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ABSTRACT 
Ultraviolet energy distributions are presented for 12 hot, helium-atmosphere DB white dwarfs, including the 

four known pulsating stars which define an empirical DB instability strip. Temperatures are derived exclu- 
sively from fits to the ultraviolet energy distributions, especially in the 221200-2000 region which is most sen- 
sitive to temperature. Comparison is made between fits using atmospheric models from Wesemael and 
Wickramasinghe with those using a more detailed grid from Koester and with temperatures derived from 
optical observations. Uncertainties due to the model atmospheres, the WE observations, and interstellar 
reddening are discussed. 

The blue edge of the empirical DB instability strip is particularly uncertain, with a temperature using the 
WE data in the range 29,000 ± 3000 K. This compares with 26,500 ± 2500 K if the optical temperature scale 
is adopted. The red edge lies near 24,000 ± 2000 K using WE data but may lie 1000-2000 K cooler using 
optical data. We cannot establish whether any nonpulsating stars lie within the temperature range defined by 
the pulsators. The hottest DB star—and the only known one hotter than the instability strip—is PG 
0112 + 104 near 30,000 K; this is the only known helium-atmosphere degenerate star which might lie in the 
interval 30,000 < Teff < 45,000 K. 
Subject headings: spectrophotometry — stars: white dwarfs — ultraviolet: spectra 

boundaries of the theoretical instability strip are very sensitive 
to the assumed efficiency of mixing length convection used in 
the construction of the equilibrium models (Winget et al. 
1983); (2) while the DB stars should range from about 11,000 K 
to about 40,000 K, above which the He n lines will appear (and 
they will be classified as DO stars), there is currently no DB 
star having Tff > 30,000 K where the temperature has been 
determined reliably. At the same time, Wesemael, Green, and 
Liebert (1985) have analyzed 19 of the hotter DO stars, and the 
coolest of these has Tc{{ & 45,000 K. This leaves a gap at 
30,000 < Teff < 45,000 K in which no helium-atmosphere 
degenerate star is currently known. 

The International Ultraviolet Explorer (WE) satellite obser- 
vatory can play an important if not pivotal role in improving 
the temperature determinations for the hot DB stars. The 
problem with optical observations is twofold: (1) the energy 
distributions for these stars peak in the ultraviolet, so that 
optical fluxes must be measured on the Rayleigh-Jeans tail, 
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I. INTRODUCTION 

The DB white dwarfs are those with helium-rich atmo- 
spheres that are hot enough for neutral helium lines to be seen 
in their spectra, but not hot enough for He n lines to be seen. 
Some 98 DB stars are listed in the white dwarf catalog of 
McCook and Sion (1984). Several important investigations 
have produced estimates of temperatures and other parameters 
for most of these stars, but the estimates remain very uncertain 
for those with T'ft > 18,000 K. The determination of more 
accurate temperatures for the hotter DB stars is now impor- 
tant for two reasons: (1) Winget and collaborators (see later 
references) have recently found several pulsating stars among 
the hottest known DBs, and it is important to establish the 
existence and the boundaries of the presumed instability strip 
for this new kind of variable star. Calculations indicate that the 

1 Guest Observer at the International Ultraviolet Explorer Observatory, 
operated by NASA at Greenbelt. 
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requiring very accurate color values; (2) above about Lff « 
18,000 K the neutral helium absorption lines reach a broad 
maximum in strengths and widths and become insensitive to 
temperature up to ~40,000 K. The IUE cameras, however, 
cover a wavelength interval (>M1200-3000) which includes, or is 
very near, the Planckian peak; thus improved temperatures 
may be estimated from spectrophotometry of only modest 
quality. 

In the last few years we have attempted to identify and 
observe with IUE the hot DB stars in the Palomar Green 
Survey (Green, Schmidt, and Liebert 1986), as indicated from 
optical data. These include all four known pulsating DB stars. 
The ultraviolet spectrophotometry for several newly dis- 
covered DB stars is presented in § II ; the energy distributions 
are matched with two separate grids of DB model atmosphere 
calculations, so that effective temperature estimates may be 
derived. In § III, the sources of uncertainty in the ultraviolet 
temperature fits are assessed, and a comparison with estimates 
from optical data is made. The conclusions attainable from this 
analysis are discussed in § IV. 

II. IUE ENERGY DISTRIBUTIONS AND EFFECTIVE TEMPERATURES 

a) The Observations 
In Table 1 the IUE observing log for the 12 newly observed 

PG objects is presented. The first target was observed in 1982 
using both the SWP camera covering A/11200-2000 Â and the 
LWR camera covering /Ü2000-3000 Â. The latter was not 
available for general use by early 1984. The remaining stars 
were observed with the SWP camera, and all but two were 
targeted for at least short exposures with the substitute LWP 
camera, a generally less-sensitive detector covering the 
/U2000-3000 Â range. In general the exposure times did not 
provide fully exposed spectra, but the fluxes were then binned 
in broad wavelength intervals for determination of the energy 
distribution. Reseau marks and recognizable ion events were 

TABLE 1 
Journal of New IUE Observations of Hot DB Stars 

Target Exposure Date Duration 

PG 0112+104. 

PG 1654+160. 

PG 1149-133 . 

PG 0853+ 163 . 

PG 1115+158 . 

PG 1351+489. 

PG 1326-037. 

GD 358   

PG 1445 + 152. 

PG 1456+103 . 

PG 0921+091 . 
PG 0948 + 013 . 

