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ABSTRACT 

A catalog listing positions, fluxes, and isophotal diameters of 296 H n regions in M83 is compiled 
from the Ha observations of Talbot, Jensen, and Dufour. The luminosity function for H n regions in 
M83 does not look like a simple power law and, in this respect, does not resemble the luminosity 
functions published for M3 3 and NGC 628; however, the data for NGC 628 generally referred to 
larger, more luminous regions. In M83, giant H n regions (excitation parameter U>115 pc cm-2) 
differ from nongiant H n regions (U < 115 pc cm-2) in both azimuthal and radial distribution in the 
plane of the galaxy. We find a similar phenomenon in M3 3 by using the lists of H n regions 
published by Boulesteix etal. and by Israel and van der Kruit. In both galaxies, (/) the two-armed 
spiral pattern shows up more clearly in the distribution of giant H n regions; (ii) the rms scale of the 
radial distribution of H n regions is larger for nongiant than for giant regions; and (Hi) the e-folding 
length of the radial distribution predicted for stochastic star formation appears consistent with the 
value observed for nongiant H n regions but is larger than the value observed for giant H n regions. 
In the annulus where a global spiral pattern occurs in M3 3, the radial distribution of giant regions 
agrees with the steeper distribution predicted for a spiral density-wave model. These comparisons 
suggest that in M83 and M33, stochastic star formation and star formation by a spiral density wave 
both occur in the same galaxy. Stars in giant H n regions are likely to have formed as a result of a 
spiral density wave plus sequential star formation. The combination of sporadic and sequential star 
formation described in the stochastic models of Seiden and Gerola is more important for producing 
stars in nongiant H n regions. 

Subject headings: galaxies: individual — nebulae: H n regions — stars: formation 

I. INTRODUCTION 

H ii regions are among the best tracers of recent star 
formation in galaxies. It has long been recognized (see 
Baade 1963) that highly luminous H n regions are 
effective dehneators of spiral structure. Two of the theo- 
ries that have been proposed to account for the observed 
spiral patterns are the spiral density-wave theory of Lin 
and Shu (1964) and the stochastic star formation model 
of Gerola and Seiden (1978). We are interested (/) in 
using the spatial distribution of H n regions in galaxies 
to test these theories and (ii) in examining the spatial 
distributions of high and low luminosity H n regions 
separately to see if both involve the same star-forming 
mechanisms. The latter question is important because 
Mezger (1970) and Georgelin and Georgelin (1976) as- 
sert that giant H n regions are much better tracers of 
spiral structure than H II regions of lower luminosity. 

To distinguish between giant and nongiant H n re- 
gions requires flux measurements, and to represent the 

global distribution of H n regions in a galaxy, one needs 
such data for a large number of H n regions. Although 
lists, photographs, and positions of H n regions have 
been published for many galaxies (see Hodge 1974) 
absolute flux measurements of a significantly large num- 
ber of H ii regions are presently available for only a few 
spiral galaxies (M33, M51, NGC 628 and our Galaxy). 
For M51 and NGC 628 only highly luminous H n 
regions have been measured (see Israel 1980 and 
Kennicutt and Hodge 1980). In this paper we provide 
positions, Ha flux measurements, and isophotal diame- 
ters for 296 H n regions in M83, a SAB(s)c, luminosity 
class I-II spiral galaxy. Thus we add to the small list of 
spiral galaxies for which a large sample of H n regions 
have been measured. Since the distance of M83 is 3.75 
Mpc (de Vaucouleurs 1979), M83 is close enough so that 
not only giant H n regions but also H n regions of lower 
luminosity can be measured. 

We have compiled our catalog of H n regions in M83 
from the Ha surface photometry obtained by Talbot, 
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Jensen, and Dufour (1979). They have made their UBVR 
Ha maps available on computer tape to the astronomi- 
cal community. From visual inspection of their plates, 
E. B. Jensen, R. J. Talbot, and R. J. Dufour (1981, 
private communication) noted that bright and faint H n 
regions are distributed differently in M83. Dividing the 
H ii regions into subpopulations according to the value 
of the individual Ha flux (or, equivalently, excitation 
parameter £/), we shall exhibit this quantitatively. We 
shall use our information on H n regions in M83, 
together with data on H n regions in M3 3 from Israel 
and van der Kruit (1974) and Boulesteix et al (1974) to 
show that in each of these galaxies nongiant H n regions 
are less concentrated in a two-armed pattern and show a 
broader distribution as a function of galactocentric 
radius R than giant H n regions. We shall compare the 
observed radial distributions with the predictions of a 
stochastic star formation model and a spiral density-wave 
model and conclude that stochastic processes are more 
relevant for producing massive stars in nongiant H n 
regions. Obviously it would be important to know 
whether these results apply to a larger sample of spiral 
galaxies. The required data should be forthcoming from 
the large photometric survey that Hodge and Kennicutt 
are making of the H n region populations in 150 galax- 
ies (see Kennicutt and Hodge 1980). 

In § II, we present our catalog of H n regions in M83. 
In § III some of the physical properties of these H n 
regions are discussed. Luminosity and diameter distribu- 
tion functions are presented, and are compared with 
those for other Sc galaxies in the literature. The 
azimuthal and radial distributions of H n regions in 
both M83 and M33 are shown in § IV; differences in the 
distributions for giant and nongiant regions are ex- 
amined first qualitatively, and then quantitatively by 
means of various statistical tests. In § V we compare the 
observed radial distributions with those predicted by 
both the spiral density wave theory and by the stochas- 
tic star formation theory. Our results are discussed and 
interpreted in § VI, where we present some speculations 
as to the mechanisms governing star formation in these 
two galaxies. We summarize our conclusions in § VII. 

II. H II REGIONS IN M83 

We use the UBVR Ha surface photometry of M83 by 
Talbot, Jensen, and Dufour (1979) to compile a catalog 
of H ii regions. As defined in Talbot etal, and Talbot 
(1980), the pixel values F in their Ha map are on a 
linear surface brightness scale and are related to /Hä, the 
Ha intensity in ergs cm-2 s-1 arcsec-2, by 

/Ha = 1.66XlO-17F. (1) 

The intensities are uncertain by ±5%. 
Table 1 lists the catalog of H n regions we have 

compiled from their Ha and R maps of M83. R. J. 

Talbot (1979, private communication) notes that values 
of F < 20 are insignificant. To be conservative in isolat- 
ing individual H n regions, we restrict consideration to 
pixels with F >100. This choice should give a catalog 
that is reasonably complete to a specific lower intensity 
limit and reduces the possibility of confusion with the 
low-level diffuse Ha emission from the disk observed by 
Carranza (1968). 

The H ii regions in Table 1 are numbered in order of 
decreasing right ascension. Our coordinate system is 
based on the plate solution of Pennington, Talbot, and 
Dufour (1982). Pennington has kindly provided us with 
the a, ô coordinates of bootstrap standard stars. The 
second and third columns of Table 1 list the distance in 
the plane of the sky of each H n region from a reference 
point with coordinates a(1950.0) = 13h34mlls.55±0s.04 
and Ô (1950.0)=-29o36,42'.'2±0'.'4 (where the uncer- 
tainties are the formal errors in the plate solutions). The 
distances are in arcsec with the X coordinate increasing 
westward and the Y coordinate increasing northward. 
The pixel size in the maps of Talbot et al is about 1748, 
and the values of X and Y in Table 1 are accurate to 
± 1". The reference point is the pixel which Talbot et al 
specify as approximately the nucleus and lies 579 + 075 
east and 770 + 075 south of the radio position of peak 
intensity determined by Condon et al (1982). The coor- 
dinate system of the Ha map on the computer tape 
which was supplied by Talbot, Jensen, and Dufour 
before doing a plate solution differs slightly in orienta- 
tion from our coordinate system. Relative to the present 
system, this earlier map was rotated by 0?67 + 0?05 
counterclockwise. On request we can supply a listing of 
H ii region positions in the coordinate system of this 
earlier map. The positions Usted in the second and third 
columns are, for the most part, those of the centroid of 
each H n region. Exception was made for regions which 
exhibit obvious bright spots; for these, the position of 
peak intensity is given. 

For each H n region, the sixth column Usts the value 
of the integrated Ha flux ^'Ha obtained simply by 
summing the values of F over the region. In the seventh 
column we give values for the Ha flux corrected in 
an approximate fashion for extinction within the disk of 
M83 via the simphfied model of Talbot (1980). The 
radial extinction gradient in the galaxy is estimated in 
Talbot’s model from the gradients in the surface density 
of interstellar gas and the metal abundance; therefore, 
the corrections apphed here are vahd in a statistical 
sense only. Both and are in the photographic 
units of Talbot et al Conversion of the corrected flux 
to c.g.s. units is made in the eighth column, where the 
flux is Usted as SHa in ergs cm-2 s_1. We adopt for M83 
a distance D of 3.75 Mpc (de Vaucouleurs 1979), an 
incUnation i to the Une of sight of 24° and a position 
angle PA of the optical major axis of 45° (de 
Vaucouleurs, de Vaucouleurs, and Corwin 1976). For 
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TABLE 1 
H il Regions in M83 

log S. Ha GdV 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
3 2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4 5 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

-345 
-344 
-335 
-329 
-325 
-321 
-294 
-271 
-269 
-260 
-248 
-242 
-241 
-234 
-220 
-222 
-21 7 
-213 
-211 
-211 
-205 
-200 
-202 
-199 
-191 
-190 
-183 
-180 
-175 
-169 
-161 
-157 
-159 
-151 
-149 
-148 
-139 
-135 
-136 
-1 36 
-131 
-129 
-131 
-127 
-130 
-122 
-120 
-120 
-122 
-118 
-117 
-116 
-115 
-114 
-115 
-114 
-110 
-109 
-110 
-no 
-107 
-108 
-105 
-109 
-102 
-103 
-99 

