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ABSTRACT 

Spectrophotometry from A3297 to \7850 is presented for twenty-seven B3 V stars brighter than 5.6 
mag in the northern sky. No serious discrepancy is found between the observed and theoretical continua 
when a model atmosphere of Te = 9600° K and log g — 4.0, calculated by Mihalas, is adopted for the 
primary standard a Lyr, according to the system of Oke. Apparent effective temperatures are determined 
for the stars in this program by comparing the colors and Balmer jumps with those of model atmospheres. 
Most of the observed B3 V stars are found to have an effective temperature between 16000° and 18000° K. 

We discuss an excessively large Balmer jump observed for some rapidly rotating stars, with special 
attention to the effect of rotation on the fluxes. 

I. INTRODUCTION 

Spectrophotometric observations of the continuous radiation of twenty-seven bright 
B3 V stars were made to determine their apparent effective temperatures. This investi- 
gation is the first of future studies of the atmospheric structure and chemical composi- 
tion of selected bright B3 V stars. 

Early B-type stars are characterized, on the average, by a high rotation. The conven- 
tional criteria for estimating the temperature are often useless for these stars; the profiles 
of Balmer lines are deformed, and the strong rotational broadening makes it impossible 
to measure precise intensities of those lines that provide information about the ioniza- 
tion equilibrium. The observed colors of early B-type stars are mostly influenced by 
interstellar reddening and provide no direct information about the temperature. The 
most specific and reliable criteria are (1) the total absorption of strong temperature- 
sensitive lines and (2) the Balmer jump. The former is still affected by the chemical 
composition. The latter criterion (BJ) is utilized in the present investigation, together 
with the colors corrected for interstellar reddening. 

The rapid rotation, however, affects the structure of the star and consequently com- 
plicates the interpretation of the observed data. Since the pioneer work by Sweet and 
Roy (1953), a series of theoretical papers has been devoted to this problem (see Hardorp 
and Strittmatter 1968a, b). The rotational effect was first observationally confirmed by 
Guthrie (1963), for B stars that are numbers of clusters, by finding a statistical correla- 
tion between the projected rotational velocity v sin i and the excess in ß-index. This type 
of statistical work on cluster members was extended by Kraft and Wrubel (1965), 
Strittmatter (1966), and Strittmatter and Sargent (1966) to stars of spectral types later 
than B. Nevertheless, the practical application of the theory to spectroscopic analyses 
of individual bright stars is highly limited, because the predicted rotational effects can- 
not be clearly distinguished from genuine differences in intrinsic parameters. 

In the present paper, the apparent effective temperatures are derived from the ob- 
served data by equating the continuous radiation from the rotating stars with that of 
the static stars. We discuss the discrepancy among the apparent temperatures derived 
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932 KEIICHI KODAIRA Vol. 159 

from different characteristics of the continuous radiation, with special attention paid 
to the rotational effects. Analyses of high-dispersion spectra, applying the temperatures 
obtained here, will be given elsewhere (Kodaira and Scholz 1970). 

II. OBSERVATIONS 

Twenty-seven B3 V stars brighter than mv = 5.6 mag were observed with the Casse- 
grain scanner of the 60-inch reflector at Mount Wilson in 1968. The observations cover 
all B3 V stars of 5 > —16° listed in the catalog of rotational velocities by Slettebak and 
Howard (1955), except for a visual triple system, ß Mon, and five spectroscopic binaries 
in the fifth Lick Spectroscopic Binary Catalogue (Moore and Neubauer 1948). The star 

TABLE 1 

Program Stars 

No. Name HD y* B-V* U-B Remarks 

1  35 Ari 
... 29 Per 
... HR 1034 
... 29 Tau 

30 Tau 
40 Tau 

... 48 Per 

... /i, Tau 
rf Aur 

... 114 Tau 

... 121 Tau 

... £ Ori 

... HR 2825 
ri Hya 

... v UMa 

... t Her 

... 96 Her 
18   HR 7210 
19   

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

... 12 Vul 
20   25 Cyg 
21   17 Vul 
22   28 Cyg 
23 
24, 

HR 7739 
6 Cep 

25  70 Cyg 
26 
27, 

Cyg 
16 Peg 

16908 
20365 
21278 
23466 
23793 
25558 
25940 
26912 
32630 
35708 
36819 
42560 
58343 
74280 

120315 
160762 
164852 
177003 
187811 
189687 
190993 
191610 
192685 
203467 
204403 
206672 
208057 

4.67 
5.15 
4.98 
5.34 
5.00 
5.33 
4.03 
4.30 
3.18 
4.89 
5.16 
4.48 
5.33 
4.30 
1.86 
3.80 
5.10 
5.16 
4.96 
5.20 
4.96 
4.92 
4.77 
5.14 
5.21 
4.67 
5.07 

