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ABSTRACT 
Medium resolution (IF) maps of the galactic plane are presented from / = 11?5 to / = 17?5 at wavelengths 

of 93 /jm, 154 /¿m, and 190 /mi. The maps are interpreted in terms of the temperature and spatial structure of 
diffuse far-infrared/submillimeter sources associated with evolved H n regions and a continuous ridge of galac- 
tic emission. The emission regions are found to be more extended at the longer wavelengths which implies 
that there must be a range of dust temperatures in the sources. The properties of the galactic ridge are similar 
to those of the sources. 
Subject headings: galaxies: Milky Way — infrared: sources — nebulae: H n regions 

I. INTRODUCTION 

Large-scale surveys of far-infrared and submillimeter emis- 
sion from the galactic plane can be used to address questions 
related to the large-scale distribution of gas and luminous stars 
in the Galaxy in addition to those related to the structure of 
individual extended infrared sources. A major question exists 
as to whether the interstellar dust which emits diffuse far- 
infrared and submillimeter radiation is more strongly associ- 
ated with molecular clouds observed primarily in CO radio 
emission lines or with ionized gas observed in radio contin- 
uum. Recent observational data of large-scale infrared surveys 
have been reviewed by Okuda (1981), and the interpretation 
was reviewed by Drapatz (1981). Most infrared surveys of the 
galactic plane have utilized beams > 30' (Okuda) ; however, a 
high-resolution (F) survey has been made from / ~ 12° to 
l~ 16° by Jaffe, Stier, and Fazio (1982, hereafter JSF). We 
present far-infrared and submillimeter maps made with ~1F 
beams of the galactic plane covering longitudes from 11 ?5 to 
17?5. The maps were obtained as parts of surveys of the Galaxy 
with the Steward Observatory (SO) cryogenically-cooled far- 
infrared survey telescope and the Goddard Space Flight Center 
(GSFC) submillimeter survey telescope, both of which were 
flown on high-altitude balloons from the National Scientific 
Balloon Facility in Palestine, Texas. These maps provide 
higher spatial resolution than previous high-sensitivity surveys 
of diffuse galactic emission at several wavelengths which define 
the peak in the spectrum. The present region of study was 
chosen partly because a comparison with the F JSF survey 
could be made. 

II. OBSERVATIONS 

a) Steward Observatory Data 
The map shown in Figure 1 was obtained by the SO tele- 

scope. The telescope and data reduction for it have been dis- 
cussed by Campbell (1979) and Campbell et al (1980, 1981). 
The filter’s half-power points were 73 gm and 113 gm, deter- 
mined from laboratory measurements. The data were obtained 
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by scanning in cross elevation with a 10° scan length, produc- 
ing a track which intersected the galactic equator at an angle of 
74°. The beamwidth perpendicular to the scanning direction 
was IF (FWHM); the chopper throw was 18' in cross ele- 
vation. Restoration of the data to provide the map required the 
application of a spatial filter which effectively broadened the 
beam to 17' in cross elevation. The source at G13.2+ 0.0 shows 
the effects of the beam asymmetry and the scan direction. Posi- 
tional information was determined from sightings of visible 
stars with an auxiliary photometer giving an rms uncertainty 
of 3' in each coordinate. 

At the time of the SO balloon flight in 1979 August, no 
planet was available for calibration. M17 was chosen to be the 
calibration object, and the data of Hoffmann, Frederick, and 
Emery (1971) were used. Their 100 gm peak brightness, which 
was uncorrected for diffuse emission, was scaled to the effective 
wavelength of the present filter of 85 gm using the 75 K gray- 
body spectrum given by Ward, Gull, and Harwit (1977), and 
the result was used to calibrate the chopped peak brightness of 
M17 in the new data. This calibration gives 3.3 x 103 Jy per 
beam for Figure 1. The spatial filter used in preparing the map 
reduces peak brightnesses somewhat, with the amount depen- 
dent on an individual source’s extension, but it has no effect on 
the total spatially integrated flux densities, which are presented 
in Table 1. Our data are in reasonably good agreement with 
large-beam measurements of M17 by Olthof (1974), Nishi- 
mura, Low, and Kurtz (1980), and Gispert, Puget, and Serra 
(1982), falling between the fluxes presented by the latter two 
papers. In addition, we have compared our integrated flux 
density for M17 of 8.6 x 105 Jy at 85 gm to that of the map by 
Wilson et al (1979), which was made at higher spatial 
resolution and with a long pass filter for which they calculated 
a flux density of 6.6 x 105 Jy at an effective wavelength of 69 
gm. Correcting for the different effective wavelengths makes 
the discrepancy about 10% larger, but when scans through 
their map were convolved with our beam and compared with 
our data, it was found that their telescope with a F beam and a 
5' chopper throw had missed some diffuse emission, and that a 
diffuse component of the emission can account for the discrep- 
ancy. 

