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GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC
RESULTS, 1887.

INTRODUCTION.

§ 13. Spectroscopic Observations in the Year 1887.

The spectroscope used for these observations was rﬁounted 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 17* 10™

This section contains :—Mensures 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 Cassiopei®, a Orionis, and 8 Lyre.

The measures of displacement of lines in the spectra of sturs 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. 17" of the screw for opening the slit
corresponds to 0'01 inch, or 10", It has not been thought necessary to give in
detoil 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 31'7 miles per second, at b to a motion of 361 miles,and at F
to o 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 menns 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 bhad 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 Cassiopei®, « Orionis, and
B Lyre, 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
Spectre Normal du Soleil.

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

The pbotographs from which these measures were made were taken either at
Greenwich ; at Dehra Dfin, 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
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Sun nearly 8 inches in dinmeter. In the process adopted at Dehra Dtin 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 Royal 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 1d. Oh., and also by the day
of the month (civil reckoning), which latter is placed opposite the total area of
Spots and Facule 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 initinls 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 neat 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 =, f, 8, 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 inits 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 circum-
ference, 90° distant from that of the upper plate, this pivet 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 1-250th of an inch (corresponding to 0:001 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 photobeliograph 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 :—

Greenwio%m(;;i'vil Time. Correotion for Zero.
" o
1886, December 30, 11 — 0.43
1887, January 17. 11 - 1.0
February 5. 10 — 0.47
March 11,12 — 0.53
April 2,11 — o0.32
1. 12 — o 6
20, 12 - o 14
. May 26, 11 4+ o 2
31,12 - 0,21
October 8.12 + o.
22, 11 - 0 2
25, 11 0. 0
November 28, 12 4+ o0.33
December 9. 12 + o0.27
- 1888, March 1,12 + o0.34

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

GBRREENWIOH OBSERVATIONS, 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 :—

Gre enwi(}l)laéei’vil Time. \ Correotion for Zero.
i

‘ h
1887, June 9.12 0. ©
July 12. 13 + o.13
August 3, 11 - 0. 3
6.12 4+ o.13
September 8.12 + o, 21
9. 11 + o.29
October 25.13 + o.12
December 2,12 + o0.32
3.12 + o.23
9.12 + o0.36
1888, February 1. 11 + 0,27

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 - - - 356°4
March 13 - - - 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 faculee, so as
to give true position-angles.

In the use of the Photoheliographs at Dehra Dfin 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 facule is read off
directly to 1-250th 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 facule 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 ¢ tan z where

. 1 . . .
¢ = sin 57”3 = gz nearly, and z is the apparent zenith distance, we shall have—

Vertical Diameter 1 — ¢ sec? 2

— — 2 .
Horizontal Dinmeter 1 ~ ¢ =1l-ctan’z;

and thus the effect of refraction will be to diminish any vertical ordinate y by the
quantity ¢ tan® z. Resolving this along and perpendicular to the radius vector r,

w2
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and putting v for the position-angle of the vertex, we have for é » and 3 4, the
corrections to.radius vector and position-angle for the effect of refraction—
1 + cos 2 (f—v)

2 b

8r=+c.tan?z x r.cos? (0 —v) = + ¢.tan’z x r x
= - 2z.8in (9 - —v) = —¢.tap? 7 2220 -7
$0=-c.tan’*z.8in (9 ~ v).co8 (9 —v) = —c.tan’z 5 .

The quantity & » 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 = + ¢c.tan’2z x R x ‘H1+COS§(0°_U)+1+0082(0§+90_v)} = + 3 cR.tan’z,

where R is the Sun’s mean radius and 6, , 8, + 90° the position-angles of the two
diameters measured. Thus the final correction to r becomes—

Sr= +c.tan?z x r x 0—95—2—%2:—3).

. gin 2 (0 —v '
The quantities ¢ tan®z, — - (2 ), and have been tabulated for use

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

cos 2 (0 — )
2

¢ tan? z.
In Circular In Circular - In Ciroular
% Measure. In Are. Z Measure. In Are. & Measure. In Aro.
o ’ o , [} !
80 0089 31 70 +0021 7 6o 0008 3

79 0073 25 69 ‘o019 61 58 * 0007 2
78 *0061 | 21 68 0017 6 56 *0006 2
77 *0052 18 67 ‘o014 5% 54 0005 2
76 " 0045 15 66 10014 5 52 *0005 2
75 0039 13. 65 0013 43 || so 0004 1

74 *0034 11 64 o012 4 45 0003 1
73 0030 10 63 +0011 4 40 ‘0002 1
72 ‘0026 |1 g 62 *0010 3 30 *0001 o

71 *0023 8 || 61 * 0009 3
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Factors for Refraction.

0t | §— _'Sin 2 (f-—v) Cos 2 59—0) 0 P _Sinz(:—v) Cos 2 (20-—0)
o 180 *00 4+  °50 95 275 + 09 - 49
5 185 - 09 | + *49 100 280 + ‘17 - *47

10 190 - *17 + ‘47 10§ 285 + *28 - ‘43
15 195 - 23 + 43 110 290 + 32 - -38
20 200 - *32 + 38 115 29§ + 38 - 32
25 205 -~ 38 + 32 120 300 4+ 43 — 25
30 210 . + 25 12§ 305 + 47 - 17
35 215 - 47 + 17 130 310 + 49 - 99
40 220 - *49 + *09 135 315 + * 50 ‘00
45 225 — 50 "0 140 320 + 49 + o9
50 230 - 49 - 99 145 325 + 47 + 17
55 235 - 47 - 17 150 330 + 43 + 25
6o | 240 ~ 43 - 25 155 335 + 38 + 32
65 245 - 38 - 32 160 340 + 32 + 38
70 | 250 - 32 | — 38 165 345 + 25 + 43
75 235 - 2§ - ‘43 170 350 + 17 + 47
80 260 - 17 - ‘47 175 38§ + o9 + 49
85 265 - o9 — 49 180 360 + ‘o0 + 50
90 270 - oo — ‘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 ry, 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 sizth and seventh columns give the heliographic longitude and latitude of the
spot, which are thus computed.* Let » be the measured distance of a spot from the
centre of the Sun’s apparent disc, 2 the measured radius of the Sun on the photograph,
(R) the tabular semidiameter of the Sun in arc, and p, ¢ the angular distances of a

* Researches on Solar Physics : Heliographical Positions and Areas of Sun Spots observed with
the Kew Photoheliograph during the years 1862 and 1863, 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—

p = %(R); and sin (p + p') = %,

. r ,
whence p = sin™}! 7= F

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 Farth 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—

gin A = cospsin D + sin p cos D cos x -
gin (L — /) = sin x sin p sec A.

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 formule have been

used—
tan L = cos I tan (® — N)

sin D = sin I sin (® ~ 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 formule—

tan G = tan w cos @
tan H = tan I cos (@ — 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, w in the
computation of the Tables are 7° 15/, 74°, and 23° 27”5 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 photogruphic film. The integral number of squares and
parts of & 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 mensured 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.

§ 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
umbre and whole spots comprised in the group, the projected area being the ares 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 umbre 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 ares, 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 umbre and whole spots and the mean longitude
and latitude for the period of observation.

§ 16. Total Projected Areas of Umbre, Whole Spots, and Facule, for each day
(uncorrected for foreshortening), Mean Areas of Umbre, Whole Spots, and
Faculee, and Mean Heliographic 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, Awgust 31.
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Txxi
§ 14, Observations of -Comet b 1900 firom Photographs taken with the 26-inch

Refractor of the Thompson Equatorial or with the Astrographic Equatorial
wn 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

crosy lines 5 millimetres apart is printed in the same manner as for the Photographic
Map of the Heavens.

The measurement of the photographs was made with the Astrographic 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
100 divisions of the scale are equal very nearly to the distance between two rédseau
lines as viewed with. the microscope. The intersection of the scales is made to bisect
the object, and the positions of the »dseaw lines on each side are read off on the scales
by estimation to the thousandth part of a »dseau interval. The rectangular co-ordinates
of the images are thus obtaimed in units of 1 »dsemw interval, which for the astro-
graphic telescope is approximately 5/, and for the 26-inch refractor 24’

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

The determination of Right Ascension and Decliration is made by Prof. Turner's
method (Monthly Notices, R. 4. 8., vol. liv., p. 11), as follows:—

With an assumed R.A. and Dec. of the .centre of the plate, the * Standard
Co-ordinates,” & and 7, of those stars which are used as reference stars are computed
by the formula

& = tan (@ — A) cos ¢ sec (¢ — D),

n = tan (¢ — D),
where tan ¢ = tan & sec(a — A).
In this formula a is the R.A. of the star,
A . " centre of the plate,
d is the Dec. of the star,
D " " centre of the plate,

and ¢ is an auxiliary angle. .
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The “ Standard Co-ordinates” of the reference stars are compared with the measured
- eo-ordinates x, ; and from equations of the form

E-z=ax +by+c
n-y=de+ey +f

the constants of each plate a, b, ¢, d, ¢, 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 + ¢, dx’ + ey’ + f to the measured co-ordinates «/, %/, from
which the R.A. and Dec. are deduced by inversion of the trigonometrical formulse-
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 Facule on Photographs
taken at the Royal Observatory, Greenwich, at Dehra Din in India, and at
the Royal Alfred Observatory, Mauritius, in the year 1900 ; with the
deduced Heliographic Longitudes and Latitudes.

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

The photographs of the Greenwich series were taken either with the Thompson or
with the Dallmeyer 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 80 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 was 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 R. 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 Dfn, 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 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 & day,
reckoning from Greenwich mean midnight January 1d. 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 L, 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
GREENWIOR OBservaTiONns, 1900, : k
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loft.of the centre of. the measuring instrument, and that on the:right:being that of the
pexson who measured on the right of the centre..

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 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 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 1-250th of an inch (corresponding to 0001 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 Sun is centred ‘s accurately as possible by rotation. The position-
circle is then set totthe 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 :—

TroMPsoN PHOTOHELIOGRAPH, to 1900 March 9.

Date

Groenwich Civil Time. Correction for Zero.

1899 Decomber ‘z(.l 1; -+ .0.30
23.12 + o018

1goo February 8. 12 4+ .0.29
March 9. 12 4+ o.29

A correction of +0°*5 for zero of position has been applied to all photographs taken
with the Thompson Photoheliograph up:to 1900 Mareh 9.
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DavimeYER PHOTOHELIOGRAPH, 1900 March 9 to June 12.

Date

Greenwich Civil Time. Correction for Zero.

d h e

1900 May 26.13 - o.10
29. 12 - 0. 0

June 10, 11 — 0,10

A correction of —0°'1 for zero of position has been applied to all photographs taken
with the Dallmeyer photoheliograph from 1900 March 9 to 1900 June 12.

TaoMPSON PHOTOHELIOGRAPH, from 1900 June 12.

Greonwich Grvil Time. Correction for Zoro,
. d h o v
1goo June 21. 12 — o0.22
July 24. 11 - 0.26
August 13. 11 — 0.24
31,12 — o0.20
October 8. 11 — o,18
November 8.11 — o0.18
December  14. 10 - o0 28
29. 11 - 0,19
1901 January 15. 11 - 0,13
Febrtlmryl 15, 11 ~ o 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 declination 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 Photoleliograph 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 faculee, so as
to give true position-angles.

In the use of the photoheliographs at Dehra DOn 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 facule is read off
directly to 1-250th 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 faculee 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 ¢ tan z where

¢ = gin 57"'5 = '33!6'6 nearly, and z is the apparent zenith-distance, we shall have—

Vertical Diameter 1 —.c seo? 2
Horizontal Diameter = 1 —¢

and thus the effect of refraction will be to diminish any vertical ordinate y by the
quantity ¢ tan® z. Resolving this along and perpendicular to the radius vector r,

=] —ctan'z;
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and putting v for the position-angle of the vertex, we have for § » and & 6, the
corrections to radius vector and position-angle for the effect of refraction—

8r=+4c.tan’z x r.cos’ (6 — v) = + ¢.tan’2 X rx-l—'l-'-ﬂ—g—-(ﬁ—-—-v),

_ . ) . sin 2 (6 — v)
86 = —c.tan’z.8in (0 —~ v).cos (0~ v) = — ¢. tan’ s ————.

The quantity & = 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

SR = +c.tan’z X R X %{1+cosz(ﬂo—v)+l+cos2(920+90 —v)}=‘ +}cR.tan’z,

where R is the Sun’s mean radius and 6, 6, + 90° the position-angles of the two
diameters measured. Thus the final correction to  becomes—

Sr= +4+c.tan’z x » X ﬂg—g);v—).

8in 2 (§ —v 08.2 (0 —
{ ),andc ‘(2

‘The quantities ¢ tan®z, — 5 ®) have been tabulated for use

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

¢ tan’ z,
2, In Circular {15 Aro, 2 In Giroular {-q, Ato. . |1In Circular In Are.
Measure. Measure, Measure,
° ; ° ’ ° ’
80 '-0089 31 70 *0021 7 6o *0008 3

79 0073 2§ 69" | ocotg | 63| 58 0007 2
78 *gob1 21 68 ‘0017 6 56 *0006 2
ki *0052 18 67 *0015. 53| 54 *0003% 2
76 *0045 15 66 ‘0014 5 52 0005 2
75 *0039 13 65 *0013 4% i 5o 0004 I
74 | -o034 1 || 64 ‘0012 | 4 45 0003 1
73 +00130 10 63 L2t 4 40 <000z I

72 *0026 9 62 *0010 3 30 *0001 )

71 +0023 8 61 *0009 3
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Factors for Refraction.

0-v v _8in zfe—v) Conz(a—v) ' 0-v 0o _Sin :.:0-—1;) Ooszz(o—v)

(4] -} : [+] -}
|

o 180 | 00 + 350 90 | 270 00 - 50
§ 185 - ‘o9 + 49 95 275 + o9 - 4
10 | 199 - ‘17 + *47 100 280 + ‘17 - ‘47
15 195 - 25 + 43 105 285 + 25 = 43
20 | 200 —_ 32 4+ 38 110 290 -+ *32 - +38
25 | 205 ~ 38 | 4+ 32 | 15 | 29§ + 38 | = 32
30 210 - *43 + *2§ 120 300 + ‘43 - +2%:
35 | 215§ = 47 + 17 ) o125 305 + 47 - '
40 220 - '49 + o9 130 310 + 49 - 99
45 22§ || =~ 50 *00 135 | 315 + 50 "00
50 230 - 49 - ‘09 140 320 4+ 49 4+ ‘09
55 | 235 || = 47 | — 17 | 145 | 325 | + 47 | + 17
6o | 240 | = 43 | —= 25 | 150 | 330 || + 43 | + ‘25
65 | 245 | = 38 | — 32 155 | 335 + 3% | 4+ 32
70 250 - '32 - 38 160 340 + 32 + -38

v 780|288 L = 25 = 48 | 165 | 345 + 25 |+ 43
8o 260 - 17 - 47 170 350 + a7 + 47
By | a6yl = roge ] — a9 | azs | oss |+ o9 |+ 4y
90 270 ‘00 - *50 180 360 *00 + 350

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 mecasured distance 7y, 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 Axss,
and the Latitude and Longitude of the Earth veferrved 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 » 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,
(%) the tabular semidiameter of the Sun in arc, and p, p’ the angular distances of a

* ¢ Researches: on Solar Physics: Heliographical Positions and Areas of Sun Spots observed with the
Kow Photoheliograph during the years. 1862 and 1863,” by W.De La Rue, B. Stewart, and B. Loewy.
Plil, 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—
¢'=%(R); and sin (p+p') =,

.l
whence p =sgin TP

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.8. Then, if D,
A 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 A = cos p sin D + sin p cos D cos %
sin (L — I) =-sin x sin p sec A,

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

used—
tan L = cos I tan (® — N)

gin D = gin I sin (® - 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 formulee—

tan G = tan o cos @
tan H = tan I cos (® — N)

where o 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, o in the-
computation of the tables are 7°.15/, 74°.28/, and 28°.27"5 respectively.
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The heliographic longitude of the spot is found from /, 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
Jrom the measurement of the Solar photographs for each day in the year 1900,

In these ledgers the daily results for cach 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
GREENWIOR OBSERVATIONS, 1800, 1
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umbrze 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 umbra 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 umbre and whole spots and the mean longitude
and latitude for the period of observation.

§ 17. Total Projected Areas of Sun Spots and Focule for each day, and Mean Areas
and Mean Heliographic Latitude of Sun Spots and Facule for each
Rotation of the Sun, and jfor 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 chronographic 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 Observatory, Greenwich.
1903, February 16.
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MOTIONS OF STARS IN 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
Greenwich Mean Midnight and counting from o 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
80 a8 to form the half of a direct-vision prism. With one such half-prism a dispersion of about 183° 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° equlvalent 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 b, and b, as compared with the wave-length measure.

17" of the micrometer corresponds with one “half-prism” to 10°4 tenth-metres or 375 miles per second for the  lines, and to
7'91 tenth-metres or 304 miles per second for the I¢ line.

1" of the screw for opening the slit corresponds to o'o1 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 comparlson-hne, 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.

. . Earth's Concluded Motion
Date, 1887. Width Displacement, .~ | of Btars in Miles per
Greenwich 5 Object.  |Line| of Thoson 1 Second. REMARKS.
Civil Time. | 3 Slit, Somond
3 Measured. | Estimated, " | Measured. | Estimated.
d h m r r
Jan, 26.21.25 | M [Capella ......... F | o200 —0009 | — | 4 126 | — 153 | — 21'0| Spectrum bright but tremulous. Defi-
21,35 | M - F | o200 40081 + 4126 | + 120 |+ 154 nition fair. Star-line not very well seen
21,50 | M ys F | o'z00| 40054 + i 4+ 126 | + 38|+ 84 in first observation, probably giving an
22. 0| M ’s F | o200 40090 | + % | 4126 | + 147 [+ 295 incorrect result.
22.15 | M | 3 Persei......... F | o200 —0'248 | — 1 | + 166 | — 91'9 | — 100°7| Spectrum very tremulous. Star-line very
22,30 | M . F | o200} —0242 -1 4+ 166 | —go'1 | — 1007 ill-defined and difficult to bisect. There
22,55 | M 'y F | o200 —0°261 -1 + 166 | — 959 | — 1007 was a decided displacement towards the
23.10 | M . F | o200 —0°216 — 2 | +166 | — 822 | — 727 blue.
23.35 | M | Rigel ............ F | 0200 +0'040 | + + 127 | - 06 |+ 83| Spectrum very tremulous. Star-line very
23.50 | M ) F | o200 40139 § + + 127 | +29'5 |+ 294| faint.
27. o.15 | M | 8irius............ F | o200 —0055 — + 60| —22'7 | — 270| Spectrum very tremulous. Definition bad.
o.25 | M . F | o200 —0r075 - 4+ 60 —288!— 270 Displacement appeared small towards
the blue.
Position Circle, 6°.
Jan. 28.19.35 | M | 3 Persei......... F | o230 —o069 | — 4 | 4 168 | — 378 | — 42°2| Spectrum faint, but fairly steady. Defi-
19.50 | M - F |o230[40024 | + 4 | +168] — 95|+ 33 nition of star-line poor.
20. o | M 'y F | o230 40049 | + 3 | +168| — 19|+ 33
20,10 | M s F | o230 o000 o + 168 | — 168 | — 168
20,30 | M | Aldebaran...... F | o230 40111 | + £ | 4164 | 4+ 173 |+ 242 Spectrum faint. Definition poor. Star-
20,45 | M 1y Flozzoj4o0134 ] + & | +164 | +243 4+ 343 line only occasionally seen well.
Position Circle, 6°.
Jan. 31.19.10 | M |Moon ............ F | o160 4+ 0008 — 24 The coincidence of the two spectra
19.15 | M ’y F | o160 40’017 + 51 appeared perfect.
1g.20 | M 'y F | o160 | +0°008 + 24
19.25 | M . F | o160 —0011 - 33
19.30 | M - F | o160 40019 + 58
19.45 | M | 8 Pergei......... F | or160| —0023 | — A | + 1770 | — 240 | ~ 21'g{ Spectrum fairly bright and steady. Defi-
z0, 5| M . F [ o160f —0017 | = | + 170 | —22'1 | — 194 nition bad. Displacement evidently
20,25 | M ’s F | o'160| —0'010 — + 170 —200 | — 194 very slight.
20.45 | M ’9 F | o160 40030 | + ;‘U +170 | — 779 | — 73
21, 0| M . F | o'160| —0003 o +170| —179 | — 1770
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. . Earth's Conoluded Motion
Date, 1887, Width Displacement. Motion i of Stars in Miles per
Greenwioch 5 Objeot. Line| of M‘i’f;:“;f Seoond. REMARKS.
Civil Time, E lit. Sonond,
5 Mensured. | Estimated. Measured. | Estimated.
d h m r 't
Jan. 31.21.15 | M |Rigel ............ F | o160 |+ 0123 + + 13'5 | + 239 | + 108 | Spectrum bright but tremulous. Definition
21.25 | M . F | o160 |+ 0123 + + 135 |+ 239 |+ ro8 fair.
21.30 | M |y Orionis ...... F | o160|— 0023 | — {4 | + 144 | — 214 | — 193 | Spectrum fairly bright and steady. Defi-
21,35 | M . F { o'160|— 0'038 — + 144 | — 259 | — 24'I nition fair.
21,50 | M | B Tauri ......... F | o160|— 0040 | — g + 146 | — 267 | — 243 | Star-line seen only by glimpses.
22, 0| M . F | o16of— 0025 | — 5| + 146 — 222 [ — 195
Position Circle, 6°.
Feb. 2.22.40 | M | Persei......... F |o15z2|—~o0331{ —1% | + 171 | —117°6 | —122°8 | Spectrum faint and tremulous. Star-line
22,50 | M vy F | o152|{— 0246 | =1 + 171 | — 918 | — 876 not seen well. Direct comparison
23, o| M 'y Floisz|—o0326) —1 + 17°1 | —116°1 | —105°2 shewed large displacement towards the
23.10 | M ' F | o152]|— 0302 | —1 + 171 | —108'8 | —1052 blue,
23.30 | M | MoOD vvuvunnans F | o152 |+ 0'024 + 73 The coincidence of the two specira
23.33 | M . F | o152 |+ o009 + 3% appeared perfect.
23.36 | M ,s F | o'152|— o012 - 46|
23.39 | M - F | o152 |— o'00j - 179
23.42 | M ’s F | o152 |4 o'ol0 + 138 .
3. o. 5| M |Rigel .....ccuuuns F | o152]|4 0062 | + + 138 |4+ 50|+ 38| Spectrum very tremulous. Star-line seen
0,15 | M . F | o152 |+ 0118 + + 138 | + 2270 | 4+ 21°§ with great difficulty.
0.20 | M | Siriug...coeveenn. F | o152+ o0107 | + & | 4+ 76|+ 249 | + 277 | Spectrum Dbright but tremulous. Star-
0.2§ | M ys F |oisz2]+o0040 ]| + F |+ 76|+ 45|+ 65 line seen well. Definition fair. Direct
0.30 | M 'y F lors2a|+o105| + % {4+ 76|+ 243 |+ 2006 comparison seemed to show that the
0.35 | M e F |orsz|+0025 ] + 51 + 76 oo [~ o displacement was practically nel, if
0.40 | M . F |orsz2l+o0093 ] + 3 |+ 76|+ 207 | + 206 anything very slight towards the red.
0. 45 | M . F |orszj+0030] + 4|+ 76(+ 15— o073
o.50 | M | Procyon......... F [ o152|+ 0064 | + + 62 |+ 132 {4+ 11°4 | Spectrum bright and fairly steady. Defi-
I. o| M 'y F | o152+ 0110 | + + 62|+ 272 |+ 290 nition good. Star-line fairly well seen.
1.20 | M | Castor ......... o F |o1s2]|—0073| — % | + 80|~ 301 |~ 292 | Spectrum fairly bright and steady. Star-
1.30 | M . F |omsz|—o111| — 4§ | + 80|~ 417 |~ 432 line fairly well seen. Displacement
large towards the blue.
Position Circle, 6°.
Feb, 12,21, o | M | Sirius...cccuveees F |o138|4+0026| + & |+ 96|— 17}— 29| Spectrum exceedingly tremulous.
21,15 [ M ’s F | o138 |— o'o0; o + 96— 11'5 | — 96
21.30 | M ’s F |o138|—o0029| — Js| + 96 |— 184 [— 163
21.40 | M - F loi138{—o0036| — Y| + 96— zo5{— 163 ‘
22, o | M | Rigel ............ F | o138|+ 0057 | + 1» 4+ 150 |+ 23 |4+ 17 | Spectrum very tremulous. Star-line very
22.15 | M . Floi138|+o0048 | + 3} | +150|— o4 |+ 17 difficult to see.
22,25 | M |v Orionis ...... F |o138|+o0146| + & | + 163 |+ 280 |+ 282 | Spectrum fairly steady. Definition fairly
. 22,35 | M vs F loi3B|+o0134] + 3 | +163 |+ 244 |+ 238 good.
Position Circle, 6°.
Feb., 15.22,45 | M | Persei......... F {o138|— 0183 — + 174 | — 730 | = 675 | Spectrum faint. Star-line faint and dif-
22,50 | M ’s F | o138 |— 0'16? - g + x;i - 6%‘3 - 6Zg fused and seen with difficulty. Defi-
23. 0| M - ¥ o138|—0078 | — & | +17¢|— 41’1 | — 397 nition poor.
23,10 | M 'y Floig8|—oo0bs | — ¥ | +174|— 371 |— 397
23.15 | M 'y Flois8|l—ooyo | — % | 4174 |— 387 [— 341
23.20 | M ' F | o138|~ 0106 | — | + 174 | — 496 | — 508
23.35 | M [Capella ......... F | 0138 |4 o070 + i + 159 |+ 54|+ 64 | Spectrum steady and fairly bright, but
23.50 | M v Flors8|4o0156] + & | +159 |+ 315 |+ 342 definition poor.
16. o.10 | M | Castor ......... F | 01384 o072 + 1 + 115 | + 104 | + 108 | Spectrum fairly bright and steady, but
0.20 | M ' T o138|—or123| - +11°5 [ — 489 [ — 44'9 definition poor. Star-line seen with
0.30 | M . F | o138+ 0038 -+ i + 115 |+ o1 |+ 19| much difficulty.
.40 | M . F|o138|—o0069g | — 1 | 4+ 115 |— 325 |~ 282 |°
0.55 | M |Pollux ......... F |o138{—0092 | — § | + 108 [— 388 {— 331 | Spectrum bright and fairly steady, but
I.iIo | M . F|o18i{—o1z29| — § | + 108 |— 500 |— 442 definition poor. BStar-line seen with
much difficulty.
i Position Circle, 6°.
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MOTIONS OF STARS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS

), neluded Motion
Date, 1887. . Width Displacement. E“.rth? otC gt:}-: igd Miles ‘;Jer
Groenwich | % Object.  |Line) of Togon fa Becond. REMARKS.
Civil Time, % Slit, Sont \
5 Messured. |Estimated, " | Measured. | Estimated.
4d h mnm r r
Feb, 16.19.32 | M |y Cagsiopeim...] F | 0138 —o'139| — % | 4+ 1270 — 542 | — 52°3 | The bright F line which was very dis-
19.39 | M . F | 0138 —0°063 - + 120 [ — 311 [ — 456 tinet with the single-prism spectroscope
19.40 | M - F {o138| 40240 | + 4+ 120 | + 609 | + 327 was a very difficult object with the half-
19.41 | M - F | 0'138] +0'076 -+ + 120 |4+ 11°1T | 4 216 prism spectroscope and could not be held
19.43 | M - F | 0r138] 40066 + + 120 |+ 80| 4+ 104 steadily. It was a narrow line and
19.45 | M ’s F | o'138| 40091 + 4+ 120 |+ 156 | + 21'6 geemed to elude bisection. - Spectrum
not seen well at second observation,
' seen best at sixth.
20, o| ¥ |y Andromede®.] F | 0’138} —0042 | — } | + 161 | — 288 | — 29’5 | Spectrum faint, but fairly steady. Star-
20, 2 | M ’s F | 0138 | 40060 + & |+ 161 |4+ 20| 4+ 40 line faint and seen with difficulty.
‘ Displacement evidently small.
20.10 | M |3 Pergei...eseesf F | 0138 —0'199{ =~ 2 | 4+ 174 {— 778 — 67'7 | Spectrum bright and fairly steady, but
20,12 | M - Flo138|—01799| — & | +174|— 718 | — 677 definition poor. Star-line seen best in
20,14 | M sy F | o'138| —0'09g9 | ~— 4 174 | — 475 | — 51°0 last observation.
20,16 | M " F | o138 —0068 | — + 174 [— 380 | — 342
20,18 | M ’y F | 0138|0044 | + + 174 |~ 40| — 06
20,20 | M "’y F | o138 —0024 | — g | + 1774 | — 247 | — 241
20.27 | M |a Pergei......... F | o138 40076 | + ? + 16°3 [ + 6°8 | + 17°3 | Star-line of the Procyon type. The central
20,30 | M ys F | o138 o000 o + 163 | — 163 | — 16°3 line was not seen well, although the
20.33 | M - F |o138)—oc012| — | +163|— 1999 | — 230 spectrum was bright and fairly steady.
20.35 | M ) F | o138 —0013 | — g | 4+ 163 | — 203 | — 230 '
20.43 | M | Aldebaran...... F {o138|+0149| + 4 | + 184 |4+ 269 | + 31°9 | Spectrum fairly bright and steady. Star-
20.48 | M ) . F | 0138] 40136 + g + 184 | + 229 | + 263 line rather faint.
20. 53 | M |Rigel ............ F | o'138| 40057 | + + 154 |+ 19| + 70| Spectrum bright, but very tremulous.
20.55 | M ys F | o138 40012 + 5| 154 |— 118 | — 87 Star-line faint. Definition poor,
21.10 | M |8 Orionis ...... F | o138 40040 | + + 158 |~ 37| — 24 | Spectrum somewhat faint and tremulous,
21,12 | M . F | or138| 40118 + + 158 | + 200 | + 17°8 Star-line faint in first two observations,
21,21 (| M 'y F | o138 40114 -+ + 158 |+ 188 | 4+ 178 but seen better in the last two. Defi-
21,22 | M T F o138 +o087 | + & | +158 |+ 106 + 178 nition poor.
21,29 | M |eOrionis ...... Floim8{4+o162| + & | 4156 |+ 336 | + 347 | Spectrum fairly bright, but tremulous.
21,31 | M KT F | o138 +0'051 + + 156 ]~ o1 | 4 12 Star-line narrow and fairly dark.
21.37 | M [{Orionis ...... F | o138| —o'10g | — + 15°4 | — 485 | — 37°8 | Spectrum fairly bright and steady. Star-
21.40 | M ’s F | o138 40038 + + 154 |— 38|+ 14 line narrow and fairly dark.
21,41 | M ,s F | 0'138| —oro02 o + 154 | — 160 | — 154
21.43 | M D F | o138 —0'033 ~ 4+ 154 | — 260 | — 288
21,50 | M |y Orionis ...... F j o138 o017 | + + 168 | — 117 oo | Spectrum bright and somewhat tremulous.
21,81 | M - F | 0r138| —o050 | ~ + 168 | — 3200 — 336 Star-line fairly dark.
21,52 | M ’s F | 0138| 40105 + + 168 |+ 151 | + 56
21,54 | M ’s F | 0138 —0rox7 ~ g | + 168 |~ 219 [ —23°5
z2. 2 | M [BTauri .........!| F | 0'138| +0042 | + 45| + 172 | — 45 | — 10'5 | Spectrum very bright and steady. Star-line
22, 4| M - F | 0138 40006 + 5| F172 ] — 154 | — 105 fz(ziirly dark and not very diffused at
. edges.
22,19 | M |« Orionis ...... F | o138 —o104 | — & | + 141 |~ 457 [ — 36'5 | Spectrum faint and tremulous.  Star-line
22,21 | M 71 F | 0'138| 40010 o 4141 | — 11°1 | — 1471 faint and seen with much difficulty.
22.27 | M |y Geminorum .| F | 0'138| —o0291 -1 + 144 { —102°8 | — 81'5 | Spectrum bright and fairly steady. Star-
22.29 | M|, F | 0138 —0'106 -~ 3 | 4+ 144 — 466 — 480 line very broad and diffused.
22.37 | M |Sirius ......... F [ o138 +0052 | + i + 103 [+ 55| 4+ 121 | Spectrum very bright, but exceedingly
22.38 | M yy F | 0138 40100 -+ + 103 | 4+ 201 | 4+ 23°3 tremulous.
22,40 | M . F | o138 ~0067] -~ 4+ 103 | — 307 | — 271
22.42 | M ’s F {0138 —0059 | — + 103 | — 282 [ — 327
22.44 | M - F [ 0138 40125 + i 4103 |+ 277 | + 233
22,45 | M s F | 0'138| —0082 — % | +103 | — 352 | — 439
22. 57 | M |Procyon......... F | 0138 —oro11 o + 100 | — 13’3 | — 100 | Spectrum bright, but very tremulous, Star-
22,58 | M ’y F | 0'138| —0'008 o 4 100 [ — 1274 | — 10 line narrow but faint.
23. o| M 'y F | o'138| 40031 4+ 3 | 4+100|~— 06| + 68
23. 1| M ’s F | 0138 —0r021 - Y5 | + 100 | — 164 — 167
Position Circle, 6°.

