ACTA

THE 1937 BECLIPSE OF § AURIGAE ™

H. BRUCK

SVMMARIVM, — Aunctor institnit investigationem speetro-photometricam stellae
duplicis { Aurigae, ante et post eiuns eclipsin inchoatam d. 21 Aprilis anni 1937,
Ad quem finem usus est imaginibus obtentis in Spocunla Valicana, auxilic vefrac-
toris photographici superposito prismate obiectivo cum erate.

” Aurigae is known as one of the most interesting eclipsing bina-
ries. We need not repeat here the history of the star, which is given
in detail in some of the papers quoted below. The binary which con-
sists of a B8- and a Kb~ component has a period of 972,92, It was
in 1982, when the eclipse of the B-type companion by the K-type
primary was observed by Gurmxick and Scmserrzr () and by Hoe-
Many (®), the first time afier the prediction by Borrizerr (?). Oun
account of the rather incomplete material then available the results
obtained eould be only preliminary. The next minimum in 1934 being
the subject of an extensive and thorough study by the same and other
observers provided a very interesting account of the various phenomena
connected with the eclipse of the star (*).

(*) Nota presentata il 5 aprile 1988 dall’Accademico Pontificio Soprannu-
merario P. Johan Stein 8.7J.

(1) « Bitzber., Preuss., Akad.», 1932, p. L.

(*) « Verh. Leipaig Akad,», 85, 117, 1933,

(3) A, N. 226, 289, 1926.

(1) GuraNtck, ScHNELLER and HACHENBORG, «Sitzber. Preuss. Akad,» 1925,
p. 1. Curistrn and Winsow, Ap. J. 81, 426, 1986, Brex, M. N, 95, 24, 1084, Samanr
and Greuy, M, N. 95, 81, 1934, Oosturuorr, Ap. J. 81, 461, 1936, Tlurres. Ap, J.
81, 2902, 193.
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The beginning of the next minimum of { Aurigae was due in
April, 1937. Although the observational conditions were unfavorable the
star being low in the west it seemed worthwhile to secure some new
material.

The oquipment of the Vatican Observatory, where an astrographic
telescope, 2 large objective prisms and an ohjective grating were avai-
Jable, snggested a spectrophotometric study of the star. From April 15
to April 28 eight plates were obtained. Table I shows the times of
midexposure of the different plates, the exposure flmes lying between
40m and 1h,

Taste L —— Dates of Plates.

Plate Nr. 1 Midoxposure Plato Nr. Midexposure )

i 1  April 1585 BT ] 5 April 21.83 T, T.
2 16,84 ] 4 29,43 :
; 8 : 17,62 T 23.89 |
| 4 20.81 f 8 98,85 i

The 1937 cclipse was expected to start on April 21. For this reason
plate b seems to be of especial interest the more so, as most of the
other observers wore prevented by bad weather from ohserving this
critical phase. Also in Castel Gandolfo the sky did not clear up until
after stmset and just permitted one plate to be taken.

The plates were obtained with the 40 cm Zeiss Astrograph {focal
ratio 1:5) of the observatory and with two objective prisms of 4°and 8°
refracting angle respectively (aperture 60 cm). The two ohjective prisins
were used together yielding a dispersion of 90 angstroms per millimeter
near H,. The range of wavelength in good focus extended from about
H, to Hy. _

Since the telescope gave images of good definition over a large
field, 30 cm/30 cm plates (Matter Stersplatten) couid be used, and
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the spectra of » Aurigae and of a number of suitable comparison stars
( Aur, n Aur, p Aur, BD +41°1044) could be taken at the same time
on the same plate.

The grating crossed by prism method served to provide the pho-
tometric scale, The grating used for all plates had the geometric
constant of 1.50 millimeter. The breadth of the grating wires being
very exactly the same as the free space intervals between the wires,
the photometric constant (m,~m,) becomes correspondingby 0=.98.

The spectra were run through the Zeiss recording microphoto-
meter of the observatory. On account of the grating each star spectrum
consists of & central spectrum and two curved side spectra. The tracings
of these three spectra were made on the same sheet of paper (*). The
contral and side spectra of the diffevent stars, when compared with
each other provided the characteristic curves (*).

The intention was to measure the intensity of the continuous back-
ground of { Aurigae at cortain wavelengths and at the same time to
add some information about the bohaviour of the I{ line, which is
produced in the envelope of the Kb primary.