139 
-231 

42 
31 

2 73 
66 

256 
266 

57 
138 

92 
284 
205 

-1 
15 

-190 
2 

69 
-81 
-75 

50 
59 

-193 
65 
59 
70 
80 

-117 
72 

-131 
25 

354 
18 
95 
53 
26 

125 
141 

23 
-221 

1 22 
288 

27 
125 

-228 
1 30 
1 66 
146 

-162 
105 
-46 
-40 

46 
150 

2 7 
-28 
156 
1 72 

55 
-24 
165 
-14 
109 

-209 
86 

-33 
1 87 

6. 87 
8. 22 
6.37 
6.23 
7. 72 
6.13 
7.08 
6.90 
5.14 
5.4 0 
4. 88 
6. 78 
5. 76 
4. 47 
4. 18 
5. 80 
4. 13 
4.16 
4. 43 
4. 38 

94 
86 
57 
88 
72 

3. 74 
3. 69 
4. 26 
3. 50 
4.26 
3.07 
7. 12 
3.02 
3.2 6 

92 
82 
40 
55 

2.5 9 
5. 13 
3.25 

80 
51 
24 
19 
23 
73 
44 

4.04 
88 
47 
41 
28 
43 
20 
28 
48 

3. 72 
2.25 

19 
59 
09 
76 
65 
42 
11 
89 

25.0 
79. 8 
40. 4 
42.2 
5.5 

35.8 
4. 3 
0.6 

35. 3 
1 8. 5 
26.7 

35 5.0 
5.0 

47.8 
43.7 
86.0 
47.0 
29.3 
67.8 
66.4 
33.5 
30.8 
88. 8 
29.0 
30. 0 
2 6.7 
23. 1 
78.9 
24.4 
83.4 
38.8 

337.1 
41.0 
14.0 
27.5 
37.4 
3.4 

358. 7 
38.0 

102.3 
2. 3 

33 7.3 
35. 6 
0. 3 

104.1 
358. 0 
350. 1 
353 .8 

97.3 
3. 7 

68.3 
65.9 
25.3 

351.4 
34.3 
61.2 

349. 2 
346. 1 
20. 1 
59.4 

346. 8 
54. 6 

358.8 
106.0 

5.0 
64. 8 

341.4 

768 
1072 

863 
1 3574 

454 
452 
755 

9686 
279 
620 

3591 
246 

14819 
425 
270 

1 8389 
530 

9261 
395 

3833 
439 

3001 
398 
988 

1018 
1676 
5485 
6859 
1 908 
4249 
2004 
3684 
3309 
2 835 
5154 

462 
1 3086 

1 604 
362 

3 5 82 
3040 

228 
693 

1 129 
269 

1488 
1 6721 

380 
912 

2105 
1122 
1352 

95 8 
783 

302 73 
1223 

209 
901 

1 5388 
4500 

230 
3054 
2431 

207 
235 

18150 
410 

941 
1242 
10 82 

17151 
537 
574 
916 

11858 
376 
822 

492 7 
3 02 

1 9248 
600 
389 

23791 
768 

1 3398 
55 9 

5447 
646 

4446 
522 

1462 
152 7 
2509 
82 52 
9843 
2918 
6098 
3190 
4463 
52 89 
4431 
8325 

753 
201 99 

2 442 
605 

4831 
4 75 7 

2 95 
1 169 
1 768 

361 
2332 

25057 
584 

1332 
3415 
1 900 
2306 
1657 
1204 

52 890 
2115 

320 
1350 

26726 
7872 
349 

5399 
3993 

288 
400 

32031 
606 

-13.460 
-13.340 
-13.400 
-12.200 
-13.704 
-13.675 
-13. 472 
-12.360 
-13.859 
-13.519 
-12.741 
-13.954 
-12.149 
-13.656 
-13.844 
-12.057 
-13.548 
-12.307 
-13.686 
-12.698 
-13.624 
-12.786 
-13.716 
-1 3. 269 
-13.250 
-13.034 
-12.517 
-12.441 
-12.969 
-12.649 
-12.930 
-12.784 
-12. 710 
-12.787 
-12.513 
-1 3. 557 
-12. 129 
-13. 046 
-13.652 
-12.750 
-12.757 
-13.964 
-13.366 
-13. 186 
-13.876 
-13.066 
-12.035 
-13.667 
-13.309 
-12.900 
-13. 155 
-13.071 
-13.215 
-13.353 
-11.710 
-13.109 
-13.929 
-13.304 
-12.007 
-12.538 
-13.891 
-12.702 
-12.833 
-13.974 
-13.832 
-11.928 
-13.651 

106 
116 
111 
279 

88 
90 

105 
246 

78 
101 
184 

72 
2 90 

91 
79 

311 
99 

25 7 
89 

1 90 
93 

178 
87 

122 
124 
147 
218 
232 
154 
197 
159 
1 78 
1 88 
1 77 
219 

98 
294 
145 

91 
1 83 
1 82 

72 
114 
1 30 

77 
143 
316 

90 
119 
163 
134 
143 
128 
115 
406 
1 39 

74 
119 
323 
215 

76 
189 
1 71 

71 
79 

343 
91 

44 
53 
53 
91 
44 
44 
44 
97 
44 
44 
62 
44 
97 
53 
44 

119 
62 
75 
53 

1 1 5 
62 

122 
53 
81 
53 

115 
144 

70 
102 
162 
1 1 1 

6 2 
115 
133 
115 

44 
1 93 

86 
53 

1 33 
97 
44 
70 
70 
44 
97 

231 
53 
75 
91 
75 
91 
62 
70 

331 
81 
44 
62 

259 
148 

44 
97 
97 
44 
44 

224 
53 

60 

59 

58 

57 

56 

51, 54 

53 

50 
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TABLE 1 — Continued 

log S. Ha GdV 

68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 

-99 
-101 
-9 9 
-99 
-97 
-97 
-93 
-93 
-94 
-91 
-92 
-89 
-87 
-85 
-86 
-87 
-88 
-8 7 
-82 
-83 
-82 
-85 
-80 
-81 
-7 9 
-80 
-7 9 
-76 
-74 
-77 
-73 
-71 
-72 
-6 7 
-6 9 
-65 
-6 7 
-61 
-60 
-60 
-58 
-53 
-51 
-4 8 
-50 
-4 5 
-42 
-45 
-45 
-41 
-35 
-33 
-35 
-34 
-30 
-28 
-31 
-30 
-32 
-25 
-24 
-22 
-21 
-16 
-15 
-15 
-16 

164 
-5 

-16 
-49 

21 
-5 9 
187 

43 
-163 

17 
-7 7 

53 
1 71 
165 

62 
-5 8 

-1 33 
-143 

141 
29 
68 

-158 
1 96 

94 
152 

85 
-73 

65 
1 75 

-176 
77 
65 

-8 9 
72 

-186 
59 

-108 
158 
216 
167 

-1 20 
150 

58 
1 38 

-130 
156 

95 
-1 23 
-213 

-51 
55 
47 

-125 
-152 

1 34 
197 
-7 2 

66 
-144 

115 
-141 

-70 
-152 

36 
87 

-5 7 
-136 

51 
93 

1.94 
2.17 
1. 85 
2.2 4 
3.84 
1. 88 
3. 73 
1. 74 
2. 39 
1.90 
3. 52 
3.41 
1. 93 
2.08 
3.17 
3.32 
2.98 
1.63 
1.95 
3.55 
3.90 
2. 26 
3.15 
2.12 
2.14 
1.81 

, 49 
, 78 

1.93 
1. 75 

27 
7 9 
89 
59 
51 
13 
17 
27 
61 
95 
41 
71 
74 
02 
91 
57 
22 

1. 29 
1. 19 

05 
, 52 

3. 03 
2.5 7 

1. 33 
86 
20 

2.76 
1.43 
2. 96 
0. 72 
1.66 
1.14 
2. 64 

344. 9 
50. 1 
56.5 
73.0 
35.5 
77. 7 

339. 7 
22.1 

103. 8 
36.6 
85 . 6 
15. 7 

340. 5 
340. 8 
10.2 
79.4 

100. 6 
102.6 
344. 0 

28. 1 
5.8 

105.3 
335. 3 
3 55.3 
341.0 
357. 9 

88. 0 
4. 6 

336.0 
109. 7 
358. 4 

3.0 
95.5 

358. 0 
112.6 

3.0 
102.0 
334. 2 
328. 3 
332. 7 
107. 8 
332.4 
356. 0 
332. 1 
112.2 
328. 9 
337.0 
113.1 
120. 7 
95.6 

3 4 6.0 
349.0 
117.1 
120. 1 
325.1 
3 2 0.7 
109. 8 
337. 3 
120. 1 
324. 6 
123. 1 
115.4 
124. 8 
3 3 7.3 
321.9 
118.2 
125. 8 

