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ABSTRACT 

Strömgren-system colors for O-type stars have been compared with colors calculated by 
Mihalas from non-LTE model atmospheres and by Mihalas and Hummer from models with 
extended geometry. Within the accuracy of the observations, effective temperatures derived 
from the photometry for main-sequence stars agree with those derived by Conti from a ratio 
of intensities of spectral lines; consistency of the calculated colors with the calculated strengths 
of the lines is demonstrated for the non-LTE plane-parallel models. For Of stars of luminosity 
classes III and I, and O stars of luminosity class I, c1 is consistently more negative than it is for 
main-sequence stars by an amount that is consistent with the predictions of the models with 
extended geometry. For stars earlier than type 06, c1 is consistently more positive than the plane- 
parallel models predict, and possible reasons for this effect are discussed. 
Subject headings: atmospheres, stellar — early-type stars — photometry 

I. INTRODUCTION 

When LTE model atmospheres for early-type stars 
were superseded by the non-LTE model atmospheres 
of Auer and Mihalas (1972), an understanding of 
O-type spectra became possible. Great progress has 
also been made on the observational side, in that 
Walborn (1971) and Conti and Alschuler (1971) have 
systematically classified the spectra of many stars, 
and Conti (1973«) has used the non-LTE models to 
derive a relation between his spectral classes and 
effective temperature and gravity. 

In addition, Mihalas (1972) has used the emergent 
continuous fluxes predicted by non-LTE plane- 
parallel models of O stars to calculate the Strömgren 
indices b — y, and These calculations show 
that the non-LTE models differ from the LTE models 
by 0.05 mag in Cx for Teff > 35,000 K, and by a smaller 
amount at lower temperatures. This difference reflects 
the fact that, while in LTE the Balmer jump nearly 
vanishes at an effective temperature of 40,000 K, 
in non-LTE models it persists and remains sensitive 
to effective temperature. Therefore, cx is a useful 
indicator of effective temperature even for the hottest 
O stars. I have obtained uvby and Hß photometry of 
101 stars with the aim of comparing effective tem- 
peratures derived from this photometry with the 
temperatures based on the spectral lines. This com- 
parison is an important check on the self-consistency 
of the non-LTE models. 

telescopes at Mauna Kea Observatory. The ob- 
servatory’s Tinsley photometer is equipped with w, v, 
b, y, and Hß filters that were bought to Kitt Peak 
specifications, and with an EMI 9558QA photo- 
multiplier cooled thermoelectrically to — 20° C. Data 
acquisition is by photon counting, and the paired- 
pulse correction, assumed to be of the standard form 
(e.g., Sturch 1972), was determined from the require- 
ment that the transformation of the instrumental ß 
index to the standard system (Crawford and Mander 
1966) be linear. Table 1 lists the means and standard 
deviations of the extinction coefficients from 12 nights; 
these means were used to reduce all the data. 

Transformation to the standard uvby system re- 
quires a correction for the fact that the effect of HS 
on the v filter of the filter set that defines the uvby 
system is slightly different from its effect on our v 
filter, or on any other v filter. For unreddened stars, 
the Balmer-line strengths are correlated with b — y, 
and the standard transformation equations for m1 
and c1 (Crawford and Barnes 1970) include a term in 
b — y. Since many of the stars in the present program 
are highly reddened, however, it is more appropriate 
to use a term in ß, so that the transformation equations 
become 

nix = E + Fmx (obs) + Kß , 

Cx = G + Hex (obs) + Lß . (1) 

II. OBSERVATIONS TABLE 1 

The observations were made on 17 nights in 1973 
January, June, and July with one of the 61-cm 

* This paper is part of a dissertation submitted to the 
Graduate Division of the University of Hawaii in partial 
fulfillment of the requirements for the Ph.D. degree in 
Astronomy. 

