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1. INTRODUCTION.

The observations whose constants and results for stellar parallax are presented
in the present volume were conducted by the method of meridian transits, and are

similar to those which were published in Vol. XI of the Publications of the Washburn

Observatory except for a few changes in the conditions, the most important of which

was the introduction of the registering transit micrometer. They were undertaken

primarily to determine the annual parallax of stars of the second magnitude ;
but

other stars were added to the list where the time intervals allowed.

The data of the individual observations are omitted here as a measure of econ-

omy. But they are given for the first star of the list, as an example, and for a Ursae

Minoris because of its high declination and because its reduction differs somewhat from

that of the remaining stars of the list.

The complete list of stars and the series of parallax results, together with a

comparison of the latter inter se were published in the Astronomical Journal, Nos.

631 and 636. An extensive comparison of the present results for stellar parallax

with the several larger series of similar results that have appeared from different ob-

servatories of the world was published in the same journal, No. 696.

The making of all the observations, the reading of most of the chronograph sheets,

and the recording of the readings from the remainder, the inspection of all data in

the observing books, the entering of these data on the reduction sheets, and all the

solutions after the normal equations were formed, were done by myself.

Twelve assistants were employed in the course of the computations, undergradu-

ate and graduate students of the university or clerical assistants in the observatory.

Special mention for continued and intelligent service should be made of Messrs. A. CK

Worthing, Joel Stebbins, Willibald Weniger, Samuel R. Hatch, and of Miss Winifred

Hatch, and my daughter, Miss Helen Flint.

2. SELECTION OF STARS FOR OBSERVATION.

The list of stars observed extends from 35 in declination to the pole and was

made, with regard to these limits, as follows :

1. All stars from 1.5 to 2.5 in magnitude, except /? Cassiopeiae, Oh 3m
,
which was

in the previous list, Vol. XI, and was omitted from the present list in favor

of a Andromedae. These stars are thirty-nine in number, while the num-

ber of stars in the entire heavens between these limits of magnitude is

sixty-two.
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2. Over twenty stars between magnitudes 2.5 and 3, from the list of standard

stars of the British Nautical Almanac for 1900, which list includes all

stars of magnitude 3.5 or brighter.

3. Certain stars of larger proper motion not previously observed.

4. Double stars of considerable proper motion, from a manuscript list sent by
Professor S. W. BURNHAM.

5. Certain stars from Professor T. J. J. SEE'S list of binaries, for which list

orbits had been computed by him.

6. A few miscellaneous stars from the list of Vol. XI which were inadequately

observed in that series or which attracted special interest.

The comparison stars were selected from the Bonner Durchmusterung and the

Argentine General Catalogue. Each parallax star, in general, was observed with two

comparison stars. The selection of the latter was made chiefly with reference to se-

curing stars as near the standard magnitude 7.0 as possible, at least between the lim-

its 6.5 and 8, with due regard to symmetry of position. The list of comparison stars

was compared with the Cincinnati Catalogue of Proper Motion Stars, 1900.0, and

with catalogues of double stars in order to avoid stars unsuitable in the respects thus

indicated.

The entire list of stars observed is given in Table VII, where the parallax stars

alone have serial numbers printed in the first column. These numbers are the same

as those given in the first publication of results, Astronomical Journal, No. 631, and

are printed here in heavier type. References in the present text to parallax stars

and to comparison stars, are made by means of the serial numbers of the entire list.

These numbers are printed in the second column of Tables VII, VIII, and X.

3. METHOD OF OBSERVATION.

The instrument employed was the REPSOLD meridian circle of 12.2 cm. aperture
with ocular giving a power of 180 diameters and fitted with the REPSOLD registering
transit micrometer. This was the first regular series of observations at this observa-

tory in which this form of micrometer was employed ; but a description of it is given
in Vol. XII, page 242. The adopted value of one revolution of the screw was
68.2923 Os.00045, determined from 19 transits of stars of different declinations from

to 78, observed in March, 1901 and February, 1903. An incidental determina-

tion of possible corrections to this value, will be found in the explanations of the

observations on a Ursae Minoris. One revolution of the turning heads makes three

revolutions of the screw or 18S.9 at the equator. There are three movable threads of

which two form a pair distant apart by about 11", while the third is distant about
30" from the middle of the pair. Five fixed vertical threads serve to define the por-
tions of the field.
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The pointing on the star images was made by maintaining the bisection of the

space between the close pair of threads. Although this method is presumably more
Liable to systematic error in series of observations for star positions, it seemed ad-

visable to adopt it in the present work, inasmuch as a large portion of the observa-

tions would be made in the twilight and because a fainter star, of 8.0 magnitude or

fainter, is completely hidden behind a single thread. Preliminary observations in-

dicated that the probable error of a single chronograph signal, on brighter stars, was

the same for either method of maintaining bisection. Certain of the stars observed

are pairs of greater or less width. The closer pairs of stars were observed in the mid-

dle of the space between the threads; but if the components fell each near one of

the pairs of threads, the pointing was made by maintaining the space between one

star image and its nearer thread equal to the space between the other star image and

the other thread. The former cases are distinguished in the list by the abbreviation

med., the latter by the word "pair."

Two methods of reducing the apparent magnitudes of the brighter stars were

available. The old brass wire screens which are described in Vol. XI, page 2, and

which are entirely separate from the instrument, were still in service; and the new

slat screen, designed by Professor COMSTOCK, and first described in the Astronomical

Journal, No. 470, had been fitted to the object end of the telescope, Oct. 9, 1898.

The purpose of the latter device was to provide something which should be at-

tached to the telescope and so be made equally applicable at all zenith distances and

which should allow the observer to make a gradual diminution of apparent magni-

tude. A rectangular frame of aluminum clamped to the objective end of the tele-

scope holds a series of five parallel slats before the object glass, each 25 mm. wide,

and so placed that when they lie in one plane they completely cover the objective.

Each slat rotates about its longitudinal axis, and all are made to open at exactly the

same angle by means of a connecting rod at each side of the frame joined to the se-

ries of axes. Since there is no occasion to turn the slats through an angle of more

than 90, there is always a good leverage for turning the slats and no possibility of a

dead point. The middle slat has a pulley attached to its axis, over which a wire cord

passes to a second pulley secured to the telescope tube near the eye tend. Each

branch of the cord contains a coil spring to equalize the tension. The weight of

the entire slat apparatus is 27 oz. (0.76 kg.). When the slats are wide open there is

no appreciable deterioration of the star images, and with very bright stars the inter-

ference pattern appears as a row of minute sharp stellar points 4".5 apart, extending

to either side of the stellar image in a line at right angles to the direction of the slats.

The diminution of light also is insensible. The thickness of each slat is one milli-

meter or less and the computed reduction in stellar magnitude is less than 0.005. As

the slats are turned the interference images at first become brighter and the line

extends rapidly in a series of spectral images, while the central group remain in ap-

pearance as stellar points. As employed in the present work the slats were set per-

pendicular to the meridian so that the line of interference images was in line with

the meridian. The attention of the observer while maintaining bisection in right

ascension was kept upon the middle group Of three or five images. A comparison
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of the transits of a number of faint stars observed with the slats wide open and of

bright stars with the slats partly closed, shows no difference in the probable error of a

single chronograph signal.

The old wire screens, I and II, were employed on certain of the bright stars of

the list and the slat screen on the remainder of the bright stars as indicated in

Table VII. The reduction of apparent magnitude by means of the former may be

adopted as 2.5 and 5.0 respectively. With the slat screen the standard apparent mag-
nitude was 7.0 as far as practicable.

Care was taken to keep the instrument in as free a condition as possible as a

transit instrument. The clamp arm was detached from the pier and allowed to swing
with the telescope so that the latter rested only on the friction rollers and the pivots.

The pivots and bearings were examined and cleaned and oiled at intervals of one or

two months, according to the weather. The instrument remained Circle East through-

out the series of observations. The chronograph was the same as mentioned in the

previous volumes of this observatory. A space of 18 mm. to 19 mm. represented an

interval of one second of time.

The purpose was to secure about sixty observations on each parallax set, but to

avoid observing on nights when the condition of the star images was decidedly in-

ferior. The observations on each set of stars were to begin and end with the same

phase of the parallax with the aim to eliminate all unknown terms which progress

with the time. This was expected to require the observation of each parallax set

through at least five periods of maximum parallax, which would occupy nearly four

years to complete the observations on the entire list; but, owing to unfavorable

weather and other causes, additional time was required, and the observations actually

extended from July 15, 1898 to March 10, 1905. While the observations on some

nights towards the close were made for the sake of deficient sets of stars, the inter-

vals of time were occupied in securing further observations on other parallax sets

for which such additional data seemed not undesirable. Thus some of the stars have

many more observations than was intended in the original program.

4. METHOD OF REDUCTION.

The reduction of the observations consisted in principle of a comparison of the

observed time of transit of the parallax star across the true meridian with the mean
of the corresponding times for the two comparison stars. The observations belong-

ing to each parallax star were subjected to a solution by the method of least squares,

in which three unknowns were involved the correction to the assumed difference of

right ascension, the correction to the assumed difference of proper motion, and the

parallax assumed to pertain to the middle star alone. Since a number of symbols

will appear in the detailed publication of these observations, it seems advisable to

make here a complete presentation of the formulae and symbols employed. Without

these at hand the computer and the reader are liable to error, especially in the alge-

braic sign, and this most of all in connection with the proper motion and the pre-
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cession. The constants and factors of the several terms of the equations will be

taken in such sense that all terms that enter into the computations of the absolute

terms of the observation equations shall have the positive sign in the formulae, while

the parallax and proper motion terms will be retained in their conventional sense.