Regarding the first point it was rather difficult to find wavelengths,
where the continuous spectrum was not too much disturbed by absorpt-
jon lines. One has to remember that the star during minimum is of
type Kb. The following six wavelengths were chosen:

3915, 4020, 4066, 4160, 4210, 4365 angstroms,

Table I1 shows the results of the photometric procedure described
above. It gives the magnitude differences between { Aurigae and X Auri-
gne, the main comparison star, for 6 days. The plates of April 16 and
April 22, which are not so good as the others, are here omitbed.

() T should like to express my best thanks to P. Junkms for his kindness to
repeat some of the tracings at a time, when I had left Castel Gandolte.
) Cf. e. g. Omman, Disscrtation, 1980,

*  Acta, vol, IL
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Tasre II. — Magnitude differences. { Aur - X Aur.

Nr. Dato A 8915 A 4020 L 4085 A 4160 A 4210 A 4865
2 |April 16| - =05 | - m10 | - m.09 (0 00 | - m,33
3 17 14 10 05 00 | - .10 28
4 20 .10 12 07 | + .04 .08 50
5 21 .10 00 | 08 | - 04 .09 40
7 23| +1.%0 + .95 |+ .95 | 3+ 63 | + 47 .00
8 28| 1 .83 1 .09 0 .94 72 47 1+ 16

Looking at the data for the critical 21°t of April we get as a first
result from this table, that { Aurigae was certainly not yet then at
minimum, The table values for April 21 are the same as for prece-
ding days. A second point would be to see, whether the partial eclipse
of the B8 companion by the Kb primary had alrendy started at our
time of observation. Guruyiox and SonneLren (*) have found, that the
partial eclipse began on April 21.60 (*). In this case we should expect
a change of 0™.4 in the magnitude differences for 33916 between
April 20 and April 21, the value of Om.4 following from Gurunicx,
Scmwerner and Hacaensera’s light curve (%), if we adapt their ampli-
tude to that of the present violet differences 17.83. The probable error
of our observations being not larger than *0™10 we find, that the
present results do not confirm those of GuraNick and SCHNELLER.
According to the present data the beginning of the partial eclipse,
if we really assume, that it had started before the time of our obser-
vation, cannot have been earlier than April 21.75. On the other hand

(*) A. N, 262, 429, 1987,

(%) Guraniok und SCHNBLLER give 21,10 U. T. instead of 21.80. The times of
observation gquoted by them as 21.816 instead of 21816 ete. we have added 04.B
to their datum of 21.10,

(®) «Sitzber. Preuss, Akad.», 1935, p. 1.
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taking the smallest possible value for the duration of the partial phases
(04.8) the beginning of the partial eclipse must have occurred before
April 22.0, plate 6 of our series (April 22.83) showing the star then
already in minimum, The photometry confirms therefore a remark in
a preliminary note (1), that on April 21 we were observing the star
immediately before or just at the beginning of its partial eclipse.

We used already the mean magnitude difference between maxi-
mum and minimum for % 8915, Table TIT gives the amplitudes A for
different wavelengths and shows, how the combination of a B8 and
a Kb component makes them rapidly decrease going from the violet
to the red.

Tasre III. — Amplitudes for different wavelengths.

Values obtained from photographe on

Spoectrephotometric valuos diffexront kinds of plates and from

photooleotrio obsorvations {8)

A A s A
3916 mgs 3900 1=76
4020 1.10 ‘

4065 1.01 4140 1.03
4160 ‘ 0 .68 4180 0 .92
4210 0 b4 4300 0.76
4365 0 .45 4410 0 .80

As was to be expected the spectrophotometric values show an even
steeper gradient than those, which are derived from direct photographs
or from photoeletric measurements and which are given in the 8t
and 4% column of thoe table according to material in the paper by
Gurexick, ScanerLer and Hacmexsere (%),

() A, N. 6277, 1937, ' ‘
(%) «Sitgber. Prouss. Akad.», 1985, p. 14
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The data for April 28 or 28 give at once the magnitude diffe-
renee between the XD component, which is only visible during minu-
mum, and A Aurigae. Connecting these values with those of earlier
days, when the combined light of the B8 and the K5 component is
observed, we derive at the same time the magnitude difference between
the B8 component and ) Aurigae. One further step gives the magni-
tude difference between the two components of the binary (see TableIV).

TasLe IV. — Magnitude difference between the two
components of ( Aurigae,

* tye—Nly

3915 +1m,68
4020 0 .61
4065 0 .48
4160 ' -0 .17
4910 0 .48
4365 0.7

The data of table IV allow us to derive the gradient of the con-
tinuous spectrum of the Kb component relative to that of the B8 star.
This gradient is defined by:

d
Dbyp = 0.92 m (??ZK—'?’J?-B).