Extinction Coefficients for Mauna Kea, 1973 

y b - y mi Ci 

Mean.     0.095 0.040 0.047 0.141 
Standard deviation  0.005 0.008 0.015 0.015 
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114 MORRISON 

Transformation coefficients were determined and 
applied separately for each night. The values of the 
coefficients K range between —0.030 and +0.044, L 
ranges between —0.138 and +0.364, and the range 
of ß spanned by the standard stars is roughly 0.25 mag. 

The stars observed are all in the catalog of Conti and 
Alschuler (1971). Double-lined spectroscopic binaries 
and stars with companions that were visible in the 
aperture of the photometer were not observed or, if 
observed, were not used in the analysis. 

The results for a few stars may be compared with 
the results of other observers. Five slightly reddened 
stars are in common with the lists of Crawford and 
Barnes (1970) and Crawford et al. (1971). The mean 
difference in c1 between the two sets of observations 
is —0.003 ± 0.008 (standard deviation). In addition, 
Crawford has kindly communicated his observations 
of four highly reddened stars that are in common with 
this program. The mean differences are: in b — y, 
+ 0.008 ± 0.014; m +0.009 ± 0.021; and in cl9 
+ 0.008 ± 0.014 (standard deviations). Both these 
comparisons show that the present observations are 
successfully transformed to the standard system. 

Photometry of O stars suffers from the problem 
that both m1 and Cx are often more negative than they 
are for the standard stars, and it is necessary to extrap- 
olate the least-squares straight line that represents 
the transformation. For Cx in general, and for mx if 
the reddening is small, the amount of extrapolation 
required is much smaller than the range of c1 among 
the standard stars, and the problem is not serious. 
Since mi becomes even more negative as the reddening 
increases, the amount of extrapolation for heavily 
reddened stars may be as large as the range in rax 
among the standard stars, and the accuracy of the 
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transformation is reduced. This tendency is apparent 
in the night-to-night scatter of the present observa- 
tions. The rms difference from the mean for a given 
star is typically ±0.010 mag for both mi and Cx, ex- 
cept that when £ — j is greater than about 0.20, the 
scatter in m1 is about ±0.015. 

Stars with rms deviations much larger than these 
values for m-^ and Cx, or larger than ±0.010, 0.020, 
and 0.010 for ß, V, and b — y, respectively, are 
listed as possible variables in Table 2. Most are super- 
giants or Of stars, but a few are main-sequence stars. 
Data from individual nights will be made available 
on request. 

To correct the transformed colors for reddening, I 
adopted as intrinsic colors values of b — y typical 
of those computed by Mihalas (1972), which are 
insensitive to effective temperature and vary only 
slightly with gravity. The adopted values are (b — 
y)0 = —0.145 for ß > 2.570 (main-sequence stars 
and giants) and (b — y)0 = —0.120 for ß < 2.570 
(supergiants). According to Crawford and Barnes 
(1970) and Crawford (1975), the standard law for 
interstellar reddening is 

£(cx) = 0.2E(b - y) , 

EimJ =-0.3E(b - y) . (2) 

Because of the small size of the coefficients, the correc- 
tion for reddening is insensitive to the intrinsic value 
of b — y that is assumed, and to variations in the 
reddening law. 

Since the colors calculated by Mihalas (1972) 
ignore the effects of spectral lines, the observed 
colors need to be corrected for the flux removed from 

TABLE 2 
Stars That May Vary 

Night-to-Night rms Difference 

Star 
Variable 
Quantity ß b - y rrh 

HD 12323... 
HD 12993... 
HD 14442... 
HD 15570... 
HD 16691... 
HD 17520... 
HD 35921... 
HD 45314... 
HR 2781.... 
HR 6245. .. 
HR 6263.... 
HR 6272.... 
HR 6716.... 
HD 166546.. 
HD 168112.. 
HD 192281.. 
HD 202124.. 
HD 216532.. 
Minimum 

rms for 
variability. 

