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ABSTRACT

Context. It has been suggested that the ratio of total-to-selectitination R, in dust in the interstellar mediumftirs in the Galactic
bulge from its value in the local neighborhood.

Aims. We attempt to test this suggestion.

Methods. The mid-infrared hydrogen lines in 16 Galactic bulge PNesuezd by the Spitzer Space Telescope are used to determine
the extinction corrected giflux. This is compared to the observeg fillix to obtain the total extinction at# The selective extinction

is obtained from the observed Balmer decrement in thesdamblhe value of R can then be found.

Results. The ratio of total-to-selective extinction in the Galadiigge is consistent with the valug,R3.1, which is the same as has

been found in the local neighborhood.
Conclusions. The suggestion that\Rs different in the Galactic bulge is incorrect. The reasons ferdahé discussed.

Key words. ISM: abundances — planetary nebulae: individual: He2-36Me2-250 & H2-11 & He2-262 & H1-15 & M1-38 &
M1-37 & H2-20 & M2-31 & He2-260 & M2-5 & M2-10 & M1-27 & H1-43 & H120 & M3-44 — Infrared: ISM: lines and bands

1. Introduction weak function of T, the electron temperature, an¢,Rhe ratio
| I S Il studied b letghd of total- to-selective extinction at visual wavelengthssalue of
nterstellar extinction is a well studied but not complg er Ry=3.1is usually used. In principleygis also a function of the

stood phenomen. Beside studying the properties of thecfB i o1o.tron density, but it is such a weak function for the diesi
which cause the extinction, it is necessary to know the cerrgq 14 in planetary nebulae that we will ignore it here.

ion for extinction function of wavelength since indivi . I
LZI moeaiutrer(;:eontsarsnL?stubgtc%rrgcteg f?)retl’fgéoess ofCthigc- The second method for correcting for theets of extinction
tion.This has led to several Galactic extinction curves;itiost 'S touse the observed radio continuum emission. 'I_'he_ rade-em
commonly used are those of Savage & Mathis Savage & Mat/§iQ" IS dependent on the product of the density of ionizeddryd
(1979), Seaton Seaton (1979) and Cardelli &t _al. Cardedli et 98" and the electron density in the same way as fherhission

, SO that the ratio is essentially density independere.Vidtue
(1988). These curves extend over the complete waveleng;(jjuara'S SO .
through the ultraviolet to about 1000A. All three curvesdit of unreddened Hthus obtained may be used to compuigs

are quite similar and are aenerally used as an average @al sitmilar to the value of C computed above but now derived from
- qul 9 Y 9 e radio continuum flux density. Note that,¢is a weak func-
extinction curve to correct observed spectra for tifeas of

L . . AP ) tion of Te. It also depends on the abundance of (doubly) ionized
extinction. While uncertainties exist in these curves i titra- helium which contributes to the electron density. BugS in-
YIOIet part Of the spectrum, the uncertainties in the vesiahd dependent of R Note that it is also assumed that the nebula is
infrared regions are small, almost certainly less than 586 (Sptically thin to the radio emission so that all emissionduced
Fitzpatrick| Fitzpatrick (1999)). An add_mo_nal extincticcurve is measured. Because the geometry of the nebula is not known,
Basctr)](ie:rn&p_rr(i)ggigj for the near and mid-infrared spectnaheqhe optical depth cannot be accurately computed. Because it

y In the specific“case of correcting the spectra of planin_versely proportional to the square of the frequency, ddiar
tary nebulae for the feects of extinction two methods are easurements should be made atthe highest possible fgguen

used, both of which are based on the average Galactic extinc- SINc€ G and Gaq are by definition equal and only,gde-
tion curve. The first makes use of a comparison of the of€NdS On R, information concerning this quantity can now be

