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G R E E N W I C H SPECTROSCOPIC АО PHOTOGRAPHIC
RESULTS, 1887,

INTRODUCTION.

§ 13. Spectroscopic Observations in the Year 1887.

The spectroscope used for these observations was mounted on the South-east
equatoreal, the object-glass of which (made by Merz and Son of Munich) has a
clear aperture of 12'8 inches, with a focal length of about 17ft> 101n-

This section contains :—Measures of Displacement of Lines in the Spectra of
Stars, Moon, and Sky ; Collected Results for Motions of Stars in the line of Sight ;
and Observations of the Spectra of y Cassiopeise, a Orionis, and ß Lyrœ.

The measures of displacement of lines in the spectra of stars were made with a
micrometer in the viewing telescope of the " Half-prism " Spectroscope. ' The
eye-piece used gives a magnifying power of 14. Estimations of the displacement, in
terms of the apparent breadth of the bright comparison-line, were also made ; the
breadth corresponding to any given width of slit being determined by a careful
observation under similar conditions. lroVi of the screw for opening the slit
corresponds to O'Ol inch, or 10". It has not been thought necessary to give in
detail all these particulars of the reductions. The values used in each case may be
inferred from the observed motion, which is the algebraic sum of the concluded
motion and of the Earth's motion. A displacement of one tenth-metre corresponds
at D to a motion of ЗГ7 miles per second, at b to a motion of 36'1 miles, and at F
to a motion of 38'4 miles. For comparison with the spectrum of hydrogen or other
chemical element, an image of the vacuum tube or electrodes is formed on the slit,
by means of a transparent plate of glass placed at an angle of 45° with the axis of
the collimator, in connexion with a collimating lens, so that the cone of rays
from the comparison-light fills the whole of the object-glass of the collimator.

Whenever the star-line was sufficiently distinct to allow of its being seen at the
same time as the bright comparison-line, a direct comparison of the two was made ;
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in other cases the bright line was compared with the pointer of the micrometer
which had just previously been placed on the star-line, giving an indirect
comparison.

The reading of the position-circle is given, as it is conceivable that the results
might be affected by the position of the spectroscope. The slit lies north and south
when the reading is 5°.

With regard to the observations of the spectra of y Cassiopeiae, a Orionis, and
ß Lyrae, it is sufficient to remark that a curve has been laid down in the usual
manner, connecting micrometer readings and wave-lengths for the Single-prism
Spectroscope, and that a correction for index-error has been deduced from observations
of comparison-lines, and applied to the observed readings to reduce them to the
standard curve from which the corresponding wave-lengths have been read off.
The tabular wave-lengths of comparison-lines have been taken from Angstrom's
Specire Normal du Soleil.

§ 14. Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk on
Photographs taken at the Royal Observatory, Greenwich, at Dehra Dun in India,
and at the Royal Alfred Observatory, Mauritius, in the year 1887 ; with the
deduced Heliographie Longitudes and Latitudes.

The photographs from which these measures were made were taken either at
Greenwich; at Dehra Dun, North-West Provinces, India; or at the Royal Alfred
Observatory, Mauritius.

The photographs of the Greenwich series were taken with the Dallmeyer Photo-
heliograph returned from the Transit of Venus expedition to New Zealand, which,
as now adapted, gives a solar image of 8 inches diameter on the photographic plate.

Bromo-iodized gelatine dry plates with alkaline development have been regularly
used throughout the year.

The Indian photographs, which have been forwarded by the Solar Physics
Committee to fill the gaps in the Greenwich series, were taken under the
superintendence of Colonel C. T. Haig, R.E., Deputy. Surveyor General, Trigono-
metrical Survey of India, with a Dallmeyer photoheliograph giving an image of the



MKASUUKS OF PHOTOGHAPHS OF тик SUN. v

Sun nearly 8 inches in diameter. In the process adopted nt Dehru Dun bromo-iodized
collodion has been used- in connexion with iron development.

The Mauritius photographs were taken under the superintendence of Dr. C.
Meldrum, Director of the Eoyal Alfred Observatory, Mauritius, with a Dallmeyer
photoheliograph, giving an image of the Sun about 8 inches in diameter. At the
Mauritius Observatory both wet and dry processes have been used, bromo-iodized
collodion having been used with iron development, and bromo-iodized gelatine dry
plates with alkaline development.

Photographs of the Sun were taken at Greenwich on 185 days, and Indian
photographs on 150 days with Mauritius photographs on 26 days have been received
from the Solar Physics Committee to complete the total of 361 days for which there
are either Greenwich, Indian, or Mauritius photographs of the Sun available for
measurement in 1887.

The first column on each page contains the Greenwich Civil Time at which each
photograph was taken, expressed by the day of the year and decimals of a day,
reckoning from Greenwich mean midnight January Id. Oh., and also by the day
of the month (civil reckoning), which latter is placed opposite the total area of
Spots and Faculte for the day. The photographs taken in India are distinguished
by the letter I, and those taken in Mauritius by the letter M.

The second column contains the initials of the two persons measuring the
photograph ; the initial on the left being that of the person who measured the
photograph on the left, of the centre of the measuring instrument, and that on the
right being that of the person who measured on the right of the centre.

The following are the signatures of those persons who measured the photographs
for the year 1887 :—

E. W. Maunder - - M A. E. Pilkington EP
H. P. Hollis - - H

The third column gives the No. of the group, and the letter for the spot. The
groups are numbered in the order of their appearance.

The next two columns give the Distance from the Centre of the Sun in terms of
the Sun's Radius, and the Position-Angle from the Sun's Axis, reckoned from the
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Sun's North-Pole in the direction щ /, s, p, both results being corrected for the
effects of astronomical refraction.

The measures of the photographs were made with a large position-micrometer,
specially constructed by Messrs. Troughton and Simms for the measurement of
photographs of the Sun up to 12 inches in diameter. In this micrometer the
photograph is held with its film-side uppermost on three pillars fixed on a circular
plate, which can be turned through a small angle, about a pivot in its circumference,
by means of a screw and antagonistic spring acting at the opposite extremity of the
diameter. The pivot of this plate is mounted on the circumference of another
circular plate, which can be turned by screw-action about a pivot in1 its circum-
ference, 90° distant from that of the upper plate, this pivot being mounted on a
circular plate with position-circle which rotates about its centre. By this means
small movements in two directions at right angles to each other can be readily
given, and the photograph can be accurately centred with respect to the position-circle.
When this has been done, a positive eye-piece, having at its focus a glass diaphragm
ruled with cross-lines into squares, with sides of one-hundredth of an inch (for
measurement of areas), is moved along a slide diametrically across the photograph,
the diaphragm being nearly in contact with the photographic film, so that parallax is
avoided. The distance of a spot or facula from the centre of the Sun is read off
by means of a scale and vernier to l-250th of an inch (corresponding to O'OOl of the
Sun's radius for photographs having a solar diameter of 8 inches). The position-
angle is read off on a large position-circle which rotates with the photographic plate.
The photograph is illuminated by diffused light reflected from white paper placed
at an angle of 45° between the photograph and the plate below.

The following is the process of measurement of a photograph :—By means of the
screws attached to the plates carrying the pillars which hold the photograph, the
image of the Sun is centred as accurately as possible by rotation. The position-
circle is then set to the readings 0°, 90°, 180°, and 270° in succession, and the scale
readings taken for the two limbs. The scale being so adjusted that its zero coincides
with the centre of rotation of the position-circle, the mean of the eight readings for
the limb gives the mean radius of the Sun directly.

At the principal focus of the photoheliograph are two cross-wires which serve to
determine the zero of position-angles on the photograph.

The zero of position-angles for the Dallmeyer Photoheliograph, employed at Greenwich,
has generally been determined throughout 1887 by the measurement of a plate which had
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been exposed to the Sun's rays twice, with an interval of about 115 seconds between
the two exposures, the instrument being firmly clamped. Two images of the Sun,
overlapping each other by a little more than the fifth part of the Sun's diameter, were
therefore produced upon the plate, and the exposures having been so given that the
line joining the cusps passed through the centre of the plate, the inclination of the
wires of the photoheliograph to this line was measured with the position-micrometer,
and a small correction for the inclination of the Sun's path was then applied. The
following table gives the correction for zero of position for the mean of the two
wires as thus determined :—

Date,
Greenwich Civil Time.

1886, December

1887, January

February

March

April

May

October

November

December

• 1888, March

h

30. ii

17. n

5.10

II. 12

2. II

II. 12

20. 12

26. II

31. 12

8. 12

22. II

25. II

28. 12

Ç. 12

1. 12

Correction for Zero.

И /

- 0.43

— I. О

- 0.47

- 0.53

— 0. 32

- 0. 6

- о. 14

+ 0. 2

— 0. 21

+" o. s

— О. 2

О. О

+ о.зз

+ 0. 27

+ 0.34

The zero of position has also been determined on several occasions by
allowing the diurnal motion to carry a spot or the Sun's limb along the

GBBBNWIOH OBSEBVATIONB, 1887. (b)
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equatoreal wire, a correction for the inclination of the Sun's path being applied to
the reading of the position-circle so obtained, and a further correction of — 0°. 7'
for the error of perpendicularity of the wires. The following table gives the
correction for zero of position of the mean of the two wires as obtained by this
method :—

Date,
Greenwich Civil Time.

1887,

1888,

June

July

August

September

October

December

'

February

ti
9. 12

12. 13

3- ч

6. 12

8. 12

9- n

2 5 - 1 3

2. 12

3- 12

9.12

I. II

Correction for Zero.

о

'О.

+ о.

— 0.

+ о.

+ о.

+ о.

+ о.

+ о.

+ о.

+ о.

+ о.

,

0

13

3

13

21

29

12

32

23

зб

27

The wire-frame was found, on July 12, to have been disturbed, the peg which keeps
it in its place having fallen out. The peg was replaced before the transits were taken.
The wire-frame was again found to be loose on September 8. A set of transits was
taken on this day, and a screw-clamp was made for the wire-frame, which was fitted
to it on September 9. After the wire-frame had been securely fixed, a fresh set of
transits was taken.

In the use at Greenwich of the Dallmeyer Photoheliograph the position-circle
has usually been set to some convenient reading near that for zero, so that the wires
are respectively very nearly parallel and perpendicular to the circle of declination, and
a correction for zero of position of the photoheliograph for the mean of the two wires
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has been applied to the zero of the position-circle of the micrometer. The readings of
the position-circle in 1887 have been as follows : —

From 1887, January 1 306°'4
March 1 3 - - - 356°-0

The correction for zero of position adopted for any date has been the mean
of the determinations of that zero made next before and next after that date.
The zero of the position-circle of the micrometer has been determined from the
readings of the position-circle for the four extremities of the two wires. The resulting
combined correction is applied to all position-circle readings for spots and faculte, so as
to give true position-angles.

In the use of the Photoheliographs at Dehra Dun and in Mauritius the position-
circle has always been set to the zero as determined by allowing the diurnal motion to
carry a spot or the Sun's limb along the horizontal wire, and the accuracy of the
adjustment has been tested at short intervals. No correction for zero of position of
the wires has therefore been applied for the reduction of the photographs taken in
India or in Mauritius.

The unconnected distance from the Sun's centre for spots and faculœ is read off
directly to l-250th of an inch by means of a scale and vernier, the zero of the scale of
the new micrometer being adjusted to coincide with the centre of the instrument.

Two sets of measures of the Sun's limb and of spots and faculœ on each photograph
have been taken and the mean of the two sets adopted.

No correction has been applied to the photographs on account of distortion.

The correction for the effect of refraction has been thus found, the Sun's image
being assumed to be sensibly an ellipse. The refraction being sensibly с tan г where

с = sin Ы"'Ь = ÍTJTTWJ nearly, and г is the apparent zenith distance, we shall have —

Vertical Diameter _1 — с вес* г _л . 3

Horizontal Diameter Г^~с L С ШП '

and thus the effect of refraction will be to diminish any vertical ordinate у by the
quantity с tan3 z. Resolving this along and perpendicular to the radius vector r,
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and putting v for the position-angle of the vertex, we have for S r and 8 0, the
corrections to,radius vector and position-angle for the effect of refraction—

л . , o f n ч , ., l + COS 2 (в — V)8 r = + с . tanj г x r. cos'' (0 — г») = + с . tan- г x r x g—* -,

Яд = - c . tan2 z . sin (0 - v) . cos (0 - v) = -c. tan2 z sin 2 (g - y).

The quantity S r thus found is the correction, on the supposition that a
horizontal diameter of the Sun is taken as the scale. But, as the mean of two
diameters at right angles has been used, the scale itself requires the correction
« -r, ,o -D , | 1 + cos2(00- v) , 1 + cos2(00 + 90°— v) \ , -r> • . 2« R = + с. tan2 z x R x \ | ^-^ '-+— ^-~ '- > = + \ c R . tan2 2,

where R is the Sun's mean radius and во i &o + 90° the position-angles of the two
diameters measured. Thus the final correction to r becomes—

8 r — + с . tan3 z x r x cos 2 (в — v)
2

r™ • • 9 sin 2 (в - v) , cos 2 (0 - v) . . . , , „
lhe quantities с tan"г, — g ' and 2 have been tabulated lor use

as follows, с tan2 г being expressed in circular measure and in arc for application to
distances and position-angles respectively :—

с tan2 г.

z.

о

8o

79

78

77

76

75

74

73

72

7i

In Circular
Measure.

•0089

•0073

•0061

•OOJ2

•0045

•0039

•0034

•0030

•0026

•0023

In Arc.

,

31

*5

21

18

15

13
III
10

1
 9

8 '

г.

о .

70

6
9

68

67

66

6S

64

63

62

61

In Circular
Measure.

•0021

•0019

•0017

•0015

•0014

•0013

•OOI2

•OOII

•ooio

•0009

In Arc.

,

7

6|

6

Si

S

4i

4

4
 :

3

3

z.

о

6o

58
56
54

52

50

45

40

30

In Circular
Measure.

•0008

•0007

•0006

•0005

•0005

•0004

•0003

•oooz

•oooi

In Arc.

/

3

2

2

2

2

I

I

I

О
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Factors for lleíraction.

о

О

5
IO

IS
20

25

30

35
4.0
45

5°55
6o
65
70
75
8o
85
90

„

1 8o
185
190
195
200
205
210

215

22O

225

230

*35
240
2
45
250
255
260
265
270

Sin 2(6 — «)

•oo

- -°9 .
- 'I?

- -25

•32

- 'S«

- чз
- 47
- 49
- '5°
- 49
- 47
- 43
- -38
- -32
- '«S
- -17
- -09
— -oo

Cos г (О—«)
ï

+ -S°
+ 49
+ 47
+ 43
+ -38
+ -32
+ -25
+ -17
+ -09

•oo
- -09
- -17
- -25
- '32
- -38
- 43
- 47
- 49
- -50

о

95
IOO

105
но
us
120

125
130

135
140

145
ISO

155
1 6o
I6

5

170

175
1 8o

D

275
280
285
290

295
300

3°5
310

315
320

325
330
335
340
345
350
355
360

Sin a (8— ti)
t

+ -09
+ -17
+ -25
+ -32
+ -38
+ 43
+ 47
+ 49
+ -50
+ 49
+ 47
+ 43
+ -38
+ -32
+ -25
+ -17
+ -09
+ 'OO

Cos a (S — w)
a

- 49
- 47
- 43
- -38
- -32
- -25
- -17
- -09

• oo
+ -09
+ -17
+ -25
+ -3*
+ -38
+ 43
+ 47
+ 49
+ -50

The position-angle of the Vertex v is readily taken from a globe.

The distance from centre in terms of the Sun's radius given in the fourth column
is then readily found by dividing the measured distance r0, as corrected for refraction,
by the measured mean radius of the Sun, R ; and the Position-Angle from the Sun's
Axis given in the fifth column is obtained by applying to the Position-Angle (from
the N. point) corrected for refraction the Position-Angle of the Sun's Axis derived
from the " Auxiliary Tables for determining the Angle of Position of the Sun's Axis,
and the Latitude and Longitude of the Earth referred to the Sun's Equator," by
Warren De La Rue, F.R.S.

The sixth and seventh columns give the heliographic longitude and latitude of the
spot, which are thus computed.* Let r be the measured distance of a spot from the
centre of the Sun's apparent disc, R the measured radius of the Sun on the photograph,
(.Й) the tabular semidiameter of the Sun in arc, and p, p' the angular distances of а

• Researches on Solar Physics : Heliographical Positions and Areas of Sun Spots observed with
the Kew Photoheliograph during the years 1862 and 18G3, by W. De La Rue, B. Stewart, and
B. Loewy. Phil. Trans. 1869.
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spot from the centre of the apparent disk as viewed from the Sun's centre and from the
Earth respectively. Then we have—

т т
P = -ß (R) ; and sin (p + />') = -^,

whence p = sin"1 -^ — p.

Log sin p and log cos p as computed from this formula are given in " Tables for the
Reduction of Solar Observations No. 2," by Warren De La Rue, F.R.S. Then, if D,
\ are the heliographic latitudes of the Earth and the Spot respectively, referred to .the
Sun's Equator, and L, / the heliographic longitudes reckoned from the ascending node
of the Sun's Equator on the ecliptic, and x the position-angle from the Sun's axis, we
have by the ordinary equations of spherical trigonometry—

sin X = cos p sin D + sin p cos D cos x
sin (L -ï- Z) = sin x sin P sec X-

The quantities L and D are derived from Warren De La Rue's Auxiliary Tables
before referred to, in the computation of which the following formulai have been
used—

tan L = cos I tan (0 — N)
sin D = sin I sin (0 — N)

where I is the inclination of the Sun's Equator to the ecliptic, N the longitude of the
ascending node, and © the longitude of the Sun.

The position-angle x is given by the formula—

X = P + G + H
where P is the position-angle from the north point of the Sun, and G and H two
auxiliary angles given by the formulae—

tan G = tan ш cos 0
tan H sss tan I cos (© — N)

where ш is the obliquity of the ecliptic.

It will be seen that G is the inclination of two planes through the line joining the
centres of the Earth and Sun passing through the poles of the Earth and of the
ecliptic respectively, and that H is the inclination of two planes through the same line
and the poles of the Sun and of the ecliptic. The values assumed for I, N, w in the
computation of the Tables are 7° 15', 74°, and 23° 27Л5 respectively.

The Heliographic Longitude of the Spot is found from /, the Heliographic Longitude
from Node, by subtracting the Reduction to Prime Meridian, which is the Longitude
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of the Node at the epoch of the photograph, referred to the assumed Prime Meridian,
the latter being the meridian which passed through the ascending node at the epoch
1854-0. The period of rotation assumed is 25'38 days.

The measures of areas given in the last three columns were made with a glass
diaphragm ruled into squares, with sides of one hundredth of an inch, and placed
nearly in contact with the photographic film. The integral number of squares and
parts of a square contained in the area of a spot or facula was estimated by the
observer, two independent sets of measures being made by two observers. The mean of
the two sets of measures has been taken for each photograph. The factor for converting
the areas, as measured in ten-thousandths of a square inch, into millionths of the
Sun's visible hemisphere, allowing for the effect of foreshortening, has been inferred
by.means of a table of double entry, giving the equivalent of one square for différent
values of the Sun's radius, and for different distances of the spot or facula from the
Sun's centre, as measured by means of the position-micrometer.

•ï
The individual spots in a group have in some cases not been measured separately,

but combined into a cluster of two or three small spots close together, the position of
the centre of gravity and the aggregate area of the cluster being given. The actual
number of individual spots is usually stated in the Notes.

§ 15. Ledgers of Areas and Positions of Spot-groups upon the Sun's Disk deduced from
the measurement of the Solar photographs for each day in the year 1887.

In these Ledgers the daily results for each group are collected together from the
measures of the individual spots and given in a condensed form. The first column
gives for each day, on which the group was observed, the Greenwich civil time at
which each photograph was taken, expressed by the day of the month (civil reckoning)
and the decimals of a day reckoning from Greenwich mean midnight. The second
and third columns give the sums, for each day, of the projected areas of all the
umbrro and whole spots comprised in the group, the projected area being the area as
it is measured upon the photograph, uncorrected for foreshortening, and expressed in
millionths of the Sun's apparent disk. The fourth and fifth columns give the sums
for each day of the areas of all the umbras and whole spots comprised in the group,
corrected for foreshortening, and expressed in millionths of the Sun's visible hemis-
phere. The sixth and seventh columns give the mean longitude and latitude of the
group, found by multiplying the longitude and latitude of each separately measured
component of the group by its area, and dividing the sum of the products by the
sum of the areas. The last column gives the mean longitude of the group from the
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central meridian, and is found by subtracting the longitude of the centre of the disk
from the mean longitude of the group. At the foot of these daily results for each
group are given the mean areas of umbrae and whole spots and the mean longitude
and latitude for the period of observation.

§ 16. Total Projected Areas of Umbrœ, Whole Spots, and Faculce, for each day
(uncorrected for foreshortening}, Mean Areas of Umbrœ, Whole Spots, and
Faculce, and Mean Heliographie Latitude of Spots, for each Synodic Rotation of
the Sun, and for the Year 1887.

This section requires no further explanation.

W. H. M. CHRISTIE.

1888, Aitgust 31.



OBSERVATIONS OP DOUBLE STARS : OBSERVATIONS OF « .
COMET в 1900 FROM PHOTOGRAPHS.

§ 14. Observations of Comet b 1900 from Photographs taken with the 26-inck
Refractor of the Thompson Equatorial or with the Astrographic Equatorial
in the year 1900.

The Thompson Equatorial, carrying the 26-inch photographic refractor at one end of
the declination axis, and the 30-inch reflector at the other, is briefly described in the
Introduction. The focal length of the refractor is approximately 22 feet 5 inches,
giving a scale of 30"'2 to the millimetre ; while that of the astrographic telescope
is approximately 11 feet 3£ inches, giving a scale of I' to the millimetre nearly.

The photographs are taken on plates 16 centimetres square, on which a réseau of
cross lines 5 millimetres apart is printed in the same manner as for the Photographic
Map of Dhe Heavens.

The measurement of the photographs was made with the Aatrographic Micrometer,
which has a glass diaphragm with cross-scales at the focus of the microscope. These
scales are divided into 100 parts, and the micrometer is readily adjusted,, so that
10.0 diviflions of the scale are equal very nearly to the distance between, two réseau
lines as, viewed with, the microscope. The intersection of the scales is made to bisect
the object, and the positions of the réseau lines on each side are read off on the scales
by estimation to the thousandth part of a réseau interval. The rectangular co-ordinates
of the images are thus obtained in units of 1 réseau interval, which for the astro-
graphic telescope is approximately 5', and for the 26-inch refractor 2 '̂.

The plates are in all cases measured in reversed positions to eliminate personality.
Where several images of the same object are obtained on a plate, they are all measured
and the means taken. The magnifying power used is 15.

The determination of Right Ascension and Declination is made by Prof. Turner's
method (Monthly Notices, R.A.S., vol. liv., p. 11), as follows:—

With an assumed E.A. and Dec. of the .centre of the plate, the " Standard
Co-ordinates," £ and •»?, of those stars which are used as reference stars are computed
by the formula

£ = tan (a - A) cos ф sec ( ф - D),
т, = tan (ф - D),

where tan ф - tan 8 sec (a — A).

la this formula a is the R.A. of the star,
A „ „ centre of the plate',
8 is the Dec. of the star,
D „ ,, centre of the plate,

and ф ia an auxiliary angle. .
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The " Standard Co-ordinates " of the refereuce stars are compared with the measured1

co-ordinates x, y ; and from equations of the form

the constants of each plate a, b, c, d, e,f are deduced. By means of these constants-
the " Standard Co-ordinates " of any object on the plate are obtained by applying
corrections ax' + by' + c, dx' + ey' + f to the measured co-ordinates x', yf, from
which the R.A. and Dec. are deduced by inversion of the trigonometrical formulae
given above.

It should be noticed that the R.A. and Dec. obtained in this way are referred to
the equinox of the catalogue of the reference stars used, and that the position of a
comet or planet obtained in this way is corrected for the part of the aberration arising
from the Earth's motion.

In each case the uncorrected measures of the co-ordinates of the reference stars
and the comet are given, and the deduced R.A. and Dec. for the equinox of the
catalogue. For the reference stars the comparison with the assumed R.A. and Dec.
is also given.

The adopted plate-constants and the Apparent R.A. and Dec. reduced to the equinox.
1900 are given in separate tables.

§ 15. Measures of Positions and Areas of Sun Spots and Faculce on Photographs
taken at the Royal Observatory, Greenwich, at Dehra Dun in India, and at
the Royal Alfred Observatory, Mauritius, in the year 1900 ; with the
deduced Heliographie Longitudes and Latitudes.

The photographs from which these measures were made were taken either at
Greenwich; at Dehra Dun, North-West Provinces, India; or at the Royal Alfred1

Observatory, Mauritius,

The photographs of the Greenwich series were taken either with the Thompson or
with the Dalimeyer Photoheliograph. The Thompson Photoheliograph which was in
regular use for the greater part of the year, is a photographic refractor of 9 inches
aperture, presented to the Royal Observatory by Sir Henry Thompson, which has been
fitted with an enlarging doublet by Ross, and with a camera and shutter for rapid
exposure so as to take photographs of the Sun on a scale of about 7'5 inches to the
solar diameter. The Dallmeyer Photoheliograph, which was substituted for the
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Thompson while the former waa in use for the Eclipse expedition to Portugal, from
1900 March 9 to 1900 June 12, is an instrument used in the Transit of Venus
expedition to New Zealand, which, as now adapted, gives a solar image of 8 inches
diameter on the photographic plate.

The photographs have been .taken throughout the year on gelatine dry plates,
" Lantern " plates supplied by E. W. Thomas and Co. being used, with hydroquinone
development.

The Indian photographs, which have been forwarded by the Solar Physics
Committee to fill- the gaps in the Greenwich series, were taken under the
superintendence of the Deputy Surveyor-General, Trigonometrical Survey of India,
with a Dallmeyer Photoheliograph giving an image of the Sun nearly 8 inches in
diameter. In the process adopted at Dehra Dun, bromo-iodized collodion wet-plates
have been generally used in connexion with iron development; but a few "Lantern"
dry-plates have also been taken.

The Mauritius photographs were taken under the superintendence of Mr. T. F.
Claxton, Director of the Royal Alfred Observatory, Mauritius, with a Dallmeyer
Photoheliograph, giving an image of the Sun about 8 inches in diameter. At the
Mauritius Observatory bromo-iodized gelatine dry plates have been used with alkaline
development.

Photographs of the Sun were taken at Greenwich on 145 days, and Indian
photographs on 186 days with Mauritius photographs on 29 days have been received
from the Solar Physics Committee to complete the total of 360 days for which there
are either Greenwich, Indian, or Mauritius photographs of the Sun available for
measurement in 1900.

The ßrst column on each page contains the Greenwich civil time at which each
photograph was taken, expressed by the day of the year and decimals of a day,
reckoning from Greenwich mean midnight January Id. Oh., and also by the day
of the month (civil reckoning), which latter is placed opposite the total area of
Spots and Faculee for the day. The photographs taken in India are distinguished
by the letter I., and those taken in Mauritius by the letter M.

The second column contains the initials of the two persons measuring the photograph ;
the initial on the left being that of the person who measured the photograph on the

QRBENWIOH OBSERVATIONS, 1000. k



Ixxiv INTRODUCTION то. GREENWICH ASTEONOMIOAL OBSERVATIONS, 1900.

left,of the.centre of the measuring instrument, and that on,'the Bright; being that of. the
person;who measured on the right of the centro;,

The following are the signatures of those persons who measured the photographs.
for the year 1900 :—

P. H. Cowell - - C C. C. Lacey - - CL
E. W. Maunder - - M T. G. Staples - - TS

The third column gives, the No. of the group, and the letter for the spot. The
groups are numbered in order of their appearance.

The next two columns give the distance from the centre of the Sun in terms of
the Sun's radius, and the position-angle from the Sun's axis, reckoned from the.
Sun's north pole in the direction n, f, s, p, both results being corrected for the
effects of astronomical refraction.