Feb. 17. 12, o | M |8ky......couunnn. F | o138 Bky spectrum was compared with that of
hydrogen. No want of coincidence
could be detected.

Position Circle, 6°




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

Earth's | Conoluded Motion
Date, 1887, Width Displacement. "~ | of Btars in Miles per
Greenwich g Objeot, Line| of 1‘1&‘_’““ n Seoond. REMARKS,
iles per
Civil Time. g 8lit. Second.
: s Mensured. | Estimated. Measured. | Estimated.
d h m r r .
July 4.22.25 Arcturus .....| F | 0167| —0088 | — & | + 150 | — 41'7 | — 484 | Spectrum tremulous and rather faint.
22. 45 . F | o167 —c0og8 | —~ % | + 150 — 448} — 417 Star-line not. well seen. Observation
: made with difficulty.
Position Circle, 6°.
July 11.22,15 | M | Arcturus ...... F |o160|~o0107 | — & | + 152 | — 477 | — 47'7 | Definition poor, although the spectrum
23, O| M ’s F | o160 —0078 - 3 + 152 | — 389 — 412 was bright.
23.15 | M |a Coronse ...... F | 0'160| +0'108 + + 11°8 | 4 21'0 | + 20°7 | Spectrum somewhat faint and unsteady.
23.30 | M vy F | o'160| +0'106 | + + 118 | 4+ 204 | + 207
23.45 | M [a Ophiuchi ...| F | 0'160| —0'073 | — + 6'9 | —29'1 | — 286 | Spectrum tremulous and somewhat faint.
23.55 | M . F | o160 | —0'023 — |+ 69| —139 | —134 Definition poor.
12, o.10 | M |aLlyre ......... F | o'160| —009z | — + o8| —288 | — 333 | Spectrum  bright. Star-line fairly well
o.2¢c | M )5 F | o160 —0'153 | — 4+ o8| —47'3 | — 496 seen.
0.45 | M |oAquile ...... F | o16o| —o139 | — & | — 29| — 393 | — 40'¢ | Spectrum bright and fairly steady. Star-
0.55 | M vy F | ot6o|l —o1g2 | — & | — 29| —402 | — 404 line fairly well seen.
1.15 | M | Moon ..... veeennd| | 0’160 + 0017 + 351 No want of coincidence could be perceived.
1.18 | M 'y F | o'160| —0023§ - 76 Moon spectrum rather faint.
I.21 | M ys F | o160 | +0'003 + o9
.24 | M . F | 0'160| —0'006 - 18
1.27 | M - F | o160 40012 + 36
. Position Circle, 6°,
Aug. 22.22.41 | M |a Lyre ......... F|o135|—0146| — § | 4+ 61| — 505 | — 555 | Spectrum bright and steady. Definition
22,46 | M 's F |o13g|—o169 | — & | 4+ 61| =574 | — 5575 good. .
22,56 | M |y Lyre ......... F | o135] —0'133 | — % 4 65| — 469 | — 476 | Spectrum faint. Star-line seen with much
23. 11 | M 'y F | o135l —o201{ — ¢ | + 65| —6761 — 559 diffioulty. Measures rough.
23.31 | M [ {Aquile ...... F | o135 | —0'028 — Y | + 96| —181 | — 17'8 | Spectrum very faint. Star-line seen with
23.46 | M ,s F | 0135 | —c087 - + 96| —360| — 370 great difficulty. Measures rough.
23, 0. 1| M [a Aquile ..... F | o135 | —0'105 | — g + 77| —39'6 | — 406 | Spectrum bright. Star-line somewhat
o.11 | M . F | o135 —0'193 o 4+ 77| —669 | — 736 faint. .
0.26 [ M |a Oygni .cevvened| F | 00135 —~0'127 | — ; — 07| — 379 | — 404 | Spectrum bright and steady. Definition
0.36 | M 3 F | o135| —0'161 — 34 | — o7 | —482 | — 487 good.
1.11 | M |a Cephei ...... F |o135| —0123 | — £ — 43| — 331 | — 368 Spg:tlium fﬁ.irly bright, Star-line seen
.31 | M .y F | ol ~0'218 —_ -4 - 61" - 357 irly well.
’ 35 +3 ’ T4 Position Circls, 6°,
Aug. 24.21.23 [ M |a Coronsm Bor. | F | 0'ogo| —0'064 | — % | + 121 | — 31°5 | — 30'8 | Spectrum faint. Measures made with
21.53 | M iy F [ oogo|—0073] — v | + 121 | —343]| — 308 extreme diffioulty.
22.18 | M [a Ophiuchi ...| F | o'ogo|—o'0g1 | — + 137 | — 41'3 | — 344 | Spectrum faint. Star-line not well seen.
22.43 | M 'y F | ocogo| —0'106 | — i + 1371 —459 | — 344 .
23. 8 | M |a Lyree ......... F | oogo|—o0189 | — § | + 63| — 637 | — 47°8 | Spectrum bright, but star-line ill-defined
23.28 [ M ) I’ | oogo| —0185 | — + 63 — 625 — 478 and very difficult to bisect.
23.58 | M |aAquil® ..,..| F | o'ogo|—o132 | — 4 81| — 482 | — 392 | Spectrum fairly bright. Star-line difficult
25, 0.13 | M 'y F | orogo| —o'146 | — + 81| — 525 — 392 to bisect.
' Position Circle, 6°.
Aug. 31.22.35 | M [a Lyre ......... F |o163|—c18g | — % [ + 69| — 643 | — 632 | Spectrum unsteady and definition poor,
22,38 [ M . F [ 0163 —o'112 — & | + 69| —409 | — 632 | Spectrum faint for so bright a star.
22.47 | M . F lo163]—o128| — & | + 69| — 458 — 491 | Spectrum and star-line seen a little better
22,56 | M ys Flo163|—o155| — 3 | + 69| —540 | —575 than in first two measures.
23.10 | M (a Aquilee ...... F | 0163 —0262| — § | + 97| — 892 | — 73'0 | Spectrum fairly bright and steady, but
23.14 | M - F [o163|~0105 | — § | 4+ 97| — 416 | — 60°3 star-line very ill-defined.
23.18 | M . F | o163 —0230] — § | + 97| —795| — 603
23.22 | M -, F o163 —o211 | — % | + 97| — 738 | — 603 .
23.27 | M |a Cygni ......... F | o163 —0139 | — 4 + o7 | — 42°9 | — 429 | Spectrum fairly steady and star-line fairly
. 23.33 | M vy F | o163 —o169 | — [ + 07| =520} — 51°3 well defined.
23.40 [ M | Moon........ eied] F [ 0163 —0'022 - 67 The coincidence of the two spectra
23.43 | M s F | 0163 40018 + 55 appeared perfect,
23.46 | M - F | 0163 | + 0017 + 51 :
23.49 | M ’e P | 01163 40017 + 51
23.52 | M sy F | 0r163| —o'017 - 31




MOTIONS OF STARS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS

Concluded Motion

Date, 1887. Width | Displacement. | ZeTtN8 | op'gtors in Miles per
, : . . Motion in Second.
Greenwich E Object. Line.| of Miles por REMARKS.
Civil Time, 5 Slit. Soons
g Measured. |Estimated. * | Measured. |Estimated.
d h m r r
Sept. 1. o. © a Pegasgi......... F |o163|—0137 | — 4 | — 40| —376| — 382 | Spectrum faint; star-line ill-defined,
o 2| M - F |o163|—0069| ~ L1 | — 40| —170| — 171 measures rough.
0. 4| M - F | 0163 | —o0'113 — 2 | — 40| —303| —466
o. 6| M . F |o163|—0co75| — % | — 40| —188| —171
o.10 | M |y Pegasi......... F | o0163|—0139 | — — 87| —335| — 194 | Spectrum faint but steady. Definition
0.13 | M ys F | 0163 —0'129 | — — 87| —30%5 | —133% fair,
0.16 | M . F | 0163 | —0061 -3 | = 87— 98| —194
.19 | M . F | 0r163| —0085 - % | = 871 =171 | — 194
0.25 | M [a Andromed®. F | 0'163| —0076 | —~ % | ~ 92| — 139 | — 189 | Spectrum fairly bright and steady. Star-
o.30 | M ’s F {o163{—0136]| — % | — 92| —321 ] — 330 line ill-defined.
Position Circle, 6°.
SBept. 2.21. 3| M |aLyr® ......... F jo163|—o155 [ — 3 | + 70| —542 | — 577 | Spectrum bright and steady. Definition
21.23 | M . F |o163|—0109) — 2 | + 71| —3402 | — 409 good.
Position Circle, 6°.
Oct. 10.20.53 | M |a Lyre ......... F | o460 —0208 | — L | + R7 | —719 | — 645 | Definition fair.
20,58 | M - F jogbo|l—c101 | — 4+ | + 87| —393| — 505
21, 8| M |a Aquile ...... F | o460| —0o012 o + 157 | —19'3 | — 15°7 | Spectrum bright and steady. Star-line
21,13 | M . F | 0460 | +0'026 o + 1571 — 78| — 157 geen very well, '
21.43 | M |8 Cygni ......... F | o460 40165 | + + 7'1 | + 430 | + 34°7 | Spectrum faint. Star-line seen with some
21,62 | M ’s F | o460| —o0185 | — 4+ 71| —633| —489 difficulty.
22, 0| M vy F | o460} —0'131 | — + 71 | — 469 | — 489
22,10 | M s F |o460(—0086 | — % | + 71| — 332 | — 40
Position Circle, 6°,
Oct. 11,12,13 | M |Sky..cruvurunennns F | o460 | —0'030 - 91 No want of coincidence could be detected,
12,16 | M - F | 0'460]| 40038 + 11°% but the sky spectrum and also the
12. 19 | M ’s F | o460 | 40042 + 127 hydrogen spectrum were faint and not
12,22 | M . F | 0460 40016 + 48 well seen.
12,25 | M . F | 0'460] 40021 4+ 64
Position Circle, 6°.
Oct. 14.20.17 | M [a Lyre ......... F | o200({ —0'154 | =~ + 8% | ~ 555 | — 52z | Spectrum not very bright. Star-line
20,27 | M . F | o'z00| —0074 | — g + 87| —=1312| — 309 bisected with some difficulty.
20.47 | M |a Aquile ...... F | or200| 40014 | + + 159 | —11'7 | — 68 | Spectrum rather faint, but ptar-line seen
20,81 | M sy F | o200 —0'020 | — + 159 | — 220 — 387 fairly well.
20.55 | M {y Cygni......... F | o200 —0079 | — + 8% | —32'5| — 39'0 | Spectrum and star-line faint. Star-line
20.59 | M - F | o200| —0060 | — + 85| —267| — 313 seen fairly well at time of bisection,
21. 7 | M |a Cygni ......... F | o200 —0118 | ~ 1 | 4 68! — 426 | ~ 37'3 | Spectrum faint but steady. Star-line
21, 11 | M ys F | o200 —0094 | — 4 | + 68| —354 | — 296 distinet and steady.
21.19 | M |¢Cygni ......... F | o'zo0| —0c'01§ ) + 99| —144 | — 99| Spectrum faint. Star-line seen with
21,23 | M ys F | o200} 40071 + 3 1+ 99| 4116 | + 1279 extreme difficulty.
21.37 | M |a Cephei........ F |ozo0|—0190| — 4 | 4+ 12| — 589 | — 69'7 | Spectrum faint. Star-line broad, dark, and
21.43 | M ’s F | o200{ —o0°z01 - + 12 | =622 | — 469 diffused at edges.
21,51 | M |e Pegasi ......... F | ozo0| +0'138 | + + 133 | + 286 | + 324 | Spectrum faint. Star-line faint but sharp.
2I.§5 | M ,s F | o200 40124 | + 4+ 133 | + 243} + 324 Seen with some difficulty.
22. 5| M |a Pegasi......... F | o'200| o000 o + 85| — 85| — 85| Spectrum faint. Star-line broad and
22, 9| M s F | oz00| 40019 + %+ 85— 27| + 06 diffused, but dark.
22.47 | M |a Andromede. F | o'z00| +0003 o + 25| — 16| — 25 | Spectrum rather faint but steady. Star-
22,67 | M ’s F | o200} —0025 - 4|+ 25| =101 ] —11°6 line seen fairly well,
23.12 | M |y Pegasi ........ F | o200| —0028 | =~ | + 43| — 128 | — 13'4 | Spectrum faint. Star - line diffused.
23.25 [ M ’s F | oz00|—0114 ] — 2 | + 43| — 389 | — 409 Measures made with great difficulty.
23.45 | M |e Arietis ........ F | oz00| —oc013 | — | — 47|+ o8| — 44| Spectrum faint. Star-line seen with
15. o. 5| M |- ’s F | o200| —0r021 -l = 471 - 17 - 44 extreme difficulty.
0.40 | M {Aldebaran...... F |ozoo|+o115 | 4+ 2 | —135| + 484 | + 501 | Spectrum somewhat faint. Star-line seen
0.55 | M - F | ozoo} 40109 | + 4 | — 135 | + 466 | + 440 with much difficulty.
Position Circle, 6°.




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

. . Barthys | Conoluded Motion
Date, 1887, Width Displacement. 7. | of Stars in Miles per
Greenwich g Objeoct. Line,| of lﬁ(i)f;:n :: Second. REMARKS,
Oivil Time. g Slit, Soond
5 Measured. | Estimated. " |Measured, | Estimated.
d h m r r

Oct, 19.20. 2 [ M |a Pegasi......... F |o200(—0053 | — 3} | + 98| — 259 [ — 281 | Spectrum faint but steady. Star-line dark.

20,17 | M vy F | o200 —0032 | — | + 98} —19'5 | — 189 Definition fair.
20.37 | M |a Andromeds.| F | o'200{ —0'085 | — & | + 39| —29'7 | — 313 | Spectrum faint but steady. Star -line
20,52 | M - F | o200 —0°061 -+ |+ 39| —224 | — 222 rather faint. Definition fair,
21. 7 | M |y Pegasi ........ F | o200| —0'009 0 + 57| — 84| — 57| Spectrum faint but steady, and star-line
21,22 | M . F | 0'200| —o0'08g | - + 57| —327 | — 362 seen only occasionally. _
21.47 | M |8 Cassiopeim...] F | o'200(| +0°103 + g — 1°5 | 4+ 32°8 | + 32'0 | Observations made with very great diffi-
22, 7| M ys F [ o200 —0061 | — % | — 15| —170| — 168 culty. Spectrum faint but steady. Star-
' line, Lroad, faint, and diffused. Mea-
sures rough. ,
22.32 | M | a Cassiopeim...| F | oz00| +o042 { + | — 22|+ 149 [ +1 Spectrum faint but steady. Ohservations
22,47 | M . F | o'200| +0'033 + & | = 22|+ 128 + 1173 mnde with extreme difficulty.
23. 7 | M | yCassiopeim...| F | o'200| —0047 | — } | — 3'4 | — 108 | — 14'9 | Spectrum steady, but rather faint. The
23.17 | M v F | o200 —0088 | —~ & | — 34|~ 233 ]| — 271 hydrogen line in the star was distinctly
8 bright line, but not much brighter
than the spectrum, It appeared broader
: and more diffused than usual.
23.37 | M | B Persei......... F | o200 —0'196 | — & [ — 81 |— 51°¢4 | — 528 | Spectrum steady and fairly bright. Star-
23.42 | M ’s F | c'200| —0"214 | — 2 — 81|~ 569 | — 528 line seen fairly well.,
23.47 | M Iy F | o'z00]| —0°193 — ¥ — 81|~ 499} — 52'8
23.57 | M s F | oz00 —0183 | — & | — 81 |~ 475 | — 52'8
20, ©. 7| M | a Persei ...... F | ozo0|—0'127 | — % | — g0 }|— 296 | — 276 | Spectrum steady and fairly bright. Star-
0.17 | M . F | or200|—0'109 | — 3 | — 90— 241 | — 276 line seen fairly well.
o.27 | M | Aldebaran ...[ F | o'z00| +0121 | + % | —12°4 |+ 49'1 | + 49'0 | Spectrum rather tremulous. Star-line not
0.32 | M ’ F | o200} 40059 | 4+ § | — 124 |+ 303 | + 307 seen well and only by glimpses. Defi-
0.37{ M vy F | o200| 40169 | + § | — 124 |+ 637 | + 672 nition poor.
o.57 { M | Rigel............ F | oz00| 40098 | + & | — 1270 |+ 41'8 | + 42'5 | Spectrum tremulous. Definition poor,
.12 | M 'y F | o'200| +0036 | + } | — 1200 | + 229 | + 303 Star-line not well seen.
: Position Circle, 6°,

Oct. 21.21.35 | M | « Andromed®m| F | o'200( —o0'008 o + 45 |— 69] — 45 | Spectrum fairly bright and steady for
21.45 | M e F |ozo0o|—o151 | — & [+ 45 |— 503] — 502 the last two observations. Thespectrum
21,50 | M " F | o200){=0035| — ¢ei + 45]— 151 ) —136 was faint for the first two observations,
2z, 0 ) M vy F | oz00} —0'066 -3 + 45| — 245 | — 319
2z.10 | M | B Arietis ...... F | ozo0| 40151 | ;T — 1'4 [+ 472 | 4+ 47'1 | Spectrum faint, but star-line dark and
22,15 | M vy F | o'z00| 40161 4+ ¢ | — 1¢ |4+ 503 + 562 geen fairly well.

22.24 | M | a Arietis ...... F [ o200| —0092 | — & | — 26— 253 | — 279 | Spectrum somewhat faint. Star-line ex-
22,27 | M vy F |o20|4o0r155 | + 4 | — 226 |4 497 | + 57'4 ceedingly faint and only seen by |
22.30 | M N F | o200| 40085 | + 2 | — 26|+ 284 | + 392 glimpses, Measures very rough. :
22.33 | M ’, F | o200{ +0'081 + - 22614+ 2772 | 4+ 331

22.40 | M | f3 Persei......... F | o200| —0378 | — 1 | — 76| —1072 | — 837 | Spectrum bright and steady. Star-line
22.44 | M ’ F | o200} —0299 | — 4 | — 76— 832 | — 6og seen very well. Displacement evidently
22.48 | M - F |oz00{—0293 | — § | — 76| — 814 |'— 6079 large towards the blue,

22.52 | M ’s F | or200| —0'201 — 3 | = 76| — 534 | —472 :
23.10 [ M | a Persei ...... F | oz00{—0'156 | — § | — 846 |—~ 387 | — 462 | Spectrum bright, but rather tremulous.
23.20 | M ’) F | o200 —0267 | — % | — 86|— 725 | — 59%9 Star-line somewhat difficult to hold.

' Definition variable.

23.25 [ M [ Capella......... F | ozoo| +c094 [ + & | — 135 |+ 420 | + 501 | Spectrum bright and steady. Star-line
23.28 | ' M v F [oz200|+0214 | + & | —135 |+ 785 | + 744 geen fairly well.

23.31 | M ’s F | orz00| 40049 | + } — 135 {+ 284 | + 363

23.35 | M "y F | o200 +0°154 | + — 135 |+ 603 | + 501 | -

23.40 | M | B Aurig® ...... F | o200 +0'046 | + — 150 { + 289 | + 378 | Spectrum bright and steady. Star-line
23.45 | M ’s F | oz200(+0127 | + L | —150 |+ 536 | + 45°5 seen fairly well.

23.50 | M | B8 Tauri......... F | o'200| —0'058 | = — 147 [— 29| + 56| Spectrum fairly bright and steady. Star-
23.5¢ | M %) F | o'z00| —0'192 - fU — 147 |~ 436 | — 3100 [  line seen fairly well ooccasionally, es-
23.58 | M ’y F o200} —0063 | = ¢ | —147 = 24| — 81 pecially during the third observation, '

22, 0. 3| M | F | o200 —0139 | — & [ —147|—= 275 | — 158 Not seen well at the second.

o. 7| M | y Orionis...... F | 0200| ~0029 | — | —138 |4+ 50| 4+ 47 | Spectrum fairly bright and steady. Defi-
o.10 [ M 29 I | o200| —o0'005 ) — 138 |+ 123 [ + 138 nition good. Star-line well seen.

o.13 | M [ Rigel........... F | o'200| —0'012 o — 116 |4+ 80 4 11°6 | Spectrum.  bright but tremulous. Star-
0.16 | M . F | oz00| —0077 | = i —I16 [— 118 | — 112 line never held steadily for long. Seen |
o.18 | M ’ F | oz00| 40149 | + — 116 | + 568 | + 4271 best at the first, fifth, and sixth ob-
0.20 | M 'y F | oz00| 40148 | + i — 116 |+ 565 | + 573 | servations.

.22 | M 'y F | o'200| +0'052 | 4+ =16 |4+ 274 | + 344 | -

0.25 | M ’ F | oz00| 40078 | + & | —a116 |+ 353 | + 390




MoOTIONS OF STARS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONN

Concluded Motion

Date, 1887. Width Displacement, MEa.'rth ? of Btars in Miles per
Greenwich 5 Object.  |Line| of on I Beoond. REMARKS.
es per
Civil Time. g Siit. Soond
5 Measured. | Estimated. Measured. |Estimated.
4 h m r T
Oct. 22, o.30 | M | Aldebaran...... F | o200 40080 | + — 119 | 4+ 362 | 4 485 | Spectrum rather faint for thisstar. Defi-
0.33 | M . F | ocz00| 40125 | + — 119 [+ 498 | + 576 nition poor.
0.36 | M ’s F | ozoo| 40145 | + — 119 | 4+ 539 | 4 576
0.40 | M - F | ozo0] +0065 | + 4 | —11'9 |+ 316 | + 347
Position Circle, 6°,
Oct., 22.12, o | M [SKky ..ccoveeeras F | o200 —0'006 — 18 The coincidence of the two spectra
12, §| M ’s F | o'200| 40034 + 103 appeared perfect.
12.10 | M ,s F | 0'200| —~0'004 - 15
12,15 | M ’s F | o200| —0008 — 24
12,20l M 'y F | 0200 40017 + 51
Position Circle, 6°,
Oct. 24.21.38 | M |a Pegasi......... F | o250} —0067 | — 4+ 111 | — 314 | — 328 | Spectrum fairly bright and steady. Defi-
21,88 | M ’s F | 0'250] —0066 | — 4+ 111 | — 311 | — 32°8 nition good.
22.14 | M | Moon ...... eonens] F | 07250| —0°027 — 82 The coincidence of the two specira
22,17 | M . F | o250 + 07009 + 27 appeared perfect. Both gpectra seen
22,20 | M . F | o250 40005 + 173 well,
22,23 | M s F | o250{ —0008 - 2
22,27 | M - F | o250 —o0001 — 073
22.37 | M |3 Persei......... F | o'250| —0217 - % | — 68| —59'1 | — 192 | Spectrum bright, but rather tremulous.
22.47 | M .s F | oz50| —0159 | — 2| — 68| —415 | — 192 Star-line fairly well seen.
23. §| M . F | o'250| —0'083 | — — 68 —184 | —279
23,17 | M s F | o250| —0'134 | — -~ 68| —1339| — 36
23.24 | M |aPersei......... F | or250] ~0'134 | — ~ 79| — 328 (| — 355 | Spectrum bright, but rather tremulous.
23.30 | M ’s F | o250l —0197 | = & | = 79| — 519 | — 442 Star-line fairly well seen.
23.40 | M {Capella ......... F | o250 —o0r004 o —~ 130 | + 118 | + 130 Bpectrum bright but tremulous. Star-
23.44 | M vs F [oz250| 40157 | + & | ~130| + 607 | + 651 line seen well at intervals,
23.48 | M - F | o'250| +0093 | + % — 130 | + 41'2 | 4 42°0
23,52 | M ’s F | o250 40089 | + — 130 | 4+ 400 | 4+ 477
23.57 | M |8 Aurigm ...... F | o250 40078 + & | — 145 | + 382 | + 435 | Spectrum bright and fairly steady. Star-
2. 0. 2| M . F | oz50f 40040 | + — 145 | + 266 | + 232 line fairly well seen.,
o. 8] M |a Aldebaran...] F | oz50] 40228 | + ~11'1 | + 803 | + 69'0 | Spectrum bright and fairly steady, but
.13 | M - F | o250| 40099 | —~ 111 | 4412 | 4+ 401 gtar-line faint and seen with difficulty.
0.19 | M |Rigel ............| F | o250] 40149 | + — 111 | + 563 | + 54°5 | Spectrum bright and star-line well seen.
0.2f | M ’s F { oz50[{ 40079 | + ~111 | 4351 | + 19°8
0,28 | M |y Orionis ...... F | oz50| —o0'049 | — iﬁ — 133 | = 16| — 41 | Spectrum bright but tremulous. Star-
0.31 | M ’s F | o250| 40062} + } | —133] + 3271 | 4 350 line difficult to bisect.
0.34 | M - F |oz50|—0029 ) — x| ~133) + 45| + 46
0.36 | M . F | oz50[ 40058 | + 3 | ~133| + 309 | + 350 .
0,40 | M | B Tauri ......... F |oz250|—0112 | — } | ~141] — 199 | — 293 | Spectrum bright and fairly steady. Star-
0.43 | M . F |oz250|—0040 )] — L | ~141] 4+ 20| — 33 line seen fairly well.
0.46 | M - F |oz250|—0043|] — 3 | ~141 |+ 10| — 33
0.49 | M 'y F | o'z50] + 0001 ) ~ 141 | + 1474 | + 141
0.53 | M |8O0rionis ...... F |oz250]—0069) — 1 | ~130]| — 80| — 87| Bpectrum fairly bright, but tremulous.
0.56 | M 'y F | oz50| 40002 o ~130 | 4136 | + 130 Star-line seen much better than usual
.59 | M ’s F | o250} —0018 | — ;!‘y ~130| 4+ 75| + 87 with this star,
1. 2| M s F | o250 40024 | + ~130}| 4+ 57| + 30%
1. 8| M {eOrionis ...... F | o250f{ 40090 ] + & | ~ 131 ]| + 404 | + 34'8 | Spectrum bright but tremulous. Star-line
.1z | M . Flozso| 40051 | + & | ~131 | 4286 | + 348 seen better than usual.
1.16 | M | {Orionis ...... F | o250| —0065 | — 5| ~132| — 65| + 4'5 | Spectrum bright and tremulous. Star-
LIg| M ’s F | oz50{ 40048 | + 5| — 132 | + 278 | + 219 line seen better than usual with this
1,22 | M vy F | o'250| —0018 o ~132 |+ 77| + 132 star, but held with difficulty.
I.25 | M ’s F | 0250|0015 | o+ o) —132 | 4177 | + 175 . L.
1.30 | M |Gt.NebulatnOrion| F | o250} ~0'141 | — } | — 50| — 378 | — 24°0 | Lines in Nebula very faint and bisections
1.33 | M - F | o'250| 40011 + 25| — 50| 4+ 83|+ 93 very rough.
.36 | M . F | oz250| 40007 | + | ~ 50|+ 71| + 93
.39 M s F lozgol—0143| — % | ~ 50 — 384 — 240
1.4z [ M v F |oz250] 0097 | — % | — 50| —24'5] — 240
.45 | M - F | o250 +0019| + o5 | — 50| +108| + 93




AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YBAR 1887,

) Earth's | COonoluded Motion
Date, 1887, Width Displacement. ; of Stars in Miles per
Greenwich g Objeot. Line| of ﬁ‘i’f;s"” i’: Beoond. REMARKS.
Oivil Time, é Slit, Sooomnt
5 Mensured. |Estimated, " | Measured. | Estimated.
d b m r r
Oct. 25. 1.53 | M |Sirius....ccuees o F |o250|—00s7| — 3 | —136| — 37| — 81 | Spectrum very bright, but very tremulous.
.57 | M s F | o250 40108 | + & | —136 | 4+ 464 | + 426 Direct comparison failed to show any
2. 1| M 'y F | o250 | +0154 | + «)i, — 136 | 4+ 604 | + 570 distinct displacement in either direction.
2, 5| M . F | o250 40048 + 3 | —136 | 4 282 | + 31°0
2, 9| M - F | o250 40128 | 4+ 2 | — 136 | + 525 | + 483
2,13 | M - F |o250|4+0066 | + } | —136 | + 336 + 353
Position Circle, 6°,
Oct. 28.21.52 | M |3 Pegagi ......| b, | o140 —0131 | — % | 4+ 96| —588 | —g1'g | Spectrum somewhat faint and a little
21,58 | M - b, | o'140| —o0°121 -3 |+ 96| —550]| —51°% tremulous. Definition good.
22. 4| M 1y b | o'1q0| —o0bs | — F | + 96| — 340 | — 344
22,10 | M . by | 0’140 —0'129 — 32 |+ 96| —380| — 391
22,16 | M ’ by | o140 —o121} = 2 | + 96| — 550 | — 591
22,22 | M ') by | o140 —0184 | = & | + 96| —786 | — 839
22.32 | M (B Coticorrerrnnnes by | o140 ~0'133 | — & | + 98| — 597 | — 601 | Spectrum rather faint and very tremulous.
22.37 | M ’s by o140 —0172 1 — L [+ 98| —743( — 727 Star-line faint and difficult to see. The
0, line was narrow and sharp.
22.42 | M | Moon........... Jq b, | 0’140 | —0'006 - 22 The coincidence of the spectra appeared
22.44 | M . by | o'140| —0'003 - 11 perfect.
22,46 | M 'y b, | 0’140 ~0'002 - 07
22,48 | M . b | o'140| —0'003 - I'1
22,50 | M - b, | o140 | —0'004 - 15
23, 2 | M |8 Andromeds | J; | o'140| 40111 | + 3 | + 19 |+ 397 | + 29'5 | Spectrum fairly bright but tremulous.
23.12 | M . by |orgoj 40068 + } | + 19 |4 236 |+ 233 Measures considered good.
23.22 | M |a Arietis ...... by | 0'140| 40043 + Y| — o3 |+ 164 [+ 129 | Spectrum fairly bright but tremulous.
23.27 | M - by | o'140| —0058 | — — 03 |— 21°5 | = 249 Digplacement evidently very small.
23.32 | M . by | 0’140 + 0052 + i — o3 |+ 198 [+ 317 Star-line somewhat broad, diffused, and
23.37 | M ’s by | o140} —0r017 o — o3 |— 61|+ o3 not very dark.
23.42 | M | Ceti.ccvrnnennn by | o'rgo | +0020 | + & [ — 24|+ 99 |+ 150 | It seems clear that the edge of the dark
23.46 | M ’s by | o140|=—0034 | — | — 224 |~ 103 | — 102 fluted band in this star is not the J,line.
23.50 ( M - b, | 0’140 —0002 o — 24+ 17|+ 24 Assuming the observations of the J, line
23.54 | M vy by | 0’140 | 0001 ) — 24 |+ 21 [+ 24 to be correct, the wave length of the edge
23.58 [ M [a Ceti.nvevinnnns by | o'140| —0'38g | —1 — 24 | —143'6 | —1834 of the band, corrected for motion of earth
Oct. 29. o, 1 | M ’ by | o140 —0'354 —xi — 24 [ —1305 | —152'5 and star, will be A = 516263, Angstrém's
value, 5166'88, for I, being assumed.
0,10 | M |Aldebaran...... by | o140 40085 | + § | — 101 |+ 420 [ + 52°0 | Spectrum bright but tremulous. Star-line
o.15 | M v Uy | o140] +0097 | 4+ I [ — 1071 [+ 465 |+ 478 seen with ditficulty. ;
0.17 | M v by | o'140| 40037 | + {51 — 1071 | 4 240 [+ 227
0.20 | M - b | o'140] 40123 + 3 - 10'1 {4 §6'3 | + 6o'4
o.30 | M [Capella ......... by | o140 | +o112 | + 2 | — 121 |+ 541 |+ 62°4 | Spectrum very tremulous. Star-line seen
0.35 | M ss b | o140t o059 | 4+ S 1 — 121 |+ 343 |+ 498 with difficulty, although the spectrum
0.40 | M ' by | o'140| 40175 + 1 — 121 |+ 778 | 4+ 7350 was very bright,
0. 45 | M . by | o140 +0087 | + & | — 121 [+ 447 [+ 5470
0.55 | M [aOrionis ...... by | o140} 40152 | + — 141 |+ 712 | 4+ 77°0 | Spectrum bright, but very tremulous.
I. 5§ | M ' by | o'140] 0142 | + — 141 |4+ 674 |+ 770 Star-lines difficult to hold steadily.
L1 | M ’ by | o'140| 40174 | + — 141 |+ 794 | + 760
.25 | M . by | o140 40162 + - 141 |4+ 749 | + 760
1.35 | M [Pollux ......... b | o140 —0206 | — & | — 180 |— 593 | — 57'5 | Spectrum Dbright, but very tremulous.
.42 | M s by |o140] —0'107 | ~ % | — 180 |~ 222 | — 239 Star-line difficult to hold steadily.
.48 | M vy by | o'140| —0'197 | — 4 | — 180 | = 559 [~ 57
1.§5 | M s by | o'140| —0252 | — 2 — 180 | — 766 | — 658
2.17 | M {Procyon......... b | o'140| 40075 | 4+ % — 176 | + 458 [+ 490 | Spectrum bright, but very tremulous.
2.24 | M v by | o'140] 0189 |+ 3 — 176 | + 885 |+ 931 Star-line very faint and difficult to
2.32 | M ’s b | o'140} 40077 | + % — 176 |+ 46'5 | + 49'0.| obsgerve.
2.42 | M s by | o140 40047 + L | =176 |+ 352 |+ 42°8
Position Circle, 6°.
Oct. 31.20.40 | M |a Cygni...cccosd] By | 0'120) —0220 | — & | + 84 |— gro|— 76'5 | Spectrum bright but tremulous. Defini-
20,50 | M ’y by | o120 ~0232 | ~ 3 | 4 84 95's | — 850 tion bad. Star-line faint and seen with
great difficulty.
21. 5| M [y Cygni......... 0y | 0’120} —0'008 ) + 98 |— 128 | — ¢8| Spectrum faintand tremulous. Definition
21.15 | M vy by | o120{—008g | — & | + 98 |— 432 |~ 438 bad. Star-line seen with difficulty.
21,25 | M v by | 0'120| —0'008 o 4+ 98— 128 |~ 98
21.35 { M ' b | o'120| —0'007 o + 98|~ 1224 |~ 98
GREENWIOH OBSELVATIONS, 1887, 3]




10 MOTIONS OF STARS IN THE LINE OF SIGHT, INFERRED FROM SPECTROSCOPIC OBSERVATIONS
Earth’s Concluded Motion

Date, 1887. Width Displacement. ’ of Stars in Miles per

Greenwich 5 Object.  |Line| of Motion in Second. REMARKS.

