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ABSTRACT 

UBVR surface photometry of the bright southern spiral galaxy NGC 5236 (M83) is presented, 
based on CTIO 4 m prime focus plates and photoelectric photometry obtained at CTIO and 
KPNO. Maps of the galaxy in R — V,U — B, and the “reddening-free” parameter Q = (U — B) 
— 0.72(1? — V) are presented and analyzed. Radial profiles of the brightness and colors are 
discussed. 

We have used color and morphological information to correct the radial surface brightness 
profile for the effects of recent (t < 108 years) star formation; by doing so, we have removed the 
“hump” in the profile characteristic of Freeman’s Type II profiles, leaving a profile indistinguish- 
able from his Type I, although M83 was his prototype for Type II. 

We have used the Q map to search for color gradients across and behind arms. If the star 
formation regions drift through the material, as predicted by the density-wave theory, the colors 
should become systematically redder downstream from the shock wave. We have found no 
quantitative evidence for drift in the color maps either in the vicinity of the bright arms or in the 
smooth red regions between them. However, these results turn out to be consistent with a careful 
interpretation of the theory when one allows for noncircular orbits of newly formed stars and 
for imperfect synchrony of star formation. 

Our UBVR Ha intensity maps are available on computer tape, upon request, from the first 
author. 
Subject headings: galaxies: individual — galaxies: photometry — galaxies: structure 

I. INTRODUCTION 

a) The General Problem 

Two of the most fundamental properties of galaxies 
that remain poorly understood are the nature of the 
spiral structure that dominates many galaxies and the 
nature of the processes that drive the vigorous star 
formation which is still occurring in many of their 
nuclei and which is particularly prominent in their 
spiral arms. We believe that considerable progress has 
been made in the past 15 years toward understanding 
the nature of both the spiral structure and the star- 
forming mechanisms, due to the introduction of the 
density wave theory of Lin and Shu (1964). In the 
density wave theory, the observed spiral structure is 
taken to be some combination of observable manifesta- 
tions of a self-propagating wavelike density perturba- 
tion in the basically axisymmetrically distributed 
material that makes up the disk of the galaxy; the 
spiral shape occurs through the way the density 
perturbation propagates in a differentially rotating 
system. Furthermore, Fujimoto (1968) and Roberts 
(1969) have shown that in the presence of a density 
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wave of moderate amplitude, shock waves are likely 
to be produced in the interstellar medium in the 
vicinity of the minima of the spiral gravitational 
potential. It is then appealing to explain the strikingly 
long, well-organized spiral dust lanes that are among 
the most prominent features of many spirals as the 
visible manifestations of this shock, and to ascribe the 
vigorous star formation that occurs on one side of 
the dust lanes to the effect of the shock on already 
formed clouds that have recently passed through it 
(Woodward 1976). 

Despite considerable theoretical work in the 15 
years since the introduction of the density wave theory, 
this theory might still be better termed an hypothesis, 
since no one has yet managed even to show con- 
clusively that such a gravitationally propagating 
density disturbance can exist in a real galaxy, and, if 
it does exist, what the mechanisms are that cause its 
generation, maintenance, and decay; we refer the 
reader to Toomre (1977) for a discussion of the current 
status of the density wave theory. It is rather in obser- 
vational work where the density wave theory has 
perhaps made its most concrete contribution, since it 
remains the only explanation of spiral structure that 
has been worked out in enough detail to be amenable 
to observational test. In particular, it should at least 
be possible to establish observationally whether the 
spiral structure is the manifestation of a wave phe- 
nomenon that is propagating through the material in 
the disk of a spiral galaxy. We consider the primary 
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observational evidence that currently bears on this 
problem to be as follows: 

1. The existence of the frequently occurring se- 
quence dust lane H n regions blue associations 
was discussed extensively by Lynds (1970, 1972, 1974), 
with the dust lanes invariably occurring on the inside 
of the arms, or at least interior to the H ii regions in 
those galaxies where many of the H n regions lie like 
beads on a string along the spiral arms. We shall show 
that the inner parts of M83 provide a particularly 
striking example of this phenomenon; other excellent 
examples from Lynds’s (1974) catalog include M51, 
M100, and NGC 157. However, in other galaxies such 
as NGC 2403, star formation is occurring in the 
vicinity of the arms without any evidence for the 
existence of “grand design” dust lanes. We shall also 
show that the outer parts of M83 show considerably 
less organization than the inner parts; hence, within a 
single galaxy, the physical conditions governing the 
nature of the spiral structure vary. 

2. The work of Rots at Westerbork (1975; see also 
Visser 1978), mapping the velocity field of M81 at 
21 cm, shows velocity fluctuations in the vicinity of the 
spiral arms in exactly the manner and with the ampli- 
tude expected from the density wave picture. Further- 
more, a density wave model constructed by Rots in the 
same work and compared to BV surface photometry of 
the galaxy shows a displacement between the bluest 
part of the arms and the density wave crest, the dis- 
placement amounting to about 10-20 million years 
drift in the density wave picture. Again, this seems just 
what would be expected if the star formation in the 
arms of M81 were induced by the action of a shock on 
previously formed dense clouds. 

3. Broad spiral patterns appear to exist in the 
surface mass density distributions in spiral galaxies, 
detected as positional fluctuations in the light of the old 
stellar component in the disks of these galaxies. 
Evidence for these broad spiral patterns, correctly 
interpreted, was first presented by Schweizer (1976) 
and has subsequently been corroborated by Jensen 
(1977) from surface photometry at wavelengths as long 
as 1 ¿un. In the density wave picture, these broad spiral 
patterns can be interpreted to be the density waves 
themselves. 

For a thorough discussion of observational tests of 
the density wave theory prior to our work, we refer 
the reader to Schweizer (1975). 

V) Present Work 

We have obtained and analyzed surface photometry 
of the bright southern spiral galaxy NGC 5236 (M83), 
revised Hubble type SAB(s)c, luminosity class I-II (de 
Vaucouleurs, de Vaucouleurs, and Corwin 1976, 
hereafter RC2). Our work differs from earlier work by 
Schweizer (1976) in that we have obtained calibrated 
surface photometry in the standard Johnson passbands 
U, B, F, and R (as well as in other passbands), rather 
than in passbands defined primarily by observational 
convenience. We have thus been able to compare the 
color maps we have produced (U — B, B — V9 etc.) 

with models of evolving mixes of stellar populations, 
in the manner pioneered by Dixon, Ford, and Robert- 
son (1972) and Searle, Sargent, and Bagnuolo (1973). 
Our work, like Schweizer’s, has been largely motivated 
by the desire to establish a measurable drift velocity of 
the young associations supposedly formed in the wake 
of the spiral density wave, relative to some feature such 
as the dust lane which supposedly is “anchored” to 
the density wave. However, by our use of models, not 
only for the aging and mixing of the stellar light but 
also for the interstellar extinction in M83, we can make 
much more stringent (albeit model-dependent) tests for 
drift than have been previously possible, even allowing 
for the varying contribution of the light from the disk 
of old stars underlying the arms. In addition, we can 
make detailed estimates of the amount and location of 
star formation that is occurring over the face of M83, 
and the amount and distribution of the dust causing the 
extinction within this galaxy. In §§ II and III, we present 
our observations, reduction methods, and the lumi- 
nosity and color maps; in § IV, we discuss radial and 
azimuthal profiles of the luminosity and colors ; in § V, 
we investigate whether there is evidence for the 
hypothesis that the spiral structure propagates through 
the material of the galaxy; and in § VI, we summarize 
our conclusions and prospects for future work. 

II. OBSERVATIONAL MATERIALS AND 
REDUCTION TECHNIQUES 

a) Calibrated Photography 

Prime focus plates were obtained with the CTIO 4 m 
telescope during 1976 June by two of the authors 
(R. J. T. and R. J. D.). Table 1 lists the emulsion and 
filter combinations used, together with the exposure 
time, date of acquisition, and seeing and air mass 
conditions for each plate. All plates were taken with 
identical camera positions, guide box coordinates, and 
guide star. The emulsion and filter combinations were 
chosen to match closely the standard Johnson UBVR 
photoelectric passbands. This choice has allowed us 
readily to compare our photometric results to the large 
number of photoelectric data available on individual 
stars and integrated light of clusters and associations. 
Multiple plates with widely varying exposure times 
were obtained, covering a wide range of intensity while 
simultaneously permitting the reduction of statistical 
errors over most of the range by combining data from 
two or three plates. All of the plates were obtained 
under estimated seeing conditions of < 2''5. 

All calibrations were exposed simultaneously with 
the galaxy photographs with the 16 spot Inconel step 
wedge sensitometer (No. 117) built into the CTIO 
prime focus camera. Generally, six to 12 spots provided 
calibrations for photographic densities ranging from 
the fog level to D = 4.0. The plates were developed, 
fixed, and washed for the same time intervals and with 
the same temperature and nitrogen-burst agitation 
(4 minutes, £>-19, 20° C). All analysis has been 
carried out using data in a 4 cm square near the center 
of the field on 20.3 x 25.4 cm (8 x 10 inch) plates. 
Our analysis has assured us that adequate uniformity 
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over the 4 cm square field from plate to plate has been 
achieved. 

b) Photoelectric Photometry 

Aperture photometry of M83 was obtained using 
the three-channel photometer with the 0.91 m CTIO 
telescope on the nights of 1976 June 28/29 through 
1976 June 31/July 1. Calibrations were made with 
Landolt (1973) equatorial standards. The observations 
were of excellent photometric quality for only two of 
the nights, and only those data were used for the 
calibrations of the photographic plates. The data were 
analyzed with a three-color photometry reduction 
program essentially identical to the KPNO reduction 
program developed by B. Weymann. The combined 
data for the standard stars have standard deviations 
for their residuals of o{ZJ — B) = 0.064, o(B — K) = 
0.016, and cr(V) = 0.019 (for 16 standards), implying 
standard errors of the means for the zero points of 
<0.01 mag. Further photometry was obtained using 
the single-channel photometer with the 0.61 m CTIO 
telescope on the nights of 1976 July 1/2 through July 
4/5. Standard BVR filters and photometers were used, 
and calibrations were based on standards from John- 
son (1963) and Kunkel (1976). The observations were 
of adequate photometric quality for only one night, 
and only those data were used for the calibration of the 
R photographic plates. Owing to the lower quality of 
the 0.61 m data, they were normalized to the 0.91 m 
data via the F-band so that the 0.61 m observations 
provide only the V - R colors, with <j(V - R) = 
0.017 (for 10 standards). Using both telescopes, 
photometry was obtained for several apertures cen- 
tered on the nucleus and for various regions in the 
galaxy chosen to be free of bright foreground stars. 
The regions used were selected from Sky Survey 
prints, and telescope positioning was achieved with 
the help of an offset-guider. The locations observed, 
apertures used, corresponding magnitudes, and colors 
are listed in Table 2. 