The measures of the photographs were made with a large position-micrometer
specially constructed by Measrs. Trough ton and Simms for the measurement of
photographs of the Sun up to 12 inches in diameter. In this micrometer, the
photograph is held with its film-side uppermost on three pillars fixed on a circular
plate, which can be turned through a small angle, about a pivot in its circumference,
by means of a screw and antagonistic spring acting at the opposite extremity of the
diameter. The pivot of this plate is mounted on the circumference of another
circular plate, which can be turned by screw-action about a pivot in its circumference,
90° distant from that of the upper plate, this pivot being mounted on a circular plate
with position-circle which rotates about its centre. By this means small movements in
two directions at right angles to each other can be readily given, and the photograph
can be accurately centred with respect to the position-circle. When this has been
done, a positive eyepiece, having at its focus a glass diaphragm ruled with cross-lines
into squares, with sides of one-hundredth of an inch (for measurement of areas),
is moved along a slide diametrically across the photograph, the diaphragm being nearly
in contact with the photographic film, so that parallax is avoided. The distance of a
spot or facula from the centre of the Sun is read off by means of a scale and vernier
to l-250th of an inch (corresponding to O'OOl of the Sun's radius for photographs
having a solar diameter of 8 inches). The position-angle is read off on a large position-
circle which rotates with the photographic plate. The photograph is illuminated by
diffused light reflected from white paper placed at an angle of 45° between the
photograph and the plate below.
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The following is the process of-measurement of a photograph :—By means of the
screws attached to the circular plates carrying the pillars -which hold the photograph,
the image of the Suu is -centred 'as accurately as possible by rotation. The position-
circle is then set tolthe readings 0°, 90°, 180°, and 270° in succession, and the scale
readings taken for the two limbs. The scale being so adjusted that its zero coincides
with the centre of rotation of the position-circle, the mean of the eight readings for the
limb gives the mean radius of the Sun directly.

. At the principal focus of the photoheliograph are two cross-spider-lines which serve
to determine the zero of position-angles on the photograph.

The zero of position-angles for the Thompson and Dallmeyer Photoheliographs,
employed at Greenwich, has been determined by the measurement of a plate which,
has been exposed to the Sun's rays twice, with an interval of about 100 seconds between
the two exposures, the instrument being firmly clamped. Two images of the Sun,
overlapping each other by about a fifth part of the Sun's diameter, were therefore pro-
duced upon the plate, and the exposures having been so given that the line joining
the cusps passed approximately through the centre of the plate, the inclination of the
wires of the photoheliograph to this line was measured with the position-micrometer,
and a small correction for the inclination of the Sun's path was then applied. The
following table gives the correction for zero of position for the mean of the two wires
as thus determined :—

THOMPSON PHOTOHELIOGRAPH, to 1900 March 9.

Date,
Greenwich Civil

1899 December

1900 February

March

Time.

ri h

z. 13

23. 12

8. 12

9-12

Correction for Zero.

. ,
•+ o. 30

+ 0. 1 8

+ 0.29

+ o. 29

A correction of •+iOe"5 for zero of position has been applied to all photographs iafcen
with the Thompson Photoheliograph up: to 1900 March 9.



Ixxvi INTRODUCTION то GREENWICH ASTRONOMICAL OBSERVATIONS, 1900.

DALLMEYER PHOTOHELIOGRAPH, 1900 March. 9 to June 12.

Date,
Greenwich Civil

1900 May

June

Time.

d h

26. 13

29. 12

10. И

Correction for Zero.

• .

— О. 10

— 0. О

— O. IO

A correction of -0°'l for zero of position has been applied to all photographs taken
with the Dallmeyer photoheliograph from 1900 March 9 to 1900 June 12.

THOMPSON PHOTOHELIOGRAPH, from 1900 June 12.

Date,
Greenwich Civil

1900 June

July

August

October

November

December

1901 January

February

Time.

d h

21. 12

24. и

13. n

31. iz

8. u

8. n

14. ID

29. II

15.11

15. II

Correction for Zoro.

e t

— 0. 22

— О. 20

- 0.24

— О. 2О

— 0. I 8

— о. 1 8

- 0.28

- 0.19

- 0.13

- о. 8

A correction of — 0°'3 for zero of position has been applied to all photographs taken
with the Thompson Photoheliograph since 1900 June 12.

The Thompson Photoheliograph was mounted on the tube of the 26-inch Thompson
Photographic refractor throughout the year, excepting during the period 1900 March 9
to June 12 when it was dismounted for use in the observation of the total Solar eclipse
of 1900 May 28, at Ovar in Portugal. The Thompson Photoheliograph is not fitted
with a position-circle, and the position-angle of the wires, which are approximately
parallel and perpendicular to the circle of decimation cannot be altered.
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The Dallmeyer Photoheliograph was mounted on the tube of the 26-inch Thompson
Photographic refractor during the period 1900 March 9 to June 12, when the Thompson
Photoheliograph was removed. The Dallmeyer Photoheliograph was dismounted on
1900 June 12, and placed in the upper floor of the Museum.

In the use at Greenwich of the Dallmeyer Photohcliograph the position circle has
usually been set to some convenient reading near that for zero, so that the wires are
respectively very nearly parallel and perpendicular to the circle of declination, and a
correction for zero of position of the photoheliograph for the mean of the two wires
has been applied to the zero of the position-circle of the micrometer. The position-
•circle was set to the reading 354°'0 throughout 1900.

The zero of the position-circle of the micrometer has been determined from the
readings of the position-circle for the four extremities of the two wires. The resulting
combined correction is applied to all position-circle readings for spots and faculse, so as
to give true position-angles.

In the use of the photoheliographs at Dehra Dun and in Mauritius the position
•circle has always been set to the zero as determined by allowing the diurnal motion to
carry a spot or the Sun's limb along the horizontal wire, and the accuracy of the
adjustment has been tested at short intervals. No correction for zero of position of
the wires has therefore been applied for the reduction of the photographs taken in
India or in Mauritius.

The uncorrected distance from the Sun's centre for spots and faculse is read off
directly to l-250th of an inch by means of a scale and vernier, the zero of the scale
of the new micrometer being adjusted to coincide with the centre of the instrument.

«

Two sets of measures of the Sun's limb and of spots and faculse on each photograph
have been taken, and the mean of the two sets adopted.

No correction has been applied to the photographs on account of distortion.

The correction for the effect of refraction has been thus found, the Sun's image
being assumed to be sensibly an ellipse. The refraction being sensibly с tan z where

с - sin 57"'5 = oflTjo nearty> ап^ г i8 tne apparent zenith-distance, we shall have —

Vertical Diameter 1 — с веоа г .. , s
L ~ c tan г '>•Horizontal Diameter l-o

and thus the effect of refraction will be to diminish any vertical ordinate у by the
quantity с tan* z. Resolving this along and perpendicular to the radius vector r,
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and putting v for the position-angle of the vertex, we have for 8 r and 8 0, the
.corrections to radius vector and position-angle for the effect of refraction—

8 r = + с . tan2 2 x r . cos2 (0 - v) = + с . tan2 г ,x r x -1 + co"2

2 {6~v\

80= — c. tan2 z. sin (в •— v]. cos (0 — v) = — c. tan2 z ——i ~v\

The quantity 8 r thus found is the correction, on the supposition that a
horizontal diameter of the Sun is taken as the scale. But, as the mean of two
diameters at right angles has been used, the scale itself requires the correction
5 T> . j. 2 o ï ( 1 + cos 2 (00 — г>) . 1 + cos 2 (0„ + 90° — v) ) , т, , ,8 R = + с. tan2 z x R x \ j — ^ -+— ŷ-11 '- [ = + ^ с R . tan2 г,

where B. is the Sun's mean radius and 00, 00 + 90° the position-angles of the two
diameters measured. Thus the final correction to r becomes—