It will be convenient to present first the fo rmulae employed in the case where a paral-

lax star is observed or reduced with only one comparison star; in the complete work

there were a number of such cases.

Let 04 and 8X denote respectively the right ascension and declination of a com-

parison star, whether preceding or following, and a2 and 82 denote the corresponding

coordinates for the parallax star. Also let these positions be for the selected epoch

1900.0. Then we have

d!= T! -f e1 + AT, + m + c'". sec Sl + n. tan 5, + Aai + (1900.0 t) (^ + A/O P1 ir1 ,

Oj= Tt + e* + AT2 -f w + c'". sec 82 + n. tan 52 + Aa2 + (1900.0 t) (MZ + AMJ PI^:

where the significations of the symbols employed in the right-hand members of the

equation are as follows:

T,= the mean of the chronograph times read on the comparison star;

Cj= the correction to T, due to unknown errors;

ATj= the clock correction at the time T, ;

m and n= BessePs constants, denning the position of the rotation axis ;

c'"= the equatorial interval from the mean of the adopted series of contacts on the mi-
crometer to the standard position 7.05 revolutions, combined with the collimation (including
the constant of diurnal abberation for the latitude of the station), and the contact correction
of the micrometer;

Aa,= the reduction to 1900.0 for the comparison star on account of precession and nuta-

tion;
f= the epoch of the observation;

jt,= the assumed proper motion of the comparison star in right ascension;

AM, the unknown correction to MI ;

PI= the parallax coefficient of the comparison star at the time of observation;

TT,= the unknown parallax of the comparison star in seconds of arc;

and where the symbols denote the corresponding quantities for the parallax star

when the suffix 1 is replaced by 2.

If we put

r= the clock rate, r= t 1900.0,

A, sec S sec ft, sec 8, , P,= P,= P,

A! tan 8= tan da tan 8lt TI= o,

7T,= 7r,

and subtract the equation for a from that for a2 we have

a2 a1 =(Tt T1 ) + (e2 ea ) +r(a2 a,) + e"'A sec 8 + n.A,tan+ (Aa2 Aai )

+ r (MI MJ) +T (AMi A^) Pir-

If we put

u= the sum of all the terms of the second member of the equation for oj at , ex-

cept the second and the last two,

,= an assumed value for aa olt for the epoch 1900.0,

d, (Aa) =the correction to MO required to produce the true value,
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we may write

and substituting in the equation for aa ox , we have

d, (Aa) +r.

Assuming that the comparison stars have no sensible parallax, we have for the

parallax coefficient

P=Vtt .RfcBln (L K) secJ,;

where

R= the radius vector of the earth at the time of observation;
L= the longitude of the sun at the time of observation;

and k and K are determined by the equations

fc sin K= sin a, ,

A1 COS K COS a, COS e,

in which e is the inclination of the ecliptic, 23 27' 8" for 1900.0.

We may put R= 1 without sensible error and, employing conventional symbols,

we may write lor the observation equation,

x' + ry> + sin (L K) P' z' + n\= v\

where we have
P'= fc/15.sec 2

z'= r;

and where the significations of the remaining symbols are apparent by comparison of

this form of the equation, term by term, with the preceding equation in ^(Aa),

^(A/i), and ir.

The absolute terms n\ were computed to three decimal places, except for a few

stars of high declination for which two places were ample, while two decimal places

were sufficient for the coefficients T and sin (L K) in the solutions of the equa-

tions for the values of the unknowns. The form of the observation equation, there-

fore, was better adapted to the solution by writing

lOar' + T IQy' + sin (L K) 10P' z' + lOn'j= 10v't

or

x + TV + sin (L K) z + n1
= v1 .

Consequently we have, for the results of a solution,

dj (Aa) = 1
/lt x, in seconds of time,

di (A/t) =Vi y, In seconds of time,
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3 cos 5,""
2 F~ ' seconds of arc.

But, since the observations were liable to be assigned different weights, each ob-

servation equation is to be multiplied by the square root of its weight, and we have

Vp.a? + Vp.ry + VP- sin (L K) z+ VP- w*= VP.;
or

ax + 6y -f c + n= v,

in which form the equations were solved by the method of least squares.

When the observations of the parallax star and both comparison stars were re-

duced in one solution, as was done in the first instance for the entire list, the data

of one observation of all three stars were combined in a single equation. If we sub-

stitute the suffix 3 for the suffix 1 in the equation for a2 a1} except in the fourth

and fifth terms of the right-hand member, we shall have the corresponding equation

for the difference in right ascension between the parallax star and the other compari-

son star:

o, o,= (T2 Tt ) + (et et ) -f r(o, a,) + e'". A2 sec S + n.A2 tan + (Ao, Aa,)

+ r GI, ft,) -f T (Aft, A/*,) FT;

where the symbols with the suffix 2 are employed in the fourth and fifth terms of

the right-hand member to indicate the corresponding difference for the second com-

parison star.

Adding the equations for o2 ot ,
and az as we may write

Zaj (d + o.) =DT + De + r. Da + c"'.D sec 8 + . D tan 8 + D Aa + T. D/i + rD.A/t 2Pir.

In the right-hand member of this equation the symbol D in the several terms in-

dicates the combination of the corresponding quantities for the three stars in the

same sense as in the left hand member. Thus we have

DT= 2T2 (Tj + T,), OTDT= (Tt TJ (Tt Tt ),

as computed in the observing books,

and so on
; except that we have

DM =(/! + /

D. AM= ( A^i +

In certain cases all three stars of a parallax set are not observed in the same

positions of the micrometer. In such cases we must distinguish between c"' and c2"',

for the pair of first and second stars and for the pair of second and third stars re-

spectively, and also write

DT= (T, T,) (T, T,');
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where T2 and T2
r
indicate the means of the observed times on the parallax star cor-

responding to the means for the first and second comparison stars respectively.

If we put

w= the sum of all the terms of the right-hand member of the equation for

2oj (dj + a,) except the second and the last two,= an assumed value for 2a2 Ui + a3 ), for the epoch 1900.0,
d (Da) =the correction to ut required to produce the true value,
d (DM) = D. AM= 2A^ (A^ + AM,) ,

we may write

2a2 (at + os ) = tt + d (Da) ;

and, substituting in the equation for 2a2 (ax -f- a3 ), we have

d (Da) + r.d (DM) + 2Pw + (tt u) =v't.

Employing conventional symbols, as in the equation for a2 % ,
we may write

x' + TV' + sin (L K) 2P' z' + n\= v't ,

where we have
'=

*-,

P'= fc/15. sec S2

and where the significations of the remaining symbols are apparent by comparison,

term by term, with the preceding form of the equation.

Multiplying through by 10 and dropping the accents, we have

x + ry + sin (L K) z + nl
= vi .

Consequently we have for the results of a solution

d (Da) = d! (Aa) + d3 (Aa) = Y10 c, in seconds of time,
d (DM) = di (AM) -f d2 (AM) = 1

/M y, In seconds of time,

1 3 cos 8,

IT=- z= .
-

. 2. in seconds of arc.
20P' 4 fc

Multiplying the observation equation by the square root of the weight, we have

Vp.a?+ VP. ry+ Vp. sin (L K)z+ VP.WI= Vp.vlf

or
ax + T>y -f cz + n= v;

in which form the equation enters into the solution by the method u least squares.

There may be included here the formulae by which the probable errors printed

in the tables were computed in both series of observations. These probable errors

are represented by the symbols r(w), r, and rx . In the table of observations, Table

IX, the observed differences of the times, their reduction terms, and residuals are

given in their actual magnitudes ;
and the multiplication by 10 appears only in the
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normal equations and the values of x, y, and z. Accordingly the control sums as

printed in Vol. XI [pwi.3] and [p.vu] and in the present volume [wi.3] and [vv]

are also in their actual magnitude, and strictly should be represented in both vol-

umes by the expressions Vioo [ww.3] and Y100 [vv]. In Vol. XI the normal observa-

tion has the weight 4, in the present volume the weight 1.

The definitions of the probable errors that occur in either of the volumes, are as

follows :

For Vol. XI r'= the probable error of a single observation of weight unity;

and the absolute term is twice the observed difference between the time of the mid-

dle star and the mean of the times of the comparison stars.

For both volumes r= the probable error of a single normal observation, that

is, an observation of full weight ; and it is the probable error of twice the observed

difference between the time of the middle star and the mean of the times of the com-

parison stars.

r (z) = the probable error of the unknown z.

r (?r) = the probable error of the result for parallax.

TI= the probable error of a single observed difference between the time of the middle
star and the mean of the times of the comparison stars. This pertains to the normal observa-

tion, that is, of full weight.

