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Tuk Rurierrurp photographic measures of the stars surround-
ing p Cassiopeiw are derived from twenty-cight negatives made
between 1870 July, and 1873 December.  These observations were -
taken in accordance with Ruraerrurp’s regular plan for securing
accurate micrometric mensures of star clusters: but in order to
combine therewith. a determination of parallax, the observations
were all made in the months of July, January, and December.
"Phere are two impressions upon each negative. A discussion of
all the micrometric measures of some fifty-six stars will be published
later. the present paper containing those measures only that have
heen selected for the parallax determination. I have set down in
table I. (p. 12) the dates and other details of the several exposures,
so far as they are connected with the present purpose. 'The sidereal
time given is the mean of the four instants marking the beginning
and ending of the two exposures. The sccond exposure always
began a few seconds after the ending of the fivst, and the duration
of cach was six minutes.

Table IL (p. 13) gives a list of the comparison stars employed.
The pair g, &, will not furnish a suitable parailax factor in distance,

Avnxats N, Y. Acan, o1, VI, March, 1893.—1



9 Ruth erfurd I’Izologrdphz'c Measures.

but it has been included to secure evidence as to possible variation of
scale value with position angle. It is perhaps necessary to remark
that I have preferred to base the study of parallax Gpon measures
of distance only. The original plan did not include the pair ¢; d;
but the observations of the paiv ¢, 8, baving produced a discordant
result, the pair ¢, d, was also computed.  From this discordance it
has been possible to obtain a value for the parallax of ¢ Cassiopeite,
a result not anticipated when the reduction of the observations was
begun. It is for this reason thut the star ¢ appears twice in table
11.  The method of computation is the one commonly employed.
The two stars of cach pair were selected so as to differ approxi-
mately 180° in position angle with respect to . Cassiopeice. The
scale value was then determined for cach pair, on each plate, so as
to make the sum of the distances from g constant. The difference
of the samne distances was then taken as the quantity from whose
variation the parallax should uppear. This method gives the exeess
of the parallax of the principal star over the mean of the parallaxes
of the two comparison stars.® : '
Jivery observation of distance contained in the RuTitrrurp
observation books has been used, the treatment of the observational
data being as follows: Lirst, means were taken of the separate
pointings of the microscope, each measure of distance depending
upon ten independent pointings on p Cassiopeix, and ten on the
comparison star. ‘I'he distunces thus obtained from the two sepa-
rate impressions were comhbined into a single mean depending alto-
wether on 4o pointings, and this mean was then considered as one
complete measure. The distances thus obtained are expressed in
divisions of the glass scale of the measuring micrometer, one such
division being approximately equal to 28".01.  The same unit of
measure has generally heen employed throughout all the subse-
- quent calculations. The following corrections were then applied:—

1. Correction for divigion errors, These were taken from the table
of corrections determined by Roens.}

" * This i3 of course not strictly true unless the two comparison stars are
cquidistant from the principal star,—a condition which should always be
approximately satisfied.  Nov is it possible to deduce the paraliax of the
principal star with respect to each comparison star separately, since the
parallaxes of Loth comparison stars will always influence the result through
the seale value determination.

t Ann. N. Y. Acad. Sei., vol. vi, p. z50.
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2. The *‘tangent correction,” due to- the photograph being taken
on o plane surface. This correction is derived from table
IV. A, given in my paper on the Rurnkrrenp photographic
measures of the stars about g Cygni.*

3. Correction for refraction, computed according to the method
given in my paper on the Pleiades,t Whenever necessary,
the higher terms of the refraction were approxiniately taken
into aecount.

. 4. Correction for.aberration, computed according to the customary
Besselian formulee.}

5. Correction for the proper motion of p Cassiopeie. The obser-
vations have been reduced to the epoch 1872.0, using Auwers’
propet motion, which is:

Aa = -+ 0%3860 a8 = —1."380,

corresponding to o motion of 3".729 upon a great circle whose

pusition angle is 115° 4. Now, in general, if we let:

p = the annual proper motion of the principal star on a great
circle,

z = the position angle of that great cirele at the time ¢,

{ = the time of observation, expressed in years and fractions
of a year. And put:
r=1{— {q
S, =cos (z —p)
1 .
S,=— sin’ (y —p
y 2% (x P)
P =7
1»? — 1201

then we must add to the observed distances the corvection :
AS = S,Pl + SQP....

The values of S, S, P, and P, used in the present paper are
given in table IIL (p. 13), the unit of measure for p being one
division of the glass scale, as already explained.  The distanccs
thus completely corrected, are set down in the second and 1hird
columns of table IV. (p. 15). The fourth and fifth columns of the
same table contain the sum of the distances of the two comparison

* Ann. N. Y. Acad. Sci., vol. vi, p. 340. t lbid., pp. 253, et seq.
1 Astrou. Untersuch., vol. i, p. 202, et seq.
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stars from p Cassiopeie, and the difference of that sum from an
adopted mean given at the foot of the fourth column. In the sixth,
seventh, and eighth column are placed the difference of the dis-
tances as given in the second and third columns; the scale correc-
{ion, which is simply ‘a proportional part of the quantity given
in the column *mean minus sum ; and finally the corrected differ-
ence, to be used in forming the parallax equations. The latter
equations, together with their solutions, are to be found in table V.
(p. 20); and with regard to them [ have only to remark that the
absolute terms are expressed in umits of the second decimal place,
equivalent to o”.2801. The parallax coeflicients in the observation
equations of table V. are computed by the customary formul, as
follows :—

