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ABSTRACT 
Airborne measurements of the [Ar n] (6.99 ¿un) and [S m] (18.71 ¿tm) lines for six compact H n 

regions are presented, as well as ground-based 2-4 ¿mi and 8-13 ¿an spectroscopy if not already 
published. From these data and radio data, we deduce lower limits to the elemental abundances of Ar, 
Ne, and S. G29.9—0.0 at 5 kpc from the galactic center is overabundant in ail these elements. The other 
five regions (at distances 6-13 kpc from the center) mainly appear to be consistent with standard 
abundances, with the exception of G75.84-b 0.4 at 10 kpc from the galactic center, which is over- 
abundant in S. However, our preliminary results on G12.8—0.2 at 6 kpc from the galactic center 
suggest a possible underabundance. We feel that a large statistical sample of H n regions is required in 
order to determine if there is a radial gradient in the heavy element abundances in our Galaxy. 
Subject headings: infrared: spectra — nebulae: abundances — nebulae: H n regions 

I. INTRODUCTION 
We report here ground-based and airborne spectroscopic observations from 2 to 4 ¿mi, 4 to 8 ¿an, 8 to 13 ¿mi, and 16 to 

30 ¿mi for the compact H n regions G29.9-0.0, G45.1 +0.1, G75.84 + 0.4, G12.8 -0.2 (W33), NGC 7538 IRS2, and W3 
IRS1. When available, the ground-based 2-4 ¿mi and 8-13 ¿mi data were gathered from the literature, and the new data 
were acquired at the Kitt Peak National Observatory (KPNO) and the Mt. Lemmon Observatory. The airborne 4-8 ¿mi 
and 16-30 ¿mi data were obtained on the Kuiper Airborne Observatory (KAO). Line fluxes at 6.99 ¿mi [Ar n], 8.99 ¿mi 
[Ar m], 10.51 ¿mi [S iv], 12.81 ¿mi [Ne n], and 18.71 ¿mi [S m] are reported for these six H n regions, and estimates of the 
ionic abundances relative to hydrogen are deduced by using radio continuum data to obtain the ionized hydrogen 
column density. 

The infrared fine-structure lines are well suited for abundance analysis for two reasons. First, the infrared line strengths 
are comparatively insensitive to the electron temperature, so that the temperature correction techniques employed at 
optical wavelengths (e.g., Peimbert 1975) are not required. Second, infrared lines provide a probe to much larger 
distances from the Sun than possible with optical lines, although substantial extinction corrections must still be made. 
The H ii regions listed above range in galactocentric radii from 5 kpc to 13 kpc. A goal of this long range program is to 
search for possible abundance gradients in the Galaxy. 

In spite of these advantages, it has become increasingly evident that a moderately complete data set is required to 
derive elemental abundances from observations of the infrared fine-structure lines. Relatively simple models of the 
ionization structure employing densities and excitation parameters consistent with radio observations are at variance 
with ground-based observations of the [Ar m], [S iv], and [Ne ii] line strengths (Zeilik 1977; Balick and Sneden 1976; 
Laçasse et al. 1980). In addition, previous airborne observations of the [S m] and [Ar n] lines (McCarthy, Forrest, and 
Houck 1979 ; Puetter et al 1979) indicate that S m is more abundant than S iv, and Ar n is also a primary ionization state, 
contrary to expectations if the ionizing source is a single hot star. Hence, observation of more than one ionization state of 
sulfur and argon is required for abundance analysis, and this allows an indirect probe of the UV radiation field in the 
nebula. 

1 Fannie and John Hertz Foundation Fellow. 
2 Visiting Astronomer at Kitt Peak National Observatory, Tucson, Arizona, operated by the Association of Universities for Research in 

Astronomy, Inc., under contract with the National Science Foundation. 
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II. OBSERVATIONS 

The data described here were obtained with a variety of infrared systems. The 2-4 fim and 8-13 /mi data were primarily 
obtained either at KPNO or the Mt. Lemmon Observatory using circular variable filter wheel (CVF) spectrometers with 
resolutions AA/2 ~ 0.015-0.02. These data are mainly published results, and new results are noted in Table 1. Sampling 
densities are typically one to two data points per resolution element. 

The 4-8 jum data reported here consist of observations in the [Ar n] line and adjacent continuum using the University 
of California at San Diego (UCSD) filter wheel spectrometer (Russell, Soifer, and Willner 1911a; Puetter et al 1979) on 

TABLE i 
Line Fluxes 

Object Line 

Measured 
Line Fluxb 

(10~18 W cm-2) 
Aperture 
(arc sec) Reference 

Line Flux Corrected 
for Extinction 

(10-18 W cm-2) 

G29.9—0.0. 

G75.84 + 0.4 

G 12.8-0.2 ). 

G45.1+0.1 . 

NGC 7538 (IRS2) .. 

W3 (IRS1) . 

Ar in 
Siv 
Ne ii 
Sin 
Ar ii 
Bra 
Bry 
Ar IIId 

S ivd 

Ne nd 

S hi 
Ar ii 
Bra 
Bry 
Ar in 
S ive 

Ne iie 

S in 
Ar ii 
Bra 
Bry 
Ar in 
Siv 
Ne ii 
S in 
Ar ii 
Bra 
Bry 
Ar in 
Siv 
Ne ii 
Sm 
Ar ii 
Bra 
Bry 
Ar in 
Siv 
Ne ii 
S in 
Ar ii 
Bra 
Bry 

1.75 ± 0.25 
1.85 ± 0.26 
0.79 + 0.11 
1.31 ±0.18 
0.66 + 0.09 

1.68 ± 0.08 
1.77 ± 0.08 
0.76 ± 0.04 
1.26 ± 0.06 
0.63 ± 0.03 

3.44 
3.64 
1.55 
2.58 
1.29 

1.62 ± 0.27 
1.71 ± 0.29 
0.73 ± 0.12 
1.21 ± 0.20 
0.61 ± 0.10 

0.96 ± 0.22 
1.01 ± 0.23 
0.43 ± 0.10 
0.72 ± 0.17 
0.36 ± 0.08 

1.50 ± 0.23 
1.59 ± 0.25 
0.68 ± 0.10 
1.13 ± 0.17 
0.56 ± 0.09 

13.0 ± 2.8 
<6.6C 

113.8 ± 14.9 
41.5 ± 4.3 

22 ± 4 
>3.8 

0.76 + 0.10 
1.53 + 0.37 
1.98 + 0.22 
4.58 + 0.47 
52.2 ± 3.6 

6.0 + 2.5 
1.56 + 0.20 
0.25 ± 0.03 
0.69 ± 0.72 
0.97 ± 0.33 
20.3 + 1.7 
8.84 + 2.02 

6.8 ± 1.7 
1.1 ±0.2 

0.054 ± 0.016 
9.15 ±2.02 
9.69 ± 2.13 
30.8 ± 2.9 
15.8 ± 1.9 
5.2 ± 2.6 
5.3 ± 0.4 

