
IX. The Density of the White Dwarf A. C. -j- 70° 8247. 
By E. O p i k . 

Eor this s tar Kuiper f inds a dens i ty of' the order 
of > IO7 gr/cm 3 (Publ. A s t r . Soc. Pacif ic 47, 307, 1935); a revis ion 
of his data indicates that his es t imate cannot be accepted, and 
that the star must have a dens i ty of <— IO5 gr/cm 3 , thus nothing 
exceptional as compared wi th the two well determined cases 
(Sirius B, 3.IO4 gr/cm 3 ; o2 Eridani B, 5.IO4 gr/cm 3 ; cf. Gabovits 
and Öpik, T. P. 283, 1935). The absence of t he h y d r o g e n 
Balmer l ines in t he spec t rum of th is s t a r is explained as the 
r e su l t of t he exhaus t ion of hydrogen , the m a i n source of 
suba tomic ene rgy . 

Kuiper's est imate is based on a comparison of the colour 
of A. C. -f- 70° 8247 w i t h 10 Lacertae (H. R. 8622, mag. 4,91; 
H. D. 214680, sp. Oe 5); he f i n d s the colours of the t w o stars 
essent ia l ly equal, and concludes that the e f fect ive temperature 
of the w h i t e d w a r f is equal to 28 000°, the " true" e f f e c t i v e 
temperature of the 0 star; he t h i n k s that space r e d d e n i n g does 
not a f f e c t the colour of the comparison star, 10 Lacertae. The 
latter a s s u m p t i o n is quite arbitrary. The d is tance of 10 Lacertae 
(absol. mag. ~ — 5 to — 6) exceeds 1000 parsecs a n d space 
r e d d e n i n g at such a d i s tance cannot be ent ire ly absent . For 
the whi te dwarf , at 15 parsecs distance, the space r e d d e n i n g 
is n e g l i g i b l e . T h u s the colour of the w h i t e d w a r f m u s t be 
redder than the " t rue" colour of 10 Lacertae by the w h o l e 
a m o u n t of space r e d d e n i n g over 1000 — 1600 parsecs. 

In the general catalogue of stel lar colours by the wr i ter 
(T. P. 271 ( 1929), the colour of 10 L a c e r t a e i s C = — 0.41 + 0.03; 
the s y s t e m of these colours is connected w i t h the e f fect ive 
temperature by the relation 

C 2 = 1.47 C j
r 1.82 (cf. Öpik, Ap. J . 81, 177, 1935), 
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which g i v e s T = 11700° + 300°. I f t h e t e m p e r a t u r e i s t o o l o w f o r 
the 0 s ta r on account of space r e d d e n i n g , it m u s t be accurate for 
A. C. -j- 70° 8247 if the colours are equal. Our empirical formula 
for the colour temperature cannot be much in error for such 
a low tempera ture as 12 000°; W i e n ' s formula which under l ies 
theoret ica l ly (not empir ical ly) the l inear re lat ion leads to an 
error in the colour tempera ture of only — 100°. as compared 
wi th P lanck ' s law, and the actua l error m u s t be smal ler on 
account of the empirical der ivat ion of the relation. A s no 
spectral l ines appear in A. C. -j- 70° 8247, there can be no quest ion 
of the spectra l e n e r g y d i s t r i b u t i o n to be d i s tor ted b y absorption 
l ines. 

On the other hand, there is a d i rect indicat ion of a not 
incons iderable space r e d d e n i n g of 10 Lacertae. In the above 
mentioned cata logue of s te l lar colours w e f ind f i f t e e n northern 
s ta r s w h i c h are at leas t as blue, or bluer than 10 Lacertae : 

Harvard Revised Photometry N u m b e r s 

Star No. 153 6787 7298 7426 7739 7131 8603 
m 3.7 4.3 4.5 4.8 4.8 5.5 5.1 
H. D. Sp. B3 B3 B3 B3 B3 B3 B3 + B5 
c — 0.43 — 0.42 — 0.62 — 0.48 — 0.45 -- 0.45 — 0.45 
p. e. + 0.03 ± 0.04 ±0.04 + 0.04 + 0.03 : I;: 0.04 + 0.04 

Göttingen Akt inometr ie N u m b e r s 

Star No. 584 720 791 1016 1068 2766 2772 2950 
m 7.3 6.4 7.2 7.1 6.8 6.7 7.2 8.0 
H. ü. Sp. B3 B3 B8 B2 B5 AO B3 B5 
c — 0.53 - 0.41 — 0.46 -- 0.44 - -0.41 — 0,45 — 0.49 — 0.42 
p. e. + 0.04 + 0.04 + 0.04 + 0.04 4 - 0.04 + 0.04 ±0.04 ±0.04 

The prevalence of spect rum B3 in th i s Iist Is remarkable . 
Thus, a n u m b e r of s t a r s of spectra J a t e r t h a n 10 L a c e r t a e s h o w 
the same colour (and colour tempera ture) in spite of the well 
known e f f e c t of the w i n g s of hydrogen Balmer l ines which tend 
to make the B and A spectra r e d d e r 1 ; the ionization tempe-
r a t u r e s of these s t a r s are about 15 000°; a comparison of the 
colour of A. C. -[-70° 8247 w i t h one of these B3 s t a r s would 
have led, according to Kuiper ' s w a y of reasoning, to a tempe-

1 Violet — blue colour indices of AO stars are almost equal to those 
of KO stars, on account of Balmer absorption, cf. T. P. 263, 1925. 
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rature of 15 000° for the white d w a r f ; but even this m u s t be 
considered as too high because some space reddening is doubt-
iess ly present already in the B3 stars . 

There is no reason to assume that the colour temperature 
of 11700° for A. C. -j— 70° 8247 is sys temat ica l ly in error, as it 
is f rom space reddening for the distant B and 0 s tars , and for 
the B and A s tar s on account of Balmer absorption. A s the 
est imated densi ty var ies wi th the sixth power of the e f fect ive 
temperature, Kuiper's density m u s t be decreased 190 t imes; his 
est imate of mass as a function of radius (Chandrasekhar 's 
relation) must also require a reduction factor of — 2.5, and the 
corrected dens i ty of A. 0.-(-70° 8247 becomes 

3,6.108 . „ 
- - = 70 000 gr/cnr5, 

190.2,5 1 ' 

or by only 40 per cent greater than for o- Er idani B. 

The absence of l ines (cf. Kuiper, loe. eit.), c h i e f l y of the 
Balmer l ines of h y d r o g e n in the spectrum of A. C. -|- 70° 8247 
(which shou ld be the most p r o m i n e n t l ines at 11 700°, corre-
s p o n d i n g to a norinal B9 — AO star) may be considered as a 
proof of A t k i n s o n ' s theory of atomic synthes i s ; a star cannot 
become a white dwar f before all its internal store of hydrogen 
is exhausted. For Sirius B and o- Bridani B the m i x i n g is 
apparently incomplete, so that some h y d r o g e n is preserved at 
the sur face ; in A. C. —f-70° 8247 the m i x i n g is probab ly complete, 
and h y d r o g e n a b s e n t f rom the atmosphere, as it m u s t be absent 
from its interior. 

Tartu, October 10, 1937. 