served Balmer decrement with that expected from opticalfgund if the Balmer decrement, the radio continuum flux dgnsi
thin nebulae using the theoretical values given by Hummer K€ €lectron temperature and the amount of helium and its ion
Storey Hummer & Storéy (1987). Ususally fitting the/H|3 ra- ization are known. This method has already been applied o PN

i : : inthe Galactic bulge 20 years ago by Tylenda et al. Tylendd et
tio is given the most weight. The best fit between the observkgbt - ; - . 2
and theoretical Balmer decrement is usually given by thampar (1992) and Stasinska etlal. Stasinska et al. (1992). In tsteofir
eter Gy which is the log of the value by which the observesl Hthese articles the authors found that there was fair agneimee

must be increased to correct it for interstellar extinctiog isa WeeN Ga and Gag for small values of extinction, but for large
extinctions Goq is smaller than gg. In the first paper they ex-

Send offprint requests to: pottasch@astro.rug.nl plain the diference as due to underestimates of the radio emis-
* Based on observations with tigpitzer Space Telescope, which SIon. In the second article they express more confidencegin th

is operated by the Jet Propulsion Laboratory, Californistitute of radio measurements and now explain théedeénce as being due

Technology. to a lower value of R for the more distant nebulae. While these
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authors do not specifically refer to the Galactic bulge, 48086 paper. The results given by Gutenkunst et al. Gutenkuns: et a
to 40% of the PNe they use are Galactic bulge objects. OtH{@007) are shown in Table 1. For the remaining extractivosp
authors (eg Hultzsch et al. Hultzsch et al. (2007) andfiRet images are replaced by optimal extractions. The detailbisf t
al.Rufle et al. (2004)) use this as evidence for a possibly lowerduction procedure are given in Pottasch & Bernard-Satas (
value for R, in the Galactic bulge. prep.).

The calculation of gy and G4q is uncertain as these authors  Two of the three diaphragms used have high resolution: the
admit. First of all the electron temperature of the indiatineb-  short high module (SH) measures from@®to 19.6:m and the
ulae is unknown, so that a value of 10000 K was always usédng high module (LH) from 18m to 37.2«um. The SH has a
Secondly the helium abundance is unknown so that a 10% léaphragm size of 4”& 11.3’, while the LH is 11.7x 22.3".
lium abundance is assumed, all in singly ionized form. Tligird The diameters of the PNe being measured are shown in Table 1.
the measurements of the Balmer decrement are sometimes ofThiese are taken from a variety of sources, the most reliable a
certain quality; in the few cases where multiple observettiof those of Sahai et &. For the other PNe the VLA radio contin-

a single object have been made conflicting results are soraeti uum half width measurements listed by Acker et al.Acker et al
obtained. Finally no correction has been attempted foripless (1992) are given. The diameters are always considerablijema
optical depth &ects in the 6 cm radio continuum except that olthan the LH diaphragm but may not always be smaller than the
jects with possibly high brightness temperature were resdovSH diaphragm. To correct for possible missing intensityhia t
from the sample. This method is not very reliable, as the abo8H diaphragm we examine the continuum intensity of LH and
authors remark, because the surface brightness of PNeiadlys SH in the region of wavelength overlap afd®. These continua

far from uniform and the estimate of the brightness tempeeat should be equal if the entire nebula is being measured inkthe S
is very sensitive to the adopted nebular diameter’. The gsampliaphragm. If this is not so all intensities in the SH diagma
used by Stasinska et @al. Stasinska et al. (1992) contaimmed-soare increased by a factor which make the continua equal. The
what less than 199 Galactic bulge PNe, while the sample usasirections are small for these nebulae, ususally betwdesmt

by Rufle et al.Riile et al. [(2004) contained 12 Galactic bulgd.3.