-0.13 
-0.06 
-0.10 
-0.11 

-0.08 
-0.03 
-0.05 
-0.18 
-0.14 

-0.17 
-0.04 
-0.20 
-0.19 
-0.18 
-0.10 

-0.12 
-0.17 

-0.12 
-0.18 
-0.02 

-0.12 
-0.18 

-0.63 
-0.56 
-0.56 
-0.61 

-0.56 
-0.55 
-0.51 
-0.67 
-0.77 

-0.66 

-0.74 
-0.67 
-0.69 

-0.68 

-0.78 
-0.73 

-0.69 

Cas-Tau group 
a Peg group 
a Peg group 
Cas-Tau group 
Cas-Tau group 
Cas-Tau group 
Cas-Tau group, Bep 

Cas-Tau group 
Cas-Tau group 
Cas-Tau group 
Cas-Tau group 
Be 

Cas-Tau group 

Be 
Be 

Be 

* The values for stars without U — B data are adopted from Hoffleit (1964); others from Johnson et al. (1966). 

28 Cyg was included in our program because the calculated binary orbit shows a dis- 
crepancy among the observed data. A list of the program stars is given in Table 1. 
Scanning was performed according to the system established by Oke (1964) over the 
region XX3290-7850. The bandwidth was 25 A for XX3290-5840, while 50 Â was used for 
XX5255-7850 (XX5255-5840 overlapped) as in Oke’s original system. The effect of the 
different bandwidth was empirically investigated for Oke’s secondary standard Stars. 
In some secondary standards of spectral type earlier than B5, strong He I lines fall in the 
50 Â bands XX3571, 4032, and 4464, and affect the monochromatic magnitudes at these 
wavelengths by bm = 0.010, 0.014, and 0.014, respectively. As more than three of the 
secondary standards were referred to each night, the effect upon the final results was 
found to be less than 0.007 mag. The integration time of 10 seconds was chosen in order 
to secure the integrated photon count of 2 X 104 or more for all observed bands except 
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No. 3, 1970 BRIGHT B3 V STARS 933 

at the longest and shortest wavelengths. Winter stars were observed in 1968 January 
and October, and summer stars in 1968 August, September, and October. Observations 
of the red and near-infrared region for all program stars were made in 1968 September 
and October. In order to check the month-to-month effect, some of the objects were ob- 
served over the two succeeding runs. The systematic month-to-month effect, as well as 
the systematic night-to-night effect, proved to be less than ± 0.015 mag. 

The observed monochromatic magnitudes, = —2.5 log F (1/X) + C, are 
given in Table 2. The primary standard, a Lyr, was normalized to the blanketed model 
of Te = 9600° K and log g = 4.0 given by Mihalas (1966), for various reasons discussed 
in the next section. The constant C, above, was so determined that our absolute system 
gives the same value as Oke’s original system for X5000. The accuracy of the given data 
is estimated to be ±0.010 mag for X > 4032 and ±0.015 mag for X <4032 within our 

X 1 (/¿) 

Fig. 1.—Comparison of different observational systems, (a) y Hya, (b) i Her, (c) rj UMa. [ôm] = 
öm(*) — 8m(a Lyr). Left scale is for 1/X < 2.6; right scale, for 1/X > 2.6. Dots, present data; circles, 
Wolff et al.; crosses, Jugaku and Sargent; triangles, Bahner. 

observational system, except for XX3290, 3704, 4032, and 7850, where the probable error 
may reach ±0.025 mag. 

a) Comparison with Other Sources 

One of the secondary standard stars, B3 V star rj Hya, was also observed by Wolff, 
Kuhi, and Hayes (1968). Figure 1, a, shows the comparison between their result and 
ours. To avoid the discrepancy arising from the different method of absolute calibration, 
the difference 

is plotted, where 

[8m] = 8m(*) — 8m(a Lyr) 

8m = w(l/X) — m(l/\ = 1.8) . 

The discrepancy is less than 0.015 mag for XX4032-6800 and about 0.03 mag for XX4032 
and 6800; the coincidence is good, although the points by Wolff et al. (1968) are located 
higher than ours, and increase in height toward the ultraviolet. This tendency is re- 
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TABLE 2 
MONOCHROMATIC MAGNITUDES 

X(A) 1/A(y) Corr. 10 11 12 13 14 
3297 3.033 
3390 2.950 
3448 2.900 
3509 2.850 
3571 2.800 
3636 2.750 

0.07 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 3704 2.700 

4032 2.480 -0.05 
4167 2.402 -0.04 
4255 2.350 -0.04 
4464 2.240 -0.03 
4566 2.190 -0.02 
4785 2.090 -0.01 
5000 2.000 0 
5255 1.903 0 
5556 1.800 0.02 
5840 1.712 0.02 
6055 1.652 0.03 
6370 1.570 0.04 
6800 1.471 0.05 
7100 1.408 0.06 
7530 1.328 0.06 
7850  1.274 0.07 
A(A) 1/A(u) Corr! 