) i Miles per

Civil Time. g 81it. Second.

3 Measured. |Estimated.| - Measured. | Estimated.
4d h m r r
Oct. 31.21.45 | M |e Cygni ......... by 0120 —o042 | — &5 | + 11°5 } — 272 | — 21'7 | Spectrum faint and tremulous. Definition
21.52 | M . b | o'120| 40010 o +11'5|— 771— 11°% bad. Star-line faint and difficult to see.
22. 0| M ’s by | o'120{ 40030 { + | + 115 | — o2~ 1I'3 Maeasures rough and made with extreme
22,10 | M - by | 0’120 ~0'002 o 4+ 115 | — 122 | — I1'§ difficulty. .
22,30 | M e Pegasi......... by | o'1z0| +o'140 | + 4 | + 160 |+ 366 [ + 350 | Spectrum faint and tremulous. Definition
22.50 | M s by | o120 —0028 | — A | + 160 | — 265 | — 262 bad. BStar-line faint and difficult to see.
23,20 | M |J Pegasi......... by | o'120| —0'046 | — } | + 103 | — 276 | — 307 | Spectrum rather faint and tremulous.
23.30 | M ’s b | 0'120| —0°009 o + 103 | — 137 | — 103 Star-line seen with difficulty.
23.43 | M |a Cassiopeim...| b, | 0'120| +0164 | + & | + o5 [+ 611 |+ 608 | Spectrum fairly bright and steady. Star-
23.52 | M - b | o'120| 40152 |+ z + o5 |4 565 |4+ 503 line seen fairly well.
Nov. 1. o. 4| M |3 Andromed® | ; | 0'120| +0°045 | + %+ | + 28|+ 141 |+ 176 | Bpectrum fairly bright and steady. Star-
0.12 | M ys b | o'120| 40112 + 32 |+ 28|+ 392 |-+ 381 line dark and fairly well seen. Obser-
vation considered good.
0,24 | M |y Andromeds | & | 0’120 —0035 | — | — 12| — 11'9 | — 9o | SBpectrum fairly bright and steady. Star-
0.30 | M ’s b [ o120 ~0077 | —~ & [ — 12 |— 277 29°4 line faint and seen with difficulty.
0.43 | M |Moon ............ b, | o'120| +0'004 4+ 15 The two spectra were exactly coincident,
0.46 | M ’s by | 0'120] —0r009 - 34 both being exceedingly bright, distinct,
0.49 | M vy b | o'120| ~0°003 - 11 and well-defined.
0.52 | M - by | 0'120] —0'002 — 07
.55 | M ’s b | or120| —~0'004 - 15
Position Circle, 6°.




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

1

CoLLRCTED RESULTS for MOTIONS of STARS in the line of Sight, from SPROTROSCOPIO OBSERVATIONS
made at the ROYAL OBSERVATORY, GREENWICH, in the Year 1887,

(F for the Star or Moon is compared with Hg of Hydrogen, and 4,, b, 0, with Mg, Mg,, Mg, of Magnesium.)

(+ denotes Recession ; — Approach.)

Date, 1887.

Observer,
Number of
Measures.

®
Earth's Motion
E Position Width of
R Line, | in Miles per
S E Oil'ole- Sut- s scond.
-4

Concoluded Motion of Star in
Miles per Second.

Measured.

Estimated.

o ANDROMEDA.

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

Beptemnber 1 M 2 1 6 0'163 F - 92 — 230 — 260
October 14 M 2 1 6 ©'200 F + 2% - 59 - 7
19 M 2 1 6 0°200 F + 39 — 2671 — 268
21 M 4 1 6 0°200 F + 4 — 24°2 — 25}
3 CASSIOPELER,.

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

October 19 M 2 1 6 0°200 F - 15 + 79 + 76
vy PEGASI
F line broad and diffused at the edges.
September 1 M 4 1 6 0'163 F - 8 — 227 - 232
October 14 M 2 1 6 0'200 F + 43 — 259 — 272
19 M 2 1 6 0'200 F + 57 — 206 - 2I'0
o CASSIOPELA,.

F line narrow but faint; & lines fairly distinot.
October 19 M 2 1 6 0°200 F - 22 + 13% + 11'3
31 M 2 1 6 0’120 b, + o .+ 588 + 557

s§B3



COLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECTROSCOPIC OBSERVATIONS

g k) g k) é Barth's M Conolxﬁieid Motign of gtn.r
. " rth's Motion in Miles per Secon
Position Width of . ArL f b .
Date, 1887, E E i p; . Line, in Miles per
’ & g8 gg | Circle Blit. Second.
s} = Z ‘ Measured. Estimated.
B CBTI1.
b lines faint, but narrow and sharp.
October 28 M 2 1 6 0'140 by + 98 — 67%0 — 664

. v CABSIOPELZ.

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

February 16 M 6 1 6 0'138 F 4+ 1270 4+ 17 - 19
October 19 M 2 1 © 6 0'200 F - 34 — 1771 — z21°0

3 ANDROMEDZ.

b lines narrow, sharp, and fairly dark,

October 28 M 2 1 6 0'140 b + 19 + 3147 + 264
November 1 M 2 1 6 0120 by + 28 + 267 + 27°9
,BARIETIA.

F line dark, broad, and diffused.

October 21 M 2 1 6 0°200 F - I'4 I + 488 ‘ + 517

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

February 16 M 2 1 6 o'138 F + 161 - 134 — 12'8
November 1 M 2 1 6 . 0'120 b - Iz — 19'8 — 192
a ARIETIS,

F line narrow and sharp, but very faint, & lines somewhat broad and diffused, and not very dark,

October 15 -{ ™ 2 1 6 ©0°200 "F - 47 - 0§ — 4%
21 M 4 1 6 0°200 F — 26 4 200 + 255
28 M 4 1 6 0140 b, - 03 + 22 + 5o




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

o - b Harth's Mot Oonohﬁitid Motign of gtar
o . . 's Motion in Miles per Second,
Date, 1887, 3 1 1;".5“{01‘ Widthof | yyne | in Miles per
S 5 ircle, Slit, Seoond,
° = = Measured, Estimated.

a CETI,

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

October 29 M
29 M

N

1 6 0'140 b, - 24 4+ o9 + 24
1 6 0'140 . - 274 ~137'1 —168'0

* Measure of the dark line forming the sharp edge of the fluted band, and coincident in moat speotra of the type with b, -It appears clear
that it is not so in this star, and, assuming the observations of the J; line to be correct, the wave length of the edges of the band,
corrected for motion of earth and star, will be A == §162°63, Angstrém’s value, 516688, for b, being assumed.

B PERSEL

F line broad ; estimated breadﬂ:, 18 to 20 tenth-metres. 'The character of the line is not always the same. Usually it is nebulous without
any oerﬁ;ml condensation, but on rare ocoasions has been observed as dark and sharply defined. Estimated breadth on Jan. 28,
13 tenth-metres.

January 26 M 4 1 6 0'200 F + 166 — goo — 937
28 M 4 1 6 0230 F + 168 — 165 ~— 130
31 M 5 1 6 o160 F + 170 - 184 - 170
February =2 M 4 1 6 o152 F + 1711 —108'6 —105"2
15 M 6 1 6 o138 F + 17°4 -— 51'0 — 490
16 M 6 1 6 o138 F + 17'¢ — 440 - 409
October 20 M 4 1 6 0'200 F - 81 - 514 — 52'8
21 M 4 1 6 0'200 F - 76 - 813" - 632
24 | M 4 1 6 0’250 F - 638 - 387 — 257
o PERSEIL

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

February 16 M 4 1 6 o138 F + 1673 - 124 - 113
October z0 M 2 1 6 ©'200 F - g0 = 269 - 276
21 M 2 1 6 0'200 F - 86 — 556 - 531
24 | M 2 1 6 0'250 F - 79 = 424 — 399

a TAURI (4ldebaran).

F line narrow, sharp, and fairly dark ; & lines narrow, sharp, and distinot.

January 28 M 2 1 6 0230 F + 164 + 208 + 293
February 16 ¥ 2 1 6 o138 F + 184 4+ 249 + 2971
October 15 M 2 1 "6 0200 F -13'5 + 47°% -+ 4741
.20 M 3 1 .6 ©0'200 F — 124 + 477 + 493

22 M 4 1 6 0200 F — 119 + 434 + 496

25 M |' 2 -1 6 02350 F | =1 .+ 608 .+ 546

29 M (' 4 -1 |6 0'140 b | = 101 + 422 + 457




14 COLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECOTROSCOPIC OBSERVATIONS

oentral condensation.

F line fairly dark, but not very narrow, and slightly diffused at the edges. Estimated breadth, 6 tenth-metres.

g %g - Barth's Moti Oo?olixldltlad Motign odetar
. . '8 ion n Miles per Seoond.
Date, 1887, b i Position |  Widthof | e | in Miles per ——
5 g E Circle. 81it, Second,
=] P > Measured. Estimated.
o AURIGZE (Capella).
F line narrow and sharp, but not very dark ; b lines narrow, sharp, and fairly dark.
January 26 M 4 1 6 0°200 F + 126 + 38 + 81
February 16 M 2 1 6 0138 F + 159 4+ 185 + 203
October 22 M 4 1 6 0°200 F - 13'5 + 52°3 + 5§27
26 M 4 1 6 0°250 F — 130 + 384 + 419
29 M 4 1 6 0’140 b - 1271 4 527 + 60°3
B ORIONIS (Rigel).
F line narrow, sharp, a.nd fairly dark ; estimated breadth, o'9 tenth-metre,
January 27 M 2 1 6 0200 F + 12'7 + 14 + 189
31 M 2 1 6 o'160 F + 133 + 239 + 108
February 3 M 2 1 6 0152 F + 138 + 135 + 127
12 M 2 1 6 0138 F + 135 + 10 + 17
16 M 2 1 6 0'138 F + 154 - 50 - o9
October  zo0 M 2 1 6 0'200 F — 12 + 324 + 364
22 M 6 1 6 0200 F - 11'6 + 28+ + 288
28 M 2 1 6 0250 F - 11 + 457 + 372
y ORIONIS.

No strongly marked

January 31 M 2 1 6 0160 F + 144 - 237 - 217
February 12 M 2z 1 6 0138 F + 163 + 262 + 260
16 M 4 1 6 0138 F + 168 — 126 - 129
October 22 M 2 1 6 0°200 F - 138 + 89 + 93
2§ M 4 1 6 0'250 F — 133 + 165 + 17'6
B TAURL
F line broad, diffused, and fairly dark, Breadth about 13 tenth-metres ; central condensation, 3 tenth-metres.
January 31 M 2 1 6 o160 F + 146 — 24°§ — 219
February 16 M 2 1 6 0138 F + 172 - 10' - 10°5
October 22 M 4 1 6 0'200 F - 147 -~ 196 - 1273
25 M 4 1 6 0'250 F = 141 - 06 - 5%




AT THE ROYAL OBSHRVATORY, GREENWICH, IN THR YBAR 1887:

Y Sy 8 , Ooncluded Motion of Star
Date, 1887, 2 §E | position Widthof | pime | “ia Moles %‘gfn tn Mles per Second.
g g E Cirole. Slit. Second.
© | zH Z Measured. Estimated.
8 ORIONIS.
F line faint and ill-defined ; breadth about 4 tenth-metres.
February 16 4 1 6 0’138 F + 15°8 + 11°4 + 12°8
October 25 4 1 6 0°250 F — 130 + 47 + 109
¢ ORIONIS,
F line narrow and fairly dark ; breadth about 1 tenth-metre,
February 16 M 2 1 6 o'138 F + 156 + 16'8 + 180
October 25 M 2 1 6 0'250 F — 131 + 345 + 348
{ ORIONIS,
F line narrow and fairly dark ; breadth about I tenth-metre,
February 16 M 4 1 6 0’138 F + 15°% — 236 — 201
October 25 M 4 1 6 0'250 F - 132 + 117 + 143
x ORIONIS,
F line faint as seen on Feb, 16.
February 16 M 2 1 6 0'138 F + 141 - 284 — 253

a ORIONIS,

Third type speotrum, The:? lines stand out on the background of & shaded band from which it is often difficult to separate them,

October 29 M 2 1 6 0'140 b, — 141 + 6
29 M 2 1 6 0'140 b4 - 141 + 7

9'3 + 770
7'2 + 76




16 COLLEOTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPEOTROSCOPIC OBSERVATIONS
g | b} g - Barth's M Conoltigﬁd Motion of gtar
hs . th's Motion in Miles per Second.
Position Width of : ; :
Date, 1887, E -% § .§ E Gircle, Slit, Line, lnéI;;]::dl.)er
S Pt & Measured. Estimated.
3 AURIGA,
F line dark, broad, and nebulous,

October 22 M 2 1 6 0°200 F — 150 + 41°3 + 417
25 M 2 1 6 0°250 F — 145 + 324 + 334

y GEMINORUM..

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

February 16 M 2 1 6 0138 F + 14'4 — 747 — 64°8

o CANIS MAJORIS (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 M 2 1 6 0°230 F + 60 — 25°8 - 27°0
February 3 M 6 1 6 o152 F + 76 + 127 + 124
12 M 4 1 6 0138 F + 96 — 13 — 11'3
16 M 6 1 6 0138 F + 10'3 — 68 - 7
October 2§ M 6 1 6 ' 0°250 F — 136 + 362 + 344

o GEMINORUM (Castor).
The two components 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 side to a total breadth
of about 34 tenth-metres ; no central condensation.

February 3 M 2 1 6 0'152 F + 8o — 359 — 362
16 M 4 1 6 0138 F + 11°% I Va4 — 151

a CANI8 MINORIS (Procyon).

F line narrow, but rather faint and on a back ground of a diffused shading. Estimated breadth of line, 1 tenth-metre; of shading,
13 tenth-metres ; & line narrow and very faint.

B
»
[y
(o))

February 3

o'152 ¥ + 62 + 202 + 202
16 M 4 1 6 0138 F

+ 10% — 107 - 75

October 29 M 4 1 6 0'140 b — 176 + 540 + 585




AT TEE ROYAL OBRERVATORY, GREENWIOH, IN THEE YRAR 1887, 17
5 ] E 9 . Harth's Moti Oonolggﬁd Motion of Star
. arth's Motion in Miles per Second.
Date, 1887, § b ¥ E ngri:{“ Width of | Line, | in Miles por
g 3 g o it Seoond.
(=} iz = =z Measu_red. Estimated.
B GEMINORUM (Pollux).
F line narrow but faint. & lines narrow and sharp but faint.
February 16 M 2 1 6 0138 F + 10'8 - 44'4 - 387
October 29 4 1 6 0'140 b, - 180 - 53'§ — 51°2
e BOOTIS (Arcturus).
F line narrow and sharp. & lines dark, narrow, and sharp.
July 4 M- 2 1 6 0167 F + 1350 — 433 — 45°1
11 M 2 1 6 o160 F + 1572 — 4373 — 445

F line dark and very broad, but not very diffused at the edges.

a CORONE BOREALIS.

Estimnted breadth, 18 tenth-metres.

No marked central condensation.

July I 2 1 6 o160 + 11'8 + 2097 + 20'7
August 24 2 1 6 0’090 ¥ + 1211 - 32°9 - 308
a OPHIUCHI.

F line dark, very broad, and diffused at the edges. Estimatod brendth, 34 tenth-metres ; central portion, 10 tenth-metres,

July 12 M 2 1 6 o'160 F + 69 — 21°§ - 21'0
August 24 2 1 6 0’090 F + 137 — 436 - 344
o LYRE (Vega).

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

July 12 M 2 1 6 o'160 F + o8 — 381 — 415
Avugust 22 M 2 1 6 0'13§ F + 61 — 540 -~ 55

24 M 2 1 6 0'090 F + 63 - 6311 — 478
31 M 4 1 6 0'163 F + 69 - 51'3 — 583
September 2 M 2 1 6 0'163 F + 71 - 472 - 49'3
October 10 M 2 1 6 0'460 F + 87 - 556 - 578
14 M 2 1 6 0'200 F + 87 — 434 — 414

GREENWIOE OBBERVATIONS, 1887,

60



18 COLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECTROSCOPIC OBSERVATIONSE
5 - g - arth's Motk Conohﬁielsd Motign of 31:&1'
. rth's Motion in Miles per Secon
Position Width of
Date, 1887, ,§ E . f Line. | in Miles per
" g 5 a EE Cirole. Slit. Second.
© =z~ z Measured, Estimated.
v LYR®,
F line broad, diffused, and faint.
August 22 M 2 1 6 0'135 F + 63 - 573 — 51°8
{ AQUILZE,
F line broad, nebulous, and faint.
Angust 23 M z ’ 1 l 6 0'135 F + 96 — 271 - 274
8 CYGNI.
F line broad, diffused, and faint.
October 10 M l 4 ‘ 1 I 6 I 0’460 F 4+ 71 - 251 - 259

o AQUILE (Altair).

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

July 12 M 2 1 6 o'160 F — 29 — 39'8 — 404
Angust 23 M 2 1 6 - 013§ F + 77 — 533 - 5771
25 M 2 1 6 0'0go F + 81 — 50°3 — 392
31 M 4 1 6 0163 F + 97 - 710 — 635
October 10 M 2 1 6 o460 F + 157 — 136 - 157
14 M 2z 1 6 0200 F + 159 — 169 - 22°8
v CYGNI.
F line narrow, but faint ; b lines narrow, but not very dark,
October 14 M 2 1 6 0'200 F + 85 — 296 - 352
31 M 4 1 6 0'120 b + o8 - 20'$ - 183




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

g ] 9 . ‘ Ocnoluded Motion of Star
Date, 1887, 2 b % Position |  Widthof | 1n | in Miles %t;:n {n Miles par Booond.
5 E & Cirole. 8lit. Second.
<) iz P Measured, Estimated.
o« CYGNI,
F line narrow and fairly dark ; 4 lines narrow but faint.
August 23 M 2 1 6 0'135 F - 07 — 431 — 446
31 M 2 1 6 0163 F + o7 — 47°% — 471
October 14 M 2 1 6 0°200 F + 68 — 390 - 33§
31 M 2 1 6 0'120 b + 84 - 93'3 — 808
e CYGNI.
F line narrow and very faint ; ¥ lines narrow and faint
October 14 M 2 1 6 0'200 F + 99 - 14 + 13
31 M 4 1 6 0’120 b, + 11'% — 11'8 — 1I°§
o CEPHEI
F line broad, .diﬁused, and dark.
August 23 M 2 1 6 0'135 F - 43 - 47'§ — 4711
October 14 M 2 1 6 0'200 F + 12 — 606 — 583
|
¢ PrRGASI
F line narrow and sharp, but rather faint ;  lines narrow and faint.
October 14 M 2 1 6 0200 F + 133 + 265 + 324
31 M 2 1 6 0'120 A + 160 + 51 + 44
B PRGASL

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

October 28 M 2 1 6 0'140 b, 4+ 96 — 569 - 515
28 M 4 1 6 0'140 b, + g6 — 566 - 541
31 M 2 1 6 0120 0, + 103 - 20'7 - 20§

803




20 COLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECTROSCOPIC OBSERVATIONS
g -] g, , . Concluded Motion of Btar
maw | § | BE | BE | vee | v | o || mrsest
E g3 d Cirole. 8lit. Second,
s] E = 'z’ Fu Measured. Estimated.
a PEGASI,
F line broa& and diffused at the edges.
September 1 M 4 1 6 0163 F — 40 — 259 — 298
October 14 M 2 1 6 0'200 F + 83 - 56 — 40
19 M 2 1 6 0200 F + 98 - 227 — 237§
24 M 2 1 6 0'250 P + 111 - 31'3 — 32°8
GREAT NEBULA IN ORION.
October 25 M 6 1 6 0°250 F — 50 -— 12°4 - 74
Moox.
" January 31 M 5 1 6 o160 F + 13
. February 3 M 5 1 6 o152 F 4+ 16
July 12 M 5 1 6 o160 F 0o
August 31 M 5 1 6 0163 F + o8
October 24 M 5 1 6 0250 F - 13
28 M 5 1 6 0'140 b, - 13
November 1 M 5 1 6 0120 b - 10
SKy.
February 17 1 6 0'138 00
October 1 M 5 1 6 o460 F + 53
22 M 5 1 6 0°200 F + 19




AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1887,
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OBSERVATIONS of the SPECTRA of y CASSIOPELE, o ORIONIS, and 8 LYRZE made at the ROYAL OBSERVATORY,
GREENWICH, in the Year 1887.

y CASSIOPELE.

1887, February 16.
Obgerver, M.

With the single-prism spectroscope the bright F line was very distinet, both when a cylindrical lens was
used before the slit and when it was not. But the C 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 C line was not looked for with this dispersion. The entire spectrum was only poorly defined.

1887, October 19.
Observer, M.

The spectrum was steady,ﬂ 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
C line was not looked for. The half-prism spectroscope, with one prism train, direct, was used.

1887 December ;5.
Obgerver, M.

The single-prism spectroscope was used upon this star. The D, line was looked for, but coulu not be seen.

F was occasionally just glimpsed as a bright line; very little brighter than the continuous spectr.m, barely
distinguishable from it at the best, and often not distinguishable at all.

But C was brilliant, so bright that it could not be possibly overlooked ; though the observer had never
seen the C 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-prirm spectroscope, one prism train reversed, was used, both with a cylindrical lens before the
slit, and with no vylindrical lensat all. 'With no cylindrical lens, C 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
waos 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. D, was not seen at all. C 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 purtly 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, C was seen us a bright line when no cylindrical lens was used, but could not be geen at all
when the eylindrical lens was placed before the slit. The half-prism spectroscope was also used again -with
precisely the same results as before.
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OBSERVATIONS OF THE SPECTRA OF y CASSIOPELZE, a ORIONIS, AND 3 LYRAE

a ORIONIS,
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 SBodium, Manganese, and Carbon, all three as given by a Bunsen flame. The
carbon band at A 5164 was coincident (within the limits of observation with this dispersion) with the bright
space towards the blue of Band VI., and the S8odium lines were clearly represented by two dark lines near the
middle of Band II., 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 spectram. 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 1. . . . . . . . 6173
Sodium lines . . e 5892
Band II. . . . . . . . . . . 5859
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 . '

' f&ngstrbm’s value for the wave length of the D lines, 5892 tenth-metres was assumed.

The bands are numbered as in the observations of 3 Pegasi on 1876, October 18.

B LYRZE.
1887, December 16,
Obgerver, 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 , but there was no trace of any line near D,
or F. The.star was lost in cloud before the position of the suspected bright line near C 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 AREAS OF SPOTS AND FACULA UPON THE SUN'S DISK

MEASURES of POSITIONS and AREAS of SPoTS and FACUL.Z upon the SUN'S DISK on PHOTOGRAPHS taken at the ROYAL OBSERVATORY,
GREENWICH, at DEHBA 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 Day of the Year and decimals of s day, reckoning from Greenwich
Midnight, January 14 ob-

For convenience of reference the Month and Day of the Month (Civil Reckoning) are added.

The letter L. signifies 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,, 8,, W,, N.

& 5 E HELIOGRAPHIC BpoTs, Facurz, 8 g 5 HELIOGRAPHIC BroTs FacurLa,
] + w2 /7]
0% | 5% | | % f S - 55 |85 | g
Greenwich -] 'g & £ g -] 5 Greenwich ) g a & k- R (%
Civil d oF | @ s |28 i~ Civil d oF | 2 RE |B& -
. N g8 ED g‘, o2 'g:’ . I 2 24 - - gu
Time. g § 'EF:' < P Dé‘ B% “ﬁg Time. g E gs-::. 4 p E% g;’; HZ
@ o g g . 3 K o o e . S g5 g . B g - RPN I Ry S
B oy 1) 2.9 = 51 Cam| Cam -] o 43 0 8. : -] ab | Camh 3
P985 28| B | 5 |g3E| g2k o3 SR E5 |24 % | ¢ (e8| g0E| 3
2 &7 A% &7 ] 5| & agc‘ 59 & AR 5
1887. o o o 1887. o o o
1193 {H,EP 0'9471 256'9| 1243 |—13°§ 175 8%191
I 19440] 0872 | 262°1| 113°6|— 85| 13 90 366¢ M.
' 1946 |{0°345| 132°4| 37°6|—167| 19 | 84 Jan. ¢ @ | | ©
Jan. 2 (32) |(174) | (341)
10306
2'244 |EP,H1944b|0955| 262°5| 111°9|— 82 8 52 393¢ 1.
M. ’ 1946 |0228| 173'0| 37°5|~16'5| 10 63 Jan. 11 () ©)] (0)
Jan. 3 (18) |(x15) | (393)
11°'189
3'226 |EP,H 0'987! 262°6| 1071 |~ 79 380 M.
M 1946 |0298]| 222°0| 38'1[—163| 10 49 Jan.12 ©t (o) (o)
: 0'949| 75'9| 3162 |4 12°1 159
Jan. 4 (10) | (49) | (539 12'1\1{96
4471 |EP,H|1946 |0507] 2437 37°9|—162| 11 30 Jan.13 (© | (o) (o)
M o841 722) 3148|4128 159
‘ o961 | 72°4| 2978 |+158 216 13164 |H,EP 0858| 288:8| 3116|4139 287
Jan. 5 C| (i) ] (30) | (375) I o912 132'7 =9;'g —64'5 23
: . 0928 176°2 | 243'8 |—72°2 119
5186 |EP,H|[1946 |0626 (2486 376|—162(. 8 38 Jan. 14 © | © | (429)
M o780 67'9| 31273 |4+14°% 95
’ 0'919{ 69'6| 296°3 |4 171 396 14248 |H,EP 0961 284'1| 313°3 |+ 12°1 193
Jan. 6 8 | (38) | (491) I 0869 292°2 | 2980 (—165 265
. a o910 1804 | 251'8 |—700 56
Jan. 15 © | © |61
6182 |EP,H|1946 |[0°774| 252°4| 37'1|—16°C 7 17
M 0803 64'3| 297°9|417°8 - | 133 15°'170 |EP,H 0'940 | 291°2 | 2959 {4180 118
: 0'949| 638} 279'5|+23°3 314 0'984 | 295°3| 2767 |+23°8 212
Jan. 7 @) | (a7) | (447) M. 0'800| 3047 | 274°7 |+23°7 94
0941 | 184'0| 214'8 |—74'6 50
- Jan. 16 @] © | @
161 |H,EP|- 0'049| 193'5| 15'3|—702 6o :
7 1 ’ 1946 |0'8Bg4| 253°3[ 37°6|—168 6 16 108 | 16464 |H,EP 0'g31 297-§ 275'% +23°3 187
’ o'876| 61°2| 2783 |4 22° 211 0'950| 99'8| 139°8 |—109 93
8 7 73 ’ 6 16 7 Jan.17 (© | (© | (280)
Jan. 6) | (16) | (379

The G: 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
° u:!x‘g:cp:mpanged by a Spot. The positions of Faculz relative to the Spots with which they are associated are indicated by the letters =, s, p, /, o, denoting
respectively north, south, preceding, following, concentric. L. .
The Areas of Spots and Facul® are expressed in millionths of the Sun's visible Hemisphere.

Jan, 7. Photograph over-exposed. Jan. 9. Definition puor. Jan. 11, Film of the photograph broken,

Grou; 1944, 1%86pDec. 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. 23, and has
become an elongated spot with several distinct nuclei. The smaller spots have disappeared by Dec. 29, and a has broken up by Deo. 30, principally into two
regular spots, b and ¢. Only » remains 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 Faculre upon the Sun's Disk—continued.