To supplement the CTIO photoelectric photometry, 
additional BVR photometry was obtained by one of us 
(E. B. J.) on 1977 May 7/8 using the KPNO 1.3 m 
telescope with the fast-scan system (Strom et al. 1977). 
The scanning secondary of the telescope was aligned 
to yield 49 samples along the N-S axis of the galaxy, 
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with the nucleus centered at sample 11 at the south end 
of the scan. The sample spacing used was 14"8 with a 
diaphragm 30''3 in diameter. Owing principally to the 
very large zenith distance (always >60°) at which it 
was necessary to work, no attempt was made to put 
these observations on a calibrated BVR system. How- 
ever, they proved extremely useful in providing photo- 
electric confirmation of the accuracy of our Z)-to-/and 
sky-subtraction procedures, over about a 3.5 mag 
range in surface brightness. The fast-scan data, referred 
to the nucleus, are presented in Table 3. The errors are 
derived by propagating counting statistics; how- 
ever, the principal source of error in these data is un- 
doubtedly the error introduced by uncertain guiding, 
and probably amounts to 0.10 mag in some channels. 
Also, the data are uncorrected for color errors, which 
must certainly exist but which are not significant over 
the color range observed. 

c) Photographic Photometry 

All of the plates were scanned in identical fashion on 
an Optronics International microdensitometer at the 
NASA Johnson Space Center using a 40 ¡xm square 
aperture with 40 pm steps and a 1000 x 1000 pixel 
raster. With the 4 m plate scale of IS'^mm-1, this 
yields pixels 0''74 square on the sky. With typical seeing 
conditions, there are two to three pixels per linear 
resolution element. Faint stars were used to produce 
images properly registered to within less than one pixel 
over the whole 1000 x 1000 raster. Procedures were 
used which reduced distortion of stellar images and 
drift to negligible levels. 

For each pixel, the density above fog, D{ = di - 
¿/fog, was fitted to the known logarithms of the spot 
intensities, y* = log10 h- The fitting formula used 
(Tsubaki and Engvold 1975) was 

j; = Y{D) = fliD + a2 In [exp (a5Z)) - 1] 

+ a3 exp (abD) + ; (1) 

the fitting procedure was to find the ¿z’s by minimizing 
the function 

x\ai,a5) = 2 [Ji - nA)]%-2 » (2) 
i 

TALBOT, JENSEN, AND DUFOUR 

TABLE 2 
Photoelectric Calibration Regions for NGC 5236 (M83) 

Region/Aperture 
Diameter 

Offset from 
Nucleus 
(arcsec) 

Surface Brightness (mag arcsec 2) 

U R 

B/33//  
C/3 3"  
E/3 3"  
F/33//  
1/33''  
J/33"  
K/33"  
Center/7''2. 
Center/33". 

168 S 
42 S 

114 N 
144 N 
48 N 
37 S 

187 S 
0.0 
0.0 

166 W 
43 W 

104 E 
192 E 

50 W 
35 E 

176 E 
0.0 
0.0 

23.30 

23.36 
21.81 
21.73 
22.83 
16.48 
18.19 

22.96 

22.98 
21.61 
21.47 
22.68 
16.74 
18.41 

22.13 
20.08 
20.94 
22.24 
20.79 
20.68 
22.05 
16.29 
17.82 

21.46 
19.27 
20.25 
21.53 
20.01 
19.80 
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1.3 m Fast-Scan Photometry for M83 
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Blue Visual Red 

Sector 
Position 

Magnitude 
Difference 

Statistical 
Error 

Magnitude 
Difference 

Statistical 
Error 

Magnitude 
Difference 

Statistical 
Error 

162':8 S. 
148.0. .. 
133.2.. . 
118.4.. . 
103.6. .. 
88.8. . . 
74.0. . . 
59.2. . . 
44.4. . . 
29.6. . . 
14.8 S.. 
0.0. . . 

14.8 N. 
29.6. . . 
44.4. . . 
59.2. . . 
74.0. . . 
88.8. . . 

103.6. . . 
118.4. . . 
133.2. . . 
148.0. . . 
162.8. . . 
177.6. . . 
192.4. . . 
207.2. . . 
222.0. . . 
236.8. . . 
251.6. . . 
266.4. . . 
281.2. . . 
296.0. . . 
310.8. . . 
325.6. . . 
340.4. . . 
355.2. . , 
370.0. . 
384.8. . 
399.6. . 
414.4. . 
429.2. . 
444.0. . 
458.8. . 
473.6. . 
488.4 N. 

3.59 
3.31 
3.18 
3.27 
3.39 
3.30 
3.19 
3.05 
2.71 
2.32 
0.60 
0.00 
0.64 
2.31 
2.78 
3.04 
3.16 
3.53 
3.62 
3.47 
3.31 
3.39 
3.49 
3.59 
3.62 
3.78 
4.07 
4.20 
4.58 
4.65 
5.35 
5.54 
5.61 
5.87 
6.34 
6.57 
7.12 
7.32 
7.40 
8.10 
8.51 
7.34 
9.17 
8.53 
8.55 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 

Ó.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.02 
0.03 
0.03 
0.06 
0.07 
0.08 
0.10 
0.15 
0.19 
0.31 
0.38 
0.41 
0.90 
2.58 
0.39 

oo 
5.00 

oo 

3.50 
3.29 
3.20 
3.28 
3.29 
3.14 
3.04 
2.81 
2.42 
1.91 
0.50 
0.00 
0.61 
1.94 
2.42 
2.76 
3.00 
3.27 
3.39 
3.37 
3.35 
3.48 
3.58 
3.67 
3.68 
3.78 
4.01 
4.07 
4.52 
4.78 
5.15 
5.38 
5.53 
5.75 
6.12 
6.45 
6.78 
7.05 
6.96 
7.12 
7.68 
7.54 
7.50 
7.95 
8.04 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 

ó.ób 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.03 
0.04 
0.05 
0.05 
0.06 
0.09 
0.12 
0.16 
0.21 
0.19 
0.22 
0.38 
0.33 
0.32 
0.50 
0.55 

3.52 
3.28 
3.23 
3.31 
3.33 
3.15 
3.06 
2.81 
2.41 
1.92 
0.52 
0.00 
0.61 
1.92 
2.41 
2.77 
3.04 
3.29 
3.38 
3.38 
3.38 
3.53 
3.61 
3.70 
3.71 
3.79 
4.03 
4.11 
4.54 
4.77 
5.24 
5.35 
5.49 
5.59 
6.00 
6.06 
6.61 
6.73 
6.62 
6.81 
7.82 
7.54 
7.22 
7.23 
8.44 

0.02 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 

Ó.00 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.05 
0.06 
0.09 
0.10 
0.11 
0.12 
0.17 
0.18 
0.30 
0.33 
0.30 
0.36 
1.21 
0.80 
0.55 
0.56 

oo 

where the summation was over those spots which were 
distinctly above the fog and were unsaturated. The 
spots were weighted by setting <7* = 0.12 mag for 
Di < 0.2 or for D > 3.0 and 0^ = 0.04 mag for 0.2 < 
Di < 3.0. (These a’s represent the purely random pixel- 
to-pixel variation, which is separate from the system- 
atic uncertainties discussed below.) Files were then 
produced with pixel values equal to/pg = dex [T(D)]. 

Each individual plate was placed upon the UBVR 
photoelectric scale by doing simulated aperture pho- 
tometry. Sky brightness values were first determined 
by use of special sky scans made far from the center 
of the galaxy. In addition, sky values were determined 
by fitting the photoelectric surface brightness ^pe (mag 
arcsec-2) to the fluxes produced by the density-to- 

intensity (D-to-/) conversion. That is, for each plate 
we determine A and S in the following equation: 

Fve = dex [0.4(27.5 - /xpe)] = Afpe - S = Fvg. (3) 

Here S is the absolute surface brightness of the sky, 
5 = Fpg(sky) = dex {0.4[27.5 - /¿pg(sky)]}. Unfortu- 
nately, we found small but statistically significant 
differences between the sky values S derived by the 
different methods. The differences amounted to about 
4% in V and t/, 2% in R, and 10% in B in the sense 
^(plate) - *S(p.e.) > 0, but the differences were not 
consistent from plate to plate. These differences are 
small enough so as not to affect significantly the colors 
we derive over most of the galaxy, since the galaxy 
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brightness exceeds the sky brightness throughout 
almost all of the range in radius we consider. However, 
the differences are bothersome, for they are not in the 
sense that might naively be expected due to scattering 
in the prime-focus camera optics, the one, major instru- 
mental uncertainty for which we have no means of 
making quantitative corrections. It is not due to the 
pincushion distortion in the corrector, for we have 
incorporated this effect (Chiu 1976) into our analysis. 
We rejected the possibility that our photoelectric 
photometry could be the principal source of this 
discrepancy, because the discrepancies among different 
plates in each passband are comparable to the mean 
discrepancy between the photographic and photo- 
electric results. 

Table 1 shows the standard deviation of the residuals 
for the D —/ fit, the standard error of the mean (s.e.m.) 
for the zero point of the photometry scale, and the 
range for which the calibrated images are valid. The 
separate images for each of the UBVR bands were co- 
added. This reduced pixel-to-pixel noise and reduced 
the s.e.m. for the co-added calibrations. For pixels 
falling within the valid range, the co-added sum 
represents the mean of one, two, or three images, 
depending on how many are bright enough to be 
significant and also unsaturated. Individual plates have 
a range of about 5 mag; the use of overlapping plates 
extends the total range of each image to about 8 mag. 
The standard deviation oï D—I shown in the next-to- 
last column are worst case (one image only); over 
most of the magnitude range, the combination of 
images reduces this error by a factor of ~ 2. The last 
column shows the final estimate for the typical 
systematic error for each final picture. 