S r = + с. tan2z x r x сов 2 (в — v)
~~~~

The quantities с tan2 z, - BÍD 2 <f " v\ and COB'2 f ~ v) have been tabulated for

as follows, с tan2 z being expressed in circular measure and in arc for application to
distances and position-angles respectively :—

с tan2 z.

z.

0

8o

79

78

77

76

75

74

73

72

71

In Circular
Measure.

•0089

•0073

•0061

•0052

•0045

•0039

•0034

•0030

•0026

•0023

In Aro.

31

Ч

21

18

15

13

»i
IO

9

8

г.

0

70

6
9

68

6
7

66

б5

6
4

6
3

62

6l

In Circular
Measure.

•0021

•0019

•0017

•0015

•0014

•0013

•OOI2

•ООН

•OOIO

•OOO9

In Are.

r ;

7

6*

6

•si
5

4i.

4

4

3

3

z.

о

6o

58

56

54

5*

So

45

40

3°

.In Circular
Measure.

•0008

•0007

•0006

•0005

•0005

•0004

•0003

•0002

"OOOI

In Aro.

3

2

2

2

2

I

I

I

О
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Factors for Refraction.

e-v

0

О

' S'
;
 I0

Ч
го

*5
30
35
40
45
50
55
60
б5
70

ï 75.
So
83.
90

e-v

0

1 80
I8S
190
195
2OO.

го;
210

2.1 J .

220

22S

230

2
35
240

245

250

2«
2OO

265:

270

Sin ï (9 -w)
z

•oo •
- -09.
- -17- -25
- .32- -38
- 43
— 47
- 49
- -50
- 49
— '47'

43
- -38
- -32
— -*s
- 47
— >09'

•00

Сов í (9 - v)
z

+ -50
+ 49
+ 47
+ 43
+ -38
+ -3»
+ -»s
+ -17
+ -09

•oo
- -09
-• -17
- -25
- -32
- -38
- 43
- 47
— 49
- -50

e- v

0

90
95
100
105
IIO

115
120
125
130

»35
140
145
150
155
1 6o
165170
175
180

e-v

0

270
»75
280
285
200
295
300
305
310
315
320
3*5
33°
335
34°
345
350
355:
360

Sin i(9-«)
z

•oo
+ -°9
+ 47
+ -25
+ -3*
+ -38
+ 43
+ 47
+ 49
+ 'So
+ 49
+ 47
+ 43
+ -38'
+ -3*
+• '»S
+ 47
+ -09

•00

Cos 2(9-11)
a

- -SO

— 49
- 47
- 43
_.. -38
- -32
- -25
— . -17
- -09

•oo
+ '°9
+ -17
+ -25
+ -32
+ -38
+ 43
+ 47
+ 49'
+ -50

The position-angle of the vertex v is readily taken from a globe.

The distance from centre in terms of the Sun's radius, given irt the- fourth column
is then readily found by dividing the measured distance ?'0) as corrected for refraction,
by the measured mean radius of the Sun, R ; and the position-angle from the Sun's
axis given in the fifth column is obtained by applying to the position-angle (from
the N. point) corrected for refraction the position-angle of the Sun's axis derived
from the Auxiliary Tables for determining the Angle of Position of the Sun's Axis,
and the Latitude and Longitude of the Earth referred to the Sun's Equator, by
Warren De La Rue, F.R.S.

The sixth and seventh columns give the heliographic longitude and latitude of the
spot, which are thus computed.* Let r be the measured distance of a spot from the
centre of the Sun's apparent disk, R the measured radius of the Sun on the photograph,
(72) the tabular semidiameter of the Sun in arc, and p, pf the angular distances of a

* "Researches!on Solar Physics: Heliographioal Positions and Areas of Sun Spots observed with the
Kew Photoheliograph during the years. 1862 and 1863," hy W. De La Rue, B. Stewart, and B. Loewy.
Phil. Trans., 1869.



Ixxx INTRODUCTION то GREENWICH ASTRONOMICAL OBSERVATIONS, 1900.

spot from the -centre of the apparent disk as viewed from the Sun's centre and from the-
Earth respectively. Then we have —

p' = № ' and sin

-i r
whence p = sin -p — p.

Log. sin p and log. cos p, as computed from this formula, are given in Tables for the-
Reduction of Solar Observations No. 2, by Warren De La Eue, R R. S. Then, if D,
X are the heliographic latitudes of the Earth and the spot respectively, referred to the
Sun's equator, and L, l the heliographic longitudes reckoned from the ascending node
of the Sun's equator on the ecliptic, and % the position-angle from the Sun's axis, we-
have by the ordinary equations of spherical trigonometry —

sin X = cos p sin D + sin p cos D cos %
sin (L — Z) = sin x. sm P sec ^-

The quantities L and D are derived from Warren De La Kue's Auxiliary Tables
before referred to, in the computation of which the following formulée have been
used —

tan L = cos I tan (0 — N)
sin D = sin I sin (0 - N)

where I is the inclination of the Sun's equator to the ecliptic, N the longitude of the'
ascending node, and 0 the longitude of the Sun.

The position-angle x is given by the formula —

X = P + G + H

where P is the position-angle from the north point of the Sun, and G and H two-
auxiliary angles given by the formulae —

tan G = tan ш cos 0
tan H = tan I cos (0 — N)

where « is the obliquity of the ecliptic.

It will be seen that G is the inclination of two planes through the line joining the
centres of the Earth and Sun passing through the poles of the Earth and of the
ecliptic respectively, and that H is the inclination of two planes through the same line
and the poles of the Sun and of the ecliptic. The values assumed for I, N, <a in the-.
computation of the tables are 7°.15/, 74°.23', and 23°.27''5 respectively.
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The Heliographie longitude of the spot is found from I, the heliographic longitude
from node, by subtracting the reduction to the prime meridian, which is the longitude
of the node at the epoch of the photograph, referred to the assumed prime meridian,
the latter being the meridian which passed through the ascending node at mean noon,
1854 Jan. 1. The period of rotation assumed is 25'38 days.

The heliographic longitude and latitude of the centre of the Sun's disk at the
time of the exposure of each photograph are also given (in brackets) in the sixth and
seventh columns respectively. The longitude of the centre of the disk is found by
subtracting the reduction to the prime meridian from L, the longitude of the centre
from the node. The latitude of the centre is of course the same as D, the
heliographic latitude of the Earth.

The measures of areas given in the last three columns were made with a glass
diaphragm ruled into squares, with sides of one-hundredth of an inch, and placed
as nearly as possible in contact with the photographic film. The integral number of
squares and parts of a square contained in the area of a spot or facula was estimated
by the observer, two independent sets of measures being made by two observers. The
mean of the two sets of measures has been taken for each photograph. The factor for
converting the areas, as measured in ten-thousandths of a square inch, into millionths
of the Sun's visible hemisphere, allowing for the effect of foreshortening, has been
inferred by means of a table of double entry, giving the equivalent of one square for
different values of the Sun's radius, and for different distances of the spot or facula.
from the Sun's centre as measured by means of the position-micrometer.

The individual spots in a group have in some cases not been measured separately,
but combined into a cluster of two or three small spots close together, the position of
the centre of gravity and the aggregate area of the cluster being given. The actual
number of individual spots is usually stated in the notes.

§ 16. Ledgers of Areas and Heliographic Positions of Groups of Sun-Spots deduced
from the measurement of the Solar photographs for each day in the year 1900.

In these ledgers the daily results for each group are collected together from the
measures of the individual spots and given in a condensed form. The first column
gives, for each day on which the group was observed, the Greenwich civil time at
which each photograph was taken, expressed by the day of the month (civil reckoning)
and the decimals of a day reckoning from Greenwich mean midnight. The second
and third columns give the sums, for each day, of the projected areas of all the

GRHHNWIOH OBSERVATIONS, 1900. 1
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umbrae and whole spots comprised in the group, the projected area being the area as
it is measured upon the photograph, uncorrected for foreshortening, and expressed in
millionths of the Sun's apparent disk. The fourth and fifth columns give the sums
for each day of the areas of all the umbrae and whole spots comprised in the group, cor-
rected for foreshortening, and expressed in millionths of the Sun's visible hemisphere.
The sixth and seventh columns give the mean longitude and latitude of the group,
found by multiplying the longitude and latitude of each separately measured com-
ponent of the group by its area, and dividing the sum of the products by the
sum of the areas. The last column gives the mean longitude of the group from the
central meridian, and is found by subtracting the longitude of the centre of the disk
from the mean longitude of the group. At the foot of these daily results for each
group are given the mean areas of umbrae and whole spots and the mean longitude
and latitude for the period of observation.

§ 17. Total Projected Areas of Sun Spots and Faculœ for each day, and Mean Areas
and Mean Heliographie Latitude of Sun Spots and Faculœ for each
Rotation of the Sun, and for the year 1900.

This section requires no further explanation.

As a general remark applying to every class of observation above mentioned, it is
proper to state that the original entries of observations are in all cases preserved. The
greater part of the regular observations with the transit-circle are entered in small
memorandum books, in which the entries are made with a metallic pencil whose marks
are not easily effaced ; and some observations are written down at once with ink in the
skeleton forms in which the calculations are to be made, or in the copy which is sent to
the press. The sheets punctured by the prickers of the electro-magnets in registration
of transits by the Chronographie method are also preserved. The proof-sheets are read
with the first skeleton forms in which the observations are entered ; and in which, in
fact, the examination for accidental errors, &c., is made. The solar photographs which
have been measured are preserved.

W. H. M. CHRISTIE.

Royal Observatoryt Greenwich.
1903, February 16.
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MOTIONS OF STABS ш THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS

MEASURES of DISPLACEMENT of LINES in the SPECTRA of STARS, MOON, AND SKY as compared with those of TERRESTRIAL
ELEMENTS, and CONCLUDED MOTIONS in the LINE of SIGHT, from OBSERVATIONS at the ROYAL OBSERVATORY, GREENWICH,
in the Year 1887.

The day specified in the first column is the Civil Day, and the hours and minutes are those of Greenwich Civil Time, commencing at
Greemvich Mean Midnight and counting from о to 24 hours.

Note.—The motion corresponding to the displacement actually observed may be inferred from the Concluded Motion by adding the
Earth's Motion algebraically.

The " Half -prism " Spectroscope was used throughout. Each " Half-prism " is compound, and is composed of a flint " half-prism "
(i.e., the half of an isosceles prism, cut by a plane perpendicular to the base,) and a crown prism, cemented on the emergent face
so as to form the half of a direct-vision prism. With one such half-prism a dispersion of about 18£° from A to H, equivalent
to that produced by four flint prisms of 60°, is obtained ; and with a train of two a dispersion of about 80°, equivalent to that
produced by sixteen flint prisms of 60°. One half-prism has been always employed. The dispersions have been inferred from
measurements of the distance between bl and &4 as compared with the wave-length measure.

i™r- of the micrometer corresponds with one "half-prism" to 10-4 tenth-metres or 375 miles per second for the b lines, and to
7-91 tenth-metres or 304 miles per second for the F line.

rev- of the screw for opening the slit corresponds to o-oi inch, or about 10".

The slit lies north and south when the reading of the Position Circle is 6°.

The velocity of light has been taken as 186,660 miles per second, and the distance of the Sun as 92,250,000 miles.

The estimations of displacements have been made by indirect comparison with the comparison-line, except where the contrary is
expressly stated. The displacement is estimated in terms of the breadth of the comparison-line.

The sign + denotes a displacement towards the red or a motion of recession, — a displacement towards the blue or a motion of
approach.

Date, 1887.
Greenwich.

Civil Time.

d h m
Jan. 26. 2i. 25

21.35
21. 50
22. О
22 I Ctit,. L $

22. 30

22.55
23. IQ
2-1 ÎC* J* j 5
23.50

27 O I C*/ • * - ' • » >
0.25

Jan. 28. 19. 35
19.50
20. o
20. IO

20. 30
20.45

Jan. 31. 19. IQ
19.15
19. 20
19.25
19.30
19-45
20. 5
20. 25
20.45
21. 0

O
bs

er
ve

r.

M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M

M
H
M
M
H
M
M
M
M
M

Object.

Capella
9 9
9 »
9 9

/3 Persei . .
> 9
> j
> 9

Rigel
9 >

Sirius
i >

â Persei
9 t

9 »
9 9

Aldebaran
> »

Moon
9 9

9 9

9 9

9 9

ß Persei
9 9

9 9

9 9

9 9

Line.

F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F

Width

of
Slit.

O"2OO
O-2OO
0-200
O-2OO
Q'2OO
0-200
O'2OO
O-2OO
O'2OO
O-2OO
_._ _ л

O-2OO

O-23O
O-23O
0-230
O-23O
0-230
0-23O

o-i6o
0-160
0-160
0-160
0-160
0-160
0-160
0-160
0-160
0-160

Displacement.

Measured.

— O'OOQ" w"7

+ 0-08 I

+ 0-054

+ O-O9O

O'24.8

— O'242

— 0-2ÓI

— O'2l6

+ O'OAO

+ 0-I39

n-OC Сu '-'ээ
-0*075

—0-069
+ O-O24
+ 0-049

o-ooo
+ 0-III
+ 0-134

+ 0-008
+ 0-017
+ 0-008
— O'OII
+0-019
—0-023
—0-017
— O'OIO
+ 0-030
—0-003

Estimated.

— -ArTTF
+ 1
+ ï+ *
— I
— I
- 1
+ 1
+ 1
— r • •

- i+ i+ i
о

+ £+ *

- л- л
~~ г^
+ 1

о

Earth's
Motion in
Miles per
Second.

+ 12*6

+ 12-6
+ 12-6

+ 12-6

+ 1 6-6
+ 16-6
+ 16*6
+ 16*6
-J- T 2'7Т 14 /

+ I2'7
+ 6*O

+ 6-0

+ 16-8
+ 16*8
+ 16-8
+ 16-8
+ 16-4
+ 164

+ I7'°
+ 17'°
+ 1 7'°
+ i7'°
+ iro

Concluded Motion
of Stars in Miles per

Second.

Measured.

— I i'i1 J J
+ 12*0

+ 3-8
+ 47

QT -Q
71 7

— 90*I

-9S'9
- 82*2
— 0*6

+ 29'5
22*7** /

- 28*8

-37-8
- 9'5
- .i'9
- 16*8
+ 17-3
+ 24'3

- 24
+ S'!
+ 24
- 3'3
+ 5-8
— 24*0
— 22*1
— 2O*O

- 7'9
- I7-9

Estimated.

— 2I'O

+ 154
+ 8*4
+ 29*5
— IOO"71WW /

- 100-7
— 100-7
— 727
+ 8-i~ u J

+ 294
— 27*0
— 27*0

- 42*2
+ 3-5
+ 3-5
- 16*8
+ 24*2
+ 34-43

- 21*9
- i9'4
- 194
- 7'3
- 17-0

BEMABK8.

Spectrum bright but tremulous. Defi-
nition fair. Star-line not very well seen
in first observation, probably giving an
incorrect result.

Spectrum very tremulous. Star-line very
ill-defined and difficult to bisect. There
was a decided displacement towards the
blue.

Spectrum very tremulous. Star-line very
faint.

Spectrum very tremulous. Definition bad.
Displacement appeared small towards
the blue.

Position Circle, 6°.

Spectrum faint, but fairly steady. Defi-
nition of star-line poor.

Spectrum faint. Definition poor. Star-
line only occasionally seen well.

Position Circle, 6°.

The coincidence of the two spectra
appeared perfect.

Spectrum fairly bright and steady. Defi-
nition bad. Displacement evidently
very slight.



AT THE ROYAL OBSERVATORY, GREENWICH, ш тнв TEAR 1887.

Date, 1887.
Greenwich

Civil Time.

d h in
Jan. 31. 2i. 15

21.25

21. 30

2 1 - 3 5
21. SO

22. 0

Feb. 2. 22. 40
22. 50

23. о
23. io
23.3o

2 3 - 3 3
23.36

23-39
23.42

3- o. 5
0.15
o. 20
0.25
o. 30
0.35
o. 40
0.45
o. 50
I. О

I. 20

. 1.30

Feb. 12.21. о
2 1 . 1 5
21. 30

21. 40

22. 0

22. 15

22. 2;

. 22.35

Feb. 15.22.45
22. 50

23. о
23. io
2 3 . 1 5
23. 20

2 3 - 3 5
23.50

1 6. 0. 10

o. 20
o. 30
o. 40
0.55
I. 10

о

M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M

M
M
M
M
Ы
M
M
M
M
M
M
M
M
M

Object.

Rigel
) )

y Orionis

ß Tauri
» )

/ïPersei
» »
1 1
1 9

Moon
» »
» »
» >
> >

Rigel
» >

Sirius
> >
» »
» >
» >
> »

Procyon
» >

Castor
> >

Sirius
t >
> »
» »

Rigel
> »

y Onoms
> >

ß Persei
» »
> »
> i
> »
i »

Capella
) »

Castor
) »
> >
1 1

Pollux
> »

Line.

F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F

Width
of

Slit.

г
040o
0460
o1 1 6o
очбо
очбо
очбо

0452
0452
0452
0452
0452
0452
0452
0452
0452
0452
0452
0452
0452

0452

0452

0452
0452
0452
0452
0452

0452

0438
0438
0438
0438
0438
0438
0438
0438

0438
0438
0438
0438
0438
0438
0438
0438
0438
0438
0438
0438
0438
0438

Displacement.

Measured.

r
+ 0423

+ 0423

— 0-023
— 0-038

— О'ОАО

— 0-025

-0-331
— 0-246
— 0-326
— О'ЗО2

+ 0-024

+ О-ОО9
— 0-012

— О-ОО5
+ O'OIO

+ 0-062
+ 04i8
+ 0-107
+ 0-040
+ 0405
+ 0-025
+ 0-093
+ 0-030
+ 0-064
+ 0410

- 0-073
— очи

+ o-oz6
— 0-005
— 0-029
— 0-030
+ 0-057
+ 0-048
+ 0-146
+ O'i34

- 0-183-
— 0461
— 0-078
— 0-065
— 0-070
— о- 1 об
+ o'o7o
+ 0456
4- 0-072
— 0423

+ 0-038

— 0-069

— 0-092

— O429

Estimated.

+ i4-i
-»i—i

•*• i
+ î
+ î
+ í
+ *,+ Л+ 1
+ A

+ I
- A
- *

+ Л
0

i f+ *
+ 1+ f

- 1_ 9

ï

-t

т!
íi
;|
- *
- l

Earth's
Motion in
Miles per
Second.

+ I3-5
+ I3'5
+ 44
+ 144
+ Ч'б
+ H'6

+ I7-I
+ I7-I
+ I7-I
+ I7-I

+ I3'8
+ i3'8
+ 7'6
+ 7-6
+ 7-6
+ 7-6
+ 7-6
+ 7'6
+ 6-2
+ 6-2
+ 8-0
+ 8-0

+ 9'6
+ 9'6
+ 9'6
+ 9'6
+ iS'o
+ IS'o
+ 16-3
+ 16-3

+ 174
+ 174
+ í 74
+ I7'4
+ 174
+ I7'4
+ I5'9
+ I5-9
+ i i - S
+ i i -S
+ u'5
+ ï rs
+ 10-8
+ 10-8

Concluded Motion
of Stars in Miles per

Second.

Measured.

+ 23-9
+ 23-9
- 21-4
- 25-9
- 26-7
— 22'2

— II7-6

— 9Г8

— I I 6' I

— 108-8
+ 7'3
+ 3'5
- 4-6
- i'9
+ 3-8
+ S'o
+ 22-O

+ 24-9

+ -FS+ 24-3
o-o

+ 20-7
+ 1-5
+ 13-2
+ 27-2
- 30-1
- 417

- i'7
- "'S
— 18-4
- 20-5
+ 2-3

- 0'4
+ 28-0

+ 244

- 73'o
- 66-3
- 41-1
- 37'i
- 387
- 49'6

+ 54
+ 31-5
+ 10-4
- 48-9
+ 04

- 32^
- 38-8

— SO-O

Estimated

+ 10-8
+ 10-8
- I9'3
- 244
- 24-3
- i9'5

— 122-8

- 87-6

— 105-2

— I05-2

+ 3'8
+ 21-5

+ 277
+ 6-s
+ 20-6

- 0-5
+ 20-6

- 0-5

+ II-4
+ 29-0

— 29-2

- 43-2

_ 2-9
_ 9-6
- 16-3
- !б-3

+ i'7
+ Г7
+ 28-2

+ 23-8

- 67'5
— 6i'9
- 397
- 397
- 34'1
- 50-8
+ 6-4
+ 34-2
+ ю-8
- 44'9
+ 1-9
- 28-2

- 33'i
- 44'2

REMARES.

Spectrum bright but tremulous. Definition
fair."

Spectrum fairly bright and steady. Defi-
nition fair.

Star-line seen only by glimpses.

Position Circle, 6°.

Spectrum faint and tremulous. Star-line
not seen well. Direct comparison
shewed large displacement towards the
blue.

The coincidence of the two spectra
appeared perfect.

Spectrum very tremulous. Star-line seen
with great difficulty.

Spectrum bright but tremulous. Star-
line seen well. Definition fair. Direct
comparison seemed to show that the
displacement was practically nil, if
anything very slight towards the red.

Spectrum bright and fairly steady. Defi-
nition good. Star-line fairly well seen.

Spectrum fairly bright and steady. Star-
line fairly well seen. Displacement
large towards the blue.

Position Circle, 6°.

Spectrum exceedingly tremulous.

Spectrum very tremulous. Star-line very
difficult to see.

Spectrum fairly steady. Definition fairly
good.

Position Circle, 6°.

Spectrum faint. Star-line faint and dif-
fused and seen with difficulty. Defi-
nition poor.

Spectrum steady and fairly bright, but
definition poor.

Spectrum fairly bright and steady, but
definition poor. Star-line seen with
much difficulty.

Spectrum bright and fairly steady, but
definition poor. Star-line seen with
much difficulty.

Position Circle, 6°.

6A 2



MOTIONS OP STABS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS

Date, 1887.
Greenwich.
Civil Time.

d b m
Feb. 16. ig. 32

19.39
19.40
19.41
'9-43
I9-4-S

го. о
20. г

2О. IO

20. 12

2О. 14

2О. 10

20. l8

20. 20

2О. 27

2О. 30

20.33

20.35

20.43
20.48

20.53

20.55
21. 10

21. 12

21. 21

21. 22

21. 29

21. 31

21.37
21.40

21. 41

21-43
21. $О

21. 51

2 I . 5 Z

21.54
22. 2

22. 4

22. 19

22. 21

22. 27

22. 29

22.37
22.38

22. 40

22. 42

22-44

22.45

22.57
22. 58

23. о
23. I

Feb. 17. 12. о

о

м
II
H
il
ж
M

M
M

M
M
M
M
M
M
H
M
M
M
M
M
H
If
M
M
H
M
M
M
H
M
M
M
M
H
H
M
M
M

H
M
M
H
H
M
M
M
M
M
M
H
M
H

M

Object.

y Caesiopeiee...
} 1
> >
> »
> >
5 >

•y Andromedœ ,
) >

/3Persei
> »
> >
> »
> >
> »

a Persei
> »
» »
> »

Aldebaran
> »

Rigel
> >

8 Orionis
ï »
1 1

л » »
« Orionis

5 »

í Orionis
> >
j »
9 )

y Orionis
j >
> >

/3 Tauri
> >

/c Orionis

y Geminornm .

Sirius"
»
>
»
>
»

Procyon
» >
» >
> >

Sky

Line.

F
F
F
F
F
F

F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F

F

Width
of

Slit.

0-138
0-138
0-138
0-138
0-138
0-138

0-138
0-138

0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0438
0-138
0-138
0-138

0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138
0-138

0-138

Displacement.

Measured.

-0-139
—0-063
+ 0-240
+ 0*076
+ 0-066
+ 0-091

—0-042
+ 0-060

-0-199
-0-179
— 0-099
— 0-068
+ 0-044
—0*024
+ 0-076

O'OOO

— 0-012

— O-OI3

+ 0-149

+ 0-I36

+ 0-057

+ O-OI2

+ 0-040

+ 0-II8

+ 0-I I4

+ 0-087

+ O-IÓ2

+ 0-05I

+ 0-038

— O-OO2

-0-035

+ 0-OI7

— 0-050

+ 0-I05

— 0-017

+ 0-042

+ 0'O06

— O'IO4

+ O-010

—0-291
— 0-106
+ 0-052
+ 0-100

— 0-067
-0-059
+0-125
—0-082
— O'OII

—0-008
+0-031
— O-O2I

Estimated.

+ 1
+ í
+ í
+ 1

- \
+ A

It
о

-t+ ï
+ I+ *+ A+ }
+ è
+ \
+ i
+ -I
+ }

+ I
0

"~ i+ i

+ î
~~ та
+ TV

+ A

- i
0

— I
- £
+ 1
+ 1

+ 1- *
0

о
+ i- А

Earth's
Motion in
Miles per
Second.

+ 12-O

+ 12-0

+ 12-0

+ 12-0

+ I2-O

+ I2-O

+ 16-1
+ 16-1

+ 174
+ 17-4
+ 174
+ 17-4
+ 17-4
+ 17-4
+ 16-3
+ 16-3
+ 16-3
+ 16-3
+ 18-4
+ 18-4
+ 154
+ 154
+ 15-8
+ 15-8
+ 15-8
+ 15-8
+ 15-6
+ i5'6
+ 15-4
+ 15-4
+ 15-4
+ 15-4
+ 1 6-8
+ 16-8
+ 16-8
+ 16-8
+ I7'2
+ 17-2

+ H'i
+ 14*1
+ 1 44
+ 14-4
+ 10-3
+ 10-3
+ 10-3
+ 10-3
+ 10-3
+ 10-3
+ ï o-o
+ ï o-o
+ ï o-o
+ I O'O

Concluded Motion
of Stars in Miles per

Second.

Measured.

- 54-2
- 314
+ 60-9
+ I I - I
+ 8-0
+ 15-6

- 28-8
+ 2-1

77-877 °
- 71-8
- 47'5
— 38-0
- 4-0
- 24-7
+ 6-8
- 16-3
- 19-9
— 20-3
+ 26-9
+ 22-9
+ Г9
- 1 1-8
- 37
+ 20-0

+ 1 8-8
+ 10-6

+ 33-6
— O'l

- 48-5

~ Г— i6-o
— 26-0
- 11-7
— 32-0

•+ 15-1- 21-9
- 4'5
- 154

- 457
— i i ' i
— 102-8

- 46-6
+ 5'5
+ 20- 1
- 307
— 28-2
+ 277
- 35'2
- i3'3
- 12-4

— 0-6
— 1 6-4

Estimated.

-52-3
-45-6
+ 327
+ 21-6

+ 10-4

+ 2Гб

-29'5

+ 4'o

67-7u/ /
-677
- 51-0
-34-2
— 0-6
-24-1
+ i7'3
— 16-3
— 23*0
- 23-0
+ 3i'9
+ 26-3
+ 7-0
- 8-7
- *4
+ 17-8
+ 17-8
+ i7'8
+ 347
+ 1-2

-37-8
+ 14
- 44
- 28-8

o-o
-33-6
+ 5'6
-*3'5
- 10-5
- lo-s

-36-5
- 14-1
-81-5
-48-0
+ I2-I

+ 23-3
-27-I

- 327

+ 23-3

-43'9
— ï o-o
— I o-o
+ 6-8
-167

REMARKS.

The bright F line which "was very dis-
tinct with, the single-prism spectroscope
was a very difficult object with the half-
prism spectroscope and could not be held
steadily. It was a narrow line and
seemed to elude bisection. Spectrum
not seen well at second observation,
seen best at sixth.

Spectrum faint, but fairly steady. Star-
line faint and seen with difficulty.
Displacement evidently small.

Spectrum bright and fairly steady, but
definition poor. Star-line seen best in
last observation.

Star-line of the Procyon type. The central
line was not seen well, although the
spectrum was bright and fairly steady.

Spectrum fairly bright and steady. Star-
line rather faint.

Spectrum bright, but very tremulous.
Star-line faint. Definition poor.

Spectrum somewhat faint and tremulous.
Star-line faint in first two observations,
but seen better in the last two. Defi-
nition poor.

Spectrum fairly bright, but tremulous.
Star-line narrow and fairly dark.

Spectrum fairly bright and steady. Star-
line narrow and fairly dark.

Spectrum bright and somewhat tremulous.
Star-line fairly dark.

Spectrum very bright and steady. Star-line
fairly dark and not very diffused at
edges.

Spectrum faint and tremulous. Star-line
faint and seen with much difficulty.

Spectrum bright and fairly steady. Star-
line very broad and diffused.

Spectrum very bright, but exceedingly
tremulous.

Spectrum bright, but very tremulous. Star-
line narrow but faint.

Position Circle, 6°.

Sky spectrum was compared with that of
hydrogen. No want of coincidence
could be detected.

Position Circle, 6°.



AT тнн ROYAL OBSERVATORY, GKHHNWIOH, ш тнв YEAR 1887.

Date, 1887.
Greenwich
Civil Time.

d h m
July 4. 22. 25

22.45

July II. 22. 15

23. о
• 23. is

23-30

23-45
2 3 - 5 5

12. O. IO

О. 2С

0.45
0.55

• 'S
. 18
. 21

- 2 4

- 2 7

Aug. 22. 22. 31

22. 46

22. 56

23. II

23.31
23.46

23. o. i
О. II

О. 20

о. 36
I. II

ï- З 1

Aug. 24.21.23
2 1 - 5 3
22. l8

22.43
23. 8
23.28
23.58

25. о. 13

Aug. 31- 22. 35
22.38
22.47
22. 56

23. 'о
2 3 - I 4
23.18

23.22

23-27

23.33
2Î. 4.O"J- T

23-43
23.46
23-49
2 3 - 5 2

И

о

M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Object.

Arcturus
, ,

Arcturus
J ,

a Coronee
J >

a Ophiuchi ...
Я ,

a Lyrœ
, ,

aAquilœ
, ,

Moon .'

, ,
, ,
,

У LyrtB

C Aquiles
, ,

a Aquilro
, ,

a Ovcrni
, ,

a Cephei
» »

a Согопаэ Bor.
, ,

a Ophiuchi ...
) >

a LiVrffî

, ,
aAquilœ

, ,

a LyrfB

, ,
, ,

a Aquiles
,,
. ,

a Ovffni
, ,

Moon

, ,
, ,

"

bine

F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Width
of

Slit.

г
оч 67
0467

очбо
очбо
О' I бо

очбо
очбо
очбо
оч 6о
очбо
очбо
0-1 6о
0' IÖO
очбо
очбо
очбо
очбо

О' M С^ * J 3

0-135
О' I Ч С

0-135
0-135

0-135
0-135
0-135
0-135
0435
0435

0-090
0-090
0-090
0-090
0-090
0-090
0-090
0-090

очбз
очбз
очбз
очбз
очбз1

очбз
очбз
очбз
очбз
очбз
очбз
очбз
очбз
очбз
0-163

Displacement.

Measured.

г
— о-о88
— o-ogS

— 0-107
— 0-078
+ o'io8
+ очоб
-0-073
— О-О23
— O'OQ2

— 0453

-0-139
— O-I42