& E 5 HELIOGRAPHIO 8proTs FaouLa. & E 5 HELIOGRAPHIC 8Srors. Faouram,
'- £ 0 : 8 X 7]
e TR R TR
Greenwich 'g g s & g Fﬂ’g [} Greenwich 'E.’ % < H iz = 'g 5
s & O @ /®E S A - o .8 @ 1 I~ ~
Civil . E!rg‘ 5 ms gv ) Civil o ‘é’g & as gv -§ )
Tme. | 1 E | B& | 3 _ 23 (B3 §a Time. | | & | 8& | 2 . A2 B3 S
g S |33 | & Tl og v ] &8 g S | sE e, | F | o8 |w%ale®.| &2
Rl fs | 54| % | £ |e38| e8| &F 135 |39 % | £ |elE| s8R o
ks g ai HERESIEE 2 |7 |A° EE R
1887. [+ o 1887. [a] O o
179326 |EP,H 0984 295°3| 2767 [4+23°8 212 26177 | H,EP 0'9o7 | 254°6| 149°6 [~164 189
. 0'941 | 184'0( 2148 |—746 50 0831 | 263°9| 140'5 [— 8¢ 77
Jan. 18 (0) (©) | (262) I 1950 |o'556( 83'8] 507 |— I'4 o 3
|1949rt| 0°669 | 881 42'2|— 31| 32 152 $l6sc
18'326 |EP,H|1947 (0480 240'2| 2132 |—18'¢ 2 6 1949 o718 8771 384[— 274 o 1
M. 0'940! 980l 11770{— 9'3 197 1951 {0763 79] 346|— 22 o 22 11 0c0
Jan. 19 . (2) (6) | (197) ' 1951tio798] go'r| 3r2|— 36| 11 44 |}
: o941 | 9o'8| 139(— 28 188
19°'463 |H,EP (1947 [0'682| 249'3| 214'3|—17"8 ) 3 Jan. 27 (43) |(232) | (824)
1948 (o441 | 1171 | 1484 |~163 o 14
1948 | 0476 117°4| 1462 |—17'3 o 17 27279 | M)H 0978 | 253°5| 1484 [—17"¢ 166
Jan. zo @] G| © 0970 | 270°5 | 1453 |— TX 47
1. 0923 | 256'a| 137°4[—152 85
20°519 |H,EBP|1948 |0'243| 1440] 1500 |~—166 6 30 0'820]| 2604 | 1248 |—11"3 74
1948 |0'297 1382 146'5 (=179 0 4 1949|0458 | 850 42'4[|— 29| 20 | 127
Jan, 21 6) | 34) () 1951a| 0622 89'3| 3I'l|— 42| 10 24
0941 | 1732 451 (—74'4 63
21'151 | H,M 0875 | 2507 | 2112 |—19°;5 202 0'839| 888 126|— 2°3 83
I 1948 |0'193| 1827 1508 |—16'5 6 34 Jan. 28 (30) [(x51) | (518)
Jan, 22 (6) | (34) | (z02)
2830z |XP,H 0’898 | z91'1| 116°4|+16' 92
22'302 | HM 0972 | 251°9| 2123 |—18"9 168 o865 259:8| 116°3|—11'9 223
0917 196°5| 174°6 {—85'9 103 . I 1949|0254 | 79'2| 41'6|— 31| 17 | 162
L 0'939 | 183°1| 146'2 | —74'8 158 1919 |0'323| 785| 37°6|— 20| o 8
1948 [0°331] 234'8 151'3|—16°2 5 18 1951 |o'335| 8og| 356(— 224! o 2
08791 9I'5| 735|— 4C 128 1951 [0'38g| 814| 335f— 22| o 3
: : o'9rr| 76'2{ 7124102 66 1951n|o'g32| 884 304 |— 47 4 1
Jan. 23 (s) | (18) | (623) 0'963| 89'6| 341°8|— 1'3 78
Jan. 29 (21) |(186) | (393)
23467 |BP,H |19492|0976| 91'8| 42'3({— 30 o | 169 131 ¢
M. 29'493 | H,RP 0944 | 256'3| 1117 [—14°9 102
Jan, 24 (©) 1(169) | (131) 0'go6 | 2637 | 1056~ 83 92
1949 (0078 | 2887 | 44'5(— 46 o 6
24°456 |H,EP|1950 |o'811| 88¢| 49'6|— 1'8 3 28 61¢ 1949t} 0067 | 3131 | 43 1{— 34| 13 | I44
1949161 0'905 | go'8| 418 |— 32| 18 | 239 93¢ 1949 |o035| 31071 | 418|— 47| 3 | 48
1951@{0°966| 9grg| 31°6(— 33| 11 6o 123 ¢ 1949 loogg{ 21'6] 39'0|— 29 o 1
1951 |0967| 9o4| 31'§|— I'9 o 23 3 1951 {o'138] 8r1| 325 |— 48 2 8
Jan. 25 (32) |(359) | (277) 1951 10165 | 79'| 310|— 42 o | 22
Jan. 30 (18) i(229) | (194)
25°462 |H,BP|1950 |0'686| R6'5| s0'3|— 17 ) 3
19491t| 0'784 | 89'5| 41'8|— 32| 16 | 167 j0¢ | 30209 | M\H 0'g80| 254'8| 110°3 | =161 121
1951 jo'854] 886} 350|— 18 o Vi 1949 |024g| 277°2| 4§50 |— 42 ) 12 .
19612 0'884 | gog9( 31'3(— 3'3 9 41 103 ¢ I. 1949 (o221 2732 43'§|— §°3 ° 4
Jan, 26 (25) [(218) | (143) 1949ai0'218 ) 2804 432(— 37/ 37 | 140

- Tho Groups of Spots are numhered in tho order of their appenrance. When there is no number in the third column it is to be understood that there is & Facula
unaccompanied by a Spot. The positions of TFaoculm relative to the Spots with which they are nssocinted are indicated by the letters =, s, 2,7, ¢, denoting
respectively north, south, preceding, following, concentrio. ’

The Arens of Spots and Faoulm are expressed in millionths of the Sun's visible Hemisphers,

Jan. 21, Photograph under-oxposed. Jan. 23 and 24. Photograph over-exposed. Jan. 25 nnd 28, Deflnition poor.
Jan. 29. Sun's image distorted and limb defootive, 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. 21.

Group 1949, Joan. 24-Feb. 4. A regular spot, 7. A small spot follows @ on Jan. 27. « has bogun to extend o little on the following side by Jan. a7 ; by Jan. 28, the
following portion of the spot has bocoms nlmost detached ; by Jan. 29, & considerable portion is entiroly detnohed, and small spots have appeared necar a, the
appearance of the graup haviug grontly changed during tho threo days. These, with one excoption, aro measured with « on Jan. 29, but separately on the
following days when thoy aro more distant from it. Only ¢ remains by Feb. 3.

Group 1950, Jan. 25-27. A small faint spot. . .

Grog}) 1951, Jan. 2§-31. Two spots close to%other on Jan, 25. The amaller has disnppeared by Jan, 26, but another has appeared following it in the same latitude.

his has disappeared by Jan. 28. The larger spot, «, has beoome elongated by Jon. 28, and only half of it remnins by Jan. 29, on which day some very small spots
are soon near it. ~ has furthor brokon up into throe spots by Jan. 30, two of which are measured together. Only two spots remain by Jan 31.

GREENWIOH ODSERVATIONS, 1887, 5D




26 MEASURES OF POSITIONS AND AREAS OF SPOTS AND FACULA UPON THE SUN'S DIsk
Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
.§ g E HELIOGRAPHIC 8POTS, FACULZ, ..'é' é E HELIOGRAPHIC 8pPoT8 FACULA.
g : - L~ " -] g 3 “ oM -]
REREAY E1ETT | |5 |1y
Greenwic g2 -] - reenwic! g o o -
Civil i ozl g 22 |34 o % Civil 4 O% 2, 8 |38 2%
Time. | . | & | 8@ | 3 _ Bz B3 37 Time | | E | E@ | & _ 2 |Eg 38
E C"e ﬁ.: o 'g L] cuw . 'H(I) . 'o""?' E 6 v'g = '§ g ‘Hw : ‘Hm L] sé
8 lwd | g4 | 34| 5 | B |dew|cew| O3 Boled (52 | 54| 2 | % O1Ge%|ce%| Ty
Elod | 2w | 34| § | § |g38|g58| 28 dloe |25 (34| % | 5 |88 |084| 48
=5 | = A & K| 2 | < 4 4 = | & a & = 3 |4 < <
1887. ° ° ° 1887. ° ° °
30209 | M,H |1949 |o"191| 286'7] 41°3|— 2°9 o 4 354419 | H,EP o'gso| 2685 34°1|— 3°3 257
1949 (0'1841 27591 41'3)— 5O 7 | 108 1954a|0'385( 31°3| 310°5 |+ 12°Q 5 16
L 1949 {o'160| 286'8) 139'6|— 34 ) 2 1954b[ 0434 ] 406) 305°5 |+ 130 o i
1951 |0'038) 19:8| 301 |— 41 o 6 LI'eb. 5 (5) | (23) (257)
1951 jo'o31| 318'7( 320|— 48 o 16
09151 758| 3366|410 63 36'547 | H,EP|19540| 0'334 | 349°6| 31079 |+12°6| 3 19
0’861 66'3| 3356|4168 82 Feb. 6 : ' 3) | (19) ©)]
Jan. 31 (44) |(292) | (266)
37162 |EP,H 0'940| 192°g| 340°6|—71°4 , 109
31328 |EP,H|1952 |0'864| 251°5| 760 |—19°1 o 5 112 f i I 0'g68| 172°0| 2555 |—78°8 10§
1949 0496 271°5| 45°9|— 47| 1 | 10 Feb. 7 (© | © | (214
L 194920473 | 273°9| 442 |— 36| 27 | 113
1949 |0'436| 271°7| 419|— 48 o] 40 38177 |EP,H 0940 | 176'8| 2733 |—762 68
1949 {0437} 276'0| 41'8|— 30 o 24 L. 0941 ]| 110°1} 2160 |—21°1 78
o'gso| 18c0f 16°1|—77'7 78 Feb. 8 (o) ©) (146)
0'971| 71'8] 302°4|416'0 147
Feb. 1 (28) 1(192) | (337) 39231
32432z | H,EP 0'949 | 252°3| 706 |+146 65 Feb. ¢ © | (© ©)
1949|0685 | 27181 44'8|— 33| 15 101
1949 |[0'651) 269°3| 42'3|— 52 o 20 40159 | H,M o818 | 293°4| 3107 |+ 148 100
1949 [0°642| 272'1| 41'5|— 3°§ o} 13 L
1953 |0'922 | 10I'T| 2940 |—126] © 18 44c¢ |Feb. 10 © | (o) (100)
0'877| 69'3| 303'8 |+ 149 94
o'96o| 63°5| 29274232 50 41'472 |EP,H o'gz2z | 287°1| 3071 [+12'9 134
Feb. 2z (15) |(152) | (253) M.
Feb. 11 © | © | (34
33°350 |EP,H|1949a|0'830( 2702 45'6(— 34| 21 | 105 | 277f
1954|0716 649 3081 {4130 2 17 42'435 | H,EP 0'8og ] 307°8| 274°6 |+ 249 112
I 19540 | 0739 | 666| 3058 [+ 126 5 24 8on f] Feb. 12 © | (o (112)
1953 | 0824 100°2| 293'8[—12'0 4 13
0'8go| 61°1] 292°5|4+22'2 11 43166 | H,EP o'go1 | 2853 2822 [+ 106 54
o'gor| 71°8} 2882|4134 44 I 0863 | 302'8| 2726|4238 135
0977 | 63'3| 276'5|+24°3 279 | Feb. 13 © | (@ | (189
Feb. 3 (32) |(159) | (791)
44°188 | EP,H 0949 | 297°2| 273’2 (+23'1 150
34203 |EP,H|1949a|0°926| 268'9) 46°1]— 35! 17 85 §517¢ M.
1954a|0°563 | 55°9| 309°g [+ 12°8 4 23 Feb. 14 (o) (o) (150)
I 1954b| 0611 592 | 305°9(+12°g 9 32
1953 |0'6981 101'0| 294'0{—12"2 1 11
o812 5371 202°5|+24'4 89 45260 | H,EP 0'9z1 | 104'2| 1250 |—157 238
0932 | 60°3| 275°5 |+24'7 122 1.
Feb. 4 : (31) |(151) | (928) |Feb. 15 (©) | (o) (238)

The Groups of Spots are numbered in the order of their appearance,
unaccompanied by a Spot.

When there is no number in the third column it is to be understood that there is a Faocula

The positions of Facule relative to the Spote with which they are assooiated are indicated by the letters =, 4, p, f, ¢, denoting
respectively north, south, preceding, following, concentric,
The Areas of Spots and Facule are expressed in millionths of the Sun’s visible Hemisphere,

Feb. 11, Photograph over-exposed.
Group 1953, Feb, 2-4. A small spot.

Group 1952, Feb. 1. A very small spot.
Group 1954, Feb, 3-6. Two small spots, 2 and 4. ¥ has disappeared by Feb. 6.




ON PHOTOGRAPHS TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YRAR 1887, 27

Mensures of Positions and Areas of Spots and Fuculs upon the Sun’s Disk—continued,

.§ E E HELIOGRAPHIC SroTs, FacuLz. .E E 5 HELIOGRAPHIO SpoTs FacuLa.
9 /7] w2
Tzl 25 |5 | g BERr CERFTR
Greenwich o g ¥ < R S, Groenwich 45 "o - rRg &
Oivil i o4 % ga éi .gg Civil i b:g 2 B8 éf‘f %E
Time. . E .Ef, ‘ ‘ E *é B *i s Time . § 'E.n ao B - E‘é E ‘i P
AR AETER AR DA IR IR AE:
Rl de | BA | B £ |sE8 | g8 oF SRl 3% | E5 | B | 2 |s%E| e8| 1F
Tlgh | B || 7| 8|88 0 28 I|g% B0 | F%| F | (B4 ES
1887, ° ° ° 1887, ° ° °
46%476 |EP,H 0'893 | 1582 1334 |—61"2 102 52166 |H,EP 0980 | 260'1 | 1812 [—1I1"1 310
0889 | 105'8| 1133 |—17"2 55 0931 | 182°0| 109°2 [—75"%§ 160
0'911| 989 110°5 |—11'0 45 I 1956 |og21| 4871 834|+ 96 2 6
Feb. 16 (o) (©) | (z02) 1958a|o6oz| 59'7| 699|+116; 16 73
1959 |0'865| 961 41'51— 88| o 18 88 ¢
47'224 |H,EP|1955 [0'256| 250°5| 181°6|—11'7 4 9 1959 |o'go4| 952| 368i— 77| 13 63 }3
I 1955 |©7219 243°9, 179°0/—12°4} O 3 0929 171°5( 73°9[—72°9 63
' 0813 | 1031 1127 |—147 . 114 0779 | 92'3| 50'5{— 63 179
Feb. 17 @) | (12) | (114) |TFeb. 22 (33) |(160) |(1100)
48330 |H,EP 0'926| 183'8{ 165°0}—739 92 53'149 |EP,M|1960 [0°339| 36'3| 77°'1]|+ 89 2 7
1955 {0'508 262°4| 182°8{— g9 5 43 1960 {0°336{ 406 76'1{+ 7'8 o 4
I 1955 (0442 2562 1781 {—12"3 2 22 1. 1958a|0'450| 450 6g'9i+11'8| 1% 78
1956 |0954| 77°6| Br5i+ 961 5 | 46 | 322f 1959 |0712| 95'7| 43'1|— 91} 10 | 28
0'949| 165'2 | 102'1 |—71°6 134 1959 {0722 951 42°3|— 86 2 10 1331
0'963| go'o| 780({— 19 129 1959 |0'742| 95'7| 406(— go| o 3
Feb 18 (r2) [(111) | (677) 1959 |©'789| 94'2| 36'5|— 771 o | 11 | 247¢
: 0918} 177°8| 817 |~-73'5 119
49'207 |H,BP(1955 |0679| 264'x| 1838 |— 92| 11 | 34 Feb. 23 (29) | (141) | (499)
1955 |0°6561 264°1| 182'0|— 93 5 10
L 1955 |0'637| 261°4 | 180'5 |—11°0 o 11 54'274 |H,EP 0'866| 259'7 | 13475 [—12°§ 150
1955 0602 | 259'4 | 177°9 |—12'1 o 23 1958ai0°330| 10°4| 705 (4117 1§ 59
1956 |0'874| 751 82214+ 93| 2 | 26 | 368sf] L 1959 0496 968 44'2|— 96| o© 6
1957 (0861] 89'6| B81°4|— 33 o 10 1959 0543 95'2| 41'0|— 89 o 7
1957 |o'880| 8g9'0| 793|— 2°§ o 4 8oc 1959 |o'6o4| 94'3] 36'7|— 84 ° 30
1958a|0'959| 756| 69'6{+11'6| 30 | 119 257 f o'grz | 1789 706[—72'7 94
Feb. 19 (48) 1(237) | (708) ]Yeb. 24 (15) |(102) | (244)
so'480 |EP,H|1955 [0'863| 263°8 | 184'1|— 89 o 47 55°458 (EP,H|[1958a (0382 | 328'4| 7024119 3 33
1955 |0'828| 261°0| 1803 [—11°4 o 16 212 ¢ 1959 o279 985 42'2|— '3 o 20
M. 1955 |0'811| 2601 | 1786 |—12'2 o 8 1959 [0°365| g6'5| 3770(— 91 o 19
1956 |0'705( 689! 82314+ 94| 7 15 Feb. 25 (5) | (72) ()
1958|0841 | 71'5| 697 |+11°4| 13 72 2go ¢
o760l 71°9| 77°2|+ 88 27§
0'946| 94'2| 526|— 63 96 56'429 |EP,H|1958a (0527 | 307°4| 707 (+1271 5 25
Feb. zo0 (20) 1(158) | (873) o940} 176'6( 31°8|—76%4 9%
0'924 | 169'4| 13°3—71'§ 45
: Fob, 26 (s) | (z5) | (139)
51439 |BP,H 0'923 | 2608 | 1791 [—11'2 157
1956 |o'541| 6o'1| 82°8|+ 94 3 19
1958a 0709 | 661\ 69:9|+113| g | 71 |. 89f | 57586 |Er,H|1958 |o731| 2919} 73'9|+106| o | 15
1959 |o'958| 969} 372|— 86| o 79 31z2¢ 1958a) 0708 | 295°4| 71°1|+12°2 o 17
0'879| 92'1| 49'4|— 52 86 195800702 | 292'0| 71°6|4 g8 o 6
Feh. 21 (12) [(169) | (644) |Feb, 27 (0) | (38) (o)

The Groups of Spots are numbered in tho order of their appearance.

unaccompanied by a Spot,
respectively north, south, preceding, following, concentrie,

When there is no number in the third column it is to be understood that there is a Faocula

The positions of TFaoulw rolative to the Spots with whioh they are associnted are indioated by the letters n, s, p, f, o, denoting

The Areas of Spots and Faculs are exprassed in millionths of the Sun’s visible Hemisphere,

Group 1955, Feb, 17-20. Two very small spots on Feb. 17, Two compnot olustors of small spots on Feb. 18. An irregular stream of small spots mensured in four

parts on Feb, 19,and in three on Feb. 20.
Group 1956, Feb, 18-22. A small regular spot.
@roup 1957, Fob, 19, Two very small spots. .
1958, Feb. 19-March 2, A regular spot, «. Two other spots are seen near it on Feb, 27. Of these tho following one, &, has become a large spot by Feb. 28.
b has broken up by March 1, but is still mensured as

Grou}:

number of small spots, mostly mensured in one cluster, are also seen on this and sucoceding days.

one spot,

« has disappeared by March 2.
Group 1959, Fob, 21-25. Several small spots irregularly arranged, and varying in number and arrangemont from day to day.
Group 1960, Fob, 23, A fow very small spots, measured in two olusters,




28 MEASURES OF POSITIONS ANL AREAS OF SPOTS AND FACULZl UPON THE SUN'S DISK
Measures of Positions and Areas of Spots and Facul® upon the Sun’s Disk—continued.
& E E HELIOGRAPHIC 8pors FacuLz, & E 5 | HELIOGRAPHIC 8roTs. FAQUL.E.
I : w I w
g g [P [T o § 8 [YY Mo =%
3 @ E E& | && g K o g & | &€& g
Greenwich g Ha “1’3 B <] Greenwich o Ea &5 g =] I
s @ <2 o I~k =g Py i | 3B K] =8 n
Civil . org = M= oL 4% Civil 4 o"?; < /m e~ o~ gk
Tme. | | E | BR | 5 _ B3 |EB3 88 | mme | | F Ea: z _ Es |E3 59
& ':-’.'n 'g ) .H(IJ . w? Hé O-m g ¢ .HU) . wm b
Zlae | BB | Bs | 2 T [ %an|%an| Fm § S 22| B4 | B I N - -
Bca|ge | 54| 2| % (234|588 g2 g | o& | s |33 7 | 3 |g88 |38 &
2 |l=a |&a | & & g | < 4 < g2 |z & | & S 3 |4 < <
1887. ° ° ° 1887. o o o
58%447 | M, H 0888 284'1| 79°5|+ 90© 157 65"z07 |EP,H 0'945 | 2591 19 |—12% 152
08731 27331 79'4|— 07 . 46 L T 0'978{ 93'3| z11'9|— 4'8 86
08171 2958 688 |+16°2 76 Mar. 7 '©) (@) | (238)
07551 291°2| 646 |+ 108 33
0946 | 1818 27'2|—780 88
1958 |0'841| 2901 72°8|+12'6 o 8 66'359 |EP,H 0'go8| 93°2| 2095 [— 5°g 168
195800823 | 287°6| 71°6|+100| 23 177 145 ¢ L ‘
1958¢| 0821 | 290°2| 70'8|+12°1 ) 8 Mar. 8 (0) (o) | (168)
0950 | 172°0| 344'8 |—76°¢ 63
Feb. 28 (23) |(193) | (608)
67179 {EP,H o'gbr} 981| 189'3|— 9'8 108
§9'190 |H,EP 0'930( 197'7| §7°3|—67'5 sz | L
1958 |0928| 2841 752|4102 o 47 Mar. 9 (o) (o) | (108)
L 1958 {0°926| 286'4| 74'4 |+ 122 o 1 38 ¢
1g58a| 0'go3 | 2867 7I°1|+117 o 5 3
19580 | o'goo | 284°9| 71°1|+100| 18 117 68172 |M, H|1961 |o'550| 26174 | 2845 |—10'8 o 7
0943 | 179°2 58(—77°4 120 1961 {0546 | 2642 284'2 (— 92 0 2
Mar. 1 (18) |(170) | (560) 1. 1961 |o0'526| 2607 | 282'8|—11'0] © 6
0'903 | 989} 185'9|—11"I 157
60'230 |H,EP 0840 2700 52°6|— 40 64 Mar. 10 (© | (15) | (157)
0'762 | 263'4| 45'5|— 98 155
0'930| 194'5 | 37°6|—697 35 69°474 |H,EP|1961 |o0'781| 264'3| 285°5|— 90| 1 9 | lozec
1958 |o'9go| 282-0| 755 (+ 107 o 39 } 2 | Mar. 11 (n (9) | (102)
1. 19586} 0972} 281-81 7oL |4+ 96 o 95 33
0'951| 174'9 331°6|—780 52 70°500
) 0'927| 61'9| 293°3 (4226 37 .
Mar. 2 © {(134) | (675) | Mar.12 @ @ ©
61°356 |H,EP o'870| 266'1| 41°4|— 70 499 71°496 .
. Mar. 13 (o) (0) ()
Mar. 3 (© ] © | 499
72°243 |H,EP 0955 | 2986 | 264°3 | +246 136
62146 |H,EP 0944 | 26471 41°3|— 74 517 L. 0'920 | 307°5 | 254'8 |+ 304 139
1 0935 | 178'9| 3258 |—764 56 | Mar. 14 © | © | (275)
) o'9rr| §61| 272°5|+26°8 8o
Mar. 4 (©) | (o) | (653) 73i305
63 119 |EP,H 0'936| 181°3| 322°6}—76°4 53 Mar. 15 © | (© (0)
0881 534| 264'8]+27'3 182 ,
Mar 5 (o) (©) | (235) 74'314 |EP,M 0'878! 294'6| 2266+ 17°6 19
0'792| 89'5| 117°5 |~ 40 27
1. 0'g14| 118'4} 1036 |—28°8 65
64-030 : o'g82| 8oo| 92°3|4+ 84 124
Mar. 6 (0) (0) (©) Mar. 16 (0) (0) | (235)

unaccompanied by a Spot.

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

The positions of Facule relative to the Spots with which they are associated are indicated by the letters n, 8, p,/, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spots and Facul® are expressed in millionths of the Sun's visible Hemisphere,

Group 1961, March 10-11, Three very small faint spots on March 10, One very small spot on March 11.
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Meusures of Positions and Areas of Spots and Facul® upon the Sun's Disk—continued.

.§ s E HELIOGRAPHICG SroTs, FaovLa. .§ E 5 HELIOGRAPHIC SroTs. FacuLam,
/73 § -7}
§ ;|8 28 82 f ols 2 aE | g
Greenwich ’E g4 ;"é E’E < Greenwich "% fé g & <g E'g o
Qivil L1 %8| % e (28 ,gg Civil = 1S3 |3 O RS T
Time. | F 55 < X 23 |Bs _ Time. | E | 82| 3 ; 5% 3 g 84
- -1 I I T P Dot o R - SIS, e8| B 2 |e%.|w®.| &8
w s 1 S he B °am | °am g E w4 2 £ £ B Sanm| Yanm h
AR AR AR R kY PR d5 |38 B g |g%E )8R 22
=5 | & A A A S | 4 < < P : AR S |4 < <
l887. o o [=] 1887. [+ o =]
75%291 [H,AP(1962¢t|<'977| 75'5| 81°6|+125| 15 52 24 ¢ 819346 |UP,M|1964 (0782 70| 288l+107 o 10 112 f
1962 [0°g87| 76'a| 78'5(+12°6( o 20 5240 I
1. 0'893| 590 100°7 (+23'5 36 Mar. 23 (o) | (o) | (112)
: o911| 8ro| 9z'7|+ 52 84 .
Mar. 17 | . (15) | (72) | (644) 82'i65 EP,M|1964 |0'717| 657 247|+12'1| o 5 75¢
76'418 |H,EP|1962c| 0'884.| 72'0| 83'0|+124 9 59 460¢ | Mar. 24 ORBO) (75)
Mar. 18 (9) |- (59) | (469)
77°430 |H,EP|1962a|0'750| 66°5| 84'3|+12°4 9 62 286 ¢ | 83'444 |H,EP|1965 {0605 | 102'¢| 12°¢4|—12'8 o 6 ¢
‘ 1963 |o'g8c| 86z{ s1'0i+4+ 23 ) 32 77¢ 1965 | 0643 103°6 96|—140| o 12 45
0'929| 881| 609/~ o9 22 Mar. 25 (o) | (18) (45)
0'941| 966 582|— 86 115
Mar. 19 (9) | (94) | (599)
84'444 | H,M 0’807 | 2954 | 85'5|+15'9 493
78164 |H,EP|1962a|0°639| 6o'1| 848 |+12°8( 16 50 1965 |0°393| 108'7| 140|—13"4 2 13
1962 |0'676| 61°1 | B2'0(413°5 o 10 1965 |0'444 | 110°1| 11'0|—14'9 3 16
1. 1962 |0'698| 61°4| Bo'z(+141 2 19 1965 |0446| 105°7| 10°4|—130 o 8
1963 {0'934| 846 s510|+ 25| 16 32 188¢ 1965 | 0471 | 106°;5 88|—136 1 8 .
0778 699 71°4i+109 169 0963 | 75°'1| 324'3|+12'¢ 106
0'904| 954 | 542~ 7°9 293 | Mar. 26 6) | 45) | (599
0979 86'8| 41°6|+ 17 136
Mar. zo0 (34) |(103) | (786)
85'506 |EP,M o'goy | 288'8| 84'4|+139 | 429
1965 |o240| 120'7] 102 |—136 4 15
79'552 |H,EP(1962 {0°435| 350| 86°2(|+14'1 o 2 0'894| 67°9| 3230|+163 87
1962a|0'426 | . 38'3! 854 |+ 12°8 6 30 Mar. 27 @ | (a5) | (516)
1962 |0'475| 478 Boo|+121 0 3
1963 |o761| 807! s2'q|+ 2°% o 18 87¢ | 86431 |EP,M 0'943| 2872 77'9|+13°8 286
1964 |0'963| 77'5( 285|410 o 24 85 /' | Mar. 28 (o) (o) | (286)
o'870( 84'2| 412({+ 1'6 178
o870 9r'1| 4o5(— 44 61
Mar. 21 6) | 77) | (4r1) | 87434 |H,EP 0'966 | 286z | 69'2|+137 95
. 0'863 | 270°3| §6'5{— 31 1
o780| 2857 460|+ 79 188
8o's12 |H,BP|1962(( 0345 7°5| 857 [+130 5 24 Mar. 29 (o) ) | (394)
1962 |o0°306 91} 855 [4106 o 3
1962 |o'373| 169| 819|+140| o | 39
1963 |0'594 | 76°4! 53'1|+ 2°4 c 13 88:338 |H,EP 0'go7 | 262°4| s50°5[— 96 167
1964 |0'882| 74'51 28'8(+102 o 10 228 f o880 276'71 45°8|+ 2°8 283
0'926| 181°3| 092'8 [—74'4 100 0724 | 294'3| 27'4|+12'6 84
0'936 | 168'0| 498 (—71'8 : 37 1966 |o'18z2| 353'1| 346'2|+ 39| o 4
o'goo| 681 2804163 48 1966 |o'158| 343°2| 347°6|+ 22| o 5
Mar. 22 (5) ] (89) | (413) [Mar. 30 @ 9| (536

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 positions of Faoulo relative to the Spots with which they are associated are indicated by the letters n, s, p,f, ¢, denoting
respectively north, south, preceding, following, concentrie.

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

Group 1962, March 17-22. Two spots on March 17, Of these only the preceding spot, , i8 seen on the succeeding days. a is accompanied by some small spots on
March 20 and the succeeding days.

@roup 1963, March 19-22, A small regular spot.

Group 1964, March 21-24, A small spot. Tho spot seen on March 24 seems to be quite different from that seen on March 21-23.

Group 1965, March 25-27. Two small apota on Maroh 25 ; four on March 26; one on March 27.

Group 1966, March 30. Five very small spots measured in two clusters,
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Measures of Positions and Areas of Spots and Faculee upon the Sun’s Disk-—continued.

-E’. E 'g HELIOGRAPHIC 8PoTS, FACULZ, .§ a E HELIOGRAPHIC SroTs FacuLza.
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Civil = O3 | & me 5& 4% Civil 5” °z | & &55 =X gé
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E | %% | E2 | 88 | & | £ |4%F|a8F| 43 SR 82 | 24| % | £ |eiF|e9F| 3
S 5 k% 2 g 5 &R :{=) £ A Y g <] =) F-f=) &
2 | 2% 13 ~ K IR D- 3 g g 8" |A° n% & S |4 § i
1887, ° ° ° 1887, ° ° °
891186 |H,EP 0'945| 272°6| 44°4|+ 03 321 994137 |EP,M 0 gI1| 104'1| 136°4 [—15°2 111
08431 289'5 | 282 |+126 95 I
0'916| 1817 339'1 |—726 56 |Apr. 10 (o) (o) | (111)
1967al0330| 47| 3323 |+12'6| o© 7
1967b| 0353 97| 3304 |+13°8 6 16 100°148
o950 | 68'5| 2658 |+ 180 135 L
Mar. 31 © | @ | @7 |apr 1 ©| ©] ©
101'414 |H,EP[1968 |0'987 7zk'5 94'0 |+ 162 ) 40 | 197¢
90'500 |H,EP 0951 | 2842 | 264 (+ 114 115 |Apr. 12 ©) | (40) | (197)
o830| 260°2| 12°9|—11'7 103
L 1967010434 | 319'5| 3332 |+151| O | 13
19670 | 0404 | 326'5| 3297 |+ 134 8 14 102°288 (H,EP|1968 [o0'g40| 70°3| 939 (4163 o 23 429¢
0827 64'1| 2655 (+17°2 72 1L
0'909 | 5575 258'9{+27'7 94 |Apr. 13 (©) | (23) | (429)
Apr. 1 ®) | (27) | (384)
103°403 |H,EP o'819| 689 94'5|+138 159
91434 | HM 0929 | 2587 13'0|—12'9 84 ogog| 73'5| 83z2|+12°5 96
19670 | 0532 357'4 329'7|+13%0| 2 8 Apr. 14 © | (@ | (259
Apr. 2 | @ ®| 6
104'514 |H,EP|1969 0981 937| 52'5|— 47| © 9 },osc
92°196 |H,EP [1967h| 0667 | 297°9| 331°2 |+ 131 2 10 1969 | 0988 93'7| 503|— 45 o 4
L o831 757 772|+ 87 59
Apr. 3 (2) | (10) (o) |Apr. 15 (©) | (13) | (264)
93432 |H,EP|19670]| 9852 | 290°3 | 332°9|+ 137 o 4 111¢ |105°394 |H,EP{1969 |0'893| 899/ 568|— 24| o 9 }
Apr. 4| S @] @ () 1969 |o927| 92°6| sr9|— 45| o | 25 |[Z74¢
Apr. 16 (©) | (34) | (274)
94199 |H,EP 0'9o7 | 287°9| 330°0|+13'4]| - 140
L 106477 |H,EP 0'839| 92°0| 486[— 46 169
Apr. s © | © | (40) |apr. 17 © | © | (169)
96'161 ' 167°546 |H,EP|19700} 0774 | 67°7| 44°'1|+13°6 o 8 wac
1. 1970b{0*803| 69'8| 41°0|+12'8 1 12 43
Apr. 7 © ] @] (o |Apr. 18 (N | o) | 43
97°498 | H, M 0959 | 196'7| 2792 |—70'4 46 108514 |H,EP(1969 |0°418| 85°7| s540|— 279 o 11
Apr. 8 @ @] 48 1969 |0458) 8971 S§14|— 44| o 3
1970¢t| 0624 | 60°1| 4479|+138| 10 | 110
98-509 | H,EP 0'g61| 197°1| 2681 |—704 58 1970h| 0673 | 64'71 402 (4127 2 34
0854 311°1| 2588 |+ 302 56 . og5z| 861] 70|+ 271 142
Apr. 9 (© | (@ | (r14) [Apr. 19 (12) [(158) | (142)

respectively north, south, preceding, following, concentric. . .
The Areas of 8pote and Facul®s are expressed in millionths of the Bun’s visible Hemisphere,

The Groups of Spots are numbered in the order of their appeasrance. When there is no number in the third column it is to be understood that there is & Facula
unaccompanied by a Spot. The positions of Facule relative to the Spots with which they are associated are indiented by the letters =, s, p,f, ¢, denoting

Group 1968, April 12-13, A small spot.
apparently corresponding to the two seen on April 15, are measured together.

are seen near g on April 21 and 21.