SWP 17403 
LWR 13655 
SWP 17404 
SWP 22339 
SWP 22355 
LWP 2846 
SWP 22358 
LWP 2848 
SWP 23030 
LWP 3375 
SWP 23033 
LWP 3376 
SWP 25299 
LWP 5408 
SWP 25300 
LWP 5409 
SWP 25301 
SWP 25310 
LWP 5415 
SWP 25301 - 
LWP 5410 
SWP 25311 
LWP 5416 
SWP 25888 
SWP 25886 

1982 Jul 11 
1982 Jul 11 
1982 Jul 11 
1984 Feb 23 
1984 Feb 25 
1984 Feb 25 
1984 Feb 25 
1984 Feb 25 
1984 May 16 
1984 May 16 
1984 May 17 
1984 May 17 
1985 Feb 22 
1985 Feb 22 
1985 Feb 22 
1985 Feb 22 
1985 Feb 22 
1985 Feb 24 
1985 Feb 24 
1984 Feb 22 
1984 Feb 22 
1984 Feb 24 
1984 Feb 24 
1985 May 08 
1985 May 08 

60 min 
40 min 
35 min 
66 min 

150 min 
60 min 

120 min 
70 min 

120 min 
60 min 

120 min 
60 min 

240 min 
120 min 
120 min 
60 min 

100 min 
34 min 
34 min 

100 min 
55 min 

130 min 
45 min 
50 min 

120 min 

eliminated. The standard IUE extraction and flux calibrations 
were used (Bohlin and Holm 1980; Cassatella and Harris 
1983), together with the correction suggested by Hackney, 
Hackney, and Kondo (1982); in § III we discuss the effect of 
adopting the time-dependent revisions to the flux calibration 
developed by Sonneborn (1984) and Finley, Basri, and Bowyer 
(1984). Binned fluxes for the new PG stars are presented in 
Tables 2 and 3 and Figure 1. The energy distributions are 

Fig. 1.—Binned ultraviolet energy distributions for the 12 program objects 
listed in Table 1. Log/v is plotted against 1/A as in Tables 2 and 3. For GD 358, 
we show the observations of Vauclair (see Koester, Weidemann, and Vauclair 
1983) rather than our more recent images listed in Table 1 (both sets of images 
are discussed in the text, and compared in Fig. 5). For PG 0112+104, we show 
the average of SWP 17403 and 17404 only. For two objects (PG 0921+091 
and PG 0948 + 013), only the SWP images have been obtained. For most of the 
other stars, the noisy, short-wavelength end of the LWP camera has been 
omitted. Each tick mark on the vertical axis represents 0.125 dex in log/v, and 
the energy distributions have been arbitrarily shifted vertically. The order of 
presentation is approximately that for decreasing temperature (top to bottom). 
The apparent jumps near 1/A ~ 6 for PG 1115+158 and 1456+103 may be 
spurious and due to difficulties in extracting the low net signals for these 
objects. 
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TABLE 3 
IUE Energy Distributions for Two 

Newly Observed DB Stars 

log /v (ergs cm Hz-1) 

1M à PG 1654+160 PG 1149-133 

7.905. 
7.463. 
7.067. 
6.711. 
6.390. 
6.098. 
5.831. 
5.587. 
5.362. 
5.189. 
4.843. 
4.577. 
4.338. 
4.124. 
3.929. 
3.752. 
3.591. 
3.442. 

1265 
1340 
1415 
1490 
1565 
1640 
1715 
1790 
1865 
1927 
2065 
2185 
2305 
2425 
2545 
2665 
2785 
2905 

-25.79 ± 0.03 
-25.82 + 0.03 
-25.80 ± 0.03 
-25.76 ± 0.03 
-25.83 ± 0.04 
-25.84 ± 0.04 
-25.79 ± 0.04 
-25.81 ± 0.04 
-25.78 ± 0.04 
-25.85 ± 0.04 
-25.85 ± 0.06 
-25.67 ± 0.06 
-25.84 ± 0.06 
-25.82 ± 0.04 
-25.82 ± 0.03 
-25.80 ±0.03 
-25.85 ±0.03 
-25.81 ±0.03 

-25.83 
-25.83 
-25.80 
-25.80 
-25.74 
-25.71 
-25.73 
-25.77 
-25.76 
-25.72 
-25.56 
-25.65 
-25.57 
-25.66 
-25.70 
-25.71 
-25.64 
-25.70 

±0.05 
±0.05 
±0.05 
±0.05 
±0.05 
±0.07 
±0.07 
±0.07 
±0.07 
±0.07 
±0.08 
±0.08 
± 0.08 
±0.05 
± 0.05 
±0.05 
±0.05 
± 0.05 

plotted from top to bottom in approximate order of decreasing 
temperature, as determined in the next section. 

b) The Model Fitting 
Blanketed model atmosphere grids useful for comparison 

with these observations are available from Wesemael (1981 
and unpublished), Koester (1980, 1981), and Wickramasinghe 
(1983). We are grateful to Detlev Koester for providing us with 
ultraviolet energy distributions for his detailed grid covering 
12.000 < Teff < 30,000 K in 2000 K steps. The Koester (1980) 
models assume trace abundances of hydrogen (nH = 10_5nHe) 
and metals (nM = 1.5 x 10~5nHe); the Koester (1981) models 
assume nH = 10-6nHe and no metals. The Wesemael grid is 
coarser, but includes Teff = 25,000 K, 30,000 K, 35,000 K, and 
40.000 K models. Zero helium and metals are assumed. The 
Wickramasinghe models cover the lower temperatures up to 
Teff = 19,000 K, and with a trace abundance of nH = 10“5 nHc. 
In view of the good agreement between colors predicted by 
unblanketed DB model atmospheres of Wickramasinghe and 
Wesemael (see Wesemael 1981), it was therefore logical to 
combine the Wesemael and Wickramasinghe sets (the W grid) 
for comparison with the observations and the predictions of 
the Koester models (the K grid). The decision to combine the 
Wesemael and Wickramasinghe models into one grid is justi- 
fied by arguments given in § Ilia. Two sets of IUE effective 
temperatures were derived for each observed star, one from the 
W and one from the K grid. The effective temperatures deter- 
mined for our 12 newly observed objects and for a few addi- 
tional hot DB stars are listed in Table 4, as are temperatures 
taken from the literature, usually based on optical data. 

