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Abstract. The spectrum of the planetary nebula NGC 6302 There are two other effects which can be substantially im-
is presented, as it was observed by the ISO short-wavelengtbved by using the 1ISO spectrum. First of all, only a limited
spectrometer. The IUE spectrum observed at the same positiomber of ions of a given element are available in the optical
with the same aperture is also presented. spectrum; sometimes only a single ion. Often this ion is not the
principal stage of ionization, so that a correction for the unseen
Key words: stars: abundances — stars: evolution — ISM: planenization stages must be made. The theoretical basis for this
tary nebulae: individual: NGC 6302 — infrared: ISM: lines andorrection is often uncertain, which makes the result “suspect”.
bands The use of ISO spectra alleviate these problems to an impor-
tant extent because so many ionization stages are observed in
the infrared that no “guesses” as to the stellar ionizing radiation
need to be made. Even stronger, the problem may be inverted
1. Introduction and the stellar radiation field derived from the abundances of

. the various ionization states.
The planetary nebulaNGC 6302 has beenknown foralong time. 1o other uncertainty in the interpretation of the optical and

rongly dependent on the temperature of the electrons. If the

nor_th S‘?Uth makes the central pgrt OT the nebulla invisible l‘gmperature is constant in the nebula, its value as determined
optical light. It also completely extinguishes the light from thﬁy_the observed @1 line ratio’s may be used for all ions. If,

central star, which consequently .has never been seen. Theig (5o e it is innomogeneous, it will affect lines of different
evidence (Ashley & Hyland, 1988; Pottasch etal. 1996) that iiegies in different ways, and using therCtemperature wil
central star is the hottest object known in the galaxy. lead to faulty results. This problem does not exist for the lines

The nebula is interesting from another point of view. Thg, the ISO infrared since their energies are small enough that

nitrogen abundance_ls very high, similar to the Oxygen ,abulrl)fe temperature dependence of the collisional excitation is quite
dance. The conversion of so much oxygen to nitrogen in tgﬁ]all

course of the evolution of the star indicates that it was origi-

nally very massive, and the present remnant is alsp Iikely to Ité‘?lgth spectrograph (SWS) are presented. This will be supple-
masg(;ve. Tlhere mrf]iy be :Jther abundancehgnr??ahes which £alhted by a presentation of the IUE spectrum which was taken
provide a clue to the nuclear processes which have occurred, essentially the same position and with the same aperture as the

The extinction causes great difficulties in studying the neyy/g spectrum. It is our intention to analyse the total spectrum
ular abundances. First of all, it is not known precisely where t'&‘?this PN in the next paper in this series

material causing the extinction is located, although it is clear

that it must be close to the nebula. But correcting an optical (or

ultraviolet) spectrum assuming a constant average extinction

is invariably done) is at best an approximation. The ISO SWS observations were made with the SWS06 observ-
The use of an ISO spectrum improves this situation consigly template, which provided complete spectral coverage at the

erably: extinction effects are absent from most of the spectrufiii spectral resolution (1000 to 2000) of the SWS. The observa-

In the short wavelength region some extinction correction figns were made in February and March 1997. One observation

required, but it is only about 10% of the measured flux. provided coverage from 2.4 tog@n and from 12 to 27.5m,

the second observation covered the spectrum from 7 jari2

Send offprint requests tdouwe@sron.rug.nl and from 28 to 4um.