4.79 
4.78 
4.78 
4.79 
4.79 
4.80 
4.91 
4.32 
4.32 
4.36 
4.44 
4.42 
4.46 
4.55 
4.60 
4.68 
4.74 
4.78 
4.86 
4.95 
5.00 
5.07 
5.06 

15 

5.49 
5.45 
5.44 
5.44 
5.43 
5.43 
5.48 
4.92 
4.92 
4.93 
5.02 
4.99 
5.06 
5.09 
5.10 
5.16 
5.20 
5.24 
5.30 
5.36 
5.41 
5.48 
5.48 

5.31 
5.27 
5.28 
5.28 
5.28 
5.28 
5.29 
4.72 
4.73 
4.76 
4.83 
4.82 
4.85 
4.94 
4.96 
5.03 
5.07 
5.12 
5.18 
5.25 
5.31 
5.39 
5.45 

5.54 
5.50 
5.50 
5.51 
5.52 
5.52 
5.53 
5.08 
5.06 
5.09 
5.13 
5.16 
5.19 
5.26 
5.29 
5.37 
5.40 
5.44 
5.52 
5.58 
5.62 
5.68 
5.75 

5.19 
5.18 
5.19 
5.20 
5.20 
5.21 
5.26 
4.67 
4.73 
4.75 
4.84 
4.82 
4.88 
4.95 
4.99 
5.07 
5.13 
5.18 
5.25 
5.34 
5.39 
5.46 
5.49 

5.46 
5.45 
5.49 
5.50 
5.50 
5.50 
5.56 
5.04 
5.03 
5.05 
5.13 
5.12 
5.18 
5.23 
5.25 
5.32 
5.37 
5.41 
5.47 
5.54 
5.58 
5.64 
5.64 

4.40 4.57 
4.36 4.55 
4.35 4.55 
4.34 4.56 
4.32 4.55 
4.32 4.55 
4.38 4.57 
3.81 3.99 
3.81 4.02 
3.82 4.03 
3.89 4.10 
3.86 4.08 
3.92 4.14 
3.95 4.19 
3.97 4.20 
4.03 4.26 
4.07 4.30 
4.10 4.34 
4.14 4.40 
4.19 4.47 
4.23 4.52 
4.25 4.60 
4.30 4.61 

3.20 
3.18 
3.20 
3.20 
3.20 
3.21 
3.26 
2.75 
2.75 
2.77 
2.87 
2.86 
2.96 
3.03 
3.08 
3.17 
3.24 
3.31 
3.37 
3.47 
3.54 
3.63 
3.71 

4.80 
4.79 
4.81 
4.81 
4.82 
4.84 
4.91 
4.54 
4.55 
4.57 
4.67 
4.65 
4.72 
4.79 
4.80 
4.89 
4.94 
4.99 
5.06 
5.15 
5.21 
5.28 
5.33 

5.51 
5.49 
5.48 
5.54 
5.54 
5.53 
5.60 
5.06 
5.08 
5.11 
5.20 
5.16 
5.21 
5.25 
5.28 
5.35 
5.39 
5.43 
5.48 
5.56 
5.63 
5.66 
5.69 

4.51 
4.47 
4.49 
4.50 
4.51 
4.52 
4.58 
4.06 
4.09 
4.11 
4.21 
4.20 
4.28 
4.33 
4.38 
4.46 
4.53 
4.58 
4.64 
4.73 
4.78 
4.86 
4.85 

5.10 
5.08 
5.09 
5.08 
5.07 
5.06 
5.19 
4.81 
4.82 
4.83 
4.90 
4.88 
4.91 
4.95 
4.93 
4.98 
5.00 
5.03 
5.05 
5.08 
5.10 
5.10 
5.13 

4.16 
4.17 
4.18 
4.20 
4.22 
4.23 
4.27 
3.87 
3.91 
3.93 
4.02 
4.03 
4.10 
4.17 
4.23 
4.32 
4.38 
4.44 
4.51 
4.60 
4.66 
4.73 
4.68 

16 17 18 19 20 21 22 23 24 25 26 27 
3297 3.033 
3390 2.950 
3448 2.900 
3509 2.850 
3571 2.800 
3636 2.750 
3704 2.700 
4032 2.480 
4167 2.402 
4255 2.350 
4464 2.240 
4566 2.190 

0.07 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 

■0.05 
•0.04 
■0.04 
■0.03 
■0.02 

4785 2.090 -0.01 
5000 2.000 0 
5255 1.903 0 
5556 1.800 0.02 
5840 1.712 0.02 
6055 1.652 0.03 
6370 1.570 0.04 
6800 1.471 0.05 
7100 1.408 0.06 
7530 1.328 0.06 
7850 1.274 0.07 