The formulae are as follows:

FIBST SERIES SECOND SERIES

r'= 0.6745 V
[pm*' 3]

( Secs. of time); r 0.6745 Vj^il]
(sees, of time);m ** m M

weight= 1. weight= 1.
r (z)=l/Vp (z) .10r' (sees, of time), r (S ) =i/vp (a) .10r (sees, of time),
r (TT) = 1/(20P') .r (z) (sees, of arc), r (TT) =l/(20P') .r (z) (sees, of arc),

r= 1/2 r' (sees, of time); weight= 4, r,= 15/2. cos 82 .r (sees, of arc).
r,= 15/4. cos 82 r' (sees, of arc) .

ft

The constants log ^-and
K of the parallax coefficients, are obtained from Table VI

adapted from the form given by Kapteyn, Groningen Publications, No. 1, p. 57. The
values of L were taken from the Berliner Jahrbuch because they are given there in

one body for the entire year. The intervals following Berlin noon were adopted as

15 hours for all evening observations and 23 hours for all morning observations. The
values of L were taken to the nearest tenth of a degree for the Berlin mean noon on

the same astronomical date as that of the observation. The average increase in L
is 2' .5 in one hour, and the constant interpolation terms, 0.6 and 1.0, were combined

with K, so that we have, for Madison,

K1
=K 0.6 for evening observations,

Kt
=K 1 .0 for morning observations.

I

The computation of the term for precession and nutation Aa2 Aoj and D (Aa)

was made as follows. If we employ the Besselian star-numbers and star-constants and

put
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tt= the beginning of the year of observation,
A'= *. 1900.0 + 4,

a\ a',= Oi a,= Is .3368 (sin at tan Jt sin o2 tan ,) ,

we have in the case of an observation with one comparison star

Act!= (1900.0 *) i ^Oi #&i tfc, Dd, ,

Ao,= (1900.0 *) o, Ao, BZ>, Cc, ZM2 ;

whence

The numbers A', B, C, D, at intervals of twenty days, are presented in Table V.

The differences of the star constants were computed as follows. Let

m sin a tan 5
, p= cos a sec 5 ,

n= cos a tan 5 , g= sin a sec 8 .

Then we have, in the case of two stars,

A1 w= 7W1 w2 , Ai p= p1 p,,

A! n= nt n2 , Aj g= gt qt ,

and

Ao, Aoj= YM (20.052 A'A m + BA n + (7 .A, p -f D .A, g) in seconds of time.

In the case of three stars, employing a notation similar to that previously intro-

duced, we have

Dm= m1 + ms 2ma , Dp= p, + p, 1 2p2 ,

Dn n^ + na 2n2 , Dq= q^ + qs 2g2 .

The products and their sums were computed at intervals of twenty days and

tabulated for interpolation. It was more convenient to express the differences of the

star-constants in seconds of time, and the expressions then became

Aa2 Aax= A' A a + B .At 6 + CA c + D A d for two stars,

D (Act) = A' .Da + B .D6 + .Dc + D .Dd for three stars;

where a, 6, c, d, denote the Besselian star-constants in accordance with the notation of

the American and French Ephemerides. These constants were computed in dupli-

cate independently by Mr. Worthing and myself.

For some stars the epoch of the proper motion terms, in computing the absolute

terms of the observation-equations, is not the same as that of the coefficients T. The

computation of the former was made for the earlier observations before the extent of

the entire series was determined, while a later epoch was selected for the coefficients

in order to secure a better balance in the normal equations. Star No. 54, 8 Eridani, is

the first to show this want of coincidence in the epochs. This manifestly makes no dif-

ference in the results, except in the value of d .Da, to correspond to the change in

epoch ; and the residuals v also evidently remain unchanged. All that is required,

therefore, in order to obtain the normal difference of the right ascensions for the new
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epoch, is to bring the Assumed Da from 1900.0, up to the new epoch by means of the

complete proper motion and to apply the value of d .Da resulting from the solution ;

or in terms of the symbols, letting t and t' represent the old and the new epochs re-

spectively,

Da -f- d.Da (for epoch t') =Do (for epoch t) + (d.Dn Dn) (t' t) +d.Da.

In the case of one star at least, No. 106, o Geminorum, the solution, which had been

made for the earlier epoch, 1900.0, was transferred to 1901.0 by the application of

the required correction quantities to certain of the coefficients in the normal equa-
tions. These are readily computed as follows. Suppose it is required to change the

epoch from t to t', and that we put

t'= t + At, AT= At, A6= As= Vp.At= a.At.

Then the only corrections to the terms of the normal equations are as follows :

A-[o&] = A [as] = [aa] .A*,

A [66] = + [aa] At .A* 2 [06] At,
A [6c] = A [cs] = [ac] At,

A.[&] = [an] At,
A [&s] = + [aa] At .A*-* [06] .At [as] .At,

A [ns] = [an] At.

But, since the normal difference of the right ascensions is of no particular interest,

the results in general have been left just as they came out from the solutions.

In the normal observation the times of twenty signals were read from the chrono-

graph record for each star of a parallax set. The differences of the corresponding

times were written down and the means computed. These means of differences were

then controlled by comparison with the means of the corresponding observed times.

In a number of cases the observations depart from the normal in the number of sig-

nals available in the correspondence of the signals throughout a parallax set. A pre-

liminary examination of a number of observations indicated that the system of weights

adopted in Vol. XI was still applicable in general, and that system was followed, es-

pecially as represented in Diagram A, which applies to the ordinary case where the

number of the times is the same on all three stars of a parallax set. For a consider-

able period the chronographic record was very defective, owing to the light pressure

kept on the electric contact of the micrometer. Consequently, for a number of ob-

servations all the signals that could be obtained from the chronograph sheet on any

one star were read and reduced to standard position, 7.05 rev., and the absolute

terms of the observation-equations were formed from the differences of the separate

means.

Practically all the computations have been checked, either by a revision made by

assistants or by self-controlling methods such as are customary in the application of

the method of least squares. The application of all the correction terms to the ob-

served differences of transit times on the computation sheets, was checked for each pe-

riod of observation on each star as follows. The sums of all the columns pertaining te
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the successive constants were computed and compared with the difference between the

corresponding sum of the observed differences of times and the sum of the reduced dif-

ferences of times. A large amount of additional work was done by myself in going

over the residuals and trying to find some explanation for those which seemed to be

beyond, or on the border of, admissible magnitude. In the course of this work a num-

ber of errors in computation were detected so that the additional labor seemed justi-

fied. As noted elsewhere the rejected observations are not printed separately as in Vol.

XI, but appear in their regular order and are indicated by the enclosure of the abso-

lute term and of the full residual within square brackets. The slight extent to which

occasion arose for greatly reducing or excluding the influence of individual observa-

tions, is shown by the fact, that out of a total of 10,103 observation-equations in the

present work only 44 were assigned a value of ~\/p equal to or less than 0.2, and of

these only 24 had -\/p
=

;
that is only that number were rejected from the solu-

tions. No observation was rejected or re-weighted after the normal equations were

once formed, except in such supplementary solutions as were made subsequently and

which are described in the notes of Table IX.

5. OBSERVED CORRECTIONS TO THE DIFFERENCES OF ASSUMED
PROPER MOTIONS.

No effort was made to obtain highly accurate values for the assumed proper mo-

tions, and no special significance has been ascribed to the corresponding corrections re-

sulting from the solutions. The unknown y was introduced to allow for any simple

progressive change of whatever nature. Jost, who made solutions throughout for

pairs of stars, finds an apparently marked variation of the values of y cos 8 corre-

sponding to the differences between the magnitudes of the stars. A similar compari-

son may be made for the solutions which happened to be made for pairs of stars in

the former series of observations at, this observatory and also for the present work.

To these may be added a comparison of Kapteyn's observations also. The quantity

y in these comparisons must be understood to be the same as that designated by

di (A/x) at page 5, except that both Am and y in every case here are taken in the

sense Following Star minus Preceding Star. But Am is the algebraic difference of

the numbers that denote the magnitudes of the stars; consequently Jost's signs for

Am must be reversed here from those given by him.
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EACH PARALLAX STAR WITH ONE COMPARISON STAR

Jost 1
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Kapteyn (Solutions III)
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First Series

Last No.
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6. COMPARISON OF WEIGHTS

On pages 18-19 of Vol. XI an examination was made of the justness of the

weights employed therein, as shown in their relative effects on the magnitudes of the

residuals of the observation-equations multiplied by the square roots of the weights.

The corresponding material in the present work is comparatively very small, as will

be evident from a cursory inspection of the column VP in the table of the data of

the observations. But, after an examination of the entire list, eighteen stars were

selected which appeared to have sufficient variation in the weights to justify employ-

ing their data for the present purpose. These stars by their numbers in the com-

plete list are the following : 91, 97, 100, 103, 109, 118, 121, 142, 163, 166, 169, 200,

205, 208, 276, 298, 310, 358. Naturally, the majority, thirteen, are stars far south, be-

yond 10 in declination. The mean value of the weighted residuals for these eigh-

teen stars, taken without regard to signs, are given in the following table.
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7. PROBABLE ERRORS.

The probable errors of the parallax and of a single observation-equation of

weight unity, designated by the symbols r(-rr) and r
l respectively and presented in

Table X, exhibit a good degree of uniformity throughout the list. The highest val-

ues of r(-Tr) occur in the cases of stars No. 200, 6 Centauri, No. 169, y Ursae Majoris,

and No. 358j ,
W. B. xxiii, 175. Star No. 200 has a moderate value of r^ and the

large value of r (IT) must be due to the reduced weights corresponding to the poor see-

ing at the low altitude. Star No. 169 has an average value for r
l , in spite of the

faintness of the stars and their crowded position in the observing list, and the large

value of r(ir) seems to be due to the reduced weight owing largely to the small num-

ber of observations. Star No. 358 has high values for both r(ir) and r^ , owing prob-

ably to the excessive faintness of No. 358. Star No. 203, Lalande 26196, is the only

other one showing a markedly high value of r
l

. No adequate reason appears for this,

especially as compared with star No. 205, the next following, which has one compari-

son star in common with No. 203.