+ O'OI 7
— 0-025
+ 0-003
— о-ооб
+ 0-012

— О* 14-6
— o-i6g

n- т •» чu '33
— 0-201
— 0-028

— 0-087

— 0405

-0495
— ОЧ27

— 04ÓI

— 0423
— 0-218

— 0-064

— 0-073
— 0-091
— очоб
— 0489
— 0-185
—0432
—0-146

_

— 0412

— 0428

—0455
— О'2б2

—0-105
—0-230
— 0'211

— 0-139

— 0469
— O'OII

+ 0-018
+0-017
+0-017
—0-017

Estimated

- i

- f

+ 1

— 1

- A

— I
— 4
- £

— 3Tf

__ ï

- I
— A
— 1

4

— 1

— £

— i
— 4

- A— -í
— 4_ x
- t
— 1
— t

_ 8
3

— ^— T

- í

- f

_ 3.

— i

— *

Earth's
Motion in
Miles per
Second.

+ 15-0
+ 15-0

+ 15-2
+ 15-2
+ 1 1-8
+ 1 1-8
+ 6-9
+ 6-9
+ O-8
+ 0-8
- 2-9
— 2-9

+ 6-1
+ 64
+ 6-5
+ 6-5
+ 9-6
+ 9'6
+ 77
+ 7'7
- 0-7
— 0-7
- 4'3
- 4'3

+ 124

+ 124

+ 137
+ 137

+ 6-3
+ 6-3
+ 8-1
+ 84

-4- Л'лT^ u у

+ 6-9
+ 6-9
+ 6-9
+ 97
+ 97
+ 97
+ 97
+ 0-7

Concluded Motion
of Stars in Miles per

Second.

Measured.

- 417

-477
-38-9
+ 2I'O

+ 20-4

- 294

- I3-9
— .28-8

-47-3

- 39-3
-40-2

í 7-6
+ 0-9
- 1-8
+ 3-6

— CO'CJ J

- 57'4

-67-6
— 184
— 36-0
- 39>б

-66-9
- 37'9
-48-2
- 33-1
— 61-9

- 31-5
- 34'3
-41-3
— 45'9
-63-7
- 62-5
— 48-2
- 52-5

•
— 40-9
-45-8
— 54'°
— 89-2
-4Í-6
-79'5
-73-8

— 52-0
- 6-7u /
+ 5'5
+ S''
+ S''
- S1'

Estimated

-48-4
-41-7

-47'7
- 41-2
+ 20*7
+ 20-7
- 28-6
- I3'4
— ЗЗ'З

-40-4
- 40-4

— SS'S
- 55'5
— 47-6т/ "
- 55'9
- 17-8
— 37-0
— 40-6
-73-6
-404
-487

- 574

-30-8
— 30-8
-344
- 344
-47-8
-47-8
-39-2

— 63-2
-494
- 57'5
— 73-0
— 60-3
— бо'з
— бо'ч
— 4a'9
— 51*3

REMARKS.

Spectrum tremulous and rather faint.
Star-line not well seen. Observation
made with difficulty.

Position Circle, 6°.

Definition poor, although the spectrum
was bright.

Spectrum somewhat faint and unsteady.

Spectrum tremulous and somewhat faint.
Definition poor.

Spectrum bright. Star-line fairly well
seen.

Spectrum bright and fairly steady. Star-
line fairly well seen.

No want of coincidence could be perceived.
Moon spectrum rather faint.

Position Circle, 6°.

Spectrum bright and steady. Definition
good.

Spectrum faint. Star-line seen with much
difficulty. Measures rough.

Spectrum very faint. Star-line seen with
great difficulty. Measures rough.

Spectrum bright. Star-line somewhat
faint.

Spectrum bright and steady. Definition
good.

Spectrum fairly bright. Star-line seen
fairly well.

Position Circle, 6°.

Spectrum faint. Measures made with
extreme difficulty.

Spectrum faint. Star-line not well seen.

Spectrum bright, but star-line ill-defined
and very difficult to bisect.

Spectrum fairly bright. Star-line difficult
to bisect.

Position Circle, 6°.

Spectrum unsteady and definition poor.
Spectrum faint for so bright a star.
Spectrum and star-line seen a little better

than in first two measures.
Spectrum fairly bright and steady, but

star-line very ill-defined.

Spectrum fairly steady and star-line fairly
well defined.

The coincidence of the two spectra
appeared perfect.



MOTIONS OP STABS .IN THE LINE OP SIGHT, INPEBBBD РВОМ SPBCTBOSCOPIO OBSEBVATIONS

Date, 1887.
Greenwich
Civil Time.

d h m
Sept. i. o. o

О. 2

°- i
0. 6

O. IO

о. 13
O. 1 6

о. 19
0.25
о. 30

Sept. 2.21. 3
21. 23

Oct. io. 20. 53
20.58
21. 8

21. 13

21.43
21.52

22. О

22. 10

Oct. 11.12.13
12. l6

12. IQ
12. 22

I 2 Í 2 5

Oct. 14. 20. 17
2O. 27
20.47
20. 51
20.55
20.59
21. 7
21. II
21. 19
21. 23
21.37
21.43
21.51
21.55
22. 5
22. 9
22.47
22.57

23. 12
23.25

23-4S
15. o. 5

0.40
0.55

о

M
M
M
M
M
M
M
M
M

M
M

M
M
M
M
M
M
11
M

M
M

•H
M
M

H
M
M
M
H
M
M
M
M
H
M
H
M
M
M
M
M
M
M
к
M
M
H
M

Object.

a Pegasi
J 9

9

9

y Pegasi
J

9

9

a Andromedffi .
9 9

9 9

a Lyrse
» »

a Aqnilœ
9 9

S Cygni
» 9

9 »

9 9

Skv
9 9

9 9

» 9

9 9

a Lyrse .........
9 9

o Aquiles
9 9

v Cvími
9 9

a Cygni

» 9

t Cygni
9 9

a Cepbei
9 9

t Pegasi
9 9

a Pegasi
9 9

a Andromedse .
> »

Y Pecaei
9 9

et Arietis
9 9

Aldobaran
9 9

Line.

F
F
F
F
F
F
F
F
F
F

F
F

F
F
F
F
F
F
F
F

F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Width
of

Slit.

г
0-163
0-163
0463
0-163
0463
0-163
0-163
0-163
0-163
0-163

0-163
0-163

0-460
0-460
0*460
0-460
0-460
0-460
0-460
0-460

0-460
0-460
0-460
0-460
0-460

О'2ОО
О-2ОО
О-2ОО
О-2ОО
0-200
О-2ОО
О-2ОО
О-2ОО
О-2ОО

О-2ОО

О-200
О-2ОО

О-2ОО

0-2ОО
О-2ОО
О-2ОО
О-2ОО
О-2ОО
0-200

0-200
O'ZOO
О-2ОО
0-200
О-2ОО

Displacement.

Measured.

-or-i37
—0-069
—0-113
-0-075
-0-139
—0-129
—0-06 1
—0-085
—0-076
— 0-136

-0-155
—0-109

—0-208
— O'lOI

— 0-012

+ 0-026
+0-165
—0-185
—0-131
—0-086

—0-030
+0-038
+ 0-042
+ 0-016
+ 0-021

-0-154
-0-074
+ 0-OI4
— O-O2O
— 0-079

— 0-060
— 0-IlS
— 0-O94
— O-OI5

+ 0-07I

— 0-I9O
— O'2OI

+ 0-I38

+ 0-I24
o-ooo

+ O-O19

+ 0-003

— 0-025
— 0-028

— O-II4
O'OI 3

— O-O2I

+0-115
+0-109

Estimated.

3
т

_ ï

- I

- $
- £

- 4

0
о

+ i

+ л

"~~ Tf

- i
o

+ *я
+ 1
+ í

o
+ A

o
- A
- A
- *
- Л
~~ Tff

+ 1
+ *

Earth's
Motion in
Miles per
Second.

- 4-0
- 4-0
- 4-0
- 4-0
- 8-7
- 87
- 87
- 8-7
- 9'2
- 9'2

+ 7-1
+ 7-1

+ «7
+ 8-7
+ Ч'?
+ IS7
+ 7-1
+ 7-1
+ 7-1
+ 7-1

+ 8-7
+ 8-7
+ iS'9
+ I5-9
+ 8-5
+ 8-5
+ 6-8
+ 6-8
+ 9'9
+ 9'9
+ Г2

+ 1-2
+ 13-3
+ 13-3
+ 8-5
+ 8-5
+ 2-5
+ 2-5
+ 4'3
+ 4'3
- 47
- 47
- I3-5
- i3'5

Concluded Motion
of Stars in Miles per

Second.

Measured.

-37-6
— 17-0
- 30-3
- 18-8
-33'5
-3°'5
- 9-8
- 17-1
- 13-9
- 32-1

- 54-2
— 40*2

-71-9
- 39'3
- i9'3
- 7'8
+ 43 'o
-63-3
-46-9
- 33'2

- 9'i
+ II-S
+ 12-7

+ 4'8
+ 6-4

- 55'5
- 3i'2
- 11-7
— 22-O

- 3Z'5
-267

— 42-6

-354
- 14-4
+.U-6
-58-9
— 62-2
+ 28-6
+ 24*3
- 8-5
- 2-7
- 1-6
— lO'I
- 12-8

- 38'9
+ 0-8
- 17
+ 484
+ 4<5'6

Estimated.

-38-2
- I7-I
-46-6
- 17-1

- 194
- 33'5
- !9Ч
— i9'4
— 18-9
- ЗЗ'о

- 577
-4°'9

-64-5
- 50-5
- 47
- 157
+ 347
-48-9
-48-9
-40-5

- 52-2
-30-5
- 6-8
-38-7
- 39'°
- 3I-3
- 37'3
— 29-6
- 9'9
+ 12-9
- 697
-46-9
+ 324
+ 324
- 8-5
+ 0-6
- 2-5
- 1 1-6
- 134
-40-9
- 44
- 44
+ 50-1
+ 44-0

REMARKS.

Spectrum faint ; star - line ill - defined,
measures rough.

Spectrum faint but steady. Definition
fair.

Spectrum fairly bright and steady. Star-
line ill-defined.

Position Circle, 6°.

Spectrum bright and steady. Definition
good.

Position Circle, 6°.

Definition fair.

Spectrum bright and steady. Star-line
seen very well.

Spectrum faint. Star-line seen with some
difficulty.

Position Circle, 6°.

No want of coincidence could be detected,
but the sky spectrum and also the
hydrogen spectrum were faint and not
well seen.

Position Circle, 6°.

Spectrum not very bright. Star-line
bisected with some difficulty.

Spectrum rather faint, but star-line seen
fairly well.

Spectrum and star-line faint. Star-line
seen fairly well at time of bisection.

Spectrum faint but steady. Star -line
distinct and steady.

Spectrum faint. Star - line seen with
extreme difficulty.

Spectrum faint. Star-line broad, dark, and
diffused at edges.

Spectrum faint. Star-line faint but sharp.
Seen with some difficulty.

Spectrum faint. Star-line broad and
diffused, but dark.

Spectrum rather faint but steady. Star-
line seen fairly well.

Spectrum faint. Star - line diffused.
Measures made with great difficulty.

Spectrum faint. Star - line seen with
extreme difficulty. '

Spectrum somewhat faint. Star-line seen
with much difficulty.

Position Circle, 6°.



AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1887.

Date, 1887.
Greenwich

Civil Time.

d h m
Out. 19. 20. 2

20. 17

20.37

20. J2

21. 7

21. 22

21.47

22. 7

22. 32

22.47

23- 7
23- 17

23-37
23-42
23.47
23.57

20. о. 7
о. 17
0.27

0. 32

0.37
0.57
I. 12

Oct. 2 1 . 2 1 . 3 5
21.45
21. 50

22. О

22. IO

22. 15

22. 24

22. 27

22. 30

22.33

22. 40

22.44

22. 48

22. 52

23. IQ
23. 20

23.25

23.28

23.31

2 3 - 3 5
23.40

23.45

23.50

2 3 - 5 4

23.58
22. 0. 3

o. 7
0. IO
o. 13
o. 16
o. 18
0. 20
0. 22

0.25

O
bs

er
ve

r.
 

1
M
M
M
M
M
H
M
M

M
M
M
M

M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
H
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
H
M
M

Object.

a Pegasi
, ,

a Andromedœ
, ,

y Pegasi
, ,

ß Cassiopeiœ ..
, ï

aCassiopeiœ...
, ,

•yCassiopeite...
, ,

ß Persei
, >
> »
» i

a Perse!
J »

Aldebaran ...
> »
> »

Rigel
» »

a Andromedoe
» »
, >
, ,

ß Arietis
, ,

a Arietis ..
,
>
,

/3Persei
>
»
>

a Persei
ï »

Capolltt
, ,
, >
> >

ß Aurigas
, ,

ß Tauri
j >
, >
, ,

y Orionis
1 ,

Rigel
» ï
, ,
» »
» >
» »

Line

F
F
F
F
F
F
F
F

F
F
F
F

F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Width
of

Slit.

r
O-20O

O'2OO

O-2OO

O'2OO

0-200

O-2OO

O'2OO

O-2OO

O-2OO

O-2OO

O-2OO

O-2OO

O'2OO

Q-2OO

O-200

O'2OO

O'2OO

O-2OO

0-200

O-2OO

O'2OO

O-2OO

O'2OO

O-2OO

O-2OO

O-2OO

O-2OO

O-2OO

0-200

O-2OO

O-2OO

O-2OO

O-20O

O'2OO

0-200

O-2OO

O-2OO

O-2OO

0-200

O'200

O-2OO

0-200

O'200

O'ZOO

O-2OO

0-200

O-2OO

0-200

O-2OO

0-200

O-2OO

O-2OO

O-2OO

O-2OO

O-2OO

O'2OO

O-2OO

Dieplaoement.

Measured.

-оГ-о53
—0-032
—0-085
—0-061
—0-009
—0-089
+ 0-103
—0-061

+ 0-042
+ 0-035
-0-047
— 0-088

— 0-196
— 0-214
-0-193
— 0-183
— 0-127
—0-109
+ 0421
+ 0-059

+ 0-169

+ 0-098

+ 0-036

— O'OOS

— 0-151
-0-035

— O-o66

+ 0 - I 5 I

+ 0 - IÓI

+ 0-I55

+ 0-085

+ 0-081
-0-378
-0-299
-0-293
— O-2OI

— 0-I56

— 0'2б7

+ 0-094

+ 0-2I4

+ 0*049

+ 0-I54

+ 0-046

+ 0-I27

— 0-058

— 0-I92

— 0-063

-0-139

— 0-029

— O-OO5

— O-OI2

-0-077

+ 0-I49

+ 0-148

+ 0-052

+ 0-078

Estimated

T

- A
- 1

0

+ 1
~ TS

+ rV+-t
~ ï

_ 3

3
— Ъ

- *

- *_ а

- I

+ *
+ *
+ í
+ £
+ *

О

2
- А

ï f
+ f
- £
+ í
+ î
+ í— i

- Iятг- í
+ *
+ f
+ i
+ 1
+ i+ *
-t- i
-i

o
o

+ 1
+ è
+ í
+ A

Earth's
Motion in
Miles per
Second.

+ 9'8
+ 9'8
+ 3-9
+ 3-9
+ 57
+ 57
- i'5
- i'5

— 2'2
— 2-2

- 34
- 34

- 8-1
- 8-1
- 8-1
- 8-1
- 9-0
- 9-0
- 12-4
— 12-4
- 12-4
— 12-0

— 12-0

+ 4'5
+ 4'5
+ 4'5
+ 4'5
- 14
~ ri— 2-6

- 2-6

- 2-6

- 2-6

- 7-6
- 7-6
- 7-6
- 7-6
- 8-6
- 8-6

- I3'5
- >3 '5
- iS 'S
- 13'S
- 15-0
- 15-0
-.'47
- 147
- 147
- H7
-13-8
-.13-8
- u-6
- 1 1-6
- 1 1-6
-ï 1-6
— tii -6
-in -6

Concluded Motion
of Stars in Miles per

Second.

Measured.

-25-9
- I9-5
-29-7
-22-4
- 8-4
- 32-7
+ 32-8
- 17-0

+ 4'9
+ 12-8
— .10-8
- 23-3

- 51-4
- 5б-9
- 49'9
- 47'5
— 29-6
- 24-1
+ 49' ï
+ 30-3
+ 637
+ 41-8
+ 22-9

- 6-9
- 50-3
- 15-1
- 24-5
+ 47'2
+ 50-3
- 25-3
+ 497
+ 28-4
+ 27-2
— 107-2
- 83-2
— 81-4
- 534
- 387
- 72-5

+ 42-0
+ 78-5
+ 28-4
+ 60-3
+ 28-9
+ 53-6

" -*'l- 43'6
- 44
- 27-5
+ S'o
+ 12-3
+ 8-0
- IPS
+ 56-8
+ .5б-5
+ 27-4
+ 35'3

Estimated

- 28-1
— 18-9
- 3I'3
— 22-2

- 57
-36-2
+ 32-0
- 16-8

+ u-3
+ I I - 3
- H'9
- 27-1

-52-8
-52-8
-52-8
-52-8
-27-6
-27-6
+ 49-0
+ 307
+ 67-2
+ 42-S
+ 30-3

- 4'5
- 50-2
-13-6
-31-9
+ 47'i
+ 56-2
-27-9
+ 574
+ 39'2
+ 33'i
-837
— 60-0

1 - 60-9
-47-2
-46-2
- 59'9

+ 50-1
+ 744
+ 36-3
+ 5°'i
+ 37-8
+ 45'5
+ 5-6
-31-0
- 8-1
-.15-8
+ 47
+ i3'8
+ 1 1-6
— 1Г2

+ 42-1

+ 57'3

+ 344
+ 39'°

REMARKS.

Spectrum faint but steady. Star-line dark.
Definition fair.

Spectrum faint but steady. Star - line
rather faint. Definition fair.

Spectrum faint but steady, and star-line
seeiji only occasionally.

Observations made with тегу great diffi-
culty. Spectrum faint but steady. Star-
line, broad, faint, and diffused. Mea-
sures rough.

Spectrum faint but steady. Observations
made with extreme difficulty.

Spectrum steady, but rather faint. The
hydrogen line in the star was distinctly
a bright line, but not much brighter
than the spectrum. It appeared broader
and more diffused than usual.

Spectrum steady and fairly bright. Star-
line seen fairly well.

Spectrum steady and fairly bright. Star-
line seen fairly well.

Spectrum rather tremulous. Star-line not
seen well and only by glimpses. Defi-
nition poor.

Spectrum tremulous. Definition poor.
Star-line not well seen.

Position Circle, 6°.

Spectrum fairly bright and steady for
the last two observations. The spectrum
was faint for the first two observations.

Spectrum faint, but star-line dark and
seen fairly well.

Spectrum somewhat faint. Star-line ex-
ceedingly faint and only seen by
glimpses. Measures very rough.

Spectrum bright and steady. Star -line
seen very well. Displacement evidently
large towards the blue.

Spectrum bright, but rather tremulous. ;
Star-line somewhat difficult to hold.
Definition variable.

Spectrum bright and steady. Star-line
seen fairly well.

Spectrum bright and steady. Star-line
seen fairly well.

Spectrum fairly bright and steady. Star-
line seen fairly well occasionally, es- ,
peoially during the third observation.
Not seen well at the second.

Spectrum fairly bright and steady. Defi-
nition good. Star-line well seen.

Spectrum bright but tremulous. Star-
line never held steadily for long. Seen
best at the first, fifth, and sixth ob-
servations.



MOTIONS OF STABS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIO OBSERVATIONS

Date, 1887.
Greenwich

Civil Time.

d h m
Oct. 22. 0. 30

о.ЗЗ
0.36
0.40

Oct. 22. 12. О
12. 5

12. IO

12.15

12. 20

Oct. 24.21.38
.21. 58

22. 14

22. 17

22. 2O

22. 23

22.27
22. 37
22.47

23- 5
23.17
23. 24
23.30
23. 40
23.44
23.48
23- fr
23. 57

25. 0. 2
о. 8
0.13
O. IQ• 7
0. 21

О. 28

0.31
0.34
о. зб
о, 4°
0.43
о. 46
0.49
0.53
о. 56
0.59

. 2

• 9
. 12
.16

•19
. 22

•25
• 30
• 33
• зб
•39
.42
•45

о

M
M
M
M

M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
H
M
M
M
H
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
H
M
M
M
M
M
M
M
H

Object.

Aldebaran
, ,

9 9

, ,

Sky
9 9

9 >

9 9

o Pegasi
9 9

9 9

» 9

9 9

ß Persei

, ,
,,

« Persei
9 9

Capella
9 9

, ,

, ,

R Aurigte
9 9

a Aldebaran ...
9 J

Rigel

•y Orionis .. ..

ß Tauri

9 f

S Orionis
j f
,,
9 9

(Orionis
9 9

f Orionis
j ,
9 9

Q t. Nebula in Orion .
9 9

> 9

9 9

9 9

9 9

Line.

F
F
F
F

F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Width
of

Slit.

r
0-200
O-2OO
O'ZOO
O-2OO

O'ZOO
O-2OO
0-200
O-2OO
O-2OO

0*250
0*250
0*250
0*250
0-250
0-250
0-250
O'25O
0-250
O-25O
0-250
O"25O

0-250

0*250
0-250
0-250
0-250

0*250

O-25O
0-250
0-250
0*250
0*250
O"2 CO
O-250
0*Z50
0*Z50
0*2 соw *3^

0*250
0*250
0*250
0*250
0-250
0-250
0*250
0-250
0*250
0*250
0*250
0*250
0-250
0-250
0*250
0*250
0-250
0-250
0-250

Displacement.

Measured.

г
+ о-о8о
+ 0-125

+ O-I45
+ 0*065

— о'ооб
+ 0*034
— о*оо5
— о*оо8
+ 0*017

—0-067
— о-обб
— О"027

+ 0*009
+0*005
— о'0о8
— O-OOI

— O-2I7

-0-159
— 0*083
-0-J34

-0-197
— О'ООД.

+ 0*157
+0-093
+0*089
+ 0*078
+ 0*040
+ О'228

+ 0-099

+ 0*079
— n'OA.Q

+ О*О62

— О*О29
+ 0*058
— O*II2
— 0*040

— 0-043
+ 0*001

— 0*069
+0*002
— 0*01 8
+ 0-024
+ 0*090
+ 0*051
—0*065
+ 0*048
— 0-018
+ 0*015
—0-141
+ 0*011

+ 0-007
-0*143
-0*097
+ 0*019

Estimated.

+ f
+ |
+ $
+ i

_ i

- 1

— ATo

- A

— i
_ t
_ 1

о
+ f
+ î+ £
+ ï
+ Г+ í
+ X

' }
+ i
- -Ar
+ i
— f
— %

o
- i

0

- A+ 3-
il
- A
+ -Ar

o
4* -JW- i
+ A+ A
- i
+ TfnJT

Earth's
Motion in
Miles per
Second.

- 11*9
- 1 1*9
- 11*9
- 11*9

+ 1 1*1
+ in

— 6*8
- 6*8
- 6-8
- 6-8
— 7'O/ 7
— 7'9
— I I'O1 j w

- 13-0
— I3'o
— 13*0
— I A' C•т 5
- 14*5
— in
— in
— ï i*i
— in
— 1 1"l43
- 13-3
- i3'3
- i3'3
— IjL'l*T *
- 14*1

- 14*1

- I4-I

- 13*0

- 13*0

- 13*0

— I3*O

- 134

— I3'2

— 13*2

- 13*2

- 5'°
- 5'°
- 5'°
— 5*0
— 5-0
- S'o

Concluded Motion
of Stars in Miles per

Second.

Measured.

+ 36-2
+ 49-8
+ 55'9
+ 3i'<5

— 1-8
+ 10*3
— 1*5
- 2-4
+ 5'1

— 31*4

— 8*2
+ 2-7
+ 1*5
-. 2*4
- 0*3

-41*5
-18*4
— 33'9
- 32*8

+ 1 1*8
+ 60-7
+ 41'2

+ 4°'°
+ 38*2
+ 26*6
+ 80-3
+ 41'2
+ 56*3
+ 35'»

1*6
+ 32-1
+ 4'5
+ 30*9
— 19*9
+ 2*0
+ 1*0
+ 14*4
- ,8-0
+ 13*6
+ 7'5
+ 57
+ 40-4
+ 28-6
- 6*5
+ 27*8
+ 77
+ ï 77
-37-8
+ 8*3
+ 7'i
-38'4
- 24'5
+ 10*8

Estimated.

+ 48'S
+ 57*6
+ 57*6
+ 347

— 32*8
-32-8

— 19*2
- 19*2

- 36*6
— Î C ' C

— 44' 2
4- I VO ."Г l J w t

+ 65*1

+ 42'О

+ 477
-4- 4.VC
~ TJ J

+ 23*2
+ 69*0

+ 4o'1
+ ÇA'C.1 JT J

— 4*1

+ 35'Q
+ 4'6
+ 35'o

- З'З
- З'З
+ !4''
- S*;

+ '87
+ 30'4
+ 34'8
+ 34'8
+ 4'5
+ 21*9
+ 13*2
+ i7'5
— 24*0
+ 9'3
+ 9'3
- 24-0
- 24-0
+ 9'3

REMARKS.

Spectrum rather faint for this star. Defi-
nition poor.

Position Circle, 6°.

Ths coincidence of the two spectra
appeared perfect.

Position Circle, 6°.

Spectrum fairly bright and steady. Defi-
nition good.

The coincidence of the two spectra
appeared perfect. Both spectra seen
well.

Spectrum bright, but rather tremulous.
Star-line fairly well seen.

Spectrum bright, but rather tremulous.
Star-line fairly well seen.

Spectrum bright but tremulous. Star-
line seen well at intervals.

Spectrum bright and fairly steady. Star-
line fairly well seen.

Spectrum bright and fairly steady, but
star-line faint and seen with difficulty.

Spectrum bright and star-line well seen.

Spectrum bright but tremulous. Star-
line difficult to bisect.

Spectrum bright and fairly steady. Star-
line seen fairly well.

Spectrum fairly bright, but tremulous.
Star-line seen much better than usual
with this star.

Spectrum bright but tremulous. Star-line
seen better than usual.

Spectrum bright and tremulous. Star-
line seen better than usual with this
star, but held with difficulty.

Lines in Nebula very faint and bisections
very rough.



AT тнк ROYAL OBSERVATORY, GREENWICH, IN THE YHAR 1887.

Date, 1887.
Greenwich.

Civil Time.
Object. Line

Width

of
Slit.

Displacement.

Measured. Estimated

Earth's
Motion in
Miles per
Second.

Concluded Motion
of Stars in Miles per

Second.

Measured. Estimated.

REMARKS.

d h m
Oct. 25. i. 53

1-57
2. I

*• 5
2. 9

2. 13

Out. 28. 21. 52

21. 58

22. 4

22. IO

22. IO

22. 22

22. 32

22.37

22. 42

22.44.
22. 46

22. 48
22. JO

23. 2

23. 12

23. 22
23.27
23.32

23.37
23-4*
23.46
23- 5°
23- 54
23.58

Oct. 29. o. i

O. 10
o. 15
o. 17
O. 20

o. 30
0.35
o. 40
0.45
0.55

• 5
• Ч
• 25
• 35
.42
.48
•55

2. 17

2.24
2.32

2.42

Oct. 31.20.40
20. 50

21. 5

21.15

21. 25

2 1 - 3 5

M
M
M
M
M
M

M
M
M
M
M
M
M
M

M
M
M
M
M
M
H
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
il
M
M
M
M
M
M

Sirius.

/3 Pegaei

ß Ceti.

Moon.

ß Andromedœ
i »

a Arietis

a Ceti.

a Ceti.

> »
> >

Aldebaran.

Oapella
» >
> >

a OrioniS

Pollux '

) )
Procyon.

y Cygni,

ii
Í4

Í4
i4
b,
ii

ii
Í1

ii61ftl

il
il
il
il
il
ii
il
Í4

Í4

i,
il
Í1
il
il
il
il
il

il
il

il
il
il
il

0-25.0
0-250
0-250
0*250
0-250

0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140

0-140
0-140
0440
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0440
0-140
0-140
0-140
0-140
0-140

0-140
0-140
0-140
0-140
0-140
0-140
0440
0*140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140
0-140

O-I2O
ОЧ2О

0-120

O-I2O

О11 20
О'12О

-0-057
+ 0-I08

+ 0-I54
+ 0-048
+ 0-I28

+ 0-006

—0*131
— 0*121

— 0*065
— 0*129
— 0*121

-0*184

-0*133
— 0-I72

— 0-006
— 0-003
— 0-002
— O-OO3

— 0-004
+ 0-I1I

+ 0-OÔ8
+ 0-043

— 0-058
+ 0-052
— 0-017
+ O-020
-0-034

— O-OO2
+ 0-001
-0-389

-0-354

+ 0-085
+ 0-097
+ 0-037
+ 0-123
+ O-I 12
+ 0-059

+ 0-I75
+ 0-087
+ 0452
+ 0-142
+ 0-174
+ 0-IÓ2
— О'2Об

—0-107
-0-197
— 0-252
+0-075
+0*189
+0*077
+0-047

— O-220
— 0-232

— 0-008
— 0-089

— 0'008
— O-OO7

-1

9
Y

- I

-1

+ Í
+ l
+ Ж

+ í
o

+ -A,
- Л

o
o

+
+
++

7Г
А
м

ï , .

H- ^ :

ï ^ .

g
Tf

*

О

О

13*6
13-6
13-6
13*6
13-6
13-6

9-6
9*6
9*6
9-6
9-6
9*6
9*8
9*8

1-9
i*9
0*3
0*3

- 2-4
- 2-4
- 2-4
- 2-4
- 2-4

— ю-
— IO*

— ю-
— ю-
— 12-

— 12-

— 12-

— 12*

- H1

- 14*

- H'
- H'
- 18-0

— 18-0
— iS-o
— 18-0
-17*6
-1.7-6
— 17-6
-17-6

+ 8-4
+ 8-4

+ 9*8

+ 9-8

37
46Ч
6о%4
28*2

52-

- 58-8
- 55%o
- 34'°
— 58-0
- 55-0
- 78-6
- 597
-74'3

— 2*2

0-7
n
i'5

397
23-6

21*5

19*8
6*1
9-9

10-3

1*7
2*1

НЗ'б
-130*5

42*0

46-5
24*0

56-3

54-1
34'3
77-8
447
71-2
°>Ч
794
74'9

- 59'3
— 22*2

- 55'9
7б-6
45-8
88-5

35-2

- 95'5

- 12-8
- 43-2
- 12-8
- 12-4

- 8-1
+ 42'6
+ 57-0
+ 31-0
+ 48*3
+ 35'3

51-5
344
39'ï
594
83-9
боч
727

29-5
23-3
12-9
24-9
317

o*3
15-0

— 10-2

+ 2'4

+ 2-4
-183-4
-152-5

52*0
47'8
22*7
бо*4

75-0
54-0
77-0
77'о
76-0
76*0
57'5

- 57'5

49-0
93-1

+ 49*0
+ 42-8

76*5
85*0

9*8
43-8

9*8
9-8

Spectrum very bright, but very tremulous.
Direct comparison failed to show any
distinct displacement in either direction.

Position Circle, 6°.

Spectrum somewhat faint and a
tremulous. Definition good.

little

Spectrum rather faint and very tremulous.
Star-line faint and difficult to see. The
ii line was narrow and sharp.

The coincidence of the spectra appeared
perfect.

Spectrum fairly bright but tremulous.
Measures considered good.

Spectrum fairly bright but tremulous.
Displacement evidently very small.
Star-line somewhat broad, diffused, and
not very dark.

It seems clear that the edge of the dark
fluted band in this star is not the bt line.
Assuming the observations of the h line
to be correct, the wave length of the edge
of the band, corrected for motion of earth
and star, will be Л = 5162*63, Angstrom's
value, 5166-88, for i< being assumed.

Spectrum bright but tremulous. Star-line
seen with difficulty.

Spectrum very tremulous. Star-line seen
with difficulty, although the spectrum
was very bright.

Spectrum bright, but very tremulous.
Star-lines difficult to hold steadily.

Spectrum bright, but very tremulous.
Star-line difficult to hold steadily.

Spectrum bright, but very tremulous.
Star-line very faint and difficult to
observe.

Position Circle, 6°.

Spectrum bright but tremulous. Defini-
tion bad. Star-line faint and seen with
great difficulty.

Spectrum faint and tremulous. Definition
bad. Star-line seen with difficulty.

GBEENWIOU OBBHBVATIONS, 1887. 6 В



10 MOTIONS OP STABS ш THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS

Date, 1887.
Greenwich

Civil Time.

d h m
Oct. 31.21.45

21.52

22. О

22. IO

22. ЗО

22. 50

23. 2O

23.30

23.43

23. 52

Nov. i. о. 4
О. 12

О. 24

о. з°
о. 43
0.46
0.49
0.52

0.55

г*

о

M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
H
H
M
M

Object.

« Cygni
9 9

9 9

9 ,

e Pegasi

/JPegàs'i
, 9

a Cassiopeise...
9 9

ß Andromedœ
9 9

y AndromedsB
9 ,

Moon
9 9

> 9

9 9

, ,

Line

bl
bi
bi
T.

bi
bi
bi
bi
bi
bi
bi

bl
1

bi

bi
bi '

Width
of

Slit.

0*120
0*120
0*120

0*120

O'IZO

0*120

O*I2O

0*120

O-I2O

0-120

O-I2O

0-120

0-120

0-120

O'IZO

O-I20

O-I2O

0-120

O-I2O

Displacement.

Measured. Estimated.

—0-042
+ O-OIO

+ 0-030
— 0-002

+0*140
—0-028
— 0*046
—0*009
+0-164
+ 0-152
+ 0-045
+ 0-I I2

-0-035

— 0-077

+ O'OO4

— 0-003

— O-002
— O-OO4

0
+ _L

О
+ i~ x

— £
О

+ f

+ *
+ -J-

+ %

- è

Earth's
Motion in
Miles per

+ 1 1*5

+ i i-S
+ "'S
+ 1 6*0
+ 1 6*0

+ 1 0*3
+ 10*3
+ 0*5
+ 0*5
+ 2*8
+ z-8

— Г2
— 1*2

Concluded Motion
of Stars in Miles per

Second.

Measured.

- 27*2

- 77
— O'2
— 12-2

ï зА'б

— 26-5
- 27-6
- 137

+ 56-5+ 14-1
+ 39>z

- 1 1-9

1 ,.£.

- 34
— n
- 0-7

Estimated

- 21*7

— i'3
- "'S

— 26*2
— 30*7
- 10*3
+ 60*8
+ 50-5
+ 17-6
+ 38'i

- 9*0
- 294

REMARKS.

Spectrum faint and tremulous. Definition
bad. Star-line faint and difficult to see.
Measures rough and made with extreme
difficulty. ,

Spectrum faint and tremulous. Definition
bad. Star-line faint and difficult to see.

Spectrum rather faint and tremulous.
Star-line seen with difficulty.

Spectrum fairly bright and steady. Star-
line seen fairly well.

Spectrum fairly bright and steady. Star-
line dark and fairly well seen. Obser-
vation considered good.

Spectrum fairly bright and steady. Star-
line faint and seen with difficulty.

The two spectra were exactly coincident,
both being exceedingly bright, distinct,
and well-defined.

Position Circle, 6°.



AT тнв ROYAL OBSBBVATORT, GREENWICH, ш THE YEAR 1887. 11

COLLECTED RESULTS for MOTIONS of STARS in the line of Sight, from SPHOTROSCOPIO OBSERVATIONS

made at the ROYAL OBSERVATORY, GREENWICH, in the Year 1887.

(F for the Star or Moon is compared with Н/з of Hydrogen, and bv bv b4 with Mg, Mg1? Mg8 of Magnesium.)

(+ denotes Recession ; — Approach.)

Date, 1887. i
0 N

um
be

r 
of

M
ea

su
re

s. •g .
SÍ£ &

Й

Position
Circle.

Width of
sut. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star in
Miles per Second.

Measured. Estimated.

a ANDROMEDA

F line broad and nebulous. Estimated total breadth, 18 tenth-metres ; central and more condensed portion, 8 tenth-metres.

September ï

October 14
'9
21

M

M
M
M

2

2
2

4

1

1
1
1

6

6
6
6

0-163

O1 2OO
0-200

O-2OO

F

F
F
F

- 9-2

+ *É5
+ 3-9
+ 4'5

— »3-0

- S'9
- 26-1
- 24-2

— 26-0

- 74
- 26-8
- 25-1

/3 CASSIOPEIA.

F line broad, faint, and diffused at the edges.

October 19 M 2 1 6 O-200 F - 1-5 + 7-9 + 7-6

y PEGASI.

F line broad and diffused at the edges.

September ï

October 14
!9

M

M
M

4

2
2

1

1
1

б

6

6

очбз

O-íOO
O-20O

F

F
F

- 87

+ 4'3
+ 57

- 227

- *S'9
— 20-6

- 23-2

- 27-2
— 2ГО

a CASSIOPEIA.

F line narrow but faint ; Ь lines fairly distinct

October 19

3l

M

M

2

2

l

l

6

6

0-200

ОЧ2О

F

6i

— 2'2

+ o-s

+ i3*9

+ 58-8

+ »'S

+ 557

б в а



12 COLLECTED RESULTS FOK MOTIONS or STABS IN THE LINE or SIGHT, PROM SPECTROSOOPIO OBSERVATIONS

Date, 1887.

О N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit.

Line.
Earth's Motion

in Miles per
Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

ß CETI.

Ъ lines faint, but narrow and sharp.

October 28 M z 1 6 0440 ft. + 9'8 — 67-0 - 66-4

y CASSIOPEIA.

