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A STUDY OF THE LIGHT CURVE

OP

THE VARIABLE STAR U PEGASI.

PROFESSOR PICKERING has shown in Harvard College Observatory Circular No. 23, that

U Pegasi no longer deserves the distinction of being considered the variable of shortest known

period. Contrary to the usual form of contestant, in the present instance, the disputant for

pre-eminence in this particular is not a newly discovered variable of shorter period than any
hitherto known, but is the variable a> Centauri 19, discovered by Baily some time since and found

to have the period 7A llm . Manifestly, therefore, U Pegasi, whose period has until recently been

regarded as lying between 3\0 and 5h.6, has been turned down the list, not because of the exces-

sive shortness of the period of some other star. The reason for the change lies in the fact that

the inequality of brightness of the alternate minima of U Pegasi escaped detection, until

Professor Pickering's discussion revealed it last winter. His observations, published in the form

of a light curve and reproduced in substance in Plate I. accompanying this paper, showed

the most probable period based upon all preceding observations to be about 4A.5 ; but that, in

view of the failure of former observers to recognize the difference of brightness of the minima,
this period should be doubled. Applying a slight correction to the double value, shown to be

justified by more recent observations, he states, as the best value for the period-length of this

star 8* 59m 41*. The mean value of the brightness at the two approximately equal maxima
is 9.30 ;

at the secondary minimum, the brightness is 9m.75, and at the primary it is 9m.90.

The plate referred to gives the observations on such a scale that one division in the ordinates

corresponds to 0.1 magnitude and, in the abscissas, to half an hour. The above mentioned

circular states that the total number of settings here represented is 2784 and that the time of

observation, including rests, is 30 hours. Each dot in the plate represents 80 settings, the dots

being formed by the method of overlapping means.

The least difference of stellar brightness of whose existence the eye can be certain, being
about 0.1 of a magnitude, and the difference of brightness between the primary and secondary

minima, as stated in the Circular, lying so near this limit, i. e. = 0.15 of a magnitude, there would

seem to be just cause for suspicion that this apparent difference has arisen from the rather large

accidental errors always attaching to photometric observations. In view of the almost uniformly

high degree of excellence attained in the past by Professor Pickering's forms of photometer,
it cannot be denied that the results of photometric measures are on the whole to be ascribed a

far higher measure of accuracy than belongs to photometric estimates. A recent personal study

of /3 Lyrae's light variation made with one of Professor Pickering's polarization photometers
removes from the writer's mind the last vestige of doubt as to the certainty of the existence of

this difference of brightness at the minima. But whatever doubt may have existed for a time as

to its reality, it would seem that the following statements of Professor Pickering in the Ap. J.

for March of this year, ought to dispel it quite effectually. "Twelve observations, each consisting

of sixteen settings, were made when the star was within twenty minutes of its primary minimum.
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A STUDY OF THE LIGHT CUUVE

Deriving from each of these, by means of the light curve, the magnitude of this minimum,
we obtain on Oct. 18, 1897, 9.89, 9.94, and 9.96; on Dec. 30, 9.90, 9.95, and 9.93; on

Jan. 1, 1898, 9.93, 9.86, and 9.85 ; on Jan. 5, 9.85, and on Jan. 7, 9.86 and 9.88. Mean of

all = 9.90 ; greatest value = 9.96 ; least value = 9.85 and average deviation = 0.035. Similarly,

fourteen observations were taken within twenty minutes of the secondary minimum with the

results on Oct. 18, 1897, 9.75 and 9.71 ;
on Oct. 29, 9.74, 9.69, 9.70 and 9.70 ; on Dec. 28,

9.78, 9.77, 9.76 and 9.80; on Jan. 3, 1898, 9.77, 9.77, 9.74 and 9.78. Mean of all = 9.75 ;

greatest value = 9.80 ; least value = 9.69, and average deviation =. 0.029." The probable errors

would, of course, be smaller than the "
average deviations." Obviously, average deviations,

probable errors, and the like, mean nothing at all here, or they mean that an error in the great-

est value of the primary minimum large enough to make it equal to even the least value at the

secondary cannot be entertained as a probability, since it would mean the commission of a

systematic error nearly twice as great as the average deviation and more than twice as great as

the probable error. The chances against this would be a little worse than 1 to 5.2. The inter-

nal evidence of the observations is, it would seem, quite conclusive in favor of the reality of the

discrepancy. The statements just quoted show, moreover, that especial attention was directed

to the point in question, and it seems therefore scarcely reasonable to suspect that, under such

circumstances, an error of 0.15 of a magnitude could elude certain detection and confirmation.