Combining the SO and GSFC data (see below) shows that 
sources other than M17 are appreciably cooler with a typical 
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CAMPBELL ET AL. Vol. 283 568 

TABLE 1 
Far-Inrared and Submillimeter Source Properties 

Total Flux Total Flux Total Flux 
Density at Source Galactic Density at Source Galactic Density at 

93/mia FWHMb Ridge 154/mia FWHM Ridge 190/mia T 
Source G (93 /im) (Jy) (93 /mi) FWHMb G (154 /mi) (Jy) (154 /mi)b FWHMb (Jy) (K) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

1(W33)  12.8-0.2 3.0 x 105 Uc 22 12.8-0.1 3.9 x 105 Uc 39 2.5 x 105 28 
2   13.2 + 0.0 1.3 x 105 11 43 13.2 + 0.0 3.2 x 105 28 57 2.1 x 105 23 
3   13.9-0.1 3.3 x 105 19 59 13.9 + 0.0 5.5 x 105 42 81 3.6 x 105 25 
4....  14.6 + 0.1 2.6 x 105 13 54 14.5 + 0.0 3.5 x 105 18 87 2.1 x 105 27 
5(M17)  15.0-0.7 8.2 x 105 5 ... 15.0-0.6 6.2 x 105 11 ... 3.7 x 105 37 
6   16.4-0.3 2.4 x 105 15 41 16.4-0.2 6.3 x 105 25 92 4.2 x 105 22 
7(M16)  16.9 + 0.8 3.6 x 105 15 68 17.0 + 0.9 3.9 x 105 28 99 2.4 x 105 30 

a Not corrected for galactic ridge component. 
b Corrected for beam. 
c Unresolved. 

dust temperature of 25 K. The SO flux densities have been 
calculated using a dust temperature of 25 K and an emissivity 
proportional to 2-1 over the SO filter. The emissivity law is 
characteristic of far-infrared sources associated with H n 
regions (e.g., Thronson and Harper 1979). Sources of this tem- 
perature and emissivity give an effective wavelength of 93 ^m 
and an effective bandwidth of 1.2 x 1012 Hz in the SO filter. 
The calibration for regions other than M17 in Figure 1 is 
therefore 3.9 x 103 Jy per beam per contour at 93 /mi. Because 
of the indirect nature of the calibration, its uncertainty is esti- 
mated to be 40%. 

b) Goddard Space Flight Center Data 
The maps shown in Figure 2 and Figure 3 were obtained by 

the GSFC telescope in 1980 August. This telescope and its use 
have been described by Silverberg et al. (1980). It utilizes a 11'5 
beam with a 20' chopper throw. Scans were in cross elevation 
at approximately 70° to the galactic equator. Low pass filters 
were used which have effective wavelengths of 154 pm and 190 
pm and bandwidths of 1.2 x 1012 Hz and 9.1 x 1011 Hz in 
response to a 25 K spectrum which has been modified by an 
emissivity proportional to A-2 for 2 > 150 pm and proportion- 

al to 2“1 for 2 < 150 pm. This emissivity law combines the 
observational evidence at relatively short wavelengths cited 
above with that at longer wavelengths (e.g., Keene 1981; 
Schwartz 1982). The location of the break in slope is somewhat 
arbitrary ; if a strict À~2 law is assumed at all wavelengths, the 
190 pm effective wavelength is negligibly changed, and the 
bandwidth for the 154 pm channel is reduced only 10%. The 
calibration for Figure 2 is 6.2 x 103 Jy per beam per contour 
and 6.0 x 103 Jy per beam per contour for Figure 3. 

