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NOTES ON THE COLOR-CURVE AND LIGHT-ELEMENTS 

OF W URSAE MAJORIS1 

By HARLOW SHAPLEY and J. VAN DER BILT 

The variable W Ursae Majoris2 is of particular interest because 

of its exceptionally short period (four hours between minima) and 

because when interpreted as an eclipsing binary its mean density 

is more than twice that of the sun. Discussions of the orbit have 

been published by H. N. Russell3 and H. Shapley.4 A further 

study of the light-variations and orbit, on the basis of simultaneous 

photographic and photo-visual observations, was begun with the 

6o-inch reflector in 1916. The work was discontinued, however, 

upon learning that a similar investigation, based on Potsdam visual 

observations and unpublished photographic measures from Har- 

vard, was already under way at Princeton.5 The following pages 

contain a brief discussion of the color-curve obtained from the pre- 

liminary Mount Wilson observations, and an investigation of the 

light-elements based upon a considerable number of published and 

unpublished observations of minima during the last thirteen years. 

OBSERVATIONS AT MOUNT WILSON AND UTRECHT 

The magnitudes of the comparison stars used on the photo- 

graphs with the 60-inch reflector were determined in the usual man- 

ner from ten polar-comparison plates (Table I). Magnitudes of 

the variable, derived from a series of Seed 27 and Cramer isochro- 

matic plates made on April 26, 1916, are given in Table II. Six, 

seven, or eight exposures were made on each plate with exposure- 

1 Contributions from the Mount Wilson Solar Observatory, No. 140. 
2W Ursae Majoris = B.D.-|-560i4oo; a = 9h30m438, 5 = -{-56024.'5 (1900.0); 

spectrum G. 
3 Astrophysical Journal, 36, 139, 1912. 
4 Contributions from the Princeton University Observatory, No. 3, p. 82, 1915. 
3 Since this paper was written the Princeton results have appeared in Astro- 

physical Journal, 45, 306, 1917. 
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282 HARLOW SHAPLEY AND J. VAN DER BILL 

times of one-half, one, or two minutes. The phases were computed 

with the formula given below. A plot of these results shows that 

the color-index on the Mount Wilson system is about +0.85, with 

little evidence of change during the cycle of light-variation.1 

TABLE I 

Magnitudes of Comparison Stars 

Star B.D. H.A., 63 
Visual 

Mount Wilson 

Photo-visual Photographic 
Color-Index 

+56°i397 
+56 1399 
+56 1398 

8.74 
8.73 

6.64 
8.76 
8.80 

7-65 
9.90 

10.08 

+ 1.01 
+ 1.14 
-¡-i. 28 

TABLE II 

Mount Wilson Observations of W Ursae Majoris 
April 26, 1916; J.D. 2420980 

Plate 

Photographic 

Gr. H.M.T. Apertures Phase Mag. 

Photo-visual 

Plate Gr. H.M.T. Apertures Phase Mag. 

3034P 
3036. 
3038. 
3040. 
3042. 
3°44- 
3046. 
3048. 
3°SO- 
3052- 
3054. 
3056. 

^672 
702 
720 
737 
754 
771 
789 
802 
814 
829 

.841 

.856 

14,9,6 
i4,9 
i4,9 
14.9 
14, 6 
14.9 
14 
14, 9, 6 
14,9 
14,9,6 
14,9 
14,9,6 

— 0^142 
— .112 
— .094 
— .077 
— .060 
— .043 
— .025 
— .012 

.000 
+ -015 
+ .027 
+0.042 

8.76 
8.70 
8.64 
8.81 
8.84 
8.96 
9.06 
9.20 
9.27 
8.79 
8.67 
8.52 

3035P 
3037 
3039 
3041 
3043 
3045 
3047 
3049 
3051 
3053 
3055 
3057 

^676 
706 
724 
740 
758 
774 
792 
805 
817 
832 
844 
860 

14,9,6 
14 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14,9,6 

— 0^138 
— . 108 
— .090 
— .074 
— -056 
— .040 
— .022 
— .009 
+ .003 
+ .018 
+ .030 
+0.046 

7.91 

7.88 
7.96 
8.07 
8.03 
8.18 
8.41 
8.29 
8.is 
7.98 
7.81 

Though the light-curves of this variable often show an asym- 

metry which, if real, could not be accounted for completely by the 

simple eclipse theory, the star evidently is not a Cepheid variable, 

as is sometimes supposed, since no conspicuous change of color 

is found. Moreover, Russell has no difficulty in interpreting the 

light-curve, or in explaining the differences between visual and 

photographic curves through differences in darkening at the limb.2 

1 The last two plates are uncertain because of the low altitude of the field. 
2 Popular Astronomy, 25, 30, 1917. 
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NOTES ON W URSAE MAJORIS 283 