In the following table are exhibited the means of the probable errors in groups,

in order of right ascension, omitting r(?r) for stars Nos. 169, 200, and 358
,
and r1

for No. 358 t only, and also omitting both r(ir) and r
,
in the cases where only one

comparison star was employed, namely, No. 23, 1962 , 278, and 3582 . Star No. 38,

8 Trianguli, is counted twice, once for each pair of comparison stars.

Limits of
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evening observation. The mean values of the probable errors for these two groups
of hours combined and for the remaining series of hours separately, are as follows :

For lower temperatures, R. A. lh 6h, llh I6h, number of groups 6:
r (*) = 0".0322, r1 =0".213.

For moderate and higher temperatures, the remaining hours, number of groups, 6:
r (7r)==0".0305, r1 =0".215.

The groups of stars to which reference is made here are those of the table just

above. Thus there appears to be no difference, as regards accuracy of results, be-

tween the summer and winter observing. This conclusion seems surprising at first

sight. The winter observing is subject to more disturbance of the star-images and

discomfort to the observer, but where many rather faint stars are involved, as in

the present work, there is more trouble in summer from dust and general smoke.

In the following table are presented the means of the probable errors for groups
in order of declination with the same omissions of certain stars as in the preceding
table in which the stars were in the order of right ascension.

Mean of
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parison of weighted residuals, presented on pages 18-19 of Vol. XI, that the weights
there applied did correspond to actual conditions on the whole

; while from the simi-

lar data at page 16 preceding, it appears doubtful whether the same holds equally
true for the present series. It would be expected that the fault, if any, would be in

the treatment of the First Series; for the natural tendency seems to be to reduce

weights too severely in the case of observations noted as very poor and there were

many such in that series. On the other hand, the disposition to regard the present

observations as of nearly uniform quality might result in a computed probable er-

ror too large for the normal observation. It may be of interest to compare here the

probable errors and weights of two representative sets of stars, one from each of the

series. The same ten stars are selected from the First Series that were employed
for the comparison of the probable errors of the y unknowns. A set of ten stars

are selected from the Second Series which correspond approximately to the former

set in number and distribution of observations. The data for these two sets of stars

are presented in the following two tables. ,

FROM FIRST SERIES

List No. Name
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"With these mean values of r(?r) and r
x may be compared the mean values in the

general tables above r(ir} ztO".0315 from 120 stars and r
l
= 0".215 from 122

stars. It is seen that while the mean values of r(?r) are about the same, as regards
the two sets of ten stars, the value of r

x
is noticeably larger in the later series. So

far as the present work indicates, therefore, the superiority of the transit micrometer

rests chiefly in its great reduction of the personal error due to difference of stellar

magnitude.

Since the slat-screen and the cord by which it is turned are attached to the

telescope, while the wire screens are entirely separate from the instrument, it might
be expected that the observations made with the former would suffer some increase

of accidental error in comparison. To test the matter the following tables were

computed exhibiting successive mean values of r
l , the probable error of a single

observation-equation of weight unity, reduced to a great circle.

STARS OBSERVED WITH WIRE SCREENS
OR NONE AT ALL, STARS OBSERVED WITH SLAT-SCREEN

Limits in R. A.
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dental error, if any, due to the employment of the slat-screen thus appears to be im-

material.

In view of the novelty of the method of observing, a careful computation has

been made of the probable error of a chronograph signal corresponding to a single
contact of the micrometer, for ten different periods representing practically the en-

tire interval of time covered by the series of observations. For this purpose the dif-

ferences between the individual chronograph times of pairs of stars in the parallax

sets were employed. These differences were already written down in the observing
books. Their sums were taken in pairs symmetrical to the standard position of the

micrometer. The differences between each of these ten pair-sums and their mean for

each pair of stars on a given date were next written down and reduced to a great

circle. Pairs of stars from five parallax sets for each of ten periods were selected at

random, except for the conditions that the seeing should be Good, (3.5 or better) and

that no star should be fainter than 7.5 in magnitude. The probable error was com-

puted for each period separately from residuals formed by subtracting the individual

pair-sum differences from the mean for each of the five stars respectively. Thus the

resulting probable error for any period is independent of any mechanical uncer-

tainty in the electric contacts, so far as they held constant through any one period;

but it would be affected by any possible disturbance of the instrument in changing

from one star to the next in any parallax set. The average results for this com-

putation are as follows :

PROBABLE ERROR OF A SINGLE CONTACT SIGNAL ON THE CHRONOGRAPH

Bisection of space 10" between Double Threads. Declinations from 25. 5 to +51. 4
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Bisection of Space 12". 4 between Double Threads

1903, April 16.3 and April 16.7. Motion of Micrometer rather hard.

Limits of Declination Probable Error Number of Stars Number of Contacts
34 to +62 0s.0391 11 440

A computation was made for a more pronounced difference of season with the

following results:

Bisection of Standard Space 10" between Double Threads.

Limits of Probable No. of No. of

Declination Error Stars Contacts
1898, Aug. 22.3

)
s

24.3 V Microm. motion very easy. 30 to +52 0.0270 5 254
26.7 )

18Q8 T\or> 9fl 1 ^

1899, Dec. 31.3 \
Temp '

~~4 to ~5 Fahr'
~~19 to + 60 0.0480 8 462

This last computation differs somewhat from the preceding in that it began with

the sums of the pairs of chronograph times on the individual stars instead of the

sums of pairs of differences between stars
; so that these results are not affected by

possible disturbances of the instrument in changing from one star to another in the

parallax set.

A series of observations for star positions was begun in October, 1903, before the

parallax observations were completed, and continued until 1911. These were made

on the single thread ;
and it will be of interest to compare the probable errors of a

single contact time in the two methods of observation. First 60 stars were selected

from 12 dates, equally divided between Circle West and Circle East and also between

winter and summer, and the residuals formed by subtracting each of the ten sums

of the symmetrical contact times from their mean on each star. The results were as

follows :

Bisection of Star Image on a Single Thread.

From 1907, Dec. 20 to 1910, Dec. 12.

Limits of Declination
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given date, from the mean for that particular pair for all those stars on that date.

Different pairs of contacts were taken for the different dates. This method has an

advantage over both of the preceding methods so far as the electric contacts could

be assumed to remain constant through a given night. The result was as follows:

Limits of Declination Probable Error Number of Stars Number of Contacts
10 to +50 0s.0322 269 538

Of these eight dates, three were in the winter season
;
but in this series of ob-

servations very cold nights were avoided.

The outcome of these computations, including those represented in Vol. XI, p. 14,

appears to be that for the present instrument and observer and under good condi-

tions, the probable error of a single chronographic signal, for stars of a moderate

declination reduced to a great circle, may be taken as 3
.030, whether the transits

be observed over fixed threads or with the transit-micrometer turned entirely by
hand. Also, the probable error remains the same with the' latter method whether

the star image be maintained in bisection on a single thread or in the space between

a pair of threads.

8. ABNORMAL RESIDUALS.

An inspection was made of the residuals of the observation-equations, and for

many apparently abnormal residuals a further examination was made back to the

data of the observing books. In order to ascertain whether the apparent excess on a

given date arose from a systematic deviation of the relative transit times, the in-

dividual differences of the observed times on pairs of stars, as written in the books

were compared with the differences corresponding to the same positions of the mi-

crometer, for a neighboring date whose residual appeared normal. A control upon

the mean result was available by comparison of the corresponding difference of the

values of Da. 1900.0 and also, very closely, by comparison of the difference in the

residuals v of the equations. But, since several factors, chiefly the reduction to mean

epoch and the proper motion, tend to produce a deviation in the relative transit

times for a given pair of stars, two dates of comparison in general were selected, one

preceding, the other following the date in question, and the simple mean or inter-

polated mean of the differences of times for these two dates was adopted as the true

difference for the date in question.

In some cases the micrometer positions corresponding to the observed times were

not identical on one date as compared with another for a given pair of stars. In such

cases a fair distribution of the transit times of each star over the micrometer range

usually traversed, was regarded as satisfactory; or only such differences of times

were employed in comparison as did correspond to the same micrometer contacts.

In some cases, again, the individual differences were reduced to standard position

7.05 rev. so that all were included.
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A nearly typical example of such comparison is represented here, in which an

observation of 1901, April 9.4 is called in question and compared with the mean of

April 8 and April 10. Each date has 20 transit times recorded on each star. The
micrometer contacts are not quite identical; but, as shown by the differences of the

sec 8 coefficients given below, the means of the micrometer positions on either pair of

stars would require to differ by one entire revolution., in order to affect the differ-

ences of time by so much as os . 10.