Since no planets were available during the 1980 GSFC flight, 
the calibration for the 154 pm channel was transferred via M17 
from the 1979 flight of the GSFC telescope when both Jupiter 
and M17 were observed. The 190 pm channel was not in the 
photometer during the 1979 flight, hence its calibration is less 
direct. The 154 to 190 pm channel flux ratio was calculated 
assuming M17 to be a 33 K object with a A-2 emissivity, con- 
sistent with observations on the 1979 flight. The 190 pm 
channel flux calibration was scaled from the 154 pm channel. 
Data were also obtained in a channel of 310 pm effective wave- 
length but at a much lower signal-to-noise ratio; these data 
have not been included in this analysis. 

Experience with both telescopes has shown that repro- 

Fig. 2.—Map of submillimeter flux density obtained by the GSFC telescope at an effective wavelength of 154 pm (assuming 25 K dust with e oc A-2 for A > 150 
fim and e oc A~1 for A < 150 ¿un). Each contour represents 6.2 x 103 Jy per 1L5 beam. The calibration is discussed in the text. Scans intersected the galactic plane at 
approximately 70°, and the boundary of the area scanned is shown. The noise level is about one-third contour. 
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SURVEY OF THE GALACTIC PLANE 569 No. 2, 1984 

Fig. 3.—Map of submillimeter flux density obtained by GSFC telescope at an effective wavelength of 190 /un for a spectrum as in Fig. 2. Each contour represents 
4.0 x 103 Jy per beam. The noise level is about one-fifth contour. 

ducibility in peak brightness for sources which are rescanned is 
better than 30%. 

c) Derivation of Temperatures and Source Widths 
The seven brightest peaks in Figure 1 were selected for 

analysis as discrete, though extended, sources. They are listed 
in Table 1. For each, the galactic coordinate (G number) is 
given for the 93 pm peak from the SO map and for the 154 pm 
peak of the GSFC map. Total flux densities derived by spa- 
tially integrating the maps over areas chosen to contain the 
entire emission associated with the peaks are presented in 
Table 1. This procedure makes correction for different beam 
sizes unnecessary. However, there has been no correction for 
the underlying emission due to the more extended galactic 
ridge. The flux densities were fitted to a single-temperature 
dust model using an emissivity law which changes from 
e oc 2“1 (at short wavelengths) to e ce À 2 at 150 pm. Changing 
the location of the break in the assumed emissivity law by ± 20 
pm has only a 1 K effect on the derived temperature. Figure 4 
shows that this emissivity law with a temperature of 25 K fits 
the data for source 3, as an example, rather well. Other sources 
can be fitted as well as the fit shown for source 3. The single- 
component dust model temperatures are shown in the last 
column of Table 1. 

The effect of assuming an emissivity law proportional to A-2 

at all wavelengths was also investigated. The typical source 
temperature (excluding Ml7) for this emissivity law would be 
22 K. (A 20 K, € oc A-2 spectrum changes both effective wave- 
lengths and filter widths by less than 8% at 93 pm and has an 
even smaller effect on the GSFC data.) Spectra with a single 
emissivity law generally fit the data about as well as those with 
the break near 150 pm. 

Gaussian profiles have been fitted to cuts through the peaks 
of each source perpendicular to the galactic plane for the 93 pm 
and 154 pm maps. In every case, two Gaussians are required to 
obtain a good fit—one for the source and one for the much 
broader component attributed to the galactic ridge. Both 
widths are listed in Table 1. Figure 5 shows the components 
for source 3. 

SOURCE 3 at 93/i.m 

WAVELENGTH SOURCE 3 at l54/¿m 

Fig. 4.—Relative spectral points for source 3 (G 13.9-0.1) compared to a 25 K spectrum with e oc 2 2 for A > 150 fim and e oc À 1 for 2 < 150 fim. The error 
bars represent the uncertainty of the calibration rather than statistical errors. 