At the Utrecht Observatory 105 observations of W Ursae 

Majoris were obtained with the polarizing photometer attached to 

the 4j-inch refractor.1 At maximum the variable is a little too 

bright for this instrument, but the minima can be determined very 

sharply. The following comparison stars were used: 

ö = B.D.+54°i329 = Potsdam Gen. Cat. 5731; Mag. = 7.y3 
b= +56° 1412 = 0+0^33 8.0Ó 

c= +5Óoi399 = 0+i 38 9.ii 

The brightness of both b and c was derived from the measured 

differences with a. 

The method of observation differed somewhat from the usual 

one inasmuch as more settings were made on the rapidly changing 

variable than on the comparison stars. In the interval covered by 

the observations on each evening three to five measures of each 

of the comparison stars were secured, and these were plotted against 

the time on squared paper. After allowance for extinction, the set- 

tings were usually remarkably constant and could be read accurately 

for the times corresponding to the measures on the variable. In 

this way the latter could be closely followed through the steep 

ascents and descents of its light-curve. 

The Utrecht observations are given in detail in Table III, the 

fifth column containing the differences in hundredths of a magni- 

tude between the adopted value and that given by each of the 

comparison stars. 

THE LIGHT-ELEMENTS 

Since about 6000 epochs have elapsed since the latest discussion, 

a revision of the light-elements can now be made. In view of the 

possibility that the light-curve may be changeable in form, as many 

individual minima are included in the computation as can be derived 

with sufficient accuracy from the published series of observations. 

The list in Table IV contains 67 minima, extending over an 

interval of 29,273 epochs. That numbered 61 has not been used 

in the derivation of elements. Nos. 59 and 60 were received from 

Professor Jordan after the completion of the solution and have been 

1 The instrument has been described in Recherches astronomique de VObservatoire 
d’Utrecht, 6, 10, 1916. 
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284 HARLOW SHAPLEY AND J. VAN DER BILL 

TABLE HI 

Utrecht Observations of W Ursae Majoris 

Date J.D. and Gr.M.T. 
2420000 Phase Mag. Residuals* 

a b c 

April 28 
1916 0982.461 

SOS 
548 

April 29. 

0983 

May ii 

0995 

May 17 

1001 

408 
420 
429 
440 
452 
SOS 
515 
524 
535 
544 
408 
421 
428 
433 
438 
444 
450 
459 
468 
473 
480 
489 
495 
501 
508 
SH 
525 
547 
556 
410 
423 
428 
434 
438 
448 
461 
465 
469 
474 
483 
486 
491 
495 
500 
505 
517 
527 
536 

0^071 
.116 
•158 
.018 
.029 
•039 
.049 
.062 
•113 
•125 
134 

.144 
•153 
.008 
.021 
.028 
•033 
• 038 
.044 
.050 
•059 
.068 
•073 
.080 
.089 
•095 
.101 
.108 
.114 
,125 
.147 
.156 
.005 
.018 
.023 
.029 
•033 
043 

.056 

.060 

.065 

.069 

.078 

.082 

.086 

.090 
•095 
. IOI 
.112 
. 122 

O.I3I 

8.42 
8.16 
7.72 
8.07 
8. ii 
8.06 
8.14 
8.24 
8.30 
8.23 
797 
7.90 
7.87 
7.80 
794 
7.87 
7.92 
8.02 
8.06 
8.15 
8.24 
8.48 
8.43 
8.65 
9.09 
8.71 
8.76 
8-54 
8.30 
8.16 
7-99 
7-99 
7.92 
7.92 
7.88 
7-97 
799 
7- 97 
8.14 
8.19 
8.28 
8- 39 
8.48 
8.60 
8.69 
8.70 
8-55 
8.44 
8.32 
8.02 
7.89 

+ 5, 
- 2, 
+ 1 ? 
- 9, 
- 7, 
- 5, 
- ij 

o, 
+ L 
+ 2, 
+ 3? 
+ 4, 
+ 5, 

-ii, 
- 9, 
- 8, 
- 7, 
- 6, 
- 5, 
- 5, 
- 4, 
- 4, 

+ 
+ 
+ 
+ 
4* i, 

-, + 
•, 
-, + 
-, + 
-, 4- 
-, + 

5 
3 
o 

9 
7 
5 
2 
o 
o 

— 2 
— 2 
- 3 
- 5 
+ 12 
-¡-io 
+ 8 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

i, 
1, 
o, 
O, 
O, 
2, 
3, 
3, 
3, 
4, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
6, + 
5, + 