0.89 ± 0.03 
1.5 ± 1.3 

<3.9 
20 ± 2.0 
5.8 ± 2.8 
13 ± 13 

<0.3 
0.18 ± 0.05 

5.7 ± 0.98 
5.7 ± 1.06 

9.79 ± 2.02 
95.8 ± 7.5 

4.7 ± 1.9 
9.8 ± 0.2 
1.6 ± 0.2 

22 
22 
22 
30 
27 
17 
17 
11 
11 
11 
30 
27 
11 
11 
11 
15 
15 
30 
27 
11 
11 

30 
27 
11 
11 
11 
11 
11 
30 
27 
17 
17 
11 
11 
11 
30 
27 
22 
22 

1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
2 
2 
3 
3 
4 
2 
2 
2 
2 
5 
5 
6 
6 
6 
2 
2 
4 
4 
4 
4 
4 
2 
2 
7 
7 

74.8 ± 24.7 
<42 

250 ± 42.9 
153.8 ± 32.0 
42.6 ± 8.6 

8.2 ± 2.0 
11.6 ± 1.0 
9.8 ± 1.0 
184 ± 11 
11.3 ±2.5 

21.5 ± 22.4 
36.9 ± 12.3 
95.6 ± 8.0 

116.7 ± 26.4 
24.7 ± 6.2 

46.2 ± 16.2 
53.6 ± 19.5 
63.9 ± 9.8 
53.0 ± 12.4 
9.6 + 4.9 

3.9 ± 3.5 
<10.8 

30.8 ± 4.4 
11.8 ±6.0 
18.6 + 18.6 

25.8 ± 7.4 
28.2 ± 8.8 
19.3 ± 4.4 
297 ± 56 
8.2 ± 3.4 

3 From Tables 2 and 3. 
b For details of line fits see text; two continuum points and a single point at 6.97 /un were used for the Ar n line fits. 
c Upper limits are 3 a. 
d A partial spectrum obtained recently by blind offsetting to the nominal radio peak, rather than “peaking up”, yields 

Ar hi and S iv line fluxes similar to those listed here, while the Ne n flux is about a factor of 2 larger. The shape of the 
spectrum also indicates T9.7 > 3, larger than the value adopted in the present analysis. 

e Measurements from 15" partial spectrum as noted in text. 

References.—(1) Soifer and Pipher 1975. (2) Observations presented in this paper. (3) Pipher, Soifer, and Krassner 
1979. (4) Provided by F. C. Gillett. (5) Pipher and Willner 1981. (6) Weighted average of Hefele and Schulte in den 
Bäumen 1978 and Pipher, Soifer, and Krassner 1979; only the latter data are plotted in Fig. 3. (7) Soifer, Russell, and 
Merrill 1976. (8) Laçasse et al 1980. (9) Krassner and Pipher 1980. 
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188 HERTER ET AL. 

flights of the KAO in 1979 June. For these observations a 27" focal plane aperture was employed, and the chopped beam 
spacing and orientation were chosen to avoid beam cancellation. 

The 16-30 /zm data consist of complete spectra obtained with the Cornell University cooled grating spectrometer 
(McCarthy, Forrest, and Houck 1979) on flights of the KAO in 1979 June. A focal plane aperture of 30" and choice of 
beam throw similar to that used with the UCSD instrument were employed. The spectral resolution over the [S m] line is 
0.2 fim, sampled at a density of approximately three points per resolution element. 

The observed line fluxes (uncorrected for extinction) are listed in Table 1 along with the beam sizes and references for 
the observations. The line fluxes for all but [Ar n] have been derived from a detailed fit to each line of the form 
F^ = a + hi + c exp — [(2 — \ that is, a linear continuum plus line emission at 2 = 2C, and ~ 0.6A2FWHm> 
where A2fwhm was determined from laboratory measurements. We vary a, h, and c to minimize 

/F _p U   obs model | 
\ error ) 

In one case (G29.9—0.0), a linear continuum was inadequate, and a quadratic continuum was assumed. For [Ar n] only 
one point in the line and one on either side in the adjacent continuum were used to estimate the line flux. The complete 
spectra from 2 to 30 fim are presented in Figures 1-3. In plotting these spectra, when different beam sizes were employed 
in different wavelength regions, we have not attempted to correct for beam size effects, since the ionization structure of the 
region prohibits simple scaling of the line intensities. 

The spectra of Figures 1-3 show a number of emission and absorption features superposed upon the strong continuum 
primarily generated by dust. Atomic emission lines addressed in this paper include Bry (2.17 /zm), Bra (4.05 /zm), and the 
fine-structure lines of [Ar n], [Ar m], [S iv], [Ne n], and [S m]. In addition, recombination lines of He i (2.06 ¿zm) and Pfy 
(3.76 /zm) are visible in the spectrum of W3 IRS1. A number of continuum features are also visible. The familiar 9.7 /zm 
silicate feature is clearly in absorption in G29.9—0.0, G12.8 —0.2, and G45.1 +0.1, and in emission in NGC 7538 IRS2. 
The associated 18 /zm silicate absorption feature is not immediately evident to the eye, but it can be understood in terms 
of compensating emission and absorption features at 18 /zm. Unidentified continuum emission features at 3.3,6.2,7.7,8.6, 
and 11.3 /zm have been detected in a variety of astronomical sources (Russell, Soifer, and Willner 1977h) and are seen in 
several of these spectra. Finally the 2-4 /zm spectrum of NGC 7538 which includes both IRS1 and IRS2 shows a strong 
continuum absorption feature at ~ 3 /zm, which is attributed to grain mantle molecules undergoing O-H, N-H, and 
C-H stretching vibrations. On the basis of the 8-13 /zm spectra, and the 2.2 and 3.5 /zm photometry, most of the 
continuum flux and the absorption are probably due to IRS1. 

in. DISCUSSION 
a) The Extinction 

In order to compute the line fluxes from the H n regions, the infrared spectra must be corrected for extinction, which 
can be substantial. Depending on the wavelength, there are several ways of computing the extinction. At 2.17 /zm (Bry) 
and 4.05 jam (Bra), hydrogen recombination lines are observed and can be compared with radio continuum 
measurements of free-free radiation, or the ratio of the Bra and Bry lines can be employed to compute the extinction. At 
8-13 /zm, the broad absorption feature seen in spectra is assumed due to cool silicate material in the line of sight. By use of 
an assumed extinction law, extinction at wavelengths between 4 and 8 /zm can be extrapolated from shorter and longer 
wavelengths. At wavelengths longer than 13 /zm, we adopt the value of t18/t9 7 determined by Forrest, McCarthy, and 
Houck (1979) from circumstellar shell data. This ratio is consistent with the value derived from simple two-component 
dust models of H n regions (McCarthy, Forrest, and Houck 1980). The adopted extinction law is presented in Table 2 and 
discussed below. 