The final UBVR images are on a linear surface 
brightness scale (F) which is directly related to the 
UBVR photoelectric scale (^) by 

J Q0.4(27.5 — n) (4) 

The systematic calibration errors are believed to be 
less than 0.05 mag s.e.m. for all ¡a, and they are prob- 
ably less than 0.02 mag for most of the available 
magnitude range. 

In addition to the calibration errors, the only 
remaining systematic errors we have considered are 
plate nonuniformity and adjacency effects. By com- 
paring the four corners with the sky scans and S'-values, 
the nonuniformity effects have been estimated to be 
less than 0.03 mag for the combined images (we have 
incorporated the geometrical distortion using data 
from Chiu 1976; it is only about a 0.01 mag correction 
at the corners of our scans). The only evidence poten- 
tially useful to evaluate adjacency effects comes from 
the shapes of stellar images and the shapes of the step 
transitions at the edges of the sensitometer spots. The 
primary influence of the adjacency effect appears to be 
that of spreading a point image in a fashion similar to 
spreading by seeing. To obtain adequate statistics we 
are always concerned with averages of pixels over 
regions large compared with these spreading effects. 

The Ha image is produced from the intensity rasters 

made from the A6565 interference filter (FWHM = 
120 Â) photograph and the red wide-passband photo- 
graph. The zero point is set by using the calibration 
regions for the R photoelectric photometry and finding 
the parameters A and S such that, for those regions free 
of Ha emission, 

^6565 = 4/6565 - ^ = ¿ex [0.4(27.5 - ^)] = FR . (5) 

Then we define for each pixel 

^Ha = dex [0.4(27.5 — /¿Ha)] = F6565 — FR . (6) 

One can convert from /zHa to flux in ergs cm-2 s-1, 
/(Ha), by 

H'Ha = — 2.5 log/(Ha) — 13.55, (7) 

using the zero point of the R magnitude system (Allen 
1973). 

III. UBVRHa SURFACE BRIGHTNESS AND COLOR 

a) Two-dimensional Maps of Surface Brightness 
and Color 

After calibration, the UBVRRa images on magnetic 
tape were taken to the KPNO Interactive Picture Pro- 
cessing System (IPPS; Wells 1975). With the Comtal 
color video display, we played back the intensity images 
and generated and played back new images from them, 
e.g., maps of UBVRRa magnitudes and maps of 
U — B, B — V, and V — R colors. Figure 1 (Plate 3) 
displays calibrated UBVR intensity maps, a calibrated 
Ha intensity map, and a composite map of the Ha 
distribution overlayed on a F — V color map in which 
pixels bluer than B — V = 0.65 have been masked off. 
This last map was prepared to dramatize the associ- 
ation between the distribution of H n and the positions 
of the two principal dust lanes. The maps are all sky- 
subtracted logarithmic displays with 0.5 mag intervals 
shown at the top. The darkest {rightmost) calibration 
step is 18.0 mag arcsec-2. Figure 2 (Plate 4) displays 
the color maps B — V and U — B, and the approxi- 
mately reddening-free parameter 

Q x(U - B) - 0.12(B - V) . (8) 

(See Appendix A for a discussion of the relationship 
between Q and interstellar reddening.) The color maps 
are displayed with 0.1 mag intervals shown at the top 
(at the bottom in the case of Q). The darkest {rightmost) 
calibration steps are B — V = \A, U — B = 0.7, and 
Q = +0.3. The maps in Figure 1 are 500 x 500 pixel 
displays obtained by compressing the original 1000 x 
1000 pixel rasters by a factor of 2 so that they could be 
accommodated within the 512 x 512 format of the 
IPPS. The maps in Figure 2 are instead 512 x 512 
extractions from the centers of the original rasters, 
in order to show more clearly the details of the 
structure of the center portion of this galaxy. A burned 
out region at the nucleus, of varying size from map to 
map, is displayed as blank. 
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b) One-dimensional Presentation of Spatial Information 

In order to more readily assimilate whatever intel- 
ligible content may be present in our two-dimensional 
intensity and color distributions, and in order to 
compare our data with those of other observers, it is 
necessary to sum our data into appropriate one- 
dimensional forms. In Figure 3, photoelectric aperture 
photometry for NGC 5236 by Pettit (1954), Westerlund 
and Wall (1969), de Vaucouleurs (1961), and Alcaino 
(1974), along with our two sets of photoelectric 
measurements centered on the nucleus, has been dis- 
played along with simulated “aperture photometry” 
obtained by summing the pixel values within the 
appropriate circular areas of our rasters. The agree- 
ment between our photoelectrically calibrated photo- 
graphic photometry and the photoelectric photometry 
of these other observers appears satisfactory. 

In order to investigate the physical processes within 
the galaxy, it is desirable to have radial profiles cor- 
rected for inclination and projection effects. Estimates 
of the inclination vary greatly ; by comparing the major 
and minor axis radii at various isophotes, values in the 
range of 130-24° may be obtained (Danver 1942; 
Rogstad, Lockhart, and Wright 1974; RC2), while, on 
the other hand, Danver (1942) deduced a value of 46° 
from his least-squares fit of logarithmic spirals to the 
spiral arms. Here we somewhat arbitrarily adopt the 
value i = 24°, corresponding to the RC2 value; no 

D" 
Fig. 3.—Comparison of simulated aperture photometry on 

our photographic data with published photoelectric photom- 
etry. The UBV magnitudes are shown plotted versus circular 
aperture diameter. 
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Fig. 4.—Azimuthally averaged fluxes in annular zones in 
the plane of the galaxy (inclined 24° to the plane of the sky) 
are displayed for the B and Ha passbands, along with (U — B)0i 
(B — K)o, and Q colors derived from the averaged fluxes. The 
subscript 0 denotes quantities corrected for Galactic extinction 
Ab = 0.34 and for M83’s inclination (cos 24°). 

result in this paper is strongly dependent on this choice. 
Using this choice and the major-axis position angle of 
45°, we have binned the data into a polar coordinate 
system in the plane of the galaxy, multiplying the 
fluxes by cos i to correct for projection, assuming a thin 
disk. We have employed 90 azimuthal bins and 60 
radial zones (Ar = 8 pixels = 5''95). Data contam- 
inated by obvious foreground stars were omitted in the 
binning process. Averaging over 6 then yields radial 
profiles, which we have displayed in Figure 4, of the 
quantities /¿B0, (U - B)09 (B - V)0, fjLKa9 and Q. The 
subscripts 0 indicate quantities corrected for Galactic 
obscuration where we have adopted AB = 0.34 (from 
RC2), R = AVIE(B — V) = 3.3, and U - B is cor- 
rected in the fashion discussed in Appendix A. Note 
that the inclination correction is purely geometrical, 
and it does not include any correction for inclination- 
dependent internal obscuration. The surface brightness 
and color profiles clearly show the well-known ex- 
ponential disk characteristic of spiral galaxies. The 
disk is remarkably close to an exponential from r = 
130" out to about r = 350", the limit to which we have 
analyzed our material. The U — B and B — V colors 
show that the regions inside and outside of the 120" 
jump are significantly different in character as well as 
in surface brightness. 
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c) RC2 Catalog Data TABLE 4 

From our extensive photoelectric photometry and 
large 4 m plate collection we should presumably be 
able to deduce the RC2 photometric parameters with 
more accuracy than was possible with the data avail- 
able to the original compilers of the catalog. We have 
derived RC2 photometric parameters for M83 based 
on our data, and we present the results in Table 4. It 
should be noted that several parameters we have 
derived are extrapolations based on an exponential fit 
to the data between r = 140" and r = 340". Also, 
several of the parameters include corrections for the 
inclination dependence of the internal obscuration. 
For this table only, we have adopted the RC2 prescrip- 
tion for this correction which is based on the statistical 
properties of galaxies of this type. We have used the 
inclination i = 24° based on ellipticity of faint 
isophotes so that the results are compatible with RC2. 

NGC 5236: New RC2 Parameters 

Parameter 
RC2 

Column/Row Value 

log Ae 
Bt*.. 
me'*  
mV*.   
Bt°*  
(B - V)T. . 
{U- B)t. 
(B- V)e.. 
(U-B)e.. 
(B - V)To. 
(U- B)t«. 

12/2 
13/1 
16/1 
17/1 
17/2 
18/2 
19/1 + 
20/1 + 
21/1 + 
22/1 + 
23/1 
23/2 

+ 2 

2.21 
1.71 ± 0.02 
8.24 ± 0.03 

12.28 
14.04 
7.87 
0.66 ± 0.03 
0.03 ± 0.03 
0.66 ± 0.03 
0.03 ± 0.03 
0.57 

-0.03 

* These are computed using exponential fit to /xB° to 
extrapolate beyond r = 340": /xB°(r) = 19.75 + /*/93"0. 

d) Availability of the Full Set of Digital Data 

The full set of data is published here only as cali- 
brated gray-scale maps. For almost any kind of 
analysis, one generally needs the actual digital data. 
Printing the entire data set is costly, and the data are 
essentially useless in that form anyway. Their value lies 
principally in the possibility of computer processing 
the large data base. Consequently, since we have the 
full set of Fu, Fb, Fv, Fr, and FUa data on magnetic 
tape, we have decided to supply interested investigators 
with a copy of the tape. This will be available for 24 
months following date of publication. Contact the 
first author for details. At a referee’s suggestion, we 
have deleted from our discussion many of the details 
of the data analysis procedures. These will be supplied 
with the description of the contents of the tape. In 
Appendix B, we provide tabular data for a subset of 
the averaged data, in the hopes that these will be 
sufficient for interested investigators to experiment 
with and to obtain a feel for handling such data. 

IV. AZIMUTHAL AND RADIAL DISTRIBUTION 
OF SURFACE BRIGHTNESS AND COLOR 

Figure 5 shows the blue surface brightness /zB0 and 
the (B — V)0, (U — B)0, and Q colors plotted as a func- 
tion of radius. Each point on the plot represents a square 
region about 3" on a side. The scatter in each of the 
four plots at a given radius is due almost entirely to the 
azimuthal variation of the plotted parameter at that 
radius. Four regions of the profiles are labeled A, B, C, 
and D. Interior to region A and not shown here or on 
our intensity and color maps in Figures 1 and 2 is the 
nuclear region, about 20" across, which attains ¡xB ~ 
16, (U - B)0 = -0.51, and (B - V)0 = 0.18. This 
nuclear “hot spot” is a well-known complex of young 
stars and H n regions (Evans 1956). Region A, starting 
just outside the bright nuclear region, is a region of 
steeply falling surface brightness that approximately 
follows the de Vaucouleurs r1/4 law for spheroidal 
components. Region C consists of a distinct “hump” 
in the intensity profile; it also contains the bluest light 

in the galaxy outside the nucleus and the largest scatter 
in intensity and color. The region D beyond the 
“hump” is also quite blue, and it is evident from the 
color maps that the blue colors of these regions are 
due to the presence therein of active, recent star 
formation. 