Assuming the reality of this difference, the light curve appears to be susceptible of treatment

by essentially the same method as that adapted and used by the writer in his recent discussion

of Beta Lyrae's light curve entitled : UNTERSUCHUNGEN DEBEB DEN LICHTWECHSEL DBS STERNES

/3 LYRAE, Muenchen, 1896. It is the purpose of this Bulletin to present the results and an out-

line of the method used in a recent study of U Pegasi, based essentially upon the observations

of Pickering's Circular No. 23, and by the method 'more fully developed in the foregoing disser-

tation. The fundamental hypothesis underlying the whole discussion is that the light curve of

U Pegasi is capable of being explained on the satellite theory.

ECCENTRICITY.

The uncertainty in the instants of maximum brightness as indicated by the light curve of

Plate I., obviously precludes the possibility of deriving an approximate value of the orbital

eccentricity of the component from the

chief epochs of light variation, as was done

with /3 Lyrae. One may readily convince

himself by considerations adduced below,

however, that this eccentricity must be

quite small.

Assuming the light fluctuations to be

due to the mutual eclipses of two unequally

bright bodies, we should have the chief

epochs occurring when the relative posi-

tions of the components are as indicated in

the subjoined figure. That the bodies are

unequally bright, follows at once from the

consideration that at Min. I. the brightness
of the star is reduced by 41 per cent of its

maximum brightness, and at Min. II. by

only 31 per cent ; unless the orbital eccen-

tricity is assumed quite large. It will now be shown that the latter cannot be the case.

Assuming also provisionally, that both bodies are spheres, a lower limit for the eclipse-

tVIHIMUM Jl.



OF THE VARIABLE STAR U PEGASI. 3

duration at Min. I. can bo easily obtained from the observational curve given in Fig. 1. A little

reflection will make it clear tbat the shorter the eclipse-duration be taken, the larger will be the

corresponding distance between centres of the components. If, then, we assume that the eclipse

has not begun until the light curve has fallen quite appreciably and that it has ended shortly

before the curve ceases to rise, we shall obtain a value for the duration of the eclipse, at all

events short enough, perhaps too short, and the corresponding value of the distance of cen-

tres must be at all events great enough perhaps too great. Proceeding thus, I obtain 3*.3 for

the interval shorter than which the eclipse-duration at Min. I. cannot be. The corresponding
value of the distance between centres may then be regarded as fixing a superior limit for this

orbital element.

Calling the radius of the larger component unity and of the smaller
,
the radius vector of

the true orbit, r, one-half the distance between the nearest points of the positions of the com-

panions at the beginning and end of the eclipse, x, and for this roughly approximate purpose,

assuming e to be zero, we have from the figure :

CPC' > 3.3
fji
= 132 (p = Zir/P = 360/9 = 40)

Hence,
CP D > 66 and r < (x + K) esc 66

< 1.0946 (x + K)

But since x ^ 1 and K <
1, we shall have r ^ 2.189 times the radius of the larger com-

panion. So small a distance of centres relative to the dimensions of the primary, coupled
with a large orbital eccentricity, would be highly improbable theoretically in any case, and

assuming distinct duplicity, would be a physical impossibility on any other hypothesis than

that the extent of the secondary is quite inconsiderable compared with that of the primary.
The approximately equal fall of brightness at the minima, together with the similarity of form

of the light curve in the neighborhood of these two chief epochs, argues strongly for the view

that the form and dimensions of the companions cannot be widely different, and this latter view

is still further supported by the fact that the relative brightness of the components is found

later, independently of any hypothesis regarding the ratio of the radii, to be about 0.8.

It may therefore be assumed as a first approximation that e = 0, and we shall now proceed
to determine the value of the ratio of the brightness of the companions and to fix the limits

within which the ratio of the radii must be comprised. We shall then undertake to find the

most probable value of this latter ratio by direct reference to the light curve of the star-

CIRCULAR ORBITAL ELEMENTS AND LIGHT RATIO OF THE COMPONENTS OF U PEGASI.

The chief epochs of the light curve shall be designated in order from left to right in Figure 1

as Min. I., Max. I., Min. II. and Max. II. From the curve Max. I. is seen to have a brightness

of 9.32 magnitude and Max. II. of 9.34 magnitude, so that the mean value 9m.33 has been used

throughout the discussion for the brightness at both the maxima. For the brightness at Min. I.,

the value 9.90 magnitude has been used and for Min. II., 9.75 magnitude. Reducing these

differences in stellar magnitudes at the chief epochs of variability to their equivalent light

ratios, by the aid of Pogson's scale, we obtain:

Brightness at Min. II.