The 8-13 /zm data have been corrected for extinction due to cool silicate material external to the line-emitting region 
by two simplified models. One of these (model I) assumes that hot grains radiate as blackbodies, and the other (model II) 
assumes optically thin silicate emission (Gillett et al. 1915a; Soifer and Pipher 1975). These models were computed by 
minimizing 

p  p r obs ^ model 
error 

Generally the model II better fit the H n region discussed here. Limitations of these models have been discussed by Kwan 
and Scoville (1976) and Willner (1977). Also Jones etal. (1980) have shown that the trough between the unidentified 11.3 
and 8.7 /zm emission features mimics the silicate absorption feature at 9.7 /zm in NGC 7027, and they suggest that the 
presence of unidentified features in a compact H n region spectrum might lead to an overestimate of the silicate optical 
depth. In Table 3 we list the computed model II fit of t9 7 for each H n region studied. The Trapezium spectral shape 
(Gillett et al. 1975a) is used to determine ta/t9/7 from 8 to 13 /zm. 

The 4-8 /zm data have been treated in several ways. First, at 8 /zm, there is overlap with the 8-13 /zm data, and the 
extinction at 8 /zm can be obtained through fitting the silicate feature from 8-13 /zm as described briefly above. Second, 
the line flux to the radio continuum flux ¿F(Br<x)/Sv (radio) can be used to deduce the extinction at 4.05 /zm if the Bra line is 
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TABLE 2 
Adopted Extinction Law 

Line 'xfrg.i 

Bry 
Bra 
Ar ii 
Ar in 
Siv 
Ne ii 
S in 

2.21 
1.31 
0.98 
0.52 
0.30 
0.80 
0.845 
0.36 
0.60 

X (fim) 

1.25. 
1.65. 
2.17. 
4.05. 
6.99. 
8.99. 

10.51. 
12.81. 
18.71. 

TABLE 3 
Computation of Extinction3 

Object t2.17
b T4.o5c t2.i7c t9.7 (Model II) xi,25 rU65 f9.7

d 

G29.9—0.0   ... <0.94(<1.8) 1.5(1.5) 2.5 3.8(1.7) 23(1.8) 1.9 ± 0.4 
G75.84+0.4   2.16(2.2) ... ... 2.0 ... ... 2.1 +0.1 
G45.1+0.1   1.60(1.6) 1.27(2.4) 1.99(2.0) 2.0 ... ... 2.0 + 0.3 
NGC7538 IRS2 .... ... ... 1.15(1.2) 1.0 ... ... 1.2 ±0.3 
W3IRS1  1.8(1.9) 0.94(1.7) 1.7(1.8) 2.3 ... ... 1.9 ± 0.3 
G12.8-0.2   4.23(4.3) ... ... 4.3 ... ... 4.3 

3 Quantities in parenthesis indicate T9.7 determined from that value of ta. b From J2r(Bry)/Jir(Bra). 
c From J2r(Bry)/Sv and ^(BraJ/S,,. 
d The errors are standard deviations. 

detected. Alternately, one can use the Bry line at 2.17 /mi.3 This technique has been used by a number of authors (e.g., 
Simon, Simon, and Joyce 1979; Soifer, Russell, and Merrill 1976) to determine the extinction. In some instances we have 
used the ratio of ^(BraJ/J^Bry) instead. This ratio is not very sensitive to the value of Te assumed and does not 
necessitate estimating the radio flux in our beam. Both methods weight regions of lower optical depth if there is 
differential extinction across the beam. (The adopted Bra and Bry fluxes are listed in Table 1.) Some assumed or measured 
value of the extinction law between 4 and 8 /mi is then required to correct the data. The Van de Hulst number 15 
reddening law approximates observed values from visual wavelengths out to 3-4 /mi; beyond 4 /mi the data are scarce 
and controversial. For example, Hackwell and Gehrz (1974) find a law consistent with AxccÀ~1 out to 10 /mi (within the 
error bars), and the ratio R = Av/EB_V = 3.4 (rather than 3.1 for Van de Hulst number 15). The data of Gillett et al 
(19756) on VI Cygni Star 12 are also consistent with AÀ oc \/l from 4 to 8 /mi; hence, we use this law to extrapolate to 
6.99 /mi from either 4 or 8 /mi. From 16 to 30 /mi the only available data are from the paper by Forrest, McCarthy, and 
Houck (1979) on circumstellar shells. They conclude that t18 7 ~ 0.6t9 7. Because extinction corrections are so important 
in our abundance calculations, we have computed t9 7 from t2.17 and/or t4 05 when the data were available using ta/t9 7 

and have deduced a mean value of the optical depth at 9.7 /mi, t9 7, for use in further calculations, which is tabulated in 
Table 3, along with the standard deviation. This value of x91 is then employed with the assumed extinction law ta/t9 7 to 
calculate the extinction at the wavelengths of the forbidden lines of Ar m, Ar 11, Ne 11, S m, and S iv. Table 1 presents line 
fluxes corrected for the extinction by this method. The corrected fluxes are used later in the abundance analysis. All of the 
uncertainties quoted for the corrected line fluxes, and ultimately the abundances (see next section), include our estimated 
uncertainty in the adopted ta. The remaining uncertainty is the assumption that the extinction law is the same from region 
to region. 

b) Estimating Ionic Abundances 
In order to convert corrected line strengths into abundances, we follow the techniques of Petrosian (1970) and compute 

/NA _ INMV _ I (Nx‘/NH)NeNHdV 
\Nh/ j NeNHdV J NpNedV ’ 

which gives an average abundance of element x in the Ah ionization state with respect to hydrogen, weighted by the 
electron density Ne. In this expression, Nj is the ionic number density, and NH is the hydrogen number density. If Ne is 

3 The assumed values of ^(Bra)/^ (5 GFIz)and ^(Bry)/^^ GHz) are 3.2 x 1012 Hz and 1.1 x 1012 Hz respectively at an electron temperature of 
7500 K and are approximately proportional to (Te)~

0-85 and (Te)~
015, respectively. These ratios are not sensitive to the electron density and were 

calculated for He/H = 0.15, with no He++. 
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TABLE 4 
Adopted Collision Strengths (Í)) 

Ion Transition Í! 