ß,b-y 
ß 
b - y 
b - y 
ß 
b - y 
V 
V 
V 
V 
ß 
mu ex 
ß, Cx 
Kß 
ß 
ß 
ß 
b - y 

b - y < 0.25 
b - y > 0.25 

0.049 
0.013 
0.009 
0.004 
0.024 
0.003 
0.005 
0.008 
0.007 
0.007 
0.011 
0.004 
0.014 
0.009 
0.020 
0.011 
0.012 
0.003 

0.010 
0.010 

0.014 
0.017 
0.017 
0.016 
0.003 
0.010 
0.085 
0.026 
0.072 
0.026 
0.008 
0.016 
0.005 
0.030 
0.019 
0.009 
0.011 
0.013 

0.020 
0.020 

0.011 
0.007 
0.017 
0.016 
0.007 
0.014 
0.003 
0.001 
0.001 
0.007 
0.006 
0.003 
0.001 
0.003 
0.007 
0.003 
0.003 
0.010 

0.010 
0.010 

0.014 
0.006 
0.015 
0.010 
0.007 
0.014 
0.003 
0.003 
0.003 
0.002 
0.004 
0.021 
0.002 
0.002 
0.000 
0.007 
0.010 
0.020 

0.010 
0.015 

0.004 
0.012 
0.010 
0.009 
0.009 
0.012 
0.006 
0.009 
0.005 
0.011 
0.009 
0.015 
0.015 
0.003 
0.012 
0.005 
0.007 
0.003 

0.015 
0.015 
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the bandpass of the v filter by H8. I have measured 
the equivalent width of this line and lines blended 
with it for 16 O-type stars on coudé spectrograms of 
dispersion 6.7 Â mm-1 obtained at Mauna Kea 
Observatory. Although HS itself weakens by about a 
factor of 2 from the highest gravities to the lowest 
ones, the strength of the blended lines increases 
correspondingly, and all but one of the measured 
equivalent widths lie between 1.9 and 2.8 Â. To make 
the correction, I assumed an equivalent width of 
3.0 Â if ß > 2.600, which applies to the coolest main- 
sequence stars only, and 2.20 Â if ß < 2.600. Since 
the correction to is only about 0.010 mag per 
angstrom of equivalent width, errors in this correction 
are not a major source of uncertainty. 

According to the calculations by Mihalas (1972), 
m1 has the value +0.060 for all models of O stars. 
Without requiring any investigation into the properties 
of individual stars, therefore, this fact makes possible 
a check on the precision of the observations. Figure 1 
shows the observed value of ml9 corrected for redden- 
ing and for H8 as described above, as a function of 
b — y. Of stars are plotted as crosses, and the figure 
shows that these stars tend to more positive values 
of Wi, a tendency that has been noted by Osmer (1973) 
and that is understandable in terms of the effect of 
the emission lines near 4700 Â on the b filter. Aside 
from the Of stars, the figure divides itself into two 
parts. For b — y greater than about 0.25, the scatter 
is large, probably due to the fact that an increasing 
amount of extrapolation is required in the transforma- 
tion as the reddening increases. For values of b — y 
smaller than about 0.25, however, the values of m1 
for non-Of stars are all near 0.060; more precisely, 
their mean is 0.059 ± 0.011 (standard deviation). 

Figure 1 shows that m1 is very much larger than 
0.060, not only for Of stars but also for some super- 
giants. If this behavior is really due to the presence 
of emission lines in the region between 4630 and 4700 
Â, near the center of the b filter, the lines will affect 
c1 and hence the derived effective temperatures. 

Therefore, it is important to check whether the 
emission lines can account for the observed effect 
and, if so, to correct for them. For each angstrom of 
equivalent width, they should produce a change in 
m1 of +0.010 mag and a change in c1 of —0.005 mag. 
The emission lines N m ÀÀ4634-4640 and He n 
A4686 will not explain the effect, however, since they 
do not appear in non-Of supergiants and have in- 
sufficient strength (Conti and Alschuler 1971; Conti 
1973è), even in Of stars. In addition, however, a very 
faint, broad emission band sometimes appears in this 
region, even in non-Of stars (see, e.g., Wilson 1958; 
Mihalas 1971). I have used intensity tracings of coudé 
plates of 11 stars to estimate the total equivalent width 
in this band and in the emission lines, drawing the 
continuum in such a way as to yield the largest possible 
estimate of the band strength. These rough estimates 
are listed in Table 3, together with which equals 

TABLE 3 
Total Equivalent Width of Line and Band Emission Near 

4700 Â 

Star Date (UT) WÁ{k) Ami 

HD 34656. 