We have plotted in Figure 6 azimuthal profiles of 
the same quantities shown in Figure 5 at two fixed 
radii (in the plane of the galaxy), 100" and 160". Each 
point plotted represents a 1"5 square pixel; all of the 
points that lie within 3" wide annuli are plotted. 
(Portions of two star images appear on the r = 100" 
profile.) Each of the relatively sharp minima in fiB 
corresponds to a dust lane or spur in the galaxy. They 
are not “black”; i.e., the typical faintest for r = 
100" is 22.0 mag arcsec-2, which was about twice the 
brightness of the sky. The two major dust lanes, which 
are among the most striking morphological features of 
this galaxy, are marked in the figure. It is interesting 
that they are relatively prominent in photographs only 
because of their long, coherent nature. In the azimuthal 
plots they are not conspicuous. The azimuthal profiles 
are consistent with a simple picture of the structure of 
spiral galaxies, in which optically thick dust lanes 
concentrated in the central plane obscure the even 
more centrally concentrated young associations. The 
dust lanes produce sharp drops in surface brightness, 
but in no case do these drops exceed 0.75 mag. 

In order to evaluate the effect of the obviously 
vigorous, recent star formation on the radial intensity 
profile, we have performed a primitive population 
separation, based on the i? — V colors, of the pixels 
plotted in Figure 5. Simple calculations based on 
evolving cluster models such as those of Tinsley (1968) 
and Searle, Sargent, and Bagnuolo (1973) suggest that 
for a pixel to be bluer than B — V — 0.4 the stellar 
birthrate in the recent (t < 108 years) past must have 
been greater than about twice the mean of the past 
rate. On the other hand, if the color is redder than 
B — V = 0.65 then the recent birthrate must be less 
than about one-seventh of the mean, neglecting 
reddening. This calculation led us to plot in Figure 7 
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Fig. 5.—Plots of fiB0, (U — B)0, (B — V)0, and Q for individual 3" square pixels versus radius in the plane of the galaxy inclined 

at / = 24°. The error in each data point is < 0.05 mag in all cases and is usually <0.01 mag; the scatter is real variation with 
azimuth. Occasional bright points are foreground stars. To avoid overcrowding, a random selection of only one point in 10 is 
plotted. 

a random selection of the bluest (B — V < 0.40, 
shown as Y for young) and reddest (B — V > 0.65, 
shown as O for old) pixels. To minimize crowding, 
only one-fifth of the blue points and 1/15 of the red 
points are shown. The most striking, and to us un- 
expected, characteristic of this plot is the complete 
disappearance of the “hump” in the profile defined by 
the O pixels. This apparently implies that the existence 
of the “hump” in the integrated B profile is due solely 
to the contribution to the integrated light from the very 
inhomogeneously distributed young stars. The faintest 
pixels at each radius are generally those in dust lanes, 
where almost exactly one-half of the disk light and all 

of the young light is obscured. Then the mean disk 
surface brightness must lie very nearly 0.75 mag above 
this lower envelope. Few pixels can be expected to be 
attenuated by more than about 0.75 mag, which is why 
the lower envelope of the red pixel distribution is so 
well defined. 

Because of the presence of the feature we have 
labeled the “hump,” Freeman (1970), in his study of 
the disks of spiral and lenticular galaxies, classified 
M83 as Type II—in fact, M83 was Freeman’s proto- 
type for the Type II profile. However, the residual 
profile after removal of the contamination from 
the inhomogeneously distributed young light has a 
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N5236 124 100(3)’ 

THETA 
Fig. 6a 

Fig. 6.—Azimuthal plots of data in two annular rings 3" wide. 0 = 0° is at FA = 45° (measured counterclockwise from North), 
and 0 increases counterclockwise, (a) r = lOO'-lOS"; (¿>) r = 160"-163". 

monotonically decreasing surface brightness with a 
long “exponential” region, like that of a typical spiral 
galaxy of Freeman Type I. Evidently, the nature of the 
profile is entirely due to the radial distribution of 
bright blue patches of light, and it is in no way indi- 
cative of missing matter or a strange distribution of 
angular momentum per unit mass at the time the 
galaxy formed. 

We have performed two additional measurements 
on our data in order to confirm this conclusion regard- 
ing the nature of the radial profile. In the first, working 
at the IPFS, we selected 19 small (6" square) areas in 
the interarm regions of the galaxy by blinking between 

the B — V map and the /¿B map to find relatively 
smooth, relatively bright regions apparently free of 
extinction, but still substantially redder than the 
regions of star formation in the arms. Thus our selec- 
tion combined “local” and “global” morphological 
criteria with a color criterion. The mean (2? — V)0 for 
the 19 samples was 0.67 ± 0.06 (standard deviation of 
sample means), while the mean Q was —0.24 ± 0.05 
(standard deviation of sample means). As expected, 
these IPPS samples by and large fell along the upper 
envelope of the red pixels in Figure 7, even in the 
radial range of the “hump.” In a second test, we 
produced a plot in the same fashion as we produced 
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Figure 7, except that we selected pixels with (B — V)0 
< 0.8 and Q > —0.3, intending by this dual selection 
process to reject most pixels with significant star 
formation (ß < —0.3) and most pixels with significant 
reddening, (B - F)0 > 0.8. Again, the result was a 
smooth, almost exponential profile without evidence 
for a “hump.” 

We have therefore established that in the case of 
M83 the existence of a Freeman Type II profile is due 
solely to the nonhomogeneous contribution to the 
integrated light from recent star formation. It is not 
completely clear how readily this explanation can be 
employed to explain other Type II profiles, however. 
We feel it is very likely that the same cause will serve 
to explain Type II profiles in other late spirals with 
vigorous star formation, such as NGC 224, NGC 6744, 

and NGC 7793 in Freeman’s original list. Among the 
other galaxies classed as Type II in Freeman’s list, one 
(NGC 4526) seems to show evidence of internal dust 
on the plate published in the Hubble Atlas (Sandage 
1961), while, as Kormendy (19776) has pointed out, 
several others are almost edge-on, and there is reason 
to doubt the accuracy of some of the photometry 
Freeman employed. On the other hand, Kormendy 
(1977a, b) has found the profile of at least one galaxy, 
VII Zw 303, to be of Type II, while this galaxy’s very 
red color (Æ - F = 0.97) and smooth appearance on 
the photograph published by Kormendy make it 
unlikely that either recent star formation or inhomo- 
geneous internal absorption could be the cause of the 
inflection point in the profile. Furthermore, Gallagher 
(1978) has obtained two-color surface photometry of 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



102 TALBOT, JENSEN, AND DUFOUR Vol. 229 

NGC5236 3" Y/0 
CD 
O 

 I I I I I 1 1  1 1 1 L.»  J  0.0Ö24.0048.0072.0096.00 120.00 144.00 168.00 192.00 216-00 240.00 264.Off 288.00 
R" 

Fig. 7a 

Fig. 7.—(a) (U — B)0 \ (b) /xB0, for pixels selected on the basis of their color. “Old light” pixels [(B — V)0 > 0.65] are shown as 
0\ and “young light” pixels [(B — V)0 < 0.40] are shown as T’s. 

three “outer ring” galaxies, NGC 1291 (which was 
also on Freeman’s list), NGC 1326, and NGC 2217, 
and he has found that although the “outer rings” 
(actually, weak spiral structure) are bluer than the 
interior regions of these galaxies, the star formation 
implied is insufficient to explain completely the inflec- 
tion points observed in the profiles. Thus it seems fairly 
well established, despite our results for M83, that at 
least some disk galaxies exist with Type II profiles that 
have some dynamical significance. 

V. THE ELUSIVE DRIFT VELOCITY 

As has been pointed out by various students of 
spiral structure (e.g., Schweizer 1976; Larson 1977), 
and as we mentioned in our introduction, one of the 
strongest motivations for carrying out multicolor 
surface photometry of the kind we have presented in 
this paper is to permit an observational test of the 
density-wave hypothesis that the spiral-arm phenom- 
ena, including the associated star formation, are the 
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manifestations of a wavelike disturbance in the gravita- 
tional potential that propagates through the material 
of the galaxy, so that the locus of current star forma- 
tion passes through the material of the galaxy in a 
smooth and presumably measurable manner. One 
would think that this motion of the spiral pattern 
should be easily recognized from the existence of strong 
and pervasive asymmetries in the appearance of the 
spiral arms, in both the intensity and color maps we 
have presented. Furthermore, from measurements of 
the “strengths” (slopes) of the asymmetries, the drift 
velocity of the (presumed rigidly rotating) pattern 
relative to the material as a function of radius ought to 
be calculable, and, with the help of a rotation curve, 
the “pattern speed” could then be derived. 

Previous attempts to carry our observational tests 
for drift velocity, however, have failed to turn up 
convincing evidence for its existence. Dixon (1971) 
was able to measure a change in the ratio of blue to 
red supergiants in the direction perpendicular to a 
small section of the southern arm of M33 ; however, 
his sample was small, and merely from counts of 
supergiants, he could not quantify the drift observed. 
Schweizer (1976) searched his azimuthal intensity 
profiles for asymmetries in the arms; asymmetries in 
the expected sense outnumbered those in the opposite 
sense, but in most cases the intensity profile is rather 
broad and symmetrical, showing no evidence for a 
systematic gradient across the arm. Furthermore, when 
Jensen (1977) constructed two-color (U — O) profiles 
from Schweizers published intensity profiles for M101, 
he found no greater tendency for asymmetries to exist 
in the vicinity of the arms than Schweizer had found 
from the intensity profiles alone. 

