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Abstract. The distribution of optically observed Hn regions and OB stars with galactic longitude 
indicates that it is primarily determined by extinction by interstellar dust. Thus optical observations 
can, at the best, reveal the local structure in the vicinity of the sun. Radio observations, on the other 
hand, are not affected by dust. Thus the distribution of galactic radio sources, which peaks in the 
northern part at about l u = 17°.5, must be related to the large-scale structure of our Galaxy. Two 
radio recombination line surveys of the northern and southern sky yield kinematic distances. If only 
the 'giant Hn regions' are retained, the following distribution is obtained: (1) Only 5 giant Hn regions 
are found within the 4 kpc arm. (2) The bulk of the giant Hn regions is concentrated in a ring between 
4 and 6 kpc from the galactic center. (3) There are other concentrations of giant H II regions indicating 
the existence of the Sagittarius and Perseus arm. (4) The three features revealed by optical observations 
of Hn regions in the vicinity of the sun cannot be matched with the large-scale distribution outlined 
by giant Hn regions. This is particularly true for the so-called Orion arm. (5) At distances beyond 
13 kpc from the galactic center virtually no giant Hn regions are found. (6) The surface density of 
giant Hn regions attains its maximum between 4 and 8 kpc; the surface density of neutral hydrogen 
(Hi) attains its maximum between 11 and 15 kpc, but the actual space density of Hi in the region 4 to 
8 kpc may still be rather high. 

1. Spiral Arms and Star Formation 

Spiral arms in our galaxy appear to be defined primarily by a density of the interstellar 
matter higher than that in the interarm region and by the existence of hot, massive 
early-type stars which ionize the surrounding gas. According to a theory advanced 
by Lin and Shu (1964, 1966), the spiral pattern is maintained by a density wave which 
rotates between 4 and 12 kpc from the galactic center with an angular velocity lower 
than that of the general galactic rotation of the Population I material. As the inter
stellar material passes through the density wave potential minimum, it is compressed 
and star formation on a large scale - as observed in external galaxies - may thus be 
initiated. It was first suggested by Clark (1965) and subsequently confirmed by various 
authors (for a comprehensive review see Mebold, 1969) that the interstellar matter 
in spiral arms consists of dense, cool clouds embedded in (and possibly in pressure 
equilibrium with) an intercloud gas with temperatures of several thousand degrees K. 
It may well be that O-star clusters and associations form out of these dense and 
cool clouds. 

2. Star Formation and Hn Regions 

The radio flux from an ionization bounded H n region is directly related to the flux 
of Lyman continuum photons from the exciting star(s). It is found that most of the 
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H ii regions observed as thermal radio sources require one or more early-type O-stars 
for their ionization, i.e. stars with main sequence lifetimes of a few 10 6 years. My 
associates and I have investigated in some detail the obvious relation between H u 
regions and regions of star formation in a number of papers, which are summarized 
in a recent review paper (Mezger, 1969) or which are in preparation (Felli and 
Churchwell, 1969), respectively. In the context of the present review paper on galactic 
structure the following results are relevant: 

(a) Most H I I regions which are strong thermal radio sources consist of one or more 
compact components of high electron density but small linear dimensions, which are 
embedded in an extended low-density H u region. It appears that the compact H u 
regions represent very early evolutionary stages of subgroups, which Blaauw (1964) 
observes in O-star associations (Schraml and Mezger, 1969). 

(b) These compact components, even in nearby extended H u regions, are often 
heavily obscured by dust. As a rule, their exciting stars cannot be seen (Schraml and 
Mezger, 1969). 

(c) On the other hand, most of the optically observed Hu regions (e.g. those 
catalogued by Sharpless, 1959) are only weak thermal radio sources. It appears that 
they represent later evolutionary stages, where the ionized gas has expanded and the 
circumstellar dust clouds of the exciting stars have been dispersed or destroyed (Felli 
and Churchwell, 1969). 

It is well known that, owing to the extinction by interstellar dust, optical observations 
of HII regions and their exciting stars are generally limited to distances < 3 kpc from 
the sun while radio waves are hardly affected by the interstellar medium. However, 
in comparing the spiral structure of our galaxy as outlined by optical and radio 
observations of H u regions the additional selection effect that radio and optical 
observations pertain to different evolutionary stages of H u regions and O-star clusters 
should be considered, too. 