In this paper the observations made by the ISO short wave-

gSO observations
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o Table 1. Measured line intensities | in units of T¢? erg cnT? st
-37°0200"  NGC 6302 @ 1 wavelength\ in um. Mgvir is blended with Aurr.
A=36cm
15" v O - A I Ident. A | Ident.
2.406 1.19 H 6.15 <0.2 Cawvl
307 - 2423 0.60 H 6.491 2.82 Sivil
g 2455 063 H 6.702 239 ClIV
2 5+ S - 2483 227 SiVl 6.906 1.86 K
g > 2.563 0.33 HI 15-5 6.945 1.40 He Il 9-8
= o300t - 2584 <01 SilX 6.981 51.0 Arll
2.624 59 HI 6-4 B6 7.314 5.92 Na lll
15"} 4 2673 0.29 HI 13-5 7458 4.13 HI 6-5 &f
2.757 0.43 HI 12-5 7499 1.14 HI 8-6
30 4 2801 010 H 7.648 627 NeVl
e 2.825 1.22 Hell 9-7 7.813 <0.3 Fe VIl
L L. — N - 1l 2871 055 HI115 7.898 215 ArV
17°10"26 2 22 20 18 16" 2905 <0.02 AlV 8021 070 H
R.A. (1950) 2972 015 H 8.607 10.7 NaVl
Fig. 1. The contours show the 3.6-cm radio continuum map of NGC 8.757  0.25  HI10-7
6302, made with the VLA. The beam is shown in the upper rigk@.-003 019 H 8.826 044 KVI
The highest contour is 307mJy/beam. The contour levels change 2.0 Mg Vil 8.988 50.5  Arlll
a factor 2, so that the 3rd from the centre is the 12% level and #&38 0.66  HI10-5 9.038 1.86 Nalv
6th is below the 3% level. Two SWS apertures are shown; the smafep91 3.25 He ll 7-6 9.109 <0.14 AlVI
aperture is for all wavelengths below Afh, and the large aperture3-144 010  Hell14-9 9.523 050  FeVI
is for wavelengths above 28m. There are intermediate apertures fop-189 0.46  KVII 9.661 174 H
intermediate wavelengths. 3.205 0.19 Calv 10.052 1.84 Clll
3.234 0.24 H 10.235 0.01 Fell
3.296 1.05 HI9-5PH 10.509 82.2 SIV
11.491 0.16 CaVv
. 3.498 0.14 H 11.761 0.97 ClIv
3. Position of aperture 3543 041 Hell13-9 1228 152 oH
The aperture was centred at the same position for both obse/g27 028 AlV 12.806 149  Nell
tions, to within 3 arc sec. In Fig. 1 the ISO aperture is superirﬁ'—egg 0'12 Al \é'” 13::"095 33'33 Arv
posed on the 3.6 cm VLA radio continuum map of NGC 630%.';05 3'17 :: 1‘-5526% 11'4554 56734 M,\?evv
The centre of ISO aperture is aboUt BW of the radio center. 5 g2, 015 gjix 14358 1.6 cli
The smallest aperture shown was used for measurements belgWg 017  Hi 14-6 14388 27.0 NaVI
12 ,m, while the large aperture applies to SWS measuremeni§ss 0.23  Hel 14.785 0.60 FeVI
above 29um. For intermediate wavelengths, intermediate aper050 15.2 HI 5-4 Bs 15.38 <1 K IV
tures were used. The position of the aperture center is unceraoss 0.28 Ca Vil 15547 377  Nelll
by about 3. 4.158 060 CaV 17.025 1.39 oH
The radio contours are successively a factor of two lowéi294 1.04  Hel5p-3s 17.936 0.30 Fell
compared to the previous contour. This means thatthe 12% ledéB6 9.92 Mg IV 18.709 57.7 Sl
is already reached by the 3rd contour from the centre. Thus wiffie2® 865  ArVi 20.365 <0.3  ClIV
some of the flux is being missed, we expect at least 50%, ah 355 :_(”'g 221055912 06530 NFeI\\//
possibly more than 80%, is being measured by ISO. This co@l‘ 23 1;1 1 Na V?I Fs 2i 808 <2 '99 ir "
depend on the line measured. , 4762 252 Hell8-7 22.93 <1.0 Felll
The compactness of the source is confirmed by the obser¥ethbs 066  Hi 10-6 24305 308 NeV
dust continuum. We do not observe positive discontinuities §yas <03 Fe Vil 25878 322 OIV
the spectrum where the aperture increases at;@#.and at 5500 40.8 Mg Vil 25081 2.6 Eell
29um. In fact, the spectrum between 27.5 and 4B1Rappears 5577 1.79 KVI 33.487 204 Sl
to be too low by about 20%, suggesting a misalignment. ~ 5.606 51.0 MgV 34.813 17.4 Sill
In order to correct for the slight differences in pointing, an8.907 0.99  HI9-6 35.966 21.0 Nell
1.13  KIV

to correct for the differences in aperture size for the differept979

wavelength regions, we have made use of the fact that there is a
small overlap for the various wavelength bands. The intensities
of the different spectra were adjusted to the smallest aperture,