F line brighter, but not much brighter than the continuons spectrum. Narrow on Feb. 16 ; broader and more diffused than usual on Oct. 19.

February 16

October 19

H

M

6

2

1

1

б

• 6

0-138

O'ZOO

F

F

+ IZ'O

- зч
+ 17

- 17-1

- i'9

— 2I'O

/3 ANDROMEDJE.

Ъ lines narrow, sharp, and fairly dark.

October 28

November ï

M

M

2

2

1

1

6

б

о' 140

O-I2O

*l

ôi

+ 1-9

+ 2-8

+ 317

+ 267

+ 26-4

+ 27-9

ß ARIETIS.

F line dark, brood, and diffused.

October 2 1 M 2 1 6 O'2OO F - 14 + 48'8 + SI7

y ANDROMEDJE.
The two components of this double star have been observed together as one'star, b lines narrow and sharp, but faint.

February 1 6

November ï

M

M

2

2

1

1

б

б ,

ОЧ38

O'I2O

F

Z-,

+ 16-1

— 1-2

- 134

— 19-8

- 12-8

- 19-2

a ARIETIS.

F line narrow and sharp, but тегу faint, b lines somewhat broad and diffused, and not тегу dark.

October 15 •
21

28

M
M
M

2 •

4
4

1
1
1

б
б
б

0'20О
О'2ОО

0'140

F
F

^

- 47
- 2-6

- о-з

- о'5
+ 20'0

+ г-г

- 44
+ *5'5
+ 5-0



AT THE ROYAL OBSBBVATOEY, GREENWICH, IN тнв YEAR 1887. 13

Date, 1887.

0 N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit.

Line.
Earth's Motion

in Miles per
Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

a CETI.

Third type speotrum. The b lines stand out on the background of a shaded band, which is however but faint in this star.

October 29
29

M
M

4
2

1
1

6
6

0440
0-140

»i
*

- *ч
- 2-4

•f 0-9
-137-1 + »Ч

— i68-o

* Measure of the dark line forming- the sharp edge of the fluted band, and ooinoident in moat spectra of the type with &<. It appears olear
that it is not so in this star, and, assuming the observations of the b\ line to be correct, the wave length of the edges of the band,
corrected for motion of earth and star, will be X = 5162-63, Angstrom's value, 5166-88, for 64 being assumed.

ß PBRSEI.

F line broad ; estimated breadth, 18 to го tenth-metres. The character of the line is not always the same. Usually it is nebulous without
any central condensation, but on rare occasions has been observed as dark and sharply defined. Estimated breadth on Jan. 28,
13 tenth-metres.

January 26
28
3i

February 2

!!
October го

21

H

M
M
M

II
M
M

M
H
M

4
4
5

4
б
б

4
4
4

1
1
1

1
1
1

1
1
1

6
6
6

6
6
6

6
6
6

0-20О
0*230
очбо

0-IJ2
0-138

0-I38

O-2OO
о- zoo
0-25О

F
F
F

F
F
F

F
F
F

+ 1 6-6
+ 16-8
+ I7'0

+ 17-1
+ >7'4
+ «74

- 8-1
- 7-6
- 6-8

— 90-0
- 16-5
- 18-4

— 108-6
- 51-0
- 44'°

- Si'4
- 81-3
- 387

~ 937
— 13-0
- 17-0

— I05'2
- 49-0
- 40-9

- |2-8
— 63-2
- 25-7

a PERSEI.

The F line in this spectrum resembles that of Prooyon, viz., a narrow but rather faint line on a broad nebulous band. The breadth
of this band is difficult to estimate, but would appear to be about 18 tenth-metres.

February 16

October 20
21

*4

M

M
M
M

4

2
2
Z

1

1
1
1

б

б
6
б

0-138

О-2ОО
О-200
0-2 ;о

F

F
F
F

+ i6-3

- 9'o
- 8-6
- 7'9

- 12-4

— 26-9
- 5S-6
- 42'4

- H'3

— 27-6
- S31!
- 39'9

a TAURI (Aldebarari).

F lino narrow, sharp, and fairly dark ; Ъ lines narrow, sharp, and distinct.

January 28

February 16

October 1 5
' 20
1 22

: *S
29

M

M

M
M
M
M
M

2

2

2

3
4

' 2

4

1

1

1
1
1
1
1

б
б

: б
б
б
б
б

0-230

0-138

0-200

O-20O
0-200

0-250
О-ЦО

F

F

F
F
F
F
&1

+ 16-4

+ .18-4

- 13-5
- 12-4
- 11-9
— i i - j
— IO-I

-f 20-8

+ »4'9

: + 47-5
+ 477
+ 434
+ 60-8
+ 4*'*

+ »9'3

+ 29-1

+ 47-1
+ 49-3
+ 49'6
+ 54-6
+ 457



14 COLLECTED RESULTS POR MOTIONS OP STABS IN THE LINE OP SIGHT, РВОМ SPEOTBOSOOPIO OBSEBVATIONS

Date, 1887.

о N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit.

Line.
Earth's Motion

in Miles per
Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

a Ä.VR.IQM (Capélla).

F line narrow and sharp, bnt not very dark ; b lines narrow, sharp, and fairly dark.

January 26

February 16

October 22
25
29

M

M

M
M
M

4

2

4
4
4

1

1

1
1
1

6

6

6
6
6

0-2ОО

0-138

0-200

0*250

0-140

F

F

P
P
61

+ 12-6

+ iS'9

- i3'5
- 13-0
— I2-I

+ 3-8

+ i8-5

+ 52-3
+ 384
+ 527

+ 8-1

+ 20-3

+ 527
+ 4i'9
+ 60-3

ß OBIONIS (Rigel).

F line narrow, sharp, and fairly dark ; estimated breadth, 0-9 tenth-metre.

January 27
3i

February 3
12

16

October 20
22

25

M
M

H
H
M

M
M
M

2

2

2
2

2

2

б

2

1
1

1
1
1

1
1
1

6
6

6
6
6

6
6
6

О-2ОО

O-IÓO

O-I52

0-I38
0438

О-2ОО

О-2ОО

0-25О

P
F

F
F
P

P
F
F

+ 127

+ 13'S

+ I3'8

+ 15'°
+ ЧЧ

— I2-O

- II-б

— HT

+ H'S
+ 23-9

+ I3'S
+ i-o
- 5-0

+ 324
+ 287
+ 457

+ 1 8-9
+ 10-8

+ 127
+ 17
- 0-9

+ ЗбЧ
+ 28-8
+ 37-2

y OBIONIS.

P line fairly dark, but not very narrow, and slightly diffused at the edges. Estimated breadth, 6 tenth-metres. No strongly marked
central condensation.

January 3 1

February 12
16

October 22
zS

M

M
M

M
M

2

2

4

2

4

1

1
1

1
1

б
6
б
б
б

0-160

0-I38

0-138

O-200

0-250

p

F
F

F
F

+ 44

+ 16-3
+ 16-8

- 13-8
- I3'3

- 237

+ 26-2
- 12-6

+ 8-7
+ 16-5

- 217

+ 26-0
- 12-9

+ 9-3
+ 17-6

ß TAUBI.

F line broad, diffused, and fairly dark. Breadth abont 13 tenth-metres ; central condensation, 3 tenth-metres.

January 3 1

February 16

October 22
»5

H

M

M
M

2

2

4
4

1

1

1
1

б

б
б
6

o-i6o

0-138

O-2OO

0-250

F

F

F
F

+ I4'6

+ 17*2

- 47
,- »44

- 24-5

— IO-0

" I9Î— о-б

- 21-9

- 10-5

- 12-3
- S'S



AT THE ROYAL OBSHRVATOBT, GBHBNWIOH, IN тнн YEAR 1887: 16

Date, 1887.

'S

l! Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

8 ORIONIS.

F line faint and ill-defined ; breadth about 4 tenth-metres.

February 16

October 25

M

M

4

4

l

l

б

6

0-138

0-250

F

F

+ IS'8

— 13-0
+ "Ч

+ 47

+ 1г-8

+ ю'9

t ORIONIS.

F Une narrow and fairly dark ; breadth about I tenth-metre.

February 16

October 25

M

M

l

l

б

б

0-138

0-250

F

F - 13-1

+ 16-8

+ 34'5

+ 18-0

+ 348

i ORIONIS.

F line narrow and fairly dark ; breadth about ï tenth-metre,

February 16

October 25

M

M

4

4

l

l

6

б

0-138

0-250

F

F

+ »54

- 13-2

20-1

14-3

<c ORIONIS.

F line faint as seen on Feb. 16.

February 16 0-138 + H1» - 28-4 - »S'3

a ORIONIS.

Third type spectrum. The-* lines stand out on the background of a shaded band from which it is often difficult to separate them.

October 29 M
M

l
l

б
б

0-140
0-140

14-1
14-1

+ 69-3
+ 774

+ 77*0
+ 76-0



16 COLLECTED RESULTS FOB MOTIONS OF.STABS IN THE LINE OF SIGHT, FBOM SPEOTBOSOOPIO OBSEBVATIONS

Date, 1887. i
о N

um
be

r 
of

M
ea

su
re

s. 'S .

lil&
Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

October 22
25

M
M

2
2

1
1

б
6

O'2OO
0'250

F
F

- 15-0
- 14-5

+ 4i'3
+ 324

+ 417
+ 334

/8 Аивтсш.

F line dark, broad, and nebulous.

у ОЕМШОВиМ.

F line dark, but very broad and very diffused at the edges. Estimated breadth, 21 tenth-metres ; oentral condensation, 8 tenth-metres.

February 16 M 2 1 б 0-138 F + 1 44 - 747 _ 64-8

a CANIS MAJOBIS (Sirius).

F line dark, but very broad and diffused at the edges. Estimated breadth, 20 tenth-metres ; central condensation, 5 tenth-metres.
On Feb. 12, the total breadth of the line, including a faint shading on either side, -was estimated at 29 tenth-metres. The line

appeared more steeply shaded towards the red than towards the blue.

January 27

February 3
12
16

October 25

M

M
H
M

M

2

6
46
6

1
1
1
1
1

6

6
6
6
6

0-230

0-152
0-138
0-138

4 0-250

F

F
F
F

F

+ 6-0

+ 7-6
+ 9'6
+ 10-3

— 13-6

- 25-8

+ 12-7
— 13-0
- 6-8

+ 36-2

— 27-0

+ 12-4
— 11-3
- 7'5

+ 344

o GEMINOBÜM (Castor).

The two componente of this double star have been observed together as one star.

F line very broad and nebulous. Estimated breadth about 14 tenth-metres, with a faint shading on either aide to a total breadth
of about 34 tenth-metres ; no central condensation.

February 3
i6

M
M

2

4
1
1

б
б

0-152
0-138

F
, F

+ 8-0
+ м-5

- 35'9
- 177

— 36*2
- 'S''

а С ANIS MlNOBIS (Procyon).

F line narrow, but rather faint and on a back ground of a diffused shading. Estimated breadth of line, I tenth-metre ; of shading,
13 tenth-metres ; Ъ line narrow and very faint.

February 3
16

October 29

M
M

M

2

4

4

1
1

1

6
б

б

0-152
0-138

0-140

F
F

ti

+ 6-2

+ 1 0-0

- 17-6

+ 20-2
— IO'7

+ 54-0

+ 2O-2

- 7'5

+ SS'?



AT тнн ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1887.

Date, 1887.

о N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit.

Line.
Earth's Motion

in Miles per
Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

/ÏGEMINORUM (Pollua.).

F line narrow but faint, b lines narrow and sharp but faint.

February 16

October 29

M

M

2

4

1

1

6

6

0-138

0-140

F

ii

+ 10-8

— 18-0

- 444

- 53'5

- 387

- si1*

a BOOTIS (Arcturus).

F line narrow and sharp, b lines dark, narrow, and sharp.

July 4
II

M
M

2
2

1
1

6
6

0-167
O'loo

F
F

+ IS 'O
+ 15-2

- 43'3
- 43'3

- 454
- 44' 5

a СОВОНЛВ BORKALIS.

F lino dark and very broad, but not very diffused at the edges. Estimated breadth, 18 tenth-metres. No marked central condensation.

July 1 1

August 24

M

M

2

2

1

1

6

6

O'loo

0-090

F

F

•f II-8

+ 12-1

+ zo'7

- 3*'9

+ 20'7

— 30-8

o. OPHIUCHI.

F line dark, vory broad, and diffused at the edges. Estimated breadth, 34 tenth-metres ; central portion, 10 tenth-metres.

July i z

August 24

M

M

Z

Z

1

1

6

6

O'loo

O'ogo

F

F

+ 6-9

+ 137

- "'S

- 43'6

— z го

- 344

o LYR2B (Vega}.

F line dark, broad, and diffused at the edges. Estimated breadth, 16 tenth-metres ; central condensation, 4 tenth-metres.

July 1 2

AugUBt 22

24
31

September z

October i o
Ч

M

M
M
M

M

M
M

2

2
2

4

2

Z

'Z

1

1
1
1

1

1
1

6

6
6
6

6

6
6

0-160

0-135
0-090
0-163

0-163

0*460
o-zoo

F

F
F
F

F

F
F

+ 0-8

+ 6-1
+ 6-3
+ 6-9

+ ri

+ 8-7
+ 8-7

- 38-1

- 54-0
- 63-1
- 5i'3

- 47'*

- 55-6
- 43 '4

- 4«'5

- SS'S
- 47'8
- 58-3

- 49'3

- 57'5
- 4>Ч

GREENWICH OBSERVATIONS, 1887. 6 0



18 COLLECTED RESULTS POE MOTIONS OP STABS IN THE LINE OP SIGHT, РВОМ SPECTBOSCOPIC OBSEBVATIONS

Date, 1887. Ч

Л

*.'
Position
Circle.

Width of
Slit. Line.

Earth's Hotion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

y LYR-Ж.

F line broad, diffused, and faint.

August 22 0-135 + 6-5 57'3 - si-8

í AQUILO.

F line broad, nebulous, and faint.

August 23 M 0-135 - 27-1

S CYGNI.

F line broad, diffused, and faint.

October IQ м 0-460 P - 25-1 - 25-9

a AQUILO (Altair).

F line dark, very broad, and diffused at the edges. Estimations of breadth тегу discordant, ranging from 13 to 31 tenth-metres.

July

August

October

12

23

25

31

IO

Ч

м

м
M
M

M
M

1
1
1
1
1

6
6
6
6
б

очбо

0-135
0-090
0-163

0-460
O-2OO

p
F
F

• P
F

- 2-9

+ 77
+ 8-1
+ 9'7

+ 157
+ I5-9

- 39-8

- 53'3
- 50-3
- 71-0

- 13-6
— 16-9

- 40-4

- 57-1
- 39-2

- 157
- 22-8

y CYGNI.

F line narrow, but faint ; Ь Unes narrow, but not very dark.

October 14 м
M

2

4
l
l

6
6

O-2OO
O'IZO

8-5
9-8

29-6
20-J - 18-3



AT тнв ROYAL OBSERVATORY, GRBHNWIOH, IN THE YBAR 1887. 19

Date, 1887. Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

o CYGNI.

F line narrow and fairly dark ; Ь lines narrow but faint.

August 23

October 14

M
M

M
M

l
l
l
l

6
6
6
б

0-135

O'ZOO

О' I 20

F
F

F

- 07
+ 07

+ 6-8
+ 8-4

- 47'5

- 39"°
- 93-3

- 44>6

- 47-1

- 33'S
— 80-8

€ CYGNI.

P line narrow and vory faint ; Ъ lines narrow and faint.

October H M
M

2

4
l
l

O-2OO

О112O

F
»i

+ 9'9
+ n-5

14
п-в

+ i-S
- n'5

a CHPHEI.

F line broad, diffused, and dark.

August

October

»3

14

M

M

l
l

0-135
O'ZOO

F

F

- 4'3

+ i-г

47'S

бо-б

- 47'i

- S8-3

< PHGASI.

F line narrow and sharp, but rather faint ; Ь lines narrow and faint.

October 14 M
M

l
l

6
б

O'2OO

ОЧ2О

F

ft.
+ 13-3
+ i6-o

+ 3*4
+ 44

ß PHGA8I.

Third type spectrum. The b linos stand out on the back ground of a shaded band, from whioh it ie often difficult to separate them.

October 28
28

M
M
M

2

4
z

l
l
l

6
6
6

0440
0440
ОЧ2О

b.
64
fti + 10-3

— 56-6
- 107

- S4-1
- 20-5

509



20 COLLECTED RESULTS FOB MOTIONS OP STABS IN THE LINE OF SIGHT, FBOM SPEOTBOSCOPIO OBSEBVATIONS

Date, 1887.

о

*н .

N
um

be
r

M
ea

su
re

•g .

N
um

be
r

P
ri

sm
s

Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

a PEGASI.

F line broad and diffused at the edges.

September ï

October 14
'9
H

M

il
M
M

4

2

2
2

1
1
1
1

6

6
6
6

очбз

О-2ОО

О-2ОО

0-250

F

F
F
F

- 4-0

+ 8-5
+ 9'8
+ i i - i

- *S'9

- 5-6
- 227
- 3i'3

— 29'8

- 4-0
- 23-5
- 3*-8

GBEAT NEBULA IN OBION.

October 25 M 6 1 6 0-250 F - 5-0 - 12-4 - 74

MOON.

January 31

, February 3

July 1 2

August 3 1

October 24
28

November ï

M

M

M

M

H
M

M

5

S

5

5

S
5

5

1
1
1
1
1
1
1

6

6

6

6

6
6

6

очбо

0-152

омбо

очбз

0-250
0-140

04 2О

F

F

F

F

F
Ai

b,

...

...

...

...

...

...

,..

+ 1-5

+ i-б

o-o

+ 0-8

- i'3
- 1-3

— i-o

...

...

•••

...

...

...

SKY.

February 1 7

October 1 1
22

и

M
M

...

5
5

1
1
1

6

6
6

0-138

0-460
0-200

F

F
F

...

...

o-o

+ 5-3
+ 1-9

...

...

...



AT тнв ROYAL OBSBBVATORY, GREENWICH, IN THE YEAR 1887. 21

OBSERVATIONS of the SPECTRA of y CASSIOPEIA, a ORIONIS, and ß LYR.Œ made at the ROYAL OBSERVATORY,

GREENWICH, in the Year 1887.

y CASSIOPBIJB.
1887, February 16.
Observer, M.

With the single-prism spectroscope the bright F line was very distinct, both when a cylindrical lens was
used before the slit and when it was not. But the С line was not seen at all.

With the half-prism spectroscope, one prism train direct, the bright F line was a very difficult object, and
could not be held steadily. It was a narrow line, but so faint that it was generally lost as the pointer was
moved up to it, so that it was exceedingly difficult to get measures of its position, and those obtained were only
rough. The С line was not looked for with this dispersion. The entire spectrum was only poorly denned.

1887, October 19.
Observer, M.

The spectrum was steady, but rather faint. The F line was distinctly a bright line, but was not much
brighter than the continuous spectrum. The F line appeared broader and more diffused than usual. The
С line was not looked for. The half-prism spectroscope, with one prism train, direct, was used.

1887 December 5.
Observer, M. • • •

The single-prism spectroscope was used upon this star. The D3 line was looked for, but coulu not be seen.
F was occasionally just glimpsed as a bright line ; very little brighter than the continuous spectovm, barely
distinguishable from it at the best, and often not distinguishable at all.

But С was brilliant, so bcight.that.it cquld not be possibly overlooked ; though the observer had never
seen the С line bright in this star before, nor ever failed to see F bright.

No measures were obtained, the sky clouding- over before they could be arranged for.

1887, December 16.
Observer, M.

The half-prif m spectroscope, one prism train reversed, was used, both with a cylindrical lens before the
slit, and with no Cylindrical lens at all. With no cylindrical lens, С was unmistakably seen as a bright line, but
it was not at all strikingly bright ; it had to be looked for, and did not force itself on the attention. The F line
was not detected without a cylindrical lens, but with it was seen as a bright line, quite unmistakable when
carefully searched for, but faint and narrow. Dn was not seen at all. С could not be seen when the cylindrical
lens was used, as the entire red end of the spectrum was lost ; the spectrum being about 14" in width. Perhaps
this was partly owing to cloud, for light cloud was constantly passing, and twice entirely stopped the work of
observation for a considerable time. Later on the single-prism spectroscope was used, and, as with the half-
prism spectroscope, С was seen as a bright line when no cylindrical lens was used, but could not be seen at all
when the cylindrical lens was placed before the slit. The half-prism spectroscope was also used again -with
precisely the same results as before.



OBSERVATIONS OF THE SPECTRA OF y CASSIOPEIA, a ORIONIS, AND ß

a OBIONIS.
1887, December 16.
Observer, M.

The spectrum of this star was examined with the single-prism spectroscope, and was seen remarkably well ;
the definition of the great bands and fine lines and fainter bands being very fine. The spectrum of the star was
compared with the spectra of Sodium, Manganese, and Carbon, all three as given by a Bunsen flame. The
carbon band at Л 5164 was coincident (within the limits of observation with this dispersion) with the bright
space towards the blue of Band VI., and the Sodium lines were clearly represented by two dark lines near the
middle of Band IL, but the two bands of Manganese observed, not only did not coincide with any great band of
the spectrum, but were very far distant from any of them. There were, indeed, faint fine lines about the
neighbourhood of either manganese band, but the entire spectrum from end to end is full of such lines, and no
fluting nor anything corresponding to one could be detected near the place of these two bands. A third
manganese band was very close to Band II. of the stellar spectrum.

The following measures were obtained of the dark sharp edges of several of the principal fluted bands in
the star spectrum. The sodium lines, and the bright sharp edges of two of the manganese bands, and a few fine
but dark lines of the stellar spectrum were also measured at the same time :—

Wave length,
a Orionis. Bunsen Flame. tenth-metres.

Band I. 6173
Sodium lines 5892

Band II £859
Line 5822
Line 5779

Manganese band . . . . 5577
Line 5497

Band V. 5445
Line 5418

Manganese band . . . . 5348
Band VI 5164
Band VII 4954
Band VIII 4780
Band IX 4603

The sharp edge of another dark band in the extreme red of the stellar spectrum was estimated to be at
A. 6540 ±.

Angstrom's value for the wave length of the D lines, 5892 tenth-metres was assumed.

The bands are numbered as in the observations of ß Pegasi on 1876, October 18.

ß LYR^E.
1887, December 16.
Observer, M.

The half-prism spectroscope, one prism train reversed, was employed upon this star. With a cylindrical
lens before the slit, no lines, bright or dark, were detected in any part of the spectrum. When the cylindrical
lens was removed there was a suspicion of a bright line at or near C, but there was no trace of any line near D8

or F. The star was lost in cloud before the position of the suspected bright line near С could be determined.
The slit was used with various widths ; the narrowest clearly separating between the two D lines of the sodium
flame ; the widest sufficiently wide, or perhaps more than sufficiently wide, to admit all the light of the star.
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MEASURES OF POSITIONS AND ABEAS OF SPOTS AND FACUL.E UPON THE SUN'S DISK

MEASURES of POSITIONS and AREAS of SPOTS and FACULTE upon the SUN'S DISK on PHOTOGRAPHS taken at the ROYAL OBSERVATORY,
GREENWICH, at DEHRA DUN in INDIA, and at the ROYAL ALFRED OBSERVATORY, MAURITIUS, in the Tear 1887.

NOTE. — The Greenwich Civil Time at which the photograph was taken ii expressed by the Day of the Year and decimals of a day, reckoning from Greenwich
Midnight, January Ia- oh-

For convenience of reference the Month and Day of the Month (Civil Reckoning) are added.
The letter I. signifiée that the photograph was taken in India ; the letter M. that the photograph was taken in Mauritius ; the time given is Greenwich Civil Time.
The position-angles are reckoned from the North Pole of the Sun's Axis in the direction N., E., S., W., N.

îreemrich
Civil
Time.

1887.
id-i93

У
'

Jan. 2

2-144
M.

Jan. 3

3-226

M.

Jan. 4

4471
MJjl.

Jan. 5

5-186
-irM.

Jan. 6
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Л/fM.

Jan. 7

7-161
т1.

Jan. 8
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я
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0-947
0-872
0-345
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0-987
0-298
0-949

0-507
0-841
0-961

0-626
0-780
0-919

0-774
0-803
0-949

0-949
0-894
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1ш

g
•С
lî

ï
й

11я-ч
fc

о

256-9
2Ó2-I

132-4

2Ó2'5
I73-0

2б2-6
222-0

75'9

2437
72-2

72-4

'248-6

67-9
69-6

252-4
64-3
63-8

i93'5
253-3

6Г2

HELIOGBAPHIC

1

л

о

I24'3
113-6

37-6

111-9
37'5

1 07- 1
38-1

316-2

37'9
314-8
297-8

37-6
312-3
296-3
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15-3
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0

1
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— 16-7

— 8-2
-16-5

- 7'9
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+ 17-8
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-16-8
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SPOTS.
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Greenwich
Civil
Time.

1887.
8 d i i9i

M.
Jan. 9

10-306
I.

Jan. 1 1

11-189
M.

Jan. 1 2

12-196
M.

Jan. 1 3

13-164
T

-
Jan. 14

14-248
У

Jan. 1 5

15-170

M.

Jan. 1 6

16-464

Jan. 17

.
g

1
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1
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3
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о
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i
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V

Î
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288-8
196-7
176-2

284-1
292-2
180-4

291-2
Z95'3
3047
184-0

297-5
99'8

HELIÛQRAPHIC

о!
•О

•i
á

О

3II-6
292-8
243-8

З'З'З
298-0
251*8

Z95'9
276-7
274-7
214-8

2757
139-8

v

l"8
o

+ 13-9-64-5
-72-2

+ I2-I

-16-5
—70-0

+ 18-0
+ 23-8
+ 23-7
— 74'6

+ 23-3
— 10-9

SPOTS.

е ё«йчЗ
<)го
Си Я

S*

«w^
о -ô
sllS so

(о)

(°)

(о)

(о)

(о)

(о)

(о)
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II
H ч
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M
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FÄCHLE.

P.

о
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^«2

"Í1
•«

(о)

(о)

(о)

(о)

287
23

119
(429)
193265

56
(514)

п8
212

94
50

(474)

187
93

(280)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Facula3 relative to the Spots with which they are associated are indicated by the letters n, ï, p, f, c, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculœ are expressed in millionths of the Sun's visible Hemisphere.

Jan. 7. Photograph over-expoeed. Jan. 9. Definition poor. Jan. n. Film of the photograph broken.
Group 1944, 1886 Dec. 23-1887 Jan. 3. A large regular spot, a, followed by a stream of smaller spots, a has suffered a great change in shape by Deo. 28, and has

become an elongated spot with several distinct nuclei. The smaller spote have disappeared by Deo. 29, and a has broken up by Deo. 30, principally into two
regular spots, b and o. Only Ъ remain« by Jan. 2.

Group 1946, 1886 Dec. 28-1887 Jan. 8. A regular spot.
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Measures of Positions and Areas of Spots and Faculro upon the Sun's Disk — ran tinned.
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102
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• The Groups of Spots aro numbered in tho order of their appearance. When there is no number in the third column it is to be understood that there is a Faouln
unaccompanied by a Spot. Tho positions of Faoulra relative to the Spots with which they are associated aro indicated by the letters я, >,p,f, f, denoting
respectively north, south, preceding, following, oonoentrio.

The Areas of Spots and Faculto are expressed in millionth? of tho Sun's visible Hemisphere.

Jan. 21. Photograph under-exposed. Jnu. :j and 24. Photograph ovor-oxposod. Jan. 25 nnd 28. Definition poor.
Jan. 29. Sun's imago distorted and limb defootivo, the photographic film being torn.
Group 1947, Jan. 19-20. A very small spot. Group 1948, Jan. 20-23. Two small faint spots on Jan. 20 and 21. The following spot has disappeared by Jan. 23.
Group 1949, Jan. 24-Feb. 4. A regular spot, a. A small spot follows a on Jan. 27. n has begun to extend a little on the following sido by Jan. 27 ; by Jan. 28, the

following portion of tho spot has become almost detached ; by Jan. 29, a considerable portion is entirely detached, and small spots have appeared near n, the
appearance of tho griup having greatly changed during tho three days. Those, with one exception, лго muasurort with /ï on Jan. 29, hut separately on the
following days when they are more distant from it. Only n remains by Fob. 3.

Group 1950, Jan. 25-27. A small faint spot.
Group 1951, Jan. 25-31. Two spots close together on Jan. 25. Tho smaller has disappeared by Jan. afi, but another has appeared following it in the same latitude.

This has disappeared by Jan. 28. The larger spot, <i, has become elongated by Jan. 28, and only half of it remains by Jan. 29, on which day some very small epote
are soon near it. n has further broken up into throo spots by Jan. 30, two of which are measured together. Only two spot« remain by Jan 31.

OnSEBYATIONB, 6 D