Fig. 5.—Gaussian curves fitted to the measured brightness profiles {squares) of source 3 (G13.9 —0.1) from Fig. 1 (93 /un) and Fig. 2 (154 /un). In each profile two 
Gaussians are fitted: one to the discrete source and one to the galactic ridge. The sum of the two is also shown. The widths of the fitted Gaussians are shown in Table 
1, after correction for the telescope beam size. 
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in. discussion The galactic ridge has an apparent temperature similar to 
a) Temperatures in the Sources and the that of the individual sources. Its emission is therefore consis- 

Diffuse Galactic Ridge tent with dust having a similar temperature distribution. This 
The profiles of intensity parallel to galactic latitude for the 

sources indicate that each source has a broad underlying com- 
ponent which we have identified with diffuse emission from the 
galactic plane (see, e.g., Fig. 5). Although we have not attemp- 
ted to fit curves through the peaks in the longitudinal direction, 
it seems clear from the maps that the diffuse component is 
indeed a ridge which persists even in regions where no compact 
source exists. The width of the broad component is variable at 
93 pm and may be affected by the individual sources. At the 
longer wavelengths, the ridge width shows much less influence 
of the individual sources although it appears to increase in 
width with increasing galactic longitude in this longitude 
range. The approximately uniform character of the ridge at 
submillimeter wavelengths and the much less uniform charac- 
ter at 93 pm persists elsewhere in the galactic plane where we 
have surveyed. 

The best example of the ridge far from sources is at / æ 15?7. 
At 154 pm, the width of the ridge there is ~80', which is only 
slightly smaller than the values shown for the ridge at the 
adjacent sources. Because of the high density of sources and 
their complex profiles in two dimensions, we have not attemp- 
ted to remove them from the ridge to present a map of the 
diffuse component alone. However, we have estimated the flux 
densities due to the compact components alone, and we find 
that the ridge contributes about 1.8 x 106 Jy of the total of 
3.3 x 106 Jy represented within the lowest contour of the map 
in Figured, with the compact source contribution dominated 
by M17. 

The sources and galactic ridge are much more extended at 
longer wavelengths than at 93 /¿m. The ratio of source width at 
165 pm to source width at 93 pm is approximately the same for 
all discrete sources and for the ridge, indicating similar thermal 
and density structures. Typical ratios of peak brightnesses at 
the two wavelengths are very similar for both source and ridge 
components, also indicating similar temperatures. The width of 
the galactic ridge component at 154 pm is consistent with that 
given by Nishimura, Low, and Kutz (1980), whose observa- 
tions were made without chopping. 

Because the sources and galactic ridge are more extended at 
154 pm that at 93 pm (except for sources 1 and 5), it is not 
correct to interpret temperatures from Table 1 as physical tem- 
peratures. As an example, consider source 3. Its spectrum may 
be adequately fitted by a single 25 K spectrum with a dust 
emissivity law as described above (Fig. 3). However, the differ- 
ent spatial widths observed at 93 and 154 pm imply that more 
than one temperature component is contributing to the 
observed emission. With the limited spectral coverage and data 
quality we have, more detailed modeling is not warranted. 

Apparent temperatures were also estimated for the central 
portions of the resolved sources. These temperatures were typi- 
cally 2-5 K hotter than the average apparent temperatures 
calculated using the total flux densities over the source, but are 
less certain because of differences in the beam sizes of the SO 
and GSFC instruments. This suggests a temperature structure 
as might be expected for a centrally heated source. We also 
note that the apparent temperatures cited here for the sources 
are significantly lower than those obtained using smaller 
beams (Harvey, Campbell, and Hoffmann 1977; Thronson and 
Harper 1979). This may be due to beam size effects as sug- 
gested by Scoville and Kwan (1976). 

apparent temperature is significantly hotter than the 18 K esti- 
mated for the ridge by Nishimura, Low, and Kurtz (1980) using 
eocr1-5 for their measurements with a 30' beam. Since the 
ridge is broader than the sources but has the same apparent 
temperature, one might suspect that the heating radiation is 
similar to that in the compact sources, though it may come 
from spatially distributed unresolved centers. 