PNe. This latter sample, which reached the same conclusion a The third diaphragm is a long slit which i¢ 4vide and ex-
that of Stasinska et al. Stasinska etlal. (1992), contamsdime tends over the entire nebula. This SL module measures in low
uncertain approximations. resolution between 5 and 14m. These spectra are normal-

There is a better method for comparing the Balmer decrieed by making the strong lines in common between the SL
ment extinction with that determined from the totg® Extinc- and SH modules agree. Especially important is the agreement
tion. In this method the hydrogen lines in the mid-infrared aof the [Siv] line at 10.5km and the [Nai] line at 12.82m.
measured; in this part of the spectrum the interstellamexti Because all of the PNe measured are small, the correctiens ar
tion is very small. The intrinsic Bl intensity is then derived likewise small. The resultant spectra may now be plotted. We
from the mid-infrared line intensiy by the theoretical tedas have not done this here because good plots are already in the
of Hummer & Storey Hummer & Storey (1987). To measure thgerature. Plots of He2-250, H2-11, He2-262, H1-15, H2-20
mid-infrared lines we use the spectrograph on boardfizer M2-31, M2-5, M2-10 and H1-20 may be found in Gutenkunst
Space Telescope which measures several hydrogen lines, éhal.Gutenkunst et al. (2007); plots of He2-260, M1-27,431-
strongest being the H(6-5) transition at 7,46 (Pascher) and, and M3-44 can be found in Perea-Calderon &t allots of M1-
with a higher spectral resolution, the H(7-6) transitioriat37 38 and M1-37 are found in Stanghellini et @l. The excellent
um. The log of this predicted value offHntensity divided by quality of the emission lines is apparent on the spectra.
the observed Blintensity is called ¢ and may be directly com-  The intensities of the 12.3 line (SH diaphragm) and the
pared with Gq to determine R. In this way the radio continuum 7.46um line (SL diaphragm) are then be measured using the
measurements are replaced by the infrared hydrogen line mgaussian line-fitting routine. The resultant values arenshin
surements; the radio measurements are no longer necegsanols.3 and 4 of Table 1. Thes3errors of measurement are al-
determine R. ways less than 20%. The 12,8% line has the more accurate

In section 2 the infrared observations are presented and digensity of the two lines in spite of the fact that it is imtsi-
cussed, resulting in the determination gf.Gn section 3 the cally the weaker line. There are several reasons for thist &
Balmer decrement is discussed resulting in a value @f & all the 12.37m line is measured with a much higher resolution
comparison of these two values is made in section 4, whiaslegabout 600) compared to the 7486 line (about 90). Secondly
to a conclusion aboutyr At the same time g is computed and the measurement of the 748 line is dificult because it falls
discussed. in the middle of overlapping orders. Thirdly the 12.87line is

often measured both at high resolution (SH) and at low résolu
) (SL) and very similar intensities are found. For these reasee
2. The infrared spectrum give the value of the intrinsic pifound from the 12.37m line
considerably more weight.

The H3 flux is found from the infrared hydrogen lines using
We have selected 16 planetary nebulae for measurementywhlee theoretical ratios of Hummer & Storey Hummer & Storey
are almost certainly in the Galactic bulge. They are all inith (1987). It must be remembered that the 12:87ine is a blend
10 of the galactic center, they have low intrinsic radio coref the H(7-6) transition with the H(11-8) line, while the &4n
tinuum flux density and all but one have very high velocitline is a blend of H(6-5) with H(8-6) and H(17-8). These blend
with respect to the sun. The observations were made using #re subtracted when derivingsHFuthermore the ratios of the
Infrared Spectrograph (IRS, Houck etial. Houck et al. (2p64) various hydrogen lines are weakly dependent on the electron
board theSpitzer Space Telescope with AOR keys both on tatemperature. The values of Tised are given in col.5 of Table
get and on the background. The reduction of the spectratezporl and are taken from Pottasch & Bernard-Salas (in prep.). The
by Gutenkunst et al. Gutenkunst et al. (2007) (see listinghe values of K thus found are given in cols.6 & 7 of the table, de-
started from thelroop images and is idscussed in detail in thatived respectively from the 7.4én line and from the 12.3#n