Ne it  2Ei/2-2P3,2 0.368 
Sin...  3Pi~3Po 1-17 3P2

3P0 0.56 
‘D2-

3P0 0.55 
1S„-3P0 0.11 3P2-

3P! 2.72 
1D2-

3P1 1.64 
‘So-3?! 0.33 
‘D2-

3P2 2.74 
‘S0-

3P2 0.54 
1So-‘D2 1.29 

s IV   2P3,2-2Pi¡2 1.66 
Ar il   2Pii2-2P3/2 0.74 
Ar in  3Pí-

3P2 2.21 
3 P q~3 P 2 0.51 
1D2-

3P2 2.55 
1S0-

3P2 0.37 
Q—3 P i 1.12 

1D2-
3P1 1.53 

^Sq—3P ! 0.22 
1D2-

3P0 0.51 
^o-^o 0.074 íS0-

íD2 0.83 

Note.—The preceding list was complied by W. J. 
Forrest. The Ne n collision strength was computed 
from calculations of Seaton 1975, while all other 
collision strengths are calculated from the data of 
Krueger and Czyzak 1970. 

constant, and the integrals are evaluated over the entire H n region, then the above ratio is the actual ionic abundance. 
For density fluctuations, the abundance is weighted towards regions of higher radio flux. Using the expression for the 
radio flux Sv, given by Osterbrock (1974) in the optically thin limit, and the line flux 

where j is the emissivity in ergs cm 

N 1 

-rf-N^dY, 

s 1 sr x, we obtain (assuming Ne/NH = 1.15) 

(2) 

Fi \ I v \ " ° 1 / Te \ -0 3 5 

10~18JF cm_2/\5 GHz/ \7500 K/ \Jy 

We assume an average value of (j/Nx
lNe) over the H n region ionization zone. The quantity j/NjNe is obtained by 

solving the population balance equations (Osterbrock 1974) at the Ne and Te of interest (obtained from radio continuum 
data), using the wavelengths and transition probabilities given by Osterbrock (1974). We use the collision strengths listed 
in Table 4 since the values tabulated by Osterbrock (1974) are in error for ions with Z > 1, and Te = 7500 K (Forrest 
1980). When employing equation (3) to compute ionic abundances, we use the line flux Ft corrected for extinction. 
Although use of Ft /FBrackett line would require a smaller differential extinction correction than Ft /Sv, we wish to avoid the 
resulting dependence on electron temperature, which itself is abundance dependent. 

In most cases cited here, the beam sizes for the Ar m, S iv, and Ne n measurements are smaller than the diameters of the 
H ii regions. Because the ions being measured are not evenly distributed over the nebula, the computed ionic abundance 
from a small beam measurement (e.g., from only part of the H n region) does not necessarily reflect the ionic abundance 
for the entire H ii region. 

To illustrate how beam size effects for different ions of the same element are treated when combining ionic abundances, 
we imagine a situation in which only two ionization states [(1), (2)] of element x dominate the H n region. Then 

/NA I (Nx
a)/NH)Ni,NHdV + J (Nx<2'/NH)NeNHdV 

\Nh/ J NeNpdV ’ W 

where the integrals are over any common volume (even if not the volume of the H n region). However, if common 
volumes are not sampled, we underestimate {NX/NH}. For example, consider measurements of S m and S iv in an H n 
region with 30" and 11" apertures, respectively. These measurements can be combined to yield a lower limit to the 

) ( 

j/Nx
lNe 

10 22 ergs cm3 s 1 sr (3) 
Nl 
N» 

= 3.53 x 10“6 
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194 HERTER ET AL. Vol. 250 

TABLE 5 
<Nj/NHy corrected/^x/^H standard 

Distance 
from 

Galactic 
Source Center 

t9.7b Arm Siv Ne n S m Am (kpc) 

G29.9—0.0  1.9 ±0.4 1.9 ±0.7 <0.2 1.8 ±0.3 1.8 ±0.7 3.1 ±0.7 5 
G12.8 —0.2  4.3 0.46 ±0.48 0.12 ± 0.04 0.30 ± 0.03 0.34 ± 0.08 0.32 ± 0.08 6 
G45.1 ±0.1  2.0 ± 0.3 0.81 ± 0.28 0.22 ± 0.08 0.27 ± 0.04 0.53 ± 0.12 0.38 ± 0.20 7.5 
G75.84±0.4   2.1 ±0.1 0.63 ± 0.15 0.20 ± 0.02 0.18 ± 0.02 2.2 ±0.1 0.72 ± 0.16 10 
W3 (IRS1)  1.9 ± 0.3 1.7 ±0.5 0.44 ± 0.14 0.32 ± 0.07 1.1 ± 0.2 0.15 ± 0.06 12 
NGC 7538 (IRS2)  1.2 ± 0.3 0.29 ± 0.26 0.03 ± 0.06 0.55 ± 0.08 0.49 ± 0.25 3.2 ±3.2 13 

Note—Adopted standard abundances relative to hydrogen: Narg0JNH = 4.7 x 10 6; Nsul{ur/NH = 1.6 x 10”5; and NneoJNH = 1.5 x 10“4; 
from Cameron 1973 and Kaler 1978. 

a Deduced as discussed in text: always referenced to beam sizes for the measurement. Errors include uncertainties from infrared line flux 
determinations and standard deviation of errors in t (Table 3) but do not include those resulting from uncertainties in estimating radio flux 
for that volume. 

b From Table 3. 

elemental sulfur abundance by assuming that a minimum estimate of the amount of S iv that would be observed in a 30" 
beam is the amount observed in the 11" beam. If S and L represent the smaller and larger beams respectively, then 

/NÁ > fs (Nx^/NH)NeNHdV (Nx^/NH)NeNHdV = /Nx^\ Vs /iV±>\ 

W“ hNeNHdV ]LNeNHdV \ Nh /,. VL 
+ \ iVH /,. ' ^ 

VS/VL is the ratio of the radio fluxes in the small and large beams and the inequality is present because all of the S iv (ion 
number 1 ) may not be contained within the smaller aperture. If the S iv ion is distributed beyond 11", the underestimate is 
substantial. However, if the S iv is completely contained within 11 ", the equality holds, and we have a good estimate of the 
sulfur abundance. A further complication is the neglect of other ionization states, which also leads to an underestimate 
of the elemental abundance. However, without empirical knowledge of the ionization structure, these abundance 
estimates are the best possible. Correction factors designed to improve the abundance estimate by including a guess at the 
ionization structure are model dependent (see, e.g., Laçasse et al 1980) and will not be employed here.4 If clumping is 
present, 7’/ATeAT*1 may decrease due to collisional de-excitation which also leads to an abundance underestimate. 