b) Morphological Comparisons with 
Radio Continuum and CO Surveys 

Comparisons of our survey with ones of similar resolution in 
radio continuum and 12CO line emission show several inter- 
esting effects. When the 93 pm map is compared to the 11' 
beam radio continuum survey of Altenhoff et al. (1970), a 
one-to-one association is found between our sources and 
bright thermal radio sources, although there are some posi- 
tional offsets which can be attributed to our positional uncer- 
tainty. It is not as easy to make such associations by 
comparing the far-infrared to a map of 12CO emission summed 
over all vélocités from the GISS/Columbia University CO 
survey (Thaddeus 1982). When comparison is made with maps 
summed over limited velocity ranges, however, associations 
between the far-infrared sources and molecular clouds are 
more easily made. Sources 1, 2, 3, 4, and 6 appear to be associ- 
ated with clouds in the range 35 < J^SR < 55 km s-1, and 
sources 5 and 7 (Ml7 and Ml6) with clouds in 11 < J^SR < 30 
km s- ^ The two weak 93 pm sources near M17 at / = 14?4 and 
14?6 and the weak source near W33 at / = 12?8, b = Œ43 may 
be associated with CO in the 11-30 km s-1 range, which 
Elmegreen, Lada, and Dickenson (1979) attribute to the M17 
giant molecular cloud. There are molecular clouds in each 
range which are not associated with far-infrared sources, parti- 
cularly for the velocity range of 11-30 km s- L 

The spatial association of far-infrared and radio continuum 
emission emphasizes that a strong infrared source is found only 
when a stellar heating source is present; high dust density 
alone is not sufficient. Indeed, high dust density may not be 
necessary for infrared emission since a visual extinction of only 
a few magnitudes will convert all stellar radiation into the 
infrared. Our large beams can sample long path lengths across 
relatively low density sources, which, despite their low den- 
sities, are optically thick to visible radiation and are diffuse 
infrared sources. This is not to say that the submillimeter emis- 
sion originates from inside extended H n regions; the sizes of 
the 154 pm sources in Table 1 are significantly larger than the 
associated sources in the 11' survey of radio continuum of 
Altenhoff et al. (1970), although the 93 pm and radio contin- 
uum sizes are similar. 

It is interesting to note that the velocity range 35 ^ ^lsr ^ 
55 km s_1 places sources 1, 2, 3, 4, and 6 at near-kinematic 
distances of about 5 kpc (see Stier et al. 1982 and § Hid below), 
and they could be associated with the “ 5 kpc ” molecular ring. 
A significant fraction of extended CO emission also comes in 
the 35-55 km s-1 range. If the far-infrared and CO emission 
come from the same physical regions, then the ~1° FWHM 
observed in the far-infrared for the ridge component corre- 
sponds to a scale height of ~ 90 pc. This is typical of the scale 
height of O and B stars in the Galaxy (Allen 1973) and CO 
(Gordon and Burton 1976). 
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19
84

A
pJ

. 
. .

28
3.

 .
56

6C
 

SURVEY OF THE GALACTIC PLANE 571 No. 2, 1984 

c) Comparison with a High Spatial Resolution 
Far-Infrared Survey 

We now turn to a comparison of our survey with the 1' 
survey of the Harvard-Smithsonian balloon-borne far-infrared 
telescope (JSF) which uses a broad-band filter at an effective 
wavelength of 69 pm. Sources in the JSF survey cover the same 
range in galactic latitude as our maps, and there is a general 
association of the stronger JSF sources with our seven sources, 
or other features in the 93 pm map. Typically each of our 
sources encompasses three to six JSF sources. 

We choose to compare bolometric fluxes and proceed in the 
following way: for each source in Table 1, an approximate 
fraction of flux to subtract for the contribution due to the 
galactic ridge is calculated. This correction is negligible for 
M16 and Ml7, and is about 70% for sources 2, 3, 4, and 6. The 
spectrum indicated by our assumed emissivity law, the 93 pm 
flux density, and the temperature shown in Table 1 are then 
used to find the source flux in W m-2. All of the JSF sources in 
the area spatially integrated for each large beam source have 
their fluxes calculated from the luminosities and distances 
quoted in JSF. This procedure minimizes the difficulties in 
comparing two sets of measurements which do not cover 
exactly the same spectral range. The SO and GSFC data can 
be viewed as equivalent to data from a long pass filter whose 
cut-on is at 80 pm, while the JSF data were taken with a long 
pass filter which cuts on at 40 pm. Estimation of the bolometric 
flux from either the present data or the JSF data is insensitive 
to the assumed spectrum for the typical cold source tem- 
peratures, with results varying by less than 20% for spectra 
with eoc2_1 oreocA-2 and temperatures within the range 
shown in Table 1. 