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Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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The Groups of Spote are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculse relative to the Spots with which they are associated are indicated by the letters », ï, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculse are expressed in millionths of the Sun's visible Hemisphere.

Feb. ii. Photograph over-exposed. Group 1952, Feb. ï. A very small spot.
Group 1953, Feb. 2-4. A email spot. Group 1954, Feb. 3-6. Two email spots, a and Ъ. 1 hos disappeared by Feb. 6.
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Measures of Positions and Areas of Spots and Faculro upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Ftioula
unaccompanied by a Spot. The positions of Faoulro relative to the Spots with whioh they are assooiated are indicated by the letters n, *, p, f, a, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculto are expressed in millionth« of the Sun'« visible Hemisphere,

Group I955i Feb. 17-20. Two very small spots on Feb. 17. Two compact clusters of small spots on Feb. 18. An irregular stream of small spots measured in four
parts on Fob. 19, And in throe on Fob. го.

Group 1956, Fob, 18-32. A small regular spot.
Group 1957, Fob. 19. Two very small spots,
Group 1958. Feb. ig-Maroh 2. Л regular spot, n. Two other spots are seen near it on Feb. 27. Of these the following one, u, lias become a large spot by Feb. a8.

A number of small spots, mostly measured in one olustor, are also seen on this and succeeding days. Ь has broken up by March I, but ie still measured аа
one spot, a has disappeared by March ï.

Group 1959, Fob. 21-25. Several small spots irregularly arranged, and varying in number and arrangement from day to day.
Group 1960, Fob. 23. A few very small spots, measured in two clusters.
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Measures of Positions and Areas of Spots and Faculas upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculœ relative to the Spots with which they are associated are indicated by the letters n, i,p,f, a, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculse are expressed in millionths of the Sun's visible Hemisphere.

Group 1961, March 10-11. Three very email faint spote on March 10. One very email spot on March n.
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Measures of Positions and Areas of Spots and Faculce upon the Sun's Disk — continued.
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•ŝ
SQ

^ï
i~

112/

(H 2)

75 с

(75)

} 45 с

(45)

493

ï об
(599)

4*9

87

286

(»86)

95
in
188

(394)

167
285

84

(53б)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Facula
unaccompanied by a Spot. The positions of Faoulro relative to the Spots with which they are associated are indicated by the letters n, t,p,f, e, denoting
respectively north, south, preceding, following, oonoentrio.

The Areas of Spots and Faoulro are expressed in millionth» of the Sun's visible Hemisphere.

Group 1962, March 17-22. Two spots on March 17. Of those only the preceding spot, a, is seen on the succeeding days, a is accompanied by some small spote on
March 30 and the succeeding days.

Group 1963, March 19-22. A email regular spot.
Group 1964, March 21-24. A small spot. The spot seen on March 24 seema to be quite different from that seen on March 21-23.
Group 1965, March 25-27. Two small spota on March 25 ; four on March 26 ; one on March 27.
Group 1966, March 30. Five very small spote measured in two clusters.
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Measures of Positions and Areas of Spots and Faculee upon the Sun's Disk — continued.
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The Groups of Spote are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculse relative to the Spote with which they are associated are indicated by the letters«, », p,f, c, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faonlse are expressed in millionths of the Sun's visible Hemisphere.

Group 1967, March 3l-April 4. Two small spote, a and b, on March 31. They have moved apart from each other by April ï ; a has disappeared by April 2.
Group 1968, April 12-13. A small spot.
Group 1969, April 15-19. Two small spote on April 15 and April 19. The group is not seen on April 17 and 18. Three small spots are seen on April 16, two of which,

apparently corresponding to the two seen on April 15, are measured together.
Group 1970, April 18-27. Two small spots, a and Zi. Bothhave increased in size by April 19, especially a. b has disappeared by April 22. One or two very small spots

are seen near a on April 21 and 22.
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Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculto relative to the Spots with which they are associated are indicated by the lottere n, г, у, f, a, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faoulœ are expressed in millionths of the Sun's visible Hemisphere.

Apr. 23, 23, 37, and May 3. Photographs somewhat over-exposed.
Group 1971, April 27-May 2. A regular spot, a, followed by a smaller spot, b. a diminishes in ei»e, and has disappeared by May ï. A third spot, c, has appeared

between я and u by April 30.
Group 1972, May i-io. Four very small spots on May 2, three of which being close together are measured as one. The Group is not seen on May 3. Two very small

spots on May 4. Two spots, a and b, are seen on May 5, a little larger than and apparently not the same two as those seen on May 4. b has divided into two
spots by May 6, a by May 7, but both are measured as one. One component of 6 has disappeared by May 8, and the other by May 9. Two fresh spots are seen on
May 8, one of which, e, is also seen on the succeeding days.

Group 1973, May 2-14. A large regular spot, a, followed generally by a number of small spots, which change as to number, size, and arrangement from day to day.
a has a double nucleus, and has divided into two spots by May 13. The smaller and following portion has disappeared by May 14. a is measured together with
the spots which follow it on May 3, as it appears to be connected with them on that day, all together forming a very large spot of irregular outline. On May 4,
the different spots of the group are distinctly separated from each other.
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Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Faoula
unaccompanied by a Spot.. The positions of Faculœ relative to the Spots with which they are associated are indicated by the letters n,i,]>,f,o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculse are expressed in millionths of the Sun's visible Hemisphere.

Group 1974, May 8-1 1. A small spot, a, preceded by a few small spots, forming with a a short straight stream.
Group 1975, May 9-1 1. A small spot on May 9. A few small spots in a short straight stream on May ю and n.
Group 1976, May 9-1 1. A small spot, a, with a small companion on May 10.
Group 1977, May 11-14. A small spot, a, followed on May 13 by another small spot, b. a has disappeared by May 14.
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Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there IB a Faoula
unaccompanied by a Spot. The positions of Faculte relative to the Spots with which they are associated are indicated by the letters n, ï, p, /, c, denoting
respectively north, south, preceding, following, oonoentrio.

The Areas of Spots and Faculto are expressed in millionths of the Sun's visible Hemisphere.

May 13 and 15. Photograph somewhat over-exposed.
Group 1978, May 14-21. Two small faint spots, a and ft, on May 14. A third, 0, is Been near them on May 15. a has disappeared by May 17, but Ь and в rapidly

increase in size. On May 16 and 17 both Ь and о are compact clusters of spots. By May 18 the spots composing each cluster have coalesced to form one large
spot ; and the group consists of two largo spots, Ь and o, with a stream of small spots between them. Ь breaks up after May 19, and о breaks up after May to.

Group 1979, May 16-17. A small spot, a, with a very small companion.
Group 1980, May 17. Two very small faint spots.
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MEASUBES OF POSITIONS AND ABBAS ов1 SPOTS AND FAOUL-Ж UPON тнв SUN'S DISK

Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.
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The Groups of Spote are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positions of Faoulœ relative to the Spote with which they are associated are indicated by the letters n, i,p,f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spote and Faculte are expressed in millionths of the Sun's visible Hemisphere.

Group 1981, May 26. A small faint spot.
Group 1982, May 28-31. Two small spote, a and b. A third spot, e, is seen between them on May 29, and a olose pair, d, measured as one, on May 30. Only one

component of d remains by May 31.
Group 1983, May 28-30. Two small spote, a and Ъ. аЪая divided Into two portions, but is still measured as one, on May 3°.
Group 1984, May 30. A email faint spot. Group 1985, May 31. Two very small faint spots.
Group 1986, June 1-5. Two small faint spots, a and Ъ, on June ï. Both a and Ъ have increased in size by June 2, and other small spote have appeared near them.

Ъ has disappeared by June 4, and a has broken up into a cluster of small spots, which are still measured together, a has diminished still further by June 5.



ON PHOTOGRAPHS TAKEN AT THE ROYAL OBSKRVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN тнв YEAR 1887.

Measures of Positions and Areas of Spots and Faculss upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there le a Faoula
unaccompanied by a Spot. The positions of Faouloa relative to the Spots with which they are associated are indicated by the letters », «, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculto are expressed in mUlionths of the Sun's visible Hemisphere.

June 6. Photograph under-exposed, The Umbra of Spot 1987/1 not visible probably on this account. June 15. Photograph over-exposed.
Group 1987, June 6-18. A very 1агцо regular spot, a, accompanied on June 6 by two spots which have coalesced by June ^ to form one large spot, o. One or two very

small spots aro also occasionally soon in the neighbourhood of the group.
Group 1988, June 9-14. Two spots, a and b. b forms a cluster of three small spots on June 11. One of these spots has moved forward and is measured by itself on

June 12. Only one small spot remains on June 13.
Group 1989, June 17-31. A number of email spots in a straight stream. The following portion of the group has become a regular spot, a, by June 19.
Group 1990, June 18-25. A small spot, a, on Juno 18. A second, i, follows it on June ao and the succeeding days, and a third, o, appears between them on June 23.

a and о have disappeared and Ъ has broken up into three very small spots by June 34. Only one very small spot remains by June 35.
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36 MBASUBES OF POSITIONS AND ABBAS OF SPOTS AND FAOUL^J UPON THE SUN'S DISK

Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.

Greenwich
Civil
Time.

1887.
16^501

June 19

170-420

June 20

171-263

M.

June 2i

172-416

June 22

173-476

June 23

ï 74' 1 43

I.

June 24

175-196

June 2 5

176-241
I.

June 26

e

I
Я

БР,Н

EP,H

H,EP

EP,H

BP,H

M,BP

H,M

H,M

1
s
1a
Â

0

óta

1989
1989
198961
1990«

1989
1989«
1990«
1990^

1989
1 989(1
1990«
1990$

1990«
19900
1990^

1990«
19900
I990&

1990
1990
1990

1990

i

.g
è
lá6|
«Н.Я

0 0

.1?s

0-885
0-609
0-578
o'54S
0-855

0-773
0*710
0-726
0-758

0-866
0-822
0-577
0-635

0-953
0-350
0-390
0-417

0-173
0-194
O'2l6

0-137

0-154

0-168
0-919

0*271

0-930

"i
и

1 '
«H

Ф

1

§ á

P

o

269-6
267-6
266-3
268-2
974

269-4
268-9

99'4
98-7

270-5
270-1
I02-I

I02-3

269-5
109-8

108-3

109-2

'334
130-6
132-7

179-8
178-4
177-8
ЮГО

240-0

754

HELIOGRAPHIO

6
1
1
3

о

54-0

27-1
24'9

293-8

30-2
24-8

293-8
291-2

28-5
23-8

294'3
290-3

25-5
294-2
291-7
290-2

292-1
290-8
290-1

290-5
290-2
290-1
224-7

290-2

'947

Ô

1Л
0

+ 0-5
— o-i
- 0-8
+ 0-5
- 54

+ 0-8
+ 0-5
- 5'5
- 5'3

+ 1-2
- 5'2
- 6-2

+ 0-2

- 4-8

- 6-0

- 4;6

- 6-1

- 5'5
- 6-5
- 7'3
- 9-2

- 5'5

+ H-5

SPOTS.

II.
•<jrO

SI
Si
"s •

ill•3

4
0

15
о

(19)

0

6
о
6

(12)

О

4
i
5

(IO)

i
о
i

(*)

о
о
о

(о)

о
2

О

(2)

О

(о)

(°)

II
Hrg

ol
gï.
«if
3"

48
13

122
12

(195)

24

3°
34

(146)

4
36
20
37

(97)

13
3

20

(Зб)

5
ï

29
(35)

3
10

2

(4)

4

(4)

(0)

FACUL*.

&

0
„.A

S«
1-8

gl

•4

89

III /(200)

)
f 94 c

(94)

J 205 с

(205)

i88

(188)

(o)

64
(64)

(o)

no

(110)

Greenwich
Civil
Time.

1887

I7/-44-Í

June 27

178-513

June 28

179-492

June 29

180-273
,
'

June 30

181-413

July ï

182-528

July 2

I 8 3 - 5 5 I

July 3

gI
я

ЕР,Н

ЕР,Н

ЕР,Н

Н,М

ЕР,Н

ВР,Н

ВР,Н

1

I
•О

.

f
0

il
1

1991^

Î99ÎU

199^

i99ia

199^

199!«
199^
1991

199!^
1991
1991
1991
1992«

I991«
1991
1992«

1

.9
S
б J

« fa

.a 'S
Q

0-940
0-949
0791
0-922

0-896
0-834
0-8I52

0-964
0-696
0-719

0-562
0-585
0739

0-889
0-366
0-374
0-419

0-260
0-218
0-242
0-229
°'993

°'345
0-286

0-939
0-965

"i
а

*й

CÎ

I
Й j.

II
ей

о

юз'З
юо-6

71 '.S
66-8

263-3
Ю5'8
103-1

2ÓI-8

по'5
Ю7'3

I I Ó - I

n 1-6
78-8

•

264-1
1347
127'!

121*9

178-7
172*2
1544
Н7'5
98-0

221-3

2о6-8
99-3

1 04-0.

HELIÛGRAPHIO

о!
1

á

о

177*9
176*1
195-5
i8o-5

295-7
177-9
175-6

293-5
178-1
175-7

178-6
176-1
162-2

256-5
179-0
176-7
173-2

179*3
177-9
173-5
172-5

97-2

179-5
173-6

97-2
9г7

•ë
1
J

0

-11*6

- 9'2
+ 16*2
+ 22*4

- 4'7

-"•j- 9*6

— 7-1
-II-8
— ÏO'2

-II-7

- 9'9
+ IO-3

- 37
-ii*9
— 10*0

- 9'9

-11-8
— 9*2
- 94
- 8-0
- 7'5

— I I -8
-11-5

- 7'5
— 12*6

SPOTS.

Il
*$-%«ï
§1.
"su-
|1*•3

42
о

(4Z)

38
о

(38)

35
3

(38)

зб
3

(39)

33
о
о

(33)

35
о
0

о
31

(66)

зб
0

30

(66)

Il
Н-тз

ol

Ч•g>
Л it
JSP

194
98

(292)

223
17(240)

210

10

(220)

163

8

070

171
12

4
(187)

179
9

13
10

200
(4")

181
13

196

(39°)

FACULTE.

I
&
«<-;

К 0

&%A•3

[ 614 с

48
, S9S(721)

73

|34О С

(413)

163

1 i8i с

(344)

72

(7*)

123

(123)

i97 с
(197)

ci с
334

(425)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positione of Faculjo relative to the Spote with which they are associated aie indicated by the letters n, ï, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculto are expressed in millionths of the Sun's visible Hemisphere.

June 2i. Photograph much over-exposed. Definition bad.
Group 1991, June 27-July 8. A large regular spot, a, with a smaller spot, b, near it ; í hoe disappeared by July t. Other small spote are seen near a on July ï, a, and 3.
Group 1992, July 2-14. A large regular spot, a, with two companions, Ъ and a, on July 4 and the succeeding days ; о has disappeared by July 6, and Ь by July n, but

several other small spots are seen near a on July 5, 8, and 9.
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Measures of Positions and Areas of Spots and Faculaa upon the Sun's Disk — continued*
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faoul» relative to the Spots with whioh they ore associated are indicated by the letters n, *,»,/, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculea are expressed in milliontha of the Sun's visible Hemisphere.

July 8. Photograph over-exposed. July 10. Definition of photograph spoiled by dust on magnifier of the photoheliograph.
Group 1993, July S-i ï. A stream of small epote on July 5, measured in three clusters. The first and last spots, a and b, have greatly increased by July 6. and the

intermediate spots have almost disappeared.
Group 1994, July 5-18, Two regular spots, a and Z>. A few small spots are occasionally seen between Леш.
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. Measures of Positions and Areas of Spots and Facul» upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculee relative to the Spots with which they are associated are indicated by the letters n, t,p,f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spot» and Faculso are expressed in millionths of the Sun's visible Hemisphere.

Group 1995, July 23-29. A few small spots in a straggling stream on July 23 and the succeeding days. The group has greatly increased in eke by July 26, and then
consists of three portions ; a a large regular spot ; b a chain of spots in the form of a horee-shoe, the concavity of which is turned towards a, and a little stream
of spots following b. The components of 1 have coalesced by July 27, but considerable portions become separated from it again on the succeeding days.

Group 1996, July 24-28. A small spot, a, followed on July 28 by a very small companion. .
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Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in tho third column it is to be understood that there is a Fuoula
unaccompanied by a Spot. Tho positions of Faoul» relative to the Spots with whioh they are associated, are indicated by the letters », t,p,f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faoulro are expressed in millionths of the Sun's visible Hemisphere.

July 30 and Aug. 3. Definition poor. Photograph taken through hate. Aug. 9. Photograph over-exposed.
Group 1997, July 30-Aug. 7. A small regular spot, a, with two small companions on Aug. ï, and one on Aug. 5.
Group 1998, July 30-Aug. 9. A regular spot.
Group 1999, Julv 3i-Aug. to. An irregular stream of spots changing its appearance from day to day. Three regular spots e, b, and a have formed in the stream by

Aug. 2. Of these a has partly broken up by Aug. 4, but re-formed again by Aug. 6 ; and b has partly broken up by Aug. 5, but re-formed by Aug. 6. о has
entirely broken up by Aug. 6, and Ь by Aug. 8.

Group JOGO, July 3i-Aug. 5. A somewhat faint spot. It has divided into two portions by Aug. 4, but is measured as one on Aug. 4 and 5.
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Measures of Positions and Areas of Spots and Faculee upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faonla
unaccompanied by a Spot. The positions of Faoulae relative to the Spots with which they are associated are indicated by the letters », ï, p,f, o, denoting
reupectively north, south, preceding, following, concentric.

The Areas of Spots and Faculte are expressed in millionths of the Sun's visible Hemisphere.

Group 2001, Aug. 13-21. A regular spot, a, with a faint companion, Ъ. Ъ has disappeared by Aug. 17. Another companion is seen on Aug. 1 8, and yet another on Aug. 19.
Group 2002, Aug. 13-22. A regular spot, a. One very small companion ie seen on Aug. 18, and two on Aug. 20.
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Measures of Positions and Areas of Spots and Faculte upon the Sun's Disk — continued.
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The Groups of Spota are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. Tho positions of Faculto relative to the Spote with which they are associated aro indicated by the letters n, *, p, f, в, denoting
respectively north, south, preceding, following, concentric.

The Areas oî Spots and Faoulro are oxpressud in millionths of the Sun's visible Hemisphere.

Aug. 24 and 27. Photograph partly fogged. Definition bad.
Group 2003, Aug. 16. A very small appt.
Group 2004, Aug. 21-22. A small spot.
Group 2005, Aug. 27-28. Two small spots, a and J.

GBBBNWIOH OBSEBVATIONB, 1887.
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Measures of Positions and Areas of Spots and Faculae upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculœ relative to the Spots with which they are associated are indicated by the letters n, e,p,f, a, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faoulea are expressed in millionths of the Sun's visible Hemisphere.

Sept. 3. Photograph taken through haze. Sept. 13. Photograph much out of centre of plate.
Group 2006, Sept. 3-4. Two small spote, a and b. Only Ъ remains by Sept. 4.
Group 2007, Sept. 13-15. A small spot.
Group 2008, Sept. 14-24. Three small spots, two of which are measured together on Sept. 14. Two large regular spots, a and l>, on Sept. 15. A number of small

spots are seen between them on the succeeding days, a is not seen on Sept. 24.
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. Measures of Positions and Areas of Spots and Faculté upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Faoula
unaccompanied by a Spot. The positions of Faoulro relative to the Spots with which they are associated are indicated by the letters », ï, p, /, a, denoting
respectively north, soutn, preceding, following, concentric.

The Areas of Spots and Fuculœ are expressed in millionths of the Sun's visible Hemisphere.

Sept. ao. Photograph much out of centre of plate. Sept. 29. Photograph taken through haze.
Group aoog, Sept. 24. Two very small spots.
Group Зою, Oct. 2-4. Three small spots, a, b, and o, on October 2. A fourth spot is seen on October 3. Only a and о remain by October 4.
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Measures of Positions and Areas of Spots and Faculté upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there ie no number in the third column it is to be understood that there Is a Focula
unaccompanied by a Spot. The positions of Faculte relative to the Spots with which they are associated are indicated by the letters n, в, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculas are expressed in millionths of the Sun's visible Hemisphere.

Group ion, Oct. 4-6. Two compact clusters of very small spots, a and i, on Oot 4. One very small spot remains of each cluster on Oot. 5. Ъ has disappeared by
Oct. 6, but two other small spots are seen near a on that day.

Group 2012, Oct. 18-27. Two small spots on Oct. 18. The group undergoes the most striking changes on the succeeding days. On Oot. 19 it is a large spot with a
small companion. The large spot has divided into two parts by Oot. 20, and coalesced again to form one large spot by Oct. 21. It has broken up again by
Oct. 23, and forme a straight stream of email spots which diminish in number and in size from day to day.

Group 2013, Oot. 19-20. A very email spot on Oot. 19. Three very small spot» on Oot. 20.
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Measures of Positions and Areas of Spots and Faculte upon the Sun's Disk — continued.
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The Groups of Spots are numbered in tho order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculto relative to the Spots with which they ore associated are indicated by the letters я, *, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculto aro expressed in millionths of tho Sun's visible Hemisphere.

Oot. 23. Photograph taken through hazo. Definition poor. Oot. 31. Photograph under-exposed. Definition poor.
Group 2014, Oot. 20-29. A very small spot, a, on Oot. зо, 21, and 22. It has divided into two by Oot. 23, and disappeared by Oot. 24. Two very small spots are seen

near its place on Oot. 24, and either one, two, or throe on the succeeding days.
Group 2015, Oct. 24-27. A very email spot a on Oot. 24. A second, b, is seen near it on Oot. 25. a has disappeared by Oot. 26, and Ъ by Oot 27, but» third spot, r, is seen

on Oot. 26 and 27.
Group 2016, Oot. 31 -Nov. t. A very small spot on Oot. 31. Three very small spots, of which the two preceding are measured together on Nov. ï.
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Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. Whe:;. there is no number in the third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positions of Faculte relative to the Spots with which they are associated are indicated by the letters n, t, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculae are expressed in millionths of the Sun's visible Hemisphere.

Nov. ii. Photograph, thin. Definition poor.
Group 2017, Nov. 5-16. A regular spot, a, with a very small companion on Nov. ю and 12.
Group 2018, Nov. 7-8. Three very small spots, of which the two following are measured together on Nov. 7. One very small spot on Nov. 8.
Group 2019, Nov. 11-20. A very small spot on Nov. n. A second is seen close to it, and is measured with it on Nov. 12 and the succeeding days until Nov. 17, when

the group consiste of three spots, which are all measured separately Only one spot is seen on Nov. 18 and the succeeding days.
Group 2O2O, Nov. 11-16. A regular spot. It has divided into two nearly equal portions, which are, however, still measured together, by Nov. 15. Both portions have

disappeared by Nov. 17.
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Measures of Positions and Areas of Spots and Faculea upon the Sun's Disk — continued.
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The Groups of Spots are numbered in tho order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faoulno relativo to tho Spots with which thoy are associated are indicated by the letters », *, p, /, c, denoting
respectively north, south, preceding, following, oonoentrio. \ ,