1.95 3.83 
1.93 3.81 
1.94 3.81 
1.96 3.81 
1.97 3.82 
1.98 3.83 
2.05 3.84 
1.51 3.39 
1.55 3.42 
1.58 3.44 
1.71 3.55 
1.68 3.55 
1.76 3.62 
1.83 3.70 
1.90 3.76 
2.01 3.86 
2.07 3.93 
2.13 3.97 
2.22 4.04 
2.31 4.14 
2.36 4.21 
2.42 4.33 
2.46 4.39 

5.43 5 
5.40 5 
5.41 5 
5.41 
5.42 
5.43 
5.43 
4.97 
4.96 
4.97 
5.05 
5.06 
5.11 
5.18 
5.23 
5.30 
5.35 
5.39 
5.45 
5.54 
5.60 
5.68 
5.66 

30 4.92 5.26 
31 4.88 5.25 
33 4.86 5.25 
34 4.85 5.24 
34 4.85 5.25 
36 4.85 5.26 
39 4.94 5.27 
00 4.53 4.86 
01 4.54 4.88 
04 4.55 4.89 
14 4.64 4.97 
14 4.65 4.98 
21 4.71 5.04 
30 4.77 5.10 
37 4.81 5.14 
46 4.90 5.23 
55 4.95 5.29 
59 . 4.99 5.33 
66 5.05 5.40 
76 5.13 5.49 
83 5.19 5.56 
92 5.25 5.57 
98 5.27 5.63 

5.13 4.96 
5.11 4.92 
5.11 4.92 
5.12 4.91 
5.12 4.91 
5.13 4.91 
5.15 4.97 
4.70 4.62 
4.71 4.63 
4.73 4.65 
4.83 4.75 
4.84 4.74 
4.89 4.81 
4.98 4.88 
5.03 4.89 
5.11 5.00 
5.16 5.04 
5.23 
5.30 
5.40 
5.47 
5.55 
5.62 

4.81 
4.79 
4.78 
4.79 
4.80 
4.81 
4.83 
4.42 
4.43 
4.45 
4.56 
4.56 
4.62 
4.69 
4.75 
4.84 
4.90 
4.95 
5.03 
5.13 
5.20 
5.29 
5.33 

5.40 
5.35 
5.34 
5.33 
5.32 
5.30 
5.31 
4.89 
4.90 
4.90 
4.96 
4.95 
4.99 
5.02 
5.00 
5.05 
5.07 
5.10 
5.14 
5.19 
5.22 
5.26 
5.28 

5.45 
5.44 
5.44 
5.43 
5.44 
5.44 
5.45 
4.97 
4.98 
5.00 
5.08 
5.10 
5.16 
5.22 
5.26 
5.34 
5.39 
5.44 
5.51 
5.60 
5.68 
5.77 
5.82 

4.88 
4.85 
4.84 
4.85 
4.84 
4.85 
4.85 
4.40 
4.40 
4.42 
4.51 
4.51 
4.57 
4.63 
4.66 
4.74 
4.78 

5.15 
5.12 
5.14 
5.14 
5.14 
5.15 
5.17 
4.72 
4.72 
4.74 
4.84 
4.84 
4.91 
4.98 
5.03 
5.11 
5.17 
5.23 
5.30 
5.40 
5.47 
5.58 
5.62 

a Lyr(adopted) = a Lyr(original) + corr.; corr. for BJ = 0.145. 
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BRIGHT B3 V STARS 935 

versed in the case of ¿ Her, as seen in Figure 1, by and the discrepancy is much greater 
than in the case of rj Hya. The continuum of t Her was also scanned by Jugaku and 
Sargent (1968). Their data fall between ours and those of Wolff et al. (1968). The differ- 
ence appears to be wavelength-dependent. Figure 1, c, shows the data for 77 UMa ob- 
served by Wolff et al. (1968), by Bahner (1963), and by us. Despite the discrepancy of 
0.06 mag at X4032, BahneFs result and ours are in general agreement, while the data of 
Wolff et al. (1968) deviate by a surprising amount from the other two systems in the 
photographic region. As no observation of variability as large as 0.1 mag was reported 
for these bright stars, the discrepancy might have arisen from an insufficient correction 
for the atmospheric extinction, or from the nonlinear characteristics of the observational 
equipment, or for both reasons. A comparison of scan data with UBV data (Johnson 
et al. 1966) suggests that the present system is definitely superior to that of Wolff et al. 
(1968), at least concerning the B3 stars shown in Figure 1. It should be noted that the 
different systems give nearly identical Balmer jumps in spite of the discrepancy. 

