21-cm observations of other galaxies far from the central regions refer to
matter in the haloes. It may well be disk matter. From the evidence of the
neutral hydrogen in our Galaxy at high galactic latitude one would expect
a large velocity dispersion in the haloes of other galaxies as well. This is not
shown by the present observations.
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(D) THE NUCLEAR REGION

The nuclear region may be explored by means of both radio and optical
data. Optical methods include surveys of variable stars and various other
objects, but of special interest are measurements in the far infra-red, which
may provide a connexion between optical and radio observations.

(1) Optical investigations
Variable stars
Surveys of variable stars in three selected fields in the nuclear region were
reported by Oosterhoff. The centres of the fields are

l b
Sgr I 329°1 —4%
Sgr I1 3317 —66
CPD -—-31° 5547 329 —10
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The first two fields were selected by Baade to supplement the investigation
of a previously selected field in the central region, the results of which have
recently been published by Gaposchkin(1l. Most of the plates of these two
fields, which cover areas of 0%60 x 0°45 with limiting magnitude 19, were
taken with the Radcliffe reflector. Some plates of Sgr II were taken by
Baade with the 100-inch reflector at Mount Wilson. The third field,
investigated by means of the Franklin-Adams camera, covers 10° x 10° and
has limiting magnitude about 16-0. The total number of plates of the
three fields are about go, 110, and 300, respectively. The investigation of
the plates was started by the late Mr Schuurman and has been continued
by Mr Ponsen.

Although only part of the plates have been blinked as yet 115 variables
have been found in the field Sgr I. This number is probably approximately
complete, and for the eighty-one variables which have been estimated the
distribution over different types is as follows:

RR Lyrae type 30
Long-period 22
Semi-regular 17
Eclipsing binaries 4
Uncertain 8

The last group, which will be further investigated, probably contains a few
Cepheids. During the further investigation the relative number of RR
Lyrae stars and semi-regular variables may well increase considerably, as
many of them have small amplitudes. Until now only few periods have
been derived; they confirm the well known tendency of the long-period
variables in the nuclear region to show periods below 250 days, the majority
may perhaps even have periods below 150 days. As for the RR Lyrae
variables, both periods of 03 day and of o5 day and longer are repre-
sented. No light-curves are available as yet. From a first inspection of the
plates, the interstellar absorption in Sgr I seems far from homogeneous.

In the field Sgr II, situated somewhat further from the galactic centre,
about fifty variables have been found, but there are probably some more
to be discovered. Forty-eight variables have been classified; they are
distributed as follows:

RR Lyrae type 23
Long-period and semi-regular 20
Eclipsing binaries I
Uncertain 4

For five long-period and semi-regular variables and for twenty-one RR
Lyrae variables periods could be derived. Only one star in the long-period
group has a period longer than 250 days; in the RR Lyrae group the
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majority has periods about o0-5 day or longer, but there are several with
periods around o-3 day.

Both in Sgr I and II the frequency maximum of the RR Lyrae stars is
found at about magnitude 16 or 17. The same thing was very pronounced
in Baade’s field close to the centre(1]. In all three cases it is therefore to be
assumed that the variables really belong to the nuclear region and that the
investigations have penetrated the central bulge. The nature of the
variables seems to change between the three fields. In Baade’s field a large
number of very short-period RR Lyrae variables were found (periods
below 0-4 day). Even if some of the periods are spurious this fact seems to
be established. In the field Sgr II the periods of the RR Lyrae variables
are longer, and probably Sgr I will prove an intermediate case in this
respect.

In the third field mentioned above, CPD -31°9547, which has much
larger field, a systematic survey for long-period variables is in progress. The
first plate pair yielded 146 variables of this type, the majority of them being
new objects. 9o 9, of these stars has maximum brightness between 13 and
145 photographic magnitude. The number of RR Lyrae variables is only
nine, owing to their lower absolute magnitude. There is little doubt that
the numerous long-period and semi-regular stars belong to the outskirts of
the central galactic bulge. Although it is difficult to give an accurate esti-
mate, the total number or these stars in the area is considered by Ponsen to
be about 1000, thus forming valuable material for a statistical investigation.