HD 46150. 

HD 46966. 

HR 2467. 
HR 2679. 

HR 2806. 

HR 6245. 
9 Sgr.... 
9 Sge  
HR 7589. 

A Cep. 

1972 Oct. 15 
1973 Jan. 17 
1972 Oct. 16 
1973 Jan. 17 
1973 Jan. 26 
1973 Jan. 16 
1973 Jan. 22 
1973 Jan. 16 
1972 Oct. 14 
1973 Jan. 27 
1973 Jan. 22 
1972 Oct. 16 
1972 Aug. 6 
1972 Sep. 28 
1972 Sep. 28 
1972 Oct. 4 
1972 Oct. 15 
1972 Oct. 2 
1972 Oct. 3 

2 
0 
0 
3 
0 
1 
3 
3 
0 
0 
0 
1 

10 
3 
3 
0 
0.5 
6 
8 

+ 0.016 

+ 0.003 

— 0.006 

+ 0.004 
-0.003 

-0.010 

+ 0.054 
+ 0.005 
+ 0.026 
+ 0.006 

+ 0.023 

.12 

_ .10 
■o CD 
£ 08 t- 
o 
- .06 

.04 

.02 

-.10 0.0 .10 .20 .30 .40 .50 .60 .70 

b-y 
Fig. 1.—The observed mi index, corrected for interstellar reddening and for the effect of HS on the v filter, plotted against the 

observed b — y index. Crosses, Of stars; filled circles, non-Of supergiants; open circles, all other stars. 
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the corrected value of m1 minus the canonical value 
0.060. Since Of stars are known to have variable 
emission spectra (e.g., Brucato 1971), comparison of 
the equivalent widths with photometry obtained at a 
different time may not be valid. Nevertheless, in 
roughly half the stars listed, the expected relation 
Amx ^0.01 W holds, and in the remaining cases the 
sense of the disagreement is consistent with the ex- 
pectation that the equivalent width is overestimated. 
Therefore, these data suggest that the strength of the 
emission is sufficient to account for the observed 
values of Ami. By the definitions of the uvby color 
indices, the effect of emission lines on the b filter will 
change the color indices in such a way that hm1 = 
— 2Sc!. Therefore, adding ^Amx to cx should 
compensate for the presence of the emission lines. 

Table 4 lists the observations, except for the V 
magnitudes, which agree with those published by 
Hiltner and Johnson (1956). From left to right, the 
columns give : star name(s), ß, b — y, observed 
m1 corrected for reddening and HS, observed cl9 cx 
corrected for reddening and HS, corrected + ^Ami, 
the number of observations of each star, and spectral 
types as given by Conti and Leep (1974). The re- 
maining columns will be explained in § III. In addition, 
I have used the colors given for £ Pup by Lindemann 
and Hauck (1973), applying the correction for emis- 
sion lines, but not those for HS and reddening. Since 
this star is nearly unreddened, the latter two small 
corrections should cancel. 