943

14" x 20", so that the dust continuum was continuous. Thigere increased by 20%. The intensities so obtained are given in
required that the intensities of the lines between 27.5 and5 Table 1.
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Table 2. NGC 6302, comparison of ISO with IRAS LRS and otheffable 3. Hydrogen line intensities, 102 ergcnt 2 s7!

observations. Intensities are in units of 18 ergem 2s7!

A Transition Ident. Obs. Corr. T, =20000K

248 Sivii  0.23 0.43 2.626 6-4 B 5.9 6.7 8.65
4.05 By 0.126 0.169 7.457 6-5 Py 55 5.6 4.37
105 S 1.09 2.1 4.653 7-5 P 3.2 3.4 2.92
12.8 Naei 1.51 2.0 3.741 8-5 Pfy 1.8 1.9 1.97
14.3 Nev 6.34 6.4 3.297 9-5 PH 1.1 1.2 1.38
155 Nemr 3.78 2.9 3.039 10-5 0.66 0.73 1.01
18.7 St 0.58 1.5: 0.69 2.873 11-5 0.55 0.63 0.76
24.3 Nev 3.08 3.23 2.758 12-5 0.43 0.49 0.58
51.8 O 1.65(LWS?) 0.73 2.56% 15-5 0.31 0.36 0.29
® Ashley & Hyland (1988): diaphragm 12’ 48614 4-2 HpB 234

> Rowland et al. (1994): diaphragm 28"

¢ Dinerstein et al. (1985): diaphragm 45"’ . . .
4 iy (1997) arc sec. Their results, shown in Column 5, are similar to the

ISO results. Rowland et al. (1994) have measured thea®d
Nev lines (Column 6) with a large diaphragm, about 28 arc sec

As can be seen from Table 1, almost 100 lines have bediameter, and their intensities are almost the same as the 1ISO
detected with a range of about“ intensity. In addition, result. This would lead to the conclusion that ISO is measuring
upper limits are given for 9 lines, which may be interesting fanost of the light in these lines.
abundance determinations. Indentifications are given in the table Finally Dinerstein et al. (1985) have measured theiGne
for most of the lines. Only 5 faint lines could not be identified. lat 51.8um with the KAO in 1982 using a diaphragm of about
addition to hydrogen and helium lines, 12 molecular hydrog&® arc sec. Their intensity is about a factor of 2.5 lower than the
lines were seen. Further, 12 other elements were seen covel8Q LWS measurement which has a large enough diaphragm
40 ionization stages from neutral atoms to some with 300&vmeasure the entire nebula. Either one of these measurements
ionization potential. The resolution is sufficient so that there cane wrong or the nebula has changed considerably in 14 years.
be no doubt as to the identification of the lines. Only one case
of important blending was found: the 8.988 line contains a
contributions of both Arir and Mgvii.

Although the resolution is sufficient to measure the radihis comparison is made for several reasons. Firstly. it is in-
velocity, it cannot be done in this case. The reason is that liteesting to see how well the line ratios agree with the theory.
shifts are introduced by the position of the source in the apertuBecondly the ratios can then be extended to lines in the visual
A 4" shiftcanintroduce aline shift corrresponding to 50 kmh.s - and ultraviolet spectrum (e.g.4\4686 and\1640) to predict
the intensity of these lines in an aperture of the ISO size. This
will make it possible to use the visual and ultraviolet spectrum
in conjunction with the ISO spectrum.