3. Optical Observations of H u Regions 

Rather than reviewing all the earlier optical work pertaining to H u regions and spiral 
structure I will refer in this section to what appears to be the most complete set of 
observations of OB-stars and H u regions. 

Miss Sim (1968), based on the Hamburg-Warner and Swasey survey, investigated 
the distribution of OB + , OB and OB"-stars as a function of both galactic longitude 
(1968) and latitude (private communication). The former results are reproduced in 
Figure la -c . Using the catalog of H u regions by Sharpless (1959) I have prepared 
the corresponding diagram for the longitude distribution of optically visible H u 
regions* in Figure Id. The correlation between H u regions and early-type stars is 
best for the OB + - s ta rs . In latitude, the half power width of the Sharpless H u regions 
is about 3°, that of the OB-stars is between 4° and 5° (Sim, private communication). 

* The percentage of Hu regions in Figure Id refers to the total number of 224 Hu regions in the 
longitude range 0° ^ / " ^ 180°. 
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The distribution of both OB-stars and H n regions exhibits a minimum between 
2 0 ° < / " < 9 0 ° , with the exception of the Cygnus X region ( / n ~ 7 6 ° ) . As will be shown 
later, it is, however, that very longitude range which coincides with the most active 
regions of star formation in our galaxy. Obviously, obscuration by dust clouds is the 
predominant factor that determines the distributions of OB-stars and H n regions in 
Figure la-d . 

o) OB* stars 

n tiffin a nmlmnr\ili 
b) OB stars 

c) OB stars 

0% - y > ^ > ^ ^ ^ ^ W F ^ H 
?40° ?00° 160° 120° 80° 40 ' 

240° 200° 160° 120° 80° 40 ' 

Fig. 1 (a)-(c). Distribution of OB-stars in galactic longitude. - (d) Distribution of optically visible 
Hn regions in galactic longitude. 

Courtes et al. (1968) investigated the local distribution of H n regions, using both 
photometric distances of exciting stars and kinematic distances derived from optically 
determined radial velocities. Figure 2, reproduced from their paper, shows the distri
bution of H n regions based on photometric distances. There appear reasonably well 
outlined parts of the Perseus, Orion, and Sagittarius arm. At a longitude of 330° three 
distant H n regions are seen which are probably members of the Norma-Scutum arm. 
The pitch angle of the three arms is about 20°. 

4. Radio Continuum Surveys 

The era of high resolution surveys of the galactic continuum radiation in the GHz 
range was opened with a present-day classic paper by Westerhout (1958). In this 
frequency range the thermal radiation from ionized hydrogen begins to predominate 
over the diffuse non-thermal background radiation. Westerhout discovered three basic 
characteristics of the galactic continuum radiation: 

https://doi.org/10.1017/S0074180900000383 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900000383


110 p. g . m e z g e r 

(1) The bulk of the galactic continuum radiation comes from a narrow range 
centered about the galactic plane (referred to as disk component). It consists of a 
thermal component with a very narrow distribution in latitude (HPW~1?6) and a 
non-thermal disk component with a considerably wider H P W of ^ 4 ? 2 . 

(2) As a function of galactic longitude the thermal component attains a maximum 
at / " ~ 2 6 ° , whereas the non-thermal component increases steadily towards the galactic 
center. From this latter result Westerhout concluded that most of the ionized hydrogen 
must be concentrated in a ring just outside the 4 kpc arm. 

180° 

\ \ I ' / \ / 
\ / 

270° ^ ^ 90° 

- ; « " - „ « * " « -
« " « * X 

* * * * * * \ 

/ * \ 

Fig. 2. Projected positions of optically visible Hu regions, based on photometric distances of 
their exciting stars. 

(3) Superimposed on the disk components are a number of discrete sources compiled 
in the Westerhout catalog; these are presently referred to by their W-numbers. 

Subsequent surveys have refined Westerhout's observations (e.g. Altenhoff et al., 
1960) or expanded them to the southern part of our galaxy (e.g. Mathewson et al., 
1962) but did not essentially change Westerhout's basic conclusions. 