We have chosen to give higher weight in the fitting to the 
short wavelength (SWP) region of the spectrum than the long 
wavelength (LWR/LWP) region and to normalize the plots to 
/ll 850 near the long end of the SWP camera. There were 
several reasons favoring this approach: (1) for stars at Teff> 
18.000 K, the SWP region is much more sensitive to tem- 
perature, and is on the Wien tail past the energy distribution 
peak for Lrr < 24,000 K; (2) the signal-to-noise ratios of the 
data for the LWR camera are generally inferior to those for the 
SWP, and the later LWP data are often very poor; and (3) the 

W and K models appear to offer good fits over the ÀA1200- 
2000 region (albeit sometimes for different values of Teff); it is 
often not possible to find a self-consistent fit with the models 
for both the shorter and longer wavelength intervals of the 
LWP/LWR data; (4) the time-dependent changes in camera 
sensitivity discussed in § Illh proved to be larger for the LWR 
camera than for the SWP; (5) finally, we note that fluxed IUE 
data sometimes show an offset between exposures taken with 
the short and long wavelength cameras (see § Illh), making it 
preferable to rely on data from the SWP camera alone. The 
flux offset near À2000 might be caused by difficulties in cali- 
brating very low net signals or by light losses due to variations 
in position of the star within the aperture. 

In Figure 2 we illustrate the fitting of two of the hottest stars 
in our sample. GD 358 (PG 1645 + 325) is the first discovered 
pulsating DB star (Winget et al. 1982), while PG 0112+104 
was found to be hotter than GD 358 based on optical spectro- 
photometry (Oke, Weidemann, and Koester 1984, hereafter 
OWK). Fast photometric observations of PG 0112+104 show, 
however, only an upper limit of < 0.003 magnitudes for optical 
pulsations in the 10-1200 s period range (Robinson and 
Winget 1983). The archival data of Koester, Weidemann, and 
Vauclair (1983) are used to construct the GD 358 energy dis- 
tribution for Figures 1 and 2. New SWP and LWP observa- 
tions for this star are discussed in § III (but make a difference of 
only ~ 1000 K to the fitted temperature). Wesemael models for 
Te[{ = 35,000, 30,000, and 25,000 K are displayed with the data 
in Figure 2a, each normalized to the observed fluxes for the 
average of several binned points near ¿1850 (l/¿ = 5.3 gm~1) 
as discussed. In Figure 2b, the same data are compared with 
model energy distributions from the K grid. 

Consistent fits for the SWP fluxes for both stars and both 
model sets are possible at temperatures of 29,000-30,000 K for 
PG 0112+104 and 27,000-28,000 K for the pulsating star GD 
358. In each case, the lower temperature is assigned from the K 
grid (Table 4), while the W fit (Wesemael models only) is 1000 
K higher. Note, however, that the fluxes for both stars are 
somewhat flatter than the models over the LWR interval. Had 
we normalized at ~¿2900, the best temperature fits to the 
entire IUE interval would be similar, but the short wavelength 
end (¿¿ 2100-2600) of the LWR would show the data points 
falling below the models. This discrepancy is characteristic of 
our attempts to fit the observations of most of the stars. 
Accordingly, as discussed earlier, we chose in assigning best 
temperature fits for the stars in Table 4 to give higher weight to 
the SWP wavelengths; the lower bounds implied by the error 
bars listed in Table 4 generally reflect the temperatures deriv- 
able from giving greater weight to the ¿¿2000-3000 region. 

While there is good agreement between the K and W model 
fits to the IUE data for both hot stars, implying that they differ 
in Teff by <2000 K, it is noteworthy that the temperature 
estimates using optical data (and the K grid) differ by a greater 
amount. OWK assign PG 0112 + 104 a temperature of 28,900 
K, in nice agreement with the /LF fits and suggesting that this 
is the hottest known DB star. Yet the same authors (see 
Koester et al. 1985) favor an optically derived temperature of 
24,000 K for GD 358. The latter seems to be in sharp disagree- 
ment with the SWP region fits for both W and K models. 

If we assume that an instability strip exists for DB stars 
(Winget et al. 1982, 1983) analogous to the well-defined tem- 
perature region of the ZZ Ceti (DA) variable stars, then these 
two stars may bracket the high temperature boundary above 
27,000-28,000 K using the IUE data. Alternatively, since GD 
358 has the bluest energy distribution at IUE wavelengths of 
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TABLE 4 
Assigned Temperatures for PG and Other Hot DB White Dwarfs 

Observed with IUE 

WD Number, 
Name Tw

a ( x 103 K) TK
b Refd Variable?6 

0112+104 
PG 
1645 + 325 
GD 358, PG 
1654+160 
PG 
1115+158 
PG 
0308-566 
BPM 17088 
1542+182 
GD 190, PG 
1351+489 
PG 
0100-068 
BPM 70524 
1456+103 
PG 
0853 + 163 
LB 8827, PG 
1326-037 
PG 
1149-133 
PG 
0840 + 262 
Ton 10, PG 
2224-344 
LDS785A 
1011 + 571 
GD 303 
0418-539 
BPM 17731 
1445+152 
PG 
0921+091 
PG 
0948+013 
PG 

30 ± 1 

28 + 1 

26Í? 

