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RESUMEN

Se realizaron observaciones en la linea H166« vy el continuo a 1.4 GHz en diferentes posiciones
en el gas jonizado extendido, asociado a las regiones HII, M17, G333.3 — 0.4, y RCW 74, respectiva-
mente, Se obtuvieron temperaturas electrdnicas y otros parametros fisicos de estas regiones y se les
comparé con los obtenidos por otros autores a partir de observaciones de lineas de recombinacién en
radio de mas alta frecuencia. Los resultados son compatibles con una descripcion de las regiones HII
relativamente extendidas, como compuestas por una pequefia regién compacta (N = 100-1000 cm™),
rodeada de una envoltura de gas ionizado de mas baja densidad (N = 1-10 cm™). Las temperaturas.
electrOnicas parecen variar con la densidad, al menos en M17.

ABSTRACT

We made observations in the H166« line and in the 1.4 GHz continuum at several positions in
extended jonized gas associated with the HII regions M17, G333.3 — 0.4, and RCW 74, respectively.
We derived electron temperatures and other physical parameters of these regions and compared them
with those obtained by other authors from higher frequency radio recombination line observations.
The results are compatible with a description of relatively extended HII regions, each consisting of a
small compact region (Ne = 100 to 1000 cm™) embedded in a extended ioriized gas envelope of lower

density (N = 1- 10 em~?). Electron temperatures appear to vary with density, at least in M17.
Key words: INTERSTELLAR MATTER — NEBULAE-HII REGIONS —

RADIO RECOMBINATION LINES

L. INTRODUCTION

The H166a line has been observed along the galactic
plane for 11 < 50° (Lockman 1976; Hart and Pedlar
1976; Hart et al 1983). This line emission correlates well
with the CO emission at 115 GHz, both in distribution
and in velocities, (Robinson er al 1984). As is well
known, CO is a primary tracer of H, in giant molecular
clouds. The close association found between giant mo-
lecular clouds and H166a emission suggest that this is a
good indicator of star formation regions.

The purpose of this paper is to study the H166a emis-
sion, from the low density and extended ionized gas re-
gions associated with the HII regions M17, G333.3 —
0.4, and RCW 74. To this end we report observations of
the three nebulae. M17, G333.3, and RCW 74, have been
observed previously at other radio recombination lines,
in the radio continuum at different frequencies, in some
molecular lines (CO, H,CO, OH, etc.) as well as at op-
tical wavelengths.

Let s consider first M17. This region has been studied
in a large number of radio recombination lines with fre-

1. Member of the Carrera del Investigador Cientifico y Tec-
nokigico del Consejo Nacional de Investigaciones Cientificas y
Técnicas (CONICET), Argentina,

quencies ranging from 408 MHz to 88.5 GHz (Goudis
1976), in the optical range and radio lines of CO, H, CO,
OH, H,0. Molecular line studies of the associated mo-
lecular cloud to the small and dense central region have
been published by Lada, Dickinson, and Penfield (1974);
Lada (1976); Elmegreen and Lada (1976), and Thronson
and Lada (1983). H, O and OH masers toward M17 have
been discussed by Knowles, Caswell, and Goss (1976)
and Genzel and Downes (1977). H, CO in absorption was
observed by Whiteoak and Gardner (1974), and Downes
et al. (1980) at velocities (LSR) 23.7 and 23.5 km s,
respectively (throughout this paper all velocities are
referred to- the Local Standard of Rest). In CO the ve-
locity is 20 km s™! (Lada ef al 1974), and in H, O it is
19 km s™ (Genzel and Downes 1977). Excited OH
emission velocity is 21 km s™?, according to Knowles
et al (1976). In general molecular line velocities agree
with recombination line velocities.

The optical observations of [OIII] (A = 5007 A)
made by Elliot and Meaburn (1975) show single, double
and quadruple profiles, indicating the very complex kin-
ematics of the region, with probably unusual large scale
internal motions produced by ionization fronts eating
into the adjacent neutral material (Meaburn 1977).

