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Abstract. — We present Walraven V BLUW photometric observations of the Orion nebula. For an idealized radial-
symmetric nebula the brightness distribution decreases exponentially with distance from the Trapezium stars. The

integrated brightness and colour is calculated.
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1. Introduction

The Orion nebula is a (the) prototype object for investiga-
tions of HII regions excited by OB stars. The large amount
of observational data is compiled by Goudis (1982), how-
ever, only few (broad passband) photometric observations
are reported. The lack of such data (for emission nebu-
lae in general) is due to the fact that the astrophysical
interpretation of photometric observations is not straight-
forward - if possible at all — (cf. Greve & van Genderen
1987, Paper I) because the observed fluxes contain a com-
bination of line emission, atomic continuum radiation and
scattered stellar light, usually of unknown ratio and chang-
ing with position in the nebula. Nevertheless, detailed
photometric observations of emission nebulae may give
information on the global structure and the integrated
brightness distribution. To illustrate this case, we present
Walraven V BLU W photometric observations of the Orion
nebula. We are aware, however, that the VBLUW system
(as any other photometric system designed for stellar ob-
servations) is not optimized for observations of emission
nebulae.

2. Observations and reductions

The observations were made in 1986 with the Walraven
VBLUW photometer (Walraven & Walraven 1960; Rijf
et al. 1969; Lub & Pel 1977) attached to the 90 cm Dutch
telescope, ESO, La Silla. The data refer to the upgraded
photometric system in use since 1980, as given in Table 1,

* Based on data collected at ESO, La Silla, Chile

and the corresponding absolute calibration published by
de Ruyter & Lub (1986). Unfortunately, the photometric
system has been taken out of operation in 1991.

Table 1. Parameters of the Walraven VBLUW photo-
metric system

Passband v B L U w

Effect. wavel.
Bandwidth

(a)* 5441
(FHW,A) * 708

4298 3837 3623 3235
423 221 232 157

* A = Angstrom

We comment on scattered light in the atmosphere and
in the telescope for nebular measurements made close
to bright stars (cf. Paper I). Using a 23" diameter di-
aphragm, at 30" distance from a bright star (magnitude
~ 6) the measured amount of scattered light was < 1/1000
of the stellar flux, for all passbands. Reduced to a di-
aphragm of 1(”)? area, this amount of scattered light is
> 13.2 mag/(")? fainter than the star. Thus, for distances
greater than approximately 30" the nebular emission dom-
inates the instrumentally scattered light of the Trapezium
stars.

Table 2 gives the positions of the observations as off-
sets in RA and Dec. from the Trapezium star ©! ORI C;
these positions are shown in Fig. 1. The measurements
are confined to the central region of the nebula of ~ 400"
radius and are not made with homogeneous spatial cov-
erage. As listed in Table 2, some of the observations were
made at positions for which spectroscopic data are avail-
able (indicated in Table 2 by the notation of Kaler 1976,
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and listed below in the references). Additional VBLUW
observations of the Orion nebula were reported earlier in
Paper I; these data are included in Table 2.
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Fig. 1. Positions of the photometric measurements; the center
position coincides with the star 8! ORI C. The solid dots refer
to measurements in the dark bay area of the nebula

The photometric measurements are also given in Ta-
ble 2; in the VBLUW system the data are logarithms
of intensity. A 16” diameter diaphragm was used. The
observations are corrected for sky background; the data
are not corrected for (foreground) reddening which is of
the order of Ay =~ 1 mag. (cf. Chaisson & Dopita 1977;
Goudis 1982). The de-reddening relations of the VBLUW
system are given by Lub & Pel (1977).

The apparent visual magnitude Vj and the colour in-
dex (B — V); of the Johnson UBYV system (denoted by
the index J), as given in Table 2, are calculated from the
relations (Pel 1986)

Vs = 6.886 — 2.5[V + 0.033(V — B)] (1)

and
(B - V); = 2.571(V — B) — 1.020(V — B)?

2
+0.500(V — B)® - 0.010 @)

The data of the U BV system are given in magnitudes. The
relations (1) and (2) are derived for stars (i.e. continuum
sources), however, for emission nebulae these transforma-
tions are expected to give values Vj and (B — V); which
are correct within < |0.1| mag.