26 ±2 

26 ± 1 

26+1 

25 ±2 

25 Í 2 

24 + 3 

22Í3 

22 ±3 

21+4 

214 

20 + 2 

19 + 2 

18Í3 

I8Í2 

19Í 3 

18ÍÍ 

29 + 2 28.9 + 0.56 OWK 

27^2 24.6 + 0.5 
24+ 1 

25 ± 2 

25 ± 2 

OWK, KWV 
K85, Note f 
Note g 

Note g 

WR 
KSW 

19-23 OWK 

>18 
23 4 22.67 + 0.99 OWK 

244 

22+ 1 

23 Í 3 

22 Í 2 

21 ± 1 

20 + 2 

214 17.31 + 0.38 

20 ±2 17.18 + 0.4 

2OÍ3 ^18 

19 + 2 

20 + 2 

18!3 

OWK 
Note h 
SW 

OWK 

WR' 

S 

V 

V 

V 

? 

s 

V 

a Tw temperatures assigned from IUE data giving highest weight to the shorter 
wavelengths (SWP) and using Wesemael models at Te — 25,000, 30,000, and 35,000 K 
and Wickramasinghe models at 18,000 K and 19,000 K. Units are in 103 K; error 
bars usually given in second row. 

b Tk temperatures assigned using energy distributions provided by Koester (1980, 
1981) for models at Te = 16,000 K, 18,000 K, 20,000 K, 22,000 K, 24,000 K, 26,000 K, 
28,000 K, and 30,000 K, fitting to IUE data giving highest weight to the shorter 
wavelengths (SWP). Other notation as for TK. c Topt temperatures as quoted from the literature, where optical data was generally 
used. 

d References: OWK = Oke, Weidemann, and Koester 1984; 
WR = Wickramasinghe and Reid 1983; KSW = Koester, Schulz, and Wegner 1981; 
SW = Strittmatter and Wickramasinghe 1971 ; WW = Wickramasinghe and Whelan 
1977; W83 = Wickramasinghe 1983; KWV = Koester, Weidemann, and Vauclair 
1983, K85 = Koester et al. 1985. 

e V: Variable (GD 358: Winget et al. 1982; PG 1654+160: Winget et al. 1984; PG 
1115+158: Winget, Nather, and Kepler 1984; PG 1351 +489: unpublished observa- 
tions by Winget); S: Stable (Robinson and Winget 1983, and unpublished observa- 
tions by Winget for PG 0853 + 163); ?: Not yet observed for variability. 

f Note that KWV estimated ~ 28,000 K from their IUE data alone. 
g May not have been centered in SWP exposure. 
h DBA star (with Hß). 
1 Temperature consistent with 18,500 K from W83. 
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Fig. 2.—(a) Binned energy distributions of the hot DB stars PG 0112+104 {filled circles) and the Vauclair images of GD 358 {open circles), together with the fits 
based on the models of Wesemael (1981). The models shown here are for Teff = 25,000, 30,000, and 35,000 K, and are normalized to the data at 1850 Á. {b) Same as 
{a), but with the fits based on the models of Koester (1980,1983). The models displayed are at Teff = 22,000, 25,000, and 30,000 K. The vertical scale is identical to that 
for Fig. 1 in this and Figs. 3-5. The “ 25,000 K model ” curve used for Koester is actually the average of his 24,000 K and 26,000 K fluxes. Discrepancies especially 
between the Wesemael and Koester 25,000 K models are discussed in § Ilia. 

the four known pulsating stars, the high temperature boundary 
could be as low as 24,000 K if we use the optically determined 
temperature. Note, however, that optical temperatures have 
not been determined for the other three pulsating stars. 

In Figure 3, two somewhat cooler stars are plotted in the 
same way for comparison with the two grids. PG 1654+160, 
which pulsates (Winget et al 1984), appears to fit about 
25,000-26,000 K, although the noisy LWR points appear too 
high (indicating a cooler temperature) for both model sets. The 
nonpulsating PG 0853 + 163 may be assigned a fit near 22,000 
K for both W and K curves, though the LWR data again set 
the lower bound in Table 4. 

In Figure 4, we display fluxes for GD 190 (1542 +182) pulled 
from the IUE archives and those for a cooler star GD 303 
(1011 + 570). The former, which does not pulsate, has a Teff fit 
virtually identical to that for the pulsating star PG 1654 + 160, 
for which the observations were quite noisy. GD 303 illustrates 
the fitting near the low end of the sample considered in this 
paper. 

If there is a well-defined lower temperature limit to a pulsa- 
tional instability strip, the results for GD 190, 1654+160, and 
1115 + 158 suggest that it is near ~ 24,000-25,000 K, using 
IUE fluxes. The optically determined temperature (by OWK) 
for GD 190 is 22,670 K (Table 4), but the other two PG stars 
lack an optical determination. 

III. UNCERTAINTIES IN THE IUE TEMPERATURES 

It is apparent from comparison of the /C/F-determined effec- 
tive temperatures from both the W and K models with opti- 
cally derived values in Table 4 that the methods do not agree, 
especially for temperatures near 25,000 K where the ultraviolet 

energy distributions predicted by the W and K models yield 
values of Teff appreciably larger than the optical values. In 
Figure 6, we plot these IUE determined temperatures (both W 
and K) against optical temperatures taken from the literature, 
as listed in Table 4. It is apparent that the fitting of the ultra- 
violet energy distributions generally results in the assignment 
of higher temperatures between about 19,000 K (on an IUE 
scale) to about 28,000 K. The lone object (PG 0112+ 104) near 
29,000-30,000 K offers good agreement on all three tem- 
perature scales used here. No known DB star has a tem- 
perature assigned from any scale above 30,000 K, as 
determined from blanketed models. 