In Table 2 we have listed the lines for which a comparison
with other measurements is possible. In Column 4 of the talgel
the IRAS low resolution measurements are listed. They differ
slightly from what is reported in Pottasch et al. (1986) becau$be hydrogen line intensities measured in the Brackett and
the final reduction of the spectrum was used. Within the unc&fund series are shown in Table 3. Lines due to two higher series
tainty of the measurements which we estimate to be 25% for I3@ve also been measured. A small correction for extinction must
and somewhat more for the IRAS observations (especially foe made. This was done usinglE— 1) = 0.88 (see Oliva et al.
St for which the IRAS uncertainy is large), there is agreemeh®96). The results are given in Column 5 of Table 2. For com-
for all the lines except 8/ at 10.544um. This is remarkable in parison the predicted recombination line spectrum is shown in
two ways, since the IRAS has a beam of at least 2 arc min, ahe last column, for an electron temperature of 20 000 K (Hum-
thus has measured the entire nebula. Thus one might conclod® & Storey 1987), normalized to the Brackettline. The

that the ISO has also measured the entire nebula, at least indgeeement is seen to be quite good, usually within a 30% uncer-
Nei11, Nemnr and Nev lines, which is only marginally consistenttainty. The same theoretical spectrum predicts g@ritdensity

with the discussion in the previous section. The large intensitf 2.34 x 10-'° ergcnt 2 s~1. The observed 6 cm. radio con-

of the Siv line as measured by IRAS is difficult to explain asinuum flux of 3.0 Jy (Rodriguez et al. 1985) would predict an
due to the increased beam size, since in this case the increag¢drintensity about twice as high: 5.956 10~ ®ergcnr2s~!.
intensity should also be seen in the iWNand Neir lines. This leads to the conclusion that the 1SO diaphragm is only

Ashley & Hyland (1988) have measured the intensity of treeeing one half of the hydrogen present. But such a conclusion
Sivir and Bracketty lines with an equivalent diaphragm of 12is only correct when the extinction is uniform over the entire

5. Comparison of hydrogen and ionized helium with theory

4. Comparison with other infrared observations

. The hydrogen line spectra
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Table 4.Helium line intensities et al. 1973) and 0.73 (Aller et al. 1981). Thus if the hydrogen
emission is more extended than the ISO diaphragm (conclusion
previous section), the Heemission is also more extended.

A Transition Obs. Corr. T, =20000K

Hm (10" ergem®s™Y) The theoretical spectra in both Tables 3 and 4 have been
3.092 7-6 3.25 3.63 4.64 given for T, = 20000 K, which is close to the observedi©
4.764 8-7 252 261 2.06 temperature of 17 000 K. The spectrum is not very sensitive to
2.826 9-7 122 1.40 1.47 the temperature, and the conclusions do not change when the
6.948 9-8 1.40 140 1.00 theoretical spectra fdF, = 15 000 K is used. On the other hand,
3.544 13-9 041 044 0.25 the observed line ratios cannot be used to fix the temperature.
3.145 14-9 0.10 0.11 0.20
4686A 4-3 140
1640A 3-2 1040 6. The IUE spectrum
gggiﬁ 22 ggg Of the 29 spectra in the IUE archive, not all are useable, mainly

25124 7.3 20.3 because they were underexposed. The remaining spectra have
beentakenin essentially 4 regions of the nebula. We will concern
ourselves here with those spectra which were taken near the

nebula. This is far from being the case, as can be seen fr6fiit'e of the nebula, essentially the same position as the I1SO
the fact that the radio image has a strong emission peak at @ggervations. These are for the low resolution: SWP 05211,
centre (see Fig. 1) while the optical image shows a lack of emj381, 30987, LWR 04506, 09063, 09064, LWP 10778. For the
sion, a dark lane, running through the centre. The extinctionlgh resolution 2 spectra are available: SWP 08971 and 10391.
thus much higher in the center, and the use of an average v weral of these spectra have been discussed earlier; Aller et al.
of extinction could lead to an incorrect conclusion. Thus tHé981) and Barral et al. (1982). Two of the spectra were taken
ISO diaphragm could contain substantially more than half Eiter (1987) and have not been discussed earlier. _