III. THE CONTINUOUS SPECTRUM 

a) Absolute Calibration 

The interpretation of the observed continua depends on the absolute calibration of 
the primary standard star a Lyr. Oke’s original system is based on a model of a Lyr 

Fig. 2.—Comparison of different absolute calibrations of a Lyr 

corresponding to an unblanketed model atmosphere for Te = 9500° K and log g — 4.44 
calculated by Mihalas (1965). Hayes (1967) made an absolute calibration of the continu- 
ous radiation of a Lyr, which justified the suspicion of a larger Balmer jump for this 
star (BJ = 1.43, cf. Bahner 1963; Whiteoak 1966) than that in the original model (BJ = 
1.28). The Paschen continuum was found by Hayes (1967) to be steeper than that 
originally adopted. In Figure 2, Hayes’s continuum is compared with those of the 
original unblanketed model of a Lyr, and of the blanketed model for Te = 9600° K and 
log g = 4.0 calculated by Mihalas (1966). Hayes’s data fit the blanketed model well for 
Te = 10000° K, as suggested by Wolff et al. (1968), and log g = 3.6, as found by Heintze 
(1968). Calculations by Hardorp and Scholz (1968), however, led to the conclusion that 
the different observed characteristics of a Lyr find optimal match with a blanketed 
model for Te = 9700° K and log g = 3.9. Figure 2 shows that this choice is still com- 
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936 KEIICHI KODAIRA 

patible with Hayes’s data. The present data in Table 2 are all calibrated with a blanketed 
model of a Lyr with Te = 9600° K (0e = 0.525) and log g = 4.0, as suggested by Mihalas 
(1966). The corrections from Oke’s system to the present one are given in Table 2. The 
effect of the absorption lines has been studied by Baschek and Oke (1965). Their result 
shows a nearly homogeneous blocking of 0.01 for X < 5000 Â, whose influence is 
negligible in the discussion below. 

b) Balmer Jump and Colors 

Based on the above calibration, the Balmer jump (BJ) was graphically determined 
as the difference in the monochromatic magnitude at 1/X = 2.70 between the Paschen 

TABLE 3 

Colors and Balmer Jump 

No. Name X F Z BJ F0 Zo 

1.. .. 35 Ari 0.37 
2.. .. 29 Per 0.44 
3.. .. HR 1034 0.46 
4.. .. 29 Tau 0.36 
5.. .. 30 Tau 0.38 
6.. .. 40 Tau 0.38 
7.. .. 48 Per 0.46 
8.. .. ß Tau 0.47 
9  T/ Aur 0.34 

10.. .. 114 Tau 0.17 
11.. .. 121 Tau 0.38 
12.. .. £ Ori 0.31 
13. .. HR 2825 0.19 
14.. .. r¡ Hya 0.19 
15.. .. t] UMa 0.29 
16.. . tHer 0.27 
17. .. 96 Her 0.36 
18.. .. HR 7210 0.20 
19.. .. 12 Vul 0.20 
20.. .. 25 Cyg 0.27 
21.. .. 17 Vul 0.28 
22.. .. 28 Cyg 0.17 
23.. .. HR 7739 0.24 
24.. .. 6 Cep 0.37 
25.. .. 70 Cyg 0.34 
26.. .. Tr1 Cyg 0.33 
27.. .. 16 Peg 0.30 

0.26 0.32 0.61 
0.17 0.25 0.60 
0.21 0.28 0.69 
0.21 0.25 0.60 
0.25 0.32 0.63 
0.20 0.26 0.58 
0.17 0.20 0.60 
0.18 0.26 0.65 
0.31 0.37 0.66 
0.24 0.32 0.45 
0.19 0.27 0.56 
0.26 0.32 0.62 
0.10 0.12 0.29 
0.29 0.34 0.52 
0.33 0.35 0.63 
0.31 0.35 0.60 
0.24 0.30 0.60 
0.32 0.37 0.56 
0.25 0.29 0.46 
0.25 0.33 0.55 
0.27 0.36 0.62 
0.26 ... 0.43 
0.28 0.36 0.59 
0.10 0.17 0.47 
0.24 0.34 0.62 
0.23 ... 0.58 
0.27 0.36 0.62 