Previously, we have contrasted the great sensitivity of the 
ultraviolet energy distributions to temperature with the rela- 
tive insensitivity of optical colors and line spectra for DB stars 
at or above 20,000 K. Nonetheless, a thorough discussion of 
the uncertainties in the IUE data as well as the physical uncer- 
tainties in the models is now warranted, given the striking 
discrepancies in the derived temperatures from the different 
methods (Table 4 and Fig. 6). Let us begin with the uncer- 
tainties in the models, for which a thorough investigation is 
now badly needed, but is beyond the scope of this paper. 

a) Uncertainties with the Models 
These divide into the categories of those having to do with 

uncertainties in the physical parameters (such as the hydrogen 
abundance) and those due to uncertainties in the physics (such 
as the treatment of convection). The first is easier to address : 
the hydrogen abundance is set to zero in the Wesemael models 
and has small trace values in the calculations of Koester and 
Wickramasinghe. Shipman’s (1972) investigation of DB model 
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3 4 5 6 7 8 

Fig. 3.—Binned energy distributions of the cooler DB stars PG 1654+ 160 (filled circles) and PG 0853+ 163 (open circles), together with the fits based on the 
models of Wesemael (1981). The models shown are for Teff = 18,000, 25,000, and 30,000 K, and are normalized to the data at 1850 Â. (b) same as (a), but with the fits 
based on the models of Koester (1980,1981). The models shown are for Teff = 18,000,22,000,25,000, and 30,000 K. 

atmospheres at temperatures below 20,000 K shows that the H 
opacity is small enough that it is probably safe to use pure He 
models to define the temperature structure (see also Shipman, 
Liebert, and Green 1986). At optical and ultraviolet wave- 
lengths, hydrogen contributes only a few percent of the contin- 
uum opacity, so that effects on the sensitive ultraviolet colors 
should be minimal. Moreover, the effects of hydrogen should 
be even smaller at temperatures above 20,000 K where a 
greater fraction of helium is ionized. Previously we have noted 
the good agreement between unblanketed Wickramasinghe 

and Wesemael models (Wesemael 1981), which were calculated 
with differing hydrogen abundances. Similar arguments may 
be made regarding uncertainties due to undetectable abun- 
dances of heavier elements. Likewise, the assumption for the 
surface gravity is unlikely to be a significant effect on the tem- 
perature fitting (Shipman 1972); indications are that the 
surface gravities of DB stars may now be similar to those for 
DA stars anyway (Shipman, Greenstein, and Boksenberg 1977 ; 
OWK), in contrast to earlier claims. The use of helium line 
blanketed models has an important effect on the derived tem- 

Fig. 4—Binned energy distributions for the DB stars GD 190 (top) and GD 303 (bottom), obtained through the Astronomical Data Center. Fits achieved with 
Koester’s (1980, 1981) models are also shown and are normalized to the data at 1850 Á. The models shown are for Teff = 22,000 and 25,000 K (GD 190), and for 
Teff = 18,000 and 20,000 K (GD 303). 
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Fig. 5.—Binned energy distributions of GD 358 based on Vauclair’s images (SWP 14015 and LWR 10668;filled circles), and our own recent reobservations (SWP 
25310 and LWP 5415; open circles). The fits based on the models of Wesemael (1981) are also shown, with the models normalized to the data at 1850Â. The models 
displayed are at Teff = 25,000 and 30,000 K. 

peratures; unblanketed models fitted to optical colors can 
imply temperatures several thousands of degrees cooler (e.g., as 
in Fontaine, Montmerle, and Michaud 1982). The K grid also 
includes blanketing due to the finite hydrogen abundance 
assumed. 

It is interesting that the biggest discrepancies between the 
optical and /I/E-derived temperatures and between the Wese- 
mael and Koester models occur at <25,000 K, despite the 
good agreement at ~ 30,000 K. For standard convection 
theory, the onset of significant convective envelopes in helium 
atmosphere degenerates occurs at about 25,000 K and is of 
growing importance for cooler models. It is of course difficult 
to evaluate the effect of uncertainties in the simple mixing 
length theory of convection; indeed, one goal is to use the 

Topt 

Fig. 6.—Plot of /t/F-determined temperatures for hot DB stars, obtained 
from the Wesemael-Wickramasinghe models {filled circles) and the Koester 
grid {open circles), against optically determined values. All numbers are taken 
from Table 4. The diagonal {dashed) line is the locus of points with Tue — Tpv 

empirically determined temperature boundaries for the DB 
pulsational instability strip to calibrate the convective effi- 
ciency parameter (Fontaine, Tassoul, and Wesemael 1984). 
Below about 15,000 K the agreement in the temperature fits 
between optical and IUE data (Wickramasinghe 1983; Wick- 
ramasinghe and Reid 1983) is much better. Clearly, the tem- 
perature fits in the 19,000-28,000 K range are uncertain by at 
least 10%. On the other hand, it is likely that the temperature 
fit to the hot star PG 0112 + 104 near 29,000-30,000 K does 
not suffer from similar physical uncertainties in the modeling. 

b) Uncertainties in the IUE Flux Values 
Problems with calibrating IUE data include (1) possible 

offsets in the absolute flux values between observations taken 
with the short and long wavelength cameras, and with optical 
fluxes, and (2) time variability and other uncertainties in the 
relative flux calibrations. 

Offsets in fluxes derived for the different IUE cameras may 
be caused by differences in the positioning of the target within 
the 10" x 20" large aperture between the SWP and 
LWR/LWP exposures. Usually, the optically faint stars were 
placed by blind offset from SAO catalog stars, and could not 
be detected for visual centering (the FES postage stamp); thus, 
an exact centering of targets could not generally be achieved. 
Experience with IUE observing shows that light losses are 
significant when the target is within 3"-4" of the aperture end. 
Recorded flux may also be diminished if the IUE telescope 
drifts out of focus, due to changes in the spacecraft temperature 
which may occur rapidly at certain orientation (beta) angles 
with respect to the Sun. Our experience with mating optical 
multichannel spectrophotometer2 (MCSP) fluxes and IUE 
fluxes for PG stars shows that an offset of <0.1 dex occurs 
some of the time (cf. Wesemael, Green, and Liebert 1985). 
Often the disagreement is attributable to modestly non- 
photometric conditions for the optical observations and to 
difficulties in applying a mean extinction correction to the 
optical ultraviolet. 