the hydrogen present. It is possible to use maps of the Balmer 1€ néwly reduced spectra have been averaged. In this way
decrement to obtain the extinction as a function of position fhhas Peen possible to reduce the noise compared to the earlier

the nebula, and then form a weighted average over the IsoYpservations, making it possible to see vyeaker lines. Tht_e resu_l—
aphragm. But this is an uncertain procedure and we have chotdl measurements from the low resolution spectra are listed in

not to use it. Instead we have chosen to relate the hydrogen A€ 5: The wavelengths, in the first column, have an uncer-
helium lines in the various spectral regions to their theoretid@inty of several angstroms. Because the total width of the low
values, thus circumventing the extinction problem. resolution spectral lines is 6 to 12A, close doublets (or multi-

There is other evidence that the hydrogen emission is m&lgts) are summed and given as a single line. This is true of the

extended than the ISO diaphragm. Danziger et al. (1973) m&ist 4 lines in the table, and many other lines as well. The mea-
sure an H intensity, before correction for extinction, of 1.7c8ured intensity refers to the average of the individual spectra,
% 10~ ergcnm2 s~ with an aperture of 17 x 34”. Copetti and probably has an uncertainty less than 20% for the strong

(1990), using 100diaphragm measure anHntensity of 2.95 lines. The weaker lines may have an uncertainty of 50%. The 3
% 10~ 11 ergenT2 s, almost twice as high. lines marked with a colon (:) are barely visible and the intensities

The extent derived from the hydrogen lines is in contraf€ uncertain by a factor 2. The lines for which no identification

with the compactness observed in the dust continuum (d&given are all very weak. _

Sect. 2.1). Physically this is possible if the dust density falls These intensities may be compared tothose given by Aller et
off faster then the gas density. But then the fact that the nedn(1981) and Barral etal. (1982). Since these authors used only
lines do not appear to extend beyond the SWS aperture m2f&¢ O two of the spectra, it is not surprising that our measure-
still be explained. One possible explanation is that the chemiE&¢Nts usually lie between those given by theihe principal

composition of the outer nebular region is significantly lowdfifference between our measurements and theirs are the sub-
than the inner region. This must be investigated further. stantially increased number of lines reported here, which is the

consequence of the increased signal to noise ratio of the com-
o ) bined spectra.
5.2. The ionized helium spectrum The last column of Table 5 gives the intensity of the lines

The 6 observed lines of the Hiespectrum are listed in Table 4.after correction for (1) extinction, and (2) normalization. This
The 4 strongest lines show good agreement with the theoretigapPtained in the following manner. It is assumed that the ex-
spectrum off, = 20000 K (Hummer & Storey 1987), which istlnctlt_)n FEg_v is known, as well as the ext|n(_:t|on_“law” as a
shown in the last column of the table. This has been normaliZ&tfction of wavelength. The value of the 4 Heines is known

to best fit these 4 lines. The theoretical value of theing6ge from the ISO measurement (see Table 4), which also predicts

line which corresponds to this normalization is also shown i Ngte that Aller et al. (1981) give a factor 10 too low intensity for
this table. The ratio ok 4686/H3 implied by the infrared lines o111 3133 and Her 3203 in Column 4 of their Table 2. Their further

is 0.60 (Tables 3 and 4). This is in reasonable agreement Witz of these intensities indicate that this was simply a typographical
what is observed after correction for reddening: 0.65 (Danzigsror.
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Table 5. Ultraviolet (IUE) intensities, Measured Intensity in unitsvaries strongly with position, it is difficult to form a composite
of 10'*ergeni ®s™ !, Normalized Unreddened Intensity in units ofspectrum. Happily, the spectra prove to be relatively uniform.

