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ABSTRACT 

The effect that temperature fluctuations inside H n regions have on the value of the temperature 
determined from observations is studied. New photoelectric observations of M8, M17, and three regions 
of the Orion Nebula are discussed; the intensity ratios of auroral to nebular forbidden lines of 0+, 0++, 
and N+ were measured in all five regions, whereas the intensity ratio of Balmer continuum to Balmer 
line was obtained for the last three. The temperatures obtained by means of the forbidden lines are 
found to be larger than those determined from the Balmer continuum and the published radio astronomi- 
cal values. It is found that at least part of this difference can be accounted for by temperature fluctuations 
inside H H regions. 

I. INTRODUCTION 

There are at least three different methods for obtaining the temperature of H n 
regions: (a) intensity ratios of auroral to nebular forbidden lines; {b) intensity ratios of 
bound-free continuum to bound-bound emission lines of hydrogen; and (c) intensity 
ratios of bound-bound emission lines to free-free continuum of hydrogen. The first two 
are used in the optical region, and the third one in the radio region. However, there are 
discrepancies between the temperatures derived from the third and first methods. To 
study these differences it should be kept in mind that the probable errors in the tempera- 
ture values are very large, that the temperatures refer to different volumes, and that 
each method weights differently the subregions in the volume considered. 

The large variations in density and degree of ionization existing inside a given H n 
region (see, e.g., Osterbrock and Flather 1959) are likely to produce spatial temperature 
fluctuations. We will presently study the different effects of these fluctuations on the 
values of the temperatures obtained by each method. 

by 

II. TEMPERATURE EQUATIONS 

The forbidden-line flux )received from a nebula in ergs cm-2 sec-1 is given 

I{X+^\nm) =3.09X\^SN{X+^Anm^^^-hv{\nm)dUdl, d) 

where \nm is the wavelength associated with the emission; N(X+V) is the number of 
atoms in the ÿth state of ionization given in cm“3; fí, the observed solid angle; Anm, the 
Einstein transition probability coefficient in sec-1; P(X+p,n)/S{X+v) is the fraction of 
the atoms N(X+P) in the nû\ level; and l is the distance inside the nebula in parsecs 
along the line of sight. If collisional de-excitations are negligible, equation (1) can be 
written as 

I(X+p,\nm) = CfN(X+p,r)Ne(r)Te(r)~^ exp [-AE/kTe(r)]dm , (2) 

where r is the position vector and the constant C depends on atomic parameters only, 
Ne(r) is the local number density of electrons in cm“3, AE is the difference of energy 
between the ground and the excited levels, and Te(r) is the local electron temperature. 

The flux at the Balmer limit is given by (Aller 1956) 

/(Bac, 3646) = 1.65 X I0~zA\ f Ni(r)Ne(r)Te(r)-V
2düdl, O) 

where AX is given in angstroms. 

825 
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826 MANUEL PEIMBERT Vol. 150 

The flux of an optically thin nebula in Hß, according to Aller (1956), is given by 

/(Hß) = 7.05 X 10-1/7Vi(r)7Ve(r)re(r)-
3/264 exp(X4)^/, (4) 

where ¿>4 is a factor measuring the degree of departure from thermodynamical equi- 
librium, X4 = hR/\6kTe(r), and R is the Rydberg constant. From the work by Clarke 
(1965) it was found that ¿>4 exp(V4) can be approximated by a power of the temperature; 
in the range between 5000° and 15000° K equation (4) can be expressed as 

/(Hß) = D¡Ni(r)Ne{r)Te{r)-« »'dtidl, (5) 

where D is constant. 
The brightness line temperature Tl and the line width AX of the low-energy hydrogen 

bound-bound lines emitted in the radio region are related to the excitation temperature 
of the line Te* by the following equation due to Kardashev (1959) 

1 7 y 1 o6 

Ap Tl = —--¿p — fNi(r)Ne(r)Te*(r) ~^düdl, (6) 

in which Ay is given in Hz. In this equation it has been assumed that the nebula is 
optically thin in the line, that the line shape is Gaussian, and that the correction factor 
for stimulated emission is hv/kTe*. For the time being we will assume that Te* is equal 
to Te- This hypothesis will be dealt with later on. 