Using the expression for (Nx
l/NH}9 the line fluxes corrected for extinction from Table 1, and values of Sv (justified 

below) for the same beam sizes as used in the IR measurements, we list the computed ionic abundances for the six H n 
regions studied in Table 5 relative to the standard elemental abundance. For comparison we adopt as our standard 
abundances (i.e., solar neighborhood) the values of Cameron (1973) for S/H, O/H and Kaler (1978) for Ar/O, Ne/O. 

c) Individual Sources 
In this section, we discuss computation of the ionic abundances for each of the individual sources and justify the choice 

of Sv used in the computation; radio data for each source are given in Table 6. We emphasize at the outset that the choice 
of Sv for extended sources is uncertain due to both the difficulties of obtaining integrated fluxes for our beams from radio 
maps with relatively poor resolution and the lack of knowledge concerning the exact infrared beam positions on the H n 
regions. We have no satisfactory method of deducing the amount of this uncertainty ; hence, it is not included in our error 
estimates. However, this problem should be kept in mind when interpreting the final results. In what follows, we adopt a 
value of Te = 7500 K for the electron temperature. Electron temperatures quoted (from radio recombination line studies) 
in the literature are quite discrepant (e.g., Lichton, Rodriquez, and Chaisson 1979 ; Churchwell et al 1978) and have large 
uncertainties. The H n regions closer to the galactic center may have lower temperatures (due to presumed higher 
abundances) ; this point is currently under debate (Silvergate and Terzian 1979). Because this study is attempting to assess 
the existence of abundance gradients in the Galaxy, we do not a priori assume a temperature gradient. 

i) G29.9-0.0 
Spectrophotometric data from 8 to 13 /un have been previously obtained for G29.9—0.0 by Soifer and Pipher (1975). 

These investigators found a 12.6 /un half-power diameter of 13" which agrees with that determined by Felli, Tofani, and 
D’Addario (1974) and Krassner et al (1980) from radio continuum observations. Thus we can assume that both the 
airborne measurements of [Ar n] and [S m] line fluxes (27", 30" beams) and the ground-based measurements (22" beam) 

4 As a guide to the reader, the Ar+/Ar+ + and/or S+ +/S+ + + ratios observed for G29.9 -0.0, G12.8 -0.2, G75.84±0.4, and NGC 7538IRS2 suggest 
that the ionic abundance for Ne+ should be roughly within a factor of 2 of the total Ne abundance. 
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TABLE 6 
Radio Data 

Flux (Jys) 
0S E Ne U     v 

Source (arc sec) (106cm~6pc) (10+4cm-3) (cm-2 pc) Total 11" 27" (GHz) References0 

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

G29.9—0.0  13a 7.7 0.4 75 2.9 ~2.9 2.9 10.7 (1) 
G75.84+0.4   22 6.8 0.34 66 3.7 ± 0.4 1.3 3.7 5 (2) 

11.7 x 6.9 2.54 2.7 (3) 
G 12.8—0.2    ~35 34 0.8 100 25 + 3 5.3 19.3 5 (4), (5) 
G45.1+0.1   9.1 57 1.2 110 4.0 ± 0.3 ~4.0 4.0 ± 0.3 5 (6) 
NGC 7538 (IRS2)    10.9x7.8 14 1.1 31 1.4 ±0.1 ~1.4 1.4 5 (7) 

7.6b 20 1.3 36 1.3 + 0.2 1.3 1.3 5 (8) 
W3 (IRS1)  40 x 40e ... 0.6 92 33 + 4 1.5 -12-14 5 (9), (10) 

a Gaussian half-power width. 
b Cylindrical geometry (diameter-length). 
' Rough estimate from radio map. 
d References.—(1) 16"1 x 250" beam; Felli, Tofani, and D’Addario 1974. (2) Component A, 7"2 x 970 beam; Matthews et al. 1973. (3) Total 

flux, 9'.'4 x 575 beam; Turner et al. 1974. (4) G12.80 — 0.20, 576 x 30" beam; Goss, Matthews, and Winnberg 1978. (5) VLA measurements of 
T. Herter and J. Krassner 1980. (6) Component A, 7" x 38" beam; Matthews et al. 1977. (7) Component A, 270 x 273 beam; Martin 1973. 
(8) Component G2, 775 x 877 beam; Israel 1977. (9) W3A, 270 x 273 beam; Harris and Wynn-Williams 1976. (10) Wynn-Williams 1971. 

of [Ar m], [S iv], and [Ne n] line fluxes were made with beams which encompassed the entire H n region. This allows 
direct computation of the ionic abundances. A 2-4 ¿an spectrum obtained at Mt. Lemmon on three nights from 
1977-1979 is shown in Figure 1 along with other spectra noted above. 

The radio flux density, Sv, used in the abundance calculations is that of Felli, Tofani, and D’Addario (1974), who found 
a total flux of 2.9 Jy at 10.7 GHz. A recent VLA measurement of G29.9—0.0 by Herter and Krassner ( 1980) yielded 2.8 Jy 
at 5 GHz. 

The extinction to G29.9—0.0 has been computed in a variety of ways. First, the model II fit to the 8-13 ¿an data of 
Soifer and Pipher (1975) yields t9 7 = 2.5. Because there is line emission from unidentified features at 3.3 ¿an, 6.2 /an, and 
7.7 /an, one wonders whether a smaller value of might be appropriate. However, there is only marginal evidence for 
8.7 and 11.3 /an features in the 8-13 /an spectrum of G29.9—0.0. Because we do not understand the nature of the 
emission features, and because the 11.3 /an feature is generally strong in H n regions where all features are present (Dwek 
et al 1980), we consider the model II value of t9 7 to provide an upper limit to the extinction. We can also compute the 
extinction from the radio and Bry fluxes, assuming Te = 7500 K and find that t2.i7 = 1.5 which implies t9 7 = 1.5. 
Because this value is quite different from the model II upper limit, we examine other independent methods of computing 
the extinction. Photometry at J and H, with a 17" beam, yields value of 3.5 x 10“18 W cm-2 /¿m and 8.3 x 10“18 W 
cm-2 /un, respectively. Using the expressions developed by Willner, Becklin, and Visvanathan (1972) relating the 
predicted flux density in these bands relative to radio flux density on the assumption that only recombination processes 
contribute to the infrared flux density, we compute lower limits to the opacity at J and H of t1>25 > 3.8 and r165 > 2.3, 
respectively. These in turn lead to t9>7 > 1.7,1.8 respectively, where the equality applies if there is no additional source of 
infrared radiation such as dust emission. We have assumed dust emission to be negligible at J and H and have adopted the 
average of the four extinction values derived above. The main remaining discrepancy is that we can compute a lower limit 
to the Bra flux (incomplete wavelength coverage of data) which implies t9 7 < 1.8. This is close to the adopted value of 
t9 7 = 1.9 ± 0.4, and either a lower electron temperature or a different extinction curve could resolve the remaining 
discrepancy. Such changes would act in a direction to increase the derived abundances. 