Let o, 3, be the cobrdinates of x Cassiopeix for 1872.
r, O, be the radius veetor, and longitude of the sun;
and compute—
g sin G =sin 3 cose, b sin H=sin §sine, fsin F = hsin (H 4 «)
gcos (f =sit o, heos H=—coss, feosF=—c0Sacose

then if we put:
S,= fsin(p+F)
S,= gsin(p+0G)
P =_—rsin ©
Pi=—r7rcos ©
the parallax coeflicient for any one of the equations will be:
(S:s_‘ SJ,) [)s + (‘34 - Sll) ])u
where S/ and 8, refer to the second comparison star of the pair.
The correspending cocflicient for the sum of the distances of the
two comparison stars of any pair is
(Su + S::,) Ps + (34 ‘[' S") Pu
which 1 have found sufficiently small to be negligible for all the
pairs used in the present research,
The values of S, 8, P,, I, are found in table IIL. (p. 13).
Before proceeding to discuss the parallax results, as obtained in
table V., attention should be called to table IV. A, which throws
some light on the question of variation of scale value. The first
five columns of this table give for cach plate, and for each pair of
stars, that fraction of *“mean minus sum,” from table IV., which
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corresponds to & distance of 1co divisions of the scale. It will be
seen that this quantity is a measure of the discordance between the
scale value for each plate, and the mean seale value for all the plates.,
Now, by placing these discordauces, as derived from pairs of stars
dilfering widely in position angle, side by side, we can at once see
whether the scale value varies with position angle, or is really a
constant for any given plate. To make this comparison quite
rigorous, the adopted mean, from which the quantity “mean minus
sum” is derived in table IV, ought to be computed from the mea-
sures of those plates only, that have impressions of all the stars.
Accordingly the “adopted means” of table IV. are computed from
the measures of plates

31 4t 47 57
32 42 48 58
33 43 49 39
34 46 50 6o

Except in the case of the pair ¢, d, which was subsequently added,
ax alveady explained. In this case I have used the actual mean of
all the values given in table IV, a cirenmstance which will not
materially affect the evidence furnished by this pair of stars. The
pair ¢, 8 has not been used, since thie parallax of ¢ would tend to
render ity evidence unreliable. Two things become plain from an
inspection of the table. In the first place, there is no decisive evi-
dence of great variations of seale value with position angle. In
fact, if we regard as casual the differences from the mean values
contained in the sixth column, we find as the average difference
without regard to sign, =o.0050. This would correspond to about
0".05 per 1000”: but it is hardly greater than the neeessary uncer.
tainty of observation. In the second place, we see that the scale
value depends upon temperature. This latter circumstance, it is
almost necdless to remark, does not influence the parallax determi-
nation, though it will be of importance in the gereral discussion of
-all the micrometric measures. ) .

It will therefore be of interest to examine the evidence a little
more in detail. In doing this, I have taken into consideration the
readings of the focal micrometer, as set down in table I. One
revolution of this micrometer is equivalent to 0.65 inches, and the
arrangement is such that inereasing readings of the micrometer



6 . Rutherfurd Photographic Measures.

correspond to increasing focal length of the telescope.  To caleulate
the focal length, we have the following :

Linear scale value* = o.020859 inches.
Mean angular scale valuet == 28".0124
from which:
Tocal length = 153.59 inches,

Now putting :
J = reading of the focal micrometer for any given plate,

I-find from the ahove focal length and pitch of the micrometer
serew that the numbers given in table IV. A require an additional
coercetion of: '
. +o0.0325 (f —7.86)
to reduce them to the mean focal reading (7.86).  Accordingly, this
correction has been applied to the means in the sixth column, thus
obtaining the corvected means of the seventh colummn.  From these
latter it is possible to discuss the effect of temperature, indepen-
dently of the focal readings, provided we assume that the zero
point of the scale attuched to the focal micrometer always retained
exactly the same distance from the optienl centre of the lens, except
s influenced hy changes of temperature. Now this assumption
.can hardly be regarded as altogether justified @ prioré in the case
of the Rernrrecrn telescope. T have therefore made two separate
least square adjustments of the quantities gn’cn in the columns
mean and mean corrected.
Representing these quantitics by cquations of the form:

z+y (t - to)
where ¢ is the observed temperature for any phte and t, the mean
temperature, I find:

Column mean = — .0027 == .00063 — .000372 (¢ — 58°.4)
=k .000029

Column mean corr'd = — .0027 == .00057 — .000424 (f — 58°.4)
= .000027

The attached prohable errors show that the observations are
represented better if we take the readings of the focal micrometer
into account. This would scem to justify the assumption of con-

# RoGenrs' determination, Ann. N. Y, Acad. Sci., vol. vi, p. 249.
} The Pleiades result, ibid., p. 270.
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stancy in the focal zero point; and I shall therefore adopt the tem.
perature coeflicient from- the second solution, viz ;

~— 0.000424 2= 0.000027

This cocflicient holds good for a distance of 100 divisions of the
seale. For one division of the scale it will be:

— o%00000424 == 0.00000027, or — 0".000119 == 0".000008 .

The evidence as to the reality of this temperature coeflicient sceins
to be very strong, notwithstanding that the scale values ohtained
for the Pleiades plates* did not appear to vary with temperature,
In the light of the present evidence we may perhaps be justified in
aseribing this to the comparatively small changes of temperature
throughout the Pleiades scries, and to the fact that the last two
Pleiades plates furnish a very discordant scale value, which tends
to conceal the smaller temperature effects.  No satisfactory explana-
tion of this fatter circumstance suggests itsclf, unless we assume
that the elass seale had heen removed temporarily from the measur-
ing machine; and that when replaced, it made a small angle with
its former position. 1t seems best, therefore, to disremard the last
two Dleiades plates in deducing a definitive seale value.  If we
do this, the Pleiades series give for the mean seale value 28”0138,
corresponding to a mean temperature of the telescope 41°.6, and 4
mean focal reading 7.88. TFor a plate having any other tempera-
ture (£) and focal reading (f), we ought therefore to use a seale
value computed by the following formula :

Scale value = 287.0138 — 0/.0090 (f — 7.88) —o".000119 (t — 41.6) («)

On the other hand, if we prefer to retain the scale values from
the last two Pleiades plates, we should have:

Scale value = 28,0124 — 0'".0090 (/' — 7.87) —0".006119 (t — 40.3) (&)

The following table shows how these two formule represcent the
observed Pleindes seale values.  The numbers in the fourth column
are means from the two impressions on the plate.