An expression for the continuum brightness temperature, Tc, due to Oster (1961) is 

il (7) 

X [ln( 4.955 X lO”2 Xy"1) + 1-5 In Te(r)]Ni(r)Ne(r)dtidl, 

in which v is given in GHz. This equation is for the optically thin case and can be written 
as 

w-21 s ? 3 Ç y 1 o-2 

Tc = a(v,Te)   —^ -- fTe(r)35i\7(r)Ne(r)dtldl. (s) 

The factor a(v,Te) has been tabulated by Mezger and Henderson (1967), and from their 
table it can be seen that for a given frequency a(v,Te) is a very slowly varying function 
of temperature. In the following discussion we shall adopt a(v,Te) = 1. 

From equations (2), (3), (5), (6), and (8) it is noticeable that the observed parameters 
depend on different functions of the electron temperature weighted by the square of the 
density times the volume considered ; and if there are temperature fluctuations in such a 
volume, the observed temperatures will, in general, differ from the average temperature. 
We will forthwith analyze these differences. 

The average temperature weighted by the square of the density over the volume con- 
sidered is given by 

t ( at at 's _fT(r)Ni(r)Ne(r )dQdl 
fNi(r)Ne(r)düdl 

(9) 

and for the case of forbidden lines Ni is replaced by N(X+P). When the temperature is 
derived from a parameter that depends on the ath power of the local temperature, we 
have 

STHrW^NdrUüdl 
? fNe(r)Ni(r)dQdl ’ 

which, for the case of small fluctuations, can be expanded in a Taylor series about the 
mean temperature thereby yielding a temperature 
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r.= <r*>l/“«r0(i+—-^2), a^o, ¿2«i, un 

where terms of higher order in t have been neglected. Here t is the root mean square 
temperature fluctuation and is given by 

/2 = /rr(r) -^o]2\ = STKr)Ne{r)Ni{r)düdl-T^Ne{r)Ni{r)düdl 
\L r0 J/ T{?$Ne{r)Ni{r)dtidl 

To obtain a value of the temperature we need to use a ratio of two parameters integrated 
over the volume considered. Of course no value of the temperature could be derived 
if the temperature dependence of these two parameters were the same, since the ratio 
would be independent of the temperature. Therefore, either the ratio of two forbidden 
lines of the same atom and different AE or that of equations (3) and (5) or (6) and (8) 
is needed. 

In the case of a temperature derived from two powers of the temperature, the ratio of 
the powers can be expressed in terms of series expansions about T0 and approximated by 

<T°) = JTa {r)N e{r)Nj{r) düdl ^ r0»[ 1 + ja ( a - 1 )¿2] 

<Tß) fTß(r)Ne(r)Ni(r)dtidl ^[1 + ï/3(/3- 1 )/2] ’ 

the temperature is then 

Ta/ß = (^)ll(a~ß) « To (l + tt + 3 ~ 1 ¿2), a ß , ¿2«1. (14) 

The fact that a and ß are added expresses the physical situation that in the case of a 
and ß negative the two observed fluxes favor low-temperature regions and therefore the 
result of combining these two observations yields a temperature lower than the average. 

Similarly, for the case of a temperature derived from the ratio of two forbidden lines, 
the flux can be written as a Taylor series about the average temperature 

I (X+p, \nm ) « Cr0-
1/2 exp ( - AE/ kTo)fN(X+p,r)Ne(r) 

X 
^T(r)-To 3 

4 
T(r)-To 

To 
dSldl. 

From this relation, equations (9) and (12), and the assumption of small temperature 
variations we obtain the following 

j(x+yw)_ r 
nx+v,\n'm') 

expL 

« exp[ 

AÆ —A-E* I 

AE-AE* ]( AE-AE* /AE+AE* 

kTo J r+ kT0 V kT0 

Therefore, the derived temperature is related to the average temperature by 

AE^AE*, *2«1, US) 

where AE and AE* represent the differences in energy between the upper levels of each 
of the transitions and the ground level. 

Assuming small fluctuations, we have from equations (3), (5), and (14): 

T(Bac/H/3) = To ( 1 — 1.70 /2) , (16) 
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828 MANUEL PEIMBERT Vol. 150 

and from equations (6), (8), and (14): 
= To( 1 “ 1*42 ¿2). (17) 

In the case of X4363 and X5007 of 0++ from equations (2) and (15), we have 

T(4363/5007) = 1 + 2  j¡ '0^] ’ 

If (AE + AE*)/(kT¿) is larger than 3, which is the case both for the temperatures en- 
countered in H ii regions and for optical lines, the forbidden-line method emphasizes the 
high-temperature regions while the other two methods favor the low-temperature ones. 