Group 1967, March 31-April 4. Two small spots, 2 and 3, on March 31. They have moved apart from each other by April 1; & has disappeared by April 2.

Group 1969, April 15~19. Two small spots 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,
Group 1970, April 18-27. Two small spots, a and b. Bothhave inocreased in size by April 19, especially a.  has disappeared by April 22. One or two very small spots
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Measures of Positions and Areas of Spots and Facul® upon the Sun’s Disk—continued.

.§ a E HELIOGRAPHIO 8proTs FAcuLa, .§ a E HELIOGRAPHIO SpoTs FAcuL=®,
g g - B A [ a. '-g .z “ B ok B
3| E A8 | 88 g R E S8 | 88 g
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Time. . g‘ .ﬁa ? . E,‘i E‘é =] Time, . g E E . E§ B§. 24
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1887, ° ° ° 1887. ° ° °
109495 | M, H|1970 |0'449| 49'4| 455 (+123| I 18 117429 |BPH (197100853 | 73'4| 2644 |+ 117 9 | 77 sic
19704| 0467 | 47| 45°3|+13'8 9 99 19710} 0911 748} 257°2 (4127 3 20 8o¢
1970b|o 512 | 552 | 40 |+r124| 2 | 41 Apr. 28 . (12) | (97) | (131)
| o882 839 46+ 30 108 :
Apr. 20 (12) {(158) | (108) |118285 |H,EP 0862 | 2781 | 2683 |+ 48 155
1971|0738 | 691 | 264'9(+12°3} 21 91 120¢
110°469 |BP,H|19700|0'342| 21'9| 45'4|+136] 15 | 108 1. 19710| 0818 | 714 257°2 [+ 12°6 9 28 197 ¢
1970 |0°347| 32°0| 42°1(+12°3 o | 8 0'853| §3'7| 2589 |+27'7 . 93
1970b10'376| 36'0| 39'9|+12'9) o 3 0'977| 94'7| 231'8|— 5°5 251
Apr. 21 (1) [(119) | (0)+ | Apr. 29 (30) |(119) | (816)
111’417 |EP,H 0'853| 292°6] 954|416 225 119°471 |EP,H 0'943 | 2764 381+ 47 104
197040328 | 344°8| 45'5(+136| 16 | 101 1971/ 0'537 [ 591 | 265'9 |+ 1274 5 38
1970 |0'318| 349'1| 439|+13'4| © 2 1971¢| 0621 | 64'9( 259'0{+11'9| © 15
1970 |0'295| 3544 42'L{+12°2 o 2 19710} 0644 | 654 257°2 |+12'3 4 g
Apr. 22 (16) | (105) | (225) 0'883| 93'7| 2319 [— 52 271
Apr. 30 (9) | (68) | (375)
112432 |M, H 0’912 | 287'8| go'z |+141 192
1970¢|0°429 | 315'0| 450 |4131] 18 67
Apr. 23 (18) | (67) | (192) {r1z0'546 [H,BP(1971¢| 0442 | 52'3| 2588 |+11°9 o 17
19710| 0463 | 53'9| 257°2 |+ 12°1 o 1z
07551 951} 230'6|— 63 187
113°551 | M, H|1970¢| 0'607 | 2985 | 45'3(+12°9| 10 72 May 1 (©) | (29) | (187)
Apr. 24 (10) | (72) | (9)
121°126 [H,HP|1971¢c {0347 38'0] 2594 |+ 12 o 4
114°125 |H,EP 0'9o8| 262°1| 69'9|— g1 61 19710 0'370| 4181 257'5 |+ 122 © 3
I 0779 | 269’2 556 |— 36 187 1. 1972 |0'614| 92'5) 234°2 |— 47 1 8
’ 1970@|0'695 | 293°3| 45X |+12'4| 14 49 1972 |0675| 95'6| 229'6]— 67 1 11
Apr. 235 (14) | (49) | (248) 19730/ 0991 | 76'8| 190°g{+ 126 o | 370
0'959 | 167'3| 2286 |—72'2 182
May 2 (2) |(396) | (182)
115°417 |EP,H 0'8go| 269'7| 502 |— 2°4 195
1970a| 0867 | 287°4| 452 |+12'7 6 24 | 204¢
Apr. 26 (6) | (24) | (399) |122577 |H,EP 1973 |o'go4| 74'8| 1900i+12'0| 57 | s21 | 439¢
May 3 (57) |(521) | (439)
116415 | M, H 0'946| 2756 44'7/+ 39 9
0936 | 265'5| 43'8|— 5°8 153 |123'292 |H,EP (1972 |0'I54| 100’0 | 2348 |— §'2| I 6
1970a|0'9sz2 | 2848 | 44'7|+126| o 16 163 f 1972 |0'199 | 102'7 | 232°3 |— 6°2 o 7
1971a{o'gg1| 762 | 2639|4117 9 | 101 } 100 ¢ 1 1973alo'820( 717} 1907 |+12'7| 64 | 283
19710} 0978 761 257°9{+12'6] © 12 99¢ 1973 jo'851} 71°8| 187°51+13°4| o© 26 441¢
0899 | 9o0'0| 270°¢ |— 20 63 1973 (0860 74'3| 1860 (+11°5| 13 | 102
Apr. 27 (9) |(129) | (587) |May 4 (78) [(426) | (441)

The Groups of 8Spots are numbered in the order of their appearance. When there i8 no number in the third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positions of Faculw relative to the Spots with which they are associated are indicated by the lotters w, 2, p, f, ¢, denoting
respectively north, south, preceding, following, concentrio,

The Arens of Spots and Faculw are oxpressed in millionths of the Sun’s visible Hemisphore.

Apr, 23, 23, 27, and May 3. I’hotog'm{ahs somewhat over-exposed.

Group 1971, April 27-May 2. A regular spot, 4, followed by a smeller spot, & ¢ diminishes in size, and has disappeared by May 1. A third epot, ¢, has appeared
between 2 and ¥ by April 30,

Group 1972, May 2-10. Four very smull spots on May 2, three of which being close together are measured ns one, The Group is not seen on May 3. Two very small
spots on May é Two spots, @ and b, aro seen on May 5, a little larger than and apparently not the same two as those seen on May 4. & has divided into two
spota by May 6, a by May 7, but both are measured as one. One component of ¥ disappeared by May 8, and the other by May 9. Two fresh spots are seen on
May 8, one of which, o, is also seen on the succeeding days.

Group 1973, May 2-14. A large rogular spot, g, followed generally by & number of small spots, which change as to number, size, and arrangement from day to day.
a has a double nuoleus, and has divided into two spots by May 13. 'The smaller and following portion has disappeared by May 14. @ is measured together with
the spots whioh follow it on May 3, ns it appears to be conneoted with them on that day, all together forming a very large epot of irregular outline. On May 4,
the different spots of the group are distinotly soparated from each other,
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Measures of Positions and Areas of Spots and Facula upon the Sun’s Disk—continued.
& E 'E HELIOGRAPHIC BPOTS FACULZE. 8 E 5 HELIOGRAPHIC 8PoTH FACULZE.
5 -] 7 b w0
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_ ° £ e | && g K ® .E &®E | &8 g
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Civil . cE | % gE | 8E % Civil 4 S5 | 2 e |28 g%
mae | 1B OlEE| 2] By By | 3} mee | ) E 1EE]T |, By |Ex |
E | S g8 | o | B ¢ |oa, |oo, 5 E | & $E | a 3 s |o® (La. | B
g R Efz SE 5 2 °g%m | g% iy | w s Em Sy £ E Cat | g% ey
§ |6 |25 | 34| § | 5 |888 (888 =2 3| & |Ze | BH | B | £ |288 835 34
2 | = A & = I < 4 g |2 A e - S | < 4 <
1887. ° ° ° ' 1887. ° ° ©
124%555 | H,EP 19720 0'142 | 269°3 | 2349 |— 36 8 30 128%450| H,EP {1973 |0°358] 321°6| 1883 |+ 132 ) 11
1972h| 0108 2597 | 232°9|— 46 o 23 1975 |o6g2| 913 131'5|— 3°2 o 17 54 ¢
1973|0628 | 64'5| 191°4[+12'8( 62 | 274 1976a|0'961 | 81°2| 1021 [+ 7°6 o 22 126 f
1973 |o671| 62°7| 1888|4151 o 8 0'984| 719 9724172 85
1973 |0'666| 65°4] 1885]+13:3| o 7 May 9 (46) | (415) | (571)
May 5 (70) [(342) | (o)
129°548 | H,EP 0'928 | 182°3| 16772 |~70'7 124
125°101 |H,EP |1972a| 0276 | 266°4| 2355 |— 43| 10 28 1972 | 0974 | 265°9| 2376 |— 47 o 34 68 ¢
1972b 0232 | 264°6| 232'8(— 46| 2 10 1972¢|0°959 | 264°6 | 2342 [— 60 © 5 4
L 1973a]0°542| 5§92 191°1 [+13°1| 59 | 272 1974 (0'570] 25761 194'9 |— 95 8 19
1973 |o'564| 62:2| 18891+12'3| o 2 1974 |0'535| 257°7| 192°5|— 9’1} © 3
1973 |o'577| 63'4} 187°8|+12°0 o 7 1974 |0'535( 253°6| 192°1 [—11'2 o 2
1973 |o'586| 61°5| 187°6[+136] o 8 1974a) 0’507 | 252°9) 1902 |—11°1 2 15
May 6 (71) |(327) | (o) 1973|0566 | 297'4| 191°5 |+ 12°5| 35 | 263
1 1975 o046z | 9o8| 133:3|— 31 © | 15
1975 [o'503| 89'3| 1306/— 23| ©o | 13
126°554 | H,EP 0'gos5 | 286'7| 2632 (+13'6 116 1975 |o'521| 92°3| 129°4|— 3'8 0 5
197200601 | 266°3| 237°2|— 49 ) 39 1975 (o541 | 88| 1281 (~— 17 o 3
1972b | 0'544 | 265°3| 2331 |— 53 o 21 1976a| 0’856 | 789 102°9|+ 779 o 12 100 ¢
1973al0'323| 288 19172 |+ 131} 54 | 268 1976 |0'887| 79'8{ 9924+ 77 0 6 J
1973 |0336| 39'5| 1877 |+11'8| o 9 May 10 (45) |(395) | (701)
May 7 (54) ((337) | (116)
130°246 | H,EP 0'988 | 2643 | 232°6|— 61 304
127207 { H,EP 0'940| 2842 | 2601 [+ 122 180 1974 |0°692| 259°9| 194’9 {— 91 o] 12
1972¢) 0730 | 266°5 | 2384 |— 47 6 20 I 1974 |0674| 256°8| 193°2 (—11'0| © 8
I 1972|0713} 264°2| 237°0|— 6§ o 3 1974 |0'660| 259°0| 192°4 |— 94 o 6
1972¢ | 0°683 | 264°'51 234°6|— 6°1 2 12 1974a| 0638 | 2564 | 190'5 |— 109 o 8
19720 | 0'666 | 266'0| 2333 [— §°I 2 6 1973|0683 | 2923 | 1917 |+12°8| 36 | 216
1974 |o'136| 189'8| 193°0|—109! 4 25 1973 |0622 | 301°4| 1850 (4164 o 4
1974a|0'145 | 170°6| 190'z |—11°4 7 21 1975 |o'305| 89°6; 1338 |— 2% o 13
1973a] 0280 1°'3] 191'2 [+ 130 §3 | 267 1975 |0'335| Q07| 132'0|— 3'0 1 Vi
1973 | 0284 93| 1889|4130 o 9 1975 |0360| 88'6| 130°5 |— 272 2 10
1973 0288 130 1878|4130 4 16 ' 1976a|0769| 76'8| 102°5 |+ 82 5 13 75¢
0891 91°2| 1287 |— 2°6 126 1977a| 0992 | 91'8} 689 |— 272 o 29 258 nf]
May 8 (78) (379) | (396) 0'833] 662 985/+17'9 102
o837 667 97'9|+17'6 90
0918 8g'2| 8s5'1|~ 04 59
128450 | H,EP 1972} 0°900 | 266°2 | 239°3 |— 48 o 11 } o6 ¢ 0926 | 760| 8514118 132
1972c | 0'858 | 264°8| 2342 |— 60 0 10 3 0936 976 82'1|— 81 I
1974 0345 2487 | 1942 |—102| 2 | 40 May 11 (44) |(326) |(1131)
1974 |0307| 247°4| 191'8 |— g8 o] 7 . .
19740 0294 | 2407 | 190°3 [—11°3 9 37 131260 | H,EP 0'819| 259°1| 192°8 |~10'5 144
197360385 | 314'7| 1914 |+127{ 35 | 260 1973a|0'829 | 287°5| 192°1 (4128 36 | 217 287 ¢
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 n Facula
unaccompanied by a Spot., The positions of Facule relative to the Bpots with which they are associated are indicated by the letters =, s, p, f, o, denoting
respectively north, south, preceding, following, concentric.
The Areas of Spots and Facula are expressed in millionths of the Sun’s visible Hemisphere.
Group 1974, May 8-11. A small spot, a, preceded by a few small spots, forming with a o short straight stream.
Group 1975, May 9-11. A small spot on May 9. A few small spots in a short straight stream on May 10 and 11.
Group 1976, May g-11. 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. @ hus disappeared by May 14.
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Measures of Positions and Areas of Spots and Faculwe upon the Sun's Disk—continued.
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1977 b 0782 | 86'8| 69'5|+ o8 o 10 130¢ ' 0'886| 160°4| 261 |—581 45
0'907| 87°41 s55:B|+ 12 122 May 18 (104) |(490) | (203%)
May 13 (1) |(180) | (795)
’ 138274 |H, BP o0'830| 283'2| 1002 [+ 98 76
133°499 |H,EP|1973 0| 0994 | 2827 191°1 |+ 12°3 o | 154 279 ¢ 0'804| 296'31 950|+19'5 88
1978a| 0496 | 103'2| 79'3|— 87 o 6 L 1978 ¢{ 0'681| 2586 877|— 92| 40 | 205
19780 0'534 | 102°8| 767|— 88 o 30 1978 | o650 257°2| 852|— 98 24 | 102
1977 |0626| 84'5| 700|+ 1'§ ° 10 1978 | 0'616| 256'0| 82'5(—102 o 2
0'870| 02:8| 481|= 37 100 1978d) 0'563 | 253°1| 784 |—1111 o 10
May 14 (0) [(z00) | (379) 1978 0'544 | 256°6| 77°6|— 89( 64 | 382
: May 19 (128) |(701) [ (164)
134'548 |H,BP|1978 cj0'284 | 119'g| 8o'I |—10% o 24
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197800323 | 111'8| 76'9(— 92 0 39 139'524 |H,BP (1978 c| 0'869 | 260'2| 88'7|— 95| 29 | 259 |
May 13 @) | 77 (o) 1978 | 0'826| 260'9| 840i{— 85| o 8
1978 | 0825 259'c| 83'8|~101 o 23
_ 1978 | o814 2611} 82'8|— 83 o 27 | {.gng
135'526 | H,BP o7go | 268'3| 133°6|— 2°8 141 1978 | 0’800 260°4| 81°5|— 88 o 14 387
1978 cjo'135| 182'1| 8r'g(—1070| 12 74 1978 | 0'779] 259'2| 79'4[(— 9'5| 10 74
1978aj0°113 | 159'7| 79'3|— 84| o© 6 1978 | 0759 | 2618} 77°71— 7'4| 3 | 48
1978 lo139| 15981 78'8]— 98] g | 35 19780} ©'745| 259'9| 76'4|— 87| 19 | 135 |J
1978 b o°144 | 143°6| 76'71— B9l 14 | 126 May 20 (61) {(588) | (387)
1979a|0'8741 9781 20'g(— 80 3 20
1979 |o'go3| gb'9| 172(— 7°2 o 5 92¢
May 16 (38) |(266) | (233) | 140'432 |H,EP[1978 ¢| 0958 | 260'6| 89'8|— g'5| 25 | 164 |7
1978 | 0'943| 260'8| 87'0|— 92 § | 108
1978 | 0’931 | 259'9| 850|—10' o 28
136°118 |H,BP 0852 | 2684 132'1 |— 2§ 130 1978 | 0*922| 2626 83'7|— 7'§ 3 37 | \a6ac
1978 ¢| 0205 | 232'9| 83'3|— 93] 17 | 123 1978 | o'910| 261'8| 8z2'0|— 82 5 68 4
I 1978d| 01831 211'8| 795 [—11°1 2 7 1978 | 0892 | 260'4| 79'5|— 9'3 o 66
‘ 19780/ 0’134 | z07°7| 77'4|— 90| 43 | 199 1978 | 0878 | 2626 77'8|— 7°3 o 18
1980 |0074| 5771 702|+ o1 o 3 1978 b| 0'864 | 260'9| 76'1j— 871 16 | 110 |J
1980 |o'116| 40'4| 69'5|+ 29| o | 10 May 21 (54) |(599) | (264)
1979aj 0799 | 98'5| 21°0|— 81 I2 22
1979 |0'845| g7'0| 16'3(— 71 o 3 } 93¢ 142°461 |EP,H 0914 | 2640 557 (— 61 127
‘May 17 (74) |(371) | (223) |May 23 ©) | (| (1a7)

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 & Facula
unaocompanied by a 8pot. The positions of Faoulw relative to the Spots with which they are nssociated sre indicated by the letters n, s, p, /, ¢, denoting
respeotively north, south, preceding, following, ooncentrio,

The Areas of Spots and Fnoulm 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, z and 3, on May 14. A third, o, is seen near them on May 15. a has disa}:peared by May 17, but b and ¢ mfidjy
inorease in size. On May 16 and 17 both » and o are compact olusters of spots. By May 18 the apots composing each oluster have coalesced to form one large
spot ; and the group oconsists of two ]ar%;a spots, b and o, with a stream of small spots between them. & breaks up after May 19, and ¢ breaks up after May 20,

Group 1979, May 16-17. A small spot, @, with a very small companion.

Group 1980, May 17. Two very small tofnt spota,

GREENWIOH OBSERVATIONS, 1887, 5 E
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Measures of Positions and Areas of Spots and Faculs upon the Sun’s Disk—continued.
.§ é ‘g HELIOGRAPHIO BpoTs. FACULZE. .§ E E HELIOGRAPHIC BroTs FAQOULZE.
5_.. 3 1z g X n
I 2 |8E | 8 N 5 |25 |
Greenwich o g ' g Ro 5 . Greenwich 3 'fé @ < Ry o
Civil 1o | g 2d 1828 | 4% | owm 4 S5 | g & |28 4%
Time. & gﬂ.‘q a A s g_ Time, & Em S - M. 24
;: | & | A g . |BR |BR | Tk 2 & g . |PR |BR o
E o 8 g g g ) w? | e ‘5'8 ﬁ o 8 g o E 2 WA |, .9,-3
Slei |22 8| B |a9E|iE| o3 AT AR AR AR R R e
. 2 ‘a 3 . “i ‘% g 3 e @ ICH
BEREENERERE I g |57 | 8% &%) 3| 3|43 4
1887. [o] o] [o] 1887. [+] o [¢]
143%180 1504407\ EP,H [1982a| 0°856 | 279°5 | 302'g [+ 7°8 o 8
L. 1982d|0°824 | 278'9| 2996 [+ 70 o 5 151 ¢
May 24 (o) (o) ) 19820|0°818| 2779} 299'1 {4+ 61 o 6
1985 |o'138| 197°3| 247°1|— 81 o 7
144°319 | H,EP 0986 96o| 455 62 210 1985 | 0136 1822 245'0|— 84 o 3
L 08821 738 257(+136 147 0'942 | 176'5| 234'8 |—70°6 67
May 25 (o) () | (357) o819 | 783| 1906 |+ 92 133
0'865| 682| 1871|4184 87
145°406 | EP,H 0937 | 269'6| 202 (— o8 106 0°955 | 100°5 | 172°4 |—10°2 450
1981 |o'g22| 271°1| 17'8|+ 06| o 11 May 31 (0) | (29) | (888)
0'9331 98'6| 242'3|— 85 458
May 26 () | (11) | (s64) | 151°571|EP,H o950 2776 | 300°8 |+ 7°1 164
1986a|0'867 | 102°5| 170'0 | —11'0 o 35 211 ¢
146°085 [ H,EP 0'948| 2667 13°1|— 3% 95 1986b| 0899 | 102'3 | 166'0|—112| © 20 3
I o8gg | 1862 | 3147 |—6472 64 |June 1 © | 55 | (395)
: 0862 976{ 242°7|— 71 572
May 27 (o) ) { (731) 152373 | H,EP 0'9o4 | 293'0| 281°2 [+ 206 133
o812 291°7 | 2707 [+ 172 41
L 1986 |0'724 | 102°1| 173'1|— 89 o 6
147°161 |H,EP {1982 a] 0°266 | 297°9| 301°3 |+ 6°3 5 14 1986a|0'768 | 103'9| 169°5 |[—10°8 8 40
1982 b{ 0222 | 304°2| 2983 |4 6°3 o 7 1986 |0'776| 102°2y 168'6|— 96 o 5 20z ¢
L 1983al0°366| 12°3| 283°0|4200| 7 12 198600810 103°8} 1656 |—11'3| 12 64
1983 4l 0°383( 18°4| 280°3|420'3 7 11 June : (z0) [(115) | (376)
0716 99'6| 242'5|~ 7'5 354
May 28 (19) | (44) | (354) | 153214 |H,EP 0'970| 291°5 | 2823 {4-208 177
0'gos | 287'9{ 271°'1 [+ 16°1 82
L 1986 |0'605| 103°8| 171°3|— 85 o 10
148123 |H,EP|1982 | 0°471 | 284°8 | 302°1 |+ 6°2 4 26 1986a {0634 | 1064} 169'6 |—104| 13 | 143
1982 ¢l 0'447| 2842 | 3007 [+ §'§ ) 3 1986 |0'659| 104°1| 167°4|— 94| © 14
L 1982 bl o417 | 286°8| 2986 |+ 62 8 34 19865 | 0682 | 1066 | 1660 |—11"4| 11 52
198301 0°373 | 337°4| 2837 |+19'3| 8 | 20 June 3 (24) |(219) | (259)
19835/ 0'375 | 347'5| 279'9|+206| 2z | 10
May 29 (z2) | (93) () 154'404 | EP,H 0837 261°3| 2481 |— 7°3 284
' 0'goz | 194°2 | 218:8 |—60g 92
1986 |0°362| 115°5| 172'6 [— g'1 o 3
149°265 | H,EP 1982 | 0'689 | 2803 | 302°8 |+ 66 6 22 1986 [0°384 | 117°6( 171'7 |[—10'3 o 4
1982 d| 0'652 | 281°2 | 2998 |4+ 67 o 3 1986a)0°'404 | 115°9| 1702 |—10°3 5 47
I 1982 b| 0634 | 280'2 | 2986 (4 59| 6 18 June 4 () | (54) | (376)
1983aj0°515| 311°8| 2838 [+ 194 3 8 .
1983 b| or490| 318'1| 2803 |+206 o 2
1984 10923 | 77'3| 1934 |+ 114 o 10 259¢ | 155°204 | HLEP 0'9o4 | 2617 | 2455 |— 7°§ 378
0'gob| 1022 | 19§°6 |—11°3 110 I . 11986a| 0246 132'0| 1707 |— Q5 2 20
0943 70'2| 191'0 |+ 184 165 ) 0'g50| 175'0| 1667 [—70'g 62
May 30 (15) | (63) | (534) |June g (2) | (20) | (440)
The Groups of Spote are numbered in the order of their sppearance. '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 Facul® relative to the Spote with which they are associated are indicated by the letters n, s, p,f, o, denoting
respectively north, south, preceding, following, concentric,
The Areas of 8pots and Facul® are expressed in millionthe of the Syn's visible Hemisphere.
Group 1981, May 26, A small faint spot.
Group 1982, May 28-31. Two small spote, 2 and b, A third spot, o, is seen between them on May 29, and & olose pair, d, measured as ome, on May 30. Only one
component of d remains by May 31, .
Group 1983, May 28-30, Two small spote, 2 and b, « has divided into two portions, but is still measured as one, on May 30.
Group 1984, May 30. A small faint spot. " Group 1985, May 31. Two very small faint spots.
Group 1986, June 1~5. Two small faint spots, e and &, on June 1. Both @ and ¥ have increased in size by June 2, and other small spots have appeared near them.
b has disappeared by June 4, and « has broken up into a cluster of small spots, which are still measured together, a has diminished still further by June 5.
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Measures of Positions and Areas of Spots and Facule upon the Sun's Disk-—continued.

& | 8 s |Heuogmarmio|  SPoTS FACULA, & | B § |Heuograpmio|  Seoms. | FacuLa.
= 3 €K 1 = K w
.‘3 [ [ [ e
Y £ |88 | 8 g H g 82 |88 | §
Greenwich g -E B B ©  |Groenwich g B4 < B o
Oivil “ ‘2'«;} o) gi |84 1% Oivil i O:g 2 gi 84 B
e |V E BT 05| M ||, |F BT 3 5 | B
S o8B es| Bl S |uialwt.| &S g 9. |88 | g Tl o8 [e%.le%.] &
wg | g2 EE B g 95| o 9% g wd | g2 | 3 ; B 2 San
. w | F 3 58 & =S E leix|sif| o3
‘BES g SERERLGEIE g 2" g"a éi RN
'1887. ° ° © 1887, ° ° °
156%487 | H,BP 0'961 | 259'9 | 237'7 |— 96 oo |162%517 H,EP 0'973 | 256'7 | 161°4 |—12'8 a7
1987 |0'928| 103'5| 97'0(~12'¢4] 18 76 0946 | 251°1 | 1540 |~—17"% 67
I. 1987 10937 | 1045} 957 |—13'5 o 77 411 1987 |o'241]| 242°1| 96'8|— 56 o 1
1987a/0'937| 99'9| 953|— 92| o | 625 1987b10'304 | 2183 956 |~137 5 | 24
1987 |o'gso] 105°8 | 93'4|—15'0 o "9 , 1987a)0°241| 2292} 95'I|— 82| 112 | §22
0g33| 66'6| 97'3|+21°8 102 1988a o508 891!l 541+ 13 Q 5
June 6 @(18) {(787) | (613) 1988h|0'565| 9o6| g5o2|4+ o4] o 12
: 19880 0579 89'6| 49'3(+ 10 8 18 :
157°321 |H,EP 19870 0'848 | 104'5| 96°3|—12'1| 13 | 102 June 12 (125) [(592) | (94)
I 1987 |o0'855| 106'4| 958 |—13 ) 8 gbz ¢
: 1987a|0'859 | 100°4 | 94'7|— 88| 158 | 504 1637440 | H,EP 19870 | 0'462 | 237'8| 95'9(—14'1|] © 12
June 7 (171) |(614) | (962) 1987a,0°415| 247°6| 94'9|— 81| 107 | 501
1988|0369 go'1| s50'6|+ o9 4 13
158'502 | H,EP 19870 | 0'681 | 1084 | 964 |—12'1| 13 81 toc ¢ |June 13 (111) {(526) (o)
1987a| 0692 | 103'1| 94'8|— 87| 102 | 502 5
o'810]| 106°8| 850(|—13"3 20§ 164°425 |B,BP 19870 ] 0643 | 2471 96'6|—136| o© 4
’ 0845 | 8s5r| Boz2|+ 44 33 1987ajo'60r1 | 254°9] 94'9f— 81| 118 | 503
o8s1| 8771 79'5|— 17 5o 1988b|o'129| gr'1| 58|+ 10 o 3
June 8 (115) | (s83) | (393) |June 14 (118) |G510) | (o)
159'438 | H,EP o'921| 288'5| 191°0 |+ 17°2 104 165°447 | H,EP 0787 251°3} 95°9[—146 68
19870 |0'526 | 114°4| 95'Q(—12'1} 12 81 1987a|0*768 | 258'5| g9s5'0of— 8'0f 100 | 483
1987a| 0527 | 107'0| 94'6|— 8'5| 100 | 508 June 15 (100) [(483) | (68)
1988ajog61| 896! s51'4(+ o 4 50 66 ¢
198800976 | 8g9'1| 47'9|+ 10| O 41 4 » 166°412 | H,EP|1987a| 0'8g0 | 2606 | 95'0|— 7'7| 95 | 437 2918f
o915 96'5| 59'3|— 57 79 |June16 (9%) |(437) | (a91)
June 9 (116) [(680) | (649)
160'417 | H,HP 0871 2589 172°0 |— 93 276 167°417 |BP,H|1987a| 0’971 | 2618 g5'1|— 76| 67 | 296 18¢8f
1987 |0'355| 134'7| 97'2|—138| o 3 1989 |0'166| 258'g| 28'8|— 04| o 8
198701 0'357 | 128'7| 957 |—12°2 I 81 1989 |o'090| 259'4| 246|+ 06 5 23
1987a| 0335 | 11781 94'9|—- 83} 106 | 512 June 17 (72) [(327) | (189)
1988a| 0866 | 89'z| G524 |+ 1'1 7 16 22c
1988h|c'goz | 889 480+ 13 o 28 }3 3 »
June 10 (114) |(640) | (599) | 168106 |EP,H 0'948 | 272'2| 817|+ 26 140
0706 | 271°2| §5'3|+ 20 183
161°434 | H,BP 0'950| 257°4 | 169'7 |—117 462 L 1987ai0'996 | 2623| 94'9|— 7'5| © | 311 | 4408f
19870 | 0241 1665 | 95°4|—127 6 44 1989 [0°331| 264'9| 29'7[— o2 3 8
1987a/0'170| 156'9| 94'9|— 82| 103 | 496 1989 |o0'306| 262'5| 28'1|— o8 o 5
1987 (0227| 1577| 93 7{—11'3 o 5 1989 | 0286 2626 26g9|— 06 o 9
1987 |0'268 | 151'7| Q2 |—12'8 o 3 1989 |o'z60| 265'8| 255 |+ o5 o 4
1988ajo713| 89'0| 3534 |+ I'3 4 8 207 ¢ 1989 |o'239| 268'5| 24'3|4 1'2 8 18
19880 |o771| 887| 485|+ 15| 5 | 40 7 1990ai0977| 963} 293'3|— 58| o | 16 | 161f
June 11 (118) |(596) | (669) {June 18 (11) |(371) | (924)

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
unaoccompanied by a Spot. The positlons of Faoculm relative to the Spots with which they are nssociated are indicated by the letters s, e, p, f, ¢, denoting
reapeotively north, south, preceding, following, concentrio,

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

Only one small spot remains on June 13.