2.1. Observations
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line. A small correction has been made for extinction atéhes

wavelengths using the cigients listed in Chiar & Tielen®. 4F - - - - -

Because the extinction cfigients are small at these wave- . ]

lengths, the corrections are insensitive to the precisaevadior E —*]

example, an extinctiokg_y =2 at 12.37m yields a correction 3 2 4—_

of 10%. Thus any uncertainty in the mid infrared extinctien i E —

unimportant. Comparing the cols.6 & 7, it can be seen that ver . T

similar values of i# are usually found from each of the lines. ~ [ _ /,,;’_/

The combined value, given in col.8, is heavily weighted in fa & 2| JPtart

vor of the value of I found from the better measured 12u87 F

line. The observed value ofHs listed in col.9 and is usually £ ]

taken from Acker et al.Acker et al. (1992). Theffdrence be- (| S—— 3

tween cols.9 & 8 is the value;jCgiven in the last column. E ]
The 16 PNe listed in Table 1 were selected as galactic bulge i

objects using three criteria. First and perhaps most inapris

the high radial velocity of these PNe. Only png356.5-2.3#&as

low velocity. This value is shown in the second column of the ' ' ' c(t}d)

table. Secondly the diameter of the nebulae (listed in Tapie

always less than”7 Thirdly, to insure that no nearby PNe are_, o - . .

included, the 6cm radio continuum flux density (listed in [€ab Fig. 1. Total extinction coeficient at Blderived from the far in-

3) is always less than 70 mdy. In addition it was important thifared hydrogen lines, G is plotted as a function of the selective
additional information concerning the visible spectrurd aon-  €Xtinction codlicient at k8 derived from the Balmer decrement,

tinuum radio flux density be available. It may be noticed that Cbd- The dashed line shows when these two quantities are equal.

intrinsic H3 flux of these nebulae (column 8 of Tablel) is alway& € error bars are discussed in the text.
very similar; in all cases it is within a factor of 2 of a valdeg

HB=11. The mass of each PN, computed for the case of a uni-

form constant density nebula, is also shown in Table 2. Th%’ination and use in the following the sliahtlv uncertain

are consistent with the nebulae being located in the Galacti lue X=3 17 9 ghtly e
bulge. Nine of these nebulae have been studied by Gutengunst?'U€ SR . . )
al[Gutenkunst et al_(2007). We did not use the two furthee PN_ N Table 2 the values of & found in the literature are given.
studied by this group because no visual spectra are awailafffolumns 4 and 5 are the values found using thgHg ra-
Four PNe are from a program to observe low excitation nebuld_listed by Acker et al. Acker etall (1992) and Escudero et
The remaining three PNe (png2.4-3.7, 2.6-3.4 and-8.82) were al.Escudero et all (2004) in conjunction with eq.(1). Cahsm
inspired by the work of Hultzsch et al. Hultzsch et al. (2007{6) through (10) give the value ofithat the authors listed have

The other two bulge PNe studied by these latter authors wél@ived from their spectra. Most authors do not give theiame
not measured by thepitzer Space Telescope. sured spectral intensities but only the intensities aferection

for extinction. Thus the precise extinction correctionteaui-
o vidual author used cannot be found. This adds to the unoéytai
2.2. The Balmer decrement and extinction Comparing the dferent values of g for a single object, we can

Selective extinction can be derived from the Balmer decréme’ b;[lzwiler]ciﬁwfsegn?eaesvtvoerlhv?/i?hcglrJ]rea?r/]gtfrrgreg?j“ggrl:]aelt\i/nil:gw;rgw -
assuming that the hydrogen lines are formed in an opticaﬁ 9

thin medium and their intrinsic ratios are given by the tiyeo rtant diferences. In the last column the average value of the

of Hummer & Storey| Hummer & Storeyl (1987). Becaus8'€asures for each PN are given.