Brightness at Min. I.

Brightness at Mean Max.

Brightness at Min. 1.
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Ectaining the nomenclature of the foregoing paragraph, calling the light ratio of the com-

ponents X and the portion of the discs common to both bodies at the middle of the eclipses a,

the preceding equations give the following :

1 + 2 X - a K2 X
(1)
- = c

K

(2)
- = m.

2

If it be thought desirable to include the possibility of a flattening of the discs, we may
assume, as a means of making a first approximation to the general effect of such deformation,
that the bodies are similar ellipsoids of revolution and designate by q, the common ratio of the

semi-major to the semi-minor axis, whereupon equation (2) must be replaced by
i j. if \

/n \ ' K **

(2a) q = m

(Conf. Ap. J. Vol. VII., p. 13, where a 2 should be stricken from the numerator of (e).)

From (1) and (2 a) we find readily

aK2 X

and
a K!!

whence, dividing, we get

(5) X = (m-cq)/(m-q).

Neglecting the flattening provisionally, i.e., putting q 1, (5) gives, when the foregoing
values of c and m are substituted,

X = 0.7865.

From (3) and (1), we obtain

m m co
. a-

K* m q m q
and (4) gives am q = m

K2 X

Since now, a K 2 and 1 + K 2 X are essentially positive, being quantities of light, this latter

relation shows that m must be greater than q. Consequently,

G) m
da m q

is also a positive magnitude. (l//c
2
) and a therefore, increase and decrease together, so that

the maximum value of a corresponds to the maximum value of (l/
2
).

If now,
K2 ^ 1, then a < 1 (from geometrical considerations),

and it follows from (6) that,

, or K* >
K" m q c q

But if,

K" >
1, we may put a <

(also for geometrical reasons),
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We have from (6),

and hence,

m
m q

m cq

m cq

Summing up both contingencies into a single condition, there results :

(?)

From this, we have also,

and finally,

cq m cq

cq m cq

m

-*-- \d

Substituting now the former values of m and c, we obtain

q > 0.787.

It does not therefore appear to be necessary to assume the existence of a flattening for U
Pegasi, such as was shown to be necessary in my Dissertation on Beta Lyrae, p. 30, for the

latter star.

Taking again the value of q as unity, and substituting in (7) we find :

0.6014 < KS < 1.845, or 0.7755 < K < 1.358.

The following test values distributed linearly over this interval were, therefore, selected for

criteria to an approximation to :

0.80, 0.85, 1.00, 1.15 and 1.35,

and for each of these values a light curve was computed by the method and with the results

given below.

Using the portion of the light curve lying within 1.5 hours before and after Min. I., and the

notation (v, Fig. 3) and equations developed in my dissertation and published in the Ap. J. for

Jan., 1898, 1 have to compute the values of M and H from the data furnished by the Hght
curve and then for K. < 1, to solve the transcendental equations :

and for > 1,

M =
<f>
+ K2

<{>"
- K sin (<" +

H = K?
<t>' <f>

+ K sin
(<#>'

M =
</>
+ K

H =
<f>!
-

- K sn (

" + K SlU

for < and <" and when K = 1,

(9 a) M 2 < K sin 2 < = 2 < sin 2 < (H being here zero).

These solutions may be made most conveniently by means of tables giving the values ofM
and H for suitably chosen values of < and

<j>',
from which approximate values of < and <' may

be interpolated, which may then be corrected by the following differential formulae :

(10) S<i =
2tg. sn +

and S < =
2 K tg $' (sin <' i

-

,
for K < 1.
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When K > 1, we shall have to use instead of the latter,

8/7
(11)

2 K tg </>'
sin ($ <')

If it be desired to assume a value of q a little greater than unity, it will then be necessary to

compute X from equation (5) above. Differentiating (5) with respect to q, I obtain

d A. _ in (1 + c)
~ =

~, 77'
(I q (m qY

an essentially negative magnitude.
X and q therefore change against each other, so that an increase in q will necessitate a decrease

in X. Again designating the maximum value of K2
by K 2 and the minimum by k2 we have

m q

cq
and K i =

m c q

Differentiating these with respect to q, we find,

Ct rC VYIi

dq c q
2

and
d q

= +
m

(m

The former of these differential coefficients is essentially negative, and the latter is essen-

tially positive. An augmentation of q will therefore depress the minor and elevate the major
limit of K2 ; and to be able to include a value of q somewhat larger than unity, values of M and

If were also computed for K = 0.70. The table of computed M's and H's is given here.