In order to avoid the offset problem and for other reasons 
outlined in § II, we prefer to match purely IUE energy distribu- 
tions with the models. The normalization of the model fluxes 
and data to the long wavelength end of the SWP camera 

2 See OWK. 
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(11850) is also motivated largely by these considerations. A 
possible offset between the LWR and SWP data is apparent for 
the observations of PG 1115 + 158; the poor signal-to-noise 
ratio of the SWP scan of this star may be due to light losses 
and the general problem that the intensity transfer function 
(sensitivity) of the LWR camera is not well determined for faint 
flux levels. 

The principal uncertainty in the relative IUE flux cali- 
bration is the time dependence of the camera sensitivities, as 
has been emphasized recently by Finley, Basri, and Bowyer 
(1984). The degradation of the cameras with time as a function 
of wavelength has been estimated using bright flux standards 
by the IUE support staff, the most recent determination being 
that of Sonneborn (1984). The time variability of the SWP 
camera is significantly less than that of the LWR, and it turns 
out that the effect on the relative IUE fluxes covering 1200- 
2000 Â is quite small except near the long wavelength extreme. 
Sonneborn (1984) estimates a degradation at 1300 + 75 Â of 
— 0.58% per year in SWP sensitivity, and a decrease at 
1850 + 75 Â of —1.27% per year. Thus a correction for the 
relative sensitivity change between 1300 and 1850 Â for post- 
1978 observations would make the corrected fluxes slightly 
redder in slope. The estimated shift for 1984 observations is 
only A log/v = —0.018 at 1300 Â, relative to a normalization 
point at 1850 Á. For fitted temperatures at or below 25,000 K, 
the correction downward is 1000 K for the 1984-1985 data; at 
30,000 K it would reach 1300 K for the K grid, but only ~ 500 
K for W. 

The accuracy and time dependence of the standard IUE flux 
calibration have been independently analyzed by Finley, Basri, 
and Bowyer (1984) using a comparison of IUE data on hot DA 
white dwarfs with models and optical data. Their results also 
show that both cameras have become less sensitive with time in 
the same manner as found by Sonneborn (1984). The increase 
in ultraviolet fluxes relative to optical fluxes results in an 
increase in the fitted temperature for a given star from the 
overall energy distribution, if the corrections suggested by these 
authors or Sonneborn (1984) are adopted. 

On the other hand, if ultraviolet data alone are used to 
derive the stellar temperature, the effect of the suggested Finley 
et al. corrections is much reduced, and is again in the opposite 
direction, as discussed for the Sonneborn correction. The 
observations of the hot star PG 0112 + 104 were obtained in 
1982.53, (July 11), so that it is appropriate to apply the Finley 
et al. numbers for 1982.5. Using values read from the curve in 
their Figure 3, we would revise the temperature for PG 
0112+104 downward by less than 1000 K. The corrections in 
the long wavelength (LWR) camera are again found to be 
larger and more wavelength dependent than those for the 
SWP. 

The conclusion is unchanged if we apply the Sonneborn or 
Finley et al. corrections to the entire SWP-LWR spectra and 
normalize to 2750-2900 Â. Since the positive flux correction is 
again larger at 2750-2900 Â than at the short-wavelength end 
of the SWP camera, the effect is to make the ultraviolet slope 
redder, so that a lower temperature would again be derived. 
The Finley et al. analysis did not extend to 1984-1985. 

The nice agreement between the independent approaches of 
Sonneborn (1984) and Finley et al. suggests that a time- 
dependent correction can be applied with an uncertainty con- 
siderably smaller than the size of the correction. The errors 
derived by Sonneborn (1984) suggest that the temperature cor- 
rections are uncertain by about 20% of their values. However, 

since the possible corrections due to ultraviolet extinction are 
generally comparable, but in the opposite direction, we have 
not applied either correction to the Tw and Tk values obtained 
by direct fitting in Table 4. 

In Figure 5, we display the 1985 reobservations of GD 358 
with the SWP and LWP cameras alongside the earlier data of 
Koester, Weidemann, and Vauclair (1983), used in Figures 1 
and 2. Exposure times for the short and long cameras were 
chosen to match those used by Koester et al. This affords not 
only a valuable confirmation that the object shows a hot 
energy distribution, but also measurements of the camera deg- 
radation of the SWP and the calibration differences between 
the LWR and LWP. The most noticeable result is that the 
LWP data are much noisier than the LWR points, and the 
calibration places them at significantly higher flux values. The 
differences between the SWP exposures are quite small, but the 
last exposure is not well exposed at the long end of the SWP 
camera where the camera degradation has been most impor- 
tant. 

c) Uncertainties in the Temperature Fits Due to Reddening 
Since even a visual extinction as small as Av ~ 0.03 mag 

produces A1300A ~0.1 mag, the errors in the temperature fits 
due to interstellar reddening must be assessed. The vertical 
scale for interstellar gas is estimated to be only 110 pc (Kerr 
and Westerhout 1965). Since the DB stars evaluated here lie 
mostly at estimated distances of order 100 parsecs (as we shall 
show) and at high galactic latitude, at least a large fraction of a 
disk scale height of interstellar gas is typically encompassed. It 
is not unreasonable to assume that much or most of the inter- 
stellar material in the line-of-sight directions to some of these 
stars looking out of the Galaxy lies between us and the stars. It 
is therefore possible to estimate the column densities of neutral 
hydrogen in the directions of the stars by using available radio 
maps, and to use available correlations between the gas den- 
sities and dust extinction to derive crude upper bounds on the 
ultraviolet extinction on the stellar lines of sight. The typical 
column densities of nH ! at high galactic latitude somewhat 
exceed 1020 cm-2, which translates into a nonnegligible extinc- 
tion. 