III. COMPARISON WITH THEORY 

a) The Index c-^ and the Effective 
Temperatures 

Mihalas’s (1972) calculations show that c1 is 
sensitive to effective temperature for all O-type stars, 
and also to gravity for the cooler ones, while hydro- 
gen-line equivalent widths are sensitive to both tem- 
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perature and gravity. These relationships are shown 
in Figure 2, from which effective temperatures and 
gravities can be read off if ^ and an equivalent width 
of Hy are known. A similar diagram can be made 
with ß index as ordinate; in practice, however, un- 
certainties in the calibration of this index in terms of 
equivalent width make this procedure a possible 
source of systematic errors. (Equivalent widths based 
on the calibration of Zinn [1970] appear to be 
systematically too large, and my own calibration errs 
to a smaller extent in the opposite sense.) Therefore, 
I have used the equivalent widths of Hy published by 
Conti (1973£) for all of the stars; he has shown that, 
except for stars with extended atmospheres, Hy 
behaves as the non-LTE models predict. The 
photometry does show that Hß behaves similarly to 
Hy, as far as differential effects are concerned. Values 
of effective temperature and of the logarithm of the 
surface gravity derived from Figure 2 are listed in 
Table 4 under the headings T PH and G PH. Tem- 
peratures and gravities based on the temperature scale 
of Conti (1973a) are listed in Table 4 under the 
headings T SP and G SP. 

A preliminary comparison of the two sets of tem- 
peratures showed a small systematic difference, which 
turned out to be due to the fact that the observed 
values of cx were systematically 0.01 mag more positive 
than the theoretical ones. This small offset is well 
within the uncertainties in the zero-point corrections 
that Mihalas (1972) applied to his calculated colors 
to put them on the uvby system. While the sources of 
uncertainty are many, the largest is the fundamen- 
tal calibration of the Balmer jump of Vega, which 
Hayes and Latham (1975) claim to be uncertain by 
±0.03 mag. Clearly, an adjustment of 0.01 mag in 
the zero point does not violate any observational 
constraint, and I have (somewhat arbitrarily) added 
0.008 to the theoretical colors to obtain the horizontal 
scale in Figure 2. This adjustment must not be con- 

MORRISON 

Fig. 2.—The equivalent width of Hy and the Ci index calculated by Mihalas (1972) for each of his non-LTE, plane-parallel 
model atmospheres for O stars. Straight lines connect the points representing models with the same effective temperature; each 
sequence is labeled with the effective temperature in units of 103 K. Points lying in nearly horizontal rows have a common surface 
gravity, and each row is labeled in large numerals with log g. 
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Fig. 3.—Effective temperatures for O stars from this 
paper compared with those of Conti (1973a). The straight 
line has slope unity and passes through the origin, and the 
dashed lines show the limits of the observational uncertainties 
(see text). Filled circles, supergiants later than type 06.5; 
cross, £ Pup (see text). 

strued as a new normalization of that problem 
must still be attacked observationally. 

The temperatures in Table 4 are based on this 
revision, and the photometric and spectroscopic 
temperature scales are compared in Figure 3. The 
solid line in the figure represents perfect agreement 
between the two scales, and the dashed lines are error 
limits corresponding to an observational uncertainty 
of ± 2000 K in the photometric temperature scale 
near 30,000 K, and ± 3000 K near 50,000 K. The 
contributions of the individual sources of error to 
this uncertainty can be estimated from Figure 2 as 
the result of an uncertainty in of ±0.01 mag and a 
standard error of ±0.07 in log W(Hy) (Conti and 
Alschuler 1971; Morrison 1975). If a well-calibrated 
ß index were used as a gravity indicator, the ob- 
servational uncertainty near 30,000 K would be much 
smaller. For Conti’s (1973«) temperature scale, the 
observational standard error, ±0.10dex, in the line 
ratio corresponds to an uncertainty of ± 1000 K in 
Teff- 

Figure 3 shows that, for effective temperatures less 
than 40,000 K, effective temperatures derived from 
the photometry of the continuum agree with those 
derived from the spectral lines to within the accidental 
observational uncertainties. This agreement means 
that, to the accuracy with which the zero point for 
Cx is determined, Mihalas’s (1972) non-LTE models 
are self-consistent in their treatment of the lines and 
the continuum. 