We now compute the ionic abundances <iVx/ArH), using the corrected line fluxes Fr (assuming the average extinction 
correction t9 7) and the value of Sv adopted. In Table 4, the ionic abundances are expressed as ratios with respect to the 
standard elemental abundances. Since the measurement beams encompass the H n region, the sum of the Ar n and Ar m 
abundance ratios represent a lower limit to the measured argon abundance ratio in G29.9—0.0, namely 5.0 ±1.4 times 
standard argon abundance. Ar iv is also expected to be present in G29.9—0.0, although the nondetection of S iv suggests 
this may be a small constituent. We note that even if t6>99 = 0, Ar n alone is 1.6 times standard argon abundance, and 
thus argon is clearly overabundant in this source. The total sulfur abundance % the S m abundance, and is 1.8 ± 0.7 
times standard. Finally, the Ne n abundance is 1.8 ± 0.3 times the standard elemental neon abundance, indicating that 
neon is also overabundant. Furthermore, much of the neon is expected to be in the form of Ne m, based on the excitation 
parameter (Table 6). We note that if there is clumping, all of these abundance ratios would be even larger. 

ii) G75.84+ 0.4 
Spectrophotometric measurements of this source have been obtained by Pipher, Soifer, and Krassner (1979) in the 

spectral ranges from 2 to 4 /¿m and 8 to 13 /un (see Table 1, note e). A map at 12.6 /mi by these authors and radio 
continuum mapping by Matthews et al. (1973) at 5 GHz (7"2 x 9" beam size) and Turner et al (1974) at 2.7 GHz 
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(9'!4 x 5'.'5 beam size) confirm the multiple structure of this source and indicate a general coincidence between the 
infrared and radio emission. Both radio measurements indicate two main components of comparable total flux and size. 
According to Matthews et al (1973), component A is 19" x 12" with a total flux of 3.7 ± 0.4 Jy, while component B, 
which lies ~ 20" to the east of A, is 20" x 18" and has a total flux of 2.7 ± 0.3 Jy. Turner et al. (1974) find a total flux of 
1.6 Jy for component A and a total flux for all components added together of 2.5 Jy and note that G75.84+0.4 is probably 
optically thick at 2.7 GHz. Line flux measurements were taken with beams centered on component A; hence, this 
component will be the dominant contributor to the radio flux for the beam sizes of interest here ( < 30"). We assume that 
for [Ar n] and [S m] line flux measurements the beam encompassed the entire H n region associated with component A. 
For computation of the [Ar m], [S iv], and [Ne n] abundances we estimate from the parameters for the H n region given 
by Matthews et al. (1973) that ~ 1.3 Jy at 5 GHz would be contained in a radio beam centered on component A with a 
beam size comparable to the infrared measurements (11"). (See, however, discussion by Turner et al. (1974) who find the 
physical parameters derived by Matthews et al. (1973) to be uncertain, because the complex may have multiple 
components. Hence the adopted values of Sv in our beam size may be in error by as much as a factor of 2.) 

According to Pipher, Soifer, and Krassner (1979) the value of t9^ is 0.5 or 2.1 depending whether a model I and model 
II fit is chosen (see § Ilia). Typically, the model II fit is the “best fit.” But since neither %2 model fit was unambiguously 
better, we consider other extinction estimates. Because we are uncertain about the radio flux in our beam, we use the ratio 
of the Bry and Bra line fluxes, coupled with the assumed extinction law, to deduce t2.i7 = 2.2, which would imply 
t9 7 = 2.2. The 2-4 ¿im spectrum may have been obtained at a somewhat different spatial position, and variable 
extinction across the nebula is possible; hence, there may be some uncertainty in comparing these estimates of t9 7. 
Despite the excellent agreement of the model II value with that determined from the Brackett lines, we adopt 
t9 7 = 2.15 + 0.3. Here the error is not the formal standard deviation but a typical uncertainty in t9.7. Ionic abundances 
relative to the standards are listed in Table 4 for this mean value of t9>7. Combining ionic abundances according to the 
prescription outlined in § Illb, we find the following lower limits to the elemental abundances for argon and sulphur 
(relative to standard abundance), of 0.94 ± 0.21 and 2.3 ± 0.1 respectively. We can conclude that the lower limit to the 
abundance for Ar is consistent with the adopted standard abundance, within the errors, and S is a factor of 2 
overabundant. Since other stages of ionization have not been observed (notably Ar iv and Ne m) and since not all of the 
H ii region was sampled for all ions measured (see § IHh), the resultant Ne and Ar abundances may even exceed standard 
values. 

iii) G45.1+0.1 
Spectrophotometric observations of G45.14-0.1 have been obtained by Krassner and Pipher (1980) and by F. C. 

Gillett from 2 to 4 /un with an 11" beam and from 8 to 13 pm by Hefele and Schulte in den Bäumen (1978) and a 22" beam. 
New observations from 8 to 13 pm are presented here (Fig. 3) with a 7"5 beam (observations with an 11" beam are 
identical in spectral shape and flux density). A radio continuum map of G45.14-0.1 at 5 GHz by Matthews et al. (1977) 
with a 7" x 38" beam size reveals two dominant components separated by ~ 50". Component A is found to be ~ 6"5 in 
size with a total flux of 4.0 ± 0.3 Jy,5 whereas component B is 25" in size with a total flux of 2.1 ± 0.3 Jy. All infrared line 
flux measurements were taken centered on component A ; thus, due to the small source size, we expect all infrared beams 
to include all of component A, but none of B. The multiplicity of beam sizes for 8-13 ¿on measurements, which show no 
appreciable differences in forbidden line flux, also support this contention. 

The ionic abundances are computed using a flux of 6.0 Jy at 5 GHz (see note 5) for component A and the corrected line 
fluxes for G45.1 +0.1. An average (weighted by errors determined by the x2 line fits) of the line fluxes of Hefele and Schulte 
in den Bäumen (1978) and the present data has been adopted. Although the present data (11" beam) show no apparent 
detection of [S iv] and [Ar m], Hefele and Schulte in den Bäumen (1978) detected these lines in a 22" beam. The mean 
extinction correction (t9>7 = 2.0 + 0.3) is listed in Table 3 : it was deduced from the ratio of the Bry and Bra line fluxes to 
the radio flux, the model II fit to the 8-13 pm measurements presented here, t9. 7 = 2.0, and the assumed ta /t9. 7 extinction 
law. The corrected ionic abundances relative to hydrogen are listed in Table 5. Since all infrared beams are assumed to 
encompass the entire H n region, these ionic abundances can be combined to yield the elemental abundance (see § lllb). 
This gives elemental abundance ratios for argon and sulphur (relative to standard) of 1.2 + 0.5 and 0.75 + 0.2, 
respectively. We conclude that the abundances for Ar, S, and Ne in G45.1 +0.1 are consistent with the adopted standard 
abundances. If Ar iv and Ne m are present in any quantity, as is expected on the basis of the high excitation parameter 
(Table 6) and/or if there is clumping, the actual elemental abundances may very well exceed standard abundances. 