It took exactly 10 years before another big step forward was made in the radio 
continuum surveys of our galaxy. Stimulated by the detection of radio recombination 
lines (following section) and a limited survey at 5 G H z with the N R A O 140-ft telescope 
(Mezger and Henderson, 1967) Altenhoff, using the N R A O 140-ft telescope at 
2.7 G H z carried out a complete survey of the galactic plane visible from Green-Bank 
within the latitude limits bll= ± 2 ° . A first report on his results was published in 1968. 
Owing to both the higher angular resolution of the 140-ft telescope and the higher 
sensitivity of modern broadband radiometers equipped with low-noise preamplifiers, 
Altenhoff has detected about ten times as many sources as given in Westerhout's 
source catalog. It turned out that in Altenhoff's survey Westerhout's thermal disk 
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Fig . 3 (a)-(c) . D i s t r ibu t ion of galact ic r a d i o sources in galactic long i tude , as observed a t v = 2.7 G H z . 
T h e shaded a reas pe r t a in to the H 109a observa t ions a t v = 5 G H z . 

* F r o m this result it c a n n o t be impl ied, however , tha t m o s t of the ionized hydrogen in our galaxy 
is concent ra ted in comple te ly ionized H u regions since rad io r ad i a t i on depends o n the emiss ion 
measure , i.e. the square of the e lec t ron densi ty in tegrated a long the line of s ight . T h u s rad io surveys 
a r e heavily weighted t o w a r d s regions of ho t , dense p lasma. 

component is nearly completely resolved into individual thermal sources*. In Table I 
recent high resolution continuum surveys of the northern and southern part of the 
Galaxy are listed. 

In the remainder of this section I will refer mainly to three northern surveys by 
Altenhoff et al. (1969). These surveys were made with telescopes of different sizes; 
owing to an appropriate frequency selection (Table I) between 1.4 and 5 GHz, the 
angular resolution of the three surveys was nearly identical, i.e. ~ 1 0 ' . The same 
reduction method was applied, including the separation between sources and back
ground. 

This procedure yielded another new and important characteristic of galactic sources. 
Their spectra could now be determined from the peak flux densities (or main beam 
brightness temperatures, respectively) at the three frequencies without any additional 
assumptions on the source size which make earlier work on galactic spectra so highly 
unreliable. Altenhoff et al. (1969) determined spectra of 206 galactic sources out of 
which 141 have spectral indices (Soc v a) a;> — 0.3 and therefore could be thermal. 
An unexpectedly large fraction (31 %) of the investigated sources have spectral indices 

- 0 . 3 and thus are obviously non-thermal. Altenhoff (1968) could not find a strong 
correlation between the distribution of these non-thermal sources and the diffuse non
thermal background radiation. However, at least in some cases non-thermal sources 
appear to be closely associated with H u regions (e.g. W 28, W 49, W 51). 

Figure 3 shows the longitudinal distribution of sources. All three surveys have in 
common the longitude range 1 2 ° < / n < 5 5 ° . The two surveys at 2.7 and 5 GHz cover 
the additional range 345°->0°->12°. Only the 2.7 GHz survey extends beyond 55°; 
that part of the reduction is preliminary and the results are therefore indicated by 
dashed lines. (The hatched areas pertain to the 5 GHz H 109a and continuum survey 
of northern sources which will be discussed in the following section.) 

https://doi.org/10.1017/S0074180900000383 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900000383


T
A

B
L

E 
I 

R
ec

en
t 

hi
gh

 r
es

ol
ut

io
n 

ga
la

ct
ic

 c
on

tin
uu

m
 s

ur
ve

ys
 

v/
M

H
z 

T
el

es
co

pe
 

H
PB

W
 

D
et

ec
ti

on
 l

im
it 

(p
ea

k 
flu

x 
de

ns
ity

) 
bu 

C
om

pl
et

en
es

s 
R

ef
er

en
ce

s 

40
8 

M
ill

s 
cr

os
s 

2'
.8

 i
n 

EW
 

14
20

 
N

R
A

O
 3

00
-ft

. 
te

le
sc

op
e 

10
'.2

 
14

20
 

Pa
rk

es
 2

10
-f

t. 
te

le
sc

op
e 

14
'. 