The Areas of Spots and Faoulro are expressed in millionths of tho Sun's visible Hemisphere.

Nov. 17. Photograph thin. Definition poor. Nov. 23-34. Definition poor.
Nov. 25. Double image of Sun. Photograph taken for zero of position.
Group 3031, Deo. 3-15. A very Une group of spots in a long stream. Four considerable spot», a, b, a, and d, are seen on Deo. 4. Of these a. and b have partially

coalesced by Deo. 5 and are henceforward lettered as e. d and в are measured together on Deo. 7 and 9. A number of small spots are seen close to the larger
«pots on each day up to Dec. 14, on which day d alone remains.
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Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faoulas relative to the Spots with which they are associated are indicated by the letters n, e, p, f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculas are expressed in millionths of the Sun's visible Hemisphere.

Dec. 7, 9, and 14. Definition poor. Photograph under-exposed.
Group 2O22, Dec. 9-13. A stream of small spots, of which the leader, a, is the largest, a is always measured by itself ; the smaller spots are usually measured together.

Only a remains by Deo. 13.
Group 2023, Dec. 12. Two very small spots.
Group 2024, Dec. 14-26. A very fine group, consisting of a large regular spot, a, accompanied by a long stream of smaller spots. The spots and clusters which make

up the group undergo very frequent and considerable changes. The smaller spots have been grouped for measurement as far as possible in the same manner on
different days, but the changes which have taken place prevent the correspondence from being perfect, о and d have combined to form U by Doc. 18, and a and /
to form 1 by Dec. 23. Only 1 and a few small companions remain by Dec. 23.
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1
Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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20240

2024/

2O24

2024^

20240

2024/í

20240

2024/

2024

2024/C

20240

i
.a
N

Is(3J

§1
|ю
.1*8
Q

0*819
0-956
0-944
0-955
0-968
0-981
0-987

0-794
0-822
0-826
0-855
.0-894

0-620
0-648
0-674
0-686
0-706
0-731
0-771
0-774

0-420
0-421
0-470
0-486

0-534
0-578
0-611

0-900
0-252
0-301
0-330

0-349
0-423
0458

'i
CQ

l
•H

TI
1

Рч

o

253-5
262*1

97-6
IOO-6

97-6
96-8
96-1

98-3
100-7
98-5
98-8
97-3

103-5
99-7

102-8

IOO-I,

101-4
IOO-I

98-3
957

108-5
104-9
102-7
108-4
104-5
102-0

96-6

254-2

I14-5

1094

Il64

IC3-3

10б-7

99*3

HELIOORAPHIO

4*
13

l
o

206*4
225*3

82*2
80*2
77-3
74*0
72*1

82*5
79*9
794
76*3
71*6

85-0
82-6
81-1
79-7
78-2
76-0
724
72-0

85-6
85-2
81-9
81-5
77-9
74'6
71-9

162*0
85-2
8 1*9
81*1
78*6

744
71*6

,
'43

о

-i4*i
- 7'9
- 7'5
— ю*4
- 77
- 6-9
- 6*2

- 74
- 9'5
- 7-8
- 8*2

— 7"1

- 94
- 74
- 9-0
- 8-0
- 9-0
- 8-4
- 7'3
- 54

- 9'1
- 7-6
- 7'3
— 10-2

- 8-9
- 8-1
— 5'2

— 14'9
- 77
- 74
— lO'O

- 6-2

- 8-5
- 5-8

SPOTS.

II
•á -s
Siч
|!t

47
117

4
33

о
48

(249)

77
о
7

17
7

(io8)

о
67

о
n
о

2О

I I

4
(ИЗ)

3
2

6о
I I

О

15
3

(94)

10

75
1б
0

30
4

035)

е ё•8-н
Нта

oJ.

S»,jit

29551317291
59

150
0325)

489

83
185
126

(919)

41
423

29
123

24
1 6o

57
19

(876)

25
38

39б

ï об
2

122

12

(701)

69

436
ИЗ

2

142

II

(773)

FAOUL.S!.

P.

О

•S "К

а 5

$*

IÓI
7 2 5 С

1

> 4^0С

J

(134б)

Т

У 28l С

1J (281)

, (о)

(о)

92

(92)

Greenwich
Civil
Time.

1887.
3531-207

I.

Dec. 20

354-282

I.

Dec. 2i

3551 2 I4

I.

Dec. 22

356*301

I.

Dec. 23

è

я

ЕР,Н

H,M

ЕР,Н

М,Н

1
f"i3
í

à .

S*
2O24/Í

2024/

2O24

2O24/Í

20240

2024/1

2024/

2024O

2024

2024

2024&

20240

2024

2025O

2025

2024/

20240

2O24

20240

2025O

2025

2025

2024^

2024

20250

2O25

i
.9
í
Я шsi

•is.«
8§
gOQ

I-B

0-943
O*II4

0*165

O*I26

0*179

0*238

0*26l

0*894

0*867

0-247

0*229

0-198

O-l67

0442

O*I24

0*063

0*113

0*370

0405

0-933
0*416

0-394
O*3O8

0-243
0-218

0-199

0*23I

0*946

0*864

O*6 II

0-537
0*248

O-2O9

0-935

i
1

•H

i
«1
e .

|3
o

257-3
165*6
152-3
142*1
128*8
118*5
106*5

257*1
266*8
2434
232-3
241*6
224*4
233*8
203-3
190*6
175*1
121*5
117*7

267*4
251*5
255-2
248*9
254*6
434
149*8
139-3
1737

44*0

259*5
256*9
217*3
208*9

86*1

HELIOOBAPHIO

|
I

o

156*6
84*8
82*0
81-9
78-3
74-371-9

135-3132-3
85-2
83*082*5
79*2
79*0
75*2
73-1
71*8
53-6
50-9

128-9
83-6
82*6
7*5-9
737
54-4
54-3
5I-3
40-9
11-5

82-9
77-5
54*6
51*6

336-9

4j

о

-12*6

- 8*i
— IO*2

- 7'5
— 8*2

- 8*2

- 6*0

-12*4

- 37
- 8*2

- 9'9
- 7-3
— 8*8
- 6*7
- 8*4
- 5-5
- 8*4
— 12*9

-12*6

— З'г

- 94
- 7-6
- 7'3
- 5-6
-13-2
-ii*9
— 12*0

-7I-6

+ 37-0

— 8*i
- 8*8
-I3-5
-12*7

+ 2*8

SPOTS.

SS•8-8
<jig

§5.

Ч
|!£

7
17
78

5
H

2

023)

6

24
81
9
о
3
о
0

I I
о

(134)

гб
7i

7
о
5
о
2

(III)

78
о

13
ï

(92)

II
АЗ'л

О-2-

Et

S*

4856
44

69
116

18
(722)

38
219
417

82
6

23
5
7

39
8

(844)

205
437

67
»7
46
4

20

(796)

650

66

S«
18

(785)

FAOUL.».

1
tt

•Ŝ$Q

S*
31

(30

37
84

0*0

126

72
65(»63)

38(38)
The Groupe of Spots are numbered in the order of their appearance. When Uiere le no number in the third column it is to be understood that there is a Faoula

unaccompanied by a Spot. The positions of Faoulro relative to the Spots with which they are associated are indicated by the letters n, t, p, f, o, denoting1

respectively north, south, preceding, following, concentric.
The Areas of Spots and Faoulaj are expressed in mlllionths of the Sun's visible Hemisphere.

Group 2025, Deo. 21-27. A few small spots in a straggling stream, of which the loader a is the largest. The rest of the group are measured together.

GBEHNWIOH OBBHBVATIONS, 1887.



50 MEASURES OP POSITIONS AND ABEAS OF SPOTS AND FAOUL-SJ UPON тнв SUN'S DISK, 1887.

Measures of Positions and Areas of Spots and Faculte upon the Sun's Disk — concluded.

Greenwich
Civil
Time.

1887.
357a-2io

I.

Dec. 24

358-214

I.

Dec. 25

359483

Dec. 26

360-262

I.

.
i
(3s
и

M, H

EP,H

H, M

H, H

1

1

1
cï

О

°05
И

20242
2024

2O24

2O2$Cl

2025

20242

2O24

20250
2025

20242
2025»
2025

2025«

i
.g
8

1|
Jtë
il
f-s

0-935
0-760
0-709
0-699
0-399
0-354

0-891
0-846
0-582
0-547

0-984
0-794
0-774

0-984
0-951
0-887

'1
\
-à
4
§ J.§•§Il(2

о

256-4
200-8

263-0

2597
239'9
239-3

261-6
261-1
250-5

250-5

262-1
255-1

253-9

259-8
187-7
255-9

HELIOQBAPHIC

-

«5
1
ff

•S

о

102-6
82-8
78-6
77-6
544
51-8

83-3
78-0
54-6
52-3

83'6
557
53-6

734
i9"o
557

4ë
1Л

0

— 13'5
- 8-5
- 6-6
- 8-9
-13-7
— 12-6

- 8-6
- 8-8

-12-6

- 8-2
-13-3
-14-0

— 10-6

-727
-137

SPOTS.

Il
ilч
•g x.
ê »я
<

91

0

3
9
0

(юз)

83
о
7
о

(9°)

27
I
0

(28)

0

ii
11
Et
•g10 .̂•s s*
•4

619
329

44
21

(716)

66 1

,1
13

(695)

368

10

9
(387)

16

FACUL-Ж.

1
О

I?
«Я

•S*•g
81

•Ч

IO!

)
[ 235 с
}

(ззб)

11 97 с

(697)

669/

(669)

4SI
55

Greenwich
Civil
Time.

1887.
Збол-2б2

T

'

Dec. 27

361-252
I.

Dec. 28

362*219

I.

Dec. 29

363-245
1
'

Dec. 30

364-231
I.

Dec. 31

.
v

I
я

M, H

EP,H

H, H

H, M

H, M

1

f •
ï
cC
1
O

d»

2025

2026

i
.9

||

1?
g "g
IM
S "8
Я

0-875
0-957
0-947

0-949
0*921

0-939
0-924
0-891
0-970

0*902

0-939
0-897

0-962
0-787

"i
02

1

4i

•3

§ «J -S11
Рч

o

255-8
176*8
164-8

257*1
169-0

172*5
164*9

94'9

160-7
176-1

94-2

97-1
94' 3

HELIOGEAPHIO

àтэ

W
3 '

0

54-2
34I-5
312*6

52*0

3137

305-5
292*5
264-8
251-8

310-6
302-1
250-4

227-0
249-4

4j
и

0

-137
-75'2
-67-8

-I3-I
-67-i

-71-1
-654
- 77
- 5'5

-бо-6
— 72'2

— 5'1

- 77
- 54

SPOTS.

II
il
St
*g

ш
•Ч

2

(2)

(о)

(°)

(о)

44

(44)

Il
II
It
*ЙМ •

•я">»
81tS

•Ч

8

(24)

(о)

(о)

(о)

195

С95)

FAOUbA

1

•я-*
1я
.g «fi

8l•Ч

127С

29

68
(730)

257
65

(322)

70
49
67

282

(4б8)

Si
48

327
(42б)

32ÓC

45
(470

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculaa relative to the Spots with which they are associated are indicated by the letters », *, j>, f, a, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Faculte are expressed in millionthe of the Sun'0 visible Hemisphere.

Group гогб, 1887, Dec. 31-1888, Jan. n. A regular spot,
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52 ABBAS AND HELIOGBAPHIC POSITIONS OF SPOT GBOUPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS

AREAS and HELIOGRAPHIC POSITIONS of the SPOT GROUPS on the SUN'S DISK DEDUCED FOR EACH DAY from the
MEASUREMENTS of the PHOTOGRAPHS taken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN IN
INDIA, and at the ROYAL ALFRED OBSERVATORY, MAURITIUS, in the YEAR 1887.

NOTE. — The Greenwich Civil Time at which the photograph was taken is expressed by the month, day of the month
(civil reckoning), and decimal of a day, reckoned from Greenwich Mean Midnight.

The Projected Area of the Umbrae and Whole Spots is the area as it is measured on the photograph, unconnected for
the effect of foreshortening, and expressed in millionths of the Sun's apparent disk.

The Column " Longitude from Central Meridian " gives the Mean heliographic longitude of the group, reckoned from
the meridian passing through the centre of the Sun's disk at the moment of observation ; longitudes west of the centre
being reckoned as positive.

Dates for which no numbers are given indicate days for which no photographic record is at present available.

Bate.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1947.

1887. d

Jan. 19-326
20-463

Means

4
0

...

IO

5

...

2

0

2

6

3

s

213-2
«4'3

21375

0

— 18'4
-17-8

— 18-10

о

+ z5'9
+ 4i'9

...

Group 1948.

Jan. 20-463
21-519
22-151
23-302

Means

о
12

13
IO

...

I4

<5

67
34

...

О
6

6

5

4

31
34
34
18

29

147-2
149-6
150-8
151-3

4973

— 16-8
-16-5
— 16'2

— 16-58

-25-2
- 8-9
+ 0-5
+ 16-3

...

Group 1949.

Jan. 24-467
2i4!6
26-462
27-177
28-279
29-302
30-493
31-209

0

17
24
4<36
33
33
85

75
205
211

241

226

326

396

524

о
i8
16
3*
20

17
l6

44

169
239
167
163
127
170
199
270

42*3
41-8
41-8
41-9
42-4
41-4
42-9
42-5

— 3-0
- yi
- уг
- 3-0
- 2-9

- 3*o
- 37
- 4'3

-774
-64-8
-51-6
-42-2
-27-1
— 14-6
+ 2-6
+ 117

Bate.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Mean
Latitude

of Group.

Longitude

from

Central
Meridian.

Group 1949 — continued.

1887. (1

Feb. 1-328
2-432
3'3So
4-203

Means ...

5°
22

23

13

...

332
197

'д7

65

...

28

Ч
21

'7

20

187

'34
105

85

168

о

43'5
44-1
45-6
46-1

43f°3

о

- 3-8
- 3-6

J T

- 3'5

- 3-38

0

+ 274
+ 424
+ 56-0
+ 67-8

...

Group 1950.

Jan. 25-456
26-462
27-177

Means ...

3
о
о

...

31
5
4

...

3
0

о

I

28
3
3

i i

49-6
5°'3
50-7

50-20

- 1-8
- 17
- ï ч
- гбз

-57-0
-434
-ззч

...

Group 1951.

Jan. 25-456
26-462
27-177
28-279
29-302
30-493
31-209

Means ...

6
8

;i
7
3
о

... •

43
46
82
37
30
58
43

...

11
9

i i
IO

4
2
О

7

83
48
66
24
16
3°
22

41

31-6
31-8
3*'3
3I'iЗГ6
З'Ч
SI'S

31-61

- 2-9

- уз
- 3'i
- 4'2
- 3'9
- 44
- 4'б

- 377

-75-0
-61-6-51-8
-384
-24-4
- 8-9
+ 0-7

...



TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YBAR 1887, OS

AREAS and HHHOQRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK — continued.

Date. •
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Moan

Latitude
of Group.

Longitude
from

Central

Meridian.

Group 1952.

1887. й

Feb. 1-328 о 5 о 5

0

76-0
о

-I9-I
о

+ 59'9

Group 1953.

Feb. 2-432
3'35o
4-203

Means ...

0

4
ï

...

Ч
Ч
i6

...

0

4
ï

2

18
13
I I

Ч

294-0
293-8
294-0

293-93

-12-6

— 12-0

— 12-2

— I2-27

-677
-55-8
— 44'3

...

Group 1954.

Feb. 3-350
4-203
5419
6'547

Means ...

10

21

1

...

55
87
42
35

...

7
13

5
3

7

41

55
23

'9

35

300-8
307-6
309*0
ЗЮ'9

308-58

+ 12-8

+ I2'9

+ I2-9
+ 12-6

+ I2-80

— 4*'8
-307
- 13-3
+ 3'5

...

Group 1955.

Feb. 17-224
. 18-330

19-207
20-480

Means

Feb. 18-330
19-207
20-480
2I'4l?22*166

Means ...

7
13
23

о

...

25
112

120

74

...

4

16
о

7

12

65
78
72

57

i8ro
181-2
181-4
182-6

i 8 i - 5 5

-II-9
— 10-7
-10-3
- 9-8

— 10-68

+ i3'6
+ 29ЧР

+ 40>б

+ 58-6

...

Group 1956.

3
2

9
5
3

...

28
26
21

33
1 1

...

5
2

7
3
2

4

46
26
IS

'!
22

81-5
82-2
82-3
82-8
834

82-44

+ 9"б
+ 9-3
+ 94
+ 94
+ 9>б

+ 9Чб

-7°7
-58-6
-417
-28-3
-18-4

...

Date.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area f or
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Me&u
Latitude

of Group.

Longitude
from

Central

Meridian.

Group 1957.

1887. „
Feb. 19-207 о Ч о Ч

о

8o-8
0

- 3'i

0

— бо-о

Group 1958.

Feb. 19-207
20-480

"4I222-166
*У 49
24-274
25458
26-429
27-S86
28-447

Mar. 1-190
2-230

Means ...

17
Ч
Ч
2б

26

28

8

9
0

2б

16

О

...

68
78

IOI
п8
138
no
6l
42
52

221

43
57

...

30
13

,î
»S
> 5

5
5
о

23

18
о

12

119
72

7i
73
78
59
33
25
38

193

170
'34

89

69-6
69-7
69-9
69-9
69-9
70-5
70-2
70-7
72-3
71-6

72-3
717

70-69

+ II-6
+ II-4
+ Ц-3
+ П-6
+ II-8
4-117
+ n-9

+ I2'I
+ II-2
+ IO-2

+ IO-I

+ 9'9

+ 11-23

-7Г2

-54'3
-41-2
-31-9
— 18-9
- 3'5
+ II-8
+ 25-2
+ 41-9
+ 52-6

+ 63-0
+ 76-2

...

Group 1959.

Feb. 21-459
22-166
23-149
24-274
25-458

Means

о
13
1б
0

о

...

47
73
69

7i
73

...

0

IS
12
0
О

S

79
Si
52
43
39

59

37'2
37-8
41-4
38-4
397

38-90

- 8-6
- 7'9
- 87
— 8-6
- 9'2

- 8-60

-73'9
— 64-0
-474
- 35'<5
-18-7

...

Group 1960.

Feb. 23-149 3 21 2 n 7б7 + 8-s — ia-1



64 ABBAS AND HBLIOGBAPHIC POSITIONS OP SPOT GBOTTPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS

AREAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S Dies.— continued.

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra Whole
Spot.

Area f or
Group.

Umbra Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
from

Central
Meridian.

1

Group 1961.

1887. a

Mar. 10-172
11-474

Means

0
I

...

24
12

...

0
I

I

Ч
" 9

12

о

283-8
285-5

284-65

0

— ю'7
- 9-0

- 9-85

0

+ 32-8
+ 51-7

...

Group 1962.

Mar. 17-291
18-418
i9'43o
20-164
21-552
22*512

Means ...

7
9

12

26

IO
10

...

29

55
82

1 08
64

122

...

15
9
9

18
6
5

10

72

I9

62

71

35
66

6i

80-7
83-0
84-3
837
85-0
834

83-35

+ 12-5

+ I2'4

+ I2'4

+ I3-I
+ 12-8

+ 13-5

+ 12-78

-76-4
-59-2
-44-6
-35-6
— 1 6-0

- 4'9

...

Group 1963.

Mar. 19*430
20-164
21-552
22-512

Means

0

12
0

О

...

13

23
23

21

...

о
IO
о
о

4

32
32
18
13

24

51-0
51-0
52-4
53-1

51-88

+ 2-3
+ 2-5
+ 2-5
+ 2-4

+ 2-43

-77'9
— 68-3
-48-6
-3S-2

...

Group 1964.

Mar. 21-552
22-512
23'346
24-165

Means ...

0

о
0

о

...

Mar. 25-444
26-444
27-506

Means

о
IO
8

...

13

9
12

7

...

о
0

о
0

0

24
10

•IO

5

12

28-5
28-8
28-8
24-7

27-70

+ IO-O

+ IO-2

+ IO-7
+ I2-I

+ ю-75

-72-5
-59'5
-48-4
-41-8

...

Group 1965.

28
80
29

...

о
6
4

3

18
45
Ч

26

10-5
11-4
10-2

IO-7O

-13-6
-i 3-9
-13-6

-1370

-39'°
-25-0
— 12-2

...

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
from

Central
Meridian.

Group 1966.

1887. d

Mar. 30-338 о 18 о 9

о

347-0

0

+ З-о

о

+ 2-0

Group 1967.

Mar. 31-186
Apr. 1-500

2-434
3-196
4-432

Means

i l

»4
3
3
о

...

43
49
13
H
4

...

6
8
2

2

О

4

23
27

8
IO

4

H

331-0
331-4
3297
331-2
332-9

331-24

+ 134
+ I3-3
+ 13-0
+ i3'i
+ 137

+ 13-30

- 2-9

+ Ч'9
+ 25'6

+ 37-1
+ 55-1

...

Group 1968.

Apr. 12-414
13-288

Means ...

о
о

...

13I6
...

0
0

о

40
23

32

94-0
93'9

93-95

+ 16-2
+ 16-3

+ 16-25

-78-4
— 67-0

, •••

Group 1969.

Apr. 15-514
16-394
17477
18-546
19-514

Means ...

*' 0

о
о
0
I

...

s
27
0

о
24

...

0

о
о
о
о

о

!3

34
o
o

H

12

51-8
53-2

53-4

52-80

- 4-6
- 3'9

- 3-2

- 3*9°

-797
-66-7

-*25'2

.,.

Group 1970.

Apr. 18-546
19-514
20-495
21-469
22-417
23-432
24-551
25-125
26-417
27-415

Means ...

I
18
21
28

31
32
15
21
6
О

...

25
221

278

225
198
121

114
70
24
10

...

I
12
12

;îis
IO

146
о

IO

20

144

I 58
II9

'S5

67

72

49
*í16

77

42*2
43-8
44*0
45-0
454
45-0
45-3
45-1
45-2
44'7

44-57

+ I3-I
+ 13-5
+ i3'3
+ 13-5
+ 13-6
+ 13-1
+ 12-9
+ 12-4
+ 12-7
+ 12-6

+ I3-07

— 49"2
-34-8
-21-8

- 7'9
+ 5-0
+ I8-I
+ 33-1
+ 40-6
+ 57-8
+ 70-4

...
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AREAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1971.

1887. d

Apr. 27-415
28-429
29-285

• • 30471
May 1-546

2-126

Moans ...

6
12

39
Ч

о
о

...

68
97

155
in

52
13

...

9
12

30
9
о
0

IO

ИЗ
97

119
68
29

7

72

о

263-3
262-9
263-1
262-5
258-1
258-6

261-42

0

+ II-8
+ H'9
+ 12-4
+ 12-2
+ 12-0

+ I2-I

+ 12-07

0

— 71-0
-57-9-46-5
-31-4

4-1 3

- 134

...

Group 1972.

May 2-126
3-577
4-292
5-555
6-IOI

7-554
8-207
9-450

10-548

Means

2
О

â
24
о

13
о
о

...

29
о

*5
104
74
97
58
20
19

...

2
О

I
8

12

0

IO

0

о

4

19
о

13
53

I8
6o
4i
21

39

32

231-5

2334
234-0
234-8
235-8
236-4
236-9
237-2

235-00

-5'9

- 57
-4-0

4 4
- 5-1
-5'3
-54
-4'9

r s-°9

-40-5

— IO-I

+ 7-2
+ 15-3
+ 35-5
+ 44-8
+ 61-7
+ 76-5

...

Group 1973.

May 2-126
3-577
4-292
5-555
6-IOI

7-554
8-207
9-450

10-548
11-246
12-260
I3-575
14-499

Means

0

49
87
97
99

102

юс
64
58
53
41

0

...

103
4SI
461
453
487
524
564
5°3
433
320
242

99
35

...

о
57
77
62

59
54
57
35

U
36
IO

о

40

370
521
413
289
289
277
292

Т203

22O

217

159
154

287

190-9
1 90-0
189-3
191-3
190-9
191-1
190-9
191-3
191-5
191-6
192-1
191-3
191-1

191-02

+ 12-6

+ I2-O

+ 12-4

+ I2'9

+ 13*1

+ ISM
+ I3-0
+ 12-7
+ 12-5

•f 12-9
+ 12-8

+ 12-2

+ 12'3

+ 12-65

- Sri
— 62-9
- 54'»
-35-5
-28-6
- 9-2
- 0-7
+ 16-1
+ 30-8
+ 40-1
+ 54-0
+ 70-7
+ 82-7

...

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area f or
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1974.

I887. ц

May 8-207
9-450'

10-548
11-246

Means ...

22

21

Ч
I

...

9Í
'f
64
Si

...

II
I I
10
0

8

46
84
39
34

Si

o

191-7
192-3
192-8
193-0
192-45

о

— 114

- 10-7
— 10*2

— 10*1

- io*53

+ o-i
+ 17-1
+ 32-1
+ 41-5

...

Group 1975.

May 9-450
10-548
11-246

Means ....

0
о
5

...

Î*63
56

...

о
о
3

i

17
Зб
30

28

131-5
131-8
132-3
131-87

- уг

Г 23
— S'00

-437
— 28-9
- 19-2

...

Group 1976.

May 9-450
10-548
11*246

Means ...

0

о
б

...

12
18
16

...

0

о
5

2

22

18
13
18

I02-I

ioi '7
IO2'5

102*10

+ 7-6
+ 7-8
+ 8*2

+ 7-87

-73*1
-59'°
-49-0

...

Group 1977,

May 11-246
12-260
I3-575
14-499

Means

о
I
о
о

...

8
8

27
i6

...

О

I

О
о

I

29
II
21

IO

18

68-9
69-4
70*0
70-0

69-58

— 2*2

- 1*8

- 0-4
+ i-s
- 0-73

-82-6
-68-7
— 50*6
-38*4

...
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ABBAS and HELIOGBAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Bate.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area f or
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
from.

Central
Meridian.

Group 1978.

1887. d

May 14499
1 5-548
16-526
17-118
18-148
19-274
20-524
21-432

Means

О

ï
123

I9I

203

71

41

...

6l
147
473
653
9° 5

1116
679
464

...

0
2

I5
62

104
128
6l
54

56

Зб
77

241
S3'
49°
701
588
599

383

0

77-1
78-3
78-7
79'6
8o'5
817
83-1
83-8

80-35

- 8-8
- 94
- 94

9 2

- 94
- 9'2
- 9'i
- 9-0

- 9'i9

о

- 31-3
— IÓ-2
- 2-9
+ 5-8
+ 20-3
+ 364
+ 544
+ 67-1

...

Group 1979.

May 16-526
17-118

Means

3
15
...

24
29

...

3
12

8

25
25

25

2O-2
20-4

20-3

-7-8
- 8-0

-7'9°

— 61-4
-534

...

Group 1980.

May 17-118 0 3° о 15 69-7 + 2-0

Group 1981.

May 26-406 о 9 о i i 17-8 + 0-6

-,4'i

+ 66-9

Group 1982.

May 28-161
29-123
30-265
31-407

Means

IO
22

19
О

...

4i
"3
65
21

...

5
12
12

О

7

21

63
43
19

37

ЗОО-З
ЗООЧ
300-8
300-8

300-50

+ 6-3
+ 6-2
+ 6-3
+ 7-1

+ 6-48

+ 12-6
+ 2 5-i
+ 4°'9
+ 56-1

...

»

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1983.

1887. „
May 28-161

29-123
30-265

Means

2б
18
6

...

43
54
16

...

Ч
10

3

9

23
30
10

21

Q

28I-7

2824

283-I

28240

о

4-2ОЧ
+ 197
+ I9-6

+ 19-80

0

- 6-0

+ 74
+ 23-2.

...

Group 1984.

May 30-265 0 7 о 10
1934 + П4 -66-s

Group 1985.

May 31-407 о

June 1-571
2-373
3'2i4
4-404
5-204

Means ...

о
25
37
IO

4

...

!9 о

Group

53
142
336
99
38

...

о
2О

24
5
2

IO

10 24б-5 — 8-2 + 1-8

1986.

55
US
219

54
20

93

i68'5
167-5
168-7
170-5
1707

169-18

— I I - I
— 10-9

— 10-2

- 9'5

- 944

— бо'9
-5I-Z

î8-QJ" 7

-21-3
— IO-6

...

Group 1987.

June 6-487
7-321
8-502
9Ч38

10417
1 1 434
12-517
1344°
14425
15447
16412
17417
18-106

Means

H
178
169
189
201
2l6

227

194
188
130
8?
З2

о

...

561
641
840
989

1119
1077
1076
932
809
623
400
43

59

...

18
171
"5
112

107

109

117

107

118
IOO

95
67

o

95

787
614
583
589
596
548
557
513
507
483
437
296
311

525

95'5
95-0
95-0
94'8
95*0
94'9
95-2
94'9
94'9
95-0
95-0
95-1
94'9

95-01

— IO-O

— 94
- 9-2
- 9-0
- 8-9
- 8-6
- 84
- 8-2
- 8-1
- 8-0

" Tl- 7-6
- 7'5

- 8-51

-68-8
58-2

e— 4.2*6
-3°'3
- 17-2
- 3-8
+ 107
+ 227
+ 357
+ 49'3
+ 62-2
+ 75-6
+ 844

...
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AREAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1988.

1887. „
June 9-438

10-417
11-434
12-517
1344°
14-425

Means

2

7 .
12

13
7
о

...

47
40

63
57
25

7

...

4
7
9
8
4
0

5

91
44
48
35
13

3

39

0

49-8
49-6
49'3
50-3
50-6
51-8

50-23

0

+ 0-7
+ Г2

+ 1-5
+ 0-8
+ 0-9
+ ro

+ 1-02

Group 1989.

June 17V7
18-106
19-501
20-420
21-263

Means . . .

9
20

3i
8
4

...

62
85

298
112

45

...

5
u

'1
4

9

3i
44

183
82
40

76

25-7
26-4
26-2
26-4
24-2

2578

+ о-з
+ о-з
+ о-з
+ 0-6
+ 1-2

+ 0-54

0

-ll-l
-494
— 34'2
— 2 I "6

- 74

...

+ 6-2

+ I5-9
+ 34-2

+ 46-6

+ 55-5

...

Group 1990.

June 1 8чоб
19-501
20-420
21-263
22*416
23-476
H'143
25-196

Means

о
о
7

IO

3
о
3

.i

...

7

II

II
69
32

8

...

о
о
6
6
2
О
2
О

2

16
12

64

57
36
35
Ч
4

30

293-3
293-8
292-4
291-7
291-8
290-4
290-3
290-2

29174

- 5-8
- 54
- 54
- 5-8

~ í9
- 6-4
- 5'5

- 5-7I

-77-2

— 58-2

-474
- 37-0
— 2Гб

- 8-9
— 0-2

+ I3'6

...

Group 1991.

June 27-449
28-513
29-492
30-273

July r 4 13
2-528
3-551
4434
5'577
6-558
7-404
8-458

Means

29

42

54
б4

6i
67
67
57
42
3£1 6
0

...

i97
266

319
z8i

348

411
368
276
227
175
98
35

...

42
38
38
39

33il
33
29
30
20

о

3i

292
240
220
171

187
211

194

159

157

158
126

I05

I85

177-3
1777
178-0
178-5

1787
178-6
179-1
179-8
i8o-4
180-7
181-0
1807

179-21

— 10-8
-11-4
-117
-ii-б

-11-7
-i -4
-i -8
-I -7
-ï 7
-ï 7
— I I -8
-11-9

— 1 1 -60

-694
-5S-0
-417
-Зго

-15-6
— го
+ 13"°
+ 25-5
+ 41'2

+ 544
+ б5'9
+ 79-5

...

Date.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area f or
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Mean
Latitude

of Group.

Longitude
from

Central

Meridian.

Group 1992.

1887. „
July 2-528

3-551
4434
S'577
6-558.
7-404
8-458
9471

10-492
11-582
12492
13429
14-418

Means

8
21

43

1?6i
79
58

*?
6I46
39
25
Ч

...

49
137
252

344
3^7
391

4°3
3^4
334
267
235
158
84

...

31
3°
41
4°
3<5
42
30

Ч3<5
29
3i
28
3°

34

200
196
241
235
217
209
206
187
184
172
188
176
186

200

0

97-2
97-2
96-6
96-8
96-5
96-9
96-8
96-9
96-9
974
97-8
97-8
98-5

97-18

0

- 7'5
- 7'5
- 7'3
- 7'2
- 7'3
- 7'i
- 7'3
- 7'2
- 7'3
- 7'2
- 7'3
- 7-0
- 74

- 7-28

0

-82-4
-68-9
-577
-424
—29-8
— l8'2

- 4'4
+ 9'*
+ 22-8

+ 377
+ 50-1
+ 62-5
+ 76-2

...

Group 1993.

July 5-577
6-558
7-404
8-458
9-471

10-492
11-582

Means

8
77
75
48
32

13
о

...

124

384
449
28l

163
86
13

...

4
4146
35
3i
20

0

2б

68
217
276
206
1 60
135
77

163

140-1
1414
142-0
142-7
Ч3'5
ИЗ'2

143-2

142-3°

— 19-0
-19-8
-19-5
-19-1
-18-4
-18-4
— 18-4

-18-94

+ 0-9
+ 15-1
+ 2Ô-9

+ 41-5
+ 55-8
+ 69-1
+ 83'5

...

Group 1994.

July 5-577
6-558
7-404
8-458

• 9471
10-492
11-582
12-492
13429
14-418

'I'4!9
16-46017-458. 18-465

Means

0

19
4°
76
99

log
юб
101

85
87
62

37
i6
о

...

42
193
379
489
532
475
55б
491
480
4°3
296
200

74
15

...

0

33
43
57
6o
59
53
Si
45
52
45

II
о

4°

138
338
415
372
329
255
28o
249
255
241
215
193
1 20
5°

246

S7'5
52-6
52-2

52-1

51-9
52-0

53-0
54-0
54'7
54-8
55-0
544
54'5
50-9

53-54

+ 6-9
+ 7-1
+ 7-2
+ 7'6
+ 7'5
+ 77
+ 7'5
+ 7'3
+ 7-2
+ 7"o
+ 6-9
+ 7"o
+ 6-6
+ 8-4

+ 7%28

-181-7
-73-3 •
-бз-i
-49-1
-35-8
— 22М

-6-7
+ 6-3
+ 194
+ 32-5
+ 4б'6
+ 594
+ 72-5
+ 82-2

...

OBSEBVATIONS. 1887. 6 H
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ARBAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Wbole
Spot.

Area f or
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1995.

1887. d

July 23-41 8
24455
25-089
26-531
27-403
28437
29-206

Means ...

23
10

Зб
S»
70
70
21

...

9687
140
381636
5l3
364

...

12

5
20

I4

62

92

S«

40

5°
45
75

254

I31

640
813

344

0

255-5254-9
255-0
260-3
261-4
261-3
262-4

258-69

о

- 9'2
- 9'9
- 9-8
— lO'O

— 10-2

— 10-2
-10-3

- 9'94

0

- 7-6
+ 5'5
+ i3'9
+ 38-3
+ 50-9
+ 64-6
+ 75-8

...

Group 1996.

July 24-45 5
25-089
26-531
27-403
28-437

Means ...

О

4
4
4
о

...

13
18
20

18
Ч

...

о
4
3
2
О

2

18
'9
H
n
8

H

182-0
182-0
182-4
182-5
181-9

182-16

-13-4
— 13-0
-13-2

13 3
— 12-8

-13-14

-67-4
-59-1
-39-6

í8'o
-14-8

...

Group 1997.

July 30-544
31-458

Aug. 1-530
2-588
3-406
4-402
5-406
6-487
7-206

Means

0

3

6
4

ii
3
0
о

...

23
40

39
38
4<26
20

'i

...

О

3

3
3
2

• 6

I

О

О

2

30
35

26
21
26

Ч
II

9
4

20

102-9
104-0

104-4
IO6'2

I06'5
106-5

106-7

106-5
106-0

105-52

— ï г г
-10-7

— ю'9
— ю'7
-10-6

— ю'4