AUXILIARY TABLES FOR INTERPOLATING APPROXIMATE VALUES OF <f> AND </>".

<(> for K <1
or

"for/c>l
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<(> for K <1
or

<f," for K >1
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VALUES OF M AND H COMPUTED FROM THE LIGHT CURVE FOR THE EPOCHS t.

t
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TABULATED VALUES OF <f> AND p.

t
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Each pair of these equations furnishes a value for both x and /, and from the rcsulls

of their solution the values of r and cos2
i may be obtained with the help of (14a). The

assumption of a circular form of the orbit requires that the different values of r and of

cos2
z, on the correct hypothesis for K, shall all be approximately equal. The values for r

obtained by solving (1) and (2), (2) and (3), (3) and (4), etc., in succession for the various

values of K are tabulated in the last three columns of the foregoing table. The mean
values and probable errors for each of the assumptions for K are : for K = 0.80, r = 1.6636

0.0485 ; for K = 0.85, r = 1.7512 0.0494, and for * = 1.00, r = 1.9341 0.0535. The indi-

vidual determinations of cos2 i are not given here, but the corresponding means and probable
errors are, for the respective cases :

cos2
* = +0.0275 0.0069; = +0.0482 0.0072; = +0.0547 0.0074.

The difference of the probable errors is not great in any case, but both r and cos2 i agree in

their testimony favoring the smallest value of K as being the most probable. Assuming this value

of K however, a physical peculiarity, though not an impossibility, is met in the circumstance that

the most probable distance of centres (1.6634) is considerably less than the sum of the radii

(=1.8), i. e., the masses must interpenetrate, and consequently form a single body (Poincard's

apiod).

The probable errors not differing by enough to enable them to pronounce with sufficient

emphasis for any one of the hypotheses, it seemed desirable to approach the problem also in-

directly to see whether the conclusions will be the same as those given by this direct solution.

That the foregoing discussion, however, indicates conclusively that the correct value of K is

smaller than 0.85, there can be no doubt.

INDIRECT SOLUTION.

The mode of procedure here is to read from the light curve for suitably chosen epochs,

the instantaneous brightnesses in stellar magnitudes, to form the differences between these

brightnesses and the maximum brightness, to convert these differences, by means of the

Pogson scale, into their equivalent light ratios, to compare these ratios with the corresponding

ratios, computed from certain assumed elements, and finally, after finding sufficiently close

approximations to the correct values of the elements, to adjust these differences in the sense

computation minus observation, by the method of Least Squares.

Letting J' and J" denote the instantaneous brightnesses in the neighborhood of Min. I. and

Min. II. respectively, and M1

, H', M", and If", the corresponding values of the M and // defined

by equations (12), it will be seen by referring to my article on Beta Lyrae, in the January

Astrophysical Journal, that

(10 -**

and hence, there is an obvious advantage in adjusting 1 J1 and 1 J"" instead of J' and J".

The former quantities were therefore used throughout the reductions.

The equations for computing M', or M 1 ' are :

( (a) jS
= 40 t.

(b) p = r \/sm
2
ft + cos2

i cos2
/3.

If = i' is near -
, t' is small and

(c)o r -v/sin
2 8 + i

n cos2 B. If i' = o, p = r sin /3.

(17)

(d) cos
<t>
= 1 + p

2 -
>c
2

2 P

(e) sin
</>'
= - sin <.

(/) M1

,
or M" -

< + /<
2

<j>"
- K sin

(< + <") = < + 2
</>"

-
p sin
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These, together with (16), determine 1 /' and 1 J" from the light curve. The value

of cos2 i as found above, was small, and as a first approximation i was taken -, or i' = 90 t = 0.

To neglect the effect of orbital eccentricity requires Min. II. to fall at the middle point

of the period. Disregarding provisionally the slight displacement of this chief epoch from

the middle point, taking ordinates equidistant from Min. I. and Min. II. before and after

these epochs, forming the means for each epoch separately and computing the corresponding

values of 1 J' and 1 J", the results here tabulated were obtained.

t
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VALUES OF J/, 31,. AND AM ON VARIOUS HYPOTHESES FOR

Jt/o Me AM
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These latter values of K and r resulted from a Least Square solution of a set of observation

equations connecting d /c, d r, and d i'
(_

d i) ,
which gave d i' = V 0.0096. This value of d i'

being imaginary but small, it was put = 0. The residuals for the five hypotheses are col-

lected in the table last preceding.