The uncertainties associated with this procedure are formi- 
dable. They include the following: (1) published maps of the 
interstellar medium are crude in their spatial detail, and the gas 
distribution is known to be quite patchy on small scales ; (2) we 
do not know what fraction of the gas is in front of the star; (3) 
the correlation between neutral gas and dust, specifically that 
between nH and E^sok or ^issoâ is n°t tight. The procedure 
attempted here, however, should be useful in estimating the 
extent of the reddening uncertainty. Moreover, the emphasis 
upon fitting the SWP region alone reduces the magnitude of 
the effect. 

In Table 5 maximum n(H i) column densities are estimated 
from the radio maps of Heiles (1975). In order to get some idea 
as to what fractions might be in the vicinity of the Sun, we 
obtained comments from Priscilla Frisch (see York and Frisch 
1983) concerning lines-of-sight to specific stars (Table 5). Dis- 
tances to these stars lying at high galactic latitude may be 
estimated by combining the approximate V magnitudes and 
absolute (Mv) magnitudes. The former are estimated from the 
apparent B (photographic) magnitudes listed for each object 
and the assumption that (B—V)~ —0.15; derived V magni- 
tudes are listed in Table 5. The absolute magnitudes are esti- 
mated from those given for the Koester models in Oke, 
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TABLE 5 
Possible Corrections Due to Ultraviolet Extinction 

Maximum 
Extinction 

N(H i) C = Assumed Distance Correction 
Name x 1020 cm'2 E(B-V) logfi850_1280

a V Mv(max) (pc) to Teíí 

0112+104   6.70 0.11 0.06 14.81 10.42 75 +4 Kb 

1351+489   2.80 0.05 0.02 16.53 10.65 150 +1 K 
GD 358   5.35 0.09 0.05 13.62 10.58 41 +3 Kb 

1115 + 158   2.23 0.04 0.02 16.27 10.60 136 +1 K 
1654+160   12.5 0.21 0.12 16.30 10.60 138 +4 Kb 

1149-133    5.58 0.10 0.05 16.24 10.85 120 +2-3 K 
GD 323e    2.68 0.05 0.02 13.97 10.4: 52 0d 

a C = A(log/1850) - A(log/1280) - 0.106E (B—V); see text. 
b The full correction is probably too large (see text). 
c See discussion in Liebert et al. (1984) concerning this hot, DB-like object. See also § IVc. 
d Correction to ~ 30,000 as estimated with pure helium models by Liebert et al. 1984. 

Weidemann, and Koester (1985), assuming the mean of the 
temperatures listed for each star in Table 4 and log g = S. With 
the exception of GD 358 (and the peculiar object GD 323), the 
estimated distances are in the 75-150 pc range; at galactic 
latitudes exceeding 30°, at least half of these distances are 
included in the z components. Thus we anticipate that, for all 
objects except the bright GD stars, much of the line-of-sight 
gas and dust may be between us and the stars. 

The gas column densities were converted to visual reddening 
using the relation 

nH = 5.9 x 1021 Eb_v mag-1 cm-2 

from Spitzer (1978) and a mean ultraviolet extinction 
curve (Seaton 1979) to derive corrections C = A(log /i850) 
— A(log /taso) ~ 0.547 Eb_v, where A refers to (red- 
dened — unreddened), for the normalized IUE SWP flux 
slopes. All are listed in Table 5 along with an estimate of the 
upward temperature revision. The values range from as small 
as C = 0.02 for three objects to 0.12 for PG 1654+160. For 
stars which already have rising SWP slopes (Teff > 25,000 K), 
GD 358 and PG 0112+104, the potential effect on the tem- 
perature could be substantial. Application of the full C value 
listed in Table 5 (Fig. 2) would yield for GD 358 7^ ~ ~ 
31.000 K; however, the recent trigonometric parallax determi- 
nation (tt ~ 0"028; Harrington et al. 1985) underscores the fact 
that GD 358 is the nearest star in the sample. At the indicated 
d ~ 36 pc, very little of this correction may be appropriate. 
Moreover, the indicated Mv suggests a temperature lower than 
is derived by the ultraviolet (or optical) methods. The applica- 
tion of the full correction to PG 0112 +104 may not be justified 
either, since the indicated distance is only ~75 pc. Thus, 
we expect that the temperature of this object is near 29,000- 
30.000 K. 

The largest potential correction for a pulsating star is that 
for PG 1654+160, with C ^ 0.12. The comments from Frisch 
suggest that most of the line-of-sight hydrogen lies beyond 125 
pc, and the star’s distance is approximately that. Application of 
the full correction would give the star TK> Ty, ~ 30,000 K, 
though again, the full correction does not appear to be justi- 
fied. For other stars in the sample near or below 25,000 K 
(uncorrected), the potential shifts are less than or equal to 
+ 1000 K in Tw and TK. These potential temperature 
increments are noted in the appropriate column in Table 5. 
The true width of the instability strip will, ultimately, depend 
on how much of the material in the directions of PG 

1654+160, and conceivably PG 0112+104, is in front of the 
stars. 