* A positive residual means that the adopted magnitude is brighter than that derived from the 
omparison star. 
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TABLE III—Continued 

285 

Date J.D. and Gr.M.T. 
2420000+ Phase Mag. Residuals 

b 

1916 

May 19 

1003 

May 21 

1005 

May 28, 

1012 

408 
415 
424 
429 
434 
439 
448 
456 
46s 
469 
473 
478 
482 
487 
496 
500 
505 
510 
520 
530 
541 
554 
415 
421 
433 
443 
451 
459 
466 
472 
475 
479 
483 
487 
490 
496 
500 
505 
509 
516 
526 
533 
420 
432 
437 
442 
450 
459 
480 
486 
499 
509 
517 

•525 

09001 
.009 
.019 
.024 
.027 
■034 
•043 
•051 
.060 
.064 
.068 
.072 
.076 
.081 
.090 
.094 
.098 
.104 
• 113 
.123 
• 135 
/148 
.007 
.013 
.025 
•035 
•043 
•051 
.058 
.064 
.067 
.071 
.075 
.079 
.082 
.088 
.092 
.097 
. IOI 
. 108 
. 118 
• 125 
.007 
.018 
.023 
.028 
.036 
.045 
.067 
• 073 
.085 
•095 
. 104 

O. II2 

7-95 
7.88 
7.98 
7.96 
8.00 
799 
8.01 
7-99 
8.18 
8.26 
8.50 
8.53 
8.41 
8.47 
8.70 
8.71 
8.65 
8.41 
8.26 
8.05 
7-93 
7.89 
8.18 
8.03 
8.10 
7.90 
8.01 
7-97 
8.14 
8.30 
8.35 
8.44 
8.60 
8.63 
8.54 
8.84 
8.86 
8.70 
8.62 
8.51 
8.28 
8.09 
8.08 
8.01 
7.96 
7- 93 
8.07 
8.26 
8.52 
8.44 
8.74 
8- 57 
8.54 
8.34 

+ 8,- 
5> ~* 

+ 3, - 
+ L - 

+ 
- 2, + 
-- 4, + 

4) + 
- 4j + 
- 4, + 
- 4> + 
- 4, + 
- 5j 4- 
“ 5) 
- 3, - 
- 3> - 
- 2, - 
- 2, - 

o, 
- L + 
- 3,+ 
- 6, 4- 
....,+ 
—,4- 
—, 4- 
+ 9) 4- 
+ 7,+ 
+ 6,+- 
4- 5> 
+ 4j 
4“ 5> 
4- 5> — 
4- 5> “ 
4- 5> — 
4- 5> — 
+ 5, - 
4- 6, — 
+ 7, • 
4- 8, 
-Ho, + 
4-10,4* 
4-11,4- 

•> 4- 

4, - 
3, - 
2, - 
ij - 

- 
2, 
3> 
4> 4" 
3> 4- 
3> 4- 
2, 4- 
2,4- 
L 4- 
0, 4- 
1, 4- 
L 4- 
L 4- 

4- 
O, 4- 
2, - 
4, 
5) 4* 

? 4" 

2, -2 
3, -3 
6,-6 
1, -10 
3,-9 
2, -7 
0,-6 
o,-5 
0, -5 
1, -4 
1, -4 
2, -3 
2,-2 
2,-4 
I, — 5 
0,-6 
0, — 8 
1, -ii 
2, -13 
2, -14 
3, -2 
0, o 
1, 4- 2 
3, 4- 3 
6, 4- 6 
6, 4- 6 
2, 4- 2 
o, o 
0, 4- I 
2, 4- 2 
1, 4- ¿ 
I, o 
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288 HARLOW SHAPLEY AND J. VAN DER BILT 

used only to indicate the representation in 1915 by the adopted 

elements.1 

For the designation of the observers the following abbreviations 

are used, the method of observation being indicated in parentheses : 

MK = Müller and Kempf (photometric); F = Fauth (estimates); 

PJ = Parkhurst and Jordan (photographic); T = Tikhoff (photo- 

graphic); Ba=Baldwin (photometric); H=Horn (photographic); 

L=Lazzarino (photometric) ; P=Padova (photometric) ; J= 

Jordan (photographic) ; Sh=Shapley (photographic) ; Bi=Van 

der Bilt (photometric). 

The following points are to be noted : 

1. The minima published by Müller and Kempf and those by 

Parkhurst and Jordan have been taken as they stand. There are 

two misprints in the latter’s comparison with Müller and Kempf’s 

data;2 the calculated time of the minimum of December 7 should 

be i9h55m, and the residual minus instead of plus. 