+0.32 0.31 0.37 
+0.29 0.31 0.39 
+0.36 0.305 0.375 
+0.25 0.315 0.355 
+0.32 0.31 0.38 
+0.26 0.315 0.375 
+0.31 0.31 0.34 
+0.34 0.305 0.385 
+0.34 0.31 0.37 
+0.07 0.34 0.42 
+0.25 0.315 0.395 
+0.25 0.32 0.375 
-0.08 0.375 0.395 
+0.15 0.33 0.38 
+0.29 0.325 0.35 
+0.27 0.31 0.35 
+0.28 0.315 0.375 
+0.20 0.32 0.37 
+0.11 0.335 0.375 
+0.19 0.325 0.405 
+0.23 0.32 0.41 
+0.09 0.335 
+0.20 0.32 0.40 
+0.13 0.33 0.40 
+0.26 0.315 0.415 
+0.23 0.32 
+0.25 0.32 0.405 

continuum and the extrapolated Balmer continuum. Since the observed continua of 
B3 V stars are smooth and barely curved, we find an accuracy of £BJ = +0.02. The 
measured BJ’s are given in Table 3. Let us introduce color indices X, F, and Z to treat 
the characteristics of the continuum quantitatively: 

X = m{\/\ = 2.80) - m(l/X = 2.19), 

Y = m(l/X = 1.80) - m(\/\ = 2.19), 

Z = m{\/\ = 1.41) - m(\/\ = 1.80) . 

The wavelengths 1/X = 1.41,1.80,2.19, and 2.80 were selected because 25 Â bands centered 
at these positions are most free from absorption lines. The quantities are given in Table 3 
and plotted in Figures 3 and 4 as (X, Y)- and (F, Z)-diagrams. The quantities X and F 
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Fig. 3—The (X, F)-diagram: X = w(l/X = 2.80) - m(l/\ = 2.19); Y = m(\/\ = 1.80) - 
m{\/\ = 2.19). Straight lines, theoretical values from Mihalas (1965), with Qe in parentheses. Heavy 
broken line, the empirical standard line (see text). Broken lines, reddening lines bX = —1.05 5F. Arrows 
show the rotational effect for a star of 5.36 Mq, at the breakup velocity, pointing from zero rotation to 
pole-on, and from pole-on to equator-on case. 

Fig. 4—(F, Z)-diagram: F = m(l/X = 1.80) - m(l/X = 2.19); Z = w(l/X =1.41) - m(l/X = 
1.80). Straight line, theoretical values from Mihalas, with 0e in parentheses. Broken line, reddening line 
ôF = H-1.00 bZ. Circles and arrows show the theoretical rotational effect as in Fig. 3. Dots, intrinsic 
positions (Fo, Z0). 
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in our system have the following approximate relations to U — B and B — V for un- 
reddened main-sequence A and B stars : 

X = 1.540 (£/-£) + 1.31 ± 0.03, 

F = -0.700 (£ - F) + 0.18 ± 0.02 . 

The unreddened standard stars fall on a line with a scatter of 5F = ±0.01 in the 
(X, F)-diagram. The portion of this line near B3 V stars is illustrated in Figure 3 and is 
compared with the theoretical curves corresponding to the unblanketed models by 
Mihalas (1965). The empirical curve runs parallel to the theoretical curves but is slightly 
shifted by bY — 0.02 toward the blue. As the variation of the Paschen continuum is 
small for the temperatures in question, (F, Z)-curves can provide no criterion for a de- 
termination of the temperature. The correction of the interstellar reddening was made 
according to Whitford (1958), including the small deviation from the 1/X law. The 
reddening lines are 

and 
bX = -1.05 bY 

bY = +1.00 ÔZ, 

as represented in Figures 3 and 4. In the (F, Z)-diagram, the reddening runs nearly 
parallel to the theoretical (F, Z)-curve. The figures show that most of the observed ob- 
jects are reddened. The apparent intrinsic colors X0, F0, and Zo are given in Table 2. 
It is important to note that these colors are based on the single empirical standard line 
in the (X, F)-diagram and therefore are subject to systems-tie correction if the observed 
stars belong to different groups with standard lines differing because of rotational or age 
effects. In Figures 4, 5, and 6 the apparent intrinsic locations corresponding to values of 
BJ, Xo, and Fo in Table 3 are compared with the theoretical curves. Five stars—48 Per, 
HR 2825,12 Vul, 25 Cyg, and 28 Cyg—are emission-line objects. They follow the general 
behavior of B3 V stars except for HR 2825, which showed strong emission lines at the 
time of this observation (1968, middle January). The effect of the emission component 
will be discussed separately (Kodaira and Scholz 1970). 

c) Temperature 

An apparent effective temperature can be derived by simply equating the observed 
quantity with the theoretical one for the static model atmosphere. Table 4 contains 
apparent effective temperatures according to BJ and Xo for log g = 4.0. The temperature 
derived from F0 is not independent of 0e(Xo) because we assumed a single standard line 
in the (X, F)-diagram: 

0C(XO) - 0e(Fo) = -0.04 . 

The difference was introduced through the small offset (bY = —0.02) of the steep 
standard lines in the diagram. A small offset is also observed between the empirical and 
the theoretical points in the (BJ, X0)-diagram, and is the cause of the systematic differ- 
ence between 0e(BJ) and 0e(Xo) : 

06(XO) ~ 0e(BJ) — 0.005 . 