We assume a homogeneous brightness inside the area
(= 201(")?) of the 16” diaphragm, and we assume radial
symmetry of the spatial brightness distribution with ©?!
ORI C as center. This is a highly idealized picture, in
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particular when compared with the current blister model
of the Orion nebula (cf. Rubin et al. 1991; Baldwin et
al. 1991). However, the relatively small scatter of the
brightness distribution with respect to a linear radial
dependence, as shown in the figures below, indicates that
this assumption is a physically useful hypothesis, as also
used by other observers (cf. Simpson 1973).

3. Global photometric structure

Figure 2 shows the brightness V3, per 1 (”)? area, not
corrected for reddening, as function of the radial distance
r from the Trapezium star @' ORI C. There exists a
scatter in the brightness of ~ 1 mag/("’)?, however, when
assuming radial symmetry of the nebula the large-scale,
global brightness distribution for the region ~ 30 < r <
400" can be approximated by the linear relation

Vi(r) = av + byr =15.39 + 0.011r (3)
with 7 in arcseconds (“) and Vj(r) in mag/(")%. The
coefficients ay, by were determined by a least squares fit
and the corresponding linear approximation is shown in
Fig. 2. The V passband (=~ Vj) contains mainly continuum
radiation and (many) weak lines with strengths of a few
percent of Hg (cf. Johnson 1968; Osterbrock et al. 1992).
However, the strength of the atomic continuum is related
to the strength of Hg so that a correlation of Vj and the
intensity of Hpg is expected to exist in case scattered stellar
light does not dominate the flux (for scattered stellar
light see O’Dell & Hubbard 1965, Miinch & Persson 1971,
Simpson 1973, Schiffer & Mathis 1974, Perrin & Sivan
1992). Such a correlation is shown in Fig. 2 with the
intensity of Hg taken from Dopita et al. (1975) and here
expressed in magnitudes.

Denoting by Ivj(r) the intensity measured in the Vj
passband, per 1 (”)? area, Eq. (3) represents an exponen-
tial spatial distribution of the intensity

Iy3(r) = Iv;(0) exp(—0.011r) = 6.98 10~7 exp(—0.011r)

4)
The intensity Iy j(R) emitted from the circular area inside
the radius R is

R
Ivi(R) =2 IVJ(O)/O r exp(—0.0117)dr (5)

Table 3 gives the values Ivj(R) in magnitudes, there
denoted Vj(R). Similarly, from Eq. (1) and Eq. (2) we
obtain for the B; passband

Ip3(r) = Ip3(0) exp(—0.0084r)=4.02 10~7 exp(—0.0084r)
(6)

Table 3 gives also the integrated values Ipj(R)
in magnitudes, there denoted Bj(R), and the colours
(B — V);(R). We extrapolated the observations to r =
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Table 3. Brightness and colours (Johnson UBYV system)
of the Orion nebula assuming radial symmetry

PHOTOMETRIC STRUCTURE OF THE ORION NEBULA

(") 100 200 300 400 600+ 800+ infinit
vJ(r) 16.5 17.6 18.1 19.8 22.0 24.2

BJ(r) 16.9 17.8 18.7 19.6 21.4 23.3

(B-V)J(r) 0.48 0.21 0.01 -0.19 -0.58 -0.98

VJ (R) ++ 4.85 3.98 3.67 3.53 3.45 3.44 3.44
BJ(R) 5.33 4.36 3.97 3.79 3.65 3.62 3.61
(B-V)J(R) 0.48 0.38 0.30 0.26 0.20 0.18 0.17
PV(R) (%) 27 61 81 92 99

PB(R) (%) 20 50 72 85 96 99

+ extrapolated from Eq. (4); the measurements are confined to ~ 400"
VJ(r), BJ(r) in mag/(")**2

(B-V)J(x), VJ(R), BJ(R), (B-V)J(R) in magnitudes

++ VJ = 4.69 for the combination of the Theta 1 ORI stars A+B+C+D.