27
00

 
N

R
A

O
 1

40
-ft

. 
te

le
sc

op
e 

11
 '.

0 

27
00

 
Pa

rk
es

 2
10

-f
t. 

te
le

sc
op

e 
7'

.3
 

50
00

 
N

R
A

O
 1

40
-ft

. 
te

le
sc

op
e 

6'
.5

 

50
00

 
Pa

rk
es

 2
10

-f
t. 

te
le

sc
op

e 
4'

.0
 

50
00

 
Fo

rt
 D

av
is

 8
5-

ft
. 

te
le

sc
op

e 
10

'.8
 

15
37

5 
N

R
A

O
 1

40
-ft

. 
te

le
sc

op
e 

2'
.0

 

0.
5 

f.u
. 

2.
0 

f.u
. 

1.
0 

f.u
. 

3.
0 

f.u
. 

21
0°

-0
° 

0°
-5

0°
 

12
°-

55
° 

28
0°

-3
55

° 
34

5°
-0

° 
0°

-1
55

° 
28

8°
-0

° 
0°

-3
8°

 
34

7°
-0

° 
0°

-2
10

° 
21

0°
-0

° 
0°

-5
0°

 
34

0°
-0

° 
0°

-5
5°

 
35

0°
-0

° 
0°

-2
10

° 

72
 s

el
ec

te
d 

re
gi

on
s 

±
5°

 
±

2°
 

±
2°

 

+ 
3°

 

12
0 

in
di

vi
du

al
 s

ou
rc

es
 

63
 s

el
ec

te
d 

re
gi

on
s 

22
 s

el
ec

te
d 

re
gi

on
s 

(1
) 

(2
) 

(3
) 

(2
) 

(4
) 

(5
) 

(6
) 

(2
) 

(7
) 

(1
) 

Sh
av

er
 a

nd
 G

os
s 

(1
96

9)
; 

(2
) 

A
lte

nh
of

f 
et

 a
l. 

(1
96

9)
; 

(3
) 

H
ill

 (
19

68
);

 (
4)

 S
ta

ff 
of

 C
SI

R
O

, 
D

iv
. 

of
 R

ad
io

ph
ys

. 
(1

96
9)

; 
(5

) 
R

ei
fe

ns
te

in
 e

t 
al

. 
(1

97
0)

; 
(6

) 
G

os
s 

an
d 

Sh
av

er
 (

19
69

);
 (

7)
 S

ch
ra

m
l 

an
d 

M
ez

ge
r 

(1
96

9)
. 

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/S

00
74

18
09

00
00

03
83

 P
ub

lis
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/S0074180900000383


THE DISTRIBUTION OF Hu REGIONS 113 

Part (a) of Figure 3 shows the distribution of all sources observed at 2.7 GHz. 
Parts (b) and (c) are the corresponding distributions of thermal and non-thermal 
sources. Note that the sum of thermal and non-thermal sources for a given longitude 
interval is usually smaller than the total number of all sources observed at 2.7 GHz. 
The larger fraction of sources are H u regions and it appears to be permissible, 
therefore, to compare the general source distribution in Figure 3a with that of optically 
identified H u regions in Figure Id. The difference in the two.iiistributions is evident 
and there appears to be - in the large-scale distribution at least - an anticorrelation 
rather than a correlation. The distribution of radio sources exhibits a minimum about 
the galactic center, increases rapidly to a maximum about 17.5° and gradually tapers 
off towards the galactic anticenter which is an obvious 'zone of avoidance' of radio 
sources. There are secondary maxima in the source distribution about 37.5°, (62.5°), 
77.5°, (92.5°), 132.5° and 152.5°. The secondary maxima whose longitudes are given 
in brackets hinge on an increased source number in one longitude interval only and 
statistical fluctuations therefore cannot be excluded completely. It is of interest to 
note, however, that only these somewhat uncertain maxima in the source distribution 
are matched by corresponding maxima in the optical distribution (Figure Id). 