* Ann. N. Y. Acad. Sei., vol. vi, p. 271,
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! Compuled Seale Val, ] Residuals, C— 0.
Plate | Focus. I’,l‘_clvs('. ghs;.r{m} - [ — 1= S
xo. ‘ Yomp. | Sealy Val. Form. (a). : Form, (b) | Form. (a). | Forn. (b).
[OOSR APPSR e .__.v__|
16 1.9 350 280168 | 28.0144 | 28.0127 | —.0024 | — .0041
17 7.9 35 .0151 .0l44 | .0127 | —.0007 | —~.0034
18 8.1 27 0144 0133, L0137 | —.0009 | — 0007
19 7.78 . 52 .0122 .0135 ©  .o1t8 i 4.0013 | —.0004
20 7.78 1 52 .08 o135 | .o18 | -+.0017 ! .0000
21 7.85 52 .0122 o129 02 + 0007 i —.0010
22 | 7.85 * 40 .0148 0143 ; .0126 | —.0005 ([~ L0022
23 ¢+ 7.85 40 0132 0143 0126 : -}.0011 ' —.0000
24 7.85 33 .0070 .ol4y ! L0132 } 40079 | +.0062
25 " 7.85 . 33 .0066 o9+ .o132 | +.0083 | -+.0006
: ! i :

The residuals are not quite satisfactory. I have therefore discussed
the Pleiades scale values by means of formuln (), omitting the
discordant plates 24 and 25, and find the temperature coefficient :

— 0".000230 =£ 0".000040.

Tt is further to be remarked, that the residnals from formula () are
somewhat less than we should get if we left the temperature and
foeal reading altogether ont of consideration,

To eomplete thix part of the subject, it is necessary to examine
the evidence of the 8 Cygni plates.*  TFor this purpose I selected
from the Rurnerrunp g8 Cygni list four pairs of stars, suitably
distributed in position angle.  Treating the data exactly as already
deseribed for the p Cassiopeim plates, gives the temperature coeffi-
cient:

— 0%.00000696 2 o%.00000167, ot — 0”.000195 =+ 0".000047 .

. The fow weight of this result, Jike that from the Pleiades serics,
i= of course due to the small number of plates nsed, and to the
eomparativelv slight range of temperature.  Assembling the three
values obtained, we have for the temperature coefficient :

p Cassiopeiz . . . — o.000119 3= 0000008
BCygni . . . . . — 0000195 = 0.000047
Pleiades . . . . . — 0.000230 == 0 000040
Mean by weight . . — 0.000125 == 0.000008

The evidenee of the 8 Cygai and Pleiades plates practieally does
not change the result from the u Cassiopeix plates. I am therefore

* Ann. N. Y. Acad. of Sei., vol. vi, pp. 331, ef seq.
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inclined to regard {a) as the best seale value formula deducible from
the evidence made available up to the present time. In the case
of the g Cygni plates, whose mean focal reading is 7.68, and mean
temperature 68°,0, this formuln gives 28”.0125, which agrees almost
exactly with the scale value (28".0124) actually employed in the
B Cygrni reductions. )

Returning now to the results arising from the solution of the
equations in table V. (p. zo) we find the following values for s,
the parallax, and y, the correction of the annual proper motion
cffect. The quantity z, which is merely the error of the value
arbitrarily assumed for the “corrected difference,” is here omitted.

Prob. error
Comp. Stars. > Yy oue vquation®

aandd -+ 071249 + ol.’o45 — 07153 + OI.IOSI =+ o’.’251
condd 4 o0.266 £0.035 -Fo.127F£0052 o222
eandf +oj324*0050 —o0.136+E0056 =0.196
candg o051 0026 —orzzEto04r Eo.r9o

It will be scen at once that the values of » deduced from the first
three pairs agree with each other fully as well as might be expected
from their probable errors.  The parallax depending on ¢ and g, on
the other hand, differs widely. We may conclude that this is due
to the existence of a sensible parallax belonging to 9. If we then
depend upon the first three pairs for the parailax of u we shall have,
taking the mean by weight:

Parallux of u Cassiopeie = + o”.275 &= 0".024.
But if we consider the three determinations as having equal weight,
we get for the arithmetieal mean, and probable error from the three
residuals, » = + 0".280 £ 0".026. Now if we admit the existence
of a sensible parallax for ¢, the result obtained above from the com-
parison stars ¢ and 6 is not the paraliax of g, but a quantity which
is very nearly equal to:
: 8,5,
= (= )

. ¢ L]

where : T and Wy BrC the parallaxes of x and o,
g, and §y Are the distances of ¢ and 6 from u.

* Thig is the probable error of the difference of two distances as measured
on one plate, But as there are two impressions on each plate, it may also be
regarded as the probable error of ono complete measure of distance from a
single impression. ’
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We therefore have the equation:
8.7 8,

275 (0".024) —1 (1——---“-—— ): o".151 (% 0".026
+0".275( 4) 770, Sc+89 + 51 ( )

a solution of which gives:
Parallax of ¢ Cassiopeiw = + 0".232 &= 0”.067.

This result may be regarded as confirmatory of that of Bessur, who
found for x the parallax — o”.12 == 0”.29, by the method of diller-
ences of right ascension, using ¢ as his comparison star. Possibly
a re-reduction of BrsskL’s observations, using the best value of the
proper motion, might alter his final conclusion: as. it stands, it
scems to indicate at least an approximate cquality between the
parallaxes of g and 0.

From the values of y obtained in the solution of the normal
cquations [ have deduced corrections for the Auwrrs-Bravrey
proper motion of x, on the assumption that the comparison stars
(except 9) have no proper motions of their own. If welet pand »
have the same mcaning as before, and put:

w = the correction required by the'adopted value of p cos

T — i 113 it o - P Si" z
Then each pair of comparison stars furnishes an equation of the
form:

{cosp —cos plw + (sinp —sinphHv—y=o0
where p and p’ are the position angles of the two stars. The equa-
tions so obtained are:
Starse and b — 1 8ocow — 0.8460 v 4 '071534 —o0
candd 4 0.0203w-—1.99766 —0.1267 =0
eand f 4 0.7503w — 1.8116v + 0.1360 = o
from which the normal equations ave:
+ 38128 w 4 o.2112 v — 01770 =0
-+ 7.9880 v — 0.6292 =0
and the solution is
w= 4+ olo421 = 0'o147
V= -+ 0.0777 £ c.0102
the probable crror of one cquation being 4= 0”.0287.  Applying
these corrections to the values previously assumed, I get:

Corrected p sin g = + 3".457 Corrected p cos g = — 1”.538



Parvallazes of p and § Cassiopeie. -1

corresponding to a mation of 3.784 upon a great cirele whose
position angle is 113° 50" The following are therefore the several
values of the proper motion, to be compared with cach other:
? X An ad
. A " [ 8 "
As justobtained . . . . . 3784 113 59 03950 — 1.538
AuwERs-Brap. (1810), as used
in the present paper . , . 3.729 115 4 -+ 0.38060 — 1.580
Avwenrs'-Brap., reduced to 1872 3.729 115 13 -+ 0.3859 — 1.589