600", 800”, and ‘infinity’, and calculated the corre-
sponding integrated brightness and colour as given in
Table 3. This table gives also the relative amount of
energy emitted in different circular sections, denoted
Pv(R) = Ivi(R)/Ivi(o0) and Pp(R) = Ips(R)/Ips(c0),
respectively.

From relation (4) and (6), respectively, we derive that
the emission of the nebula falls to 1/2 of the emission at
its center at a radial distance of ~ 0.15 pc for Vj and
~ 0.20 pc for By, when adopting a distance of the Orion
nebula of 500 pc.

Figure 3 shows that for the other passbands of the
Walraven system the logarithms of the measured intensi-
ties B, L, U, W follow also a linear radial dependence.
The corresponding coefficients ag, bg, ar, br etc. of the
relations

B =ap+bpr, L=ap+br, )
etc. are given in Table 4; the corresponding linear relations
are shown in Fig. 3.

Table 4. Coeflicients a, b of Eq. (7)

Passband (eff. wavel., A) a b
V(5441) -3.328 -0.00476
B(4298) -3.545 -0.00393
L(3897) -3.416 -0.00386
U(3623) -3.423 -0.00382
W(3235) -3.693 -0.00384
Units: [a) = log. int./(")**2

[b] = log. int./(")**2/(™)

In Fig. 3 there are three positions (between 280" <
r < 400”) where the intensities are significantly lower
than those measured at similar radial distances and as
derived from the linear approximations. The positions of
these observations are especially marked in Figure 1; they
are located in the dark bay area at the NE of the nebula
at d(RA) and d(Dec) = (280", 280"), (240", 240"), and
(200”, 200”). When we use relation (3) to characterize
the “average” nebula we find from the observations that
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at these positions of the dark bay there exists an addi-
tional (foreground) extinction of Ay = 1 mag, which is in
agreement with the values obtained by Chaisson & Dopita
(1977).

4. Walraven colours

While the intensities (logarithms) of the VBLUW pass-
bands show a convincing linear radial dependence, the
conventional colours of the Walraven system do not ex-
hibit such a feature. Figure 4 shows the measured colours
as function of radial distance from the Trapezium stars.
In these diagrams the colours change from below to the
top from red to blue. For all colours there are significant
offsets from the stellar colours; for (B — L) and (B — U)
the nebular colours are systematically more blue than
the stellar colour, for (U — W) they are systematically
more red than the stellar colour, and these offsets remain
nearly constant (though with a large scatter) throughout
the nebula. For (V — B) the nebula is more red in the
vicinity of the Trapezium stars, and gradually the colour
changes to more blue in the outer regions. This may be an
effect of a changing contribution of scattered stellar light.

The solid and dashed lines in Fig. 4 show the colour
dependence for cuts across the nebula in the direction NS
and EW. These cuts reveal no particular features of the
colour distribution.

5. Conclusion

For radiation in the wavelength region from ~ 3200 A to
~ 5500 A, as measured through the filters of the Walraven
photometric system, the Orion nebula shows an exponen-
tial radial decrease of the emission and considerable radial
symmetry with the Trapezium stars as center. The pho-
tometric ‘half-width’ of the nebula is 0.15 — 0.20 pc.
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Fig. 2. Radial dependence of the visual magnitude Vj : small solid dots, with the linear fit inserted as calculated from Eq. (3).
The open circles show the intensity of Hg (in magnitudes, adjusted scale) taken from Dopita et al. (1975). The large dot (at

r = 0) gives the integrated brightness of the stars ©! ORI A+B+C+D
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Fig. 3. Intensities (logarithms) measured in the passbands B, L, U, W and least squares fit linear relations (see Eq. (7)). The
three measurements at 200" < r < 400”, which deviate from measurements at similar radial distances, are taken in the dark
bay area of the nebula (see also Fig. 1)
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Fig. 4. Colours (solid dots) or the VBLUW system as function of radial distance from the star @ ORI C. The solide square

is the integrated colour of the Trapezium stars ©! ORI A+B+C+D. The solid lines and the dashed lines indicate cuts through
the nebula in the directions NS and EW, respectively
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