Since M83 provides us with one of the most striking 
examples in the sky of the dust lane -> H n regions -> 
blue stars asymmetry (see Fig. If), and because our 
data are somewhat superior in resolution and signal- 
to-noise ratio to those previously employed in analyses 
of spiral structure, it was our hope that the detection 
and measurement of the drift velocity that has eluded 
earlier workers would be possible in M83. However, 
neither the azimuthal plots such as those in Figure 6 
nor the intensity and color maps in Figures 1 and 2 
reveal any obvious sign of asymmetry in the vicinity 
of the arms, other than the abrupt termination of star 
formation at the inside edge of the arms. The outside 
edges of the patches of star formation in the arms appear 
to terminate almost as abruptly as the inside edges, with 
little if any transition region of intermediate color and 
intensity such as one would expect in the naive “drift” 
picture. Thus the color maps, particularly the Q map, 
whose colors are quite insensitive to reddening, present 
an essentially two-tone appearance, showing large 
regions of vigorous and evidently near-synchronous star 
formation, mostly but not solely in the arms ; regions of 
smooth red color where obviously little star formation 
is occurring, mostly between the arms; and little of in- 
termediate color. A statistical analysis of the spatial 
variation of Q, described below, merely bears out this 
conclusion, obvious from inspection of the maps. In 
the broad-band colors (excluding the Ha distribution), 
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there is no sign of drift motion in the vicinity of the 
arms. 

The difficulty of finding evidence for drift velocity 
in the vicinity of the arms of M83 is not an embarrass- 
ment for the density wave theory, even though dis- 
covery of evidence for drift would nonetheless be 
strongly corroborative of the theory. Two effects, one 
quite obvious and one less so, can be plausibly expected 
to collude in such a way as to mask all obvious evidence 
of drift in the vicinity of the arms, even if the sole 
triggers for star formation in the galaxy are the two 
prominent dust lanes, and the spiral density wave 
picture is valid. The two effects are the spread in the 
time scale associated with star formation in clouds 
once they have been shocked, and the substantial 
radial component in the orbital motions of all 
material, but particularly cloud material, in the 
vicinity of the spiral arms. The first of these two effects 
acts to smear out the evidence for drift for ages up to a 
few times the spread. The second effect acts to crowd 
the drift into a much smaller angular region than 
would be expected based on the naive picture of 
circular orbits. Widen and Schwerdtfeger (Widen 
1976) and Bash, Green, and Peters (1977) have calcu- 
lated the orbits of objects in a spiral potential with 
initial conditions thought to be appropriate to gas at 
the solar radius in our Galaxy, just before it encounters 
the two-armed spiral shock wave. Wielen’s calcula- 
tions, based on the solar-neighborhood density-wave 
model of Yuan (1969), in this case predict that such 
objects will fall inward and actually recross the shock 
front after about 108 years, before finally leaving the 
vicinity of the spiral arm. So, as pointed out by Yuan 
(1977), even using a rather conservative estimate of 
10-20 million years for the spread in star formation 
subsequent to the passage of the clouds through the 
shock (Woodward 1976), such extreme crowding of 
young stars in the vicinity of the arms would obliterate 
all trace of color evolution for stars younger than about 
108 years, i.e., all of the stars that contribute signifi- 
cantly to the prominent blue patches in the U — Æ and 
Q maps. 

We thus find ourselves able to explain adequately the 
principal features of the color maps we have presented 
on the basis of the density-wave theory without having 
found in the maps any direct evidence for the grossly 
asymmetrical underlying situation that the theory 
predicts. We have found this situation to be so 
aesthetically displeasing that we have felt compelled 
to dig deeper into the data in the hopes that we could 
yet devise an observational test from which the theory 
would be unable to wiggle free. In order to do this we 
have considered the relatively smooth, red interarm 
regions, where the “signal” is the relatively young 
light older than about 108 years. Although this signal 
is enormously weaker than in the arms, and in these 
regions there may be confusion by star formation 
unrelated to the density wave, the density-wave theory 
makes an apparently unambiguous, unconditional pre- 
diction of systematic aging of the young stars, i.e., 
systematic reddening of their color. 

A simple calculation was performed to test whether 
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plausible assumptions concerning the amount of star 
formation now occurring in the arms of M83 com- 
pared to the long-term star-formation history would 
lead to predictions of a detectable color gradient in the 
interarm region. The integrated colors of M83 (from 
Table 4) are consistent with an exponentially decreasing 
star-formation rate such that the present rate is about 
one-tenth the initial rate (e.g., using models of Searle, 
Sargent, and Bagnuolo 1973), while the colors of the 
annulus 125" < r < 140" [(U - B)0 = -0.17, 
(B — F)0 = 0.35] are consistent with a nearly con- 
stant star-formation rate over 1010 years, assuming a 
Salpeter Initial Mass Function (IMF). Therefore, it is 
plausible to expect that the current star-formation rate 
in this annulus lies somewhere in the range roughly 
bracketed by the mean past rate and about one-fifth 
the mean past rate. If the bulk of the star formation 
occurs in bursts spaced by ~ 100 million years, and if 
the age of the galaxy is 1010 years, then the amount of 
star formation in each burst amounts to 1/100-1/500 
of the total previous star formation, and we can esti- 
mate the effect on the local color of the galaxy by 
adding the luminosity from a burst of this strength to 
that of an exponential model whose color matches that 
of the interarm region. The germane results from this 
calculation are tabulated in Table 5, which shows the 
total Q color evolution in a pixel 60 million years and 
100 million years after bursts of star formation of 
strength 1/100 and 1/500. The residual color changes 
this long after the star-formation burst are small, but 
are still on the verge of what we could hope to detect 
in our data. However, the amount of the residual 
color change is highly sensitive both to the amount of 
time the young stars spend in the vicinity of the arms 
and to the IMF ; a cluster with a “ high-mass enriched ” 
IMF dims much more rapidly than a cluster with 
relatively fewer massive stars. 

To undertake this analysis we organized the Q data 
into a spiral coordinate system in the plane of the 
galaxy, where 0 = 0 is defined by the center of the 
strong dust lane in the east arm and 0 increases counter- 
clockwise. (We performed the analysis only over a 
range in r for which the east arm dust lane is strong.) 
We binned the data into radial zones in the plane of 
the galaxy and calculated least-squares slopes for Q 
as a function of 0 in 30° ranges, using 24° for the 
inclination and a major-axis position angle of 45°. 
We were thus analyzing the data in sectors which in 
the plane of the sky were bounded by ellipses on the 
inside and outside and by projected logarithmic spirals 
on the other two sides. Before evaluating the results, 
we rejected all such sectors any part of which over- 
lapped a dust lane or which lay more than 100° 
counterclockwise from a dust lane, thus excluding 
from consideration the arm regions. We then plotted 
the boundaries of our sectors on U — B and Q maps 
of the galaxy, and used these maps to reject those 
additional sectors, within the interarm regions, in 
which we could identify sites of recent star formation. 
These star-forming regions are obvious in the U — B 
and Q color maps in Figure 2 as distinct patches of 
blue light scattered about the interarm region. From 

TABLE 5 
Residual Q Color Evolution* 

Strength 
of 

Burst 

Time Since Star-Formation Burst 

60 m.y. 100 m.y. 

100» 
Too* 

0.08 
0.03 

0.03 
0.01 

* Change in Q from a time following a burst of star forma- 
tion until the burst fades into indetectability against a galaxy 
model with exponentially decreasing star formation with a 
time scale of 2.2 x 109 years. 

the integrated colors and shapes of these patches it is 
clear that they are preponderantly due to relatively 
small star-formation events recent compared to the 
last passage of the material through the arm. Star 
formation is so ubiquitous over the face of M83 that 
few of the 30° sectors, typically only two or three per 
radial zone, remained for further analysis. Most of the 
sectors that we rejected, including, of course, those in 
the arms, showed statistically significant slopes, but 
without any systematic correlation among sectors. Of 
the few zones that were not rejected because of obvious 
recent star formation, none showed significant slopes 
of either sense. Since the smallest significant slopes we 
found in any of our data were about that predicted 
by the “most favorable” model, in which the star- 
formation rate is still equal to the mean rate and the 
stars leave the vicinity of the arms within 60 million 
years of their formation, this appears to be a mildly 
significant result, constraining somewhat the IMF in 
the arms and the nature of the stellar orbits if the drift 
velocity hypothesis is correct. However, an additional 
complication predicted by the density-wave theory, 
which will be necessary to consider in a more accurate 
treatment of this problem, is the larger amplitude of 
the density wave in the relatively young stellar popula- 
tion, owing to its smaller velocity dispersion. This will 
produce a small but perhaps nonnegligible color 
gradient in the interarm region preceding the shock, of 
opposite sign to the gradient we seek to measure, and 
may be contributing to our nondetection of a color 
gradient between the arms. Further work on these 
ideas, involving the development of more elaborate 
star-formation models built with episodic rather than 
continuous star formation (Davis, Talbot, and Jensen 
1978) is being pursued, and should lead to a better 
understanding of how star formation is proceeding in 
M83, even though it is likely, owing to the complica- 
tions we have discussed, that it is not possible even 
in principle to obtain from these data the kind of 
clear-cut evidence concerning the drift that we have 
sought. 

VI. CONCLUSIONS 

We have presented calibrated maps of UBVRYLa 
surface brightness and colors for NGC 5236. We have 
employed color and morphological information to 
remove the effects of recent star formation from the 
radial profile of surface brightness. This procedure 
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eliminates the “hump” which is characteristic of 
Freeman’s (1970) Type II profile, leaving a smooth 
profile indistinguishable from Freeman’s Type I. We 
have searched for systematic color gradients across and 
behind the spiral arms. Within the arms no systematic 
gradient is found, in agreement with expectations when 
proper allowance is made for noncircular orbits and 
imperfect synchrony of star formation. Behind the 
arms, those regions completely free of stars less than 
50 million years old show no significant color gradients ; 
this appears to put a weak constraint on the IMF 
and/or the amount of time young stars remain in the 
vicinity of the arms if the drift velocity hypothesis is 
correct. 