We get reasonable agreement with the high-resolution data 
for the fluxes for M17 (using the data quoted by Wilson et al. 
1979 rather than by JSF) and for W33, within the uncertainties 
of the absolute calibrations. For the remaining sources 
common to both surveys (2, 3, and 4), the large beam telescopes 
observe about 4 times the flux reported by JSF. For M16 we 
observe about 3 times the flux reported by McBreen, Fazio, 
and Jafle (1982). The larger fluxes presented here may be 
largely due to diffuse emission associated with evolved H n 
regions which the Harvard-Smithsonian telescope could not 
detect with its smaller chopper throw and much smaller beam. 
It would appear that in evolved H n regions, far-infrared emis- 
sion originates hoi/i from high-density molecular cloud frag- 
ments and from more diffuse parts of the region. M17 and W33 
have their emission dominated by the high-density regions, 
whereas for the others the emission is dominated by the diffuse 
regions. McBreen, Fazio, and Jaffe commented that M16 is 
severely density bounded. If the diffuse flux reported here is 

included, 1.4 x 106 L0 of the estimated 2.2 x 106 L© of the 
exciting star is accounted for in the far-infrared. 

While the small-beam survey did not detect major diffuse 
emission due to the sources and due to the galactic ridge, it 
does appear to have detected the major centers of excitation for 
the sources observed in our large-beam observations. No 
sources were found in the large-beam surveys which lacked 
small-scale high surface brightness components observed 
by JSF. 

d) Comparison of Luminosities Derived from Radio Continuum 
and Far-Infrared Observations 

For H ii regions whose small-scale structure and distances 
are well known, it is useful to compare the luminosities derived 
from the far-infrared to those of the exciting star or stars as 
deduced from the radio continuum flux, using stellar models 
such as those of Panagia (1973). Although the large-beam radio 
sources are certainly composed of smaller scale structures 
(Altenhoff et al. 1978), it is still useful to apply such an analysis 
under the assumption of simple geometry. The result of the 
analysis is shown in Table 2. Column (1) identifies the source 
as in Table 1. Column (2) shows an estimate of the 93 pm flux 
densities after subtraction of the diffuse galactic ridge com- 
ponent. This background subtraction is accomplished by 
assuming the source is a two-dimensional Gaussian and the 
ridge is a one-dimensional Gaussian with each component of 
the width and magnitude determined by fitting a slice 
(see Fig. 5). 

Column (3) in Table 2 shows assumed distances. These are 
taken to be consistent with the work of the Harvard- 
Smithsonian group (JSF; Wilson et al. 1979; McBreen, Fazio, 
and Jaffe 1982). In most cases, all of the JSF sources we associ- 
ate with a single source in Table 2 are assigned the same or 
nearly the same kinematic distance by JSF and Stier et al. 
(1982). We have taken a distance consistent with the strongest 
JSF sources where there is a large range in distance. It is worth 
noting that HI09a and CO line velocities are generally consis- 
tent for these sources (see Stier et al). The sources’ luminosities 
(col. [4]) are then calculated using bolometric fluxes whose 
derivation was described above. We estimate that the lumin- 
osities derived in this way are correct within a factor of ~ 3 
assuming the distances used are correct. 