— ю'9
-ю-з
-10-4

— 10-68

-65-9
-52-8

-38-2
-22-5
-ii-з
+ 1-9
+ 154
+ 29Ч
+ 38-5

...

Group 1998.

July 30-544
31-458

Aug. 1-530
2-588

о
8

Ч
»9

39
77

105
130

О

9

i l
n

64

79

76
79

97-6
97'5

97-2
97'5

- 7'9
- 77

7 7
- 77

-71-2
-59-3

45 4
-31-2

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 1998 — continued.

1887. „
Aug. 3-406

4-402
5-406
6-487
7-206
8-538
9'573

Means ...

21

Ü
17
18
6
5

...

138
144
153
131
II9

33
24

...

12
8

H
IO

il

1
9

76
75
79
72
7i
26
26

66

о

97-6
97-6
97-6
97-8
97-5
97-6
97-3

97-53

0

- 7-3
- 7-3
- 7-6
- 74
- 7'5
- 7-1
- 7-2

- 7-49

о

— 20-2

- 7-0
+ б-з
+ 20-7

+ 30-0
+ 47'б
+ 6о'9

...

Group 1999.

July 31-458

Aug. 1-530
2-588
3-406
4-402
5-406
6-487
7-206
8-538
9-573

10-512

Means ...

13

3i
43
Зб
27
54
73
89
53
17
о

...

161

295
423412
385
I75
630
636
433
263

"5

...

'9

28
29
22

l6
28

39
49
321 6
0

26

247

272
288
245
203
295
332
354
297
243
167

268

86-5

86-5
86-8
87-3
88-0
9°'3
90-9
90-9
91-6
92-5
92-8

89-46

— 5'4

_ 4-9
40

- 4-6
- 4'7
- 4-8
- 4-9
- 5'3
- 5-0
- 47
-'44

- 4-85

— 7°"3

-SOM
41 9

-30-5
- i6-6
— 1-0

+ 13'8
+ 234

+ 41"6

+ 5бч
+ 69-0

...

GrOUp 2OOO.

July 31-45 8

Aug. 1-530
2-588
3-406
4-402
5-406

Means ...

3

6
IO

13
2
I

...

49

130

1°65
23
Ч

...

5

I
7
ï
ï

4

70

'Í5
61
38
12

7

5i

86-6

86-6
86-8
86-7
87-0
87-3

86-83

+ "'S

+ in
+ 11-4
+ 1 1-6
+ 117
+ 1 1'9

+ 11-50

-70-2

-5б-о
-41-9
-Sri
- 17-6
- 4'0

...
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AREAS and HHLIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date.
Greenwich ,
Civil Time.

Projected
Area of

Umbra Whole
Spot.

Area f or
Group.

Umbra Whole
Spot.

Mean
Longitude
oí Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 2OOI.

1887. „
Aug. 1 3-573

4'536

i5 '535
16-338
17-243
18-661
19-586
20-554
21-183

Means

4
12
l6
29

25
18
7
7
0

...

log
121
135
142

144
107

53
29
13

...

6
12
I I
18
H
9
4
4
0

9

193
123
IOO
88
8o
5б
28
17
8

77

0

271-6
272-3
273-1
274-6
275-6
277-1
278-0
278-8
279-2

275-59

о

~ 9<I- 9-6
- 9-6
- 9-8
— IO'O

9'4
- 97
— lo-z
— IO-6

— 9-82

0

-71-9
-58-4
-44-3
-32-2
-19-2
-f i-o
+ I4-I

+ 27-6

+ 36-3

...

Group 2O02.

Aug. 1 3-573
14'53б
I5-535
16-338
17-243
18-661
19-586
20-554
21-183
22-452

Means

о
9

15
2O

29

31
I I

10

7
7

...

25

5°
89

125
135
166

80
41

24
25

...

о
13
13
14
17
i6
6
5
4
4

9

8i
69
8o
87
8o
85
40
20
13
Ч

57

261-4
261-5
261-4
261-8
262-0
262*0
202'2

261-8
262-0
26Г5

261-76

+ 9'3
+ 9-3
+ 94
+ 9'4
+ 9'8
+ 9'9
+ lo-o
+ I o-o
+ 10-0

+ 10-4

+ 975

-Sri
— 69-2
— 56-0
-45*0
-32-8
- 14-1
- 17
+ 10-6

+ 19-1
+ 354

...

Group 2003.

Aug. 16-338 0 IO о 7 2б2-б — 16-9

Group 2004.

Aug. 20-5 54
21-183
22-452

Means

0

о
0

...

12

19

15

...

о
о
о

о

24

24
12

2O

178-5
178-7
177-9

178-37

- 15-0
- 4'9
- 15-0

- 14-97

-44-2

-727
-64-2
-48-2

...

Date.
Greenyrioh
Civil Time.

Projected
Area of

Umbra Whole
Spot.

Area f or
Group.

Umbra Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
from

Central
Meridian,

Group 2005.

1887. „
Aug. 27-569

28-231

Means

0

о

...

25
30

...

о
о

о

32
66

49

о

"5'9
227'Z

22б-55

о

+ 44
+ 4-6

+ 4'5о

о

4-67-4
+ 77-5

...

Group 2006.

Sept. 3-451
4-464

Means

6
о

...

97
37

...

3
о

2

52
22

37

85-8

84-1

84-95

~ Í9
- 6-5

— б'2О

+ 1 8-2
+ 29-9

...

Group 2007.

Sept.i 3-459
14-436
15-481

Means

о
3
о

...

12

23
12

...

О
2
О

I

IO

Ч
6

IO

246*0

245-8

246-4

246-07

- 6-9
- 6-6
- 6-3

- б-6о

-494
— зб-б
— 22-2

...

Group 2008.

Sept. 14-4 36
15-481
16-538
17-185
18-193
19-275
20-453
21-290

\ 22-491
23-304
24-085

Means ...

I
6o

107
no
159129
96
85
4*
33
7

...

38
402

582
822

942
844
685
532
312

235
85

...

I

38
5<5б
8о
67

5б
59
41

47
13

47

31250
316
425
508
437
397
360
296
341
^73

321

230-3

232-3

233-0
232-3

233-I
232*1

233-0

234-0

234-9
235-8

23Г4

232-93

+ 5-4
+ 4'6
+ 4'6
+ 4'9
+ 4'7
+ 5-1
+ 5-2
+ 4'7
+ 4-8
+ 4-6
+ 54

+ 4-91

-Sri
- 3<5-3
- 21-8

- 13-9
+ 0-2

+ 13-5
+ 29'9
+ 4>'9
+ 58-7
+ 70-3
+ 7б*3

...

Group 2009.

Sept. 24-085 8 22 б Ч igO'O -I5-I + 34*9

6 H 2
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ABBAS and HBLIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date. _
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area f or
Group. '

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
• from

Central
Meridian.

Group 2010.

1887. d

Oct. 2*237
3*163
4-140

Means

I?
21

II

...

82

юз
53

...

12

17

H

ч

54
86
64

68

о

86-2
87-0

86-7

86-6з

о

- 5*°
- 5*o
- S**

- 5'°3

+ 38*7
+ 517
+ 64-3

...

GrOUp 2OII.

Oct. 4-140
5*43
6-276

Means ...

8
о
2

...

43
7

Ч

...

5
о
i

2

25
5

13

Ч

45*°
45'4
46-0

45*47

— ii-o
— 10-8
-12-4

— 11-40

+ 22-6

+ 3<5-2
+ 517

...

GrOUp 2012.

Oct. 18-147
19-175
20*200
21-466
22-427
23*532
24-463
25435
26-428
27*283

Means

4
22

39
Si24
28
14
12
10

2

...

29

2ОЗ

295
578
524
20 í

I83
68
30
13

...

4
17
24
28
12

H
8
7
7
2

12

32
I56
185
3i!
267
136
101

42
24
13

127

134*5
135-0
134-0
134-2
135*2
136-0
137-0
137-5
138-6
137*4

'35*94

- l'l— 1-6
— 1*1
- o*5
- 0-3
+ 0-3
+ 0-4
+ 0-4
+ O"2
— o-i

— 0-42

Group 2013.

Oct. 19-175
20*200

Means ...

О

о

...

и
...

0

2

I

2
21

12

149-4
147-7

148-55

- 9*о
— lO'O

- 9*50

-63-I

~421— 36-6
— 197
- 5*9
+ 9*4
+ 22-6
+ 36*°
+ 49*9
+ 60-2

...

-347
-22-9

...

Date.
Greenwich
Civil Time.

Projected
Area of ,

Umbra. Whole
Spot.

Area f or
Group.

Umbra, Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude

of Group.

Longitude
from

Central
Meridian.

Group 2014.

1887. a

Oct. 20-200

21-466

22-427

23*532

. Z4*463
25435
26-428
27*283
28-210
29-428

Means ...

о
2

0

о
о
о
о
о
о
0

...

6
10

12 .

7
18
12

5
18
20

2

...

о
2
О

О
о
о
о .
о
о
о

о

8

7
7
4

1
3

i i
Ч
2

7

о

юб-о
ю6'9
107-5
108-8
105-7
108-8
111*0
107-9
108-5
110-3

108-14

0

- 3*i
- 3*o
- 2'8

- 2-4
- 2-3
— 2'2

- 2*4
- 27

— 2'O

— 2-1

- 2-50

0

-64-6
-47*о
-зз*б
-17*8
- 8-7
+ 7*3
+ 22'3

+ 3°*7
+ 43*6
+ 61-4

...

Group 2015.

Oct. 24-463
25*435
26-428
27*283

Means

0
0
8
2

...

9
22

24

I I

...

о
о
6
2

2

5
Ч
17
10

u

128-9
129-8
130-1
130-6

129-85

-I2-3

-12-3

-U-7
-Ц'З

— 1 1-90

+ 4*5
+ 28-3
+ 4»Ч
+ 53*4

...

Group 2016.

Oct. 31-449
Nov. 1-157

Means

3
0

32

4

...

Nov. 5*409
6-475
7-191
8-162
9-304

IO
23
3°
34

4°
107
HO
'59
190

2

О

I

22

3

13

65*5
66-9

66-2

+ 2-0

+ 1-6

+ г8о

+ 43*2
+ 53*9

...

Group 2017.

i i
21

22

22
20

130
43
'34
i i 6
112

236-2
235-8

236-0

235*8

235*8

- 7*4
- 7*9
- 8-1

8-2
— 8-1

— 8о-б
-67-1
-57*4
-44*8
-297
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ARBAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK— continued.

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot,

Area for
Group,

Umbra. Whole
Spot.

Moan
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 2017 — continued.

1887. „
Nov. 10-296

11-572
12-227
13-172
14-186
15-168
16-186

Means

34 ,
24
24

17
10

2

0

...

181
141
125
79
4<16

7

...

18

13
12

1
г
о

Ч

96
72
65
44
30

•13
8

80

0

236-2
236-1
236-6
237-1
237-5
237-8
237-9
236-57

о

- 8-0
- 8-0
- 7-9
- 8-0
- 7'9
- 8-2

- 8-2

- 7'99

0

— 16-2
+ o'4
+ 9'6
+ 22-5

+ 3б-3
+ 49'б
+ 63-1

...

Group 2018.

Nov. 7491
8-162

Means

I

О

...

12

3

...

о
о

о

7
2

5

269-8
271-5

270-65

+ 5-5
+ 6-9

'+• 6-20

— 23'6

- 9-1

...

Group 2019.

Nov. 11-572
12-227
13-172
14-186
15-168
16-186
17449
18-318
19-448
20-214

Means

о
о

6
о
3

21

5
о
ï

...

4
12
27
40

43
28
54
20
13
6

...

о
о
3
4
о
2

12

3
0
ï

3

,1
25

11
15
29
u
8
5

17

I60'2
lÓO-g

ion
l6l'9
IÓ2-2
IÖ2-8

163-8
163-6
IÓ2-8

1бЗЧ

l62-27

- 17-7
- 18-1
— 1 8-0

%— 18-1
- I8-I
- 18-1
- 174
- 177
- 18-1
-17-8

- I7-91

~ lï\
- 53'S
-39-3
— 26-0
— 12-0

+ 5-8
+ 16-9
+ 31-1
+ 4I-7

...

Group 202O.

Nov. 11-572
12-227
13-172
14-186
15-168
16-186

Means ...

о

,г
28

S
3

...

21

47
101

105
66
26

...

о
Ч
18
22

3
2

10

80
90

ï ii
83
43

• Ч

70

I54-S
I54-0

I54-I
IS4-I

»53-9
1537

I54-05

- 177
- 18-1
-18-3
-18-3
-18-7
— 18-9

- '8-33

-81-2
-73-0
-60-5
-47-1
- 34'3
— zri

...

Date.
Greenwich
Oivil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Moan
Latitude
of Group.

Longitude
from

Central
Meridian.

GrOUp 2021.

1887. „
Dec. 3-518

4-189
5436
6-198
7-503
8-211

9-427
10-181
11-189
12-207
13-177
14-427
15-191

Means ...

66

96

4\116
178
49

158
95

11
43
28

...

150

44
842

1084
1285
1225
1091
1152
896
677
504
294
175

...

4<136
89

107
70
97
25
79
5'
43
5°
48
47

68

489
850
8o8
833
763
670
557
58À476
412
369
зн
295

571

о

225-3
2217
222-8
222-1

222-8
222-1

222'9

2237
224'2

224'9
2254
2254
225-3

22374

0

— 8-0
_ 7-9
- 7'6
- 7-6
- 7-2

-Ц
- 74
- 7'9
— 8-0
— 8-2
— 8-0
- 7'9

— 7-62

о

— 8ro
-75-8
-58-2
-48-9
- 3I-I
-224

. - 5'5
+ 5'2
+ 18-9
+ ЗЗ'о
+ 46'2
+ 62-8
+ 727

...

GrOUp 2022.

Dec. 9-427
10-181
11-189
12-207
13-177

Means ...

10

55
45
20

2

...

100

244
203
161

32

...

б
30
24
n
i

Ч

57
I29

104
86
18

79

203'6

2044
205-3
204-9
207-0

205-04

-ï 44
-14-5
— 14-6
-144
-14-5

-1448

— 24'8
- 14-1

o-o
+ 13-0
+ 27-8

...

Group 2023.

Dec. 12-207 3 12 2 9 239-1 - 6-9 + 47-2

Group 2024.

t)ec. 14427
15491
16-551
17474
•18-473
19-288

IS
"3
126
,64
102
2$б

112

57IЮЗб

1275

1209
1458

4°
202
1 08

ИЗ

94
135

3°7
1030
919
876
701
773

83-1
78-8
794
8о-о
8о-7
8о-5

- 7'5

-Я
- 7-8
- 7'9
- 8-0

-79-5
-73-8
-55-3
-42-5
— 28-6
— 1 8-0



ABBAS AND HKLIOÜRAPHIC POSITIONS OF SPOT GBOUPS ON THE SUN'S DISE DBDUOBD FROM PHOTOGRAPHS, 1887.

AREAS and HBLIOGRAPHIO POSITIONS of Si

Date. *%£& 1£Оч£.Г Mean Mean Ьоп^и<1в

Civil Time. TT , Whole ТТтк~ Whole of Group, of Group.Umbra. Sprit Umbra. 8pot * * Meridian.

Group 2024 — continued.

1ЙЙТ o o o«»»у. „

20-207 24.2 1418 123 722 80-3 — 7-9 — 6*1
21-282 241 1553 123 797 82-0 — 8-1 + 9-6
22-214 191 1336 104 726 824 — 8'O + 2Z"O

23-301 122 1133 78 716 82-4 — 8-2 + 367
24-210 123 852 94 651 82*5 — 8-5 +48-8
25-214 76 608 83 666 83-3 — 8-6 + 62-8
26-483 IQ 135 27 368 83-6 — 8-2 + 79-8

Means ... 102 712 8i'44 — 7-98

POT GROUPS on the SUN'S DISK— continued.

Projected Area f or т^.ял.чд.
Date. Area of Group. Mean Mean Ьопв"и<1в

Civil Time. „ ,.„ Whole ТТтк,„ Whole of Group, of Group. ,Umbra. gpot Umbra. Spot ^ * Meridian.

Group 2025.

1887. d o o o

Dec. 21-282 2i 87 n 47 53-1 —12-8 — 19-3
22-214 14 138 7 70 53-5 — 12'8 — 6-6
23-301 z6 134 14 69 53-8 ~I3'3 + 8-1
24-210 17 120 9 65 53-6 — 13-3 +i9'9
25-214 12 46 7 29 53-6 -12-9 +33'i
26-483 2 24 ï 19 547 —13-6 +50-9
27-262 2 IG 2 24 55'2 —137 +6r6

Means 7 46 53-93 —1340



ROYAL OBSERVATORY, GREENWICH.

TOTAL PROJECTED AREAS OF 81Ш SPOTS

FOR EACH DAY,

AND

MEAN ABEAS AND MEAN HELIOGRAPHIC LATITUDE

OF

SUN SPOTS AND FACULJE

FOR EACH ROTATION OF THE SUN,

AND FOR THE YEAR

1887.



TOTAL PROJECTED AREAS OF UMBRJŒ, WHOLE SPOTS, AND

TOTAL PBOJBOTED AREAS OF TIMBRA, WHOLE SPOTS, AND FACULTE UPON THE SUN'S DISK FOR EACH DAY
IN THE YEAR 1887.

The Projected Area is the area as it is measured on the photograph, unconnected for the effect of foreshortening, and
expressed in millionths of the Sun's apparent disk.

The Greenwich Civil Time is expressed by the month, day of the month (civil reckoning) and decimal of a day, reckoned
from Greenwich Mean Midnight.

Greenwich
Civil Time.

d
Jan. ï1

2*2
3'2
4'2

5'5
6-2

7-2
8-2
9-2

IO'

"•3
I2'2

I3-2
I4-2
IJ-2
l6'2
iyS

18-3
i9'3
2O'5
21-5
22'2

23-3
24-5

*5'5
26-5
27-2
28-3
29-3
30-5
31-2

Feb. 1-3
2-4
34
4-2
54
6-s
7-2
8-2
9-2

10-2
II-5
12-4
I3-2
I4'2

IS'3
16-5
17-2
18-3
19-2
20-5
21-5
22*2

Projected Area,

Umbras.

...
48
24
J9
19
12

8
6
о

...

0

о
о
о
о
о
о
о
4
0

12

13
10
о

«5
32
6l

52

40

36

85

50
22

37
Зб

9
6
о
0

о
о
о
о
о
о
о
0

7
17
42

24

18
42

Whole
Spots.

...
246
152

94
51
58
22

Ч
0

...

0

о
о
о
0

о
о
0

10

58
65
67

34
75

279
202

327
263
355
454
567

337
211

187
i68
42
35
0

о
о
о
о
0

о
о
о
0

25
140
228

«74
i8o
201

Facture.

...
507
291
226
292
431
358
350

0

...

о
0
0

4°б
420

193
196
112

13б

О

0

197
452
84

211

148
869
378
347
Н7
183

239
193
699
8о7
1бз

о
128

100
о

"5
los
132

185
97

187
i8i
134
379
54
950
$!3
809

Greenwich
Civil Time.

d
Feb. 23-1

24-3
25-5
26*4
27-6
28-4

Маг. ï '2
2*2

34
4' *
S'i
б-о
7-2
8-4
9-2

10-2

II-5
I2'5

I3-5

I4-2

I5'3
ï б-з
17-3
18-4
19-4
2O-2

21-6

1 22'5

23P3
24-2

254
26-4

27-5
28-4

294
3°'3
31-2

April г 5
2'4

3-2
44
5'2
6-
7-2
8'S
9'5

lo-i
in
12-4
i3'3
14-4
I5-5

Projected Area.

Umbras.

46
28

8
9
о

26

l6

О

О

0

о
0

• о
0
о
о
I
0
0

0

о
о
7
9

12

38
10

ю
0

о
0

IO

8
о
о
о

II

Ч
• з

3
о
0

...
о
о
о
о
о
0

о
0
о

Whole
Spots.

228
1 80

135
42
52

221

43
57
о
о
0
о
0

о
0

24
12

о
0

о
0

о
29

55
95

131
IOO

152
12

7
28

8о
29
о
0

18
43

49
13
Ч
4
о

...
о
0

о
0

о
13
1б
о
5

Faoulse.

575
228

о
99

о
584

438
48 5
497
453
211

О

137
43
6о

136
130

о
о

191
о

152

352
422

484
651
387
ззб
.131
Ю4
70

641
444
192
4<з1
532
448

34б
63

о
120

"9

о
2б

91

92

о
65

287

264
146

Greenwich
Civil Time.

d
April 1 6-4

17-5
i8-s
19-5
20-5
21-5

22-4
234
24'6

25-1
20'4
274
28-4
29-3
30-5

May ï -5
2-1
3-6
4-3
-5-6
6-1
7-6
8'2

9'5
10-5
I I '2
I2'3

13-6
H'5
15'S
16-5
17-1
18-1
i9'3
20-5
214
22'

23-5
24-2
25-3
20'4
27-1
28-2
294
30-3

314

June ï -6
24
3'2
44
5-2

» 6-s

Projected Area.

Umbras.

о
о
i

18
21

28

31
32

Ч
21

6

6

12

39
Ч

о
2

49
89

"3
I24

IO2

144
86
73
65
4i
6
0

5
70

138
i9i
203

7i
4i
...
о
0
о
о
о

Зб
40
25

о

о
25
37
10

4
4

Whole
Spots.

27
О

25
245
278

225
198
121

114
70
24
78
97

155
ni

52

145
451
485
557
56i
02 I

74
717
59б

452
250
120

112

147
497
712

911
то
679
464
...

0

о
о
9
о

84
107
89
4°

53
142

ззб
99
38

56i

Faculte.

199
184

53
88

103
о

236
159

0

284
391
4-О2

121

762
320

247
IDS
36i
468

0

о
99

242

472
460

1528
721
650
217

о
254
243
43
190
458
218

...
104

о
212

40 8
7°3
497

о
398
723

333
412

158
391
3^7
44

Greenwich
Civil Time.

d
June 7-3

8-5
94

1 0-4
1 1-4

• 12-5
13-4
44
154
16-4
17-4
18-1
19-5
20-4
21-3
22-4
23'5
24-1
25-2
26*2
274
28-5
29-5
3°'3

July ï '4
2-5
3-6
44
5-6
6-6
74
8-5
9'5

10-5
I I -6
I2-S

134
44
15-5
16-5
17-5
18-5
194
20'4

21-5
22'4

234
24-5
25-1
26-5

274
28-4
29'2

Projected Area.

Umbra.

178
169
191
208
228
240
202
188
130
87
41

20
3i
15
Ч
3
о
3
ï
о

29

42

54
64

6i
75
88

100
I I O

190
2IO

182

194
I87

152
140

I I O

IOI

62
37
16
о
0

о
о
о

23
IO

4056
74
70
21

Whole
Spots.

641
840

1036
ибо
1140

1133
957
8i6
623
400
205
151
310
198
135
66
69
32

8
о

197
2 66

319
28l

348
460
504
528
738

i i i S
1316
1207
1059

895
836
727
637
487
296
200

74
IS
о
0

о
0

96
IOO

158402
654527
364

Faouhe,

802
477
384
564
564
78
0

о
84

293
376
67i
190
125
218
"5

0

51
о

82

484
422

340
96

43
6s

242
458
449
629
772
942
142
81
56

231
310
586
126
227

86
108

о
о
0

о
о

2О9

5бз
о

424
442
203



UPON тня SUN'S DISK РОК HAOH DAY IN THE YHAK Ш7.

TOTAL PBOJHOTBD ABHAS OF имввл, WHOLE SPOTS, AND FAGULHE— concluded.

Greenwich
Civil Time.

di
July 30J5

SI'S

Aug. 1'5
2-6
34
44
54
6-s
7-2
8-s
9-6

10'S
II-6
12-6
13-6

H'5

I5-5
16-3
17-2
187
19-6
20-6
2Г2

22'S

23'5

»4'5
25-I
2б'4

27-6
28-2
29-4
304
314

Sept. 1-4

2-3
3'S
4'5
57

Projected Area.

Umbrœ

о
28

56
78
73
S«
84
9°

107
59
22

О

0

О

4
22

30
48
54
49
i8
18
7
7
0

о
о
о
0
о
0

о
0

о
о
б
0

о

Whole
Spots.

62
327
568
68o
663
577
761
777
761
466
287
"5

0

о
134
171
225

277
279
273
133

82

5б
4°

о
0

о
о

25
30
о
0

0

0

о
97
37
0

Faculto

Зб5
531

568
138
32б
180
123

0

о
0

545
330
428
233

279
707
389
642

0
о

139
155
u

18г
395
399
513
345
354
350
518
164

о

0

0

0

0

369

Greenwich
Oivil Timo.

л
Sept, 6- 1

74
8-5
9-6

10-5
i i - S
12-6

I S - S '

44
i5'5
16-5
17-2
18-2
I9'3
20'5
21-3
22'5

23-3
244

25'3
26-3
27428-6
294
304

Oot. 1-5
2'2

3'2

44

f6-3
7'3
8-1
9-2

10-3
"4
12-5
13-2
H'3

Projected Area.

Umbrto

о
о
0

о
о
о
о
0

4
бо

107
I IO

159
129

9б
85
42

33
Ч
0
о
0

о
0
0

о
17
21

'9
о
2

О

о
о
о
о
0

о
о

Whole
Spots.

О
О
О
О
0
О
О

12

бо
44
582
822

942
844
68s
532
312

235
107

о
о
0

о
0

о

0

82

юз

9б
7

Ч
о
о
0

о
0

о
о
о

Faoulto.

802
ц'з

37
205
25б

247
285

45
141

0

0
о

3i8
360

о
272
786

1146
88о
416
163

о
0

104
Зоо

430
475
654
458
190
419
32б

!íi266
420
127

о
0

о

Greenwich
Civil Time.

d
Oct. 15-4

i6-;
17-5
i8-i
19-2
20'Z

21-5
22'4

23'S
24-5

254
20'4

27-328-2
294
30-5
314

Nov. i '2
24
3'2

44
5Ч

б-s
7'2

8-2
9'3

10-3
ï i-б
I2'2

13-2
I4-2
15-2

l6'2
17-4

18-3
"94
20'2
2Г2

22*2

Projected Area.

Umbrse

0
о
0

4
22

42

53
24

28

»4
12

i8
5
0

о
0

3

0

0

о
о
3

i6
24
30
34
34
24
3i
37
43

7
6

21

5
о
i
0

о

Whole
Spots.

о
о
о

29
2О7

337
588
53б
272

209
102
бо
43
2О

2

О

32

4
0

о
0

40
107
152
1б2

190
i8i
166
184
207
193
125
61
54
20
13
б
0

о

Faculte.

о
0

5б
i68
ббб
76i
201

0
о
0

о
о

544
342
253
279
9°

189
in
200

43
114
256
479
274

0

70
47

371
'95
203

57б
9°7
Ю9
173

о
о

272

19б

Greenwich
Civil Time.

d
NOV. 23'O

24-2
25-3
26-2
27-2
28-2
29-2
30-3

Dec. Г2
2'2

3'5
. 4'2

54
6-2
7'5
8-2
94

I0'2

1 1 '2

I2'2

I3-2
14-4

I5-2

I 6-6
I7-5
18-5
I9'3
20'2

21-3
22*2

23'3
24-2

25-2
26-5

27-3

28-3

29-2

30-2

31-2

Projected Area.

Umbra.

о
о
О

о
о
о
о
о

о
о

Ч
бб
9б

141
но
178

59
213
140
94
70
S»

141
126
!б4

1б2

25б

242
202

205

49
140
88
u

2

О

0

о
24

Whole
Spots.

0
о
о
о
о
0

о
0

0
0

150
44
842

1084
I2&5
1225
II92

1395
1099
850
53б
406
750

1036
1275
I2O9

458
1418
1640
474
I2Ö7
972
655
IÖO

10
о
о
о

ю8

Faoulffi.

0

о
0

3<Ч
277
363
228

98

0

?2б
132

7об
305
678

о
0

о
21б

О

200

236
221

934
304

о
о

8о
21

119
204

27

373
717
382
383
24
287
Зб8
357

GBKENWIOH OBSBBVATIONB, 1887. .VI



66 MBAN ABBAS OP UMBBJÏ, WHOLE SPOTS, AND FAOTJL^I UPON THE SUN'S DISK ON PHOTOGRAPHS

MBAN ABBAS of UMBB^E, WHOLE SPOTS, and FACUL.E upon the SUN'S DISK, as measured on PHOTOGBAPHS
taken at the ROYAL OBSERVATORY, GREENWICH, at DEHBA DUN, INDIA, and in MAURITIUS, for each
ROTATION of the SUN, from 1886 December 9 to 1887 December 26.

The Mean Areas have been formed by taking the Means of the Areas for each day of observation throughout
each Rotation of the Sun, the Projected Areas being the areas as measured on the photographs 'and expressed in
millionths of the Sun's apparent disk, and the Areas corrected for foreshortening being expressed (as in former
years) in millionths of the Sun's visible hemisphere.

The rotations adopted in the following table (which is in continuation of those for the years 1873-1884, 1885,
and 1886 printed in the Greenwich Observations for 1884, 1885, and 1886) correspond to the synodic rotation of
the Sun, and the commencement of each is defined by the coincidence of the assumed prime meridian with the
central meridian, the assumed prime meridian being that meridian which passed through the ascending node at
mean noon on January ï, 1854, and the assumed period of the Sun's sidereal rotation being 25-38 days. The
rotations adopted in the volumes of Greenwich Observations, 1877 to 1883, correspond on the other hand to the
sidereal rotation of the Sun, the commencement of each being defined by the coincidence of the assumed prime
meridian with the ascending node. The numeration of the rotations is in continuation of Carrington's series
(Observations of Solar Spots made at Redhill by R. C. Carrington, F.R.S.), No. ï being the rotation commencing
1853, November 9. The dates of commencement of the rotations are given in GBEENWTCH CIVIL TIME,
reckoning from midnight.

No. of
Botation.

444
445
446
447
448
449
450
451

452
453
454
455
456
457

Date of Commencement of each
Botation.

d

1886 December 9-89
1887 January 6*22

February 2-56
March 1-89
March 29-20
April 25-47
May 22-70
June 18-90
July 16-10
August 12-32
September 8-57
October 6-84
November 2-14
November 29-45

No. of Daye
on which

Photographs
were taken.

27
26
27
27
z7
26
27
27
27
28
i7
27
28
27

Mean of Daily Areas.

Projected.

Umbra.

49
18
H
4
7

65
77
82
37
9

47
8

n
118

Whole Spots.

341

131
89
30
55

417
397
483
320
65

216
91

66
879

FaoulsB.

254
216
303
252
159
349

a;223
246
3oi
197
208
229

Corrected for Foreshortening.

Umbrte.

32
II
II
'3
4

43
5«
60
29

' 6
21

5
9

86

Whole Spots.

232
9°
72
28
35

309
290
352
255

54
141

53
56

644

Faoulœ.

ЗН
275
357
304
i88
37б
402
304
265
302
35l
228
247
251

MEAN AREAS of UMBB :̂, WHOLE SPOTS, and FACUL^! upon the SUN'S DISK, as measured on PHOTOGBAPHS taken
at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for the YEAR 1887.

The Mean Projected Areas are expressed in millionths of the Sun's apparent disk.

The Mean Areas corrected for foreshortening are expressed in millionths of the Sun's visible hemisphere.

Tear.

1887

No. of days
on which

Photographs were
taken.

361

Mean of Daily Areas.

Projected.

Umbrae.

37

Whole Spots.

243

Faoulœ.

256

Corrected for Foreshortening.

Umbras.

26

Whole Spots.

179

Faouleo

301



TAKUN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE TEAR 1887. 67

MEAN HELIOGRAPHIO LATITUDE of the SPOTS upon the SUN'S DISK, as measured on PHOTOGRAPHS taken at the
ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for each ROTATION of the
SUN, from 1886 December 9 to 1887 December 26.

The numbers given in the accompanying table have been formed as follows :—
The Heliographie Latitude of each Spot for each day has been multiplied by its Area (corrected for fore-

shortening), and the sum of the products for Spots North of the Sun's Equator has been divided by the sum of the
corresponding Areas to form Mean Heliographie Latitude of Spotted Area North of Equator ; similarly for Spots
South of the Equator. In forming the Mean Heliographie Latitude of entire Spotted Area the algebraic sum of
the products for Spots North and South of the Equator has been divided by the sum of the Areas ; and for the
Mean Distance from the Equator for all Spots, the numerical sum of the products, without regard to the sign of
the latitude, has been similarly divided.

The Mean Areas have been formed by dividing the sum of the Daily Areas (corrected for foreshortening) by
the number of days of observation for each Rotation of the Sun, and are expressed in millionths of the Sun's
visible hemisphere.

No.
of

Rotation.

444
445
446
447
448
449
450
451

452
453
454
4S!456
457

Date of
Commencement

of each Rotation.

d

1886 Dec. 9-89
1887 Jan. 6-22

Feb. 2-56
Mar. 1-89
Mar. 29-20
Apr. 25-47
May 2270
June 18-90
July 16-10
Aug. 12-32
Sept. 8-57
Oct. 6-84 •
Nov. 2-14
Nov. 29-45

No. of Days
on which

Photographe
were taken.

27
26
27
27
27
26
27
27
27
28
27
27 '
28

27

Spots NOBTH of the Equator.

Mean
of Daily
Areas.

67
о

44
24
33

i65

19
123

*5
24

131
12

I
О

Mean
Heliographie

Latitude.

о

I8-I2

...

II-O9

10-53

1344
12-50

5-05
6-93

8-90

8-69
4-88
0-55

573

Spots SOUTH of the Equator.

Mean-
of Daily

, Areas.

I65
90
28
4
2

144

271
228

231

3°
10

+156
644

Mean
Heliographie

Latitude.

0

9-84
4'37
7-81

12-92
4'3i
8-69
8-72

10-76
748 •
9-82
6-23
175

1 1-65
8-05

Mftftî>

Heliographie
Latitude of entire

Spotted Area.

0

- 178
- 4'37
+ 372
+ 7'32
+ 12-28
+ 2-65
- 7-83
- 4-56
- 5 '9°
- 1-58
+ 4'11

- 1-25
- H'55
— 8-05

Mean
Distance from

Equator
of all Spots.

о

12-23

4'37
9-81

10-86
12-84
1073
8-48
942
7-02
9-32
4'97
1-49

11-62
8-05

MEAN HELIOGRAPHIC LATITUDE of SPOTS upon the SUN'S DISK, as measured on the PHOTOGRAPHS taken at the
ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for the YEAR 1887.

YEAH.

1887

No. of Days
on which

Photographs
were taken.

36!

Spots NORTH of the Equator.

Mean of
Daily Areas.

44

Mean Heliographie
Latitude.

+ 8-75

Spots SOUTH of the Equator.

Mean of
Daily Areas.

134

Mean Heliographie
Latitude.

- 8-34

Mean Heliographie

Latitude of entire

Spotted Area.

о

- 4-09

Mean Distance
from Equator of

all Spots.

0

8-44

NOTE.—In the computations for forming the corresponding Tables given in the Volumes for 1884 and 1885
the latitudes of the Spots were only taken to the nearest whole degree, the next higher whole degree being adopted
whenever the fractional part of the latitude amounted to or exceeded -5. Thus, under 8°, for example, would be
included all Spots from 70>5 to 80i4, both inclusive ; and the corresponding mean latitude should have been taken
as 70>95 instead of 8°. The Mean Heliographie Latitudes, therefore, both for Spots North and Spots South of the
Equator, and the Mean Distances from the Equator of all Spots, both for the rotations and for entire years, require
a correction of — o°-o5. The Mean Latitude of the entire Spotted Area requires the following correction :—

Oi Mean Area N. — Mean Area 8.
~~ ' Mean Area N. + Mean Area S.

These corrections have been applied in computing the Mean Heliographie Latitudes and Mean Distance from the
Equator given in the above Tables for 1887, and in the corresponding Tables for 1886.
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