8781 
6633 

1 9266 
9705 

371 
1 2476 

558 
26936 

1958 
284 

5466 
29895 

5 64 
991 

1636 
3380 

468 
645 

1 562 6 
6561 

235 
92 96 

628 
2514 
3697 

372 
259 
743 
786 

'254 
364 
216 
234 

1172 
981 
511 

786 7 
1425 
6756 

284 
419 

2 4471 
4255 7 

2 34 0 
905 
493 
449 
903 

9895 
261 

22938 
357 

11434 
226 

24468 
448 
342 

1 4896 
72 79 
2406 

447 
3597 
1362 
6255 

277 
252 
233 

1341 7 
1 195 7 
34688 
1 6999 

675 
216 7 8 

828 
48888 

2 93 4 
524 

9346 
54132 

860 
1527 
2 950 
5988 

737 
1002 

250 79 
1 2300 

423 
14150 

927 
4362 
5 838 

655 
455 

1 359 
1202 

3 79 
656 
398 
405 

2152 
1450 

962 
1 32 73 

2 2 54 
9759 

443 
698 

3942 1 
82092 

3 861 
1489 

788 
811 

1513 
1 4238 

512 
45663 

725 
1 9251 

361 
40982 

670 
647 

2 9057 
11825 
4199 

733 
6924 
2190 

1 3390 
516 
505 
387 

-12.306 
-12.356 
-11.894 
-12.203 
-13.605 
-12.098 
-13.516 
-11.745 
-12.966 
-13.71 5 
-12.463 
-11.700 
-13.499 
-13.250 
-12.964 
-12.657 
-13.566 
-13.433 
-12.035 
-12.344 
-1 3. 808 
-12.283 
-13.467 
-12.794 
-12.668 
-13.618 
-13.776 
-13.301 
-13.354 
-13.855 
-13.617 
-13.834 
-13. 826 
-13.101 
-13.272 
-13.451 
-12.311 
-13.081 
-12.444 
-13.787 
-13.590 
-11.838 
-11.520 
-12.847 
-13. 261 
-13.537 
-13.525 
-13.254 
-12.280 
-13. 72 5 
-11.774 
-13.574 
-12.149 
-13.876 
-11.821 
-13.608 
-13.623 
-11.971 
-12. 361 
-12. 81 1 
-13.569 
-12.593 
-13.093 
-12.307 
-13.721 
-13.731 
-1 3. 846 

257 
247 
353 
278 

94 
301 
101 
3 95 
155 

87 
228 
409 
102 
124 
155 
196 

97 
108 
316 
249 

81 
261 
105 
1 76 
195 

94 
83 

119 
115 

7 8 
94 
79 
80 

139 
122 
106 
256 
141 
231 

82 
96 

368 
4 70 
1 69 
123 
100 
100 
124 
2 62 

86 
387 

97 
290 

77 
373 

94 
93 

332 
246 
174 

97 
206 
140 
257 

86 
86 
78 

211 
193 
224 
215 

44 
168 

53 
281 
122 

44 
141 
288 

62 
75 
97 

144 
53 
70 

211 
115 

44 
219 

70 
119 
133 

53 
44 
62 
81 
44 
53 
4 4 
44 
8 6 
81 
53 

179 
97 

159 
44 
53 

233 
286 
126 

86 
4 4 
62 
86 

197 
44 

257 
53 

164 
44 

262 
44 
44 

231 
219 
106 

62 
11 1 
102 
1 97 

44 
44 
44 

49, 52 

4 8 

46 

47 
46 

45 

44 

43 
42 

41 

40 

39 

38 

37 

614 
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TABLE 1 — Continued 

log S. Ha GdV 

135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 

-17 
-13 
-8 
-5 
-4 
-6 
-4 
-5 

2 
2 
8 

13 
10 
12 
13 
1 3 
18 
20 
22 
27 
23 
26 
28 
28 
32 
34 
37 
34 
40 
36 
37 
43 
45 
44 
47 
48 
51 
48 
51 
49 
50 
46 
49 
49 
55 
56 
57 
56 
56 
59 
64 
64 
64 
70 
68 
67 
66 
69 
75 
74 
74 
75 
84 
84 
89 
88 
90 

-214 
-141 

30 
-45 

25 
-138 

-5 7 
-149 
-161 
-142 

235 
195 
-66 

-220 
-148 
-176 

41 
-149 

-6 4 
230 
-5 8 
103 
213 
-65 

-4 
-5 7 

92 
-122 

300 
-65 

-115 
7 7 

116 
-4 9 

93 
122 
242 

1 
22 7 

7 
102 

-171 
-166 
-153 

134 
110 
141 
-53 
-71 

80 
125 
114 
-61 
215 

69 
-6 6 

-137 
-103 

224 
100 

88 
-19 

86 
72 

175 
52 

1 87 

4. 12 
2. 73 
0.57 

87 
48 
63 
09 
86 

3.07 
2. 70 
4.49 

75 
25 
17 
81 
34 

3. 
1. 
4. 
2. 
3. 
0. 8 8 
2. 83 
1 . 25 
4.4 5 
1. 16 
2.07 
4. 15 
1 . 30 
0. 61 
1. 22 
1.95 
2. 36 
5. 
1. 
2. 

83 
36 
23 

1. 75 
2.45 

,20 
, 06 
,57 

4. 79 
0. 92 
4.52 
0. 95 
2.25 
3. 30 
3. 22 
2. 98 
2. 84 
2.44 
2. 99 
1.40 
1. 64 
1 . 97 

77 
58 

1.60 
4. 41 
1. 93 
1. 71 
2. 79 
2. 26 
4.62 

46 
, 27 
, 44 
, 39 
, 21 
, 87 
, 03 
,09 

127. 9 
127. 2 
328. 1 
126. 3 
320.8 
130. 1 
128.2 
130.5 
133. 0 
133.4 
310. 6 
308. 5 
141.2 
135. 4 
137. 6 
136. 7 
288. 9 
140. 1 
152.0 
3 05.9 
154.8 
298.7 
305. 1 
156. 5 
220. 4 
164.2 
291.3 
148. 2 
304.9 
1 62. 1 
1 50. 8 
2 84. 3 
291.8 
1 76. 4 
2 86.6 
291. 8 
300. 8 
228. 8 
300. 0 
2 35. 2 
2 87 .2 
147. 9 
149.1 
150. 7 
291.1 
286 . 8 
291.2 
1 82. 1 
1 72. 8 
2 77.9 
2 86. 4 
2 84 . 1 
181.6 
295.0 
2 70 . 2 
180. 7 
159. 3 
167. 9 
294.5 
277.9 
2 74.6 
213.3 
2 70.5 
266. 1 
286 . 7 
2 5 7.0 
287.8 

1 393 7 
448 

38062 
1186 
3037 

249 
457 

2419 
331 

1 295 1 
260 

1 475 7 
1568 
1543 

508 
417 

1087 
12184 

1530 
5 85 0 

359 
674 

6886 
1020 
1197 
1195 

3 70 
232 

2066 
51 3 
511 
317 

1777 
2 983 

245 
717 
4 81 

1401 
1430 

4 74 
258 

3354 
252 
357 
561 
213 

4020 
7849 

831 
1919 

24167 
1458 
1190 

571 
8220 
530 

5385 
771 
589 

2075 
3152 

981 
1 3079 
2701 3 

527 
6736 

10695 

202 1 3 
73 8 

83442 
2477 
676 7 

414 
923 

3931 
526 

21397 
366 

22066 
3095 
2228 

829 
64 6 

2269 
1 9858 

302 0 
8269 

717 
1195 
9962 
1998 
2611 
2 369 

66 5 
397 

266 7 
996 
888 
5 84 

3015 
592 9 

434 
1200 

663 
2906 
2010 

978 
448 

5215 
395 
572 
91 3 
362 

6444 
15157 

1553 
3443 

3962 6 
2439 
22 38 

80 9 
1 482 8 

982 
8804 
1336 

822 
351 7 
5459 
1884 

22 360 
47151 

7 80 
12010 
1 5550 

-12. 128 
-13. 566 
-11.512 
-13. 040 
-12. 603 
-13. 81 7 
-13. 469 
-12. 839 
-13. 713 
-12. 103 
-13. 870 
-12. 090 
-12. 943 
-13. 086 
-13. 515 
-13. 624 
-13. 078 
-12. 136 
-12. 954 
-12. 516 
-13. 578 
-13. 356 
-12. 435 
-13. 133 
-13. 017 
-1 3. 059 
-13. 611 
-13. 835 
-13. 008 
-13.436 
-13. 485 
-13. 667 
-12. 955 
-12. 661 
-13. 796 
-13. 355 
-13. 61 2 
-12. 971 
-13. 131 
-13. 444 
-13.783 
-12. 71 7 
-13. 837 
-13. 676 
-13. 473 
-13. 875 
-12.625 
-12.253 
-13.243 
-12. 897 
-11.836 
-1 3. 047 
-1 3. 084 
-13.526 
-12.263 
-13.442 
-12.489 
-13.308 
-1 3. 519 
-12.888 
-12.697 
-13.159 
-12.084 
-11.760 
-13.542 
-12.354 
-12.242 

295 
97 

473 
146 
204 

80 
105 
1 70 

87 
3 00 

77 
3 03 
157 
141 
101 

93 
142 
293 
156 
218 

96 
114 
233 
136 
149 
144 

94 
79 

150 
108 
104 

90 
156 
196 

81 
115 

94 
154 
1 36 
107 

82 
187 

79 
89 

105 
77 

201 
268 
1 25 
163 
369 
145 
1 41 
100 
266 
107 
223 
119 
101 
164 
1 90 
133 
305 
391 

99 
248 
270 

219 
62 

230 
75 
86 
44 
53 

137 
53 

2 02 
44 

221 
115 
106 

62 
44 
75 

206 
97 

137 
53 
75 

1 70 
75 
86 
81 
44 
44 

106 
62 
62 
53 

106 
119 

44 
62 
62 
81 
86 
53 
44 

126 
44 
53 
70 
44 

141 
179 

62 
122 
293 
102 

86 
70 

202 
53 

1 70 
53 
44 

119 
1 22 

70 
235 
288 

53 
157 
157 

36 

35 

34 

30, 32 

29 

27 

26 

25 

24 

21 
20 

19 

615 
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TABLE 1 — Continued 

log S. Ha GdV 

202 
203 
2 04 
205 
206 
207 
208 
2 09 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
2 60 
261 
262 
263 
2 64 
265 
266 
267 
268 

92 
91 
94 
92 
93 
99 
97 

100 
100 
103 
103 
106 
1 1 1 
11 3 
118 
118 
121 
119 
118 
124 
121 
124 
126 
125 
124 
124 
127 
129 
129 
130 
128 
1 30 
1 30 
131 
139 
142 
141 
143 
143 
144 
146 
149 
149 
155 
162 
167 
168 
1 73 
1 90 
192 
1 93 
196 
1 95 
2 02 
201 
203 
208 
206 
207 
210 
211 
217 
218 
221 
225 
228 
230 