To show the extent to which temperature fluctuations inside an H n region affect the 
observed values, predictions can be made from theoretical models. For this purpose the 
model by Hjellming (1966), with Tatar = 40000° K, Ne = 10, and N^e/Nn = 0.15, was 
used. In order to obtain the temperatures and mean square fluctuations given in Table 1, 
we integrated over a volume from 0.10 Æ* < r < 0.95 R8y where Ra is the Strömgren 
radius. 

TABLE 1 

Predicted Temperatures and Fluctuations from Hjellming’s Model 

To 
(°K) (per cent) 

T (Bac/H/9) 
(°K) 

T(AvtlItc) 
(°K) 

7,(4363/5OO7) 
(°K) 

Integrations weighted by Ni Ne * • . 
Integrations weighted by iV(0'H') N* 

5550 
5500 

19 5 
18 9 

5200 5250 
6850 

We were not able to predict the temperature for 0+ because the largest contribution to 
the integral originates in the region comprised within 0.95 Rs < r < 1.00 jRs, which is 
not considered by Hjellming for this model; however, it can be observed from Hjellming’s 
work that the predicted temperature would be even higher than 6850° K. The difference 
between the predicted forbidden-line temperature and the two predicted continuum-to- 
hydrogen-line values is about 1600° K; furthermore, the difference between the pre- 
dicted temperatures obtained from the B aimer continuum to Hß ratio and the radio 
astronomical temperatures is of only 50° K. 

As can be seen from equations (16) and (17) and the previous example, the expected 
temperatures obtained from the Balmer continuum as well as those predicted for the 
radio astronomical case are very similar; moreover this difference is very insensitive to 
temperature fluctuations; therefore, by comparing these two temperatures it would be 
possible to determine the extent of the deviations from thermodynamical equilibrium of 
the radio lines. These deviations were first suggested by Goldberg (1966) as a plausible 
explanation for the difference between the observed radio and forbidden-line tempera- 
tures. On the other hand, by comparing the Balmer continuum and the forbidden-line 
temperatures, it will be possible to determine the extent of the spatial temperature 
fluctuations. 

Ill, OBSERVATIONS AND REDUCTIONS 

In the present article only the data relevant to the temperature of the photoelectric 
study undertaken on M8, M17, and the Orion Nebula will be discussed. The detailed 
photoelectric observations will be discussed elsewhere (Peimbert 1967). 

The measurements were made during 1966 with the spectral scanner designed by 
Wampler and the Crossley telescope at Lick Observatory. The scanner is digitized and 
scans at preset wavelengths. It yields a dispersion of 15 Â/mm in the second order and 
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of 30 Â/mm in the first order. For the H n regions the entrance slit used was 0.2 X 3 
mm and the exit slot 0.6 X 3 mm, where these dimensions are taken along and per- 
pendicularly to the dispersion. The entrance slit corresponds to 8" of declination and 
120" of right ascension on the sky. The exit slot size was chosen with three requirements 
in mind: (1) its capacity to measure all the line, as shifts of 1 or 2 Â could be expected 
in the setting, (2) that it be large enough to comprise a good fraction of the continuum, 
and (3) that it be small enough to find several wavelength internals without any con- 
spicuous emission lines. For the standard stars usually a circular diaphragm of 40" or 28" 
in diameter was used, and exit slots of 1 or 0.6 mm were used. The calibration to 
absolute fluxes was carried out by observing the stars measured by Oke (1964) modified 
by more recent data. An ITT blue cell FW-130 with a modified cathode of 0.25 inch was 
used from X3200 to X7400, and an RCA 7102 cell from X5600 to XI1000. All measure- 
ments entering directly into the temperature equations were obtained with the blue cell. 

Two central points of the Orion Nebula and the regions in M8 and M17 were chosen 
because of their high surface brightness; a third point in the Orion Nebula was selected 
because its emitted flux is three times weaker than the central flux, making it a more 
representative region of the Orion Nebula. The coordinates for the center of the ob- 
served regions are given in Table 2. 

TABLE 2 

Positions of the Observed H ii Regions 

Observed 
Region 

Reference 
Star 

Coordinates Relative 
to Star 

Aa A3 

Orí I. . 
Orí II. .. 
Ori III . 
M8I. .. 
M17 I... 