For two groups of stars in Figure 3, however, the 

agreement is only approximate. Many of the super- 
giants with Teff < 35,000 K, shown in the figure as 
filled circles, have c± indices such that the photometric 
temperature is several thousand degrees higher than 
the spectroscopic one. The stars in the right-hand half 
of the figure (type 06 and earlier) all have photometric 
effective temperatures that are much lower than the 
spectroscopic temperatures. It has been suggested 
(e.g., Conti and Leep 1974; Mihalas and Hummer 
1974) that both of these types of star have extended 
atmospheres. It may, then, be possible to attribute 
the small systematic effects in Figure 3 to failure of the 
assumption of plane-parallel geometry in the model 
atmospheres. 

b) Extended Atmospheres 

In order to examine the results shown in Figure 3 
in terms of cu l shall define A?! to be the observed c1 
index (including all the corrections described in § II) 
minus the c1 index for a model atmosphere with the 
effective temperature and gravity that Conti (1973a) 
has assigned to the spectral type of the star. Thus, 
Acx compares the observed color with the predicted 
one by way of the spectroscopic temperature scale as 
an intermediate step. It is listed in the last column of 
Table 4. 

Figure 4 shows how the values of Acx are distributed 
if the stars are grouped according to luminosity class 
and if Of stars are distinguished from the others. 
Because Am1 is less certain for stars with b — y > 0.25 
than for less reddened stars, the more reddened stars 

V((f)) ef 

Fig. 4.—The distribution of Aci (defined in the text as a 
measure of the departure of a star from the prediction of a 
plane-parallel model) for each luminosity class and for Of 
stars earlier than type 06.5. Crosses, stars classified as O(f) 
and 0((f)) by Conti and Leep (1974); small symbols, stars 
with 6 — y > 0.25. 
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TABLE 5 
Mean Values of Aci by Stellar Luminosity 

Class 

Class <Aci> 

I. . 
If. 
I. . 

-0.014 
-0.031 
+ 0.024 

Class 

V... 
III.. 
Illf. 

<Ad> 

+ 0.000 
+ 0.007 
-0.018 

are plotted with small symbols. The mean value for 
each grouping is given in Table 5. 

Four 07 If stars have been excluded from Figure 4 
and Table 5. For such stars, the data presented by 
Conti (1973Ô) show that lines of H, He i, and He n all 
indicate log g ^ 4.0, and the lines of Si iv are the 
only ones that indicate a low gravity. Since the lines 
of Si iv weaken at high effective temperatures, Si iv 
may not be a reliable indicator of gravity at such an 
early spectral type. Therefore, these stars are probably 
physically different from the other stars of luminosity 
class I, in which Hy is weak. 

Consistent with the behavior shown in Figure 3, 
Acx tends to be negative for stars of classes Illf, If, 
and I, and positive for the Of stars without luminosity 
classifications, which are all earlier than spectral type 
06. For the main-sequence stars, the standard devia- 
tion of Ac± about the mean is 0.016, which is no larger 
than expected from observational uncertainty if the 
uncertainty in the spectroscopically determined effec- 
tive temperature is taken into account. Thus the 
observed differences—particularly the difference be- 
tween class V and class If—amount to 3 or more 
standard deviations and are probably not due to 
observational error. 

It is interesting to attempt to interpret these ad- 
mittedly small differences in terms of the calculations 
by Mihalas and Hummer (1974). For an effective 
temperature of about 39,500 K, for non-LTE, and 
for several extended geometries, they have calculated 
u — b and b - y. Since the giants and supergiants 
of Figure 4 all have lower effective temperatures than 
does the extended model atmosphere, a comparison 
between the observed and calculated colors can be 
only approximate and is best done differentially. By 
the definitions of the uvby colors, changes in the 
colors are related as follows: 

SCl = S(w - b) - 2S(b - y)- 28m1. (3) 

For the differences between a plane-parallel model 
and a typical extended model, Mihalas and Hummer 
(1974) give S(w — b) = +0.023 and S(b — y) = 
+ 0.018. Then, Sc, = -0.013 if ^ = 0. For their 
most extended model, Sex — —0.038. The expected 
weakening of HS as the atmosphere becomes more 
extended has a negligible effect on The mean Aci 
indices shown in Table 5 for classes Illf and I agree 
closely with the typical calculated value, —0.013, but 
the mean for class If approaches the value for the 
most extended model. Therefore, the data suggest 
that the extended model-atmosphere calculations are 
applicable to these stars. The equivalent widths of 

He il A4542 and He i A4471 will presumably also be 
affected by extended geometry. Therefore, the effective 
temperatures derived from these lines by means of the 
plane-parallel model atmospheres must be regarded 
with caution, and so must the above argument, since 
it depends on these effective temperatures. 