measurements of the weaker Balmer lines are more uncertain

for the bulge PNe more weight is usually given to the/H8 > 3. comparison of Cog and C;,

ratio; sometimes only this ratio is used. The value of total

extinction at K8, Cyq, derived from this ratio may be written as: Figure 1 is a plot of &y, taken from Table 2, against,Ctaken

from Table 1. Approximate error bars are shown althoughthe e
Cua= X log [I(H)/2.851(HB)] (1) rors are rather dlicult to specify accurately. The error in,{Js
determined by the consistency of the various values in iddiv

where 2.85 is the intrinsic value of the ratiaxHHB and is ual objects where several measurements have been made. When

slightly dependent on the electron temperatureal)(Hg) is only one or two measurements are available it is assumed that

the measured value of this ratio, while the uncertainty is similar to that of the better observedkobj
X=A4g61/(As861-A6563) The uncertainty in ¢, which has been discussed above, is con-
and A is the extinction in magnitudes at the wavelengsiderably smaller because the 1248vline can be well mea-

given. These values depend of,Rhe ratio of total to selective sured. In addition, the uncertainty introduced by a diaghra

extinction. We use the valug/R3.1 in the remainder of this sec-correction is probably not large10%). On the whole one may

tion. Even having fixed the value ofRhere is still a small un- say that there is good agreement betwegg €@und using a

certainty in the value of X to be used. Cardelli et al.Caidglal. value ofRy=3.1, and G which does not depend &y. Thus this

(1988) find X%=3.36, Seaton _Seaton (1979) derives a value wélue ofRy is consistent for these galactic bulge nebulae. This

X=3.23 from measurements of hydrogen and helium lines aonsistency removes the basis for the suggestion of Skasins

NGC7027 (he gives 3.17 as the expected standard value) ahal. Stasinska et al. (1992) that the value of the ratio ef th

Savage & Mathis Savage & Mathis (1979) fingX17. We as- total-to-selective extinctiofRy differs in the material closer to

sume that these values are all within the uncertainty of éterd the galactic center from the material farther out.
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Table 1. HB values predicted by infrared hydrogen line and consequaués of G;.

Nebula Vel. | I(7.46) 1(12.37) Te -logHB -log HB | predicted| measured
PNG kmysec | 107 10 K H(6-5) H(7-6) | -logH3 | -logH8 | C;i
000.0-6.8 -84 18.8 119 6.000 | 11.29: 11.01 11.05 11.99 0.94

000.%3.2 -175 | 135 5.35 8.500 | 11.34 11.25 11.27 13.42 2.15
000.#4.7 +40 | 36.2 14.2 8.000 | 10.89 10.80 10.82 13.94 3.12
001.2-2.1 -172 | 22.2 10.5 9.300 | 11.08 10.88 10.93 13.73 2.80
001.4+5.3 +42 | 19.4 6.70 8.300 | 11.19 11.18 11.18 12.71 1.53
002.4-3.7 -83 45: 155 7.000 | 10.87 10.85 10.86 11.98 1.12
002.6-3.4 +202 17.0 6.000 10.85 10.85 12.07 1.22
002.8+1.7 +164 | 31.2 11.2 7.000 | 11.01 10.94 10.96 13.48 2.52
006.0-3.6 +136 | 61.7 171 9.600 | 10.67 10.75 10.73 12.19 1.46
008.2+6.8 | +21.7| 231 8.45 | 11.000| 11.10 11.05 11.07 12.13 1.06
351.2+5.2 -128 | 28.0 8.10 6.000 | 11.11 11.17 11.15 12.12 0.97

354.2+4.3 -75 | 19.7 7.58 6.750 | 11.23 11.16 11.18 12.62 1.44
356.5-2.3 -16.5| 128.6 48.5 6.000 | 10.43 10.37 10.39 12.23 1.84
357.1-4.7 +76 | 13.9: 9.5 6.200 | 11.40: 11.09 11.13 12.52 1.39
358.9+3.2 +190 | 38.8 11.9 8.500 | 10.88 10.90 10.90 13.03 2.13
359.3-1.8 -89 | 37.4 30.9 7.000 | 10.89: 10.46 10.52 13.95 3.43

Units of line intensity are always ergs chis.