NGC7538 IRS2 
Southwest of the optical H n region NGC 7538 = S158 is a compact radio source which high resolution continuum 

measurements resolve into three distinct components. Martin (1973) has mapped this source at 5 GHz with 2" resolution 
and finds component A (which is 8"9 x 8"0) with a total flux of 1.4 + 0.1 Jy dominates components B and C which have 
total fluxes of only 0.12 + 0.02 and 0.02 + 0.01 Jy respectively. Israel (1977) finds similar results with lower resolution 

5 Matthews et ai (1977)find t5 ghz % 0.87, thus equation (3), which assumes that 5V is optically thin, is not directly applicable. Since the radio flux in 
the optically thin limit = S0t, we can deduce an “ equivalent ” Sv in this case, by multiplying the measured 4 Jy by t/(1 — e~x). The “ equivalent ” Sv is 
6 Jy for use in equation (3). 
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( ~ 7") 5 GHz measurements. Wynn-Williams, Becklin, and Neugebauer (1974) have mapped this region at 20 /¿m with a 
5" beam and find infrared sources coincident with each of the radio sources found by Martin. Willner (1976) has obtained 
spectra from 8 to 13 ^m of all three components with a 7'.'5 beam and finds IRS2 to be the only source in the complex show- 
ing evidence of infrared forbidden line emission. A new 8-13 jum spectrum of IRS2 (provided by F. C. Gillett) was 
obtained with an 11" beam. All of the other measurements were obtained with an observing aperture sufficiently large to 
encompass both IRS1 and IRS2. Thus there is a large discrepancy among the continuum levels plotted in Figure 3. 

The line fluxes for IRS2 are listed in Table 1. [Ne n] is the only line unambiguously detected; formal fitting procedures 
give upper limits to the strengths of other lines. An extinction correction of x9^ = 1.0 was determined from a model II fit 
to our 8-13 jum spectrum. Soifer, Russell, and Merrill (1976) observed the Bry flux and using the appropriate value of 
^2.17 /S5 ghz we find t2#i7 = 1.2. From the adopted extinction law (Table 2), we deduce Ï9 7 = 1.2 ± 0.3. After correcting 
the [Ne 11] line flux for extinction, we compute the Ne 11 abundance relative to standard for NGC 7538 IRS2, namely 
0.55 ± 0.08. Because other stages of ionization may be present for neon (e.g., Ne m), we can only conclude that the 
measured ionic abundance of Ne 11 is consistent with the adopted standard abundance. For other ions (with the marginal 
exception of S m below), the signal-to-noise ratio is sufficiently poor to prohibit any conclusions. 

The nearby optical H11 region NGC 7538 has been observed for [S m] flux using the Lear Jet telescope with a 217 beam 
(Forrest, Briotta, and Gull 1979). The beam was centered on the optical nebulosity and a flux ofl9±3 x 10-17Wcm-2 

was observed in the 18.7 ¿un line. Using the 15 GHz radio data of Schraml and Mezger (1969), we estimate a radio flux of 
approximately 11.9 Jy from this region. As this region is optically visible, the extinction at 18.7 /¿m should be quite small. 
Then the above fluxes imply a S m abundance (relative to standard elemental sulfur abundance) of 0.82; our 
determination of the relative S m abundance from IRS2, where an extinction correction was employed, is 0.49 ± 0.25 (see 
Table 5). For comparison, Talent and Dufour (1979) derive a [S m] abundance of0.46 standard from optical observations 
in two small regions and also derive a S11 abundance of only 0.07 standard. As some of the sulfur may be in the form of 
S iv in this region, we conclude the [S m] measurements in NGC 7538 are compatible with the standard S abundance. 

v) W3 IRSl 
Spectrophotometric observations of W3 IRSl have been obtained by Willner (1977) from 8 to 13 ¡im with an 11" beam 

and by Krassner and Pipher (1980) from 2 to 4 /mi and 8 to 13 /mi with 22" and 11" observing apertures, respectively. The 
[Ar 11] and [S m] data reported here were obtained with 27" and 30" apertures, respectively. A radio continuum map at 5 
GHz with 2" resolution by Harris and Wynn-Williams (1976) reveals a shell structure in the emitting gas approximately 
40" in diameter roughly centered in IRS2, the dominant exciting star (Harris and Wynn-Williams 1976). Due to the 
extended nature of this source, none of the infrared apertures include all of IRSl. The 2-4 /mi and 8-13 /mi spectra of 
Krassner and Pipher (1980), adopted here, and the [Ar 11] measurement of this paper were acquired with the beams 
approximately centered on IRS2; we estimate from the radio map of Harris and Wynn-Williams (1976) that 5 GHz radio 
fluxes of 0,1.5, and 13 Jy respectively would be contained in 22", 11", and 27" apertures. The peak [S m] line flux was found 
to occur at the 5 GHz ridge to the northwest of IRS2. We estimate ~ 13 Jy at 5 GHz will be contained in this observing 
aperture. 

The measured line fluxes for W3 IRSl are presented in Table LA model II fit to the 8-13 /¿m spectrum of Krassner and 
Pipher (1980) yields an extinction correction of T9.7 = 2.3. The ratios of the Bry and Bra line fluxes to the radio flux in the 
same beam size imply T2.17 = L7 and T4.05 = 0.9. The ratio of the Brackett fluxes leads to t2>17 = 1.8. Because there is 
diflerential extinction across W3, these values all underestimate the optical depth. Nonetheless, we use these and the 
adopted extinction law, ta/t9.7, to deduce T9 7 = 1.9 ± 0.3. Using the correct line fluxes (Table 1) and the appropriate 
value of Sv, we derive the corrected ionic abundances relative to the adopted standard elemental abundances ; these values 
are listed in Table 5. 

If the ionic abundances are combined according to the prescription given in § Illh, we find that the lower limit for 
sulphur relative to standard abundance is 1.2 ± 0.2. The observed ionic abundance of [Ar 11] in a 28" beam shows that this 
ion is neligible compared to [Ar m]. Thus the argon abundance is > 1.7 ± 0.5 standard, suggesting the argon may be 
overabundant. We conclude that the abundances in W3 IRSl of S and Ne are consistent with the adopted standard 
abundances, noting that models of W3 IRSl suggest that the argon measurement is indeed a lower limit (Herter et al. 
1981). A large aperture (2'7) measurement by McCarthy (1980) yields S m abundance of 0.22 standard sulfur abundance 
(uncorrected for extinction). After correcting for extinction, this is in reasonable agreement with the value found here. 

vi) G12.8 - 0.2 
We present a new 8-13 /mi spectrum (with an 11" beam) of the strong thermal radio source G12.8 — 0.2 in the W33 

complex as well as a 4-8 /mi and 16-30 /mi spectrum in Figure 2. A partial 8-13 /¿m spectrum using a 15" beam was also 
obtained; the spectrum is not plotted in Figured, but the [Ne 11] and [S iv] measurements are reported in Table 1. Goss, 
Matthews, and Winnberg (1978) find that this source dominates the complex with a radio flux at 5 GHz of 25 Jy and a 
radio size of ~ 14" x 27". The other weaker compact sources in the complex ( ~ 12' in diameter) contribute less than 2 Jy 
radio flux, although diffuse flux of ~ 30 Jy spread over the 12' diameter is indicated. Unfortunately, the highest resolution 
radio map available had a resolution of 5.6" x 30".6 