This obvious anticorrelation in the distribution of optically identified H u regions 
and radio sources appears to be the joint result of two selection effects discussed in 
Section 2 (radio observations favor O-star associations and clusters in very early 
evolutionary stages) and Section 3 (obscuration by dust especially in regions of active 
star formation). It is thus clear that only radio observations can further the investi
gation of the large-scale spiral structure of our galaxy. 

The latitude distribution of radio sources and optically identified Hu regions given 
in Figure 4a-d tends to confirm this conclusion. The distribution of radio sources is 
obviously the result of the superposition of a narrow distribution representing the 
intrinsically intense, distant sources and a much wider distribution representing nearby 
and intrinsically weak sources. The optically identified Hu regions show only the 
wide distribution representing the local objects. 

Fig. 4 (a)-(c). Distribution of galactic radio sources in galactic latitude as observed at v - 2.7 GHz. -
(d) Distribution of optically visible Hu regions in galactic latitude. 
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It is of interest to note that the non-thermal sources have a smoother distribution 
in longitude (Figure 3c) and a wider distribution in latitude (Figure 4b) as compared 
to the thermal radio sources. They may represent a distribution of objects somewhere 
between the very distant 'giant H n regions' and the intrinsically weak H n regions. 

The large fraction of non-thermal sources with relatively high surface brightness 
and small angular dimensions is still a puzzle and can hardly be explained by an 
average birth rate of one supernova per hundred years. 

5. Radio Recombination Line Surveys 

It was a tantalizing fact for observers of the galactic continuum emission to know 
that they could observe H n regions at the opposite side of our galaxy but at the same 
time to know that there was no way to determine their distances. This was one of 
the main incentives for us to search for radio recombination lines which could provide 
us with radial velocities and hence kinematic distances of H n regions. Three limited 
recombination line surveys (Mezger and Hoglund, 1967; Dieter, 1967; McGee and 
Gardner, 1968) followed the first unambiguous and quantitative observation of the 
H 109a-line by Hoglund and Mezger (1965). Subsequently, these surveys were rendered 
obsolete by two rather complete H 109a line surveys of the northern and southern 
galaxy. Data pertinent to these two surveys are given in Table II. 

Owing to some overlap in the two surveys the total number of radial velocities of 
individual H n regions is 201 rather than the sum of the two numbers in the sixth 
column, 213. Selection criterion for sources to be included in the two surveys was a 
value of the peak antenna temperature of Tc ^ 1 K. We feel, however, that some sources 
in the range 1.3 T c ^ 1 K may have been missed. The distribution of all sources 
included in the two surveys is shown in Figure 5a. Owing to the different characteristics 
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Fig. 5 (a)-(c). Distribution of radio sources included in northern and southern H 109a surveys. 
Dashed and dotted line refers to distributions reduced for instrumental selection effects (see text). 
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of the two telescopes (see first three columns of Table II) the Parkes 210-ft telescope 
is more sensitive to point sources but less sensitive to extended sources than the 
N R A O 140-ft telescope. The dashed and dotted lines in Figure 5 represent the southern 
survey if observed with the 140-ft telescope and the northern survey if observed with 
the 210-ft telescope, respectively. However, the thus corrected source distributions 
have to be viewed with caution, since we can only estimate those sources which 
would have been rejected but not those which would have been added to either 
survey. 

Figures 5a, b show the distribution of observed sources with and without H 109a 
emission, respectively. Sources with line emission are considered to be thermal, those 
without line emission, non-thermal. The source distributions Figures 5a-c in the 
longitude interval 345° through 0° to 85° are given in Figure 3 as shaded areas. It is 
of interest to note that for the northern part of our galaxy the percentage of sources 
without H 109a emission (32%) is nearly the same as the percentage of non-thermal 
sources (31%) identified on grounds of their continuum spectral indices (Section 4), 
thus confirming the unexpectedly high fraction of non-thermal sources. For the 
southern part the fraction of sources with no H 109a emission (13%) is considerably 
lower. This surprising result has yet to be confirmed by an investigation of the 
continuum spectra of southern sources. 