2. The detailed observations of Fauth, made by Argelander’s 

method, are not accessible. Though the results are probably less 

accurate than those obtained by photometric methods, we have 

not thought ourselves justified in rejecting them on account of this 

a priori assumption. 

3. All the observations made by Tikhoff have been plottèd and 

several minima derived which had not been discussed previously. 

Though the various filters seem to give systematic differences in 

the time of minimum, the accompanying tabulation, based on data 

Color Screen Residuals (Unit is odoooi) Mean Residual 

Orange.... 
Green-blue. 
Ultra-violet 

+ 23, -33, - U +15, -29 
+6, +46, “f-38 

+34# +34# +46, +43, +33 

- 5 
+3° 
+38 

1 For the sake of completeness, times of minima have also been computed for the 
n£w Harvard photographic observations from the data given by Russell, Fowler, and 
Borton in Table IX, Astrophysical Journal, 45, 321, 1917. The representation of 
these times by our adopted light-elements is as follows: 

2 Astrophysical Journal, 23, 84, 1906. 
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NOTES ON W URSAE MAJORIS 289 

in Table IV, shows that these differences hardly exceed the observa- 

tional uncertainty.1 The individual measures have a considerable 

accidental error, and as only one of the color-filters was used at 

each minimum systematic errors may be involved if the period is 

not strictly uniform. 

4. All the observations by Baldwin have also been plotted, 

and with the aid of the mean light-curve given by him several 

new minima were derived from incomplete light-curves and are 

available for the discussion. 

5. Horn, working with photographic trails, gives the times of 

three maxima. Since it is uncertain whether the minima occur 

exactly half-way between the maxima, and since the latter can 

usually not be determined with the same accuracy as the minima, 

we have made a new grouping of Horn’s observations for an 

independent derivation of the minima. A striking feature of his 

mean light-curve, entirely differing from the results of other 

observers, is that the horizontal line through the points of median 

magnitude is divided by the light-curve into approximately equal 

parts. The curves obtained by other observers all indicate that 

the part of this line below the maximum is nearly three times as 

long as that above the minimum. The actual figures are: 

Further, one (and probably two) of Horn’s observed curves shows 

a constant minimum of more than 25 minutes. The explana- 

tion of both phenomena may be that the photographic trails 

at minimum were so faint that they could not'be measured 

accurately. 

6. The mean light-curve published by Padova was derived from 

a very non-homogeneous grouping. A new mean curve has been 

constructed and the separate minima determined as accurately 

as the observations allow. 

1 For a note on the interpretation of TikhofPs results see Kron, Potsdam Pub- 
lication, 22, Pt. 3, p. 56, 1912. 

Müller and Kampf 
Baldwin  
Van der Bilt  
Horn  

0^12^ and ^ 
O.I2I “ 
0.125 “ 
0.097 a 
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290 HARLOW SHAPLEY AND J. VAN DER BILT 

The 64 minima used in the computation yield the following new 

light-elements: 

Heliocentric Minimum=J.D. 2418075. Siyó+oíióóSigóE, Gr.M.T., 

the period of revolution being double the interval between minima. 

The residuals to which the foregoing formula leads are given, 

both in fractions of a day and in minutes of time, in the sixth and 

seventh columns. The mean residual is 0^0050. The algebraic 

sum of the residuals is —o'?0014. There are 30 positive and 34 

negative residuals, 37 recurrences of sign, and only 26 changes, 

which points to some systematic change in the period. The evi- 

dence for this is strengthened by the fact that the first and the last 

six residuals are all negative, with practically the same mean 

value, viz. : 

Meanepoch= 148, Mean residual =—o?oo66 
“ “ =29,200, “ “ =—0.0053. 

Were the time of normal minimum displaced by this amount, all 

but four of the intermediate residuals would become positive. 

There is, however, no indication of a systematic difference 

between the odd and even minima. We derive: 

Mean residual of 39 even minima = +o<*0005 
Mean residual of 25 odd minima = —0.0009 

a difference wholly covered by the observational errors. 

From the present study a perturbation of some character appears 

certain, but the data are as yet insufficient to determine the law of 

variation. 
SUMMARY 

1. Mount Wilson photographic observations of WUrsae 

Majoris, the star of highest known density, give a color-index in 

agreement with its spectral type (G), and show no conspicuous 

change of color between minimum and maximum light. ( 

2. From a series of photometric measures made at the Utrecht 

Observatory (Table III) the times of six minima have been derived. 

3. A study of 64 minima, distributed throughout an interval 

that includes 29,000 recurrences of minimum light, reveals a small 

but distinct perturbation of the period (Table IV). 

Mount Wilson Solar Observatory 
June 1917 
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