The small offsets are, in both cases, of the order of the accuracy of the measurements, 
and probably of the accuracy of the observational system. The discrepancy between the 
observed and the theoretical continua for early B stars is no longer as serious as in the 
preceding attempts by Wolff et al. (1968) and Jugaku and Sargent (1968). As a first ap- 
proximation, one can adopt the temperature of the theoretical point for log g = 4.0 
nearest to the observed point in the (BJ, X0)-diagram. The adopted values are tabulated 
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in Table 4. Our results show that the apparent effective temperatures of non-emission- 
line B3 V stars fall into a narrow range between 6e = 0.27 and 0.305, with three hotter 
exceptions of 114 Tau (0e = 0.24), 6 Cep (0.25), and rj Hya (0.26). 

In the preceding discussion we utilized the unblanketed model atmosphere by Mi- 
halas (1965). Mihalas and Morton (1965) and Adams and Morton (1968) calculated 
blanketed models for Be = 0.23 and 0.30, and found their atmospheric structures very 
nearly the same as unblanketed models for 6e = 0.21 and 0.285, respectively. When this 
correction factor for the blanketing effect is taken into account, our temperature scale 
fits that of Hanbury Brown et al. (1967). The adopted temperatures of i Her, rj Hya, and 

TABLE 4 

Temperature of B3 V Stars* 

No. Name ee(BJ) ee(Xo) 0e (adopt.) 
v sm t 

(km sec-1) Remarks 

1... 
2... 
3.. . 
4.. . 
5.. . 
6.. . 
7.. . 
8.. . 
9... 

10... 
11... 
12... 
13.. . 
14.. . 
15.. . 
16.. . 
17.. . 
18.. . 
19.. . 
20.. . 
21... 
22... 
23.. . 
24.. . 
25.. . 
26.. . 
27... 

35 Ari 
29 Per 
HR 1034 
29 Tau 
30 Tau 
40 Tau 
48 Per 
fi Tau 
r) Aur 
114 Tau 
121 Tau 
£ Ori 
HR 2825 
rj Hya 
ri UMa 
tHer 
96 Her 
HR 7210 
12 Vul 
25 Cyg 
17 Vul 
28 Cyg 
HR 7739 
6 Cep 
70 Cyg 
Tr1 Cyg 
16 Peg 

0.295 
0.285 
0.31 
0.285 
0.295 
0.28 
0.29 
0.30 
0.305 
0.245 
0.275 
0.29 

(0.19) 
0.265 
0.295 
0.285 
0.285 
0.28 
0.25 
0.275 
0.295 
0.235 
0.28 
0.25 
0.295 
0.28 
0.295 

0.295 
0.285 
0.30 
0.275 
0.295 
0.28 
0.29 
0.30 
0.30 
0.23 
0.275 
0.275 

(0.19) 
0.25 
0.28 
0.28 
0.28 
0.265 
0.24 
0.26 
0.27 
0.235 
0.265 
0.25 
0.28 
0.27 
0.275 

0.295 
0.285 
0.305 
0.28 
0.295 
0.28 
0.29 
0.30 
0.30 
0.24 
0.275 
0.28 

0.26 
0.28 
0.28 
0.28 
0.27 
0.245 
0.27 
0.28 
0.235 
0.27 
0.25 
0.28 
0.275 
0.28 

135 
145 
50 

145 
20 
25 

250 
80 

125 
10 

115 
230 
30 

135 
210 

0 
220 

0 
300 
230 
240 
310 
275 
150 
135 
120 
150 

Bep 

ôBJ large 
Be 

5BJ moderate 

Be 
Be 
5BJ large 
Be 
5BJ large 

SBJ moderate 

ôBJ large 

* Temperatures given refer to the unblanketed models. The 0’s in the blanketed system are larger than these 
by 6d — 0.02 (see text). 

rj UMa are identical with those proposed by Heintze (1969) when corrected for the 
blanketing effect. According to Mihalas and Stone (1968), the non-LTE effect on the 
atmospheric structure of B3 V stars is one-twentieth of the blanketing effect, negligible 
in the present discussion. It should be emphasized that, while the absolute temperature 
scale may still be subject to an error arising from the absolute photometric calibration, 
there is no doubt as to the relative temperature scale of the observed B3 V stars. 