Radial velocities of H u regions were obtained from their recombination line 
emission with a typical accuracy of ± 1 km s " 1 . Kinematic distances were derived 
using the Schmidt (1965) model of galactic rotation. This procedure implies: 

(1) That the kinematics of ionized and neutral hydrogen are identical. 
(2) That the distance ambiguity of H n regions inside the solar circle can be resolved. 
The first question has been investigated in three papers (Dieter, 1967; Kerr et al., 

1968; Mezger et al., 1970) and an affirmative answer was obtained. The second problem, 
the distance ambiguity, can in principle be resolved from observations of the radio 
absorption spectrum of the interstellar matter between the source and the sun. To date, 
most of the relevant absorption measurements were made at 21 cm. It appears, 
however, that some of the molecular lines, e.g. those emitted by the OH- and H 2 C O -
molecules, may be better suited for this purpose since they are generally seen only 
in absorption. 

Figure 6 shows the projected positions of all H u regions whose kinematic distances 
were obtained. Both 'near ' and 'far' distances are given for those sources whose 
distance ambiguity could not be resolved. The resulting distribution is typical for 
similar investigations of the galactic structure: The source distribution exhibits a 
more or less radial structure, with the source density decreasing with increasing distance 
from the sun. Such a result should be anticipated, since we obviously observe the 
superposition of a local distribution of intrinsically weak H u regions and another 
distribution much more narrowly confined to the galactic plane which represents the 
distant 'giant' H u regions (see Section 4). It is this latter group of giant H u regions, 
however, which appears to outline the spiral structure in external galaxies (see, e.g., 
Hodge, 1969a). For an elimination of the local weak H u regions, we define a giant 
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Fig. 6. Projected positions of Hn regions whose H 109a emission was detected. 

H n region somewhat arbitrarily by the condition 

with S5 the continuum flux density at 5 GHz and Z> n e a r the 'near' kinematic distance 
of the source. In this way we eliminate all H n regions with flux densities less than 
four times the flux density of the Orion Nebula. The remaining distribution of giant 
H n regions is shown in Figure 7. The clustering of sources around the sun has 
disappeared but the general source density is still considerably higher on our side of 
the galactic center. This result is not unexpected since both H 109a surveys are 
complete for giant H n regions only out to distances of about 10 kpc from the sun. 
The minimum peak flux density of sources in any future recombination line survey 
has to be decreased by at least a factor of 4 if one wants to include all giant H u 
regions within the solar circle. It appears doubtful if this can be achieved with any 
radio telescope presently in operation. 

6. Spiral Structure and Radial Distribution of H n Regions and Neutral Gas 

We expect the spiral structure of our galaxy to be outlined by H n regions, especially 
by giant H n regions. The distribution of giant H n regions as derived from kinematic 
distances (Figure 7), however, does not reveal a clear-cut spiral structure. This may 
be partly due to instrumental selection effects. But one should be aware of the fact 
that giant H II regions in external galaxies in most cases do not outline a very clear-
cut spiral pattern either (e.g. Hodge, 1969a). It appears that in most cases where 
photographs of external galaxies show a well-defined spiral pattern, this is the com
bined result of the presence of H n regions and the presence of luminous early-type 
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stars (Hodge, private communication). Within the spiral arms, the giant H u regions 
very often exhibit a rather patchy distribution. We know that H u regions, especially 
those with a high surface brightness, must have rather short lifetimes, even if compared 
with the main sequence lifetime of OB-stars. It appears that giant H u regions are 
indicators of presently active regions of star formation, whereas OB-star associations 
and clusters represent those regions where star formation on a large scale happened 
during the past 10 6 to 10 7 years. 

i / . i \ \ r~ 

3 4 0 ° 350° 0° 10° 20° 

Fig. 7. Projected positions of giant Hu regions only. 

In Figure 7 one recognizes a ring of giant H u regions between roughly 4 and 6 kpc. 
There are similar but not as conspicuous concentrations of giant H n regions farther 
out from the galactic center which may outline parts of spiral arms, but there is no 
unambiguous way to connect these features in the northern and southern part of the 
galaxy. This is certainly in part a consequence of the fact that kinematic distances 
become highly unreliable at low galactic longitudes. Therefore, we may expect to get 
a more clear-cut picture by combining the local distribution of H u regions based on 
photometric distances (Courtes et al.y 1968, and Figure 2) with the distribution of 
giant H I I regions (Figure 7). The result is shown in Figure 8. It is obvious that the 
high pitch angles obtained for the three pieces of spiral arms in the vicinity of the sun 
are incompatible with the large-scale spiral pattern as outlined by giant H u regions. 
However, I want to reiterate that we are dealing here with two different classes of 
objects, viz. optically observed, intrinsically weak H u regions on the one side and 
giant H I I regions on the other, which indicate the birth of O-star associations but are 
primarily observable by their radio radiation. 