0" ergen®s . The 6 most extensive spectral measurements in the visual
are listed in Table 6. The positions and diaphragms used are as
Wavel. Ident. Measured ~ Norm. Unredden. follows. Danziger et al. (1973) used a”1% 34" diaphragm

A Intensity Intens. centered at the brightest point. It was aligned east-west and thus
1239 Nv 6.6 2260 included the entire “core” region measured by ISO and the IUE.
1400 Orv 3.3 380 In fact, as shown in Table 7, the Danziger et al. measurements
1485 Niv] 16.4 1450 represent about 60% of the total nebular emission (as repre-
1549 Civ 20.0 1515 sented by the measurements of Copetti (1990) which had a di-
1575 [Nev] 11 76 aphragm which included the entire nebula). The measurements
1600 Nerv 1'9:_ 130 of Bohigas (1994) were made with a1 10" diaphragm, cen-
1610 ? 1.0: 67 w N . .
1640 Har 16.7 1070 tered both at the “core” and at the brightest region. In Tablg 6,
1666 o] 4.4 275 the measurements made at the “core” are given, but thgr(_e is no
1750 NI 16.0 985 difference between the spectra at the two positions to within the
1806 ? 1.3 86 accuracy of the measurements. The spectra taken by Acker et al.
1892 Sirn] 0.9 76 (1989b) refer to a’4 x 4” region, probably at a bright position.
1908 Ciri] 12.6 1070 As can be seen from Table 7, only about 10% of the nebular
2326 Ci1, O, Ferin 0.8 60 radiation falls within this diaphragm. The spectrum reported
2425 Nev 10.0 550 by Oliva (1998, private communication, see also Reconditi &
2470 Ou 11 34 Oliva, 1993 and Oliva et al., 1996) was taken with a slit, whose
2512 Herr 13 21 width was 1.5 arcsec. The intensity extracted was averaged over
5232 A[?V 0(').73 135 the cer_ltral 7 arcsec. Aller et al. (1981)_ measured v_vith aslitin
2692 Arv 0.3 5 the “brightest region”, but further details are not given. In de
2733 He 26 35 Freitas Pacheco et al. (1991) a position is reported which is so
2783 Mgv 33 43 far from the PN that it must be wrong. The actual position, as
2800 Mgt 0.8 10 well as the diaphragm used, is thus unknown.
2834 Fav, Ot 2.2 23 In spite of the variations in position measured and diaphragm
2853 Arrv 1.7 18 size used, a surprisingly good agreement in the measured spec-
2869 Arrv 11 12 trumis seen in Table 6. This fact, coupled with the measurement
2928 Mgv 13 13 by Bohigas that no substantial spectral differences between the
2942 ? 1.0 o “core” and the brightest region are found, provide the basis for
2974 Nes L7 15 giving an “average” visual spectrum. This average spectrum has
2998 ? 0.5 4 been corrected for extinction and normalized in the same way
3023 Qrit 1.4 14 . . . .
3047 our 37 34 as described in the previous section for the IUE spectrum. The
3133 o 21.4 171 corrected, normalized spectrum is given in the last column of
3203 Herr 9.0 65 Table 6.
3242 Nav 2.7 14

8. Discussion and conclusion

what the strength of the unreddened ultraviolet lines will be ables 1, 5 and 6 form an integrated spectrum of the central re-
the ISO aperture. Thus with the extinction law of Seaton (197§jons of NGC 6302, from\ = 1240A through\ = 36um. These

and a valugZg_v = 0.88, the normalized unreddened intensitytensities are normalized to the 1ISO aperture and corrected for
given in Table 5 is obtained. Considering the uncertainties éxtinction in a manner which gives much weight to the H and
the extinction law (part of the extinction is certainly local) it isonized He spectrum. They refer, as much as possible, to the
not useful to try to do better than this. The good agreementsdme region of the nebula. In spite of the large and uncertain
the 4 ultraviolet Hetr lines indicates that the method works t@xtinction to the nebula, the method used limits the errors, which
within 20% over most of the wavelength range. Only the 3 vegte probably less than 50% in the extreme (except for very faint
short wavelength lines could have higher errors, but this is jugtes). This can be checked. There are at least 5 pairs of lines
the region where the extinction law is the most poorly knownin different regions of the spectrum, which are emitted from the
same level of the same ion. The intensity ratio of these is thus
only determined by the atomic transition probability (Einstein
Avalue). Since these values are accurately known, we can com-
Many spectra have been taken in the “visual’. The principphre the predicted ratio with the observed ratio. This is shown
difficulty is that the precise position is often not given, and tha Table 8, where the different ions, upper levels and wave-
aperture is usually different, or not given. Thus if the spectrulengths of the lines involved, are given in the first 3 columns.