In this connexion it is of interest that Oosterhoff(2] has recently investi-
gated the population characteristics of the Cepheids in a region 70° x 70°
around the nucleus. Most of the Cepheids in this area are situated south of
the galactic equator, a distribution which is quite different from that of
other stars. In order to make a statistical separation of Cepheids of popula-
tion I and population II the frequency distribution of the periods was
studied, and from comparisons with statistics for pure samples of the two
populations it was found that the Cepheids brighter than magnitude 10 or
12 within the belt + 4° latitude give a frequency distribution quite similar
to that of the normal population I Cepheids. For all the others the fre-
quency distribution is nearly the same as that of the Cepheidsin the globular
clusters. The number of Cepheids studied was about 120 and it thus seems
that about forty of the brighter objects are population I Cepheids probably
associated with a spiral arm in the direction of the centre, while the others
are typical population IT objects scattered around the galactic nucleus.

The infra-red spectral surveys reported by Nassau have disclosed a large
number of red variables in the nuclear region. The area around the
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globular cluster NGC 6522 has been especially studied, partly by means of
photometric material provided by Baade and by Haro. The frequency
maximum of the variables is found at about 12th magnitude infra-red.
Most of the stars appear to be of rather late spectral class and the majority
probably belong to the semi-regular or irregular type of variables.

If there is a clustering of variable stars of various types in the galactic
nucleus, as seems probable, it is of greatest importance to investigate the
magnitude differences, thus the differences in absolute magnitudes,
between the irregular and semi-regular variables on the one hand and the
long-period variables with relatively short periods and the RR Lyrae stars
on the other.

Survey of M giants

The Cleveland infra-red spectral surveys show that the non-variable
M stars are distributed in about the same way as the red variables. In the
nuclear region there appear to be relatively more stars of late spectral
classes than in other regions investigated.

Planetary nebulae and novae

As is well known the planetary nebulae and novae show a concentration
towards the galactic nucleus. However, according to Baade the concentra-
tion towards the disk of the Galaxy is more significant and the distribution
of these objects is therefore discussed in the section dealing with the disk of
the Galaxy.

Infra-red continuum surveys

Surveys of the infra-red radiation at a wave-length of about 1 from the
nuclear region have been made by Stebbins and Whitford (31, by Kaliniak,
Krassovsky, and Nikonov(4] and by Dufay and his collaboratorssl. The
results seem, however, still to be mixed up with absorption effects to an
extent that it is difficult to distinguish between absorption and real
structure. In order to obtain more definitive results it is necessary to go
further into the infra-red than has been done so far. It was reported at the
conference that experiments at about 154 are in progress at the Naval
Research Laboratory in Washington. Whitford was also reported to have
started work at about 104. There is an entirely clear window in the atmo-
sphere in this region, but it is very difficult to construct receivers which are
sensitive enough. These infra-red surveys are important also because they
provide a bridge between the optical and radio investigations.
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(2) Radio Observations

Until recently most of the continuum surveys of the nuclear region have
been made with aerials having beam-widths larger than 8°. Westerhout
reported that only six surveys have been published which give enough detail
to distinguish discrete sources in this region. In addition, two single obser-
vations have been made at very short wave-lengths. At these short wave-
lengths, the main feature in the direction of the galactic centre is a discrete
source with a diameter of 0°25 to 0°50, designated as source no. 5 by Had-
dock, Mayer and Sloanaker (6], which is superposed on a broader source
with a diameter of about 2°, designated no. 9. The combination of these
two sources is clearly different from the underlying galactic ridge, which
has roughly the same width and intensity over a region covering a longi-
tude interval of 40° around the centre.

At the longer wave-lengths the situation is more confused, as the galactic
ridge begins to bulge out in latitude, and also the intensity of the ridge
rises slowly towards the centre. However, from Mill’s survey(7] at 3-5 m it
is evident that in the direction of the centre a source having the width of
about 3° is superposed on the ridge.

The available information is summarized in Table 3. The first column
gives the reference number, the second the wave-length and the third the
width of the antenna beam between half-power points. In the fourth
column the half-width of the central source is given, measured above the
background, in two co-ordinates, while aerial temperatures and flux
densities are found in the fifth and sixth columns. The values of the flux
densities are very uncertain, as it is difficult to decide which part of the
central maximum should be considered the central source. A factor of two
can easily be allowed for.