We are developing an interpretation of the bright- 
ness and color distributions we have derived by com- 
paring them with models of evolving stellar systems. 
In addition, we are analyzing H n region spectra to 
determine the distribution of their physical and 
chemical properties. It is our hope that it will prove 
possible to tie these observations together in a theory 

relating current star formation, star formation history, 
and chemical composition of the gas. This work will be 
reported in future papers of this series. 
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APPENDIX A 

REDDENING IN THE (U - B, B - V) PLANE AND THE 
REDDENING-FREE PARAMETER Q 

In the two-color plane, the slope of the reddening line X = E(U — B)IE(B — V) is not constant, due to the well- 
known color dependence of the effective wavelengths of the broad-band U, B, and V passbands. As an approxima- 
tion sufficient for our purposes, we adopt the following prescription, based on the investigation by Racine (1973): 

X(B - V) = 0.72 for (B - V) < 0.60, 

= 0.72 + 1.65[(£ - V) - 0.60] for 0.60 < (B — V) < 0.77, 

= 1.00 for (B — V) > 0.77. (Al) 

If X were constant at 0.72, then the reddening-free parameter Q — {U — B) — 0.72(5 — V) would be useful. 
It is merely the distance parallel to the (U — B) axis from a point in the two-color plane to the reddening line of 
constant slope X = 0.72 which passes through (0, 0). However, that line, as all other reddening lines, changes 
slope (eq. [Al]); consequently, instead of that reddening line given by 

(U — B)00 = +0.72(5 — V), 

one has that line being given by (1/ — B)00 = W[(B — F)], where 

W = +0.72(5 - V) for (5 — F) < 0.6 , 

= 0.298 - 0.27(5 - F) + 0.825(5 - F)2 for 0.6 < (5 - F) < 0.77, 

= -0.192 + 1.00(5 - F) for (5 - F) > 0.77 . (A2) 

We now define Q to be again the distance measured parallel to the (U — 5) axis; i.e., 

Q = (U — B) — (U — fOoo = (U — B) — W[(B - V)], (A3) 

The computation of ({/ — B)0 and (B — V)0, the values corrected for reddening, is possible if one has determined 
E(B — V). By definition, 

(B - V)0 = {B — V) — E(B - V) (A4) 
and 

ôo = ô (A5) 

(the latter is the condition that the reddening lines are parallel in the [U — B, B — F]-plane); consequently, 

(U-B)0 = Q+ fV[(B - V)0]. (A6) 

Another important consideration, unrelated to the one just discussed, is the validity of the standard law for 
interstellar extinction in the context in which we are using it. Here we do not intend to discuss the chance that 
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®rsjr^»-«»-5f»-r*inin®aoo®aso«-p«-o®(Nrsias ^inrs4rsi®®tn(n®(Na)f(s^^r4®®(ninr>®®^r«m «« «4f<nrotfinin®®®®®®in(ninininvnin®®® 
o®rsi»->vr>rnasso«“r»rM^¡fr,'r^m^r«4r-®r»OP-asas ^ fs ® m cf »s0soc*r>4o<*^<N®mrsiattnrsim<v>® a O’ a^a’ainvo®vo®r'®so®somsnsn^’ir)so®votn 
f,n?Nr*inoofNasasinr^®sosorn®ownos-inoin*-p*. a»*-tnafarinr*®sOvO<Nr'**-sO0s®r-»nosa>c*ON<*>^so 

®fMr»^-*“®o®®«,ino®csi^rsiinrsiin»“rsip^or*r««. ^-<Nr-T-asif®o®r-a«j»r*®®^as«“r-irtr«.r-fnij. mmininins©®®<®sosor'*®sor-r'»in »«■^■^•-«inin 
apn^-r^win^Os-^-^r^rn a,*“r**inr^® ®®r^ja,POif®o®®®asinrsior'<N®a>r*asr^cNPn® «if^ifm®®r»®®m®®®r*>r^ina^i»®roœinin f* 

®inrorop>»oinin®(,n®oa)0(N04<Nt-vn^*^®as',>® r»j»r-r^®<nr^®<Nr»ma»vn«m^fo®w*a>^opsioa» 4rinm«n®®®®®®®r^r«®®®in a¡fin®así*»®in 
®n*orsf>fNs-o»nas®<Nocsi^*r*®rnr^^,r*»r*<r«f>i nirsirs(a>«*‘rs<*®r*a>a>as®asr,>«o«®rno«®®T*(vio m so r-» r» r'r^®r-p»>®®o«r»®®inininininin®®r^ 
o®sor'*inincfosin<^insor*jf*-vor*.fnosinaor'«r'in ®inininvO®®®®mr»(Ninif®®as in®®®r*p*»®p^r*r^p^as®®r«»^®®®®ininin®® 
p«.^-m®»-fntfinô ^«ninmor4r^«->o<mnn)tf®r^« fn®f'«'(Ninr,*o®®asn®®^-na*fnaso®®r^®^- r^r*®^œr^r«*®r-«r‘sor^®®®®r^r»®r*ina'ifin® 
asr*tnas(naMnas(N®®rsir*»o«®oa)»-'r*ni»-»-nps| inv-fNrsir»®«-in»-rn®roasrsi®®rsiinini“fNr-‘®r»fn 

®®i,nrsir^®®inrsirsiin^®®r»rnojrn®ino®o®in •-^®<no«o«nfnfnroin®r^o»oo^v®®r»»nf^ ®®®®®r*r^r^p-r^r-r^r^®®r*®r^®®mifin®® 
m ® «- <n (N ® m a>m®^r«®®m®ai®at«-n»o®œ® insF-ni<s®«»p*.*»®ooin*-f-®®f^ro®a>seonicsi® r*>®®®œ®r^r«®®i^r»®®r*>r«n>r^®®in®r»r^® 
if®rM<Na-r**-®inar^^'»-a'CNinfnr^ao®fnnnn® ®f*-rsi«»®in^®®o^-®*-®in^'in a®®inr»r^*-o ®®r'®r^r-r'®®®r*r*n«®®®®®®®®®r^aon* 
rs|inoas(Nrr>oin®r-®in»-(no<,noo»-r'0(Na,n.® *-oa>®a>a>®rsi®rsi®rsi®n^o®®«"in®oo®ao ®r*»®®r*f^r».r*®®®r^®®®®in®®®r^r^®r»r» 
incsiasoos®ooso*-os®0',o®in®®or^inao®®'n r- ® r^. m os» n. r- 3-ifaoifinmo^as®®<ysaoifv£)fn*-r^rN ®fN,v|>r«.r^r**®r^r*>®®®®®®®ininin®®r*‘r*‘®ra* 
o<,ntf®r*<N®r-®as«,<Nrsi^>«-«-®fM®r*n»®T-rMfn #*-o<,n®»*»ino®®#*-®®in®in®®o',n a ® -a ®®®®®®®r^®®®®®in®min®inin®®®in® 
rM®(N®®®r^fs®r»»®fn^- a r-^ ® ® m o a ® n-> o as *-o®f“aina>ain®rsio®®®a,®»,n®f,,*a'rsiro®® ®®r«.®®r*r**r*r'®®®ininininin®inin®inininin 
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*"oo»“^voso<,*,>s»vooa'Qon>(N^*^,or,>ao(^i¥>iv>inr*.r^tn r* a-r-'inr'aoaor'OOvooo’-r^’-'voooinoincoirvinsDfn 

r-aooro(y>c7\cTNvx>s0^r~0(NroaOi9- a'voor-^osmoo»-^ iT)incovo>oc^aon^Oíí-coo^ ^ cn er» ^aoinvto^vor^r^'n *“ *- *-*-»-rsirorsirNi»-rnrsi(Nt~ 
^•(N<^or-a,*-«-{stN^aONOfnr^inoovooor>»»-'iOPsio<,i r-vou^r»r»voaorn^-mf>ioivn^ *-<F-ir>r-»-»-(N<N3,vr>rn(NfNt,r)rorN^^- »- 
c^^r^^sor'ioOd^vöao^soiS^vou^vOÄivorno^^vöf^ maoar\<N;»msOO*”incO ^«rOin<naOOsO'nvOrO'v)9N9N<vt r-fNr-r-rsjrsjinfnrnfNfNr'.ma-p^mcsirnr-»- 
AOoio^r'Oir^r^flotnvo^fS'^r^^inxot-^vÄ^-fnaoo*” T-'mm9'»(NOOO<NvOCN\Oir»eNaOr-r-rOO^®(w,>C7'OaO",> »• (N <N T- *-* r- v«0,>4f\Or><N<Nr«\O9H^rc<lCM«-' r- 

'Äo»“r^wD3»’Or^Qoa'r*or^cornaocooao3’incx5a'r-cx)o seaottvOjtvOfitfoooo^vOan^^o^rnrnvcrrtcMao^m O» ÍM CH *-•***- cn <n C* N CN r- CH <N CM CN» in *n <*>(*> <N r- r- 
^^•“voaonr^^wvot-^o^^voor^i^soíMcTvin^rooH ooo3rou^vopnr^r-aoaoo^inr^^ir^r»oofN‘t^»”<^iofM ^*»-cn^CMr^PMCN^-»-<NCN^CNCMinmm^CM(N»-»-r- 