Most of the radio recombination line observations
made generally at frequencies > 5 GHz and with anten-
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na beams < 4', in the direction of the center of the neb-
ula (G150 —0.7), show a single profile. Exceptions are
the H76a observations of Gull and Balick (1974) and
McGee and Newton (1981), showing double profiles.
The H252a observations of Batty (1974), show a dif-
ference of 12 km s™! in radial velocities as compared
with higher frequency observations,

The region centered at galactic coordinates 1 =
333.3°, b =-0.4° (we shall call it G333.3) has been ob-
served in H109%a, H76a, H90a, and in molecular lines
from H, CO, OH and CO. Observations of CO (J = 1—+0)
were made by Gillespie ef al. (1977). The transition CO
(J=2-1) has been studied with more detail by De
Graauw et al, (1981) in the associated molecular cloud.
H,CO was observed in absorption by Whiteoak and
Gardner (1974). Molecular line velocities are in general
= _5]1 km s!, in good agreement with recombination
line velocities.

RCW74 (G305+4, 0.2) has been observed in the
H109a, H76a, H252a lines, CO (Gillespie et al. 1977,
Brand et al. 1984), H, CO (Whiteoak and Gardner 1974),
and OH. Molecular line velocities fall in the range —35
km s™! to —40 km s™!. Recombination line velocities
are>~ —40 kms™.

We shall describe in the next section observation car-
ried out of the H166a line and 1.4 GHz continuum,
which seem to prove the existence of extended emission
regions embedding the three nebulae.

I1. OBSERVATIONS
a) The Line

The observations were made with the 30-meter diam-
eter antenna of the Instituto Argentino de Radioastro-
nomia. The noise temperature of the system was about
85 K for a cold sky background and the half-power
beam-width (HPBW) was 34 arcmin at 1420 MHz. The
frequency-switching technique was used for the obser-
vations. The back-end included a filter bank of 112
filters of 10 kHz widths. These gave a velocity resolu-
tion of 2 km s™!. We observed 9 positions for each HII
region, at a separation of 0.5°. The total integration
time was about four hours for each position. This re-
sulted in an ‘rms’ noise of 0.025 K. The final profiles
were obtained by removing the instrumental baselines
using in most of the cases a second order polynomial.

b) The Continuum

The three nebulae were observed in the continuum at
1420 MHz by making several right ascension scans spaced
0.5° in declination. The continuum receiver covered a
bandwidth of 40 MHz centered at 1420 MHz. A filter of
2MHz bandwidth centered at 1420.4057 MHz was used
to eliminate the emission from galactic neutral hydrogen.
The receiver was operated in the Dicke switching mode.
The velocity of the right ascension scans was 0.5° min-
ute.

III. RESULTS
a) Structure of M17

The galactic coordinates and some parameters of the
observed profiles are given in Table 1. Some of the pro-
files are shown in Figure 1. The central profile, as well as
several other ones, have centroid velocities of 20 km s™*.
Other profiles, as the one at 1 = 14.5°, b = 0.0°, have
centroid velocities of 35 km s™ . This would mean that
emission has originated (for that profile, according to
the Schmidt rotation model), from more distant regions
along the line of sight. The FWHM (Full-Width-Half-
Maximum) is 35 km s™ for most of the profiles.

TABLE 1

PARAMETERS CALCULATED FOR DIFFERENT
OBSERVED POINTS IN M17

2 b STL dv Te TS
) () (Kkms™) (K) (K)
14.5 0.0 7.364 8 3251 + 300
14.5 - 0.5 3.092 8 6900 : 700
15.5 0.0 0.578 8 -

14.5 - 1.0 1.792 14 -

15.5 -1.0 4.856 11.6 6450 £ 650
15.5 -05 5.108 20 10000 + 100
15.0 - 1.0 11.140 26 6300 + 600
15.0 -0.7 25.453 38 4300 + 400
15.0 0.0 2.204 4 5000 + 500

The continuum map of the observed region is shown
in Figure 2. The numbers at the contour levels corre-
spond to degrees Kelvin of antenna temperature. The po-
sitions given in Table 1 are shown by X marks. The val-
ues of the continuum antenna temperatures T, given in
the map and the integrated power fT; dv under the
corresponding H166a profiles, were used to derive elec-
tron temperatures T, (cf. Table 1). The values of T, ob-
tained in this way range from 3000 to 12000 K.

The integrated flux density from the region associ-
ated with M17 is 675 Jy. Using this value and according
to a very simplified model of a spherical HII region with
uniform electron temperature and density given by
Schraml and Mezger (1969), we computed an rms elec-
tron density == 12 cm™? and obtained a value of emission
measure of 1.04X 10* pc cm™. The adopted distance is
2.3 kpc and the diameter of the spherical model is D =
50 pc.