For the case in which q = 1.00, the third column for K = 0.8 above may be examined.

Both the run of the individual values of AM _ e and the magnitude of the mean residual

indicate q
= 1.02 to be most approximate.

Differential equations were now derived in such form as to connect dk, dr, dq, and di'z
,

with dM^.M _,.. The derivation of these relations was made as follows:

Differentiating M =
<j>
+ K2 </>"

-
P

'
sin <, where P' = (I//) p and (I//) = Vsin2

ft + q
2 cos2

/?,

I rcdu

we find,

n'2+ K2 1 1 + p'
2

K2 p'
2 1

and reducing by means of cos <f>"
=-

, cos < = and cos (< +
</>")

=
'

dM= (1
-

p' cos
<t>) d<t> + K2 d<j>" + 2 * <" d K - sin

<f>
. dp',

K cos <j>" , . /cosrf>" sin d>"\ 7 cos d>

dp' and dd>" =
[

- ---
)
dK--- dp'

p' sin
</> \p' tan < p

1 ) p
1 sin

<f>p sin

which give, after some simplifications,

dM= 2 <f>" K d - 2 sin <f>dp'.

But dp 1 =
j.
dp+p d

^j,
where p = r \Xsin

2
/3 + i" cos2

^ for small values of 9= -x i.

Differentiating and substituting we obtain finally,

(A) dM=2 K
<l>
dK-fidr- Qdq-Sdi1*

in which

p sin
<j> r

Jl = 2
^r~ ; Q = 1q pf cos2 ft sin <

;
and I = -

sin
</>

cos2
/3 esc ft.

Computing the coefficients 2 K <", R, Q, and Jwith the values q= 1.02, X= 0.7748, = 0.7785,
r = 1.7816, and i' o, for the epochs used in the foregoing tables, the following six observation

equations were obtained :

0.9154 dk
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These resulted in the following Normal Equations:

+ 2.2467* - 2.2508 y -2.2557s -1.7l33o - 0.9296 i/=0
-2.2508 +3.9800 +3.3081 +1.1833 +1.04(32 =
-2.2557 +3.3081 +3.1241 +1.3822 +0.3763 =
-1.7133 +1.1833 +1.3822 +1.4727 +0.7113 =0

The solution of these normals gave

x = -0.302; y = +0.056; z = -0.183; and w = -0.194

and hence,
dx = -0.087; dr = +0.064; dq = -0.183; and di'2 = in = -0.031.

Inasmuch as an imaginary value of i
1

(= d i') can have no physical significance, the d i'
2 can

only be put equal to zero, and the equations solved on this hypothesis gave,

d = -0.088; dr = -0.125; and dq = -0.170.

The assumed value of q was 1.02, and consequently the maximum allowable negative value

for d q = 0.02, a magnitude considerably smaller than that resulting from the Least Square

solution.

Another important contravention of the physical conditions involved in the problem is that

die and dq should be of unlike signs. This can be readily shown. We have seen above that

Ka >
m~ g

. Taking the least value of *2 consistent with physical conditions, viz.,
2 =

,

cq dJ m C 3
and differentiating it, we obtain - = . an essentially negative magnitude. The latter

d q 2ci<q
2

relationship would be emphasized more strongly by using KZ greater than this least value.

While, therefore, a Least Square adjustment can add nothing to the accuracy of the

values obtained experimentally, the magnitudes and signs of the values of d K and d r furnished

by the adjustment indicate that K and r should be corrected toward the values of these

quantities derived in the direct solution of the first part of this paper. Inasmuch as the

foregoing results are the best that could be obtained after having computed twenty-five or

thirty different light curves in which the elements were shifted in almost every conceivable

way, it may be asserted with confidence that the following results may be regarded as the

best attainable in the present state of the observational material :

1. The light curve of U Pegasi given in Harvard College Observatory Circular, No. 23,

is satisfactorily represented by the satellite theory.

2. The distance of centres does not materially differ from the sum of the radii of the

components, suggesting the probable concrete existence of the "
apiodal

" form of Poincare".

S. The smaller companion is about 0.77 as bright as the larger, and the ratio of radii is

approximately 1:0.78.

4. The inclination of the orbit is very nearly 90, and the disc of one or both bodies, if

separate, is slightly flattened.