IV. DISCUSSION 

The temperatures presented in the last section refer to the theoretical curve of 
log g = 4.0. The scatter of the observed points in the (BJ, Xo)-diagram, however, is 
more than the gravity effect for a static model atmosphere between log g = 3.5 and 
log g = 4.5. Before examining the possible gravity effect, it is necessary to estimate the 
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rotational effect. The v sin i of the program stars in Table 4 are from Slettebak and 
Howard (1955). The theoretical rotational effect in Figures 3-6 was calculated by Har- 
dorp and Strittmatter (1968a). Atmospheres for a star of 5.36 Mo were used as examples. 
The rotational effect is nearly equivalent to lowering the effective temperature. The geo- 
metrical effects of “pole-on” (i = 0°) stars slightly increase the surface gravity; those 
of “equator-on” (i = 90°) decrease it by as much as ô log g = 1. When we examine the 
(BJ, X0)-diagram, we find an effect from the observed data opposite in sense to that 

Fig. 5.—(BJ, X0)-diagram, where Xq is the intrinsic color X corrected for interstellar reddening. 
Theoretical values of (BJ, Xo) and rotational effect, as in Fig. 3. 

predicted. The observed effect is represented in Figure 7, the [v sin i, ôBJ(A'0)]-diagram, 
where ôBJ(X0) is the horizontal shift of the observed point from the theoretical line for 
log g = 3.5. Many observed rapid rotators tend to have too large a BJ for the color X0. 
This contradiction could be resolved by separating the standard lines, according to 
v sin i, in the (X, F)-diagram. When the standard line is shifted along the F-axis by a 
small amount 8Y < 0, it increases the color index Xo of reddened objects such as most 
of the observed rapid rotators, consequently decreasing their óBJÍXoVs. The theory 
predicts |ôF| < 0.03, and our data of least-reddened rapid rotators lead to a limit 
\ôY\ < 0.05 (see Fig. 3). 

To obtain the reversed sense of the effect observed, however, requires a dispersion in 
the standard lines of |ôF| > 0.07, which is compatible neither with the observations 
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Fig. 6.—(BJ, Fo)-diagram, where Fo is the intrinsic color F corrected for interstellar reddening. 
Theoretical values of (BJ, F0) and rotational effect, as in Fig. 3. 

Fig. 7.—Diagram of v sin i versus 5BJ(X0), where BJ(X0) is the excess in the BJ relative to the 
theoretical BJ for log g = 3.5 and X0 from the (BJ, X0)-diagram; v sin i is from Slettebak and Howard. 
Solid curve, theoretical rotational effect; broken curve, empirical rotational effect from Guthrie. Vertical 
line shows the gravity effect on BJ for ô log g — 1.0. 

Fig. 8.—Relation between /3-index and BJ; the observed BJ compared with Crawford’s /3-index. 
Cross, the B5 V star k Hya. Two lines show the possible relations: solid line, 5BJ = 2.5 6/3; broken line, 
5BJ = 3.3 5/3. 
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nor with the theory. Guthrie (1963) reported, of cluster-member B stars, that the excess of 
ß-index in the [ß, {U — B)0]-diagram shows a correlation with v sin i which roughly 
matches the theory. Figure 8 relates our BJ to the ß-index observed by Crawford (1958) 
and adopted by Guthrie (1963). The ß-index of rj UMa was converted from the F-index 
obtained by Bappu et al. (1962) (ß = 3.1568 — 0.00227 F according to Guthrie 1963). 
The rotational effect in the ß-index was transformed into that in the BJ by making use 
of an approximate relation 5BJ ~ 2.5 bß (Fig. 8); it appears in Figure 7, illustrating the 
observations by Guthrie (1963) and also the prediction of Hardorp and Strittmatter 
(19686). Even when the ambiguities of the observed values are taken into account, some 
rapid rotators observed definitely show an excess in BJ which is comparable with a 
gravity effect of 5 log g = 1. The model atmospheres for log g = 4.0 for the effective 

Fig. 9.—Comparison between observed and theoretical continua. Curves are model continua calcu- 
lated by Mihalas; r\ UMa: 0e = 0.28, log g = 4.5; 17 Aur: 6t = 0.30, log g = 4.0; i Her: 0« = 0.28, log 
g = 3.5. 

temperatures given in Table 4 are, consequently, expected to give smaller BJ’s and 
weaker Balmer lines than observed for these objects. If the effect is due to a dispersion 
in the surface gravity, then the observed correlation with v sin i is remarkable. In 
analyses of high-dispersion spectra, the consistency between the strengths of Balmer 
lines and other spectroscopic characteristics should be carefully investigated. 

Finally, the quality of the fit between the observed and the model continua is shown 
in Figure 9. Values of log g = 3.5 and 6e = 0.28 were adopted for i Her; log g = 4.0 
and de = 0.30 for rj Aur; and log g = 4.5 and de = 0.28 for tj UMa; the fit is satisfactory. 

We wish to thank Drs. J. B. Oke and R. E. Schild for valuable discussions and infor- 
mation, and Dr. D. S. Hayes for his kind comments. We are indebted to Dr. and Mrs. 
Jesse L. Greenstein for reading the manuscript. 
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