Higher frequency observations in the direction of
G15.0, —0.7, which is the center of the observed region
(Wilson et al. 1970; McGee and Newton 1981; Downes
et al. 1980) show density and emission measure values
about two orders of magnitude greater than our values
(see Table 2). This difference can be explained by the
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Fig. 1. Some profiles obtained from the H166a observations of the M17 region.
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Fig. 2. Continuum map at 1420 MHz of the region associated ‘with M17. The crosses indicate the positions where the H166a observa

tions were made,

TABLE 2

PHYSICAL PARAMETERS OBTAINED FROM DIFFERENT RECOMBINATION LINE

OBSERVATIONS FOR M17, G333.3 AND RCW 74

M17 G333.3 RCW 14
EM Ne Te EM Ne Te EM Ne Te

Reference (pcem™) (em™?) (K) (pccm ™) (cm™?) (K) (pccm ™)  (cm”?) (X)
Wilson et al

(1970) H109« 1.6 x 10¢ 594 6200 2.1 X 10¢ 994 5000 5.1 x 10% 223 5200
Downes et al

(1980) H110ax 1.6 x 10¢ - 9100 - - - - - -
McGee and Newton

(1981) H76a 3x10¢ 1010 8300 7.5 X 108 456 7400 7.2 x10% 456 6900
Our observations

(1984) H166a 1.04 x 10* 12 5500 8.5 x 10° 7 5200 8.81 x 10° 5 4500

fact that at the frequency of the H166a line and with
our antenna beam, the observations are most sensitive
to the extended and diffuse parts of the nebula, the

compact and higher emission measure regions near the
center becoming optically thick at 1.4 GHz and suffer-
ing greater beam dilution.
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b) Electron Temperatures

The electron temperatures were derived from the ob-
served H166a profiles by using the line to continuum
ratio technique. The formula used was:

f Todv 7440 1
T, a@T,) 1+(NHe )/NHY)

p 14 T: ~1.15
X GHz E) S

where T? is the electron temperature if the emission
levels are in Local Thermodynamical Equilibrium (LTE),
a(v, T.) is a factor close to unity, tabulated by Mezger
and Henderson (1967), v is the line frequency in GHz,
N(He*)/N(H*) is the number density ratio of jonized
helium to jonized hydrogen generally assumed to be 0.1,
J Ty dv is the integral power under the line (in K km
s')and T, is the continuum antenna temperature.

If it is assumed that T, is constant over the whole re-
gion, then [Ty dv should be proportional to T.. In Fig-
ure 3, we have plotted [T dv against T,. A least squares
straight-line fit to the observed points, excluding those
corresponding to £= 14.5°, b=-1.0°, 2= 15.5°, b =

c

~ 0.0° (very noisy profiles), results in a slope which cor-

responds to T, = 4800+480 K. This method has been
used by other authors (Jackson and Kerr 1975; Hart and
Pedlar 1976) to estimate the electron temperature in the
presence of non-thermal continuum uniformly distrib-
uted over the whole source. The electron temperature
computed in this way, is independent of the non-ther-
mal continuum emission. This should be the case with
the general non-thermal galactic continuum emission.

By looking at Figure 3, it can be seen that the fitting
by a straight line is not very satisfactory, in particular
for the data oorresgonding to the position of galactic co-
ordinates £=15.5", b = —0.5° (JT. dv = 5.108 K km
s7!, T, =20 K). That would indicate that the non-ther-

mal contribution in that direction is greater than at the
other points, that is to say there would be contributions
to the continuum along this particular line of sight, from
regions without H166a emission. However, the correla-
tion coefficient (0.8934), estimated by using the ‘¢’ Stu-
dent distribution (Moroney 1951), suggests that the cor-
relation is significant.

On the other hand, the mean value of T#* obtained
from the individual profiles, excluding the position at
2=15.5°,b=-05° (cf. Table 1) is T¥ =5400 K. This
value is not very different from the one obtained by
means of the statistical method considered above. There-
fore, we can assume that an average value of 5000 K as
a first approximation is a good estimate for the electron
temperature of the low density ionized gas (N, = 12
cm™3) associated with M17.

b) G333.3

The galactic coordinates and other parameters of the
observed profiles are shown in Table 3. Some of the pro-
files are shown in Figure 4. The centroid velocities of the
profiles are = —50 km s™!, having a FWHM of 30 km
s!. The asymmetry of some profiles, given by the pos-
sible presence of a component at more negative veloci-
ties, could be due to ionized gas at a larger distance than
the HII region we are studying.