6 Our VLA data (resolution ~ 2") on G12.8 — 0.2 are not yet complete. Preliminary analysis suggests that the source is larger than 30" arc in 
diameter, and that 15%, 21%, 33%, and 76% of the total flux is contained in beams of 9", 11", 15", and 30" respectively. 
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The measured line fluxes are given in Table 1. A 2-4.3 /an spectrum of G12.8 — 0.2 has been obtained by Pipher and 
Willner (1981), and they estimate t2.i = 4.2 from the ratio of J2r(Bra)/Jr(Bry). From a model II fit to the 8-13 /¿m 
spectrum we find t9 7 = 4.3, in excellent agreement with the Brackett line estimate. A mean value of t9 7 = 4.3 ± 0.1 is 
assumed to correct the line fluxes. Using the adopted radio fluxes, and the corrected line fluxes, we deduce the corrected 
ionic abundances relative to elemental standard abundances (Table 5). Combining these according to the prescription in 
§ IIE?, we find that the elemental abundances are 0.3 ± 0.1 times standard for Ar n, 0.4 ±0.1 times standard for sulfur 
and 0.3 ± 0.03 times standard for neon. Because we have no information on other ionization states or clumping, we quote 
these abundances as lower limits. However, as noted below, a rather enigmatic situation exists for this source. 

Though the above calculations indicate a possible underabundance of S m in G12.8 — 0.2, measurements of the same 
area with a 27 beam gave a much larger [S m] flux than was found with the 28" beam reported here. McCarthy (1980) 
reports 13 ± 2 x 10“17 W cm-2 for the [S m] 18.7 /zm flux. This is about 16 times larger than the 28" measurements. 
However, radio observations of this region indicate that most of the radio flux in a 27 beam (Schraml and Mezger 1969; 
Altenhoff et al 1978) which we estimate at about 25 Jy at 10 GHz, originates from the ~ 20" diameter compact H n region 
(Felli, Tofani, and D’Addario 1974; Goss, Matthews, and Winnberg 1978). Since the radio emission should be a good 
tracer for the ionized gas in this region, it is not clear where the large S m flux observed in the 27 beam is coming from. 
This property is similar to that found for W51, where the S m fluxes from the compact components IRS1 and IRS2 
(Forrest 1980) provide only a small fraction of the flux seen in a 27 beam (McCarthy, Forrest, and Houck 1979), even 
though the radio maps indicate that they dominate the thermal emission from that region. 

The possibility that the small aperture observations somehow missed the compact H n region has been considered but 
does not seem likely. The position in the sky which was observed was determined by first offsetting from a nearby guide 
star to the nominal position of the H n region (Goss, Matthews, and Winnberg 1978) and then peaking up in the 
continuum around 19 /zm. The final position gave a continuum 20 /zm flux of about 2.8 x 10“16 W cm” 2 /zm”1 which, 
considering the beam sizes, is consistent with the flux of 2 x 10“16 W cm“ 2 /zm“1 found by Dyck and Simon (1977) for 
their brightest component in this region (IRS3). In the process of peaking up, data on the strength of the 18.71 /zm line in 
the immediate vicinity of the compact H n region were gathered. Though the peak up signal-to-noise ratio was not large 
(S/N — 2/1 ), within ± 15" of the final peak the line flux was not significantly larger than at the final position. We conclude 
that we were pointed at the compact H n region. 

The question of what is responsible for the relatively large [S m] line flux observed in the larger beam is an intriguing 
one. Because of the difficulty of separating a low surface brightness radio component from the very bright compact 
component with the data currently available, it is possible that the region viewed in the large beam had some thermal 
radio emission in addition to the 25 Jy from the compact component. The amount could not be large compared to the 
emission from the compact H n region. If we estimate an upper limit to its radio emission as < 10 Jy, then we estimate a 
S in abundance relative to standard sulfur abundance of > 0.6 x [exp (t18.7)], where t18>7 is the extinction to the 
region. Thus even with no extinction assumed, the abundance ofS m in the extended component appears to be at least a factor 
of 2 higher than in the compact H II region and is comparable to the standard abundance. The source of this disparity is not 
understood at present. Some possible explanations are: (1) severe clumping in the compact H n region suppressing the 
S in flux; (2) a much larger optical depth to the compact H n region than has been assumed here—if the extinction is 
patchy across our beam size, we seriously underestimate t9.7 by all the methods used; (3) an actual difference in the 
gaseous sulfur abundances between the compact H n region and the diffuse H n region. There is some controversy on 
the relative distances to the different components and we may be sampling two separated regions (Goss, Matthews, and 
Winnberg 1978). The [S iv] and Brackett measurements rule out substantially higher or lower excitation. We plan spatial 
observations of the complex in the Bra and [Ne n] lines and abjacent continua to attempt to resolve the disparity. 

IV. CONCLUSIONS 
We have gathered infrared line fluxes for [Ar n] (6.99 /zm), [Ar m] (8.99 /zm), [Ne n] (12.81 /zm), [S m] (18.71 /zm), and 

[S iv] (10.51 /zm) in six compact H n regions well distributed in distance from the galactic center. Extinction to these 
regions was estimated by a variety of methods in order to arrive at a realistic value of the correction factor to apply to 
these measured line fluxes. The Ne, Ar, and S abundance for these regions are calculated by combining these data with 
radio data on the same objects; quoted errors in the calculated abundances include uncertainties in estimating the 
extinction. The two H n regions sampled close to the galactic center (G29.9-0.0 and G12.8-0.2) give quite different 
results. G29.9—0.0 appears to be overabundant in Ne, Ar, and S, while G12.8—0.2 appears to be roughly standard or 
underabundant in these elements. We believe that errors in the extinction have been carefully taken into consideration, 
and that this is not the cause of the abundance difference. However, it is possible that the radio fluxes used in these 
calculations do not exactly correspond to the radio flux contained in the infrared beam size. We are attempting to 
overcome this possible source of error through an extensive series of measurements on the VLA. Other regions with 
possible overabundance include G75.84 ± 0.4 (in S) and W3 (in Ar), both at > 10 kpc from the galactic center. Our limited 
data suggests region to region abundance variations. Abundance gradients determined optically (Peimbert, Torres- 
Peimbert, and Rayo 1978 and references therein) often show scatter of the same order of magnitude as the derived 
abundance gradients. Because of the small number of regions sampled and the uncertainties in interpreting the infrared 
line data (such as importance of clumping, neglect of other stages of ionization, and nature of the extinction law), we do 
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not propose to attempt an estimate of the alleged gradient. However, it is important to obtain more measurements of the 
type outlined here in greater detail (e.g., better spatial coverage and similar beam sizes) so that total abundances can be 
reliably estimated. We require a sufficiently large sample of such observations to assess statistically the abundance 
pattern in our Galaxy. The present results seem to indicate that the abundances of Ar, S, and Ne vary substantially from 
H ii region to H n region, whatever the underlying reason. 
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