Stars 141, 142, 143. Lalande 19780. 10h 3m
,

19 15'

o, o1 =4-2m 12s 83 ^=+1 12'. 3

a, a2=+2 11 S3= +l 8.7
B(sec53 sec^) = Os.0508 R(secSa sec 3 ) = Os.0450

= Value of one revolution of the micrometer screw= 6s.2923

Estimated
Magnitudes

April 8 7.4, 7.6, 7.6
9 7.2, 7.6, 7.5

10 7.7, 7.6, 7.5
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Differences in T3 Tt

Apr. 9-Apr. 8 Apr. 9-Apr. 10

Differences in Tt T,

Apr. 9-Apr. 8 Apr. 9-Apr. 10
8
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Let Ev E2 ,
E3

=. the apparent deviations of the transit times, of the three stars

respectively, on the second date as compared with the transit times respectively on
the first date. !We are concerned here only with the difference between the transit

of any one star and the mean of the transits for all three stars. The latter may then

be dropped out of consideration or assumed to be the same on both dates. Accord-

ingly, we may write

Ad, = (Tt + E2 ) (Tt + EJ (Tt TJ = E, Elt

Ad, = (T* + EJ (Tt + Ea ) (Tt T2) = Et Et .

We have also the conditional equation

= Et + E, + Et .

From these three equations we have

E! = % (2Ad1 + Ad,),
Et
= +% ( Ad, Ad,),

Ad, + 2Ad2 ).

For Ae^ and A<Z2 ,
we have the means of the respective columns of differences, and

for the case of three dates, as in the example above, we have the mean values of the

two columns of differences Ad for each pair of stars. Substituting these mean values,

we have for the observation of April 9,

EI = Os. 021, Et
= +0s.057 E3

= Os. 035.

It appears then that on April 9, as compared with the mean of April 8 and April 10,

star 141 was observed early by Os
.021, star 142 late by Os

.057, and star 143 early by
Os.035, as referred to the mean of the transit times for the three stars.

As a control we have the following comparisons of data.

1901,

Apr.



ABNORMAL, RESIDUALS 27

values given for Elt E2 ,
E9 , still refer to the middle date

;
so that, if the observa-

tion on the middle date and the other extreme date are regarded as normal, the val-

ues of EI ,
E2 ,

Ea ,
for the abnormal, extreme date will be twice as great as the val-

ues printed and with the opposite signs. An example is found at observation 19 of

stars 16, 17, 18, y Cassiopeiae, Oh 50m
, Table IX, where the errors are given in the

notes as follows:

EI = OB. 041, E, = Os. 027, Et
= +0s.069.

If all the deviation is put on observation 19, we have

Et
= +0s.082, Es

= +OS.054, E, = Os. 138.

In a few cases, again, comparison was made of an abnormal appearing observa-

tion with only one other date. The means of the differences of times in these cases

were corrected for changes in the constants of the instrument, in the reduction to

mean epoch, and the other known terms affecting the results.

In the case of comparison with two dates, as described above, there may arise a

sensible error, due to the reduction to mean epoch, if the middle date falls near a

maximum of the aberration terms G\ .Ac or D Ad, but the two terms would not con-

spire. The largest error thus arising, for an interval of ten days, would be Os.0052
;

and this would be reached only in the case of two or three stars of the present list

and rarely with them.

In all it appears that 119 cases of apparently abnormal residuals were exam-

ined, as presented in the notes to Table IX. Two of these were omitted from further

discussion as extremely abnormal and due probably to very unusual accidental condi-

tions. The results for the remaining 117 observations, were summarized and multi-

plied by cos 82 ,
in each case, to reduce to a great circle. As an indication of the vari-

ability of the individual values on any one star, a probable error was computed as

from 351 observations on 117 unknowns. This gave
S.036 as the probable error

of a single value of E cos 8, and the resulting probable errors of the mean results were

as follows:

E!COSS= +08.0013 0s.0033, E* cos 8= Os.0051 0s.0033, E3 cos S= +0s. 0037 0s. 0033.

These numbers are not such as to indicate a general systematic error in these ab-

normal observations, at least with respect to the order of the stars in the parallax

sets.

Among the 117 abnormal observations of the present work were some in which

one or two of the stars were so faint according to the estimated magnitudes, as to

leave the quality of the observation doubtful. In order to ascertain something of the

influence of the magnitudes of the stars on these errors, the following comparison

was made. The values of E cos 8 which correspond to stars that differ by half a

magnitude or more from the mean of the magnitudes for the set of three stars, were

arranged in the order of the differences of magnitude. The resulting means by

groups were as follows :
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Individual
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happened that in the notes on the observations both series had the same number of

nights, seven, described as very quiet. Of course, in general, clear nights would

have less wind than cloudy, stormy nights. The deficiencies of wind-movement found

above are small and the numbers, so far as they go, hardly bear out Jost's sugges-

tion.

9. PERSONAL EQUATION DEPENDING UPON APPARENT MAGNITUDES
OF THE STARS

m
A large number of observations were made on miscellaneous stars with the

screens in the intervals between parallax sets, as a control on any possible effects

of personal equation ; but the chronograph sheets have been read and the reductions

made for only a small portion of the series, at the beginning. These observations

were made on the pair of threads and were of two kinds: (1) With the wire screens

alone so that the correction dp^ due to a change of one magnitude, was obtained as a

proportionate part of the observed correction due to the reduction 2.5 in the ap-

parent magnitude, and (2) "With the wire screen and the slat-screen in turn on a

given star, so that any correction dp2 to the observed transit time and due to the pe-

culiar appearance of the interference images or to disturbance of the instrument in

turning the slats, should be detected. These observations were reduced in the man-

ner described in Vol. XI, page 21, including the multiplication by cos 8. The reduced

apparent magnitudes involved in both series ranged from 6.7 to 8.8. The results are

shown in the following table.

WIRE SCREEN ALONE

Period dp, No. of Obs.
8

1898, Nov. 1899, Feb. +0.0010 7

1898, Oct. 1899 Apr.-June +0.0010

General Mean, +0.00100s.0024 (very nearly) Total, 142

WIRE SCREEN AND SLAT SCREEN

Period
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The value of dp^ was computed separately for those stars of the first division of

the table whose reduced magnitude was 8.0 or fainter. These were 27 in number
for screen in on the middle portion of the transit and 26 for screen out, or 53 in all.

The result was dp^ = Os.0009. These values of dp are vanishing quantities. The
values dp2 in the second division of the table possibly are of significant magnitude.
But personal equation of any sort would have no effect upon the results for parallax

except as the former might vary with the season of the year or with change in other

conditions. The values resulting for the two different portions of the year do not

show a material difference.

Upon inspection of the residuals of the observation equations unexpected differ-

ences appear on some stars between the groups of residuals for different periods of

observation, and these have a marked appearance of persistency in magnitude and

sign. Further investigation of this sort might be made upon the present data
;
but

it seems evident that any systematic error present must be very small. This work

was laid aside for several years while three series of observations for star positions

were undertaken with this instrument together with the incidental computations. In

the meantime there have been published several new series of observed parallaxes

from different observatories in the world. Extensive comparisons have been made
between all of the larger lists and the present work. The results and their discus-

sion are found in the Astronomical Journal No. 696. These indicate that the pres-

ent series of parallax results is free from material systematic error.

EXPLANATION OF THE TABLES.

TABLE I. OBSERVED VALUES OF THE LEVEL CONSTANT.

The values of the level of the rotation axis were not employed at all in the re-

ductions, but are presented here as a part of the data by which the behavior of the

instrument can be judged. They are given in the table, in the column fc, grouped
in means for intervals of approximate constancy determined by inspection of the in-

dividual observed values. The observations of level were made in determining the col-

limation by means of the nadir or in determining the clock correction for the observa-

tory time service, or as an incidental control on the position of the instrument. An
underscore in the column & indicates that the level of the instrument was adjusted

subsequently to the last preceding date
; or, at least, that a change was liable to oc-

cur, owing to the removal of the instrument from its bearings or some such liability

to disturbance. But a number of such occasions came in the midst of certain of the

periods formed for computing the mean values of the table, and accordingly are not

indicated in the table. The remaining data are given in columns under headings

whose significations are evident. The residual given is the largest, numerically, with

reference to the mean for each period, in the sense mean minus the individual value.

The temperature given is an approximate mean for each period.
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TABLE II. ADOPTED VALUES OF THE COLLJMATION CONSTANT.

In this table are given the values of the constant c", which are derived from the

means of the individual observed values of the instrumental collimation c for the

periods indicated. This constant was determined in general by means of the nadir
and level

;
but some values, during the period from 1903, November, to 1904, April,

were determined by means of the collimators. The individual values were grouped
according to periods of approximate constancy, and the mean values computed for

these groups. The constant of diurnal abberation for the latitude and the contact

correction of the transit micrometer were applied to these mean values of c to form
those of c". (Vol. XII, pp. 246-247.) The value +0.0057 rev. was adopted for the

contact correction throughout the period of the observations. This correction is due

to the fact that the index does not exactly coincide with the corresponding whole

division of the micrometer head when the contact is made on the chronograph. Care

was taken to place the image of each star midway between the fixed horizontal threads

so that no correction for inclination of the transit threads would be required. In a

few cases, when the observer was pressed for time, the first star of a parallax set

was observed away from the middle position with reference to the horizontal reti-

cule
;
but the images of the remaining stars of the set were so disposed as to make

the observation as a whole approximately symmetrical with reference to the middle-

position. Thus the quantities in the column c" are made up as follows:

c" = c + Diur. Abb. + Contact Correction, or,

c" = c 0.0027 rev. + 0.0057 rev.