It is interesting to compare the 22 cm and 3-5 m results. At 3-5m
Mills(7] observes a minimum at the exact position of the 22 cm source.
This minimum can be readily explained by assuming that the source at
22 cm consists of ionized hydrogen.

Correcting for beam-width we find a maximum temperature at 22 cm
of roughly 300° K corresponding to an optical depth of 0-03. At 3-5 m the
optical depth then would be about 6. Even at a distance of 1° from the
centre, where the temperature is about 50° K, we have an optical depth of
0-005 at 22 cm and 1 at 3-5 m. From this we may conclude that over a
range of 2° in longitude practically all radiation from behind the centre is
blotted out. If the high-temperature maximum, observed at longer wave-
lengths, is due to a central concentration of matter, radiating non-

31

https://doi.org/10.1017/5S0074180900177289 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900177289

Table 3. Radio emission from the galactic centre

Wave- Flux
Reference length Beam- Half-width Ty density
number in cm width of source (°K) X 10%¢ Remarks

1 3 0°13x0°15 025 ? 4-5  Small source (no. 5)
only

2 9'4 045X 0°40 Point 17 (=T,) 48 No. 5 only. Broad
source (no. g) has
Te=6° Tp=10°K

3 21 0°92 ? 45-65 (=T,) 17 No. 5+no. g (no. g9
has T, =6°-30°)

4 22 0'57 0-83 x 0-64 166 35 Integration over nos. 5
and 9

5 33 3%x6 Point 29 29 No. 5+no. g

6 50 33 Point 40 29 No. 5+no. 9

7 75 2 Point 310 33 No. 5+no. 9

8 75 2 Point 180 164 No. 5+no. g2

9 350 092 ? 32,500 — Source seen in ab-
sorption. ‘Back-
ground’ 5-5x 104?

10 1500 14 2-4 200,000 — Source seen in ab-

sorption. ‘Back-
ground’ 5% 10°?
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S PN oG R e p

-

thermally, this might mean that the ionized hydrogen region is situated in
the centre of the galactic system. The 32,500° K observed at 3-5 m in this
direction is then partly due to foreground radiation (22,500° K) and partly
to black-body radiation from the thermal source (10,000° K). In that case
the source has blotted out 22,500° K from behind so that the peak tem-
perature in the absence of the ionized hydrogen should have been
45,000° K.

Davies and Williams (8] and McClain 9] have observed the central source
in absorption at 21 cm and conclude from their observations that it must
be situated at g kpc from the sun. The initial data and the consequent
interpretation are, however, very uncertain.

Substantial evidence for the source being the galactic nucleus itself has
recently been obtained by van Woerden, Rougoor, and Oort(10). In the
direction of the centre they observed a maximum in 21 cm-line profiles,
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attributable to a small spiral arm, with a radial velocity of — 50 km/sec. It
is seen as an absorption feature at the position of the centre source, indicat-
ing that it is lying in front of this source. If the source was situated at a
distance of only g kpc from the sun, the small spiral arm would be lying in
a region where thus far only small deviations from circular velocity have
been observed. On the other hand, in the neighbourhood of the galactic
centre, 21-cm line measurements show deviations from circular motion as
large as 200 km/sec. They conclude that the source is situated in the central
region and is probably to be identified with the nucleus of our Galaxy.

As regards the expansion observed in the nuclear region, Paranago(11]in
a study of the K-effect has shown that some sub-systems of the Galaxy may
be expanding while others are contracting. An alternative view was put
forward by Lindblad. He suggested that perhaps there are some similarities
between the galactic system and the barred spirals, where we have a very
small nucleus from which threads of dark matter extend and where we very
often find a small spiral in the centre of the system.

It is obvious that in the direction of the galactic centre optical measure-
ments, particularly in the far infra-red, are urgently needed for com-
parison with the radio data.
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(E) THE GALACGTIG DISK

According to the general evolutionary ideas outlined in section (a), p. 13
above, we should find in the disk both old objects, formed immediately
after the contraction of the primeval cloud into the disk, and recently
formed stars. The study of the interarm population of our Galaxy is a diffi-
cult problem due to the interstellar absorption. Information from nearby
galaxies, especially from M 31, is in some ways more readily obtainable.

3 33 1AUS VI

https://doi.org/10.1017/5S0074180900177289 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900177289



