is 1/2 density-unit high.

V density volume ~ ( D - BG) over the summed ~ x X v
F , F exposure t ime , in minutes, and f ilter (L LIF , with passband 1050 to

1600 A;  (‘ - (‘aF 2 ,  w i th passband 1250 to 1600 A)
V/E density volume divid ed by exposur e , a measure of the flux reachi ng the S201

e-anu’ya. An asterisk indica tes densities > 600.
RE color excess in magnitudes. An aste risk indicates values measu red by l1uc ke

120 1 ; other values are interpolat ed from the contour p’r~t , Fig. 1-) .
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Lucke ’s values of E(B - V) in the LMC have been increased by 0.05 magni-
tude for foreg round reddening (Bor gman et al. 110 , 1 1 1 ) .

UF far-UV flux V/E corrected for ex tinction based on RE. A dash indicates a
value of V/E <0. For ILi frames t IP  = ( V/E ) 1 0 2 .1 9 (R E) . For ICa fram e’s
UF = ( V/ E ) 1 0 1 67 ( R E ) .

LU NO. number of association or cloud in the Lucke—l-lodge catalog 1191 - Numbers
in parentheses are assumed to be associated w ith the H enize nebulas
listed under N NO. or are other, overlapping L I-I numbers . In 23 cases,
groups of two or more LU numbers are listed.

SIZE dimensions of the LII association or cloud in an- -min utes north-south (along
scan x) and east-west (along scan y) .  The summed area ~ x~~y was
generally one raster larger in each dimension to allow for the’ S201
camera resolution of 3 arc-minute ’s. (One raster = 33 pm on the film =
1,19 arc-minutes in the sky,) In 37 cases the area published by Lucke
(20 1 does not agree with these dimensions , which ar e presumably only
rough estimates. For grouped images the total area in ( arc-minutes) 2 is
listed, followed by an asterisk.

BS number of blue stars (Lucke ’s count 120 1) in the’ LU association or cloud
N NO. number of a nebula in the Henize catalog 1171 - in man y cases , the summed

area ~ x~~y corresponds to several Henize nebulas; for exam ple , 77A-E
means N77A and N77B and N77C and N 77D and N77E , 8, -‘ means N8
and N8A and 26, 27 means N26 and N27 . These combinations were
selected after plotting the nebula positions and dime’nsions on a mosaic
of density vs x, y. The N numbers in j )arentheses are near unidentifie’d
images (density max ima on two or more frames).

HA Henize ’s Hc~ intensity e’stimate calibrated by l)oughert~- , Ile n i ze , and AIle ’r
118] in Ih~-flux units of 10~~ erg/ s-cm 2 ste rad summed for all nebulas
listed under N NO. Their calibration was as follows: I h’n ize “1’” = 1.0 \
iO— ~ erg/s’cm 2 sterad -pj xel, Henize “ 1” 2 0  \ 10~~ erg s’cm 2
‘pixel , Henize “2” 4 5  X 10~~ erg/ s-cm 2 ‘sterad ’p ixel , llenize “3” =

7.0 X 10—4 erg/s cm 2 ste ra d’pixel , He ’nizt ’ ‘S - I”  = 9.5 \ 10 ~ e’rg 1s c m 2
sterad -pixel , H enize “5” = 12.0 X 10 erg~s-c m 2 sterad ’p ixe ’l . lle ’nce ’
the H~ intensity of N5 , Henize “lnt 2,” dimensions 199 by 202 arc - sec-
onds , or 2.8 X 2.8 pixels , is 4.5 \ 10~~~~ ( 2.8 X 2.8) = 35.2 \ 10- -i
erg/s’cm 2 ‘sterad. For N77 A-E , the’ contributions of the five’ overlappin g
parts are 1.80 + 1.40 + 0.83 + 5.67 + 98.2 = 107.7 , and the ’ dimensions
are 299 by 370 arc-seconds, correspondiitg to ~ x = 5.2 pixels and -~

y -

4.2 pixels. The summed area is 7 X 6 pixels, to allow for the S201 t’am e’ra
resolution.

i-H hydrogen index , the ra tio I J A / UF , or Ik~ flux per unit. of unreddeuod far-t~\’
flux. A dash indicates that the ’ measured t JF is zero or ne-’gative (due to
measurement errors); an asterisk indicates an uncertain value because’ V is
low.

NGC NO. objects in 1)reyer ’s “New Gen eral Catalogu e of Nebulae and Clusters of
Stars” (Mess. R.A.S. 49, Part 1 , 1 888) associated with LII associations or
clouds. Wh en more than two are’ listed b Lut-k e and Ilodge’, only the first
and last are listed here .
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SÃO NO, number of a star in the Smithsonian Astrophy sical Observatory catalog (24 1
identified with a measured image. In one case (R.A. = 5:32.2) a number
from the Henry Draper Catalog (28] is given , followed by U .

M visual magnitude from the SAO catalog -

SP spectral type from the SAO catalog . -
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