205 
-43 

44 
-123 

-93 
214 
-16 

26 
-31 

48 
-22 

11 
60 
36 
61 

-19 
99 

-53 
-131 

108 
-123 

79 
101 

13 
-159 
-173 
-30 

29 
-3 
1 7 

-123 
-4 3 

-128 
-118 
-17 

22 
-65 

38 
15 

-2 8 
-37 

89 
60 

-28 
-4 6 

34 
-15 
-13 

-102 
-52 
-41 

81 
-86 

83 
-86 
-4 7 

84 
-43 
-81 
-4 6 

-147 
34 

-33 
-6 6 
-25 
-36 
-9 

4.43 
1.86 
2.05 
2. 79 
2.40 
4.64 
1. 85 

00 
94 
24 

1.96 
2.04 
2.49 

33 
63 
25 
11 
41 

3. 21 
3.27 
3. 13 
2. 92 
3.21 
2. 42 
3.67 
3. 87 
2. 44 

56 
46 
53 
23 
54 
32 
20 
63 
78 
85 
88 
7 7 
74 
81 
43 
15 
96 
12 
31 
19 

3. 28 
3. 96 
3. 70 
3.69 
4. 16 
3. 92 
4. 29 
4.02 
3.89 
4. 41 
3. 94 
4. 10 
4.02 
4.70 
4.24 
4. 14 
4. 28 
4. 28 
4.33 
4. 38 

289.2 
201.6 
251.8 
1 70.9 
1 79. 9 
288. 7 
218. 3 
241.7 
209.8 
251.5 
215.2 
2 33. 4 
254. 6 
2 44. 7 
253 .9 
218.1 
264.9 
202 . 7 
176.8 
266.4 
17 9.5 
258.5 
264 .2 
2 33. 2 
1 72.4 
169. 8 
214.2 
2 39. 8 
226. 2 
2 34. 8 
1 81.1 
2 08. 7 
1 80. 4 
1 83. 3 
220. 7 
2 36. 2 
201.9 
2 42 .1 
2 33.4 
2 16.3 
213.3 
2 5 7.0 
2 48. 6 
217.4 
211.3 
2 38. 8 
222.6 
2 2 3.3 
1 98. 4 
2 12. 2 
215.5 
249.4 
2 02.9 
249.0 
203.7 
214.2 
248. 7 
215.8 
205. 7 
2 15.0 
191.1 
2 36. 3 
218.9 
210.5 
221. 3 
218.6 
2 2 5.5 

2 174 
219 

6062 
332 

1036 
80 8 
454 

44210 
719 

2 761 5 
466 

60548 
1962 
7154 

539 
151 8 

321 
222 

7342 
9701 

617 
4281 7 

317 
465 
291 
698 

3431 
3900 
6513 
1010 

2 58 
21107 

14 98 
214 

11899 
3328 
532 

3379 
343 
531 

1811 
314 

1 243 
3368 

291 
4443 

467 
349 
251 
5 66 

3613 
712 
325 
212 
506 

1226 
310 
453 
481 
357 
524 

1 492 
1276 

231 
1 3896 

545 
493 

3079 
398 

1 0780 
542 

1 766 
1126 

827 
790 76 

1294 
48023 

837 
107789 

3317 
12319 

897 
2636 

509 
378 

11510 
15155 

974 
692 30 

497 
792 
437 

1031 
582 8 
6542 

11049 
1 700 

403 
35464 

2 32 3 
335 

1 9804 
54 57 

864 
5482 

563 
873 

2 95 5 
483 

196 3 
5416 

460 
6916 

734 
544 
368 
849 

5429 
1030 

478 
303 
738 

1811 
439 
666 
697 
521 
726 

2145 
1848 

330 
19910 

777 
701 

-12.945 
-13.834 
-12.401 
-13.700 
-13. 187 
-13. 382 
-13.516 
-11.536 
-13.322 
-11.752 
-13.511 
-11.401 
-1 2.913 
-12. 343 
-13. 481 
-13.013 
-13.727 
-13.856 
-12.373 
-12.253 
-13.445 
-11.594 
-13.737 
-13.535 
-13.793 
-13.421 
-12.668 
-12.618 
-12.391 
-13.203 
-13. 829 
-11.884 
-13.068 
-1 3. 909 
-12. 137 
-12.697 
-13.497 
-12.695 
-1 3. 683 
-13. 493 
-12.963 
-13.750 
-13.141 
-12.700 
-13.771 
-12.594 
-13.568 
-13.698 
-13.868 
-13.505 
-12.699 
-13.421 
-13.754 
-13.952 
-1 3. 566 
-13.176 
-13. 791 
-13.610 
-1 3. 591 
-13. 71 7 
-13.573 
-1 3. 102 
-1 3. 167 
-13.915 
-12.135 
-13.543 
-13.588 

157 
79 

239 
88 

130 
112 
101 
464 
118 
3 93 
102 
515 
161 
250 
104 
149 

86 
78 

244 
267 
107 
444 

85 
100 

82 
109 
194 
202 
241 
1 29 

79 
355 
143 

75 
292 
1 90 
103 
190 

89 
1 03 
155 

84 
1 35 
1 90 

83 
206 

97 
88 
77 

102 
190 
109 

84 
72 
97 

132 
82 
94 
96 
87 
97 

139 
1 32 

74 
293 

99 
96 

91 
44 

153 
44 
81 
70 
44 

321 
62 

275 
53 

371 
119 
1 70 

70 
91 
44 
44 

179 
1 75 

70 
386 

53 
62 
44 
81 

159 
75 

175 
81 
4 4 

310 
102 

44 
262 
157 

62 
111 

53 
70 

115 
53 
97 

1 53 
53 

150 
62 
53 
44 
70 

141 
53 
53 
44 
62 
91 
44 
44 
62 
53 
44 

102 
102 

44 
206 

53 
62 

17 

16 

14 

1 2 
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H il REGIONS IN M83 AND M33 617 

TABLE 1 — Continued 

log S. Ha GdV 

269 
270 
271 
272 
273 
274 
275 
2 76 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
2 9-2 
293 
294 
295 
296 

2 33 
2 38 
239 
241 
252 
255 
265 
2 86 
295 
296 
337 
332 
342 
354 
357 
381 

77 
82 
92 

106 
97 

1 03 
107 
119 

78 
101 
122 
111 

-31 
40 

-22 
-32 
-25 

2 
38 

103 
-1 

-35 
331 

-209 
5 

304 
-104 

-5 9 
-71 
-75 
-72 
-79 
-61 
-52 
-66 
-6 2 
-6 8 
-72 
-6 2 
-4 3 

4. 42 
4.67 
4. 54 
4.57 
4. 78 
4. 87 
5. 16 
5. 96 
5. 61 
5. 63 
9. 40 
7.17 
6. 53 
9. 28 

91 
25 

1. 90 
2.02 
2.13 
2. 40 
2.09 
2. 11 
2. 29 
2.47 
1. 88 
2.25 
2.52 
2.19 

219.9 
2 3 7.0 
2 22.3 
219. 9 
222.0 
228. 1 
2 35.6 
246. 7 
22 7. 3 
2 2 0.8 
2 69.6 
194.0 
228. 3 
2 66.0 
210.9 
218.7 
182.8 
183.0 
187.6 
189.2 
194. 2 
200. 0 
194.5 
1 98. 9 
184. 3 
1 90.4 
199. 6 
205. 7 

347 
491 
227 

2491 
1 952 
1331 
8462 

695 
279 
370 
422 
500 
547 

3501 
247 
490 

35549 
2580 

1 6768 
1 75 65 
1 4047 
2 3262 
1 382 7 
5546 

1 6683 
54094 
11121 
36988 

491 
683 
318 

3491 
2695 
1827 

11394 
892 
365 
483 
472 
602 
6 80 

3935 
301 
589 

64304 
4600 

2 9494 
2 995 9 
2 481 7 
41004 
2 3873 

93 86 
302 61 
9381 8 
1 8724 
64600 

-1 3. 743 
-1 3. 599 
-13. 931 
-12. 891 
-13. 003 
-13.172 
-1 2. 377 
-13.483 
-13.872 
-13.750 
-13.760 
-13.654 
-13.601 
-12.839 
-13.955 
-13.664 
-11.626 
-12. 
-11. 
-11. 
-12. 
-11. 

771 
964 
957 
039 
82 1 

-12.056 
-12.461 
-11.953 
-11.462 
-12. 161 
-11.624 

85 
95 
73 

164 
150 
1 32 
243 
104 

77 
84 
84 
91 
95 

1 70 
72 
90 

433 
180 
334 
336 
315 
373 
31 1 
228 
337 
492 
287 
434 

53 
62 
44 

115 
115 

86 
162 

53 
44 
53 
44 
44 
44 
62 
44 
62 

191 
91 

1 70 
197 
153 
179 
168 
119 
264 
51 3 
268 
410 

2 2 

1 8 
11 
15 
1 3 
10 

8 

Note.— X and Y are in arcsec in the plane of the sky; R is in kpc and 0 in degrees in the plane of the Galaxy; 
the units of SHa are ergs cm-2 s-1; the units oí U are pc cm-2; and the units of p are pc. 

these values the fourth and fifth columns of Table 1 give 
positions in the plane of M83 with R, the distance from 
the center in kpc, and 0, the angle measured eastward 
from the northeastern fine of nodes. We use expressions 
given in Peimbert, Rayo, and Torres-Peimbert (1975) 
and Mezger and Henderson (1967) to relate the Ha and 
free-free intensities and thus calculate the values for the 
excitation parameter U listed in the ninth column. The 
values of U include the statistical correction for extinc- 
tion and are based on an assumed electron temperature 
Te of 104 K. Since 1/ is a measure of the total Lyman 
continuum flux, it is useful as an index of the distri- 
bution of O stars in the galaxy. The qualitative results of 
§ IV, where we compare the spatial distributions of low 
and high excitation H n regions in the plane of M83, are 
not very sensitive to the assumed values of D, /, PA, or 
T A e' 

For each H n region the tenth column of Table 1 lists 
values in pc for the average linear diameter p = dD in 
the plane of the sky. We define the average angular 
diameter (characteristic dimension) ^ of an H n region 
to be 2(A£2/7r)1/2, where M2 is the solid angle sub- 
tended. The pixel size, 1748, in the maps of Talbot et al. 
is comparable to their estimate for the seeing limit of 

their Ha plate. This gives the uncertainty in the values 
of p. We note that at the distance of M83,1" equals 18 
pc, and thus classical H n regions with p < 30 pc would 
be unresolvable. Many of the large H n complexes with 
irregular boundaries were divided into individual re- 
gions corresponding to separate bright spots. In some 
cases the basis for division is somewhat arbitrary; in 
particular, the large complex at the SW extremity of the 
bar was divided into eight “hot spots” (regions 285-292 
in Table 1) and four large regions of lower intensity 
(293-296). 