Omitting the (my-mny,) valoe for 28915, where the continuous spectrum
of the Xb star ig very greatly disturbed by absorption, the relastion
between the (m,-m,) and */; can be represented approximately by a
linear function. The value of ¥, becomes so 7.4. If we introduce the
relation between gradient and colour temperature and use 18000° ag
the approximate temperature of the B8 companion, the given value
of the relative gradient leads to a colour termperature of about 1700°
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for the Kb primary. This low value is in agreement with the result
of Curistie and Wrinson (1), who found the temperature of the Kb
component of the order of only 1500° assuming the temperature of the
B8 star to be between 15000° and 20000°. But this similarity of the
figures does not mean much more than that the Kb speetrum is extre-
mely weak in the violet, as wo should expect in the case of a red super-
giant. We have to remember, that our Kb colour temperature refers to
the violet region, where the spectra of all K stars show great devia-
tions from that Prawcx distribution, which represents the range of
longer wavelengths of their speetra fairly well and provides their nor-
mally used colour temperatures. In comparison with these the above
derived colour temperature value of 1700° must be too small. GursNick,
ScuwerLen and HacHENBERG (2) e. g, get 81607 as final temperature value
for the Kb star using the spectral range from 24600 to % 5800, while
their corresponding « violet temperature » is only about 2200°-2800°,

For the reasons stated, that the derived « violet» colour tempe-
rature does not represent well enough the effective temperature wanted,
we can not use that colour temperature for the derivation of the radii
ratio of the two components. As a simple calculation shows our date
would lead to a very small value of % of the order of magnitude
of 10—,

We come now to the study of the chromospheric K line, which
is produced in the envelope of the Kb star. Our plates show the line
from April 16 onwards (*). On all the plates the line appears broader
than its chromospheric character would lead us to expeet. A determi-
nation of the equivalent widths was made (these expressed in angstrows)
for the days of April 16 to 21. In order to take into acconnt the exi-
stence of the normal K line, produced in the X5 star atmosphere and
vather faint in the composite (38 +X5) spectrum the plate of April 28
was used. From this the equivalent width of the normal line K, was
derived. Measuring the equivalent width of the K line in the composite

(1 L. c.

(% L. c.

%y According to A. BEER's material obtained at the Solar Physica Obser-
vatory Cambridge, the chromospheric line was already present on March 22,
I am much obliged to Dr. BeEr for having shown me his material before its
publication.
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spectrum K, we get the equivalent width of the chromospheric line K,
from the relation (*):

K, = Ky + T/l (KoK

In this equation Iy/I, is the intensity ratio of the continuous spectrum
in the K region of the Kb and B8 component. According to the data
in table IV this has the value of 0.21

MosrLy on account of the difficulty of fixing the position of the
continuous background the determination of K is not very accurate.
The present measnrements give a value of 24 angstroms with an error
of = 15 percent, while Crristie and Witson find only 16 angstroms.
As the above equation shows, the values of K, are rather sensitive
to the assumed value of K,. With K, equal to 24 angstroms our
plates give the following values for K, (see Table V):

TaeLe V. — Equivalent widths of the
chromospheric X line.

Date E. W. (angstroms)
April 15 1
16 2.2
17 8.5
20 8.6
21 12.1

As our value for K, exceeds that found by Christie and Wrrson,
our equivalent widths of the chromospheric line are slso nearly twice
as large as in corresponding date of the American and Cambridge
observers in 1934. This result mey be partly due to the fact, that
the former observers were using a slit spectrograph, while our own

(!} Cf. Carierie and WiLsow, lc,
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observations are based on objective prism plates. The objective prism
being the most suitable instrument for spectrophotometry of the con-
tinuous spectrum, which was our main object, is known to be inferior
to a slit spectrograph for determination of line intensities. Although
we know from former eclipses that the extent and the gradient of
the Ca* envelope differs widely at different times, we cannot decide
therefore whether the differences in the present case are real. Further
material of the 1937 eclipse will have to be awaited. What our date
confirm is the steep increase of the K line intensity near total eclipse
found by former observers, this result pointing to e steep density
gradient for the Ca* ions in the inner parts of the Kb envelope.

In conclusion my heartiest thanks are due to P. J. Sremiw, by
whose great personal interest my work in Castel Gandolfo was rendered
possible.