When we conipare the parallax of x Cassiopeiwe derived in the
present paper, with the work of other observatories, we find large
discordances. Thus the Oxford photographie result is only alout
0" 036 == 0".018, while the RuTugrrurD plates give o”.249 &= 0”045
from the same pair of comparison stars.  On the other hand, Srruve
has obtained o".251 == 0”.075 from distance measures, and [rom
position angles o”.425 & o".07z. It is therefore plain that the
photographic method of determining parallexes caunot he regarded
as free from systematic error.  An exawination of the equations of
table V. shows that negative parallax cocflicients invariably oceur
in the case of plates exposed at castern hour angles.  This circum-
stance, which arises from the inconvenience of observing after mid-
night, may possibly produce systematic error.  But the evidence
of the seale value table (IV. A) is against this supposition, as is
also the approximate equality of the parallaxes obtained from pairs
of comparison stars having widely different distances from p.

In conclusion, the results here deduced may be summed up as

follows :—

Parallax of x Cassiopein 0.275 £ olozg
Parallax of ¢ Cassiopeie  0.232 == 0.067

But the above probable errors must not be taken as reliable esti-
mates of uncerteinty, since a comparison with the work of other
astronomers scems to indicate the possibility of systcmatie error.
But if we are willing to accept the above results, it is perhaps’
allowable to speculate upon u and ¢ Cassiopeize as a system re-
motely resembling that of 61 Cygni. The indieation of equality
of parallaxes furnished by BrsseL’s observations, and the slight
evidence of variation in the proper motion of x Cassiopeix obtained
from the equations on p. 10, would almost seem to favor such an

idea.
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12
Tasre I.—GesERAL DaTa,
OnservaTtory or L. M. Rurnerrurp, New York.
Tat. == 40° 43" 487.5, Long. = ¢" 55® 56%.62 W.

. ' Gdereal ! I zen. | p L g 8
o’ Date. | &!Fi‘{.rfc‘.ﬂ l”""“‘"g“’~ b N 1o, | Mt
et e e __I_ - —_—— - - ______‘_ _— _4_‘.__“_..—-
3t | 1870 Iuly 23, 200 47"‘45*- xg" 477 56° 43 05— 81 46! 79° L 7.y
32 |§7o July 23 ;21 56 35 120 56 49| 33.04 ,— 95.07 79 7.7
33 1870 July 3o 20 15 15709 15 29 ;47 701-—— 75.781 70 7:9
34 [ 1870 July3o 20 43 35119 43 49 {43.07 . — So.j01 70 | 79
36 | 871July10 20 39 38,19 39 §2,44.22 — 8o.00, 76 7.9
37 (1870 Julyto 21 20 § :20 20 22 138.36 i 87. 51 76 7.9
38 (1871 July23 20 30 §5:19 30 19 |45, o' — 78.33. 05 8.1
40 (1872Jan. 2 4 5 30! 35 4413341 4+ 04500 30 | 79
41 {187zdan. 2 5 4 287 4 4 42 | 42.01" + 82,771 30 7.9
42 | 1872Jan. § 2 23 o0: 1 23 14 || 19.39 1 +125.83; 35 7.9

. | |
43 | 1872 Inlyrg 21 3 2020 3 1614085 — 84. 24l 71 7.9
44 |1872July1g 21 38 52120 39 6 |35 63— o1 26 71 7.9
45 | 1872 July20 21 13 8:z20 13 22 !39.381— 86.14' 73 | 7.9
46 | 1872 July 20 . 21 49 42 120 49 56 |34 04— 93.56( 73 | 79
47 [1875dan. 6 3 26 320 2 26 46 278 So! +103 96 26 7.9
48 11873Jan, 9 4 6 28 | 3 6 42 \3J 85 +94 290 24 | 7.9
49 [1873Jan. 9 4 40 2z, 3 40 16 |38.45 + 87.37; 24 | 79
50 1873Jan. 101 3 32 27 2 32 16 28.59:f102.50° 21 | 7.03
5 1872 July 1521 46 42 120 46 36 | 34.49;— o201} 75 | 7.75
52 | 1873 July 21 i 20 52 52§15 §3 6 (42 32— 82. 371 69 | 7.8
53 18'73 July2t 21 27 52 '20 28 l37 .23 —'8()o~( 69 l 7.8
54 1873 July 23 19 49 48 i 18 50 2 1351.26 — 71, 50l 75 | 773
53 11873 duly23 .20 33 8719 33 22 45.16 1 — 7% 850 .75 | 775
56 11873 July23 21§ 38 209 39-98  —85.35; 75 | 7.78
57 11873 Dee. 18 : 4 14 18 T3 32 i 34 69 ° + 92.00, 41 ] 7.8
58 [ 1873 Dec. rSl' 45018 3503 |39 95! 4 8540 41 | 7.8
59 | 1873 Dec. 211 2 36 3S'| t 36 52 2l.o6|+xzoxz| 27 | 7.9
Go {1873 Dee. 2t 3 10 12 | 2 10 26 | 25.52 j F108. 61l 27 | 7.9
. : |
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TaBre IT—CoMPARISON STARS.

13

Degignation
* of Comp,
Star.

a
b

!, 0

L Noe

@0

No. in Mag. i
A G. Cat, Slng. m
Cambr. L’l. S. A G Cat.

517, 8.8 !

509 8.9

485 8.8

527 75
490 8.9 :
] i
st 7
496 : 8.2 :
I TR A X
! 541 | 5.5 :

Distance.
762/
1358
1705
2442
1529
1627
2727
3175

1705
1966

-
J

27

28

| Approx. Dosition, Referred to @ Cass.

I'os. Ang.

1° 147

199 7

1 48

86 31t

123 40

P39

i 169 7

27

335 10

1 48

70 46

TanLe 11I.—Prorrr M‘OT

See pages 3 a

Star.

@2~ e ae o

Proper Motion.