Considerable difficulty was experienced in keeping the spider threads in good

condition. The original threads were displaced slightly from time to time by hitch-

ing in the course of motion, especially during a rapid reversal. Finally they were

removed and a new set put in. This and subsequent changes in the standard threads

of observation are described in the notes that follow the table. After several at-

tempts by the observer to get a set of threads that would remain taut in place, a new

vertical reticule was mounted skillfully in December 1904, by Mr. H. G. FISCHER,

mechanician of the department of physics in the university. These threads have held

perfectly ever since.

The greatest danger from changes in threads appeared to exist during the inter-

val from Dec. 21, 1903 to Dec. 20, 1904. If there were any appreciable error from

this source, it should show in the probable error of a single parallax observation-equa-

tion reduced to a great circle, the values of which r^ are given in Table X. There

are 36 parallax stars which had ten per cent or more of their observations made in.

the interval mentioned. The mean values of rx ,
for these is 0"219. There are 80

stars whose observations were entirely outside of that interval ; but, omitting two of

these, No. 23, a Ursae Minoris and No. 278, A Sagittari, as having peculiar conditions,

the remaining 78 stars have a mean value of rx
0".211. Thus there seems to have

been no sensible increase in accidental error during the interval in question.
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The remaining data of the table are given under headings whose significations

are evident. The residual given is the largest, numerically, with reference to the

mean for each period, in the sense mean minus the individual value.

TABLE III. ADOPTED VALUES OP BESSEL'S CONSTANT n.

In this table are given the values n of the declination of the west end of the

rotation axis grouped in means for periods of approximate constancy. The constant

was determined for individual dates by means of the observation of some star of high
declination in the observing list or some miscellaneous circumpolar star combined with

the observations of two or more stars of lower declination including one equatorial

star. This was done at intervals throughout the list of dates, or for more than 520

dates out of a total of about 1150 dates, counting evenings and mornings separately.

An underscore mark in the column n indicates that the instrument was adjusted as to

position subsequently to the last preceding date, or that some disturbance occurred

that might be expected to change its position.

The remaining data of the table are given under headings whose significations

are evident. The residual given is the largest, numerically, with reference to the

mean for each period, in the sense mean minus the individual value.

TABLE IV. ADOPTED CLOCK RATES.

In this table are given the mean adopted rates of the Hohwii sidereal clock

which was employed throughout. An underscore mark in the second column indi-

cates where a change was made in the adjustment of the clock. The rates were de-

termined from the observations and reductions which were made for the observatory

time service. The former were made during the greater part of the time by two or

three observers in turn employing the Bamburg transit. The remaining determina-

tions were made from the observations with the meridian circle itself.

TABLE V. COEFFICIENTS FOR PROPER MOTION, PRECESSION, AND NUTATION.

In this table are given, for intervals of twenty days, the coefficients employed in

computing the supplementary tables of reductions to the mean equinox of 1900.0.

From these tables the values were interpolated for the individual observations. The

numbers in the last four columns correspond to the logarithms given in the Ameri-

can Ephemeris.

TABLE VI. FOR THE CONSTANTS OF THE PARALLAX COEFFICIENTS.

From this table are readily derived the values of the constants K and log
l
/1B fc

which enter into the parallax coefficient P. The argument is the right ascension of

the parallax star and the tabular values are given at intervals of 10 min. or 2.5. The

construction of the table and the method of its employment are sufficiently indicated



EXPLANATION OF TABLES 33

by its headings and the formulae of section 4. These examples of its application are

given at the foot of the table.

TABLE VII. LIST OF PARALLAX AND COMPARISON STARS OBSERVED.

In the first two columns are given two series of reference numbers. In the first

are the serial numbers of the parallax stars themselves in heavy type ; these are the

same as in the table of results in the Astronomical Journal, No. 631. In the second
are the serial numbers for the entire list of stars.

In the third column are given the customary designations of the individual stars.

Other designations and data for a number of the comparison stars appear in the

notes to this table and for some of the parallax stars in the notes to Table X. The
observation groups, consisting usually of a parallax star and two comparison stars,

are indicated by the spacing of the table. In a few cases a parallax star has only
one comparison star, and in several cases two or more parallax stars appear in one

group with comparison stars in common.
In the fourth column are given the magnitudes from the Potsdam Photometry

(1907) for all stars of the present list to be found therein, from the Harvard Pho-

tometry (Vol. L) for all remaining stars of the list to be found in that volume, and
from the Bonner Durchmusterung or other common authorities for the remainder. In

the case of a variable star a middle magnitude only is given. Where two numbers

are given separated by a comma, they indicate the magnitudes of the separate com-

ponents of a double star. This applies also to the sixth column. The magnitudes
that were entered in the observing list, were from the Bonner Durchmusterung, the

Argentine General Catalogue, or the national ephemerides and were not considered

in the course of the observations except for guidance as to whether a fairly bright

star was to be expected.

In the fifth column is indicated the screen through which the brighter stars were

observed. The Koman numerals refer to tihe wire screens described in Vol. XI, page 2.

The reductions of magnitude effected by screens I and II are 2.5 and 5.0 respectively.

The letter 8 refers to the slat-screen described at page 3 preceding.

In the sixth column are given the magnitudes of the stars as estimated in the

present series of observations, including the effect of the interposition of the screens

indicated by the symbols in the fifth column. "Where the numbers are connected

by a hyphen they indicate the magnitudes estimated without and with the screen re-

spectively or with different screens, according as the latter are indicated in the fifth

column
;
but wherever the letter S appears against a star in the fifth column the slat

screen was turned for all the observations on the star.

In the seventh column are given the numbers of the sixth column reduced to sea

level and zenith for atmospheric absorption in all cases where the tenths of a magni-

tude are affected. These corrections were not applied in cases where the slat-screen

was employed, since magnitudes estimated under that condition are not comparable

with any other system. The corrections were interpolated from Miiller's Table la

(Die Photometric der Gestirne, Leipzig, 1897), for the elevation of the Washburn Ob-



34 EXPLANATION OF TABLES

servatory 293 meters above sea level, and were applied to the means of estimates given
in Table IX of the present volume. In the tables following in this text are exhibited
the results of a comparison of these estimated magnitudes, after the application of the
reduction to sea level and zenith, with the Potsdam and Harvard photometries men-
tioned above. All the stars in common with the former are included in the first pair of

tables, while the remaining stars that were in common with the Harvard Photometry
are included in the second pair of tables. In expressing the relations of the Potsdam,
Harvard, and the present estimates, these authorities are indicated by means of the

symbols P, H, and F respectively.

Limits of
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for 1900.0. These were obtained from the ephemerides for the brighter stars and from
some catalogue for the remaining parallax stars. As the constants of reduction de-

pend chiefly upon the differences of position between the stars of a given parallax

set, the right ascension of the comparison stars were formed by applying to the cata-

logue position of the parallax star the approximate differences of right ascension given

by the observations themselves. The declinations were all obtained from catalogues;
but for the stars of highest declination, Nos. 23, 214, and 319, a few observations were
made with the circle in the course of the present series to determine the differences of

declination. The declinations are given to different degrees of approximation, just as

they were employed in computing the reductions to standard position of the microm-

eter and the constants of the precession terms. The requirement was made that the

error in the absolute term of any observation equation should not exceed Os.005 due to

error in the adopted declination for any one star.

In the eleventh, the last, column are given the assumed proper motions in right

ascension for the individual stars. These were obtained from the same authorities

as were the data entering into the computation of the numbers in the eighth column.

They were employed in the reduction of the observation equations, with the excep-

tion of those which are enclosed in square brackets in the tables. The values thus

enclosed were regarded as too small to take into account in preparing the data for

the solutions.

At the close is given a little table of tabular members of those parallax stars,

together with the list numbers of their comparison stars, which enter only into

pairs in the observing list or which enter into combinations with comparison stars

differing from the regular form of two comparison stars and a single parallax

star between.

TABLE VIII. REDUCTION CONSTANTS FOR THE PARALLAX GROUPS AND DIFFERENCES OF

APPARENT MAGNITUDE AND POSITION.

In this table, the third to the tenth columns inclusive, are given the constants of

reduction which depend upon the differences in position of the stars of the individual

parallax sets. The definitions of the symbols which appear in the headings of the

columns, from the third to the eleventh inclusive, are found in section 4, Methods of

Reduction. The numbers in the third to the sixth columns inclusive are in the fourth

decimal place and those in the seventh to the tenth columns are in the fifth decimal

place, as indicated at the head of the table. In the last three columns are given the

corresponding differences of magnitude and differences of position in right ascension

and declination. The definitions of the headings of the columns are as follows :

y2Dm = ^(Mag.! -f Mag.3 ) Mag., ,

The suffixes 1, 2, 3 refer to the first, second, and third stars of a parallax set re-

spectively, in order of right ascension. These differences are given in this algebraia
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sense to accord with that of the preceding differences given in the table. The mag-
nitudes here concerned, were obtained from Table VII, sixth column. In the cases

of stars 23 and 278 and in the second solutions for stars 196 and 358 only one com-

parison star is involved, and the numbers in the table are the corresponding differ-

ences with respect to two stars only, in accordance with the formulae of section 4.

All the numbers contained in this table, with the exception of those in the last

three columns, were computed independently by Mr. Worthing and myself and the

results compared.

TABLE IX. DATA OF THE OBSERVATIONS FOB PARALLAX AND RESULTS OF THE SOLUTIONS.