What do we know about the radial distribution of H u regions in our galaxy? 
Hodge (1969b) has determined the radial distribution of giant H u regions* in a 

* At present it is not possible to define the Hu regions observed by Hodge in a quantitative way as 
we do for the radio 'giant' Hu regions. We can only guess that this must be similar objects. 
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number of external galaxies. Roberts (1968) found that the distribution of H n regions 
and neutral hydrogen in some external galaxies, which he investigated, are markedly 
different. The H n regions generally appear to be concentrated in an inner ring, the 
H i in an outer ring with the two rings scarcely overlapping. Westerhout, as early as 
1958, suggested such a distribution of ionized and neutral gas in our own galaxy, 
but his interpretation was later questioned by Mathewson et al. (1962). With the 
present data we can investigate the radial distribution of H n regions in our own 
galaxy in a quantitative way. Figure 9a shows the number of giant H n regions in 
rings 1 kpc wide each. Only the five giant H n regions possibly located inside the 4 kpc 
arm are uniformly spread out in this graph between 0 and 4 kpc. The distance ambi-

3 40° 350° 0° 10° 20° 

Fig. 8. Combination of projected positions of optically visible local Hn regions (Figure 2) and 
giant Hn regions (Figure 7). 

ALL Hn REGIONS -
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Fig. 9 (a)-(b). Radial distribution of giant Hn regions. 
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guity does not affect the radial position but only the azimuthal position of an H u 
region. As mentioned earlier, our radio survey of giant H u regions is complete out 
to a distance of 10 kpc only. Therefore, a more complete survey will certainly increase 
the number of giant H u regions and will also slightly alter the shape of the distribution 
function by giving more weight to the outer rings. In Figure 9b the corresponding 
source density is shown. There is a maximum between 5 and 6 kpc and a secondary 
maximum between 7 and 8 kpc. The most obvious feature in the distribution of giant 
H I I regions is the broad maximum between 4 and 8 kpc and the virtual non-existence 
of giant HII regions outside 12 kpc. 

1 1 1 1 1 r 

DISTANCE FROM GALACTIC CENTER (kpc) * 

Fig. 10. Comparison of density of giant Hu regions and surface density of neutral hydrogen as a 
function of the distance from the galactic center. 

In Figure 10 the density distribution of giant H u regions (Figure 9b) is compared 
with the radial distribution of the surface density of neutral hydrogen as recently 
derived by Van Woerden (Oort, 1965). The latter distribution attains its maximum 
value at about a distance of 13 kpc from the galactic center, where no giant H u 
regions are observed. It thus appears that a high density of neutral hydrogen is a 
necessary but not a sufficient condition for the formation of O-star clusters and 
associations and that other physical parameters - such as e.g. Lin's density wave - play 
an important role in this process, too. 

It should be mentioned here, at least, that the two H 109a surveys of the northern 
and southern sky reveal some basic differences. We are still investigating selection 
effects which are certainly introduced by the two different radio telescopes used in 
these surveys. It is only after these instrumental effects have been sorted out that we 
can try to interpret a possible genuine difference in the northern and southern 
distributions. 
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Discussion 

Van Woerden: The neutral-hydrogen surface densities quoted by Mezger have been derived by me 
from Westerhout's (1957, Bull. Astron. Inst. Netherl. 13, 201) 'cross-sections' at constant / n , by inte
grating hydrogen densities along lines perpendicular to the plane and then averaging the resulting 
surface densities in concentric rings around the center. In comparing these Hi surface densities with 
the numbers of Hn regions, one should bear in mind that the effective layer thickness of Hi increases 
outward; the radial distribution of Hi volume density differs less from that of Hn regions than does 
the distribution of surface density. 
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