TABLE 3

PARAMETERS CALCULATED FOR DIFFERENT
OBSERVED POINTS IN G333.3

) b [Ty dv Te Te
©) ©) (Kkms™) (X) (K)
333.3 -04 12.18 26 5800+ 600
334.0 - 0.5 1.722 8 1000 £ 1000
334.0 0.0 2.718 10 9400 + 900
333.5 0.0 5.860 14 6450+ 650
334.0 -1.0 1.354 4 7760 £ 800
333.0 -1.0 2. 714 10 9400+ 900

,333.5 -1.0 1.818 5 7290+ 700

333.0 0.0 5.426 12 6000 + 600
333.0 - 0.5 12.88 26 5600+ S00

T T T T
M17
+
& 20F g -
o .-
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x 52
! -
< -
:_;10"" e -7 + -
- 4_ "/
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A4y
[~ ] i } i
10 20 30 40 T (K)

Fig. 3. f T dv versus T for M17. The dashed line corresponds
to the least squares straight-line fit to the observational results,

The continuum map is shown in Figure 5. The posi-
tions where the line was'observed are shown by crosses.
The values of electron temperatures for each position
are given in Table 3 and range from 6000 to 11000 K.
The integrated flux density for the extended region as-
sociated to G333.3 of about 2° of diameter is 1500 Jy.
Under the same simplified assumptions made for M17
(uniform electron temperature and density) we compu-
ted a rms electron density >~ 7 cm™ and a value for the
emission measure of 8.10% pc cm™. The adopted dis-
tance is 3.9 kpc and the diameter of the spherical model
isD = 129 pc.
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Fig. 4. Some profiles obtained from the H166a observations of the G333.3 region.



..15A

1986RMxAA. .13

LOW DENSITY IONIZED GAS 21

Fig. 5. Continuum map at 1420 MHz of the region associated
to G333.3 The crosses indicate the positions where the H166a
observations were made.

As in the case of M17, higher frequency radio recom-
bination line observations in the direction of G333.3,
—0.4 (the center of the HII region), (Wilson et al
1970; McGee and Newton 1981) result in values of den-
sity and emission measure one or two orders of magni-
tude larger than those obtained from our measurements
(see Table 2). This fact can be explained by the same ar-
gument given for M17.

By means of the statistical method referred to above,
we estimated an average value for the electron tempera-
ture of the low-density ionized gas associated to G333.3
of 52001500 K. We show in Figure 6 [T dv versus T,
and the corresponsing straight-line fit.

c)RCW 74

Galactic coordinates and other parameters of the ob-
served profiles are shown in Table 4. Some of the pro-
files are shown in Figure 7. The centroid velocities of
most of the profiles are =~ —40 km s™!, with FWHM of
~35kms™t.

We shown the continuum map in Figure 8. We have
indicated with X marks the positions where the H166a
line was observed. The values of the computed electron
temperatures are given in Table 4, ranging from 4500 to
7500 K, The integrated flux density for the extended re-
gion associated to RCW 74 of about 110 arcmin diameter
is 1400 Jy. Using the formulation of Schraml and Mezger
(1969) the obtained values of electron density and emis-
sion measure are = 7 cm™> and 8.77X 10 pc cm™®,
respectively. The adopted distance is 3.4 kpc and the
diameter of the source is= 112 pc.
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Fig. 6. § T1, dv versus T for G333.3. The dashed line corresponds
to the least squares straight-line fit to the observational results.

TABLE 4

PARAMETERS CALCULATED FOR DIFFERENT
OBSERVED POINTS IN RCW 74

2 b [T dv Tc Te
) ) (Kkms™) X) (X)
305.0 - 0.5 2.140 6 7400+ 700
305.0 +0.5 3.660 6 4650+ 450
306.0 0.0 2.420 5 5650+ 600
305.5 +0.5 4.040 8 5481 + 5500
305.4 +0.2 13.00 22 4780+ 500
305.0 0.0 7.30 12 4660 + 450
306.0 -05 1.646 3 5100+ 500
306.0 +0.5 0.432 3 =
305.5 - 0.5 2.838 8 7450 750

Again our values of electron density and emission
measure are lower than those obtained from H109«
line observations by Wilson et al (1970) and H76¢ ones
by McGee and Newton (1981) (cf. Table 2). The same
explanation of this difference as given for M17 and
G333.3, should also be valid here. By means of the same
method we used for M17 and G333.3, we derive an aver-
age electron temperature of 4500:450 K for the low
density ionized gas associated to RCW 74. The plot of
STpdv versus T, is shown in Figure 9, together with
the corresponding fitted straight-line.