One may also ask whether it is possible to interpret 
the behavior of the hotter Of stars in terms of ex- 
tended atmospheres. For this purpose, I refer to the 
very recent calculations by Kunasz et al. (1975), which 
include two extended models (serial numbers 15 and 
16) with Jeff ~ 50,000 K and logg ^4.1. As did 
Mihalas and Hummer (1974), these authors give 
u — b and b — y only, and it is necessary to apply 
equation (3) and to assume hm1 = 0 as before. The 
result is Sex = —0.018 for model 15 and 8c! = +0.005 
for model 16. Clearly, these values do not approach 
the observational value, +0.024, of Ac! given for class 
f in Table 5. The value calculated for model 16 is, at 
least, positive, and constitutes a modest step in the 
right direction. It must be concluded that these 
particular models do not reproduce the observed 
values of Ac^ Perhaps other models based on the same 
physics but with different values of the input param- 
eters would do so. Two other possible interpretations 
of the discrepancy are: (1) the physical basis of the 
extended model atmospheres may be inadequate at 
this high temperature, or (2) there may be a systematic 
error in the spectroscopic temperature scale for the 
early Of stars. 

IV. CONCLUSIONS 

A comment on the utility of uvbyß photometry as a 
method of determining effective temperatures and 
gravities of O-type stars is in order. In principle, its 
accuracy is comparable to that of the spectroscopic 
method. As Figure 3 shows, the precision actually 
attained for stars without extended atmospheres is as 
high as can be expected if photographic rather than 
photoelectric Balmer-line equivalent widths are used. 

A fundamental difficulty arises, however, for the 
later-type giants with emission lines, later-type super- 
giants, and nearly all stars of type 06 and earlier. 
The fact that the hydrogen lines are weaker in such 
stars than predicted by the plane-parallel models 
would not by itself be an insurmountable problem. 
Rather, Figure 2 shows the basic difficulty, which is 
that the lines of constant effective temperature, if 
extended to lower gravities, nearly converge; on this 
basis, it might have been expected a priori that the 
effective temperature would become indeterminate. 
The observations bear out this expectation, in that, as 
Figure 3 shows, nearly the same effective temperatures 
are derived for the stars with spectroscopic Teîî > 
42,000 K (06 and earlier) as for supergiants with 
spectroscopic Teîi ~ 33,000 K (07 to 08). These stars 
all have corrected cx indices in the range —0.17 to 
— 0.13, and log W{¥Ly) in the range 0.10 to 0.25. For a 
star with these characteristics, the photometric method 
should not be applied. If the equivalent width of Hy 
is 2 Â or greater, as in I Pup and HD 168076, the 
photometric temperature agrees reasonably well with 
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the spectroscopic one, and the photometric method is 
usable. 

The previous discussion does not mar the fact that, 
for stars to which plane-parallel geometry applies, the 
photometric and spectroscopic temperature scales 
agree. The definiteness with which this statement can 
be made is, of course, limited by the accuracy of the 
transformation of the theoretical colors to the standard 
uvby system. To this level of accuracy, self-consistency 
of the non-LTE plane-parallel models is demonstrated. 
For stars of type 06.5 and later and classes Illf, If, 
and I, the observed values of c1 are systematically 

more negative than the predicted values, by an amount 
that agrees with the predictions of the extended model 
atmospheres of Mihalas and Hummer (1974). For 
stars earlier than type 06.5, is systematically more 
positive than predicted by plane-parallel models. This 
effect, though unexplained, may be due to the presence 
of extended atmospheres in these stars. 

It is a pleasure to thank S. C. Wolff for helpful 
discussions and advice and, in particular, for suggest- 
ing this problem. This research was partially supported 
by NSF grant GP-29741. 
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