After this work was completed, we received a preprint 
from de Vaucouleurs, Pence, and Davoust (1983), in 
which they have also used the maps of Talbot et al to 
compile a catalog of the 60 brightest H n regions in 
M83. For reference, we fist the catalog numbers for 
most of the regions in their list in the eleventh column of 
Table 1. 

III. LUMINOSITY FUNCTION AND SIZE DISTRIBUTION 
FUNCTION FOR H II REGIONS IN M83 

In this section we discuss the luminosity and size 
distributions among the H u regions in M83. 
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618 RUMSTAY AND KAUFMAN Vol. 274 

loa LHa ^er9S sec"' ^ 
37 38 39 

Fig. 1.—The integrated number of H n regions N(S0) in M83 
with Ha flux SHa> S0. The high-luminosity (o^Ha>4x!038 

ergs s-1) portion of this integrated luminosity function approxi- 
mates a power law with index ß = 1.4 ±0.2. 

In Figure 1 we plot, on a double logarithmic scale, the 
integrated number N(S0) of H ii regions with Ha fluxes 

Ha > ¿O. Because the catalog in Table 1 is assumed to 
be complete at least down to log S'Ha « —13.5 in c.g.s. 
units, the curvature of the relation in Figure 1 is proba- 
bly real and not due entirely to incomplete sampling. 
The integrated luminosity function is not well repre- 
sented by a single power law, in contrast to the luminos- 
ity functions determined for two other Sc galaxies: 
M33 (Israel and van der Kruit 1974) and NGC 628 
(Kennicutt and Hodge 1980). However, most of the H n 
regions in our catalog for M83 have luminosities J?Ha 

below the detection limit for H n regions in NGC 628. 
If only highly luminous regions with U> 200 pc cm-2 

(^Ha^O386 ergs s_1) in M83 are considered, then a 
power law of the form N(S0) oc with ß =1.4±0.2 
does give a good fit. This is in good agreement with the 
value of ß =1.5 ±0.2 which Kennicutt and Hodge ob- 
tain for H ii regions with«£?Ha > 1038 5 ergs s_1 in NGC 
628. From radio observations of 14 late-type galaxies, 
Israel (1980) finds that in most of these galaxies, the 
luminosity function for the H ii region population fol- 
lows a power law with ß = 1.75 ±0.5. However, only for 
the galaxies M33, M51, LMC, and SMC does he have 
data on at least 15 H ii regions per galaxy. Also, except 

in the galaxies M33, SMC, and LMC, his H n regions 
are large complexes with U> 300 pc cm-2. Therefore, 
as Israel notes, it is possible that the single power-law 
approximation applies only to very bright H ii regions. 
For M83, we find that while the high luminosity portion 
of the luminosity function can be characterized as a 
power law, the luminosity function does, indeed, level 
off for f/< 200 pc cm-2. 

The total Ha flux from all of the H n regions fisted in 
Table 1 is 9.2 XlO-11 ergs cm-2 s-1. This is only 50% of 
the total Ha emission from M83, estimated at 1.8 X10“10 

ergs cm-2 s1 (Talbot 1980). Since extrapolation of the 
luminosity function in Figure 1 to low fluxes may not be 
valid, it is unclear how much of the remaining 50% 
emanates from a population of faint, undetected H ii 
regions, and how much is due to the background disk 
emission. 

The number N(p)dp of H ii regions in M83 with 
diameters in an interval dp about p is shown in Figure 2. 
We exclude here regions with p < 60 pc, since these are 
certainly undersampled (i.e., an H n region with p = 44 
pc has only 2 pixels above our isophotal limit of 1.66 X 
10~15 ergs cm-2 s-1 arcsec-2). The diameter distribu- 
tion function follows a power law jV(p)ocp_a with 
a = 2.6+0.3. This is smaller than the average value of 
a « 4 that Kennicutt and Hodge (1980) find for the Sc 
galaxies M33, NGC 628, NGC 2403, and NGC 3631. If 
we restrict to regions in M83 with p > 150 pc (in effect, 
restricting to highly luminous regions), then a = 3.2 ± 0.6. 
Our diameters are isophotal, whereas the diameters in 
the distribution functions shown by Kennicutt and 
Hodge were eye-estimates. 

By assuming that all Sc-Ir galaxies have the same 
diameter distribution function as NGC 628, Kennicutt 

Fig. 2.—Diameter distribution function for H ii regions in 
M83. The solid line, which is the best fitting power law to the 
entire distribution, has index a = 2.6 ± 0.3. 
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and Hodge derived the observed (log(p)3, Afpg) rela- 
tion between the average diameter of the three largest 
H ii regions and the absolute magnitude of the parent 
galaxy. If, instead, one substitutes into their derivation 
the value of the power law index a = 3.2 ±0.6 obtained 
for isophotal diameters of large H n regions in M83, 
then the predicted slope of the (log (p)3, M®g) relation 
= -0.18Íoo4- With isophotal diameters for the 
Sandage-Tammann (1974) sample of galaxies, Kennicutt 
(1979) found an observed slope of -0.148 for the 
(log(p)3, Mpg) relation. Thus, provided we consider 
only regions with p > 150 pc, our data on M83 is con- 
sistent with their interpretation of the (log (p)3, Mpg) 
relation. The three largest isolated regions in M83, num- 
bers 223, 213, and 55, respectively, have (p)3 = 363 pc. 

Note that in both the luminosity and the diameter 
distribution functions, there is a quahtative difference 
between high and low luminosity regions. This suggests 
that the H n regions in M83 are composed of two 
populations, perhaps formed by different mechanisms. 

The rms electron density ne (rms) was calculated for 
each H n region from its diameter and excitation 
parameter by assuming a uniform sphere. Classical H n 
regions with p < 30 pc would be unresolved. The values 
of ne (rms) range from 3 to 20 cm-3 and are plotted in 
Figure 3 as a function of p. The values of ne (rms) and p 
are generally typical of Class V H n regions in the 
classification scheme of Habing and Israel (1979). As is 
usual, the measurements by Dufour et al. (1980) of 
[O hi] and [S n] fine strengths in five H n regions in 
M83 indicate much higher electron densities (ne = 

200-500 cm-3) and, thus, a filamentary structure. Their 
H ii regions I, II, III, V, and VI correspond to numbers 
137,110, 213, 266, and 275, respectively, in our catalog. 
In Table 2 we list average values of ne (rms) for sub- 
populations of H ii regions grouped according to exci- 
tation parameter. We see that the values oí ne (rms) 
show considerable scatter and no clear trend as a func- 
tion of U. 

Are the giant (U>115 pc cm-2) H n regions single 
objects, containing multiple star systems, or is each 
giant region a collection of small discrete regions associ- 
ated with separate clouds? We can address this question, 
at least in a statistical sense, by plotting the excitation 
parameter Í7 as a function of diameter p (Fig. 4). If the 
giant H ii regions are in fact single objects, then we 
would expect a linear relation between U and p, since 
Table 2 indicates there is no systematic trend in n e (rms) 
with increasing U. A collection of separate Strömgren 
spheres, on the other hand, would give a larger diameter 
for a given value of U, unless they happened to be 
aligned along our line of sight. Since we see M83 nearly 
face-on, alignment of several spheres along our line of 
sight is less likely. If each giant H n region were 
composed of a collection of separate Strömgren spheres 
forming a two-dimensional distribution in the plane of 
the galaxy with no overlapping, we would expect to see 
a relation in Figure 4 of the form U cc py with y <2/3 
(if we allow for some space between the separate 
spheres). Although there is a significant amount of scatter 
in Figure 4, there is no evidence for a relation of this 
form. We conclude that the average giant H ii region in 

pIG 3.—The rms electron densities of resolved H n regions in M83 plotted as a function of average diameter p. The solid lines are lines 
of constant excitation parameter; the dashed line is one of constant mass. H n regions in the large emission complex at the southwest 
extremity of the bar (see § II) are denoted by distinctive symbols: the eight “hot spots” (regions 285-292) by asterisks and the four large 
regions (regions 301-304) of lower-intensity diffuse emission by boxes. 
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620 RUMSTAY AND KAUFMAN Vol. 274 

TABLE 2 
(rms) for H ii Regions in M83 Grouped According 

to Excitation Parameter 

U ne (rms) 
(pc cm-2) (cm-3) 

<115   6.78 + 1.30 
115-150  6.09 + 1.49 
150-200   5.86 + 2.46 
> 200   6.05 + 3.08 

M83 represents a single object, excited by multiple OB 
stars, and attribute most of the scatter in Figures 3 and 
4 to scatter in the rms electron densities. 