June 6. Photograph under-exposed. The Umbra of 8pot 19874 not visible probably on this account.
Group 1987, June 6-18. A very largo regular spot, a, accompanied on June 6 by two spots which bave coalesced by June 7 to form one large spot, & One or two very
small spots are also oooasionally seen in the neighbourhood of the group. . .
Group 1988, June g-14. Two spots, w and b. b forms a oluster of three emall spots on June 11, One of these spots has moved forward and is measured by itsslf on
une I2.
Group 1989, June 17-21. A number of small spots in a straight stream. The following portion of the group has become & regular spot, 4, by June 19,
Group 1990, June 18-25, A small spot, 4, on June 18, A second, b, follows it on June 20 and the sucoeeding days, and a third, o, appears between them on June 23.
a and ¢ have disappenred and b has broken up into three very small spots by June 24. Only one very amall spot remains by June 25,

June 15. Photograph over-ex

ed.
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Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
.§ E 5 HELIQGRAPHIO SPOTS. FACULAE, .§ E 5 HELIOGRAPHIC BpoTs. FAcuLZz.
§ @ § @ Mo [~ -]
(I B &% | 8 N 2 |8k | 8
Greenwich E g4 g’g E'g o Greenwich 'a é’: 2’5 ﬁ’g S
AR IE ST NN I SE | w
Time. g | £a | § _ Bz B3 ] Tme. | | & | E 3 5 5% |ES A
g r.'sd EE g : g | u” . ‘g"% | EE g ©, 35 =‘§ B $ ls2 el 5,“3
« R .. 2 ] = Cam ot " @A -g- ; B B b
N IR IR A A AR AE R A R
EIEIEIR AR £A| 55 SEAL AR AR R
1887, ° ° ° , 1887 ° ° °
169%501 | EP,H 0’885 269'6| 540+ o°% 89 |177%447|EP,H|1991a|0'940| 1033 | 177°9|—116| 42 | 194 }614 c
1989 |0'609| 267°6| 293\~ o'1| 4 48 199100949 | 1006 | 1761 |~ 92| o | 98
1989 |o0'578| 266°3| 27'1|— o8 o 13 o791 71°5| 195°5 [+ 16°2 48
1980) 0°545 | 268'2) 24'9|+ o5 1§ 122 o'g22| 66'8 1805 |+ 224 , 59
1990a| 0855 | 974! 293'8(— 54! o 12 it f {June 27 (42) {(292) | (721)
June 19 (r9) | (195) | (200)
178513 | EP,H 0'896 | 263°3 | 2957 |— 47 73
170'420 |EP,H 1989 {0773} 269'4| 30'2|4+ o8 o 24 . 1991a)0'834 | To5:8| 177°9|—11'5) 38 | 223 }3400
1989a| 0710 | 2689 24'8|+ o5 6 58 1991|0852 ( 103'1| 175°6|— 96| o0 17
1990|0726 | 99°4| 293'8 [— §°3 o 30 } ¢ [June28 (38) |(240) | (413)
19900\ 07581 987 2912|— 53| 6 | 34 |§ 9
June zo (12) | (146) | (94) '
179°492 |EP,H 0'964 | 261°8| 293°5|— 7'1 163
171°263 | H,EP 1989 |0'866]| 270°5| 28'g|4+ 1°5 o 4 }zo ¢ 1991a|0696| 110°5| 1781 |—-11'8| 35 | 210 181 ¢
1989a| 0822 270'1| 2384 172 4 36 5 19910} o719} 107°3] 1757 |—102 3 10
M. 1990a|0°577 | 102°1 | 294'3 |— 52| 1 20 |- June 29 (38) [(z20) | (344)
5 19908 | 0635 | 102°3 | 290°3 |— 6°2 5 37 .
une 21 10 20
(10) | (97| (=05) 180'273 | H,M |tgg1a| o562 | 1161 1786 [~ 117 36 163
172°416 |EP,H 0953 | 2695 | 25'5|+ o'z 188 I 1991|0585 | 111°6| 1761 |[— 9'9| 3 8
: 1990} 0°350| 109°8 | 294°z |~ 4'8| 1 13 | - ’ 0'739| 788| 1622 |+ 10'3 72
1990¢{0°390| 1083 291°7 {— §°1 o 3 June 30 39) (71} | (72)
1990b|0°417 | 1092 | 2902 {— 6°0 1 20
June 22 () | (36){ (188)
181°413 |EP,H 0889} 264'1| 256°5 |~ 3'7 123
173°476 |EP,H{1990a|0'173 | 133°4| 292°1|— 46| o 3 1991G,0'366 | 134'7 | 179'0|—11'9{ 33 | 171
1990¢{0°194 | 130°6| 290'8 |— §°1 ) 1 19910 0°374 | 127'1| 176'7 |—10'0| © 12
19900 0°216| 1327 | 290°'1 |— 6°2 o 29 1991 [0°41g9} 121'9| 173°2|— 9'9| O 4
June 23 @ | G| © | July: (33) |(187) | (123)
| 174'143 \ M,EP|1990 |0'137] 179'8| 290°5|— §'5| o 3 182°528 | EP,H|1991a| 0260 178'7| 179'3|—11'8) 35 | 179
1990 {o'154| 1784 | 2902 |— 65| 2 10 1991 {0218 172°2| 177°9(— 924 O 9
I 1990 |[0°168| 177°8] 290'1 [~ 7'3 o 2z |- 1991 |0'242 | 154°4| 173°5(— 94/ O 3
3 0'919( 101'0| 2247 |— 92 (24) 1991 |0°229 ’4%'5 172°5 |— 5732’ ‘l’ ’g 197 ¢
une 24 2 i 4 1992¢4,0°993 | 98¢} 972 )— 7° 3 20
@ 09 miya| | ®6) |@e11) | (197)
1751'196 HM [1990 |0°271| 240°0| 290°2 [— §°§ o 4
June 23 (o) (4) (o) 183°551 (EP,H (1991 0345 ( 221°3| 1795 |—11'8| 36 181
1991 |0°286| 206'8| 173°6|—1175 o 13
176°241 | HM 0'930| 754 | 1947 |4+ 14°5 110 1992¢(0'939| 99°3| 97°2|— 75| 30 | 196 9re
1. ' 0965 104°0] 92°7{~12'6 334
June 26 ) (0) | (110) | July 3 (66) |(390) | (425)
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 & Facula
unaccorapanied by a Sgot. The positions of Faculm relative to the Spots with which they are associated are indicated by the letters =, s, p, f, ¢, denoting
respectively north, south, preceding, following, concentrio.
The Areas of Spots and Facule are expressed in millionths of the Sun's vistble Hemisphere.
June 21. Photo, h much over- . i .
Group 1991, J ugga 2p7-Ju1yc 8. Ae l:rxg?::gnln?zgggizn wli):l;i a smaller spot, b, near it ; & has disappeared by July 2. Other small spots are geen near @ on July xi 2, and 3.
Group 1992, July 2-14. A large regular spot, a, with two companions, b and ¢, on July 4 and the succeeding days ; o has disappeared by July 6, and » by July 11, but
several other small spots are seen near < on July 5, 8, and 9.
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Measures of Positions and Areas of Spots and Facule upon the Sun's Disk—continued.
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1887, ° ° ° ' 1887, ° ° °
184%434 |ER,H [1991a| 0495 | 238'8| 179'8|—11°7| 33 | 159 187%404 |RP,M 1994t | 0856 846| 56'31+ 66| 18 | 159
199za) 0854 | 101'0| ¢6'8|— 75| 34 | 198 1994 (0886 8s5'5| s527(+ 57| o 13 366 ¢
19920 0'862| 99'1| 95°6|— 6°1 7 41 122 ¢ 1994b o911 | 832| 49'5|+ 77| 25 | 243
1992¢ | 0879 | 100'5| 93'8|— 7°6 o 5 . 0'889] 941 52'8)]— 1°9 45
o851 112°2| 99'1[—~16'8 76 o971 8921 39'1|4 17 54
0’919 | 103'9| 89'1|—11"3 317 |July 7 (151) |(1026) | (819)
July 4 , (74) |(400) | (515)
188:458 | RP,M{1991a|0'987 | 257°3 | 180’7 =119 o | 108 349 f
. 1993 0'744 [ 240'0) 1440 (—19'0| 28 } 170
185'577 |EP,H|1991a| 0693 | 249'1 | 1804 |—11'7| 29 | 157 1993 |0688| 237°9| 138'9|—184 o 4
1993) 0'386 | 185'0) 141'2 |—19'0 1 40 199300666 | 234°31 1361 |—19'7 7 32
1993 (o'380| 180°9| 139°6 |—187 o 12 1992a|0°208| 159°8( 971 |— 74| 23 173
19930 |0°390| 176°2| 1376 |—19'3 3 16 19920 | 0189 | 151'0| 95°9[— 57 5 19
19920} 0'690| 104'8| 97'1|— 7°5| 28 | 186 1992 [0°249]| 158'5| 95°9(— 96 o 3
1992 06941 9961 96'1{— 41l o 8 1992 j0'257| 1517 | 94°1|— 93| © 6
19925 0404 | 102'2| 95°6|— 60| 12 36 88¢c 1992 |0'239{ 147° 93'8|— 79 o 5
1992¢|0'729| 103'9| 93'8|— 76| o 3 1994|0703 | 84°5| 56'6|+ 66| 26 | 126
1992 |0'738] 106'2| 934)— ¢'5 ) 2 1994 |0'741] 854] 534]+ 60] o 8 20¢
199400989 83:6( 575 |4+ 69 o | 138 : 1994 (0'762| 81'6{ sr7(+ 89 o 35 429
o814 | 107'8| 86°9|—12'3 234 19940 (0786 82'8| 49'4(+ 80 31 | 203
0'940| 95'6| 698~ 40 73 o781 96'5| 50'5|— 2'7 49
July 5| : (73) [(s98) | (39%) ogo7 | 89'7| 363|+ 19 152
July 8 . (122) ((889) | (979)
186°558 | BP, M 0875 | 285°6( 1870 (4154 62
1991|0833 | 253°3| 1807 [—11'7| 30 | 158 328 f| 189471 | mP,M|1993a| 0866 | 246'0| 144'01—184| 31 | 151 114 ¢
199300481 | 2148 | 143'2|—19'8 | 35 | 152 1993L| 0794 | 242°1| 1355/ —19°2| o© 9 34
1993 |0'449] 210'3| 140'1|—19'2| o 1 1992a| 0254 | 219'2| 970f— 7¢| 31 | 169
1993|0436 | 204'5] 137°3|—19'7 9 64 199240222 | 2208 g60|— 8| 2 10
1992 0°526 | 110°6| 96'7|— 7°5| 32 | 188 1992 | 0208 | 224'5| 961 |— 46| o 3
19920 | 0'536 | 107°2| 95°4|— 60| 4 29 1992 {0193 | 227'0( 95'8|— 37/ © 5
19940109381 84'2) 56514 671 15 | 144 1994ai0'517 | 84°4) 56|+ 62| 26 | 116
1994 |0961| 852 52'3|4 56| o 3 263 ¢ 1994 {o'560| 837( §38|4+ 67] o 6
19940{0°973| 832| 496+ 75| 18 | 191 1994 |o'575| 8oo| 5294 89 o 10
July 6 (143) |(930) | (653) 19940| 0628 | 81°8| 49'0|+ 82| 34 | 197
July 9 (124) [(676) | (134)
187°404 | EP,M (1991|0924 | 255°6 | 181°0|—11'8| 20 | 126 354 S
19933 0°599 | 229°0| 144'0|—19'4| 28 | 189 190°492 |EP,M[19930| 0950 | 249'1| 143°2]—18'4| 20 | 135 978f
1993 |o0'551| 226°6| 140'0 |—~18'8 o 5 1992a{ 0'433 | 243°7| 970(— 74| 36 | 171
1993|0517 225°1| 137°6/—18'0| o 4 199200403 | 246:9| 959|— 54| o 13
1993b]0'528| 221°9| 137°'0|—19'7| 18 78 1994a|0'300| 8r17| 56'8|4+ 63| 26 | 100
1992a{0°361 | 121'6| 971 l— 74| 34 | 178 199400432 783 489|+ 867 33 | 155
19920 | 0'368| 1162 95'8|— 58| 8 34 July 10 , : (115) 1(574) (97)

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 positions of Faculm relative to the Spots with which they are mesociated are indicated by the letters w, s, p, f, o, denoting
respectively north, south, preceding, following, concentrio.

The Areas of Spots and Facul® are expressed in millionths of the Sun's visible Homisphere.

July 8. PhOt?,Fl‘ aph over-exposed. July 10. Definition of photograph spoiled by dust on magnifier of the photoheliograph.

Group 1993, July 5-11. A stream of small spots on July 3, measured in three clusters. The first and lnst spots, @ and b, have greatly increased by July 6, and the
intermsdinte spots have almost disappeared,

Group 1994, July 5-18, Two regular spots, 2 and b, A few small spots are oocasionally seen between them.
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. Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
.§ ﬁ " HELIOGRAPHIC 8POTS, FACULZX. ]. .§ E 5 HELIOGRAPHIC 8POTS FaouLm,
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AR R BEE AN BRI
1887, L ° 1887. ° ° °
1914582 |EP,M (1993¢|0'997 | 251°1| 1432 |—184| o | 77 134f 199432
1992011 0'635 | 253'4| 974 |— 72| 29 | 172 July 19 . @ @] ©
19940} 0'054.| 504 573 |+ 60| 29 | 131
1994 |o'106) s542| 548|4+ 77| © 4 200°406
1994 |0'163] 586| s51'6|4 89| o 3 July 20 © | @ ()
19940| 0203 | 652 490+ 89| 24 | 142
July 11 (82) |(529) | (134) | zor477 '
July 21 © | (9 ()
192°492 | M,EP |1992c| 0783 | 2572 97'8|— 73| 31 188 187 ¢ : i
1994a|0°175 | 280°5| §7°6|+ 60| 32 | 141
1994 |0'147| 293°6] §5'5|+ 75| © 5 202°419
19940 | 0089 | 344'7! 49'1|+ 91| 19 | 103 July 22 @] ()
July 12 (82) |(437) | (187)
193°429 | M,EP 0'885) 25071 94°9]1—14°9 112 203°418 |EP,M 1995 |0°257| 157'0| 257°3 |— 8'5 o 9
1992a| 0896 | z600| 97'8|— 70| 28 | 176 220¢ 1995 |0'283| 157°2| 2567 [— 99| 4 11
19942 0°390| 2748 582+ 58| 27 150 1995 | 0289 149'4| 2546!— 92 8 30
19940 | 0261 289'4| 49'7|+ 91| 18 | 103 July 23 (12) | (59) (0)
July 13 ‘ (73) [(431) | (332)
194°418 | H,EP 0924 271°9| 8981+ 35 176 204°455 |EP,M[1995 |0°304 | z11'4| 2586 |— 9'8 o 8
0'936 | 254°2| 897 |—131 463 1995 |0'299| 2034 | 256'3 |—10°6 o 5
L 1992a|0°975 | 261°4| 98'5|— 74! 30 | 186 236 ¢ 1995 |o0271| 196°3| 253°8 |— 9'8 5 32
‘ 1994ajo'592 | 273'2f 586!+ 551 31 138 1996a| 0°938 | 106°4| 182°0|—13'4 o 18 344 f
1994D] 0°467 | 280'7| 49'8|+ 89| 21 | 103 July 24 (5) | (63) | (344)
July 14 (82) [(427) | (875)
195'459 [M,EP11994¢| 0765 | 273'5| 58'3|4+ 56| 23 | 130 205°089 | H,M 0921 | 2582 | 306:6|— 86 69
199400664 | 2782 49°9|+ 88| 22 835 95¢ 1995 0401 230'4 | 2593 |— 96 1 17
July 15 (45) {(z15) | (9%) L 1995 [0°381| 225°5 257'1|—10'3| 6 14
1995 |0'358| 219°0| 254°3 |—10°Q 1 10
196°460 [ M,EP |1994%| 0'889 | 273°9| 581(+ 56| 16 | 107 1995 |0'340]| 220°2| 253°9|— 97| 11 26
19940 08151 2774 | 499!+ 87| 19 86 z15¢ 1995 |o°327| 218°3] 2529 |— 95 o 2
July 16 . (35) [(193) | (215) 1995 (0239 197°'1| 245°1 |— 78| © 2
1995 (0224 | 1906 | 243'5 |— 7'3| I 4
3 1996a| 0881 | 107°9| 182'0|—13'0 4 19 603 f
197°458 | EP,M |1994ct| 0'970 | 274°4( 580 |+ 54| 16 68 1., c |July 25 (24) | (94) | (672)
1994L{0°926| 277'0| go0o|+ 82| 10 52 5
July 17 (26) |(120) | (125) ,
206'531 {EP,M |1995¢| 0604 | 249°3 | 2631 [—100| X1 | 137
, 199500637 | 246°6( 258'3 |—102| 17 78
198'465 | EP,M [1994D| 0990 | 277°8| so'gl+ 84| o | so 77 ¢ (1995 |o584 | 244'9| 254'3|— 97| 6 [ 39
0946| 961 2584 |— 42 121 1996a| 0691 | 1158 1824 |—13'2 3 14
July 18 ©) | (50) | (198) |July 26 (37) |(268) )

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 & 8pot. The positions of Facule relative to the Spots with which they are associated are indicated by the letters m, ¢, p,f, o, denoting
respectively north, south, preceding, following, concentric.

The Areas of 8pots and Faculm are expressed in millionths of the Sun’s visible Hemisphere.

Group 1995, July 23-29. A few emall spots in a straggling stream on July 23 and the succeeding days. The group has greatly increased in size by July 26, and then
consists of three portions ; & a large regular spot; b a chain of spots in the form of a horse.shoe, the concavity of which is turned towards a, and a little stream
of spots following 5. The components of » have coalesced by July 27, but considerable portions become separated from it again on the sucoeeding days.

Group 1996, July 24~28. A small spot, a, followed on July 28 by a very small companion. oL
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Measures of Positions and Areas of Spots and Faculs upon the Sun’s Disk—continued.
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g@' | BY | 8 g E A gA gv g c® g"&' g % | B8R 509 &=
= (&7 ja &Y & 3 5 B ‘MERERE 3
1887. o [+} o . 1887. o o 0.
207%403|BP,M|1995| 0"839 | 254'5| 265'4 |— 9'8| 49 | 254 212%530| H,BP|1998 |0737] 106°1| 97°2}— 77| 11 | 76
19950 | 0768 | 251°1 | 258'0 [—106| 13 | 250 016 1999 |0'833| 102'0| 87°7(— 66 X 17 394 ¢
1995 |o'738 | 2529 255°8|— 86 o 9 303 1999 |o'848| 101'5{ 861 |~ 65| 10 67
1995 10'730! 2500 254'5 |— 104 o 18 1999 |o'840| 088 86— 42| 17 | 188
1996a| 0°555 | 124°4 | 182°5|~13'3 2 I " [z000 |0'827 Bo's| 86'6(+ 111 5§ | 118 129 ¢
0'951{ 112'0| 142'0{—18'9 110 0'973| 789! 65'3(+123 89
July 27 (64) |(542) | (413) | Avug. 1 (47) |(489) | (612)
208437 |M,BP (19950 0948 | 257'8 | 2666 |— 97| 53 | 272 213'¢88 | H,EP|1997 |0'470| 126'6| 1062 [—107 3 21
1995 (0'9oz| 257°6| 259'5 |~ 86 o 30 ¢ 1998 (o562 | 113°4| 97'5|— 77| 11 79
19950} 0'889| 254°6| 257°3|—109] 39 | 325 334 1999|0659 | 102°8| B88'8|— 3'8| 12 88
1995 |0876| 257°5| 2562 |— 8'1 5] 13 1999 [o670( 106'7| B86[— 65| o 7
1996a| 0396 | 143°6| 1828 |—13°1 o 4 1999 |o066z{ 101'3| B7°9l— 29| o 15
1996 0408 | 139'2| 180°g|—12°6 ) 4 1999 |0'681] 106°3| B7'7|— 65 ) 9
0865 116°1| 141'5 [—19'2 156 1999 |0'693| 101°5| 86'0f{— 35 o 17
July 28 (92) |(648) | (490) 1999¢ | 0702 | 105'2| 859|— 62 7 58
19990 [o'702 | 1028 85'5i{— 46| 10 8s
1999 0729 | 1023} 83°3|— 48/ © 9
209'206 | H,BP |1995@| 0'991 | 259'6 | 267'6 |— 9's| 40 | 318 2000 |0'668| 797| 868|+114] 6 | 61
1995 | 0977 2581 | 262'7|—~10'3] © 127 08961 84'4| 648{+ 77 154
M. 1995 |0'966| 259'1| 2602 |— gof 3 | 57 |>334¢ | Aug. 2 (49) -(49%’ (154)
19950 0'954 | 2562 | 257'2 |—11'3| 15 | 296 W )
1995 |0'945| 2586 | 2560 |~ 8'8 o 15
July 29 (58) |(813) | (334) | 214°406|H,EP 0'888 | 256'5| 178'6 |— 91 108
1997 0°345 | 1459 | 106°5 |~~10"6 2 26
1998 |o'412| 1232 976|— 73| 12 76
210544 | H,EP|19972| 0°927 | 1046 | 102°g [—11'2| o 30 480 ¢ 1999@| 0'493 | 109'5| go'Ii— 4'0| IO 74
1998 |0'954| 1002 | 97'6|— 79 0 64 1999 |o'531| 112°6| 884|— 65 o 21
July 30 ©) | (94) | (480) 1999 {0'536| 104'9| 86'7|— 27 ) 29
19990 0'557| 107°8| B85:8|— 47| 8 | 41
1999 ¢| 0'562 [ 1096 85'8|— 57 4 65
211°458 [H,BP [1997a| 0823 | 107°5 | 1040 |—107 3 35 1999 |o'58g| 105°8] 83'3|— 42} o |. 1§
1998 |0'874 | 102°2] 97'5!=— 77 9 79 2000 |o's20| 77'7| 867 |+116| 7 38
1999 (0°938| 99'4| 883|— 67| o | 27 } 493 ¢ 0'867| 84'8| 57°5i+ 75 226
1999 [0'948| 97°6| 86'3|— 53| 19 | 220 Aug. 3 (43) |(385) | (334)
2000 (0'938( Bo'r| 866 (4113 5 70 241 ¢
©'926| 109°2| 92'0|—15'3( . 107
July 31 (36) |(431) | (841) | 215°402 | H,EP 0969 | 256°7 | 1785 |—11'3 142
k 0'950| 249'0| 173'0{—17"7 172
1997@| 0287 | 186'7| 106'5 |—10'4| 6 14
212°530 |H,EP [1997@|0°654 | 113°6] 105'2 [—10°§ 3 19 1998 |o0262 152°5| 976 (— 7'3 8 7%
1997 | 0678 | 113°5| 1034 |—11"1 o 4 1999aj 0298 | 1274 | 9o'9|— 4'4 4 88
1997 |0'717| 115'1| 100°9|—13'3| o© 3 1999 |0°336| 1284 893(— 62| o 3

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 thers is & Faoula
uneccompanied by a Spot. The positions of Faoul®s relative to the Spots with which they are associated, are indicated by the letters n, s, p, f, o, denoting
respeotively north, south, preceding, following, concentric,

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

July 30 and Aug. 2. Deflnition poor. Photograph taken through hare. Aug. 9. Photograph over-exposed,

Group 1997, July 3o-Aug. 7. A small regular spot, 2, with two small companions on Aug. 1, and one on Aug, 5.

Group 1998, July 30-Aug. 9. A regular spot.

Group 1999, July 31~Aug. 10, An irregular stream of spots ohanging ite n&)pmrnnoe from day to dn.i.n Three regular spots a, 3, and o have formed in the stream by
Aug. 2. Of these 2 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. o has
entirely broken up by Aug. 6, and & by Aug. 8.

Group 2000, July 31-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 Facule upon the Sun’s Disk—continued.
.§ E ’§ HELIOGRAPHIC BPOTS, FacuLz. -§ E = HELIOGRAPHIO 8proTs, Facura,
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215%402 |H,EP|1999 |0°351}| 126'8} 88:3|— 62 o 2 219%538 | H,EP (1998 [0761| 254'9| 97°6|— 7't 5 26
1999 |0'341| 117°4] 87'1{— 32 o 10 1999 |0°626]| 255'3] 87'2|— 40 3 73
1999 [0°336| 11470 86'8(— z0| o 9 1999al o710 256'1 | 93°6|— 52| 27 | 197
1999 bl 07363 | 1198 863!~ 46 1 22 1999 lo657| 253'2| 8gx|— 60| 7 25
1999 ¢[o'380| 122'@| 85'8(— 58| 10 51 Aug. 8 (42) 1(323) (0
1999 |{0°434| 12270 8z'9(— 76 o 4
1999 {o'410| 114’ 827 {— 41 1 14 .
2000 j0°314| 70'8| 870|+117 1 1z 220'573 | H,EP 0'944 | 259'3| 1056~ 7°9 141
Aug. 4 (31) |(304) | (314) 0'942| 249'5 | 103'4 |—16'8 65
1998 [0'887| 258:4| 97'3|— 72 6 26
1999a| 0852 | 260°3| 93'6|— 48] 15 | 191 367 ¢
216°'406 |H,EP 0831 244'1| 142°7|—17°§ ‘ I 1999 (0817 25871 89'8|— 54 1 12
1997 |o'413| 219°8| 1069 |[—12°5 o 2 1999 |0'796| 2602 880 |— 38 ° 40
1997a|0°389| 222°4| 1067 |—~106 I 9 Aug. 9 (22) [(269) | (573)
1998 |0263| 2052 976(— 76| 14 79
1999a( 0195 | 183°6| 9z:0|— 50| 14 196 221'§12 |H,EP 0'873| 283'2| 851 |+ 147 : 70
1999 |0'152} 1732} QO'3|— 2°4 o 9 19996 0'942 | 263'0| 93'2 |— 4'3 o | 154 316¢.
1999b|0°188| 157°5| 872(— 38| 11 54 1999 |o'919| 260'6| Bg3|— 60 o 8
1999 {o212| 1592 870|— 52 o 7 1999 |ogoz | 261°5| 87'1|— 4'8 o] 5
1999¢|{0°234 | 157°0| 860 |— 62 3 24 Aug, 10 (0) {(167) | (386)
1999 |o'203| 1500 85°5|— 3'9 ° 5
2000 |o'120| 35'4] 87'3|+11'9 1 7 222'572 |H,EP 0'954 | 284'7| 83'3|+159 107
Avug.s (44) |(392) | (111) 0'949| 260'9| 8o0'2|— 65 572
Aug. 11 ©@ | (o] (679
217487 | B, M |1997a|0'556 | 2406 | 1065 |—10'3] © 9 223'6322 HM 0'868| 276'2| 56'9|+ 87 0 . (;35)
1998 |og21| 23671 978|— 74| 10 72 g ' ( (©) 35
1999 0336 | 2350|0311 51| 21 | 217 saasys [mER|  |oogr| a767| serls 8 o4
1999 10295 | 22777 97— 52| © 14 2001a{0'950 | 102°4| 273'5|— 96| 6 | 101
1999 |0268]| 219°5| 869 |— 57 o 28 9 02'4| 273'5 9 378¢
; ) ] ] 20010 |0'969 | ro1°5| 269'5 |— 9'4 o 92
1999 b 0'240| 225'5 | 86'9|— 34 11 48 2002a| 0989 | 816| 261'4 |+ ¢ o 81
1999 or228) 2159| 84'3|— 44 7 25 Aug. 13 99 417 93 ©) [(274) | (482)
Aug. 6 : (49) |(413) | (@)
225°536 | H,EP o850 231°3| 19°1|=~27"7 97
2001|0855 1 105°8| 274'3|— 98| 12 76 8¢
218'206 |EP,H}1997 a} 0'669{ 246'7 | 106'0]—104| © 4 20010] 0896 | 103°'G| 269'1 |— 93 o 47 57
M 1998 |0'546| 2458 97°5|— 75| 11 71 2002a{0°932 | 82:6| 261°5(4+ 93| 13 69 146 ¢
‘ 1999a| 0'472 | 246'0| 93°1(— 54| 26 | zo1 Aug. 14 (235) [(192) | (Bz1)
1999 (0428|2443 9o2|— 4°9 o Io
1999 [0°394 | 237°1| 869|— 6'4| 8 61 226535 |EP,H [2001a|0722 | 110°4| 2742 |— ¢'7| 11 80 276f
1999b| 0371 | 2431 86'8{— 37| 10 45 |2001b| 0778 | 107°7| 268'9]{— 92| o 20 7
1999 [0°347| 237'9| 846|— 46f 3§ 37 20020 0°828  83'2| 2612 |4+ 94| 13 8o 95 f
Aug. 7 (60) |(429) (0) |Aug. 15 (24) |(180) | (371)
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 & Spot. The positions of Facul® relative to the Spots with which they are associated are indicated by the letters n, s, p,f, o, denoting
respectively north, south, preceding, following, concentric.
The Areas of 8pots and Facul® are expressed in million_th.q of the Sun’s visible Hemisphere,
Group zoo1, Aug. 13-21, A regular spot, a, with a faint companion, b. bhas disappeared by Aug. 17. Another companion is seen on Aug. 18, and yet another on Aug, 19,
Qroup 2002, Aug. 13~22. A regular spot, 2. One very small companion i seen on Aug. 18, and two on Aug. zo.
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Mesasures of Positions and Areas of Spots and Facule upon the Sun's Disk—continued.
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2004 |0°968 | 107°5| 1785 |—15'0 o 24 272¢ 0'838]| 1136 8r2|—15'3 57
Aug. 20 (9) | (61) | (272) 0'8g4| B82'4| 699i+100 286
Aug. 29 © | @ G
232'183 | H, M 2001|0647 | 244°5| 2792 |—106 ) 8
M 2002a|0°329| 280'5| 262°0 |+ 100 4 13 241'407 |EP,H 0897 25579 1825 [— 92 84
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Aug. 30 © | © | G20
233'452 [EP,H {z002a 0§78 | 2781 | 261°5 |+ 10'4| 4 15
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Aug. 22 @) | ) | (155) |Avg. 31 @ @ ©

234'475 (M, H 0'892 | 255'0| 2734 |—10'0 386 243°406
0931 | 112°3| 1481 |—17'8 56 L
Aug. 23 © | © | (442) [Sept. 1 (@ | (©)

unaccompanied by a Spot.

The Groups of Spots are numbered in the order of their appearance. When thore is no number in the third column it is to be understood that there is a Facula

Tho positions of Faoulm relative to the Spots with which they are associated are indioated by the letters =, &, », f, o, denoting
respectively north, south, preceding, following, concontrioc,

The Areas of Spots and Faoculw are expressed in millionths of the Sun's visible Hemisphero.

Aug. 24 and 27. Photograph partly fogged. Definition bad.

Group 2003, Aug. 16,

very emall sppt.

Group 2004, Aug. 21-22, A small spot.
Group 2005, Aug, 27-28, Two small spots, a and &.

GREENWIOH OBSERVATIONS, 1887,
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Measures of Positions and Areas of Spots and Faculse upon the Sun’s Disk—continued.
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Sept. 3 (3) | (52) (©) 2008 lo790| 87°9| 230'0(+4 61 o 20
_ Sept. 14 (3) | (46) | (195)
246°364 |EP,H|20060| 0543 | 246'1] 84'1|— 65 o 22
Sept. 4 (o) | (z2) (©) | 257°481 | M, H|2007 |0'440]| 120°9| 246°4 |~ 63| © 6
2008a|0°569 | 93°5| 234'0{+ 40| 23 150
247656 | M,H 0'893| 259'0] 100°2 |— 65 328 20080 |0'627 | go'1| 2297 |+ 56| 15 | 100
o842 | 26741 95°6(+ 17 64 |Sept. 15 ‘ (38) {(256) (o)
Sept. 51 - ‘ (© | | (392)
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) 0’828} 256'5| 860|l— 69 273 | Sept. 16 (58) |(316) ()
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2008b] 0069 | 107°6) 229'1 |+ 5'9| 38 | 246
252°467 |EP,H| - 0’869 | 105°5| z77°1[— 96 259 |Bept. 18 (80) [(508) | (235)
Sept. 10 : @] ©] (259
261°275 [H, EP 0950 | 264'0] 2895 |— 34 52
253°513 |EP,H 0893 | 1080 2608 [—12°5 215§ 0902 | 2535 280'4 |—116 304
0'976) 99'6| 2450|— 77 118 L 0792 | 247°4] 267°51—13'2 52
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) 0'895( 101°4| 2451 |— 679 130 20080 0'183 | 265'8| 229'1 |4+ 63| 33 255
Sept. 12 ORNO) (281) | Sept. 19 67) |(437) (408)

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 & Spot. The positions of Facul® relative to the Bpote with which they are associated are indicated by the letters =, 4, 2, ., o, denoting
respectively north, south, preceding, following, concentric.

The Areas of Spote and Facule are expressed in millionthe 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 spots, 2 and b, Only b remains by Sept. 4.