Ori 
0i Ori 

HD 37042 
9 Sag 

BD —16°4818 

0" 
0 
0 

-175 
+135 

+35" 
-35 
+35 
-90 
+15 

The nebular to auroral line ratios of N+, 0+, and O*4" were measured in the five points. 
The Baimer jump was measured only in the three Orion regions. Since the auroral lines 
are very weak, long integration times were necessary, each region was observed several 
times with sky measurements in between, and every time that a region was observed 
many scans were carried out. At least one continuum point at each side of the emission 
lines was measured to evaluate and subtract the contribution of the continuum to the 
emission lines. 

The results for the emission lines are given in Table 3, where F(X)/F(Hß) is the ob- 
served line flux compared to that of Hj0, and /(X)//(Hß) is the relative flux after correct- 
ing for reddening. The last two rows show the values of Ch/s, the reddening logarithmic 
correction for H0 (defined as c by Seaton 1960), and of F(H/3), the observed flux in ergs 
cm-2 sec"1. 

It is difficult to determine the intensity of the high-order B aimer lines since the 
continuum emission in the Orion Nebula (O’Dell and Hubbard 1965; Mendez 1965) is 
considerable, and a large fraction of it is due to dust-scattered starlight showing the 
Balmer lines in absorption. In order to estimate the underlying absorption, we assumed 
that the continuum is due only to atomic processes and scattered light; then computed 
the fraction of the continuum due to atomic processes from the work by Seaton (1960). 
We found that it amounted to 24 per cent for Ori I, 20 per cent for Ori II, and 12 per 
cent for Ori III at X3845. From the equivalent width of X3835 of the Trapezium stars 
we then estimated that the underlying absorption in the continuum at X3835 amounted 
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TEMPERATURE H ii REGIONS 831 

to 5 per cent for Ori I and II, and to 10 per cent for Ori III. This correction was taken 
into account in Table 3. For the other Bahner lines listed in Table 3, this effect is negli- 
gible but for higher-order Baimer lines it should be considered. 

The reddening correction for the Orion Nebula was obtained from the reddening law 
determined by Johnson and Borgman (1963) and by fitting the Hß/IFy and Hß/H8 
ratios to the Bahner decrement computed by Clarke (1965) for case B, Te = 10000° K 
and collisional redistribution for n < 20. 

For M8 and M17 the reddening function tabulated by Seaton (1960) was used; the 
logarithmic value at Hß obtained for M8 showed a difference of only 0.02 from that 
adopted by O’Dell, Hubbard, and Peimbert (1966), but the value for M17 was 0.32 
larger than the one used by O’Dell (1966). 

The estimated errors in the relative line intensities after taking into account redden- 
ing corrections and errors in the absolute calibrations amounted to less than 0.04 in the 
logarithm, with the exception of the auroral lines in M8 and M17 for which the errors 
can be twice as large. 

In order to obtain the temperatures from the forbidden lines, the following equations 
were adopted (see Aller and Liller 1967): 

/(5007 + 4959) 10.3 X 1014300/7,e 

7(4363) 1 + 0.013# ’ 19 

7(6548 + 6548) _ 1 1.9 X 1010900/2T* 
7(5755) 1 +0.37# ’ (2° 

and 

7(3726+3729) _ 13.70 1+0.136+5.3*(l+0.60e+0.07e2) 
7(7320+7330) e 1 + 23.8* (l+0.23€)+61.2x2( l+0.61e+0.0 7e2) 

where 
* = 10"W,rr1/2, (22) 

and 
€ = exp (—19600/7\>) . (23) 

For the H n regions considered, equation (19) is a function of the temperature only since 
the *-term is negligible. In equations (20) and (21) the *-term cannot be neglected, how- 
ever, since the ionization potentials of 0+ and N+ are very similar, we can assume that 
the corresponding forbidden lines originate within the same regions and treat equations 
(20) and (21) as two simultaneous equations on * and Te. The temperature thus obtained 
depends mainly on the [N n] auroral to nebular line ratio. On the other hand, the value 
for * depends on the [O n] auroral to nebular line ratio, but due to the large differential 
reddening correction, * is not as accurate as the temperature. 

The values of * obtained from our observations are the following: 0.19 for Ori I, 0.40 
for Ori II, 0.16 for Ori III, 0.11 for M8 I, and 0.08 for M17 I. 

Table 5 (see below) lists the temperatures for Ori I, Ori II, Ori III, M8 I, and M17 I 
as derived from our observations. In this same table the listed temperatures by Aller 
and Liller (1959) for the Orion Nebula and by O’Dell (1966) for M8 and M17 are values 
that we recomputed from their observational data by means of equation (19), which 
takes into account more recent determinations of cross-sections. The differences between 
the old and new cross-sections amount to a difference of several hundred degrees in the 
derived temperatures. 