Finally, we comment on the question of whether the 
H ii regions are mainly radiation or mainly density 
bounded. A good deal of controversy has arisen over 
this issue, and it is possible that the average giant H n 
region is radiation bounded in some directions and 
density bounded in others (see Lada, Blitz, and 
Elmegreen 1978). For M33, Israel and van der Kruit 

(1974) plot ne (rms) versus p and find that the upper 
boundary to the observed distribution is a fine of con- 
stant U\ they conclude that the luminous H n regions in 
M33 are radiation bounded. Comte and Monnet (1974), 
however, observe that the brightest H n regions in M3 3 
appear to blend into the diffuse Ha emission from the 
disk. They attribute this interarm emission to leakage of 
Ly-continuum photons from the luminous H n regions, 
and conclude that these regions must be density 
bounded! 

The solid fines in Figure 3 are fines of constant 
excitation parameter (n2

eD
3 = constant), while the 

dashed fine is a fine of constant mass {neD3 = constant). 
The distribution appears to be bounded by the fine 
U = 500 pc cm-2; this suggests that the most luminous 
H ii regions in M83 may be radiation bounded. 

In Figure 5 we show a contour plot of several highly 
luminous (U> 200 pc cm-2) regions along the western 
arm. Most of these have obvious small bright cores, 
consistent with single objects that are mainly radiation 
bounded and excited by multiple O stars. This plot 
includes region number 213, the single H n region with 
the largest Ha flux in M83. 

Fig. 4.—Excitation parameter vs. diameter for resolved H n regions in M83. The symbols have the same meaning as in Fig. 3. 
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No. 2,1983 H il REGIONS IN M83 AND M33 621 

Fig. 5.—An isophotal Ha map of a group of six highly 
luminous H il regions along the western arm. The intensity 
scale is logarithmic; the contour interval equals 0.5 mag, and the 
lowest contour level corresponds to intensity /Ha = 1.9x10“15 

ergs s-1 cm-2 arcsec-2. 

IV. DISTRIBUTION OF H II REGIONS IN M83 
AND M3 3 

In this section we study the radial and azimuthal 
distributions of H H regions in M83 and M33. Since 
values for the excitation parameters of individual H n 
regions are available for these two galaxies, we can 
compare the distribution of giant H n regions in the 
plane of each galaxy with the distribution of nongiant 
H ii regions. According to Baade (1963), highly luminous 
H ii regions are often “strung out like pearls along the 
arms” in spiral galaxies. Mezger (1970) and Georgelin 
and Georgelin (1976) consider giant H u regions to be 
better tracers of spiral structure than low-excitation H n 
regions. We first show that this is in fact the case in both 
M83 and M33: the giant H n regions are more con- 
centrated in a two-armed pattern than the nongiant H n 
regions. We then find that giant and nongiant H ii 
regions also differ in their radial distributions. 

The distribution of H n regions in the plane of M83 is 
presented in Figure 6, where we divide H n regions into 
groups according to excitation parameter U. Recall that 
Mezger (1970) defines giant H n regions as those with 
U>100 pc cm-2. Here we choose U = 115 pc cm-2 as 
the dividing line because published values of U for M3 3 
are available only for regions with U> 115 pc cm-2. 

The maps in Figure 6 are oriented with the X-axis 
parallel to the fine of nodes. In Figure 6a we plot H ii 
regions in M83 with U<115 pc cm-2. It takes some 
imagination to see a two-armed spiral pattern in this 
distribution of low-excitation regions. In Figure 6 b we 
plot H ii regions with U>115 pc cm-2, and in Figure 
6 c we restrict consideration to those regions with U > 150 
pc cm-2. It is apparent that as.we restrict our plots to 
regions of higher excitation parameter, the two-armed 
spiral pattern becomes better defined. 

We define a “contrast factor” & as the ratio of the 
surface number density of H n regions inside the spiral 
arms to the surface density outside the arms: & = 
Nin/NoxlV Using Ha isophotes, we consider two possible 
choices for an observational definition of the spiral 
arms. The first (shown in Fig. 7) retains the observed 
asymmetry, while in the second we adopt a symmetric 
system which replaces the NE arm with a reflection of 
the SW arm. In both cases the arm widths are approxi- 
mately constant over their total extent; we find arm 
widths (to 10% peak intensity) of 650 pc for the asym- 
metric arm system and 600 pc for the symmetric system. 
We compare with the values for the arm width in arc sec 
obtained by others for M83: from blue plates Block 
(1982) finds about the same value as we do, while 
Kennicutt (1982) finds smaller widths for the Ha arms 
by using a different criterion for defining arm widths. In 
calculating we restrict consideration to the range of 
galactocentric distance 0.5-5.0 kpc and thus avoid the 
bright central nucleus. 

Table 3 shows that the value of the contrast ratio ^ is 
significantly larger for regions with U> 200 pc cm-2 

than for regions with £/<115pccm-2 and that there is 
some tendency for & to increase as regions with smaller 
values of U are progressively excluded from the sample. 
The quoted errors in & are counting errors involving 
regions near the adopted spiral arm boundaries (typi- 
cally within ~ 60 pc), and n is the total number of H n 
regions in each sample; the smallest measured value of 
U in our sample is approximately 70 pc cm-2. The 
results quantify the visual impression conveyed by Fig- 
ure 6. 

We also considered a third choice for the spiral arms, 
i.e., a logarithmic spiral pattern with a pitch angle of 14° 
and an arm width of 700 pc. While this again showed 
that the value of & increases as U increases, the 14° 
spiral does not fit the observed arm system well at all 
positions. Kennicutt (1981) also finds that in most spiral 
galaxies the arms deviate significantly from purely loga- 
rithmic or hyperbolic forms. 

For M33, we make a similar comparison between the 
azimuthal distributions of giant and nongiant H ii re- 
gions. Again we find that the two-armed pattern is 
better defined by the giant regions (see Fig. 8). We 
employ the list of giant radio H n regions in Israel and 
van der Kruit (1974), and the tabulation of Ha sources 
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by Boulesteix et al. (1974). For M33 we use D = 0.72 
Mpc, i = 55°, and PA = 23° (de Vaucouleurs 1959, 
1978). Israel and van der Kruit measure continuum 
fluxes at 1415 MHz for individual radio sources that 
coincide with Ha sources in Boulesteix et al. (1974) and 
have values of U greater than 115 pc cm-2; Boulesteix 
et al. (1974) did not measure the Ha fluxes for individ- 
ual H ii regions. We assume that those Ha sources not 
coinciding with radio sources listed in Israel and van der 
Kruit (1974) are of low excitation. The distributions of 
these low-excitation (U< 115 pc cm-2) regions in the 
plane of M33 is shown in Figure 8a. Note that one sees 
a number of spiral-like features, rather than a dominant 
two-armed pattern. H n regions with U>115 pc cm-2 

are plotted in Figure 86; although the spiral arm system 
is not as clearly defined in this galaxy as it is in M83, the 
two major arms can be discerned. Thus it appears that 
in this galaxy as well, the giant and nongiant H n 

regions are distributed differently in azimuth, and that 
the two-armed spiral shows up more clearly in the 
distribution of giant H n regions. 

We next consider the radial distributions in each 
galaxy. Figure 9 shows, for M83, the surface densities of 
giant and nongiant H n regions as a function of 
galactocentric radius R. The distribution for regions 
with i/> 115 pc cm-2 exhibits a sharp peak at a dis- 
tance of R = Rpeak 

Ä 2.3 kpc, whereas the distribution 
function for the low-excitation regions appears to be 
broader and flatter. Figure 10 shows the radial distribu- 
tions for M33. We see that in M33, also, the nongiant 
H ii regions have a broader radial distribution in the 
galaxy than do the giant regions. 

Before proceeding to statistical tests of these dif- 
ferences, we comment on how systematic errors in the 
assumed extinction gradients could influence our results. 
Extinction may cause two problems: (/) failure to detect 

x (KPC) 

Fig. 6a 

Fig. 6.—{a) The distribution of nongiant H ii regions (U < 115 pc cm-2) in the plane of M83. (b) The distribution of giant H n regions 
(t/>115 pc cm-2) in the plane of M83. Crosses correspond to regions with 17 = 115-150 pc cm~2; x’s to regions with (7 = 150-200 
pc cm-2, and diamonds to regions with (7 > 200 pc cm-2, (c) The distribution of H n regions with (7 > 150 pc cm-2 in the plane of M83. 
Crosses correspond to regions with (7 = 150-200 pc cm-2, x’s to regions with (7 = 200-230 cm-2, and diamonds to supergiant regions with 
(7 > 230 pc cm-2. 
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X (KPC) 
Fig. 6¿> 

X (KPC1 
Fig. 6c 
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Fig. 7.—The asymmetric spiral arm system adopted for computing the contrast factor & listed in col. (4) of Table 3. This system is 
superimposed on a low resolution isophotal Ha map of M83 in the plane of the sky. The intensity scale is logarithmic, with contour interval 
equal to 0.5 mag. The average arm width is 650 pc. 

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



19
83

A
pJ

. 
. .

27
4 

. .
61

1R
 

H il REGIONS IN M83 AND M33 

TABLE 3 
Contrast Factor^for M83 

625 

Asymmetric Symmetric 
Arm System Arm System 

(pc cm 2) n (kpc 2) & (kpc 2) & 

<115   112 2.34 2.92 + 0.36 2.21 2.76 + 0.38 
> 70   268 5.78 3.12 + 0.38 5.67 3.07 + 0.41 
>115...  156 3.45 3.27 + 0.40 3.46 3.30 + 0.44 
>150..  113 2.52 3.30 + 0.37 2.60 3.64 + 0.53 
> 200   74 1.93 5.08 + 0.54 1.96 5.51 + 0.78 

H il regions suffering high extinction, and ( ii ) faulty 
assignment of H n regions to nongiant versus giant 
categories. The latter problem does not affect our distri- 
butions for M33 since here giant H n regions are defined 
by radio data. For M83 we have only optical data and 
use Talbot’s statistical correction for extinction. It is 
therefore encouraging that both galaxies exhibit the 
same type of radial behavior, i.e., a narrower distribu- 
tion of giant regions than of nongiant regions. On the 
other hand, problem (/) could influence the comparisons 
in both galaxies. For example, suppose that we have the 
true distribution of giant H n regions but that internal 
absorption in nongiant H n regions is larger than as- 
sumed at Æpeak» the peak in the surface number density 
of giant H ii regions, and falls off more steeply for 
R > R peak • Then we would have systematically under- 
estimated the number of nongiant H n regions near 
R peak relative to those in the outer parts of the galaxy. 
We assume that this is not the case. 