With the exception of the data printed for these two parallax stars, as samples,

this table is omitted here on account of its great size
;
but the copy is all at hand.

In this table are given the data for the individual observation equations for each

parallax star. The individual parallax stars are represented by a series of subdivi-

sions of the table in the order of their right ascension, and at the head of each sub-

division are given the reference numbers from Table VII, the name of the parallax

star, its approximate position for 1900.0, and, in cases where a screen was employed,
an indication of the star in whose observation the screen was applied.

All the numbers in the columns from the fourth to the tenth inclusive and in the

last column, are in the third decimal place. These columns include all numbers which

express observed quantities, the computed corrections thereto, and the residuals com-

puted after substituting the values of the unknowns resulting from the solutions. At
the head of the fourth and tenth columns are shown the number of whole seconds in

the differences. The exact significance of each symbol is given in section 4 entitled

Method of Reduction.

In the first column are given the serial numbers of the observations, the last of

which, for any particular parallax set, shows the total number of observations on

that set
;
but for some stars this number must be reduced, as regards the solution, be-

cause of a few observations rejected as indicated by the square brackets in the tenth

and last columns.

In the second column are given the dates of the individual observations. The

morning and evening dates may be readily distinguished by the signs of sin (L-K),

which are positive and negative for morning and evening respectively.

The remaining data are given in columns whose headings are defined as follows :

c'" = the reduction, in revolutions of the micrometer, from the mean position of

the micrometer, M ,
to the standard position 7.05 rev. and to the axis of collimation,

including the diurnal abberation. This mean position corresponds to the mean of the

chronograph signals employed in computing the difference between the observed

times for each set of stars. We have therefore

c =c" (Table II) + (7.05 Rev. If ).

In the normal observation the chronograph signals were read for each star of a par-

allax set on a standard series of contacts, twenty in number. In such cases, there-
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fore, and in general, the value of c'" is common to both differences of observed times,

T2 Tl and T2 T3 ,
and is very small. But in a considerable number of cases the

contacts entering into one mean difference are different from those entering into the

other, and in these cases the two values, c'" are given in the notes for the two differ-

ences respectively. In some cases, comparatively few in number, the signals on scat-

tered contacts for each star were read off and reduced to standard position individ-

ually. These departures from the normal observation were due to the maintenance

of too light a pressure on the contact points through a certain period, so that many
signals failed to record on the chronograph during that period.

DT = sum of the differences between the transit times of the parallax star and

those of the comparison stars in the sense

where Tt and T3 denote the means of the transit times for the first and third stars of a

set respectively and T2 and T'z denote the corresponding means for the second or

parallax star. In the normal observation we have T'z
= T2 . The differences T2 Z\ ,

T 2 T3 ,
were actually computed as the means of the differences between the indi-

vidual chronograph signals.

dT(c) == the reduction to the axis of collimation that corresponds to the con-

stant c'".

dT(n') = the reduction to the normal position of the instrument that corresponds

to the value of Bessel's constant n (Table III).

Eate = the reduction on account of the clock rate. The effect of the rate is

insignificant where the three stars observed are disposed in approximate symmetry.

Precess. and Nutat. the reduction to the selected epoch 1900.0. These were

interpolated for the series of observations on each set of stars, from a table com-

puted for each set of stars for twenty day intervals by aid of Tables V and VIII.

In the case of a number of stars on which observations continued so that the middle

time fell much later than 1900.0, the epoch for the solution is adopted at the begin-

ning of 1901 or 1902 in order to secure a better balance in the coefficients of the

normal equations. In these cases the value of the coefficient as employed in the

solution and as presented in the eleventh column were changed accordingly. But in

all cases the absolute terms of the equations were reduced to the epoch 1900.0 and

remained unchanged. In order to refer the difference of the right ascensions to the

new epoch in these cases, it will be necessary to correct for proper motion from

1900.0, as shown at page 10 preceding. But this is not required for the correct

solution of the normal equations.

Prop. Mot. = reduction to 1900.0 for the assumed proper motions in right ascen-

sion given in Table VII. In computing these reductions the coefficients were taken

to three decimal places as given in Table V.

In the column DT, 1900.0 are given the sums' of the observed differences of right

ascension (oa ot ) + (a2 os ) reduced to 1900.0, that is, this column contains for

each observation the sum of the quantities in the fourth to the ninth columns inclu-
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sive. At the head of this column, as at the head of column DT, the entire number
of seconds is given with the proper algebraic sign. The sign of each individual num-
ber in the column is that with which it must be applied to the whole number at the

head, in order to produce the complete absolute term for that particular observation.

The values of the weight-factors VP where they are less than unity, are given
in the notes following the table for each set of stars. For the few cases of complete

rejection the values of Da 1900.0 and of \/pv\ are enclosed in brackets.

In the next two columns are given the coefficients of proper motion and parallax,
T and sin (L-K).

In the last column are given the residuals \/pv\ from the observation equations
as they were entered in the solutions.

These data of the observations for each set of stars are followed by a number of

notes, each preceded by the serial number of the observation to which it pertains.

In many cases also the estimates of the condition of the star images, or "seeing" as

commonly designated now in American publications, is expressed in two numbers, as

in Vol. XI, the first of which pertains to the steadiness of the image and the second to

its quality, both on a scale of 5 to in which 5 expresses the best condition. The

faintness of the images is noted as /, ff, fff, as explained in Vol. XI, page 42, where

the limits of magnitude are set as follows : /, 8.0 to 8.3
; ff, 8.3 to 8.8

; fff, 8.8 and

fainter. For a number of observations numerical values are found following the sym-

bols, EI ,
E2 , E3 . These represent in each case the computed errors of the transit

times of the three stars of a parallax set relative to the mean of their three transit

times. For further explanation of these comparisons see section 8 entitled Abnor-

mal Eesiduals.

Following the notes are given the means of the observer's estimates of the ap-

parent magnitudes of the stars, including the effect of the employment of screens.

These numbers are intended to represent the normal appearance of the stars to the

observer. Estimates made in daylight illumination or under especially unfavorable

conditions, such as cloudiness or very poor seeing, were excluded. In the first two

lines, designated by the letters M and E are given the means of the estimates made
in the morning and evening respectively and the number of estimates entering into

each set of means. In the third line are given the means of all the estimates, in

general the simple means of the numbers above without regard to the number of esti-

mates entering into the separate groups. The large number of estimates in each

case were not made as a necessary part of the observation
;
but they added very lit-

tle to the work, since they were easily noted between times, and they were of assist-

ance in many cases in indicating an inferior condition of the sky or of the star

images.

At the right hand side of the page are given the normal equations, in their final

form in the unknowns, x, y, z. Accordingly the coefficients of x in the first equation

is [ VP]> tnat of V in tne second equation is [ VP- T], and that of z in the third equa-

tion is [\7p.sin (L-K)].
In the first part of the next division of the data are given the assumed value of

Da 1900.0 which was employed in computing the absolute terms of the equations as



EXPLANATION OP TABLES 39

entering into the solution, and the values of the unknowns x, y, z resulting from the

solution of all the data in the table above. In the middle part are given the corre-

sponding values of d(Da}, d(Dp.} and ir, the last with its probable error. In the

third part are given the weight pz computed for the unknown z in the solution, the

control sums [nn .3] and [vv], or strictly the one-hundredth part of these sums as

they appear in the solution, and the probable error r of a single observation equa-
tion of weight unity, that is, of a single normally observed value of Da. 1900.0. The

corresponding values of r appear in Table X.

Last of all, in a number of cases, are given the results of special solutions made
from the data for two stars alone or of selected groups of the observation equations

for all three stars. For the former the probable error rx given here is that of a

single normal observation of the pair of stars reduced to a great circle.

THE OBSERVATIONS OF a Ursae Minoris.

The presentation of the data for a Ursae Minoris and its comparison star differs

somewhat from that for the other parallax stars. The interval of time between the

two stars was such from 4m 15s at the beginning to 5m 15s at the close of the se-

ries of observations that the observation on each date was divided into four parts

in order of time, of which the first and third were given to star 22, the second and

fourth to star 23. Thus, in general, from five to seven contact times were secured on

each star in the preceding part of the field, and from five to thirteen in the follow-

ing part. Those were all reduced individually to the standard position 7.05 rev.,

with the employment of the ephemeris declinations of star 23 and declinations of

star 22 derived from several determinations of the difference between the zenith dis-

tances of the two stars. These were made by means of the circle and microscopes

on seven dates, and the periods of observation were as follows : 1899, November ; 1900,

November-December; and 1902, August.

The mean value of the contact correction, -f-0.0057 rev., as adopted in the re-

ductions of the general list, was applied also for these two stars. Only four de-

terminations of the corrections were made during the progress of the parallax ob-

servations, and they agreed very closely. But up to the time of writing, a number

of observations of the contacts have been made through a period of twelve years.

Small changes occur from time to time and the new values persist for certain pe-

riods. These depend largely upon the occasional cleaning of the contact plates. In

the following table are given the mean results of these determinations. In the last

column of each division are given the products obtained by multiplying the numbers

in the third column by 47.0, the approximate value of sec 8 for star 23. The prob-

able error of the difference in the table for any one of the ten contacts is 0.0001

rev.
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DIFFERENCES OF INDIVIDUAL CONTACTS FROM THE MEAN OF THE STANDARD SET
OF TWENTY CONTACTS.