Table 2. Values of Gq4 derived from the Balmer decrement.

Nebula Nebula | Diam. Mass Chd Cid Cid [ Chd (o™ Chod
PNG Name " 102M, | (AT (B) (C)f (D) (E)f (F)' average
000.0-6.8 | He2-367 1.5 34 0.95 0.79 0.64 0.85
000.#3.2 | He2-250| 5.6 22. 2.19 211 2.34 2.20
000.#4.7 H2-11 1.5 4.8 3.38 2.90 3.14
001.2+2.1 | He2-262| 2.32 9.5 272 2.40 2.68
001.4+5.3 H1-15 4.4 17. 1.27 1.45 1.43
002.4-3.7 M1-38 3.5 16. 1.25 1.08 1.17 0.85 1.10
002.6-3.4 M1-37 | 4.33 22. 1.22 1.15 1.23 114 1.15
002.8+1.7 H2-20 | 3.89 17. 3.15 2.99 3.11
006.0-3.6 M2-31 4.0 32. 1.36 141 137 1.42 1.38
008.2+6.8 | He2-260| 1.93 6.1 0.99 0.69 0.82
351.2+5.2 M2-5 5.0 21. 1.17 0.98 1.11
354.2+4.3 M2-10 4.0 14. 1.81 1.32 1.77 1.55
356.5-2.3 M1-27 6.6 68. 2.15 1.90 2.23 2.08
357.1-4.7 H1-43 3. 9.3 1.21 0.97 1.07 1.10
358.9+3.2 H1-20 4.0 21. 2.28 2.29 258 2.64 2.35
359.3-1.8 M3-44 4.0 30. 3.30 3.30 3.86 3.42

T References; (A) Acker et al. Acker et al. (1992), (B) Escodetrall Escudero et al. (2004), (C) Cuisinier et al. Cuisisteal. (2000), Wang &
LiulWang & Liu (2007), (D) Gorny et al. Gorny et al. (2009).@gret al. (2010), (E) Ratag Ratag (1990), (F) Exter et al. Estal. (2004)
* C is the extinction used by the author

2.4. The 6 cm radio emission and Crgg sured at 3cm by Purton et al. Purton etial. (1982). It has &larg
error. The 6 cm flux density of this PN is discussed by Cahn et

Since the flux of the mid-infrared hydrogen lines were not yg' Cahn et a.l. (1992), whpse _(uncertam) value is I|stedaplé .
known at the time of the work of Stasinska ef al. Stasinskal et 3 H€2-367 is not on the list since no measurements of iteradi
(1992), these authors used the PNe radio continuum flux g&Rntinuum flus density have been made.

sity to determine the intrinsic #Hflux. As discussed earlier, in  The resultant |4 flux is listed in col.6 of Table 3 and the re-
order to compute this intrinsic flux, one must know the elesultant HB extinction, G4 in col.7. These values of extinction
tron temperature das well as the amount of Heand Heé™*, have been plotted against the Balmer decrement extinctign C
which are also responsible for the continuous radio emissi@as Fig.2. Comparing this figure with Fig.1 shows that the {soin
Furthermore the nebula must be optically thin to the radiliera are on average somewhat to the right of the line of equal @xtin
tion. The electron temperature (taken from an as yet ungluadi  tions, i.e. the extinction derived from the radio flux dens#
study of Pottasch & Bernard-Salas) is listed in Table 1 as welbbmewhat lower than that indicated by the Balmer decrenitent.
as well as the ionized helium abundances in the cols. 2 and 3ftinlikely that this can be due to the use of an incorrectevalu
Table 3. The 6 cm flux density is listed in col. 4 of Table 4; ishaof Ry because it has already been established in the previous
been measured mainly by Gathier et al.Gathier et al. (1288), section that R must be close to a value of 3.1. The problem
also by Zijlstra et al. Zijlstra et all (1989), Pottasch et?adnd must lie in the value of the 6 cm radio flux density. While it is
Aaquist & Kwok Aaquist & Kwok (1990). The only nebula with possible that these measurements are incorrect, this likelyt