5. The accuracy of present observations does not suffice to determine the elements of

the "
system

"
completely, since the foregoing discussion shows the residuals to be incapable

of adjustment by Least Squares.

6. The manner of rise and fall of the observed curve after and before the minima, which

portions of the curve were determined with especial care, fails to confirm one's first impres-

sion on examining the curve, viz. : that the components are separated enough to remain apart

for an appreciable time at the maxima. The difference between the durations of uniform

brightness at the maxima, as shown by the curve, would seem to indicate a considerable orbital

eccentricity, whereas the small distance of centres nullifies the possibility of its existence. It,

therefore, seems desirable to direct attention to the importance of a careful photometric study
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of U Pcgasi's light curve near the maxima, with a view to ascertaining whether or not the

form of this curve near these epochs is real.

The appended plates will assist in forming a quick judgment of the degree of approxima-
tion of the theoretical to the observed curve.

Plate I. gives the points of Pickering's curve, the continuous curve drawn through these

points and used as the basis of the present discussion, together with the computed points

(marked with circles) of the theoretical curve. The position of the points of the derived

curve would conform much more closely to the curve of observations, by shifting the entire

observed curve before and after Min. II. forward by about 1.20 minutes, which, in view of

the short period of time over which the observations on which the constants of the equation
of the light changes depend, would be allowable. Plate II. shows the effect of this slight

shift. This, of course, amounts to assuming that Min. II. lies midway of the period, and

yet, since especial attention was directed to the study of the light change in this vicinity,
it does not seem that the difficulty would be likely to lie here. From private conversation

with Professor Pickering, I learn that the scarcity of observations at command and the

shortness of the interval over which his available observations were distributed made a definite

determination of the first constant of the equation of the light variation of this star impossible,
and that only the third decimal of a day can be relied on. This suggests the removal of the

difficulty by shifting the entire computed curve forward, or, what amounts to the same thing,
the entire theoretical curve backward by the above mentioned amount, and this gives a wholly

satisfactory accord of theory and observation for the entire curve save at the maxima.
Plate III. accordingly represents the observed curve in full line, the derived curve in dotted

line, and the latter, after the shift referred to, in a long dash followed by two shorter ones. The

computed points, enclosed in circles, are also given in their true (unshifted) positions.

Barring the vicinity of the maxima, for which further observations must be awaited, the rep-
resentation may, the writer thinks, be regarded as provisionally satisfactory, and that U Pegasi
is to be regarded as varying by reason of the mutual occultations of revolving components.

The following table contains for corresponding epochs the grade values of the ordinates

of both the computed and observed curves, together with the residuals in the sense observa-

tion computation for the final unshifted curve. Aside from the fact that the errors are

systematic, i. e., all of same sign (which are almost wholly gotten rid of by the aforesaid

shift), but little more could be desired, and the exceedingly small values of the average
deviations deprives the residuals of almost all significance. Applying the mean residual as

a correction to the individual residuals, which is the same as adopting the shifted curve as

final, the representation becomes entirely satisfactory.

COMPARISON OF COMPUTED WITH OBSERVED CURVE.

t



16 A STUDY OF THE LIGHT CURVE OF THE VARIABLE STAR U PEGASI.

Figure 4 illustrates the geometrical relations prevailing in the system, on the hypothesis

of separation of discs. The resemblance to /3 Lyrac is quite apparent, though there is an

essential difference in that, with the latter star, the smaller component is the brighter, while

with U Pegasi the reverse is the case.

FIG. 4. THE SYSTKM OF U PEGASI.

In conclusion, the writer would thank Dean Ricker of this University and Professor

Pickering of Harvard College Observatory for valuable assistance rendered during the prose-

cution of this inquiry : the former, by the loan of a computing machine, without which the

laborious computations involved in this paper could hardly have been made during the progress

of regular University work; and the latter, by granting the writer every possible means of

acquainting himself personally with the working methods and of forming an idea of the

attainable accuracy of the polarizing photometer.

CAMBRIDGE, MASS., August, 1808.



o;





s w
*i

T
'

.''

<if-^

.

<*





300

-* b fO <J 03

"^







UNIVERSITY OF CALIFORNIA LIBRARY
BERKELEY

Return to desk from which borrowed.

This book is DUE on the last date stamped below.

LD 21-95m-ll,'50(2877sl6)476



GAYLAMOUNT
PAMPHLET BINDER

Manufactured by

{GAYLORD BROS. Inc.

Syracuse, N.Y.
Stockton, Calif.