Radio data were taken from the survey of Altenhoff et al. 
(1970) because of the similarity in beam sizes. These data are 
shown in columns (6) and (7). Although there is a lack of 
detailed morphological agreement between 93 pm and 5 GHz 
maps for the sources, their sizes are similar at these two wave- 
lengths. The number of ionizing photons, NL, is calculated 
using Rubin’s (1968) approximate equation for optically thin 

TABLE 2 
Derived Luminosities 

Fv (93 ^m) Assumed 
(Compact) Distance Radio Fv (5.0 GHz) NL L/LQ 

Source (Jy) (kpc) LIR/L0 ID (Jy) (s“1) (ZAMS) 
(1) (2) (3) (4) (5) (6) (7) (8) 

1(W33)   7.2 x 104 3.8 1.2 x 106 G 12.8-0.2 39 5.9 x 1049 9.2 x 105 

2    5.5 x 104 4.7 1.7 x 106 G 13.2 + 0.0 6 1.4 x 1049 2.8 x 105 

3   6.9 x 104 4.0 1.4 x 106 G 14.2 - 0.2 26 4.3 x 1049 6.9 x 105 

4       9.1 x 104 3.8 1.6 x 106 G 14.6 + 0.1 30 4.5 x 1049 7.2 x 105 

5(M17)   8.2 x 105 2.1 7.2 x 106 G 15.1-0.7 554 2.5 x 1050 3.4 x 106 

6   5.8 x 104 4.0 1.4 x 106 G 16.4-0.2 9 1.5 x 1049 3.3 x 105 

7(M16)  2.9 x 105 2.0 1.4 x 106 G 17.0 + 0.8 103 4.3 x 1049 6.9 x 105 
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H il regions with temperature of 7000 K. Finally, the total 
luminosity of the source is estimated from NL using the calcu- 
lations by Panagia (1973). This estimate assumes a single zero- 
age main-sequence (ZAMS) star and hence represents a lower 
limit to the total luminosity. 

Comparison of the luminosities presented in columns (4) and 
(8) shows that the sources are diverse. For one group (sources 
1, 3, 4, 5, and 7), the two luminosity estimates agree to within 
about a factor of 2, with the far-infrared determinations being 
consistently higher. This would be expected if each source were 
in fact powered by a group of stars each of later type than the 
assumed single star in Table 2. 

For sources 2 and 6, however, there are larger discrepancies 
of the order of a factor of 6 in the two luminosity estimates. In 
comparison to the first group of sources, these have similar 
far-infrared and submillimeter emission but much reduced 
radio continuum emission. A possible explanation is that each 
of these sources represents a very young OB cluster with 
reduced radio emission due to optically thick components. The 
data of Altenhoff et al (1970) do not show optically thick 
spectra, however. Furthermore, while the 2'.6 radio survey by 
Altenhoff et al (1978) shows that the radio emission for each is 
due to relatively weak, small sources, there is little evidence for 
ultracompact H n regions which would imply very recent star 
formation. Ultracompact H n regions have, however, been 
observed in other sources, in particular, source 1, W33 
(Haschick and Ho 1983; see also Ho and Haschick 1981). 

A more likely explanation is that these two sources represent 
clusters with optically thin H n regions whose highest mass 
star is a relatively late O star (e.g., 06.5 or later), whereas each 
source of the first group is probably a cluster powered by a 
somewhat earlier type O star (Ho and Haschick 1981). 

IV. CONCLUSIONS 

1. In the large-beam surveys the galactic ridge appears as 
separate from discrete sources, although the ridge may itself be 
a collection of unresolved sources. 

2. The discrete sources and the galactic ridge have typical 
dust temperatures of about 25 K. 

3. Within the sources and the ridge, a range in temperatures 
is required, although we have not modeled the temperature 
structure. 

4. There is a very strong association of far-infrared and 
thermal radio continuum sources. 

5. There is a strong association of far-infrared sources and 
molecular clouds, but there are molecular clouds which are not 
far-infrared sources. 

6. The galactic ridge component and most of the sources in 
this region may be associated with the “ 5 kpc ” molecular ring. 

7. The large-beam survey detects diffuse emission from 
evolved H n regions not detected in the JSF small-beam 
survey. For the evolved sources, the diffuse emission may be 
energetically comparable or larger than the compact com- 
ponents. 

8. There is a significant range in the ratios of infrared to 
total luminosity as estimated from the radio continuum among 
the sources. This dispersion may be accounted for by the spe- 
cific spectral type (e.g., ~ 05-07) of the most massive star in the 
presumed O-B cluster. 
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