Group 2007, Sept. 13-15. A small spot,

@roup 2008, Sept. 14—24. Three small spots, two of which are measured together on Bept. 14. Two large regular spots, a and ¥, 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 Spdts and Facule upon the Sun’s Disk—continued.
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o 3 w2 b 3 7]
: |4 55 |88 | = IR :
2 * W W ' '§ B:' g
G .3 £ ‘g <drg | & E : . E E y by 5
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2629453 | M,H [2008a@|0'571 | 2656 | 237'8 [+ 36| 25 | 136 266%085 | H,EP [2008 |0'975]| 272'4| 232°4(+ 39 o | 102 426 ¢
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2008 |o'621| 269°3| 230'5 |+ 5°I o 3 269437
2008|0607 | 2727 2296 |+ 72| 22 | 156 Sept. 27 (© | (o (o)
Sept. 21 (59) [(360) | (345) ]
) 270°57
Sept. 28 @1 (o)
264'491 | M,H 0961 | 259'8 | 2487 |— 7'8 69 ' ¥ . . .
49 " |zoosa 0-286 269'6| 238'5 |+ 29| 26 | 137 S27lt“8 EPR,H o981| 939| 66— 2’5 zgz
2008 {0876 | 268'7| 23772 |+ 23| 4 29 264¢ |™°P% 29 ' (@ | © | (62
2008 | 0856 268'8| 2349 |+ 2:6 o 12
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2008 |0or| 2032 | agalt 68| o | o }x7> ¢ | 27maz0 e 0'926| 97'3| 46|— 42 395
0'944 | 99'3| 2456 |— 63 412 opt. 30 @ | | (395
Sept. 22 (41) |(296) | (920)
273'460 | BP,H 0'794| 253°9| 1082 |— 8§ 208
0'818| 100'7 4'3|— 48 153
265°304 | BP,M 20080} 0'961 | 2708} 239'5i4 271 24 | 161 Oct. 1 (o) © (3359)
2008 [0'953| 269°'5| 2377 |+ 17 o 39
I. 2008 |o0'9z22| 2730| 2329 |+ §'5 o 11
20080 | 0904 [ 275'2| 2305 (+ 77| 23 130 | 1007 ¢ | 274'237 |H,EP 0'862 | 257'9| 105°¢ {— 69 342
0878} 103'2| 106'0 |— 81 234 0725 | 252°0| QI'5|— 82 92
0'917| 1134 | 103'3 [~182 42 L zoroa| 0676 | 254’7 | 882|— 53 1 7
0'916| 94’51 99'9|— I'3 73 20100 | 0660 | 254'5| 87'0|— 51 7 26
0'976| 102°6| 9o'c[~10'6 154 2010¢ | 0628 253:6| 84'6|— 49 4 21
Sept. 23 (47) {(341) |(1510) [Oct. 2 (12) | (54) | (434)

unaccompanied by a Spot.

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
The positions of Faoculw relative to the Spots with which they are associated are indicated by the letters %, &, p, f, o, denoting

respectively north, south, preceding, following, concentrio,
The Areas of Spots and Faoulw are expressed in millionths of the Sun’s visible Hemisphere.

Sept. 20, Photograph much out of centre of plate,
Group 2009, Bept. 24, Two very small spots.
Group 2010, Oct. 2~-4. Three small spots, g, &, and o, on October 2. A fourth epot is seen on Ootober 3. Only & and o remain by October 4.

Sept. 29. Photograph taken through haze.

§F32
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Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
& g g |Heuosrapuic 8roTs FacuLa. & g ¥  |HELioGBAPHIC S8POTS. FACULA.
H 3 7] ;33 3 @
NNy 85 |88 | 8 Y 5 |88 | 8
Greenwich gt CE] <4z ek o Greenwich = 2 g | éru g o
o 4 3. @ e f = g - i ] 3. ® g 28 =
Civil - d 2 me o= S Civil - & -~ Q ~§ N
. & 3| % = H., g2 : £ | g . |H 8
Time, 5 g q . b‘é B% 7= Time. . E ‘g ﬂ 2, B§ dn
| 218 |55l el 21 8 |28 |?.| 52 Ele, |88 | sy | B | ¢ |7 |97 &8
B leg| g2 | &) 2 | e8| a1%] ¥ S lvi 52 8| 5| E|.F| 17| 43
I Bl | 39| Bl 5 |g%8|g%8| o2 {2k B 39| B | § 535|738 48
= | = A A A 3 |4 5 g 2 | = A A~ A =
1887, ¢ ° ° 1887. ° e °
2754163 [ H,EP 0°931| 261°8| 102'81— 52 429 |283%423 |H,EP 0'q71| 262* 16 |— 54 66
zoroa|o817| 25970 887|— 51 7 38 o809l 849( 232°2 |+ 77 8o
I 2010b| 0800} 2584 870|— 52 o It 200 ¢ Oct. 11 (©) ] (o) | (146)
2010 |0'795] 2598 86°8|— 41 o 4 99 i
2010c| 0779 | 2584 851{— 48| 10 33
Oct. 3 (17) | (86) | (728) | 284502
Oct. 12 ©1 © (©)
'276'140 | H,EP 0'904 | 243°4| 822 |—20'7 132
0'828 254'0| 75'9|— 9°3 64 285227
1. 201040929 261°6{ 89'5|— 54 5 20 L
z010¢|ogor| 261°3| 85°5i— 49 9 44 }3396 Oct. 13 © | (@ (0)
20110|0'487| 234'1| 46'0|—10'6 3 14
2011b| 0468 2300( 43'8|—114 2 11
Oct. 4 (19) | (89) | (535) 2861'312
277143 | H,EP 0°976| 2626 856|— 58 156 Oct. 14 NG (o) (o)
0935} 25711 76'51— 96 71
1. 0913 | 2468 71°0|—18'1 85
2011@|0°653 | 246°2] 46°4|—102 o 3 287°396 -
20110} 0629 | 242°5| 438 |~11'6 o 2 Oct. 13 (©) (o) (o)
Oct. 5 () | (5} | (312)
288545
278276 | H,EP 2011 |0'835) 251°8| 481 |~—11°3 o z Oct. 16 (o) (@ (o)
2011a}0'819| 253°3| 469|— 98 o 3 4
1. 2011 |o'814) 2482] 452|—136 1 8 1607
0'930| 102°g| 287'7 [— 9% 285 289°468 | H,EP 0963 | 932] 132'8 |~ 5 103
Oct. 6 M | (13) | (445) [Oet. 17 : ©] © | (03
279'328 | H,BP 0917 254'8] 446(—113 121
1. 0858 107°3| 283°9|—11°3 222 290°147 | H,EP 0'go7 | 251°7| 2600 |+ 140 107
Oct. 7 © | @1 (343) I 2012 |0886( 943 1357|— 12| o 9 83 ¢
: 201z [0°Q00| Q§°I| I340[— 2°'I 4 23
280°135 [EP,M 0972 | 256°3| 442 [—117 1o |Oct. 18 @) | (32) | (190)
1. 0918 | 106'1| 2655 |—12°1 116
Oct. 8 © | © | @16
291°175 | H,EP 0903 | 2680 2483 |+ 06 192
281°203 | H,EP 084z 11275 | 262°1 |~15"1 : 94 o811) 274'0| 2384 |+ 6% 212
I, 09351 9o'1{ 246°5\+ 2°1 228 I 2013 |o'611} 1124} 149'4 |~ 90| o 2
Oct. 9 © [ ()| (322) 2012 |0746| g60| 1364~ 08| o 5 2c
201z |o0763] 96'7] 135°0l— 16| 17 | 151 9
282°273 | H,EP o895 | 2623 41— 41 152 0933 | 102°2| 1168 |— 93 98
1. o871 872| 2408 |+ 55 508 - 0941 932! 114'3|~ I'2 85
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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 Facula
unaccompanied by & Bpot. The positions of Facule relative to the Spots with which they are associated are indicated by the letters n, s, P, 1, ¢, denoting
respectively north, south, preceding, followi.nf, concentric.
The Areas of Spote and Faculx are expressed in millionths of the Sun’s visible Hemisphere.
Group 2011, Oct. 4-6. Two compact clusters of very small spots, 4 and b, on Oct 4. One very small spot i'emains of each oluster on Oot. 5. b has disappén.red 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 Oct. 19 it is a large spot with n
small companion, The large spot has divided into two parta by Oct. 20, and coalesced again to form one large spot by Oct. 21. It has broken up again by
Oct. 23, and forms a straight stream of small spots whicﬁ diminish in number and in size from day to day.
Group 2013, Oct, 19-20. A very small spot on Oct. 19. Three very small spots on Oct, 20.
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Messures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.

& g g |HELIOGRAPHIO SPOTS. FaouLam. & g Y |HELIoGRAPHIO SpoTs. FACULA,
% g ] é ,; 0
Pl i By b 9 . e B
h 5 E E i: ‘ ;i r_% G h 5 £ E ff éf g
Greenwio 8 o . . roenwio g = "
Oivil E': ?g %’b gi gg ,.g's Civil 5“ (33? o gé 85 .-:l:e:
Time. .| 8 355 4 . §§ §§ °Q Time, g | £ E’ . = 2y 34
' g & E 3 3 [ ) =8 B8 & He K’} @ Bm b8
B olge | B8 | B4 | 2 | £ |%an|®an| ©% Sl Ge |32 | B B | F |%an|van| %3
AR AN AR BRI Y AR AR AR R A AL
RE EREERENE 3 2|27 a° | & R ] 8 |84
1887, ° ° © . 1887. ° ° °
292%200 | H,EP 0897 | 275'1| 234'5 |+ 69 328 |298%428|H,BP 2012 {0786 265°8| 140'1{— o3| 2 4
2013 | 0450 124'1| 148°5|— 9'6 o 9 2012 | 0767 | 266°3| 1384 |+ 03 5 18
I 2013 | 0467 | 124'0] 147°5 |—102 2 9 zo1z | 0753 ( 266'4| 137°2 [+ ©'5 o 2
2013 {0488 | 122°¢4 | 145'9|—10'3 3 20150 {0706 246'9| 1302 [—12'§ I 5
2012 |0'583| 99'8| 1357 |— 1°3 51 z015¢| 0699 | 248'3] 130'0(—11'¢| § 12
201z |0615| 98'%5| 133'3|— 10| 13 | 134 2014 |0°379( 2516 109°7 |— 2°4| o© 1
2014a(0'909 | 95°g| 106'0|— 31 o 8 194¢ 2014 {0°399| 252°6| 111'0]— 24| o© 1
0864 1064 1131 |—113 A o272 l2o14 | 0436 25371 1122 | 2°3 o 1
Oct. 20 (26) |(214) | (794) | Oct. 26 (13) | 40 | (0
g 299283 | H,BP 2012 [0'878| 267°6] 138'3|+ o2 2 11
293'466 | H,EP [2012 |0°351 | 1057 | 134'2|— O'5| 28 | 311 2012 | 0827 | 265%0] 132'5|— 1'§ o 2 }3420
201400741 | 98'8| 106°g|— 30 z 7 I z015c|0'826 | 2529 130°6 |—11'3 2 10 172f
o'881| g7°0| 92'9|— 37 222 ) 2014 {0'539| 2584 | 109'0[— 2°3 o 6
0969 | og49| 789(— 3% 100 2014 |0'507( 265'7 | 106°5 |— 3°I o 5
Oct. 21 (30) |(318) | (322) [ Oct. 27 @) | (34) | (514)
300210 | H,EP 0'944 | 267°9| 135'3|— o4 323
294'427 |H,BP 2012 |0'139| 131°9| 1352 |— 0'3| 12 | 267 0918 255°2| 129'7|—116 100
zol4a|0'568 | 102°5! 107'5|— 28 o 7 I 2014 |0'698| 263'2| 108'6|— 14 ° 8
Oct. 22 , (12) |(274) (0) 2014 |0'697| 261'1| 108'3|— 2'8 o 6
0°961| 102°1| 352°4|—10"3 85
Oct. 28 (©) | (14) | (508)
295'532 (H,EP 2012 |0'185{ 244'0| 1362 [+ 04| 12 | 127 '
2012 |0°147| 2278 1328 |— 06 2 9 301'428 | H,EP 0'9o8| 252°4| 111'8]|—13'g 94
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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 Facul® relative to the Spots with which they are asscoiated are indicated by the letters n, s, », £, ¢, denoting
respectively north, south, procoding, following, concentrio,

The Areas of Spots and Faculm are expressed in millionths of the Sun's visible Hemisphsre.

Oct. 23. Photograph taken through hazo. Definition poor. Oot. 31. Photograph under-exposed. Definition poor.

Group 2014, Oot. 20-29. A very small epot, , on Oct. 20, 21, and 22. It has divided inte two by Oct. 23, and disappeared by Oct. 24. Two very small spots are seen
near its place on Oot. 24, and elther one, two, or three on the succeeding days. N

Group 2015, Oct. 24~27. A very small spot & on Oot. 24. A second, b, is seen near it on Oct. 25. « has disappeared by Oot. 26, and b by Oot. 27, but u third apot, o, is seen
on Oct. 26 and 27.

Group 2016, Oct. 31-Nov. 1. A very small spot on Oct. 31. Three very small spots, of which the two preceding are measured together on Nov. 1.
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Measgures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
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20170| 0'423 | 243°9| 2371\~ 80| 9 44
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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 ie to be understood that there is a Facula
unsaccompanied by a Spot. The positions of Facule relative to the Spots with which they are associated are indicated by the letters =, s, 2, f, o, denoting
respectively north, south, preceding, following, concentrie.

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

Nov. 11. Photograph thin. Definition poor.
Group 2017, Nov. 5-16. A reguler spot, a, with a very small companion on Nov. 10 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. 11. A second is seen close to it, and is measured with it on Nov, 12 and the succeeding days until Nov. 17, when
the grou§consish of three spots, which are all measured separately. Only one spot is seen on Nov. 18 and the succeeding days.
Group 2020, egvl.) nN—IG. A regular spot. It has divided into two nearly equal portions, which are, however, still measured together, by Nov. 15. Both portions have
isappear y Nov. 17.
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Mensures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
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unacoompanied by a Spot,

The positions of Faculm relative to tho 8
respeotively north, south, preceding, following, concentric,
The Arons of Spots and Faoulm are exprossed in millionths of the Sun’s visible Hemisphere.

The Groups of Spota are numbered in the order of their appearance. When there is no number in the third oolumn it is to be understood that there is a Fnoula
pots with which thoy are assooiated are indicated by the letters x, #, p, f, ¢, denoting
AN

Nov. 17, Photograph thin. Definition poor.
Nov. 25, Double image of Sun.

Photograph taken for zero of position,
Group 3021, Deo. 3-15. A very tine group of spots in a long stream. Four considerable spots, @, b, o, and d, are seen on Deo. 4o
coalesoed by Deo. 5 and are henceforward lettered as e.
spots on each day up to Deo. 14, on which day d alone remains,

Nov, 23-34, Definition poor.

Of these 2 and b have partially
d and ¢ arc mensured together on Deo. 7 and 9. A numbor of small spots are seen close to the larger
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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 8pots 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 Faculz relative to the Bpots 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 Facule are expressed in millionths of the Sun's visible Hemisphere.

Dec. 7, 9, and 14. Definition poor. Photograph under-exposed.

Group 2022, 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,

nly ¢ remains by Dec. 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 olusters 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. o and d have combined to form % by Deo. 18, and @ and f
to form I by Dec. 23. Only ! and a few small companions remain by Dec. 23.
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Measures of Positions and Areas of Spots and Facule upon the Sun's Disk—coniinued.
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respeotively north, south, preceding, following, ooncentrio.

The Groups of Bpots 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 Facula
unaccompnanied by a 8pot. The positions of Faoulw relative to the Spots with which they are associated are indicated by the letters =, &, », /, ¢, denoting

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

Group 2026, Doo, 21-27, A few small spots in a straggling stream, of which the leader 4 is the largest. The rest of the group are measured together,

GREENWICH OBSERVATIONS, 1887,

G
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Measures of Positions and Areas of Spots and Facule upon the SBun’s Disk—concluded.
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g | & o - 2 w 58 g1 & B 3 ¢ Z @ 88
g | g8 | g, B g ]88 < € + | 881 84 B S o |egi e | &
Slxp a2 3| 5| B AR |E| o AEHE 2R N NI R
g7 || 8| | 3 (BB B G g7 |E5 &) 5| § |B (R E°
1887. ° °e e 1887, o o o
357%210| M, H 0’935} 2564 | 102°6|—13°5 101 [360%262| M, H|2025 0875 255'8| G542 |—137 2 8 127 ¢
20241 | 0760 | 260°8| 82'8(— 85 g1 | 619 1 0°957 | 1768 | 341°5 |—75°2 29
I 2024 |0°709| 263'0| 786|— 66 o 3 235 ¢ : 0'947 (| 164°8] 3126 [—67°8 68
2024 |o0'699| 25971 776|— 89 3 29 Dec. 27 ()| 24) | (730)
2025@| 0°399] 239°9| 54'4|—137 9 44
2025 |0°354] 239'3| 51°8|{~126| © 21 361°252 | EP,H 0949 | 257°'1| §2'0|=13'1 257
Dec. z4 (103) |(716) | (336) L 0'921| 169'0| 3137 |—67°1 65
Dec. 28 @1 @ (322)
358-214 |EP,H |20241 | 0’891 | 261°6| 83'3|— 86| 83 | 661 362219 H, M 0'939| 172°5| 3055 |—71°1 70
i 2024 |0846| 261°1} 780|— 88 o 5 697 ¢ ’ 0'924 | 164'9| 292°5 |—~65°4 49
1. 20250} 0'582 | 250°5| 54°6|—131 vi 16 L 0891} 97°2| 264'8{— 77 67
202§ | 0547 250'5] 52°3|—126 o 13 0970 ! 949 251°8 |— §°5 282
Dec. z5 ' (90) |(695) | (697) |Dec. 29 (@ | (] (468)
359'483 | H, M [2024] | 0'984 | 262°1| 83°6|— 82 27 | 368 6691 | 363°245 | H,M 0'9oz | 16071 310°6 [—60'6 51
2025 0°794 | 255°T] 55°7|—133 1 10 I 0'939| 176°1| 302°1 |[—72"2 48
2025 [0774| 2539 §3'6|—140| © 9 ’ 0897 | 94'2| 250°4 |— §5°1 327
Dec. 26 (28) |(387) | (669) |Dec. 30 (© | (| (426
360'262 | M, H 0'984 | 259'8| 73°4|—106 451 364°231 | H, M [2026 [0'962| 97'1{ 2270{— 77| 44 195 326 ¢
0’951 | 187°7| 19°0|~72°7 55 L o787 94'3| 2494 |— 54 145
L 2025a( 0887 | 2559 55°7(—13'7| o | 16 Dec. 31 (44) |(195) | (471)

unaccompanied by a Spot.

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

The positions of Facule relative to the Spote with which they are associated are indicated by the letters =, s, p, f, o, denoting
respectively north, gouth, preceding, following, concentric.

The Areas of Spots and Faculs are expressed in millionths of the SBun’s visible Hemisphere.

Group 2026, 1887, Dec, 31-1888, Jan, 11. A regular spot.
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52 AREAS AND HELIOGRAPHIC POSITIONS OF SPOoT GROUPS 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 DUON IN
INDIA, and at the ROYAL ALFRED OBSERVATORY, MAURITIUS, in the YEAR 1887.

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

The Projected Area of the Umbrs and Whole Spots is the area as it is measured on the photograph, uncorrected for
the effect of foreshortening, and expressed in millionths of the Sun’s apparent disk,

The Column “Longitude from Central Meridian” givés the Mean heliogmpﬁic 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 déys for which no phofographic record is at present available.

Projected Area for : Projected Area for : .
Date. Area of Group. Meen Mean Loz;gltude Date, Aren of Group. Mean Mean Lox;f;::de
Greenwich Longitude| Latitude o rc;m 1 * Greenwich Longitude| Latitude Central
. e entra. o1
Civil Time. Umbra, Vggg‘lf Umbra. V!sfggille of Group. | of Group. Meridian, Civil Time. | gmbra. V‘Sflggilf Umbra, Vg]l.;tgtl‘“e of Group. | of Group. Meridian,
Group 1947. Group 1949—continued.
1 887. d Q o o l 8 87. d o o o
Jan. 19°326 4 10 2 6 | 2132 | —184 | + 259 | Feb. 1°328 50 | 332 28 | 187 43’5 | — 38 | +274
20°463 ° 5 o 3 2143 | —17°8 | 4+ 41'9 2°432 | 22 197 15 134 44'1 | — 36 | +424
3350 | 23 | 117 | 21 | 10§ 456 | — 34 | +356'0
Means ... | ... 2 5 213'75| —1810 4203 | 13 65 17 85 461 | — 35 | +67°8
Means ... | ... 20 | 168 4303 — 338

Group 1948.
Group 1950,

Jan, 207463 0 54 0 31 1472 | —16'8 | —25°2
21619 | 12 65 6 34 149°6 | —16°8 | — 89 | Jan sce4c6 I 28 6 | — 18 | —c¢70
22°1§1 13 67 6 34 1508 | —16°5 | + 0°§ zg.igz g 3 g 3 ‘;'2.3 —_ 1 _i;.l
23302 | 10 34 5 18 151°3 | —162 | 4163 27°177 o 4 ° 3 507 | — 14 | —334
Means 4| 29 149'73| —16'58 Means ...} ... ’ ‘ 1 l 11 ‘ 5020 — 1-63’
Group 1951.
Group 1949.
Jan. 25456 6 43 11 83 316 | — 29 | —75'0
Jan. 24'467 o 75 o | 169 423 | — 30 | =774 26°462 8 46 9 48 31'8 | ~ 33 | —616
26456 | 17 | 205 18 | 239 418 | — 32 | —64°8 27177 | 13 82 11 66 323 | — 31 | —51'8
26462 | 24 | 211 16 | 167 418 | ~ 32 | —51'6 28279 | 16 37 10 24 31 | — 42 | —384
27°177 | 48 | 241 32 | 163 419 | — 30 | —42°2 29'30z | - 7 30 4 | 16 316 | — 39 | —24'4
28279 | 36 | 226 20 | 127 424 | — 29 | —271 30°493 3 58 2 30 314 | — 44 | — 89
29'302 | 33 | 326 17 | 170 41°4 | — 370 | —14°6 31°209 o 43 o 22 315 | — 46 | + o7
30493 | 33 | 396 [ 16 | 199 429 | — 37 | + 26
31209 | 85 | 524 44 | 270 425 | — 43 } 411'7 | Means ... | ... :| .. 7 41 3161 | — 377




TAKEN AT THE ROYAL OBSERVATORY, GREENWIOH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1887, 58
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Aren for : Pfo'eoted " Areafo
Date. - AIL:O(; Group. Mean Moan Lo;:gltude Date. Ar]eaof Group.r Mean Mean Loxfxgitude
Greenwich Longitude| Latitude O::;ul Greenwich - Longitude| Latitude Ce:xotl:al
Civil Time. | yrmbra. “nggtl;fa Umbra, Vgll.)xgé.e of Group. | of Group. Meridian, Oivil Time. | ympra. Vg‘l;g:fa Umbra. Vggg}f of‘Group. of Group. Meridian,
Group 19352, Group 1957.
1887. 4 ° ° ° 1887. , ° ° °
Feb. 1'328 o 5 o 5 760 | —19'1 | 4+59'9 | Febh. 19°207 o 14 o 14 808 | — 31 —60'0
Group 1953.
Group 1958.
Feb. 2:432 o 14 ) 18 2940 | —12'6 | — 677
3350 4 | 15 4 [ 13 [ 2938 | —12'0 | — 558 .
4'203 I 16 1 1§ 294'0 | —I22 | — 44'3 | Feb. 19207 | 17 681 30 | 119 696 | +11°6 | —71'2
20480 | 14 78| 13 | 72 697 | +11¢ | —54'3
Means 2 14 293'93 [ —12°27 21°459 | 13 101 9 71 69'9 | +11°3 | —41°2
22°166 | 26 118 | 16 73 69'9 | +11'6 | —31°9
23'149 | 26 138 | 1% 78 69'g | +11'8 | —189
24274 | 28 1o | 1s 59 705 | 4117 | —~ 3°5
25458 8 61 g 33 702 | +411'g | 4118
Group 1954. 26429 9 42 5 25 707 | +12°1 | 4252
27586 o 52 o 38 723 | +11°2 | 4419
28447 | 26 221 | 23 193 716 | 4102 | +52'6
Feb. 3350 | 10 55 7 41 3068 +12°8 | —42:8 | \r " 6 8 |1 . 101 62
SR R IR o R e e I I R IRl R
2:419 9 42 5 23 309'0 | +12'9 | —13'3
547 6 35 3 19 3109 | +12°6 | + 3'5 | Means 12-| 89 7069 +11°23
Means " Vi 35 308'58 | <+12'80
G}oup 1955.
Group 1959.
Feb. 17224 | 7 | 23 4 | 12 | 1810 | —11'g | + 136
.. 18330 13 112 7 63 181°2 —10'7 | + 290 | Feb. 21° o 2 | — 86 | — 772
19:207 23 120 16 78 181°4 —10'3 | + 406 © :::’gg 13 ;’; 15 g? 3;8 - 79 __gi.g
20°480 o 74 o 72 1826 — 9'8 | + 586 23'149 16 69 12 52 +§.4 _ gg _47.2
. —10 24274 o 71 o 43 38'¢ | — ¢ - 35
Means 7 57 18155 10°68 25458 o 73 o 39 397 | — 92 | — 187
Means o 5 59 3890 | — 860
Group 1956,
Feb. 18330 3 28 5 46 815 | + 96 | — 707
19'207 2 26 2 26 82'2 | + 93| ~ 586
20480 | 9 | 21 7 | 15 823 | + 94| —417 Group 1960,
21459 | 5 | 33 3 19 828 | + 94 | — 283
22°166 3 11 2 6 834 | + 96| — 184
Means 4 22 B2'44| + 946 .. Feb. 23149 3 21 2 11 767 | + 85| —~ 121




54 ABEAS AND HELIOGRAPHIC POBITIONS OF SPOT GROUPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DiS8K-—continued.
Projected Area for . Projected Aren for
Date, AIJ“Of G::HP- -1 Mean Mean Lo:gxtnde Date. Argﬂ- of Group. Mean Menn Lox;g-ltude
Groenwich Longitude| Latitnde | * | Greenwich Longitnde| Latitade | "%
Civil Time, | gmbra. Vg];g:.e TUmbra, Vgggé‘e of Group. | of Group. Moeridian, Civil Time. | ryneee Vg];g%? Umbra. Vgllzgz? of Group. | of Group. Meridian,
Group 1961. Group 1966.

1887, 4 o ° ° 1887. 4 ° ° °
Mar. 10°172 24 o 15 283'8 | —10'7 | + 32°8 | Mar. 30°338 o 18 0 9 3470 + 30 | + 20
11°474 1 12 1 "9 2855 [ — 90 | + 517 .

Means I 12 284°65| — 985
Group 1967.
Group 1962. Mar. 31°186 | 11 43 6 23 3310 | +13°4 | — 2°9
: Apr. 1'500 ) 14 | 49 8 | 27 | 3314 | 4133 | 4149
2-432 3 13 2 8 329'7 +130 | +256
Mar. 17°291 7 29 15 72 807 | +12°5 | — 764 319 3 14 2 To | 3312 | +I31 | +37°1
18418 9 55 9 59 830 | 4124 | — 592 4432 ° 4 o 4 | 3329 | +137 | +55°1
19°430 | 12 82 9 62 843 | +12°4 | — 446 ) .
20164 | 26 | 108 18 71 837 | +13°1 | — 356 | Means 4 T4 | 33124 | +13°30
21°552 | TIo 64 6 35 850 | +12'8 | — 16
22°612 | I0 | 122 5 66 834 | +135 | — 49
Means ... | .. 10 61 8335 +1278 Group 1968.
Apr.12°414 o 13 o 40 94'0 | +162 [ — 784
Group 1963. 13°288 o 16 o 23 93’9 | +16'3 | — 670
Means o 3z 93'95 | +1625) | ...
Mar. 19°430 o 13 ° 32 sro | 4+ 273 | — 779
20164 | 12 23 16 32 §51°0 | 4 25 | — 683
21°552 ° 23 o 18 52'4 | + 25 | — 486
22°§12 <] 21 o 13 §3'1 | + 2°4 | — 352 Group 1969.
Means 4 24 51°88| + 2°43 ;
Apr.15514 | "0 5 o | 13 51°8 | — 46 | — 797
16394 | o | 27 o | 34 532 | — 3'9 | —66'7
17°477 o ) o o e
18546 o o o o e e
Group 1964. 19514 | 1 | 24 | o | 14 534 | — 32| —2572
Means o 12 52'80] — 3'90| ...
Mar. 217552 o 13 o 24 285 | 4100 | — 72§
22512 o] 9 o 10 288 | 4102 | — 595
23346 o 12 o | ‘10 288 | +107 | — 484
24168 o 7 o 5 247 | +12°1 | —41°8 Group 1970.
Means . ) 12 27°70| +10'75
Apr. 18546 1 25 1 20| 422 | 4131 | —492
19'514 | 18 221 | 12 144 438 | +135 | — 348
, 20°495 | 21 278 | 12 158 440 | +13'3 | —21'8
21°469 | 28 22§ | 1§ 119 450 | +135 | — 79
Group 1965. 22417 [ 31 198 | 16 105 | 454 | +136 | + 50
23°432 | 32 121 | 18 67| 450 | +131 | 4 181
24’551 | 15 114 | 10 72 | 453 | +12'9 | + 33°1
Mar. 25444 o 28 o 18 105 | —136 | — 39'0 25'125 | 21 70 | 14 49 451 +12°4 | 4 406
26°444 | 10 8o 6 45 14 | —13°9 | — 250 26°417 6 24 6 24 452 | 4127 | + 57'8
27°506 8 29 4 15 1002 | —136 | — 122 27°'415 o 10 o 16 | 447 | 4126 | + 704
Means . 3 26 1070 —13'70 Means ... | .. o 10 77 4457 | +13°07




TAKEN AT THE ROYAL'OBSERVATORY, GREENWICOH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1887, 55
AREAS and HELIOGRAPHICO POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Area for . Projected Ares fo .
Date. Aren of Group. Mean Mean Loz:g'xtude Date. itz)‘]ea of Group.r Mean Mean I‘O:mt“de
Greenwich Longitude| Latitude Ce::'.:l Greenwich Longitude| Latitnde Ce:otr:al
Civil Time. |gyo 0o “Sr:g%? Umbra. vgggtlf of Group. | of Group. |\ | Civil Time. |yp vgggie Umbra. vgggé? of Group. | of Group. |\ e
Group 1971. Group 1974.
1887. 4 ° ¢ ° 1887. 4 ° ° °
Apr. 27415 6 68 9 {113 2633 | + 11'8 | — 710 | May 8207 | 22 91 11 46 917 {—1r1 | + o1
28429 | 12 97 Iz 97 2629 | + 11'9 | — 57°9 9°'450'| 21 158 1§ 84 192'3 | — 107 | + 1771
29285 39 155 30 119 2631 | + 12°¢4 | — 46°8 10548 15 64 10 39 192'8 | — 102 | 4 3271
c- 30471 | 14 | III 9 68 2625 | + 1272 | — 314 11'246 1 51 o 34 1930 |— 101 | 4 41°§
May 1°546 o 52 o 29 2581 | 4+ 120 | — 21°§
2°126 o 13 o 7 2686 | + 12'1 | — 13°4 | Means . 8 51 192°45 | — 10°53 .-
Means 10 72 261°42| 4+ 12'07
Group 1975s.
Group 1972,
May 9450 ° 24 , 0 17 3rs - | — 32 | =437
] . - . 107548 o 63 o 36 131°8 | — 32 | — 289
May 27126 2 29 2 19 | 2315 59 | — 495 11°246 3 56 3 30 132'3 | — 26 | — 192
3'577 o o o o
4292 3 25 1 13 2334 | — 5§57 | =101 _ 8 121°87| — 200
S's55 | 16 104 | 8 | 53 | 2340 | —4qo |4 pa | Mo o 3WET =3
6101 | 24 74 12 38 2348 | — 44 | + 15°3
7°554¢ | © | 97 o | 6o | 2358 | —51 | 4355
8207 | 13 58 10 41 2364 | — 53 | + 44'8
9°450 o 20 o 21 2369 | — 54 | + 617
10548 | o | 19 o | 39 | 2372 | —4'9 | + 76
Means 4 32 235°00 [ — §5'09 Group 1976,
May 9450 o 12 o 22 102°1 + 76 | —731
10'548 ) 18 o 18 101'7 | + 78 | — 590
11246 6 16 5 13 102°§ + 82 | — 490
Group 1973. Means . . 2 18 102'10 | + 7'87
1 May 2126 ) 103 o 370 | 1909 |4 12'6 | — 811
; 3577 | 49 | 451 | 57 | 521 | 19000 [+ 120 | — 629
4292 | 87 | 461 77 | 413| 189'3 |+ 1274 | — 542
5°555 | 97 453 | 62 289 [ 1913 |4 12'9 | — 355
! 6101 | 99 487 [ 59 289 | 19009 |+ 131 | — 286
f ' 7'554 | 102 524 | 54 277 | 191'1 | + 131 | — Q92 Group 1977.
f 8:207 | 109 564 | 57 292 | 190’9 |+ 130 [ — o7
: 9°450 | 64 503 | 35 zgl 1913 [+ 1227 | 4 161
| 10°548 58 433 35 263 | 191'5 |4 12°5 | 4 30°8
| 11-516 53 320 | 36 220 | 1916 |+ 12'9 | + g0'1 | May 11°246 o 8 o 29 689 | — 22 | —82'6
| 12260 [ 40 242 | 36 217 | 19271 |+ 128 | + 54%0 12'260 I 8 I 11 69'4 | — 1'8 | —687
i 13°575 6 99 | 10 159 | 191°3 |+ 12°2 | + 70°7 13'575 o 27 o 21 70'0 | — o4 —so:6
" 14°499 ° 35 o 154 | 1911 |+ 12°3 | 4 82'7 14°499 ° 16 o 10 700 | + 15 | —38%
1 Means 40 287 | 191'02 | + 12°6% Means 1 18 69'58| — 073
Y