IV. THERMODYNAMICAL EQUILIBRIUM

In the high emission measure regions, there are im-
portant departures from LTE at the frequency of 1.4
GHz. This results in an increment of the recombination
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line temperatures, and therefore generally there is an
underestimation of the T, (LTE). For the low density
jonized gas (N, = 1—10 cmi ), of lower emission meas-
ure, the T% obtained from H166a and 1.4 GHz continuum
observations, should differ from the actual temperature
by less than 20% (Dyson 1969). On the other hand,
Shaver (1980), shows that, for a given emission meas-
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Fig. 7. Some profiles obtained from the H166« observations of the RCW 74 region.
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Fig. 9. fTy, dv versus T, for RCW 74, The dashed line cor-
responds to the least squares straight-line fit to the observa-

Fig. 8. Continuum map at 1420 MHz of the region associated to
RCW 74, The crosses indicate the positions where the H166a
line observations were made,

ure, there is a unique frequency at which T, = T%. It
turns out from his results that at 1.4 GHz and for EM. =
10°-10* pc cm™S, T, T2.

In the three regions we observed, the possibility that
departures from LTE are present,” was investigated
through the expression for the ratio of the actual elec-
tron temperature Te, to the value T¢ obtained by assum-

ing LTE:
0.87
An) (2)

e ( Te kTe g, b,
=lb,(1+— —_—
2 hw dby,

where 7. is the optical depth for the continuum radiation,
by, is the population departure for the atomic level n.
Using the coefficients given by Brocklehurst (1970), we
obtained values of T./T# < 1.2 for the three regions, as
expected.

These results can be explained in two ways either:
i) there is a compensation between stimulated emission
in.the low density outer regions by the continuum radia-
tion of the inner core regions and pressure broadening
which may be present in the nebulae, or ii) the effects of
departure from LTE are negligible in our observations
and furthermore, pressure broadening is not significant.
The latter alternative seems more likely. Pressure broaden -
ing does not play a dominant role because the Avg/Avp
ratio (Griem 1967) is unimportant for n > 150 when the
density is Ne < 10° cm™3; Avg is the Stark (electron col-
lision) broadened line half-power width, and Avp is the
Doppler half-power width,

Therefore, we conclude that the assumption of LTE
is a good approximation for the low density gas associated
with the three regions.

-Jl—-l
#*

o

tional results,

V. ELECTRON TEMPERATURE VARIATION ACROSS
THE HII REGIONS

In Figure 10 we show different electron temperature
values obtained for M17, from several radio recombina-
tion line observations with different beam sizes (HPBW),
as taken from the review by Goudis (1976) as well as
from other references (Pedlar and Davies 1972; McGee
and Newton 1981; Downes et al 1980; McGee et al
1975). We also include our result (T, = 5000 K, with a
HPBW of 34'). It can be seen from the figure that the
temperatures range from 8000 to 4500 K, showing a
general trend of decrement as the HPBW increases. In
addition, smaller beams correspond generally to higher
frequency observations. Two effects ensure that low
frequency spectra (v < 1.4 GHz) will largely reflect con-
ditions in low-density gas. One of them is the optical

TEK) T T T T

oty _

6000 |- %l{ ‘{\"‘\\_‘ . { 4

4000 |- .

2000 |- =

1 1
LOHPBWI(')

1 ]
0 20 30

Fig. 10. Plot of electron temperature Te against beam sizes
(HPBW), as obtained from various radio recombination line
observations of M17. The dashed line corresponds to the least
xquares straight-line fit to the observational results.
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depth in the continuum for ionized gas, which at the
frequency of 1.4 GHz is greater than unity when the
emission measure is > 10° pc cm™. The second effect
arises from impact broadening of the line in dense re-
gions. At 1.4 GHz this broadening will significantly de-
crease peak line temperatures when N, > 1000 cm™3
(Lockman 1976). At high frequencies (v = § GHz) the
observed spectra will be dominated by regions of high
Ne, that is to say it will reflect conditions of denser gas.

Therefore, the presence of a variation of the electron
temperature with the density in the nebula is apparent.
This effect (decreasing electron temperature with de-
creasing density) has been considered by Pedlar (1980),
and Garay and Rodriguez (1983) by comparing electron
temperatures of low density and high density HII re-
gions. Low density H II regions are in general cooler than
high density ones, due to the lack of collisional de-exci-
tation, that inhibits cooling. In our analysis, we consid-
ered the temperature variation across the same region. In
this case, there are no effects due to the galactic temper-
ature gradient with the galactocentric distance. There-
fore, a model of a hot and high density central region
and a low density and cooler envelope, is suitable for
describing at least M17.