To measure the Balmer continuum in the Orion Nebula, we selected eight wave- 
length intervals 9 Â wide, centered at XX3504, 3520, 3570, 3620, 3742, 3780, 3810, 3845. 
The observed and intrinsic fluxes for the Orion Nebula are given in Table 4. All the 
observations were photoelectrical, adopting the same procedure and reddening correc- 
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tions followed for the emission lines. Table 4 shows the average values of four photo- 
metric nights. From the work by Kaler, Aller, and Bowen (1965) on the emission spec- 
trum of the Orion Nebula, it was estimated that less than 3 per cent of the flux in the 
wavelength intervals considered was due to emission lines. In order to obtain the value 
of the flux at 3646“ and at 3646+, we extrapolated the values of the first and last four 
points, respectively. These extrapolated values show a blue gradient similar to that of 
the Trapezium stars, which is consistent with the fact that a large fraction of the con- 
tinuum is due to dust-scattered light from the Trapezium. 

TABLE 4 

Continuum Observations 

Wave- 
length 

Orí I 

1000 /(X)/ 
F(Hß)* 

1000 ¿(X)/ 
I (H/3) f 

Orí II 

1000 /(X)/ 
F(H0) 

1000 i(X)/ 
/(H0) 

Ori III 

1000 /(X)/ 
F(H|8) 

1000 ¿(X)/ 
/(H/3) 

3504 
3520 
3570. . 
3620 . . 
3646-... 
3646^... 
3742 
3780... 
3810 .. 
3845 .. 

6 25 
6 14 
6 42 
6 25 

2 56 
2 42 
2 38 
2 26 

28 
11 
36 
03 
20: 
96 

3.63 
3 40 
3 35 
3 16 

6 30 
6 42 
6 66 
6 80 

2 85 
2 63 
2 58 
2.49 

36 
54 
73 
81 
90f 
32f 
05 
70 
63 
46 

9 90 
9 90 
9 81 
9.90 

5 25 
4 96 
4 91 
4 82 

13 8 
13 8 
13 5 
13 5 
13 5f 

7 71J 
7 04 
6 60 
6.55 
6 36 

*/(X) is the observed flux in ergs cm-2 Â-1 sec“1, 
t *(X) is the intrinsic flux in ergs cm“2 Â“1 sec"1. 
X Extrapolated values. 

To obtain the temperatures, we used the &4 values computed by Clarke (1965), equa- 
tions (3) and (4), and the values for the Balmer continuum obtained from Table 4 
where /(Bac, 3646) = 7(3646“) — 7(3646+). The results are shown in Table 5, where 
the errors were obtained from an estimated 0.05 probable error in the logarithm of the 
Balmer continuum to Hß intensity ratio. The errors in the temperatures derived from 
the Balmer continuum are larger than for the forbidden-line temperatures, because this 
method is less sensitive to the temperature than the forbidden-line procedure. 

IV. DISCUSSION 

All the photoelectric observations of auroral to nebular line ratios in the literature are 
presented in Table 5, together with our results on the intensity ratios of auroral to 
nebular lines and Balmer continuum to Hß lines. Also included are some of the best radio 
observations of Orion, M8, and M17. The values by Dieter (1967) refer to the 158a 
line and were obtained with a beam width of 31Í4 X 35Í6. Observations by Mezger 
and Höglund (1967) refer to the 109a line of hydrogen and a beam width of 6'45 X 6Í3. 

Since the Balmer-continuum temperature is an average over the whole volume, it has 
to be compared not only with the 0++ temperature that refers mainly to the high- 
ionization regions, but also to the 0+ and N+ temperatures that refer to the low-ioniza- 
tion ones. It is clearly shown in Table 5 that the Balmer-continuum temperatures are 
substantially smaller than those obtained by means of the forbidden lines, hence proving 
the existence of large temperature fluctuations in the regions considered. 

To compare the Balmer-continuum temperature with those obtained from transitions 
between highly excited levels of hydrogen, the observations should refer to the same 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 6

7A
pJ

. 
. .

15
0.