8. : S
+o.107 : —o0.018
+4o.104 —0.010
~—0.919 —0.001
+40.878 —0.001
~+0.989 0.000
—0.973 0.000
+0.587 ] —0.003
-—0.763 —0.002
~4-0.716 ~-0.003

10N AND PARALLAX.

nd 4.

i Parallax.

1
S : S

—0.493 -4-0.804
+-o0.328 —o0.826
+0.883 —0.233
—0.886 4-0.305
—0.714 —0.220
403859 . —0.004
—o0.128 | —o0.722
+0.304 : —+-0.604
.—0.849 ! +o.502

(Continued on the next page.)
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Tantk II1, (continued).—IroPER MoTION AND DIARALLAX.

No.

(IR BE N
FAS AP St

37
38
40
41
42

43
44
45
40

Syt e +
- 0D 00 ~3

T

[§)

[T IRV RN
~ QU R

Plate I

{—1872.0

—1.440
—1.440
—1.420
—1.420
—0.470

—0.476
—0.440
-}0.006
+-0.006
+o0.013

+o.551
+o0.551
+0.554
+o.554
+1.019

J-1.027
+1.027
+1.029
+1.539
+1.356

+1.330
+1.50¢
+1.361
41561
+1.966

+-1.966
+1.974
+1.974

Troper Motion,

—0.1917
—0.1917
~0.1891
—0.1891
—0,0034

—-0.0634
—0.0586
+-0.0008
—4-0.0008
+0.0017

+0.0734
+-0.0734
+o0.0738
+0.0738
+0.1336

+o0.1367
+4-0.1367
+o.1370
+0 2049
+-0.2072

+-0.2072
~+-0.2078
+0.2078
+0.2078
-+0.2018

+0.2018
+40.2628
+4o0.2628

£

+c.037
+o0.037
+-0.030
+0.036
+}-0.004

~+o0.004
+-0.004
0.000
0.000
0.000

~+-0.005
-0 003
-}-0.000
—+0.006
+o0.018

. +o.019

+o.019
“+o.019
~+-0.042
+o.043

+0.043
+0.043
—+0.043
~+0.043
-+o0.069

+0.069
~+0.069
40,06y

Parallax.

Py ' Iy
—0.872 -}o.521
—o.871 | +4o0.522
—o.k05 :+  40.618
—o0.805 ; 40.618
—0.965 : -0.319
—o0.963 +o.319
—0.89.4 +0.518
+-0.902 —0.,202
4-0.902 —0.203
40.951 —0.252
—o.got i 4o0.470
-—0.900 +o.470
—0.303 +0.4585
—o0.892 | 40.486
+4-0.042 —0.282
+0.926 —0.332
+0.925 —0.333
+o.920 -—0.348
—0.932 -}-0.400
—0.8%6 +-0.406
—0.886 +0.496
—a.870 +4o0.524
—o0.870 -}-0.525
—0.869 +0.525
+0.983 +o.049
+0.983 40.048
+0.98¢ —0.c02
+0.9%4 —0.003




Parallazes of p and o Cassiopeis. 15
Tasre IV.—Opservarionar Dara.
CoMparISON STARS @ AND b,
: Distance. i
Plate . ... P Sam. Mean Difference. (orreeted
No. I bedea. [ MinusSum.  h—a,  Scale Corr. | Dilference,
! Stara. [ Stard. i !
! . :
31 1271737 148.5528 1 75,7265 < —.0031 21.3791 * —.0009 | 21.3782
2 0 .78y 0 5588 L7377 . —.0l43 L3709 1 —.0040 | .3759
33 (1084 | .5604 7288 . ——.0034 .3920  —.0015 .3905
34 717 | L5548 1 L7265 i —.0031 .3831 © —.0009 23822
36 .1770 5562 1 7332 1 —.0c98 | 3792 © —.0028 .3764
37 1761 5017 1 7378 —.o144 -+ 13856 —.0041 .3815
38 L1712 5669 ¢ 7381 . —.0147 bo.3957 —ooqt 3916
40 | 1898 | 5277 qu7s c J005¢ ' 3379 | 40017 | L3396
41 | 1909 ¢+ L5313 7222 : +-.0012 .3404 ° +}-.0003 .3407
42 01742 5485 7227 C ooy . L3743 [ Acooz | 3743
43 . 1067 1 .5547 . 7214 « -F.cO20 | .3880 = --.0006 .3886
45 . 1658 53579 . 7237 —.0003 .3921 ; —.0001 .3920
46 | .ryio ) 50491 L7355 -—.or2t - 3935 | —003q | 3901
47 1 37931 33360 .7i3r . oty L3541 40029 | L3570
a8 | 83| 52600 o8z o152 3456 - 400437 309
49 J 1821 .5464 | L7285 | —.0051 .3043 ° —.0014 3629
50 ¢ L1738 1 5416 0 7174 © +-.0060 .3058 0017 3675
511 .ajor ! 3614 7315 7 ——.0081 ¢ L3013 - —.0023 | 3800
52 - L1749 ; .5600 .7349 ~—.0l1§ 3851  —.c032 .3819
53 . .1829 23474 . .7303 . —.0000 .3645 + —.0019 i .30620
57 .« L1077 .5488 . 7165 - k.006g 23811 40019 3830
58 | 1626 5519 1 7145 -f.0089 ' .3893 | 4-.0025 3918
50 | 1661 .s631 7202 | —.0058 ! .3970 | —.0016 .3954
60 . .1693 | 5560 .7262 ° -—.0028 ' .3876 ' —.0008 38638
Adopted mean 75.7234 Assumed value 21.3800