tn r»» cm cm in aor'oaoincMaooocNvOcoo»"^ofnr»i^»rMaoco ino'fMr'r^rncrsr*!><?'fninr^fMoaor»,)CNr^M3^'0,’-^*-rM r*T-CMCM^<n<MíNv»»-CMCMfMmmcMCMfM'NfMfNí-»-f-r- 
ro.f-ojrvOPM^-^fnflO^^rooOsO'-r^voao^-romofMor^ ocnmr-r.r^O'oocMr^o^iMsomvoinoiror'-vor^iMo^rsi «-r-r-CM(v>«Mr-f-r-<Nf,nCNrM(NrnCMCM*-fN^r-T-^»-r- 
r^ï*»o%ocr)oopMr^vomf'iO'p<»**r»ao(MO'^<y'0^ ¿r^inso 9iM9lCDvOin(v>*OO«~iO3r9>rn9\r^'~rMr>v000v0^mcM »-•-rMfM»“*-^*rMin<,,)'r»a,fw,»cMCMPOogrnkn»,-»-(Nt-i— 
r«9>mvoao9ijtQO'v>knovn^9i^-wDinfn^(N9><N«-vo ^-in ^oocN>ooo'OfMfnfnr'OsOfninvcr-Æoovi)r*m»£)3-r-cM •-^rsirM^-r-f-r-CMCMa-Ær- ^CMCMCM^fM^-t-ÍM*-«-*- »“ CM 
«rvo^mmsoinmoiinv-v in«ao^<«>oininaoor^vo¿r r»mai®nc4»naoT-oo>^ o^fMr»mr»>vosrr^o%«aicM ^-ÍMT-r-r-^-r-íTíCMen^O vú »F-mCMCMr- 
f* ^o»-fMvor«*ooin(ni»coor^rna-in*-cx>a3p^cMinfn»-fn QOsocMt^xrcMr^aovovOflOOir-ooivo^mvnr^ffi^rM^aNCM CMCMrMr-r-»-r-(Mmmrrl'nininfMrMrM»-»-^-CMCM^t- 
io«»>c»o>*-Nor^r,«»voair,»'öj»inaofninfMa>fM»oo^OHa'rM ^ocMcoinr-T-j5>ofnrMomcM»”crao«’^'aoinorM»-oocM »míS,fMr-»-rM\0s0CMrnínfMfMCM(M*-r-*-^'O^íM*-*“ 
<Min(Noinaof*,)vo<y>arr«»nn^vörr>r^vo*-3>aoinwo^f- *v>aocM«,,*flO*“r^arinfMsfoaor*ini»fMininfMa>n*roosocM ninaoíM*-cMfM<nr*rofncM*-»-*-»-*-»-*-rMfM<N»- «- 
9io'n«-v0vo«**'^f««r»oao^'inincv,>r^vovoorM<v)9>^«>>*o a\r«*oiaofn^vnai^*,infnoososor^<T'oofnoiin«-ch ^<m •- CM *-•“ fM *- CM <N n CM CM fs CM 1- CM (M m *- 
^rM^^rnvOr-o^rov-vcaor^r-ao írin^aot^o,a>cM«No\ rnr*)«-<y)oaOOM»rM9i«<>'9i(MCMr^O\9^«rrnOOOv0<,,nr«r<-«> fM{MCM»-CM<N<Mrocnr-CM*-CMfM<M«-r->CM(MíMt-r-f*>r-<- 
fn^^aocM^aofn®'»—^■cMi"o<'n*“^o<7'eT»írcri<7N*’*»—r>,'r“ao r**CMO,»fn5»'Oio<Mo>coa\®<«*>r^»"a» rr|^^-^-cM^*3,f,r>®f,n«-»“CMfMfr>a-^-rM«-»-^-r-rMi- 
r^fnrn^cnœvo^œorot-ooœooo^'^cnaor^r'r^or« os r*- i» <M«,ro^“0>r^in^ooa'r»»-os®^“ro®r»aoaovo»- OítCM«-CMfMCM»,"infn»JD & \T> & r- T- T- f- T- 
^<r»^vorr)<nov£>cMr>,)«-(n®**r*oa'inr“jrocMOfM®>o r*^o>aNvo»-o«M^-cMvO®®^íMinT-®a'»»cMo«“r^^- ^^^•CM*-fM(M'M®CMvO®CMfn<M^**- T-t-t- 
^^mor^»-oinrno®®o*“inoo4®®ofncMJj,vo»in r^’“^^»~ofMOinr^cyiao®0'öfMoocrcT'CM ^ r- o «- »-r-inrMCMCM»-CM»-f-r-r-(N»-*-r-»- *- r- r- 
^»“uni'M<?»»“^^'»"in»-030®vOvOOCO»í>^OOSfMr-Oa' r^co®nncMinofMv£>r^®tnT-rnmfNCT»aoerr^aOvßp^cT'0»- <— »-rMf,nrnfMT-r-*-fM'M«-r- r- 

®vo®mf-o>inm®»rr»*-®ín»-inincM'^»-fM<,na\'n^fM «■inmvoo ^ m o ® =r vo ^»-t-ocT»oor~'®r'^vût^œ<r»»- r-«“CMfMCnt“r-t<»T~*~*— 

rn*-r<»«roior-o®^^^^«®a'a,\o^*nintnfMin^ r-'tn«ininp*®o©ir«»F“fy>o*^iv>T-®inr'*o'®i\ö*>vo 
v-v.r.r.v.r-«~(M<NCM«-'»r>r«*~ 

®QOoinvor*oocMNfi®»-©o®fM®o>©®©n®inop«» m ^p^mr**«®®c7>'n«-cMfnp»<M®rn»,”tnr~®®'Or'r* r-»-»-«-t-Ps|CMfMn-)CMCrr- 

ininr-r**r*©©cMO©cM®®r*®fn<M®o©®r-®©® »-^-^-»-»-r-f-r-rMrMCMfM^o^CMí-r- 
®®m ít in =r ^oo®cM®incMina-®'nin ^®^-r»n*»n ®®®rs.®ar®cM<M^,cM<M®fM®oc*>íM©©r^<Mr*®® r-r-Cï^-r-r-CMfMfn-^CMrMrM^mfn®*- 
»-©p*®in®r*-ro«“®fM®®^r,»ointna><7'*-©o®© 

r-«-T-*-i-r- jtmoocMCMin^mvnincM®*-«- 
©in®®íMCM<N®(M05t®r^*® ^m®<Nr*fn^-®®®fM i-©©®in®ov>(N®rM®9i® ^®m®^^»-inoo® t-»-f-»-r-r-*-r-cn^ro^»-íMfninsr®fnmrnr-r-*- 

^"^r^^m^^^oocMWô'fMœr^cTN^rM o o* r*- o ao \o •-<M©®m®r^®®a'r,,Hin®®^or,*^ve®©®inO'© fMCM(M»-*-*“fM<MrMfMCMeMfMfM^^^inmfn®r«*- *- 
®®cM®®©^®fnin®®ín®©®mo®^»-a-®r»in ©^-^®®^^-r^r‘ina-r^»-®®o»»a,®r-dcn5rT- ^-í-cMtMfM-nrMfMcMCMfMfnín^^^rofn^fncM*-»-«- 
3,fnjn®'w>»”p«*(M(M^,®®ininro®®T-^cMfn®®in^ ®®©©®fn®a'^in^o®5»'in®®r^'"o®r>'fr>íM® «-♦-^•CMfnmrMCMfMCMrM^rnst 3-nnfMCNrO',ntM*-«-r-r- 
osoco\r>omnyas^~ ^cM®©in<Nr^*v>orM®®ina'oo ©®^©rM®OOvOOfl,r-CM©®^©3'®<M^O®rMm »-•-«^cM®fM<MCM»“®<nfnfn^ 3-nrol'MrM^»-cM»-»“»- 
OD\OiriOirn\00't*'0'<7'rnO' ^•f^r-p^^-on^ivßsOv£50»“rM ©fn®r^®r'®asrM<N®*-rMinr^í?>®incMvo®«-cMO o r-r-^CMfM*-f-r-CM'v>nin®inrnPOínrM®r^*-CM<N<N*- 
fn^‘O®®fM®»-OfMív)<r»cnr»o^-inr'»-r^',nm^'V0v0 ®®iN®»—ovû®r>-rnm»,"ofy,)®r,,'Co^onoc^rM err^vou'» f-»F-CM'NCMCM«-^*CMrO»nCM®®®fn(M'nCMr-fMCM^>»-»- cm fn 
®in©«-^^^»-®(M»® ®^ocMin®®rnrMor^® r*fMocMvDvor^r^r*cr»o»- ^*fM«jD{M®®omvor*‘in^* »-cMCMfM»-’-«infncM^t-cM^iNcM»-*- 
jn®r*®»"<M®^a'©or^®^®®»~rM®inin*“®©r^ mi»(Mr'®®o®<N<Nin3,in<v>®»-®r^^(M^-©®>ino CMPM^T-T-r-CMCM^n ^m®P»‘®m^(M»“"MrMmfv,»fMT-r- 
®®CMT-®CMfN®®r-a'®®^'P».^)^®«-(M®®®«'rn in®fnro®m'nr,»omo®a>',n®p^rM®ofn<Nint-fn® c^rMrncM'-^-rMa-incoinitcornrMcMfM'-fNrM'^t^tMt-«- 

®®®rocM®®®r^in®»-r«.in»,-®r^oa'in®p^inoo CMifinCM<MfMfMfr>®-fjícn(N{NfM^-»-fM^(NfMrM»-*-«- 
©^fMf*,»®®aH®®a'r^ror»ro^-inin<N®or»!n^iS>aN ©<M®(M®®®ínon*5t®r*íMfMrnininív>cM*-r*»><,n0»- r-<M»-CMCMfM<M® af®c»>CM<MfM<MCMrMfM(NirfM*“t-*-*- 
r‘*-in^®»-fM®j»®®®cMa'CMinincM'nœ®f*‘»-cMin ©PM®r^in®«N©r^r*‘inr^®®©^fM®®no»n^'d'0 CMfM»-r-CMCMCM(^><^tfM(M(NrMrM^CM(NrMfMCM(Mr-fMT-r- 
<T»»”,_<MO(MO?nCMf**-O!v1CM5í’^C0^-rMCX3fv1^- ^r^®fM <yivo®p^o-f®T-cM^m(Mr^cy' ^mwmwr'.stcMOfM® fMCM»-»-cnrM®®fs~®rMrMrMfM®^9-"ncN«—T-r-»-rsjt— 

a’®T-®in©(Nm',^®«-œ©cM©(Mcy\or-<7»r**fM o vo ®n vû ac«-®in^®fM=»,r^r»T-ma- if©®®®® ®®CM^-CMfMCMfMJJ-®in^'iS,5r ^ 
*“inina'in®©»®®®fMf*»cMin®p,^r,»a'®®rr)©r»{y> r*»®®in®®®^©orM©»“«“fMin®r<»ocr®*-oo® rg®*-CM*-<MfM(MCMrMin^m®fMr-r-t~r- r- r- t- 
®®o®®o®ininrMin ^©œ^^in^^r-in ^ vn o o ®ro^'®^*a,»n<Min©®©®or*®»-<NO®»-®o®cM »-f-COCM(M<MfM<M^-v-<N«-CM*-«-r-r-*- r- r- r- r- 
ofMOoin^*®«» ^m<M «•in®^,»~oo® ^ as no in cm »- as o *- a.avoocM^asf^'ß^'»” a-'noocr»®®®®©^* 

rr>r-cM®vnroin®a'ininoasLnr^vú©somo'nc7s»-®® t»*®as»-cM®®(Nr**©(Nín®inrsi»-or*®r^®r»*®®as ^-^rn»--fM*-»-CM»-T-^r-»-»- CM 
asorMcoi-ocoasinmaoosvooinr-» a,fM®®®®9©® 
inr^r*®íM®»-®ro®®in®rr>»-o®®®®«r^(T»®® 
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t- T-t-f-.-*-f-fNíM<N(N«¥>#«,ín(NÍNaOíS*-*-T-«- 
«-^-rouM-'Coart*" ^r-vor^uisof-^cow^o^oinvo^ oavr»o<,o^»nvooofnooi4»^r»vo«-vû©oir-w^^«r> *- *-r-T-*-T-r-r-<NOJrMC<*rr>r'>ît ^^rOOfN»”»-»-»“ 
movOsoaocM^r^or^votfoioo«- ^fNir^cyiin^o^o^ crorr»rMmcoinoc^«T'rNco»-oaooOLnvOwoO'sOaoir) 