IV. CONCLUSIONS 

a) The Instability Strip for Pulsating DB Stars 

The temperature determinations reported herein from IUE 
data generally support the expectation of Winget and Fontaine 
(1983) and Winget et al. (1983) that an instability strip exists for 
pulsating DB stars. By this we mean that within a certain 
temperature range, most or all of the stars pulsate, and outside 
of that range they do not. The problems discussed at length in 
the last section and a paucity of hotter stars lead to great 
uncertainty in determining the high temperature end of the 
probable instability strip: it should clearly begin cooler than 
34,000-35,000 K, the highest value assigned to the non- 
pulsating PG 0112+104 with the full reddening correction 
(which is probably not justified). As a compromise, we shall 
adopt an upper bound of 32,000 K. A lower bound on the high 
temperature limit is provided by the lowest assigned tem- 
perature for GD 358 from IUE (which has the bluest ultra- 
violet fluxes) at about 26,000 K. It is possible that a substantial 
reddening correction of PG 1654+160 would make it a hotter 
pulsating object than GD 358. Realistically, the high tem- 
perature boundary lies in the interval 29,000 + 3000 K, using 
IUE temperature determinations. Using the same logic, the 
high temperature limit based on the optical scale should lie 
between 24,000 K and 29,000 K, the OWK values for the 
pulsating GD 358 and the nonpulsating PG 0112+104, 
respectively. The low temperature boundary is less sensitive to 
the problems outlined previously and is most likely within the 
interval 24,000 + 2000 K, using IUE temperature determi- 
nations and is 1000-2000 K cooler with the optical scale. Of 
course we are a long way from establishing whether all stars 
within the instability region actually pulsate, but the ordering 
of temperatures made from using the 7L/E energy distributions 
(regardless of the values of temperatures assigned) is consistent 
with this hypothesis. 

The empirical instability strip seems to lie close to that pre- 
dicted by Winget et al. (1982) and by Fontaine, Tassoul and 
Wesemael (1984) using ML 3 convection (26,000-29,000 K). 
This finding is even more remarkable in view of the fact that 
the best agreement between the effective temperatures of the 
observed and theoretical blue edges of the instability strip for 
ZZ Ceti stars is also obtained if version ML 3 of the mixing 
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length theory is used in the computations of these cooler DA 
white dwarf models. This suggests that, for the very first time, a 
calibration of the mixing length theory is possible for a whole 
class of stars which differ substantially in effective temperature 
and atmospheric composition. This is not to say, of course, 
that a demonstration of consistency in the mixing length for- 
mulation confirms the general theory. It is because of compu- 
tational ease and the lack of a more complete theory that 
mixing length convection is used at all. 

There are nonetheless still a few hot DB stars in the existing 
sample lacking IUE or accurate optical observations and for 
which reliable temperature estimates cannot yet be made: We 
have been unable as yet to observe PG 2246 + 120, for which 
optical MCSP fluxes give discrepant temperature estimates. 
The optical spectrum clearly shows this to be a hot DB star 
(Teff > 18,000 K). Likewise, an IUE observation of the well- 
known white dwarf GD 205 (EG 224, WD 1709 + 231) would 
be of interest. The OWK optical determination of 22,750 K 
suggests that this star, which does not pulsate (Robinson and 
Winget 1983), may be of value in defining the lower boundary 
of the instability strip. Finally, in the latter context, fast photo- 
metric observations are badly needed to test a number of these 
hot DB candidates for instability. Stars with temperatures near 
the boundaries include G270-124 (WD 0100-068), BPM 
17088 (WD 0308-565), BPM 17731 (WD 0418-539), and 
GD 198 (WD 1612—111), in addition to some of the PG stars 
discussed in this paper. Many of these stars lie far south in the 
sky, beyond our reach. 

b) The Paucity of DB Stars with Teff > 30,000 K 
Following this investigation, there remains only one normal 

DB star, PG 0112 + 104, with (1) a temperature likely to be 
above the high temperature boundary for pulsational insta- 
bility, and (2) an effective temperature near or above 30,000 K. 
For this conclusion we emphasize that the OWK optical deter- 
mination is in excellent agreement. The new IUE results 
strengthen the hypothesis of a deficiency of helium-rich white 
dwarfs with effective temperatures in the range 30,000-45,000 
K, between the several dozen known and well-studied DB stars 
and the coolest of the ~ 20 hotter DO stars. The statistical 
significance of this result is assessed in relationship to the pre- 
dictions of theoretical cooling curves in Wesemael, Green, and 
Liebert (1985). Application of the likely reddening corrections 
listed in Table 5 to the derived temperatures for hot DB stars 
does not reduce the significance of the deficiency appreciably. 
GD 358 and most of the previously known DB stars listed in 
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Table 4 are brighter, closer stars, likely to have insignificant 
extinctions. Likewise, it does not seem likely that the discrep- 
ancy between temperatures inferred from the ultraviolet energy 
distribution and line spectrum of the peculiar DAB object GD 
323 may be attributed to substantial (and highly peculiar) 
ultraviolet reddening (see Liebert et al. 1984). 

c) Speculation: What Is Going On with Helium-rich White 
Dwarfs near 30,000 K ? 

We wonder if it can be total coincidence that two kinds of 
peculiar, helium-rich stars also show IUE energy distributions 
very similar to the DB white dwarfs in the 25,000-30,000 K 
temperature region. First, there is the strange hybrid spectrum 
DAB star GD 323 mentioned in the previous section; note that 
this star is solidly established as a nonpulsator down to some 
0.002 mag (Robinson and Winget 1983). We note that the 
quiescent nuclear-burning hypothesis of Michaud, Fontaine, 
and Charland (1984) and Michaud and Fontaine (1984) allows 
a preexisting hydrogen envelope to disappear at or below 
30,000 K, predicting evolution of the spectral type of the star 
from DA to DB. Stars hotter than 30,000 K would be DA in 
type. Second, the photometric variable star AM CVn = HZ 29 
(cf. Greenstein and Oke 1982) has an ultraviolet color tem- 
perature similar to those of the DB stars. While the consensus 
view is that this is a binary DB white dwarf, it is not clearly 
established that the ultraviolet energy distribution is domi- 
nated by an accretion disk, rather than by a DB white dwarf 
photosphere. Can either of these two objects be related to the 
onset of pulsation at Teff « 30,000 K or the paucity (so far) of 
normal helium-atmosphere degenerate stars above this tem- 
perature? 
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