16 Rutherfurd Photographic Measures.
TasLe IV.—OBsErvATIONAL DATA.
CoMPARISON STARS ¢ AND d.
Distance. |
Plate . ...l Sum, Mean | Difference. Correeted
No. ! d4e Mnussum.| d—e |Scale Corr. Difference.
Star e j Star d. ;
. ! H
31 |60.9758 '87.2100 i148.1867 I _ o220 26.2351 | —.0039 | 26.2312
2 9712~ 2026 1738 —.0091 .2314 | —.0016 .2298
33 98509 . .1947 1806 | —o159 .2088 ! —.0028 .2000
34 9747 | 12100 1853 ' —.0200 2339 | —.0036 .2323
38 9745 1943 L1688 —.0041 .2198 ; —.0007 . .2191
40 0421 2035 1456 ! 4-.0191 2614 ; -}.0034 .2648
42 9594 ;|  .2000 1003 . 0044 | .2415 | 4-.0008 .2423
45 0823 © .1993 1816 —.0109 .2170 | —.0030 .2140
46 9816 ¢ 1944 .1760 | —.0113 .2128 | —,0020 .2108
47 9436 | .2003 1499 i 0148 .2627 | 4-.0026 .2053
48 9381 ¢ 1927 .1308 - 4-.0339 .2546 | 4.0060 .2606
50 .9510  .205! 1561 | 4-.0086 .2541 | 4-.0015 .2556
51 9719 1870 1589 1 -}-.0058 .2151 - +.0010 .2161
53 9773 | 2000 | ,1833 . —.0186 | .2287 | —.0033 | .2254
58 9630 1984 1614~ 4-.0033 .2354 | .0000 .2360
59 9538 .1907 1445 ' 40202 | .2369 | 4.0036 .2408
60 9671, .1886 1557 0090 | L2215 | 40016 ¢ L2231
Adopted mean 148.1647 Assumed value 26.2300
TasLE IV.—OnsERVATIONAL DaTA.
COMPARISON STARS € ANDf.
| Distance. i | f
Plate —— " Sum, | Mean  Difference.: I Corrected
No. . ; o fde | Minussum!  f—e, : Scale Corr. : Diflerence.
! Star e, Star f. | | | ! L
31 :54.6020 | 58. 0915 Mz, 6935 ; —.0184 L 3.4895 | —.0006 : 13.488¢
32 | .5939 © .0871 | 6810 | —.0059 | .4932 ' —.0002 .4930
33 -5918 0971 6889 ‘ —.0138 ©  .50353 —.0004 | .5049
34 i .borg i .ogro. 6924 ! —.0173 | .4896 | —.0005 . .4891
41 | .5952 ¢ 0698 6650 . f-.0101 ! 4746 : 4-.0003 :  .4749
42 L5964 | L0679 | 6643 | 40108 ; 4715 400031 .4718
43 J6o21 1033 1 L7054 , —0303 | .5012 —-,0009 ' L5003
44 5048 11015 .6963 + —.0212 | .5067 ; —.0007 i .5060
46 1 6004 | .10Ig .7023 | —.0272 1 5015 . —.0008 | .s0c7
47 - 58901 L0545 | 6435 : 40316, 3655 . +.0010 | .4665
48 . .5079 0 0596 6575 - 40176 1 4617 | 40005 | .4622
49 -5906 1 .0324 6490 | 4.0261 | 4558 | -.0008 | .4566
50 -3950 | .0688 6638 © J-o113 ¢ 4738 © 40004 | 4742
57 -5993 © L0723 1 6716 ' 4.0035 ©  .4730 -.0001 ! 4731
58 1 .5886  .ofa18 6704 : +.0047 | .4932 . 4-.0001 ; .4933
59 -5098 1 .0672 6670 | +4.0081 . 4674 i 4-.0003 © 4677
6o .5949 | .0915 6864 © —.o0113 4906 . —.0004 | .4962
Adopted mean 1126751 Assumed value 3.4900




Parallazes of p and 9 Cussiopere.

TaBLE 1V, —OBSERVATIONAL Dara.
CoMPARISON STARS g AND A.

(Not used for parallax.)

1
Distance. ;
Iate Sum, Mean | Difference,
No. o bty MinwsSonl) h—g.
| Star g Star &,

197.3819 113.4035 210.7854 —.0203 | 16.0216

3t
32 1 .382 .4086 © 7911  —.0200 | 0201
35 0 .3743 0 4167 7859 —o0208 | 0373
34 . <3724 4034 7758 —.0107 | .0jl0
30 1 3768 .3904 .7672  —. o021 0130
38 1 L3785 .3947 7732  —.0081 , 0102
40 | 335750 3770, 7346 . 40305 i 0196
41 1 L3047 1 L3764 .7411 ~ 40240 | .0117
42 1 .3709 0 3804 7003 0048 | L0183
43 ¢ 37531 4074 7827 —-.o7G ;L0321
44, 3747 4003 .7810 . —.0159 | .0316

45 . 3077 P .4030 7723  —.0072 1 0369
40 L3778 1 4027 7805 - —.0154 :  .0249
47 1 3041 L3391 .7532  +.o119 .0250
48 ooe3007 1 L3899 7506  +.0145 . .0292

I

49 .3ho4 L3801 7495 .+.0156 ;  .0287
50 3013 3870 7485 "4-0168 : 0257
510 .3724 4023 L7747 . —0096 1 0209
33 . .3728 4016 7744 ~—.0093 ; .0288

54 ¢ 3787 3942 L7729 0078 1 L0133
55 i .370% | .3908 - .7673 —.0022  .0203
56 1 3716 4045 7761 —.0110 | .0329
57 1 .3056 0 .3876  .7532  H-o119 ' L0220
58 . .3696 . .3855  .7549 , +.0102: L0157

59 3777 - 23925 7702 —.0051 : 0148
Go ; .3684: .3899 7583 4.0068 i .0215
Adopted mean 210.7651

Arxvars N. Y. Acav. Ser., VI, March, 1583.—2



Rutherfurd Pholographic Measures.

18
Tasrk 1V, —OBsErRvATIONAL DaTa,
" COMPARISON STARS ¢-AND 4.
{ i
: Distance. ! ! . :
Plate '__. . ... .. ¢ Sam. | Mean |Difterence.: ; Corrected
N, | G {Minus Sum, —e Seale Corr, Diflervuce.
Star e, Star 6. |