^ofNCT>*-vf»t-r- ^aopnaov03,^*-r^^-r*mfrir^a- 9 in »-mtNror-m^rMCNvor-r^^ooarvo^-rnr^oooNfNvoaovô r-f-T-^-oioiariNCNiNfnr^inin^ro^inm^srcNr-r-r- 
rMa,sorMO'iS*-ao^«-»-nw r» n »-oaovr)0'^i*~o^ir> «-vosoor'.otmoor-vo «(Nv-rorMvoaDCMv-ooinrnaor* »-»-»“(NrNoifNfNrniDLnininitajvoLnr^vomincNcNr-*- 
a>ao^ovor*>»-<»>Jtr-"fNtnin^r'»-aor»^ujp^vßOijn^ soin\of^5»(,nr»mr^a>»-^r^r»r,^^f^vOfsp^^QOr»oao *-<NCN(N<N<N(N?N ^tOlDvOitinvOCOvOaOvûindfN'NfN«“ 
\ocor*»nrM ^inin<7'vOor>»inunocT'i/iW^oro^OLna^r^ t^a»aoin»naorsi»nr»vX) ^f^orMr^aovß-^^fNt-o^^o cNtN(NiN(Nr^^- 9 3’s»,vnir>sOwDO>r^r'aotr)voknfn<N»-<N 
a>vo*-aomfM^NQominp'^(Nc?v^oocTNinr*'vorn^r*r^a3 u">cTimf'ncr>CT>a'r,'*-«-<Naoinaooo'riP'Poo'*-r-r»*inr^»“ »- r- <n ro n m if ^■inininir)^p»r'aoP'^otnvom<,,orMcsj(N 
p^ao*-inofn#(NWinaof*»r* ^or-»-rofMir>rn<N<Nvôin r*r*aooioNor‘^,oofMokr>aoinoof>i<Noor-^(Nson^^ (N(N<Nrr)^in5fvr>^’ir>vûvor»!7>oaovûUiLnini»rncNfN<N 
^ina'aoa'flOossi»m<N^voo®'^ir>ir>or»»-<N^«-sovô a'tNif(Nr^unaor-r>'OOvnfNrsiror'»-aovor-vo^vorr,cf r- fN (N fn «■ 9 ifnr»^r^P^aOOr-r^vOif jf m no !N CN (N 
cxj'X)inr^cyivO(T>in<Tir'^Dr^inovo^><7N(j>nno ^inrsir*voP^^c3>cy'f^ininr^i^)fNwD\o^<Tivo r-rM'N«^rnrr>^a-vooo(Ninro^oovôa-inofninpoin<N 
aoo»nr^*-o4*-,voroir>oos»ooyOPr)v'\íinoH',noin<x>«-oí» >Âa'<^j»œa'woovoin^ro»nôNn»-»no»(Nr^floor-»*« fNfN'^iff,n"n'^jfinr*rMop>>ir)cTiooinir»^rnn^^^<N r- 9 if) *- 
aor^n^u^'O^incNwvoo^ ¿»fNCN^fNorn-^r^vfirnro r-«N (N r» es ^ r* <"0 fN »-vo *- r-«-•-r* o «r> ao cm 00 «n rgrf)inronrn<vîin^)soa\CMvfi »- n »- *- 
QOi**.®f*>r^a-ocNoo^-0'<Maor,*vo^aoar»-inr»o<nr^T- tninmcMCM«’*“fw>o^oP*»n<^vOfnino\^oiy>rMO't^ror«.o <nfn'n^fyï»^J»’inri,*^''^ooo'rnQOvo=frrj^^ »^^cncm 

^«-ocMincM»-*-vúinr*fMí*)OincM^O'^ao',ocM»nao*" vo®v©r,«»r^iy»«,*-r*»nincN^-0N<N'y>ir>wrMCNa'<N^'*>*- ^•rn.3,nnrnnifr»œŒfNcNor*vûtnifrnjfif ^«nrocNrn 

OOC0^CMCMO®O®®®®®®»~®rM®tf®fMr»a»® 9 'j>*o 9 9 9 n 9 9 9 9 
ON<na»or*fr»a'^-#® ^(Novo®r^i»r^r^cfNr,oo^-®f*> oarnrr)r>»(r)inmr><nQor«oor>r^®®cMr>r>ocn®® ror»ir>a>ai«'in®®®p^®®vnj»j»^«'^-inpofncM»-»- 
¿»afr-^r-r^CM^fMI^P^Or^Oafin^CMO^OfM®®^ fNinf,nifr^®r-rsif-íí®r-^®f>®onir) 9 &> oïcn^m 9 99\ot^'<o\n\Oiri\f)iri 999 ^roínoirnoa*- 
a’r^œ®®fMin®o®o>3-nr>ON»-o>o»na>r-®^fn3.»r> »-{^o^ocnONCN^o^xinirir-voarM^o ^•o®o»/> ct(»>nnr)injrinjr»®® ^^min'O®ir)^,fr>P0CMfN'^<Nr- 
i»®p,*®®r^f^®o^<¥>^cMr-ino<NM>inp,*cNf^cMœr** r-xûvo^'ro^û^^®ocfiîf»—^'Cf'inr^crr^vûwiDvoao»- ^■^•'ri<N^,^ifn®v£>r^r,*r^.vûsOinrocN(Nrs4»--»-*->»-m 

<n a> 9\9ma>^^C9oco ini»cM<y>oo^'*-®®cM(N»-®r^®iocM»-r»®»^®® rOif^mroa-ifififrnr^vOin^,fv1(NCN(NrsJr»r-«-»-r-»- 
rncMfsoN®®^ a’^^asor^^œocM*-®®^'“®®^ cTiiniDO^O’-^ty'»—j*-«—®vß<y\»-®sDo *- tN (N 1/1 nr, 3'^m^on<,y1f,r)nnPOfNCNfNCN»-»-r-rs4*-r-fNi 

^t-®oino,"<Np^fn®',^®®rsifsrnp^omaN®ooo r^o»-'X>p*»f,r)®^»-',no,'®'rofNi»(N®rs‘r''ininir>vß®a\ »-fNfNCN^Nifif 

r-t-.-fNCN^fnCOmm^fMCM'NCMCMr-f-^-r-f-T-e- ^ i— 
CN ® ® CM ®f^®^®0®0®®0®fMr*»^CM^‘000a' 
r-T-r-f-CMCnC^rOCMmcnCNCMCMCMT-r-r-t-f-^t-r-*-*- 

109 

American Astronomical Society Provided by the NASA Astrophysics Data System 



H 

O'! - CM 
^ 110 TALBOT, JENSEN, AND DUFOUR 

a significant differences may exist between the mean properties of interstellar dust in the solar neighborhood and in 
S the inner region of M83, but merely wish to point out that the solar neighborhood law of interstellar extinction 
£ lumps together the effects of scattering and absorption, which is not appropriate when considering the effects of 

internal extinction on the integrated light of an object such as M83, since light scattered out of a particular line 
of sight by dust will be replaced by light scattered into the line of sight from other directions within the object. 
Clearly, the relationship between these two quantities will vary in a complicated way, depending on the geometry 
of the object, including the distribution of the dust within it, and on the scattering phase function of the dust. 
In any case, the ratio of the effective amount of light scattered out of the line of sight to the amount of light 
absorbed by the dust is likely to be much different than in an observation of a single star within our galaxy. There- 
fore, if the ratio (<Tscat/(TeXt) for the dust, i.e., its albedo, is significantly wavelength dependent, the same dust will 
yield different reddening laws in the two cases. The wavelength dependence in the visible of the albedo of inter- 
stellar dust in the galaxy is not well known, but available estimates based on measurements of the diffuse galactic 
light (van de Hulst and de Jong 1969) and on the properties of grain models constructed to fit the extinction and 
polarization measurements (Greenberg 1968) suggest that there is unlikely to be a significant wavelength dependence 
of the albedo within the range of the £/, B, and V passbands. 

APPENDIX B 
TABULAR SURFACE BRIGHTNESS DATA 

The original t/2?F intensity data files of 1000 x 1000 pixels were compressed by factors of 2 in each direction 
(called C2) and by factors of 20 (C20). In C2 = 1,500), the pixel (/', /') consists of the intensity 
average of the four original pixels I = 2*(/' — 1) + 1 to 2*(/' — 1) + 2 and / = 2*(/' — 1) + 1 to 2*(/' — 1) + 2. 
For C20 the corresponding formulae for (/", /") are / = 20*(I" — 1) + 1 to 20*(I" — 1) + 20, etc. 

The tables show one set of 25 x 25 pixels from C2 and one set of 25 x 25 pixels from C20. The tables give 
coordinates /', /", and /". The pixel sizes are T'488 and 14''88 square in C2 and C20, so that for C2 

and for C20 
m = 27.5 - 5 log (1.488) - 2.5 log F = 26.64 - 2.5 log F, 

Only UBV are given in the tables. 
m = 21.64 - 2.5 log F. 

(Bl) 
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PLATE 3 

Fig. 1.—Calibrated, sky-subtracted magnitude maps for U, B, F, R, and H«; these are 500 x 500 displays of data compressed 
2 x 2. In each wedge the rightmost whole step is 18.0 mag arcsec-2 and the steps are 0.5 mag. Fig. If (lower right) is a composite 
of the Ha map and a. (B — V) map with only pixels redder than 0.9 retained. This map emphasizes the intimate relationship be- 
tween dust lanes and H n regions in M83. North is at the top, east is on the left. The pictures are 744" wide. 

Talbot et al. (see page 96) 
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Fig. 2.—Calibrated, sky-subtracted color maps for 5 - V {top), U - B {lower left), and Q {lower right). These are the center 
512 x 512 pixels of the original 1000 x 1000 rasters. The rightmost whole step is Æ - V = 1.1, U - B = 0.7, and Q = 0.3. 
The steps are 0.1 mag in each case. 
Talbot et al. {see page 96) 
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