VL STAR FORMATION

Compact HII regions expand, and, as their size in-
creases their density and central emission measure de-
creases. Expansion of the HII regions continues, until
they achieve pressure equilibrium with the surrounding
neutral gas, or until the ionizing O stars move off the
main sequence. Once the electron densities have decreased
to some 10 cm™, they form extended low density HII
regions, with low surface brightness, which are difficult
to observe at high radio frequencies. However, the free-
free emission from a diffuse region, is easily observable
with low angular resolution at decimeter wavelengths.
The Lyman photon flux required to maintain the radio
HII region is provided by O stars. For determining N,
the Lyman photon production rate in the HII region, we
make use of the measured radio flux density Sp of the
free-free emission and of the known distance. The rela-
tion between radio luminosity and N, (Mezger, Smith,
and Churchwell 1974) is given by the equation:

1.\ 045 S
€ v
N, =4.76 X 108 — — } X
K Jy
-0.1 2
v r
X — 3
(GHZ <kpc ) 3

where T, is the electron temperature, v is the frequency
in GHz, Sp is the flux in Jy and r is the distance in kpc.
We assume the He/H abundance is zero. The results are
shown in Table 5.

TABLE 5

THE THREE OBSERVED REGIONS, TOGETHER
WITH THEIR FLUXES AND THE CORRESPONDING
VALUES OF LYMAN PHOTON FLUX

Distance N¢ (Low N¢ (High

from the Sun Sy Density) Density)

Region (kpc) ay) (phs™) {(phs~")
M 17 23 675 3.7x10%° 5.4 x 10%°
G333.3 3.9 1500 2.3 x 10%! 6.3 x10%°
RCW 74 34 1400 1.8 x 10*? 1.4 X 10*!

Since the lifetime of the HII region is relatively short
(Osterbrock 1974), we can assume that the stars are on
the Zero Age Main Sequence (ZAMS) and with their
spectral types according to some initial mass function.
Identifying mass with photon flux by using the total
luminosity of ZAMS stellar models and the relation of
Panagia (1973), between N, and luminosity, we may
calculate the total mass of ZAMS stars associated with a
certain Lyman flux.

In each region, we have two different star formation
scenarios, one being earlier (high density gas) than the
other one (low density gas). We calculated the Lyman
flux for the three regions using the parameters obtained
from our observations (see Table 5). Comparing these
fluxes with those obtained from high frequency determi-
nations (Smith, Bierman, and Mezger 1978), there are no
significant differences. That implies the presence of
about the same masses of ZAMS stars ionizing both the
low and high density gas. Alternatively, it is conceivable
that the ionizing cluster is one and the surrounding gas
was already in a core-halo distribution. That would be
another possibility, different from the assumption of
two distinct star formation scenarios.

VIL. COMMENTS

We have observed extensively the three H II regions
M17, G333.3 and RCW 74, in the H166a line and 1.4
GHz continuum. From the observations we derived phy-
sical parameters (electron temperature, density and emis-
sion measure) corresponding to the low density ionized
gas associated to the regions (as was explained above).

On the other hand, from Table 2, it becomes evident
that the observations of the higher frequency radio re-
combination lines, carried out with smaller beams by
other authors, supply the physical parameters (essential-
ly electron density and emission measure), correspond-
ing to the denser gas near the center of the nebula. The
combined results (at high and low frequencies) are com-
patible with the description of the relatively extended
HII regions as consisting roughly of a small compact
region of gas embedded in an extended ionized gas en-
velope of lower density, as shown in previous papers
(Cersosimo 1982; Cersosimo, Azcirate, and Colomb
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% 1984) and studied in more detail for the 30 Doradus

% nebula (Cersosimo and Loiseau 1984). The conclision

= is that observations at a low frequency, such as H166a

~ line, are suitable for obtaining the physical parameters
of the lower density ionized gas.

In addition, we have found an electron temperature
gradient across M17, which we consider as being due to
the variation of temperature with electron density (Pe-
dlar 1980). The values of the electron temperature
which we have obtained for the three regions (= 5000
K) are characteristic of low density ionized gas (Pedlar
1980; Cersosimo et al. 1984).
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W.G.L. Poppel for his critical reading and useful discus-
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making the drawings and Miss P. Hurrell for typewriting
the tables. We thank the referee for his useful suggestions
to improve the paper.
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