31 609758 70.2500 l131.2258 | <. .0066 9.2742 | ~—.002§ = 9.2737
2 L0782 0 L2431 0 2143 I -}-.0049 .2719 . 0003 - L2722
33 9859 i .2520 | .2379 | —.0187 2601 | —.0013 © .2048
34 -0747 © 2523 L2270 | — co78 | .2776 i —.0000 | .2770
38 9745 ;2502 12247 —.0055 | .2757 . —.0004 L2753
40 .9421 2438 { 1852 | 4+.0340 | .3010 f.0024 © 3034
41 9472 .2383 1 1855 I +.0337 | 2011 - 4~.0024 . .2935
42 9504 . .249t | 2085 | 40107 | .28¢7 , 40008 | .2903
43 ¢+ .gdzs 2687, 2512 | —.0320) .2862 ' -—.o0023 i .2839
44 61.0002 | .2588 | .2500 | —.0398 | .2586 - ~—.co28 © .23538
45 6o.9823 ' 2618 | 2441 | —.0249 | .2705 ' —.0018 1 .2777
46 9816 2765 | 2581 | —0389 | .2049 1 —.0028 . .2921
47 9436 | 2404 { L1930 1 40262 1 3058 | doorg | 3077
48 9381 ; .2580 | 1901 | 40231 .3199 i 4-.0016 , .3215
49 9340 .2492 © 2032 ¢ 40160 | 2982  .cort ] .2963
50 9510 .2500 .2100 | 40092 1 .3080  +-.0007 i .3087
5t 9719 L2066 | 2385 1 —.0193 | .2947 ¢ —.COI4 .2933
53 9773 L2672 L2445 | —.0253 | 2809 —.co18 i .28
57 9613 - .2699 I 2312 [ —.0120 | .3086 -—.0009, .3077
58 0630 ¢ L2615 2045 ! —.00§3 .2985 - —.0004 | .2981
59 9538 © 2620 2158 | 4-.0034 .3¢82 1 40002 . .3084
60 9071 2574 1 .2245 ! —.c0§3 2003 © —.0004 2899
Adopted mean 131.2192 Assumed value 9.2900




Parallazes of p and ¢ Cassiopeiz. 18

TaBLE 1V, A.—VaRriATION OF ScaLE VaALUE

See page 4.

Comp, Stars and their Position Angles, ;
OV SV UUUR | Temp.
Plate : i Mean Mean ‘of
No. aand b eand d. eamd £ gand & @ 0 Cored; Telese.
J310 190 272° 870 1240 2820 169° HyBO

3t . —-.0041 : —0149 ! —0163 —o0096 : —o0112 ! — 0164 | 83°
32 —.0189  —.0062 -—0052 -—.0123 i —.0107 —0159 | 83
33 ~—.0071 i —.0l07 —.0122 —.0009 | —0100 ' —.0087 | 73
34 . —0041 : —.013p —.0153 ° —.00351 | —.0096 —.0083 ! 73
36 —.o0129 —.00I0 ' —,0070 | —.0057 | 7%
37 —.0190: : —.0190 ~ —.0177 | 78
38 —.o194 ° —.0028 —.0038 | —.0087  —.000y | 68
40 +-.0078  4-.0129 . +ous | 4017 | 40130 | 34
41 J-.0016 +.008¢ +-.ot14 ! 4.0073 1 4.0080 | 34
2 | 4-.0009 +4.0030  4.0096 +.0023 i +.0040 i 4.0053 | 36
43 0026 ° —.026§ —.0083 | —.0108 = —.0095 | 73
44 ! : —.0188 —o073 | —.0132 —o0119 | 73
45 | —.0004 ' —.ot14 ' —.0241 —.0034 | —0c98 —.c085 | 75
46~ —.0160 | —.0076 : —.0073 | —.0103  —.Cc000 | 75

47 i 40136 | 4-.0100 - 40280 4.0056 | 40143 . 40156 | 28
48 ' 4.o201 | 4.0229 _F.0156 .0009 * 4.0164 i 40177 | 27

49 = —.0067 | 40251 40074 ' 40079 | +.0092 | 27
50 | +.0079 i 4.0058 : 40100 +.0080 | 4.0079 | 40108 | 23
51 | —.0107 | 4.0039 --.0046 | —.0038 ' —.0074 ; 78
52 | —o152 | —.0152 - —.0172 | 70
53 I —.0091 * —.0126 . —.0044 | —.0087 - —.0107 | 70
54 : . —.0037 | —.0037 —.0073 | 78
55 = . —.0010 | —.00I10 —.0040 | 78
56 : , —.0052 ° —,0052 © —.0088 | 78
57 | 40091 {40031 +.0056 | +.0059 ; +.0039 | 43
: i : ;

2 4.0042 . 40048 | 4-.0057 i +.0037 | 43
7. +.0072 , —.0024 | +.0027 | 4-.0040 | 30
I+ —0100 +.0032 | —.0011 i +.0002 | 30

8 ong | 4o
59 . —.o0077 i 4.01
60 | —.0037 - +.0




20

Dlate.

31
32
33
34
36
37
38
40
41
42
43
45
40
47
48
49
50
51
52
53
57
58

59
6o

Rutherfurd Photographic Measures.

Tagry V.—Parannax KquaTtions.

1.00x
1.00
1.00
1.00
1.00
1.00

1.00 -

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
I.60
1.00
1.00
1.00
1.00
1.00

COMPARISON STARS ¢ AND b,

—l.44y
—h44
—1.42
—1.42
—0.48
—0.48
—0.44
-}-0.01
+4-0.01
--0.01
+o0.55
+o.55
+0.55
+1.02
+-t.03
+41.03
+1.03
+1.54
+1.56
+1.56
+-1.97
+1.97
+1.97

< 4197

—L57w

—1.
—1.
—1I.
—1.
—1.
—1I.
+1.
+r1.
41

41,
4-1.
41

1.3

57
67
67
3t
3t
57
12

—1.43

—1
—L
+o.
+o.
+-o.

54

54
73
73

St

+0.81

~—o.18
—0.41
+1.03
--0.22
—0.36
+o0.15
4-1.16
—4.04
—3.93
—=0.55
-+0.80
+1.20
+-1.01
—2.30
—3.01
—1.7t
—I.25
+0 90
+o.19
—1.74
-f-o.30
4118
+1.54
4-0.68

Normal Equations,

L 1 O O 1 T

o
o
(V]
o
(o]
o
o]
[¢]
o
o
0

[¢]
[¢]
o
8]
o
[d]
o]
o
0
o
o
o]
(o]
p3

L
+o.14
-—0.0
+1.29
+-0 4()
—0.95
—0.44
+-0.32
—2.12
—2.01
+1.43
+o.15
+-0.43
4029
—0.83
—1.49
—0.19
+-0.30
—o0.28
—1.10
—3:03
+4-0.80
+1.08
+2.11
4125

2 == 37,00

+24.0000x J-11.2100y — 8.0500m — 0.0400 =0
+36.7277 4131132 — 1.9982 =0
+43.0285 —23.0197 =0

Solution.