Tenth of
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Accordingly the differences T2 Tv were t abulated for each period on each star and
their sums divided by the corresponding sums of the micrometer intervals. This quo-
tient was divided by a mean value of sec 8 for each period, so that the final number
expressed the desired correction. The results are presented in the following table:
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No. of

Obs.
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= the correction to the difference of the assumed proper motions in

right ascension, as resulting directly from the same solution as that from which the

value of TT in the next column was derived. This difference is taken in the sense par-

allax star minus the mean of the comparison stars, and in the few cases where only
two stars were observed together, in the sense parallax star minus comparison star.

TT =: the adopted value of the relative parallax resulting from the solution of the

observations. This is transcribed for each star from the numbers which would have

been printed in heavy type in the complete Table IX.

r(ir} and rt
r= the probable errors of * and of a single observation of weight

unity respectively, each reduced to a great circle. These probable errors were com-

puted by means of the formulae presented in section 4, Method of Reduction. The

probable error rx pertains to the normal observed difference between the transit time

of a parallax star and the mean of the transit times of its comparison stars.

In the last column but one is given the number of observations entering into the

solution for v, not including the few rejected observations which are indicated in

Table IX by the enclosure of the values of Da 1900.0 and of ViP^'i iQ brackets.

In the last column is given the number of periods, near positive or negative maxi-

mum of parallactic effect, among which the observations ^ere distributed.

Following the table are a few notes which give other designations that came to

notice for certain of the parallax stars in preparing the observing list.
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TABLE I.

Period
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TABLE I Continued

Period
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TABLE I Continued

Period
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TABLE II.

One Revolution of the Micrometer = 6.s2923 0.s00045

Period
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TABLE II Continued

51



52 ADOPTED VALUES OP BESSEL'S CONSTANT

TABLE III

Period



ADOPTED VALUES OF BESSEL'S CONSTANT

TABLE III Continued

53

Period



54 ADOPTED VALUES OF BESSEL'S CONSTANT

TABLE III Continued

Period



ADOPTED VALUES OF BESSEL'S CONSTANT

TABLE III Continued

55

Period



56 ADOPTED HOURLY RATES OP THE CLOCK

I

TABLE IV.

Period
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TABLE V.

FOB MADISON MEAN MIDNIGHT.

A, B, C, D = the Besselian Star Numbers.
r= t 1900.0. t = Beginning of the Year of Observation. A'= t 1900. -f A.

Date
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TABLE V Continued

Date
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TABLE V Continued

Date
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h m
R. A, to

h m
6

12 to 18

Sign of K a is +.

TABLE VI.

h m h m
R. A. 6 to 12

18 to 24

Sign of K a is .

1. A. in Arc + (K a) of Table.

R. A. in Time



TABLE VII

List of Parallax and Comparison Stars



62 PARALLAX AND COMPARISON STARS

TABLE VII

No. of

Par.
Star
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TABLE VII

Reduced
Est'd

Mag.
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TABLE VII Continued

No. of

Par.
Star
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TABLE VII Continued

65

Reduced
Est'd

Mag.



66 PARATiT.AX AND COMPARISON STARS

TABLE VII Continued

No. of
Par.
Star



PARALLAX ANJ> COMPARISON STARS

TABLE VII Continued

67

Reduced
Est'd

Mag.



68 PARALLAX AND COMPARISON STARS

TABLE VII Continued

No. of
Par.
Star



PARAT.T.A.X AND COMPARISON STARS

TABLE VII Continued

69

Reduced
Est'd

Mag.



70 PARALLAX AND COMPARISON STARS

TABLE VII Continued

No. of
Par.
Star
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TABLE VII Continued

Reduced
Est'd

Mag.



72 PARALLAX AND COMPARISON STARS

TABLE VII Continued

No. of
Par.
Star
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TABLE VII Continued

73

Reduced
Est'd

Mag.



74 PARALLAX AND COMPARISON STARS

TABLE VII Continued

1

No. of
Par.
Star
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TABLE VII Continued

Reduced
Est'd

Mag.



76 PARALLAX AND COMPARISON STARS

TABLE VII Continued

No. of
Par.
Star



PARATJAX AND COMPARISON STARS

TABLE VII Continued

77

Reduced
Est'd

Mag.



78 PARALLAX AND COMPARISON STARS

TABLE VII Continued

No. of

Par.
Star



PARALLAX AND COMPARISON STAIRS

TABLE VII Continued

79

Reduced
Est'd

Mag.
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TABLE VII Continued

No. of
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TABLE VII Continued

Reduced



82 REDUCTION CONSTANTS FOR THE PARALLAX GROUPS

TABLE VIII

For the third to the sixth columns inclusive 1 = 0.000,1.

Par.
No.

(1)
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TABLE VIII

For the seventh to the tenth columns inclusive 1= 0.000,01.

an

(8)
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TABLE VIII Continued

For the third to the sixth columns inclusive 1 = 0.000,1.

Par.
No.

(1)



AND DIFFERENCES OF APPARENT MAGNITUDE AND POSITION

TABLE VIII Continued

For the seventh to the tenth columns inclusive 1= 0.000,01.

D6

(8)



TABLE VIII Continued

For the third to the sixth columns inclusive 1= 0.000,1.

Par.
No.

(1)



AND DIFFERENCES OF APPARENT MAGNITUDE AND POSITION

TABLE VIII Continued

For the seventh to the tenth columns inclusive 1= 0.000,01.

Db

(8)



OBSERVATIONS FOR PARALLAX AND RESULTS OF THE SOLUTIONS

TABLE IX

STABS 1, 2, 3. a ANDROMEDAE. Oh 3m, +28 32'

Columns 4 to 10 inclusive and column 13. I = 0.s001.

No. of

Obs.
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TABLE IX Continued

Columns 4 to 10 inclusive and column 13. 1 = 0. sOOl.

a ANDROMEDAE. Oh 3m, +28 32'STABS 1, 2, 3.

No. of

Obs.



so

TABLE IX Continued

STAR 22, B. D. +87, 12 lh 16m,

No. of

Obs.
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TABLE IX Continued

STAR 23, a Ursae Minoris lh 23m, 88 46'

91

No. of

Obs.
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TABLE IX Continued

STAB 22, B. D. +87, 12 lh 16m,

No. of

Obs.
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TABLE IX Continued

STAB 23, a Ursae Minoris lh 23m, 88 46'

No. of

Obs.



OBSERVATIONS FOR PARALLAX AXD RESULTS OF THE SOLUTIONS

TABLE IX Continued

STABS 22 AND 23. a URSAE MINORIS.

No. of



OBSERVATIONS FOR PARALLAX AND RESULTS OF THE SOLUTIONS

TABLE IX Continued

lh 22m. 88 46'.

n. A tan 8



OBSERVATIONS FOR PARALLAX AND RESULTS OF THE SOLUTIONS

TABLE IX Continued

STABS 22 AND 23. a UBSAE MINORIS.

No. of

Obs.
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TABLE IX Continued

lh 22m. 88 46'.

n. A tan a



RESULTS OF THE OBSERVATIONS FOR PARALLAX

TABLE X.

(The references to the parallax stars throughout the text are by the serial numbers of

the complete list, the numbers given in the second column of Tables VII and X.)

Par.
No.



RESULTS OF THE OBSERVATIONS FOR PARALLAX

TABLE X Continued

Par.

No.



100 RESULTS OF THE OBSERVATIONS FOR PARALLAX

TABLE X Continued

Par.
No.
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TABLE X Continued

,ist numbers of certain parallax and comparison stars of Table VII which occur in pairs or in observation
groups containing more than three stars.

Par.



CORRECTIONS

VOLUME XI.

Page 1, 4th column of table. Add to heading to total.

Page 6, 13th line from the bottom. Read R= the radius vector of the earth at the
time of observation.

Page 7, 3d line from bottom. For dD|M read DA/*.

Page 41, 9th line. For 10 read 20.

Page 47, 9th and 13th lines from the bottom. Insert A before each A* in the right-
hand members of both equations.

Page 57, Table III, 5th division, column under M. Insert the sign over the first

number 180.0.

Page 57, Table III, division under Proportional Parts. Dele h at the head of the
first column.

Pages 72 and 73, 3d, 4th, and 5th columns. Dele s in headings.

Page 100*. n Cassiopeiae, lh im, 3d normal equation. For +23.99 read 23.99.

Page 151, star 62, Weisse-Bessel iv, 1189, 4h 55m. Under Obs. 29-47 for +0.21
read + 0".21.

Page 173, 4th line from bottom. For dJDn read d.A/x.

Page 173, th line from bottom. For r, read r.

Page 1841
, Lalande 15565, 7h 54m, 3d normal equation. For +12.06 read 12.06.

Page 198, A. Oe. 9342 prec., 8h45m.
1st normal equation. For 1.17 read 0.76.

2d normal equation. For +3.69 read +3.73.
No sensible change in the results of the solution.

Page 2*21, middle line. For r, read r.

Page 235, 9th line. For r,= 0".022 read r= 0s.022.

Page 287, under Obs. 42 66. For 0".021 read 0s.021.

Page 429, 1st number, 1st column. For 2 read 5.

Page 429, star 37, 2d column. For +1.7 read +1.0.

'Upon the discovery of the errors in copying at pages 100 and 184, as entered in

the list above, the absolute terms of all of the normal equations as printed were com
pared with the computation sheets. No further cases of such error were found.
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