an uncertain radio flux density is H2-20 which was only medecause the errors would all have to be in the direction as to
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Table 3. Values of G54 derived from the 6 cm radio continuum.

4 F T T T T T ]
Nebula | He/H He /H Sem  Soem J00HE  Cr B ;
PNG mJy mJy o e
000.#3.2| 012 0032 15. 156 11.31 211 <E e
000.74.7 | 0.178 0 277 115 11.00 2.94 : IR
001.2r2.1| 011  0.001 26. 241 11.07 266 - " ]
001.45.3 | 0.103 0 13. 136 1134 13f ~ f e e ]
002.4-3.7 | 0.0125 0 24. 149 1097 104 © fF oy — E
002.6-3.4 | 0.0085 0 15. 109 1119 088 T f ]
002.8+1.7 | 0.075 0 163 131 1121 2.27 E T ]
006.0-3.6 | 0.12 0 51. 412 10.78 1.4l - TR e ]
008.2+6.8 | 0.009 0 13. 81  11.39 0.74 S = E
351.25.2 | 0.076 0 12. 141 1130 0.8P2 fo 3% ]
354.2+4.3 | 0.135 0 91 116 1145 1.1y - ]
356.5-2.3 | 0.020 0 63. 654 10.64 15p o ]
357.1-4.7 | 0.020 0 63 44 1156 0.96 : ' ' ' '
358.9+3.2 | 0.126 0 32. 273 1099 2.04 0.5 1.0 1.5 2.0 2.5 3.0 3.5
359.3-1.8 | 0.1 0 35. 253 10.88 3.02 C(bd)

Helium ionic abundances are from Pottasch & Bernard-Salge¢p.). Fig. 2. Total extinction coéficient at H8 derived from the 6¢cm
radio continuum flux density, &, is plotted as a function of the

make the flux smaller than the actual value. It is more likegtt Selective extinction cdicient at i derived from the Balmer
the assumption that the nebulae are optically thin is notept d€crement, . The dashed line shows when these two quan-

correct because some absorption would make the fluxes oftﬁiﬁs are equal. In addition to the PNe discussed in thispap
PNe smaller. The following evidence supports this asstmpti tN0se discussed by Rie et al. Rifle et al. (2004) are also plot-
When the nebula is optically thin up to a wavelength of 21chP,d to demonstrate that these PNe lead to the same result.

the 21cm continuum flux density will be approximately a fac-
tor of 1.14 higher than the 6¢cm flux density. To check this,Zolyhich is the value of total-to-selective extinction ustistund
of Table 3 lists the 21cm flux density of these PNe, taken froff the interstellar material closer to the Sun.
the VLA measurements of Condon & Kaplan Condon & Kaplan This result is at odds with that of Stasinska et
(1998). As can be seen, in only 5 of the 15 nebulae is the ragigStasinska et al.[ (1992) and of fRe et allRifie etal.
emission higher at 21cm than at 6 cm. Thus optical defites  (2004). These authors obtained the total extinction by gusin
are playing a role in this radio spectrum. Not enough infdfam.  the 6 cm radio continuum to determine the extinction-cdec
is available to quantify thisfBect for the individual nebulae, be- Hﬂ flux. We discuss the reasons for thiﬁdfence, which most
cause very little is known about the distribution of mattetfiese |ikely is largly due to the assumption that the PNe are elgtire
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