Assuming that the observed distributions represent 
the true distributions, we next use various statistical 
tests to compare the radial distribution of nongiant H n 
regions with that of giant H n regions in each galaxy. 
For each of the two galaxies, the x2 test applied to 
contingency tables gives the probability Px that the giant 
and nongiant H n regions represent samples from two 
different populations. For the range of galactocentric 
distance R = 0.5-7.0 kpc in M83, we obtain Px = 96%, 
and for R = 0.0-6.0 kpc in M33, Px = 90%, supporting 
our hypothesis. Roberts, Roberts, and Shu (1975) con- 
clude that in M3 3 a classical spiral density wave would 
extend from R = 0.0 kpc to corotation at Rc = 2.8 kpc. 
This is the region where the bright optical arms IS and 
IN (defined by Sandage and Humphreys 1980) are 
located. If for M3 3 we consider only the range R = 
0.0-3.0 kpc (which includes Rpeak), then we find that the 
distribution of nongiant regions is rather similar to the 
distribution of giant regions; in fact, Px is then less than 
10%. In this respect M33 is unlike M83, where the sharp 
peak in the distribution of giant regions has no counter- 
part in the distribution of nongiant regions. 

For each galaxy we next compute the centroid (R) 
and the rms scale SR of each radial distribution, where 

= (2) n 1 = 1 

£ (*,-<* »2, (3) n 1 /=1 

and n is the number of H n regions in the sample. Table 
4 indicates that in both M83 and M33, the values for 
(R) and SR are smaller for the distribution of giant H n 
regions than for the distribution of nongiant H n re- 
gions. For the giant H n region population, the values of 
(R) and SR appear to be insensitive to whether we 
include all regions with £/> 115 pc cm-2 or only those 
with U>150 pc cm-2. We apply two nonparametric 
tests to the hypothesis that the scale SR is larger for 
nongiant than for giant H n regions. Let Pj equal the 
probability from the Miller-Jackknife test (see, for ex- 
ample, Hollander and Wolfe 1973) and PM, the proba- 
bility from the Moses Ranklike test that this hypothesis 
is true. For M83 we obtain values of = 91% and 
PM = 89%, and for M33 Pj = 97% and PM = 96%. Thus 
we conclude that the rms scale is larger for the distribu- 
tion of nongiant regions. In the next section we compute 
e-folding lengths for the observed radial distributions 
and compare with the predictions of various models. 

V. COMPARISON WITH SPIRAL DENSITY WAVE AND 
STOCHASTIC MODELS 

Do the observed radial distributions of H n regions 
agree with those predicted by either spiral density wave 
(SDW) theory or by stochastic models for star forma- 
tion? 

Kaufman (1981) finds that in M33 the radial gradient 
in the distribution of giant regions out to corotation is 
similar to that predicted by a SDW. In this model the 
predicted surface number density of H n regions is 
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i 1 1——i 1 1 r 

1 2 3 4 5 6 7 

R [kpc] 

Fig. 9.—The two upper plots show the radial distributions in 
M83 of giant {U > 115 pc cm-2) and nongiant (Í7 < 115 pc cm-2) 
H il regions, respectively. The bottom plot shows the radial 
variation of Nsi, the stellar birth rate per kpc2 predicted by a 
stochastic star formation model. Nsi has been normalized to agree 
with the other two curves at /? = 4.0-4.5 kpc. 

taken as 

(4) 

where og is the surface density of atomic plus molecular 
hydrogen, Ü(R) is the angular rotation speed, and £lp is 
the pattern speed. In equation (4) and in equation (5) 
below, the og factor represents the amount of matter 
available for new star formation. For M33, we take og 

equal to <j(H i), the surface density of atomic hydrogen, 
because only an upper limit on the amount of molecular 
hydrogen, i.e., H2/H I < 0.4 (Young and Scoville 1982), 
is available. In making the following comparisons be- 
tween M3 3 and a SDW model, we restrict consideration 

to the central region, R = 0.2-2.6 kpc, where a global 
spiral pattern appears. For the model we use the rota- 
tion curve and H I distribution from Rogstad, Wright, 
and Lockhart (1976) and Newton (1980) and take = 
32 km s-1 kpc-1 (i.e., corotation Rc = 2.8 kpc) from 
Roberts, Roberts, and Shu (1975). We fit the observed 
and predicted distributions to exponentials N <x e~AR. 
For this central region, values of A, the inverse of the 
c-folding length, are fisted in rows (l)-(3) of Table 5. 
The value of A for the SDW model agrees with the value 
obtained for the distribution of giant regions but is 

TABLE 4 
(jR) and SR for H ii Region Populations in M33 and M83 

U (R) SR 
Galaxy (pc cm 2) n (kpc) (kpc) 

M83   <115 126 3.56 1.60 
>115 170 2.94 1.34 
>150 124 2.94 1.36 

M33    <115 290 2.99 1.62 
>115 78 2.24 1.39 
>150 33 2.24 1.38 
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TABLE 5 
The Inverse of the ^-Folding Length of Predicted and Observed Radial Distributions 

Vol. 274 

Row Galaxy Distribution 
R 

(kpc) 
A* 
(kpc“1) 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
(U) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 

M3 3 
M33 
M33 
M3 3 
M33 
M3 3 
M33 
M3 3 
M83 
M83 
M83 
M83 
M83 
M83 
M83 
M83 
M83 
M83 

Giant regions 
Nongiant regions 
Arsp(Äc=2.8kpc) 
Nongiant regions 

Ns, 
Giant regions 
Nongiant regions 
atot 
Giant regions 
Nongiant regions 
NSp (Rc = 43 kpc) 
NSp(^c~ 4.7 kpc) 
Arsp(*c = 5.0kpc) 

Ns, 
Giant regions 
Nongiant regions 
Asp(Rc = 6.9kpc) 

0.2-2.6 
0.2-2.6 
0:2-2.6 
3 5-6.0 
3.5- 6.0 
0.0-5.5 
0.0-5.5 
0.5-5.5 
2.0-4.0 
1.5- 4.0 
2.0-4.0 
2.0-4.0 
2.0- 4.0 
1.5- 4.0 
2.0- 6.0 
1.5- 6.0 
2.0-6.0 
1.5-6.0 

1.04 + 0.23 
0.76 + 0.08 
1.10 + 0.11 
0.67 + 0.13 
0.54 + 0.05 
0.74 + 0.06 
0.50 + 0.05 
0.51 + 0.01 
1.01+0.12 
0.29 + 0.11 
1.37-0.07 
1.08 + 0.01 
0.94 + 0.01 
0.30 + 0.15 
1.11+0.12 
0.63 + 0.11 
0.63 + 0.04 
0.41 + 0.02 

aThe uncertainties listed are statistical errors. 

larger than the value for the distribution of nongiant 
regions in the same range of R. From ax2 test, we find 
a probability of at least 85% that the observed radial 
distribution of giant regions in this part of M33 is 
determined by the SDW model of equation (4). 

The e-folding length for the distribution of giant 
regions in M83 (see rows [9] and [15] in Table 5) is 
approximately the same as the e-folding length for the 
distribution of giant H n regions in the central region of 
M3 3 discussed above. To calculate Nsp we combine 
Comte’s (1981) velocity data and the rotation curve 
obtained by de Vaucouleurs, Pence, and Davoust (1983) 
for R < 4.5 kpc with the lower resolution 21 cm rotation 
curve of Rogstad, Lockhart, and Wright (1974) for 
larger R. We take a e-°14R from Talbot (1980). 

There is some disagreement in the literature about 
where to place corotation in M83 : estimates range from 
2.7 kpc (Jensen, Talbot, and Dufour 1981, plus the 
rotation curve of de Vaucouleurs et al.) to 4.3 kpc 
(Kormendy and Norman 1979) to 6.9 kpc (Talbot 1980). 
The value Rc = 2.1 kpc pertains to a model (e.g., see 
Schwarz 1981) in which the spiral shock goes from 
corotation to the outer Lindblad resonance. In this case, 
equation (4) does not apply. Kormendy and Norman 
chose Rc = 4.3 kpc as the maximum radius of the global 
pattern seen on large scale plates. Equation (4) then 
gives the value of A Usted in row (11) of Table 5. The 
predicted distribution is steeper than the observed distri- 
bution of giant regions and much steeper than the 
distribution of nongiant regions (see rows [9] and [10]). 
However, if we take Rc as the peak of the rotation curve 
(that is, Rc = 4.7-5.0 kpc), then the predicted value of A 

would agree well with that for the distribution of giant 
regions (compare rows [9], [12], and [13]). At the other 
extreme, Talbot (1980) selected Rc = 6.9 kpc to repre- 
sent the maximum extent of Ha emission from the disk. 
As one can see from rows (15)-(17), the predicted value 
of A would then agree well with the value obtained for 
the distribution of nongiant regions over the range R = 
2-6 kpc, but would be appreciably smaller than the 
value obtained for giant regions. Thus, if equation (4) 
apphes, we appear to have two possible choices for Rcin 
M83, depending on whether we wish to fit the giant 
regions or nongiant regions. We shall return to this 
question after discussing stochastic models. 