 .
82

5P
 

No. 3, 1967 TEMPERATURE H n REGIONS 833 

volume. In general, the solid angles observed in radio frequencies are larger and include 
the optical angles. However, in the Orion Nebula, the flux is highly concentrated toward 
the center (Osterbrock and Flather 1959; Menon 1961), and the integrated observations 
over the nebula refer principally to the central regions. 

The comparison between the temperature of Ori III and the value by Mezger and 
Höglund is the best that can be made because, in terms of flux, Ori III is a typical sub- 
region of the volume measured by Mezger and Höglund. It is thus seen that temperatures 
obtained from the free-free to bound-bound ratio are substantially smaller than those 
from the forbidden lines and very similar to those from the Baimer continuum, which 
proves that the main difference in the Orion Nebula between radio and forbidden-line 
temperatures is caused by temperature fluctuations inside the nebula. Nevertheless, due 

TABLE 5 

Temperatures of H ii Regions 

Region T («s's/soot) 
(°K) 

T(3727/7325)5 
(5755/6584) 

(°K) 
T (bsc/h/3) 

(°K) 
T(Aptl/tc) 

(°K) 
Sources 

of Te 

Ori I 

Ori II 

Ori III 
Orion 
Orion 

Orion 
M8I. 
M8 . 
M8 

M8 
M17 I 
M17 
M17 

M17 

8900 + 300 

9450+300 

9450+300 
10000+300 

8100 + 500 
9000+300 

8700 + 600 
8100+300 

13700 + 800 

12400 + 800 

10500 + 800 

9400 + 700 

8100 + 500 

710°ímo 
6500 

6100 

+ 1500 
-1100 
+ 1400 
-1000 

6400 + 680 
-1500 

6460 + 500 

5790 + 880 
-1410 

4570+980 

4910 + 520 
-1150 

3310+460 

Peimbert 

Peimbert 

Peimbert 
Aller &Liller (1959) 
Mezger & Höglund 

(1967) 
Dieter (1967) 
Peimbert 
O’Dell (1966) 
Mezger & Höglund 

(1967) 
Dieter (1967) 
Peimbert 
O’Dell (1966) 
Mezger & Höglund 

(1967) 
Dieter (1967) 

to the high probable errors, the radio temperatures can be smaller than the Baimer- 
continuum temperatures and a fraction of the difference between the radio and forbid- 
den lines might then be attributed to deviations from thermodynamical equilibrium, as 
suggested by Goldberg (1966). The effect of these deviations is to overpopulate the 
high-energy levels of hydrogen by stimulated emission, producing stronger line emissions 
and consequently lower radio-measured temperatures than those obtained by means of 
the Baimer continuum to Hß intensity ratio. 

From Table 5 it is evident that the forbidden-line temperatures as well as those ob- 
tained from radio observations for M8 and M17 are very different. These differences are a 
consequence of at least four causes: (1) the temperature fluctuations present in the 
volumes considered; (2) the observations do not refer to the same solid angle; (3) the 
possible deviations from thermodynamical equilibrium of the high-energy levels of the 
hydrogen atoms; and (4) the differential effect of the antenna angular response on the 
observations of the line and the continuum as discussed by Dieter (1967). 
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From the equations derived in § II it is clear that the average temperature is inter- 
mediate between the forbidden line temperature and the temperatures obtained, from 
the intensity ratios of both the Bahner continuum to Hß emission and the hydrogen lines 
to continuum in the radio region. 

V. CONCLUSIONS 

The effect of temperature fluctuations inside H u regions on the values determined 
from different physical processes was found to be very significant. 

By computing observable temperatures from theoretical models it was found that 
there are large differences in the predicted values by each of the different methods. 

From new photoelectric observations it was found that temperature fluctuations in- 
side the Orion Nebula amount to a few thousand degrees. The existence of these tem- 
perature fluctuations was proven by comparing the Baimer-continuum and the for- 
bidden-line temperatures. 

The main fraction of the temperature difference between the forbidden-line and the 
radio temperatures in the Orion Nebula was found to be due to temperature fluctuations 
inside the nebula, and not to the effect of deviations from thermodynamical equilibrium 
of the high-energy levels of the hydrogen atom. This result was determined from the 
comparison of the Baimer-continuum and radio temperatures. 

In M8 and M17 there is also a large difference between the radio and forbidden-line 
temperatures; however, without additional information, i.e., Baimer-continuum meas- 
urements or¿more radio observations with the same telescope at different frequencies, 
it is not possible to ascertain the relative role that spatial temperature fluctuations and 
deviations from thermodynamical equilibrium have on this difference. 
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