In units 2d dee. place.

m = +0.8899 -+-0.1600
y = —0.5475 *0.1811
»r == 40.9309 2-0.2184

Prob. crror of one equation = 0.8952 = 0/.2507

In Arve

= -}-01.12493
y=—0.1534

Seale.

u“
=0 0448
+0.0507
z == 4-0.2607 +0.0612

Are,



Date.

31
32
33
34
38
40
42
45
46

© 47

48
50
St
53
58

59
ils}

Parallaxes of p and ¢ Cassiopeiz.

TapLe V.—Paranpax Equarioxns.

.00
1.00
1.00
1.00
1,00
1.00
1.00
.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1,00

Coypatison StaRs ¢ AND d.

—l.a4y
—L44
—1.42
—1.42
—0.44
+o.ot
4-0.01
+o.55
+0.55
+1.02
+-1.03
+1.03
+1.54
+1.56
+1.97
+1.97
+1.97

4-28.5889 —19.1220 + 9.9503 =0
+55.3681 —q2.4082 =0

+-1.820
+f-1.82
+1.75
+1.75
+1.86
—1.81
—1.82
41.84
+1.84
—1.82
—1.82
—1.82
+1.87
+1.84
—1.71
—L74
—L74

+-o0.12
—o0.02
—2.40
+0.23
—1.09
+3.48
+1.23-
—1.60
—1.92
+3.53
+3.06
+2.56
—1.39
—o0.46
+o0.60
-+1.05
—0.69

L T 1 T A A O

Normal Equations.
4-17.00007 4- 7.0500y + 2.11007 4 6.2900 =0

Solution,

In units 2d dee, place,
o = 40.9479 *0.1262
7 = 4-0.4525 +0.1849
7 = —0.6753 -£0.2108

Prob. error of one equation = 0.7935 = o//.2222

In Are.

©O000D0DOO0OODO00O0OOCOOOTOs O

v
+o.52
+0.38

-—2,06

-0.57

—0.20
+1.09
—tL1y
—o.28
—o0.60
+1.59
+r13
-4-0.63
+o0.40
4131
—o0.50
—0.38

—2.12

2 = 1938

"= +o‘.’z655 iof'0353
y = Jo0.1267 +-0.0518
7 = —0.1892 -£0.0018

Scale.

Arc.

r4g



(85

Plate.

31
32
33
34
41
42
43
44
46
47
48
49
50
57
58
59

Rutherfurd Pholographic Measures.

TasLk V.—PArALLAX FQUATIONS.

1.00z
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

CoMpARISON Srars e AND f.

—L44y
—IL.44
—I.42
—1.42
+o0.01
-fo.01
+0.55
+o.55
+o.55
+1.02
+1.03
+41.03
+1.03
+1.97
+1.97
+1.97
+1.97

—L3x
—1.30
—LIg
—L19
+1.49
+1.46
—1L36
—1.36
—L34
+1.45
+1.42
+1.41
+1.40
+1.55
+1.55
+1.55.
+1.55

—0.11
4o0.30
+1.49
—0.09
—1.51
—1.82
+1.03
+}1.60
+1.07
—2.35
—2.78
—3.34
—r.58
—1.69
+0.33
—2.23

+0.62

O O O A A

©O 00000000 O0O0O0OOCO0OO0 O

Normal Equations.
+17.0000r 4 7.9400y 4- §5.7800m —11.0600 = 0
+28.8344 +22.9844 —16.4388 =0

+-33 7018 —30.7006 =0

Solution.

In units 2d dec. place.
”= +4.)157o +0.1783
y = —0.4854 £0.2006
z = -}0.4839 +0.1820

Prob. crror of one equation = 0.7001 = 0. 1961

In Are.

v
—0.44
—0.02
+1.29
—0.29
-0.69
+0.35
—0.33
+4o0.24
—0.27
—0.69
—L16
—L73
+o0.02
—0.37
+1.66
—0.91

+1.94

302 = 15.07

*= +ol.l3z4l iot'o499
i = —0 1360 +0.0562
z = 40.1355 £0.0510

Seale.

Are.



Plate.

‘51
32
33
34
38
40

42
43
44
45
46
47
43
49
50
51
53
57
58
59

FParallazes of u and § Cassiopeiee.

TasLe V.—Pararnax Eouarioss,

1.002
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

-}-22.0000r 411.16005 4 1.20007 — 0.0400 =0
-+34.1358 —22.3029 " 4-24.7459 = 0
+74.1850 —49.99t1 =0

COMPARISON STARS ¢ AND 6.

—1.44y
—1.44
—1.42
—1.42
—0.44
+o.01
+-0 o1
-}-o0.01
$o.55
-+0.55
+0.55
+0.55
4-1.02
+1.03
+1.03
+1.03
+1.54
+1.56
+1.97
+r.97
+1.97
+1.97

+1.89r —1.63 =
+189  —1.78 =
+18y  —2352 =
+1.84 —130 =
+193 —tay =
—1.81 +i34 =
—1.81 +0.35 =
—1.84 4005 =
+1 91 —0.61 =
+1.9¢ —3.42 =
+190 —1.23 =
+1.90 +0.21 =
—1.84 41.77 =
—1.84 - F315 =
—1.84 Ho006; =
. =185 18y =
+rgr o3 =
+1.80 ... +=0.10) =
—1.00 —i—1.77 =
—1.66  -}0.81 =
—1.70 1.8 =
—1.J0 —0.0l =

Normal Equations.

Solution.

In uaits zd dee. place.
w = +4-0.5381 2-0.0909
y = —0.4362 £0.1466
z = $40.1923 +0.1638

Prob. error of one equation == 0.6779 = 01899

In Arc.

© 0 Q9 000 0CJ 00000000 H o o o o

LY
+o.2t
4006
—0 72
+o0.50
—0.00

+o53

0.4

—0.75
+0.37
—2.44
—0.26
+1.18
+0.53
~41.90
--0.62
+0.62
+0.88
+o 34
+o0.21
—0.75
4-0.20

—1.59

2= 18,18

"= +of’1507 i;o.lbzgs
y == —0.1222 0.0411
z = 40,0530 4:0.0459

Seale.

Are.