We next compare the observed radial distributions in 
both galaxies with those of stochastic models. In the 
purely stochastic models of Gerola and Seiden (1978), 
stars are produced by a combination of sporadic and 
sequential modes of star formation. The radial star 
formation gradient is then governed mainly by shear. 
Seiden and Gerola (1979) compute the radial variation 
of Bst(R), the relative star formation rate per unit gas 
density, for a stochastic model with dti/dR oc R~2. We 
shall compare the observed distributions with their curve 
for an appropriate range of R. Then, since the mass 
distribution in the galaxy determines its rotation curve, 
we shall compare the observed distributions with the 
surface mass distribution in the disk. 

For the stochastic model, we take the predicted surface 
number density of H n regions to be 

Ns,«Bslog. (5) 
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We try to select a value foi RG, the galactic radius of the 
outermost ring in the stochastic model, so that (z) very 
few H ii regions have R> RG, and (z'z) peaks in the 
predicted distribution he close to peaks in the observed 
distribution. For each of the galaxies, we have chosen 
Rg = 1.5 kpc. We use Bst(R) from Seiden and Gerola 
(1979) and og from Talbot (1980) to obtain the binned 
version of Nst for M83 shown in Figure 9; a similar 
function is obtained for M3 3. 

For both M83 and M33, the stochastic curve is more 
similar to the observed distribution of nongiant regions 
than to the observed distribution of giant H n regions. 
Quantitative comparisons should be made only for the 
range of R where dQ/dR oc R 2. From Comte’s (1981) 
data on the velocity field of M83, Rumstay (1982) finds 
that dti/dR behaves approximately like R~2 (i.e., v ~ a0 

+ axR) for R =1.75-4 kpc. For the appropriate range 
of R (adjusted slightly to start at the main peak of each 
distribution), rows (9), (10), and (14) of Table 5 list 
values of the inverse e-folding length A for the various 
distributions. The values of A obtained for the nongiant 
regions and for the stochastic model are consistent. The 
distribution of giant regions drops off much more steeply 
than either of these. 

The radial distributions of nongiant regions in M83 
and the stochastic model both show some indication of a 
secondary peak beyond the main peak. This is also true 
for the distribution of nongiant regions in M3 3. In the 
multi-armed outer region (R> 3.5 kpc), the rotation 
curve of M3 3 is nearly flat. From the values of A given 
in rows (4) and (5) of Table 5, we see that the e-folding 
lengths of the stochastic model and the distribution of 
nongiant regions are similar for R = 3.5-6 kpc in M33. 

We next compare the radial distributions of H n 
regions, from the main peak of each curve outward, with 
the radial variation of atot, the total surface mass den- 
sity. From Comte’s (1981) data, Rumstay (1982) finds 
that atot in M83 has an e-folding length of 2.45 + 0.11 
kpc. For M33 we use atot from the mass model of 
Warner, Wright, and Baldwin (1973). For M33 we note 
that (z) there is good agreement between the e-folding 
lengths of atot and the distribution of nongiant regions 
(see rows [6]-[8] of Table 5), and (ii) og shows no 
systematic trend with R for the range of R considered 
here. In M83, og is proportional to e~014R, and the 
distribution of nongiant regions is slightly steeper than 
<rtot (see rows [15], [16], and [18]). If this difference is 
real, it suggests that the surface number density of 
nongiant H n regions may behave like atotag: in both 
galaxies the distribution of nongiant regions has, on the 
average, about the same e-folding length as ototog has. 
This is clearly not the case for the overall distribution of 
giant regions. Within the context of the stochastic model, 
the atot factor can be viewed as representing the effect of 
the rotation curve on sequential star formation, while og 

is the gas available for forming new stars. 

We conclude that the radial distribution of nongiant 
H ii regions is consistent with the predictions of the 
stochastic model. In addition, the multiple spiral fea- 
tures in the plots of nongiant regions in M33 and M83 
resemble what might be expected for a stochastic pro- 
cess. On the other hand, the e-folding lengths for the 
distributions of giant regions in both galaxies are signifi- 
cantly smaller than for the stochastic model of equation 
(5). In M33 the radial distribution of giant regions is 
consistent with a SDW for the annulus where the global 
pattern appears. Since a SDW model is not necessary to 
explain the distribution of nongiant regions in M83, we 
choose to place corotation for M83 near the peak of the 
rotation curve, and thus fit the radial distribution of 
giant regions in this galaxy, also, with a SDW model. 

VI. INTERPRETATION 

We consider the following results of §§ IV and V for 
M83 and M33. 

A. Compared to giant H n regions, nongiant regions 
are less concentrated in a two-armed pattern and have a 
broader radial distribution in the galaxy. 

B. The radial distribution of nongiant regions in the 
galaxy is consistent with stochastic star formation while 
the steeper radial distribution of giant regions appears 
consistent with a spiral density wave. 

There is some indication (Fich and Blitz 1983) that in 
our Galaxy, nongiant and giant regions may differ in 
radial distribution in the same sense as in M83 and 
M33. 

In our Galaxy, H n regions are closely associated with 
molecular clouds (see Israel 1978 and Blitz 1980). Em- 
phasis has been put on the proximity of OB associations 
to giant molecular clouds (GMCs). The question of 
whether OB stars form in molecular clouds of mass 
intermediate between GMCs and dark clouds is still an 
open one. Blair (1976) finds that many Sharpless H n 
regions are associated with intermediate-mass molecular 
clouds, but L. Blitz (1982, private communication) feels 
that because of incomplete mapping, Blair’s mass esti- 
mates should be regarded as lower limits. We shall 
assume that H n regions in M33 and M83 are also 
related to molecular clouds. Giant molecular clouds in 
our Galaxy and M31 are observed to occur preferen- 
tially in the spiral arms (Stark 1979; Boulanger, Stark, 
and Combes 1981; Linke 1982), while molecular clouds 
of intermediate mass in our Galaxy are not significantly 
concentrated in the spiral arms (Stark 1979). Qualita- 
tively, the difference in azimuthal distribution between 
giant and intermediate-mass molecular clouds in our 
Galaxy is somewhat similar to the difference in azimuthal 
distribution between giant and nongiant H n regions in 
M83 and M33. However, as noted in § IV, even non- 
giant H ii regions show some concentration to the spiral 
arms. This comparison suggests that in these galaxies 
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giant H ii regions occur in GMCs, while nongiant H n 
regions occur in both GMCs and in molecular clouds of 
lower mass. The latter may be fragments of disrupted 
GMCs. In both the dust-lane collapse model of 
Elmegreen (1979) and the cloud-coalescence model of 
Casoli and Combes (1982), GMCs form primarily in the 
main spiral arms because of the compression by a spiral 
density wave. 

Our results A and B above are consistent with the 
following speculations about star formation. 

The spiral density wave is responsible for producing 
most of the GMCs in which giant H H regions may 
eventually occur. Once star formation has been initiated 
in a GMC, subsequent generations can form by sequen- 
tial star formation mechanisms. But, as discussed in 
Kaufman (1979,1981), the efficiency for producing large 
OB associations by sequential star formation is less than 
1. This results, in part, because the energy input from 
stars (see Blitz and Shu 1980) or from colhsions with 
small clouds (Leisawitz and Bash 1982) tends to disperse 
the GMC. The next passage through the SDW produces 
a new generation of GMCs and revives the formation of 
large OB associations. 

Thus, stars in giant H n regions are likely to owe their 
existence to a spiral density wave plus sequential star 
formation. Nevertheless, in the outer parts of galaxies 
such as M3 3, there are giant H n regions that are not 
connected with a classical density wave. 

Some nongiant H n regions are found in clouds where 
star formation has been triggered directly by a density 
wave. However, in most nongiant H n regions, star 
formation has resulted from the combination of sporadic 
and sequential mechanisms described in stochastic mod- 
els. Since nongiant H ii regions are more numerous than 
giant regions, result B implies that stochastic star-form- 
ing processes are much more effective in producing OB 
stars in small groups than in the larger groups that form 
giant H ii regions. This can be understood, if, for 
example, (i) stochastic star formation is more relevant 
to star formation in molecular clouds of intermediate 
mass (e.g., in fragments of GMCs), and (ii) molecular 
clouds of intermediate mass are more common and have 
a more extensive distribution than GMCs in the galaxy. 
In particular, random galactic supemovae and sporadic 
star-forming mechanisms, such as cloud-cloud colhsions, 
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may be more successful in triggering star formation in 
molecular clouds of intermediate mass than in GMCs. 

VII. CONCLUSIONS 

The observed spatial distribution of H n regions in 
M83 and M33 indicates that massive stars in most of the 
high luminosity H n regions are formed by different 
mechanisms than in most of the low luminosity H n 
regions. Specifically, we have found the following re- 
sults. 

1. The global distribution of nongiant H n regions in 
the plane of the galaxy is less concentrated both in 
azimuth and as a function of galactocentric radius than 
the distribution of giant H n regions. 

2. The radial gradient in the global distribution of 
nongiant H n regions agrees with the predictions of a 
stochastic model for star formation. 

3. The steeper radial distribution of giant H ii regions 
appears consistent with a spiral density wave. 

We conclude that stochastic processes are more im- 
portant for producing stars in nongiant H ii regions, 
whereas a spiral density wave is more relevant for star 
formation in giant H H regions. 

For H ii regions in M83, the observed luminosity and 
diameter distribution functions may provide additional 
evidence for two subpopulations of H n regions. For 
highly luminous H n regions in M83 (that is, regions 
with values of the excitation parameter U in excess of 
150-200 pc cm-2), the luminosity and diameter distri- 
bution functions are each well represented by power 
laws with power law indices close to the values that 
Kennicutt and Hodge (1980) obtained for highly 
luminous H n regions in NGC 628. Less luminous H n 
regions in M83 have a flatter luminosity function and a 
flatter diameter distribution function. 
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