7. The visual spectrum
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Table 6.Observed Visual Spectrum. The Normalized Unreddened Intensity is in units of &6y cm?st

A Alleretal.  Danziger  Freitas Pacheco Ackeretal. Oliva Bohigas Norm. Unred.

(1981) etal.(1973) etal. (1991) (1989b) (1998)  (1994) Intens.

3204 Hell 9.8 77
3242 Nalv 0.72 55
3346 NeV 39.0 266
3362 Nalv 0.33 2.2
3426 NeV 110 700
3727 Ol 30.5 28.9 146
3869 Nelll 61.0 230
4163 KV 0.25 1.0
4340 Hy 324 34.7 45.6 33 11.5
4363 Ol 27.8 28.2 24 95
4471 Hel 4.5 4.9 4 15
4686 Hell 65 59 69 59 72 60 160
4725 NelV 3.4 3.9 9.4
4740 ArlV 19.5 22 20 52
4861 H3 100 100 100 100 100 100 240
5007 Ol 1476 1727 1354 1380 1670 3110
5192  Arlll 0.63 1.2
5755 NIl 44 34 27 44
5875 Hel 325 37 25 32 43
6312 Sl 7.3 11 11.8 115
6565 Ha 1114 704 735 933 720
6584 NI 1798 1758 1051 1481 1230
6724 Sl 140 163 131 140
7005 ArV 34 34 36 27.6
7065 Hel 31 27 22.6
7136  Arlll 111 92 78.7 62
7237 ArlvV 3 4.0 2.7
7320 Ol 70 30.9 225
7330 Ol 70 27.2 19.8
9533 Sl 426 172
9918 S VI 10.3 3.7

Table 7.Measured i and Q11 line intensities Table 8. Predicted and observed line ratio’s

Observer Diaphragm F® F(Om) lon Upper Line Predicted Observed
1 100" 295x 1011 3.89x 10-10 Level Wavel. &) Ratio Ratio
2) 17’ x 34" 1.70x10°'' 251x 10 On  p°(*Pij2 +°Ps)2) 2471/(7320 +7330) 0.75 0.83
3) 4 x4’ 282%x10° 2 382x 10! Ar v pz zPl/2 2869/7264 3.62 3.53
(1) Copetti (1990, (2) Danziger et al. (1973) Ao p Py 285477237 8.87 6.7
(3) Acker et al, (1989a) Nerv p*(*Pss +2Py)5) 1601/4725 6.4 13:
' Mgv p* D, 2783/2928 3.59 3.46
Nev p2 s, 1575/2974 2.8 5:

The predicted ratio’s, in Column 4, and the observed ratio’s,
in Column 5, are seen to be in good agreement. Even for fRgferences

Nerv and Nev lines, where the intensities are quite uncertaipcker A., Stenholm B., Tylenda R., 1989a, A&AS 77, 487
Acker A., Jasniewicz G., Koppen J., Stenholm B., 1989b, A&AS 80,

the agreement is acceptable.
We thus conclude that an acceptable spectrum has been ob201
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tained over the entire wavelength region, and referring, as waller L.H., Ross J.E., O'Mara B.J., Keyes C.D., 1981, MNRAS 197,

as the present observations allow, to the same aperture. It is this?®
spectrum which will be used to derive the element abundan

in NGC 6302. Bohigas J., 1994, A&A 288, 617
Copetti M.V.F., 1990, PASP 102, 77

ley M.C.B., Hyland A.R., 1988, ApJ 331, 532
arral J.F., Canto J., Meaburn J., Walsh J.R., 1982, MNRAS 199, 817
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