56 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS

AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK~—conitnued.
§ .
Projected Area fo . Projected Area fi
Date. AI]G& of G;gupf Mean Mean melgltude Date. Ar%g of Jr:u;r Mean Mean Lo:;gitude
Greenwich Longitude| Latitude c “;:;I Greenwich Longitude| Latitude Cer:;l
. s . €N s .
Civil Time. | gmpyra, VSV:;S%? Umbra, Vgggé.e of Group. | of Group. Moridian. Civil Time. Umbra, Vgggé? Umbra. Vé’gnga of Group. | of Group. Meridian,
Group 1978. Group 1983.
1887. 4 ° ° ° 1887. 4 ° ° °
May 14°499 o 61 o 36 77X — 88| — 31°3 | May 28161 26 43 14 23 281°7 +20'1 | — 60
15°548 5 147 2 77 783 | — 94| —162 29’123 | 18 54 10 30 | 28274 | +197 | + 74
16526 67 473 35 241 7847 — 94| — 29 3072635 6 16 3 10 283°1 4196 | + 232
17°118 | 123 653 62 331 796 — 92|+ 358
18148 | 191 905 | 104 490 8o'g — 94 { + 203 | Means ... 9 21 28240 [ +19'80
19274 | 203 1116 | 128 701 817 — 92| + 364 -
20°524 | 71 679 | 61 588 83°1 — 91 | + 544
21432 | 41 | 4641 s4 | 599 | 838 | — 9o + 671
Group 1984.
Means ... | ... 56 383 80'35| — 919
May 30265 ) 7 ) 10 1934 | +11°4 | —66'5
Grouyp 1979. .
b 1979 Group 1985.
May 16°526 3 24 3 25 202 | —7'8 | —61°4 ‘
17°118 15 29 12 25 204 — 80 — 534 | May 31407 o] 19 o] 10 246'5 | — 82 | + 1'8
Means ... | ... 8 25 ‘ 203 | — 7'90 .
Group 1986.
Group 1980. June 1571 ° 53 ° 55 1685 | —11'1 | —60%9
2'373 | 2% 142 20 | 11§ 167'5 | —10°9 | —51°2
3214 37 336 24 219 1687 | —10°5 | —38°9
. . . . ‘404 | 10 99 5 54 170°5 | —10'2 | —21'3
May 17:118 f ° 30 o 15 ‘ 69°7 ‘ + 20| — 41 ;r':rw. 4 38 2 20 170'7 | — 9'5 | —10°6
' Means ... 10 93 169'18| — 944
Group 1981. Group 1987,
May 26406 o ‘ 9 l o 11 , 178 , 4 o6 , + 669 June 6487 ' 14 561 18 | 787 95°s —100 | — 68°8
7'321 | 178 641 | 171 614 95°0 — 94 | — 582
8502 | 169 840 | 115 583 950 | — g2 | — 426
9438 | 189 | 989 | 112 | 589 948 | — g0 | — 3073
10°417 zoé 1119 | 107 592 95'0 - gg —_ 17'§
11°434 | 21 1077 | 109 | 54 949 | — o - 3
Group 198z 12°517 | 227 | 1076 | 117 | 557 952 | — 84 | + 107
13°440 | 104 932 | 107 513 949 — 82 | + 227
14°425 | 188 8og | 118 | 507 949 | — 81 | + 357
May 28161 | 10 41 5 21 300'3 | + 63 | + 126 15'447 | 130 623 | 100 | 483 950 | — 80 | + 493
29'123 [ 22 | 113 12 63 300°'1 + 62 | 4 251 16412 | 87 400 | 95 | 437 950 [ — 77 | + 622
30265 | 19 65 1z 43 3008 | + 63 | + 409 17°417 | 32 143 | 67 | 296 95t | — 76 | + 756
31°407 o 21 o] 19 300°8 + 71 | + 861 18106 o 59 o | 311 949 | — 75 | + 844
Means ... | ... 7 37 300'50 | + 648 Means ... | ... 95 | 525 gso1 | — 851




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1887. 67
AREAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Aren for . Projected Area f .
Date, Aroa.of é:zup. Mean T Date. Aren of G::ul;)-r Mean Mean |LOREINe
Greenwich Longitude| Latitude 02:::;1 Greentwich Longitude| Latitude Cfe:::al
Civil Time. |ty ‘g]p?gilf Umbra, \ggg%? of Grox_lp. of Group. Meridian, Oivil Time. Umbra., Vé’ggé.e Umbrs. \g;:tlf of Group. | of Group. Meridian.
Group 1988, Group 1992,
1887. , ° 0 ° 1887. 4 ° ° °
June 9438 2 47 4 91 498 | + o7 | — 753 |July 2'528 8 49 31 | 200 972 | — 7'5 | —82'4
10°417 7 40 7 44 496 | + 172 | — 62'6 3'551 | 21 [ 137 30 | 196 972 | — 7'5 | —689
11°434 | 12 | 63 9 | 48 49'3 | + 1’5 | — 494 4'434 | 43 | 252 | 41 | 241 966 | — 7'3 | —57'7
I2°517 | 13 57 8 35 §0'3 | + o8 | — 342 5'§77 1 59 | 344 40 | 23§ 968 | — 72 | —42'4
13440 | 7 | 25§ 4 | 13 506 | + 09 | —21'6 6'558.1 61 | 367 | 36 | 217 965 | — 73 | —29'8
14°425 o 7 0 3 SI'B | + 10 | — 7% 7°404 | 79 | 391 42 | 209 969 | ~ 71 | —182
8458 | $8 | 403 | 30 | 206 968 | — 73 | — 44
Means 5 | 39 5023 | + I'02 9'471 | 64 | 364 | 33 | 187 969 | — 72 | + 92
10492 | 65 | 334 | 36 | 184 969 | — 7'3 | +22'8
11582 | 46 | 267 | 29 | 172 97'4 | — 72 | +377
12°492 39 | 238 31 188 97'8 | — 7'3 | +50°1
Group 1989, 13429 | 25 | 158 | 28 (176 97'8 | — 770 | +62'5
147418 | 14 84 30 | 186 985 | — 74 | +762
June 17417 9 62 5 31 257 | + 03 | 4+ 62| Means 34 | 200 97'18| ~ 7°28
18106 | 20 85 11 44 264 | + o3 | + 1579
19°501 31 298 19 183 262 + 03 | + 342
20°420 112 6 82 264 | + 06 | + 466
21263 4 | 45 4 | 40 242 | + I'2 | + 555
Means 9 76 2578 | + o'54 Group 1993.
Group 1990. July 5577 8 | 124 4 68 140'1 | —19'0 | 4 09
’ 6558 | 77 | 384 | 44 | 217 1414 | —19'8 | +1351
' 7404 | 75 | 449 | 46 | 276 | 1420 | —19'5 | +26'9
June 18106 o v o 16 293°3 — 58 | — 772 8458 48 281 35 206 1427 | —19°1 | +41'%
19°501 ° 13 o Iz | 2938 | — 54 | — 582 9471 | 32 | 163 31 | 160 1435 | —184 | +¢58
20°420 7 86 6 64 | 29274 | — 54 | —47'4 10492 | 13 86 20 | 135 1432 | —184 | +691
21263 10 89 6 57 2917 — 58 [ —370 11°582 o 13 o 77 1432 | —184¢ | +83'5
22°416 3 66 2 36 291'8 | — 55 | — 216
23476 | o | 69 o | 35 | 2994 | — 59 | — 89| Means 26 | 163 142'30 | —1894
24'143 3 32 2 15 2g0'3 | — 64 | — o2
25196 1 8 ) 4 290z | — §'5 | + 136
Means 2 30 29174 - 571
Group 1994.
Group 1991. : :
' July 5'577 | © | 42 o } 138 §7'5 | + 69 | —817
Junez7'449 | 29 | 197 | 42 | 292 177'3 | —10'8 | —69'4 6558 | 19 | 193 33 | 338 526 | + 71 | =733 |
28513 | 42 | 266 38 | 240 177'7 | —1I'4 | —550 7'404 [ 40 | 379 | 43 | 418 522 | + 72 | =631
29'492 [ 547 | 319 38 | 220 178'0 | —11'7 | —41°7 8458 | 76 | 489 57 | 372 521 | + 76 | —49'1
30273 | 64 | 281 39 | 171 1785 | —11°6 | —31°0 - 9471 | 99 | 532 | 60 | 329 s1'9 | + 75 | —35°8
10°492 [ 109 | 475 59 | 255 §520 | + 77 | —221
July 1413 | 61 | 348 33 | 187 1787 | —11'7 | —15'6 11°582 | 106 | 556 53 | 280 530 [ + 75 | — 67
. 2°628 67 411 35 211 1786 | —11'4 | — I'0 12°492 | 101 491 51 249 540 | + 7°3 + 63
' 3551 | 67 368 | 36 | 194 | 179'1r | ~11'8 | 4130 13429 | 85 | 480 | 45 | 255 547 | + 72 | +19%
4'434 | 57 | 276 | 33 | 159 | 179'8 | —11'7 | +25° 14418 [ 87 | 403 | 52 | 241 54'8 [ + 770 [ +32°5
5577 | 42 | 227 29 | 157 1804 | —11°7 | 44172 15°459 | 62 | 296 45 | 215 5500 | + 69 | 4466
6'558 | 34 | 175 30 | 158 1807 | —I11'7 | +54'4 16460 | 37 | 200 | 35 193 544 | + 70 | +5971
7°404 | 16 98 z0 | 126 1810 | —11'8 | 4659 177458 | 16 74 26 | 120 54'5 { + 66 | +72°5
8458 o 35 o | 105 1807 | —11'9 | +79°'5 18465 ° 15 o 50 509 | + 84 | 4822
Means 31 | 185 17921 | —11°60 Means 40 246 5354 | + 7728
GREENWIOH OBSERVATIONS, 1887, 6 H




68 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN'S8 DISK DEDUCED FROM PHOTOGRAPHS
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S8 DISK—continued.
Projected Area f . Projected Aren f .
Date. Ar:ggcd G:zulg)-r Mean Mean Lor;gltude Date. Argg:cd Gﬁgulg-r Mean Mean Loz;gltude
Greenwich Longitude| Latitude Cex:;lal Greenwich Longitude| Latitude 061:1‘:;1
Civil Time, Umbrs, Vgggilj.e Umbra. Vglsgil;.e of Group. | of Group. Moeridian. Civil Time. Umbra. “S’}:g:? Umbra, “S’]plgll;.e of Group. | of Group. Meridian.
Group 1995. Group 1998—continued.
1887. 4 ° ° ° 1887, 4 ° ° °
Julyz3:418 | 23 96 12 50 2555 | — 92 | — 76 | Aug. 3406 | 21 138 | 12 76 976 — 73 | —202
24'455 | 10 87 5 45 2549 | — 99 | + 55 4’402 | 1§ 144 8 75 97°6 — 73 | =70
25089 | 36 | 140 20 75 25500 | — 98 | +13'9 5406 | 26 1531 14 79 976 — 76 [+ 63
26531 | 51 | 381 34 | 254 260'3 | —100 | +38°3 6487 | 17 131 10 72 97'8 — 7’4 | 4207
27403 | 70 | 636 6z | 531 261°4 |.—102 | +450°Q 7°206 | 18 119 | 1L 71 97's — 75 | +300
28437 | 70 | 513 92 | 640 2613 | —102 | 4646 8538 6 33 5 26 976 — 71 | 4476
29206 | 21 | 364 58 | 813 2624 | —103 | +758 9'573 5 24 6 26 973 ~ 72 | +60'g
Means 40 | 344 | 258'69| — 9'94 Means 9 | 66 [ 9753 | — 7'49
Group 1996.
July 24455 o 13 o 18 1820 | —13" —67°4
25089 | 4 | 18 4 19 182°0 —13'40. —59'1 Group 1999.
26°531 4 20 3 14 182°4 | ~132 | —39'6
27°403 4 18 2 11 1825 | —13°3 | —280
8- . —_12 —1dr
25437 ° T ° 8 1819 128 148 July 31458 | 13 | 161 19 | 247 86's | — 54 | — 703
M . —qa
eans z ' 18216 1304 Aug. 1’530 | 31 | 293 28 | 272 86's | — 49 | — s6°1
2688 | 43 | 423 29 | 288 868 | — 46 | — 419
3406 | 36 | 412 [ 22 | 245 873 | — 46 | — 308
4402 | 27 ] 385 16 | 203 880 | — 47 | — 166
5406 | 54 | 575 | 28 | 295 90'3 | — 48 | — 10
Group 1997. 6487 | 73 | 630 39 | 332 90’9 | — 49 | + 13°8
7206 | 89 | 636 | 49 | 354 909 | — §3 | + 2374
8538 | 53 |433 | 37 | 297 91'6 | — 50 | + 41'6
July 30°544 o 23 o 30 1029 | —11°2 | —65°9 9'573 | 17 | 263 16 | 243 925 | — 4'7 [ + 561
31458 3 40 3 35 1040 | —107 | —52°8 10°512 o | 115 o | 167 928 | —'44 | + 690
Aug. 1'530 5 39 3 26 104'4 | —10'9 | —382 | Means 26 | 268 89'46| — 485
2°588 6 38 3 21 1062 | —107 | —22°5
3°406 4 48 2 26 106°5 | —10°6 | —11°3
4402 | 11 26 [+ 6 14 1065 | —10°¢ | + I°9
5°406 3 20 1 11 1067 | —109 | +15°4
6487 o 15 o 9 106'5 | —10°3 | +29°¢
7°206 o 6 o 4 1060 | —104 | 4383
Means 2 20 105°'52 | ~—10'68 Group 2000.
July 31458 3 49 5 70 866 | + 11'3 | — 702
Group 1998,
Aug. 1530 6 | 130 5 | 113 866 | + 111 | — 560
2'588 | 10 90 6 61 86'8 | + 114 | —41'9
July 30544 o 39 o 64 976 | — 79 | —71'2 3406 | 13 65 7 38 867 | 4+ 116 | — 31°1
31458 8 77 9 79 97's — 77 | —59'3 4'402 2 23 1 Iz 870 | 4+ 117 | — 176
57406 1 14 1 7 873 | +11'9 | — 40
Aug. 1530 | 15 105 | 11 76 97°2 — 77 | —45'4
2688 | 19 130 | 11 79 97°§ — 77 | —31'2 | Means 4 51 86'83 | + 11'50




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1887. 59
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK-—continued.
Projeoted Ares f . Projeoted Areaf ;
Date. ﬁi’?"f G::‘ll(;-r Mean Mean Longitude Date. Argg%f Groul‘;-r Mean Mean Longitude
Greenwich Longitude| Latitude C::::l Greenwich Longitude| Latitulle Of:l?;ll
Civil Time. | gpmbra. Vgggtlf Umbra., Vg:)lg‘lhe of Group. | of Group. Moridian, Civil Time. | mpes, Vgggé' Umbra. Vgggk of Group. | of Group. Meridian.
Group z001. Group 2005,
1887. d ° ° e 1887. o o ° o
Aug.13°573 4 | 199 6 | 193 2716 | = 9's | —71'9 Aug.27'569 o 25 o 32 2259 | 4+ 4¢ | + 674
14§36 | 12 | 12l 12| 123 | 272'3 | — 9'6 | —58'4 28231 o | 30 o | 66 | 2272 | + 46| + 775
15°535 | 16 | 135 11 | 100 273'1 | — 96 | —44'3 :
16338 | 29 | 142 18 88 2746 | — 9'8 | —32'2 | Means o 49 | 22655 | + 450
17243 | 25 | 144 14 80 2756 | —100 | —19°2
18661 18 | 107 9 56 2771 | — g4 | + 10
19'586 | 7 | 53 4 | 28 | 2780 | — g7 | 4141
20°554 7 29 4 17 | 2788 | —10'2 | 4276
21'183 o 13 0 8 2792 | —10'6 | 4363 Group 2006.
Means 9 | 77 | 27559 — 9'82 '
Sept. 34511 6 | 97 3 | 52 | 858 | — 59 +182
4464 | o | 37 o | 2z | 81 | — 65| +299
Means 2 37 8495 | — 620
Group zooz,
Group 2007.
Aug.13°573 o 25 o 81 2614 |+ 9'3 | ~— 821
14536 | 9 | 5o [ 13 | 69 | 261’5 [+ 93 | ~ 692 ,
15535 15 89 13 8o 261'4 [+ 94 | — 5670 | Sept.13°459 o 12 o 10 246'0 | — 69 [ — 49
16°338 | 20 | 123§ 14 87 261'8 [+ 94 | — 450 14'436 3 23 2 15 2458 | — 66 — 36
17'243 | 29 | 133 17 80 2620 |+ 98 | — 328 15°481 o 12 o 6 2464 | — 63| — 222
18661 | 31 | 166 16 85 262'0 |+ g9 [ — 141
19'586 | 1t 80 6 40 262’2 |+ 100 | — 17 | Means ... ) 1 10 24607 | — 6'60
20°554 | IO 41 5 20 261'8 | 4 100 | + 10°6 )
21°183 7 24 4 13 262'0 |+ 100 | + 191
22452 | 7 | 2§ 4 | 15 | 2615 |+ 10 | + 354
Means 9 57 261°76 | + 975 Group 2008.
Sept.14°436 1 38 1 31 2303 | + 54 | — 524
15481 | 6o | 4oz 38 | 250 232°3 | + 46| — 363
16°538 | 107 | 582 58 | 316 2330 | 4+ 46| — 218
17°185 | 110 | 822 56 | 428 2323 | + 49| — 139
Group 2003. 18193 | 159 942 8o 508 2331 + 47 4+ o2
19275 | 129 | 844 | 67 | 437 | 2321 | + 51 + 13§
20453 | 96 | 685 56 | 397 | 2330 |+ 52| + 299
Aug.16°338 o 10 o 7 262'6 | — 169 | — 442 21290 | 85 | 5§32 59 | 360 2340 [+ 471 + 419
' v 22491 | 42 | 312 41 | 296 234'9 | + 48| + 587
23304 | 33 [ 235 | 47 | 341 | 2358 | + 46| + 7073
24085 7 85 13 | 173 | 2314 | + 54| + 763
Means 47 | 321 23293 | + 491
Group z2004.
Aug.z0'554 o 12 ) 24 | 1785 | — 150 — 727 :
21'183 o 19 o 24 1787 | — 14'9 | — 642 Group 2009.
22'452 o 15 0 12 1779 | =— 150 | — 482
Means o 20 17837 | — 14°97 Sept. 24'085 8 22 l 6 l 14 l 190°0 | ~—I5'1 | + 349

5H2



60 AREAS AND HELIOGRAPHIC POBITIONS OF SPOT GROUPS ON THE SUN’S DISK DEDUOED FROM PHOTOGRAPHS
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK—continuéd.
Projected Area for : Projected Area for ;
Date. _ Ar]ea of Group. | Mean Mean :Fao;gxtude Date. Al'Lﬂ-of . Group. Mean Mean Lo?gltude
Greenwich Longitude| Latitude Oe 1:;1&1 Greenwich Longitude| Latitude Cel:;lal
Civil Time. | 17 pre. Vgll;&l'e Umbrs, Vg;gg of Group. | of Group, | - . | OivilTime. | gmpr, vggg? Umbra, Vs?;;’éf’ of Group. | of Group. | -
Group zo1o. Group 2014.
1887. d ° ° ° 1887. a o -] o
Oct. 22371 17 82 12 54 862 — 50 | + 387 | Oct. z0°200 o 6 o 8 1060 | — 31 | — 64'6
3163 | 21 | 103 17 86 870 — 50 | + §51'7 21'466 2 10 z 7 1069 | — 30 | — 470
4140 | 11 53 14 64 867 — 5T | 4 643 22427 o 12 . o 7 107'5 | — 2'8 | — 336
23'532 o 7 o 4 1088 | — 24 | — 178
Means 14 68 8663 | — 503 24'463 o 18 ° 9 1057 | — 2°3 | — 87
25°435 ) 12 ) 6 1088 | — 22 | + 73
26428 o 5 o 3 111'0 | — 24 | + 22°3
27283 o 18 o] 11 107°9 | —~ 27 | + 307
28210 ) 20 ) 14 108'5 | — 20 | + 436
29°428 o 2 o 2 110'3 | — 21 | 4 614
Group zo11. Means ) 7 10814 | ~ 2°50
Oct. 4140 8 43 5 25 450 | —11°0 | + 22°6
5143 | © 7 o 5 454 | —108 | 4 3672
6276 2 1g 1 13 460 | —12°4 | + 517
Group 2015,
Means 2 14 4547 | —11°40
Oct. 24463 o 9 o 5 1289 | —12°3 | + 1478
25°43§ o 22 o 13 129°'8 | ~12°3 | + 283
26°428 8 24 6 17 130'1 | —117 | + 41'4
27283 2 11 2 10 1306 | —11'3 | + 534
Group zorz. Means 2 11 129'85 | —11°G0
Oct. 18147 4 29 4 32 | 1345 | — 1°9 | — 631
19°175 | 22 203 | 17 156 | 1350 | — I'6 | — 49'1
20°200 | 39 295 | 24 185 | 1340 | — 11 | — 366
21°466 | 51 578 | 28 311 | 1342 | — 05 | — 197
22'427 | 24 524 | 12 267 | 13572 | — 0’3 | — 59 Group z016.
23'632 | 28 265 | 14 136 | 1360 | + ©'3 | + 94
24463 | 14 183 8 101 | 1370 | + o4 | 4 22°6 : .
25435 | 12 68 7 42 | 137°s | + 04 | +36'0) Oct. 3174491 3 | 32 z | 22 655 | + 20| + 432
26'428 | 10 30 7 24 | 1386 | + o2 | + 499 | Nov. 1157 0 4 o 3 669 | + 16| + 539
27'283 2 13 2 13 | 1374 | — o1 | + 6oz ,
' Means ... | ..., 1 13 662 | + 180
Means 12 127 | 135°94 | — 0742
. Group 2017,
Group zo13.
Nov. 35409 3 40 1 | 130 2362 | — 774 | —80'6
Oct. 197173 o 4 o 2 1494 | — g0 | —347 6475 | 16 | 107 21 143 2358 | — 79 | —671
20°200 o 36 2 21 14777 | —10'0 | =22°9 7'191 | 23 | 140 22 | 134 2360 | — 81 | —574
8162 | 30 | 159 22 | 116 2358 | — 82 | —4q4'8
Means 1 12 14855 — 9g'50 9'304 | 34 | 190 20 | 112 235'8 | — 81 [ —29'7




TAKEN AT THE ROYAL OBSERVATORY, GREENWIOH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1887. 61
AREAS and HELIOGRAPHIO POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Aren for . Projected Area for :
Date. Avea of Group, Moan Mean [LO0€itude Date. Area of Group. Mean Moan Loz;gxtude
Greenwioh Longitude; Latitude Ofax;::l:-:,l Greenwioch Longitude| Latitude 0:::&1
Oivil Time. | gyura. Vgggéfs Umbrs. ‘gggé? of Group. | of Group. Meridiaz, Oivil Time. | gryre \g}l)xgtlj.e Umbra. Vgggé.e of Group. | of Group. Meridian.
Group zo017—continued. Group 2021,
1887, 4 ° ° ° 1887, 4 ° ° °
Nov. 10296 | 34 | 181 18 96 2362z | — 80 | —16'2 | Dec. 3'518 | 15 150 | 48 489 | 22353 — 80| —8ro
11'§72 | 24 | 141 13 72 2361 | — 80 | + oy 4189 | 66 414 | 136 850 | 2217 — 79| — 758
12227 | 24 | 123 12 65 2366 | — 79 | + 96 5436 | 96 842 | 89 808 | 222°8 — 76| — 582
13'172 17 79 9 44 237°1 —~ 80 | 4223 6198 | 141 1084 | 107 833 | 22211 — 76 | — 489
14'186 | 10 48 30 2375 | — 79 | 41363 7'503 | 116 | 1285 | 70 763 | 2228 -~ 72 | — 311
15'168 2 16 2 ‘13 2378 | — 82 [ +496 8211 [ 178 | 1225 | 97 670 | 2221 - 75 | —22'¢
16:186 ) 7 o 8 237'9 | — 82 | +631 9427 | 49 | 1091 | 2§ 557 | 222'9 — 69| — 355
10181 | 158 1152 79 581 | 2237 — 741 + 52
Means 13 8o 236'57 | — 7'99 11'i8g | 93 896 | 31 476 | 224°2 — 79| + 189
12207 | 71 677 | 43 41z | 2249 — 80| + 330
13°177 | 68 504 | 30 369 | 2254 | — 82| + 462
14427 | 43 294 | 48 324 | 2254 — 80| + 62'8
15°191 | 28 175 | 47 295 | 2253 — 79| t727
Group 2018,
Means 68 571 | 22374 | — 7'62
Nov. 7:191 1 12 ) 7 | 2698 | + 55 | ~236
8162 o 3 o 2 2715 | + 69 | — 91
Means o 5 27065 | 4 620
Group zozz,
Dec. 9'427 | 10 | 100 6 5 2036 —14'4 | — 248
Group 2z019. !g“}.Sl 55 | 244 30 xz; 202'4. —xi-? -— 11‘1
11°189 | 45 | 203 24 | 104 205'3 —14'6 o'o
12'207 | 20 | 161 B 86 | 2049 —14'4 | + 130
Nov.ir'572 | o 4 o 9 | 1602 | — 177 | ~ 755 134177 | 2 | 32 1 18 | 2070 | —14'5 | + 278
12227 o 12 o 16 160'g | — 181 [ — 661
13172 | 3 | 27 3 | 25 | 161’1 | — 180 | — 53'5 | Means 14 | 79 | 20504 | —1448
14'186 6 40 4 27 1619 |'— 181 ) — 393
15168 o 43 o 26 162'z2 | — 181 | — 260
16186 3 28 2 15 162'8 | — 181 | — 12°0
17°'449 | 21 | 54 | 12 | 29 | 1638 | —174 | + 58
18'318 5 20 3 11 123'6 —177 | + 169
19°'448 o 13 o 8 1628 | — 181 | + 311
zg'ﬁar I 6 1 5 1634 | — 178 | + 417 Group z023.
| Means 3 17 162°27 | — 17°91 D ) ‘ ‘ . l ) ' .
ec. 12°207 3 12 2 9 2391 | — 69| + 472
Group 2020,
‘ Group 2024.
| Nov.11°572 o 21 o 8o | 1545 | — 177 | — 812
% 12°227 7 47 14 go 1540 | — 181 | — 730
13°172 16 | 101 18 111 154°1 — 183 | — 605 | Dec. 14427 | 15 112 | 40 307 831 - 75 | —79'§
14186 28 105 22 83 154°1 — 183 [ — 471 15191 | 113 5§75 | 202 1030 788 - 74 | — 738
15168 | 5 | 66 3 | 43 | 1539 | —187 | — 343 16551 | 126 | 1036 | 108 | 919 | 794 | — 76 | —55°3
16186 3 26 2 {.15 1537 | — 189 | — 211 17°474 | 164 | 1275 | 113 876 800 | — 78 | — 42'%
18473 | 162 | 1209 | 94 701 807 | — 79 | — 286
Means . 10 70 15405 { — 18'33( ... 19-288 | 256 | 1458 | 135 773 80's | — 80 | — 180
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AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN’S DiSK DEDUCED FROM PHOTOGRAPHS, 1887,

ARpAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'8 DIRE—continued.

Projected Ares fo . Projeoted Area for
Date. ir la e Grdup.r Mean Mean Lm;gltude Date, ‘Area of Group. Mean Mean Loxflg-itude
Greenwich Longitude| Latitude Ce::: ] Greenwich Longitude| Latitude Oe:’t!:al
Civil Time. | {ypoea Vislgg%? Umbra. Vgggille of Group., | of Group. Moridian. Civil Time. Umbra. Vgl;g%j Umbrs. \gggé? of Group. | of Group. Meorldian,
Group z0z4——continued. Group z0z3,

1887. 4 ° ° ° 1887. 4 ° ° °
20°207 | 242 1418 | 123 722 80°3 — 779 | = 61} Dec.21'282 | 21 87 1 47 531 | —12°8 | —19'3
21282 | 241 | 1553 | 123 797 820 | — 81 | + 96 22214 | 14 | 138 7 70 §53's | —128 | — 66
22°214 | 191 | 1336 | 104 726 821 | — 80 | + 220 23'301 | 26 | 134 14 69 538 { —13°3 | 4+ 81
23301 } 122 | 1133 | 78 716 824 | — 82 | 4 367 24210 | 17 | 120 9 65 536 | ~13'3 | +19'9
24'210 | 123 852 | 94 651 825 | — 85 | + 488 25214 | 12 46 7 29 5§36 { —12'9 | +33°1
25214 | 76 608 | 83 666 833 | — 86 | + 628 26°483 2 24 1 19 547 | —136 | +509
26483 | 10 135 | 27 368 836 | — 82z | + 798 27°262 2 10 z 24 552 [ —137 | +61°6

Means 102 712 8144 | — 798 Means 7 46 53'93| ~13°20




ROYAL OBSERVATORY, GREENWICH.

TOTAL PROJECTED AREAS OF SUN SPOTS

FOR EACH DAY,

MEAN AREAS AND MEAN HELIOGRAPHIC LATITUDE

OF

SUN SPOTS AND FACULAZE
FOR EACH ROTATION OF THE SUN,

AND FOR THE YEAR

1887.



64 TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FAoUL®E
TOTAL PROJEOTED AREAS OF UMBRZ, WHOLE SPOTS, AND FACULZ UPON THE SUN’S DISK FOR EA0H DAy
' IN THE YEAR 1887, :
The Projected Area is the area as it is measured on the photograph, uncorrected 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.
Projected Area, ~ Projeoted Area. Projected Area. Projected Area.
&ﬁnﬂh grq§n%fich gfre.fn’gich gzrqelan%v'ich
e. 1V1 1me, 1Vl ime. 1V1 ime,
Umbrz. ggloﬁ? Facnlm, Unbre. ‘g&%‘f Faoule. Umbrs. vsvglo‘;: Faculm, Umbrs. g;‘&l,f Facul,
4a d d d
Jan, I o | Feb., 231 | 46 228 | 5§75 | April 164 o 27| 199 | June 73 | 178 641 | 802
2'2 | 48 246 | 507 24'3 | 28 180 | 228 17°5 o o 184 85 | 169 840 | 477
32| 24 152 | 291 25°§ 8 135 e} 18°5 1 25 53 9'4 | 191 1036 | 384
42| 19 94 | 226 264 9 42 99 19'5 | 18 245 88 104 | 208 | 1160 | 564
55 | 19 51 | 292 276 o 52 o 20°5 | 21 278 | 103 g | 228 | 1140 | 564
62 12 58 | 431 284 | 26 221 | 584 21°5 | 28 225 o 12°5 | 240 | 1133 78
72 8 22 | 358 22°4 | 31 198 | 236 134 | 202 957 o
82 6 15| 350] Mar. 12| 16 143 | 438 234 | 32 121 | 159 144 | 188 816 o
92 o |. o o 22 o 57 | 485 246 | 15 114 o 154 | 130 623 84
{0 34 o o| 497 261 | 21 70 | 284 164 | 87 400 [ 293
11°3 o o o 4'3 o o] 453 264 6 24 | 391 174 | 41 205 | 376
12°2 o o o 51 o ol =211 27°4 6 78 | 402 181 ] 20 151 | 671
13°2 o o ) 60 o o o 284 | 12 97 | 121 19'5 | 31 310 [ 190
142 o o 406 72| - o0 o} 137 29'3 | 39 155 | 762 204 | 1§ 198 | 12§
15°2 o o] 420 84 o o] 143 30°'§ 14 111 326 21'3 15 135 218
1672 o o 193 9z o o 6o _ 224 3 66 | 115
175 o o| 196 1072 o 24 | 136 | May 15 o 52 | 247 23'5 o 69 o
18°3 ) o} 112 11°§ 1 1z-| 130 2°1 2 145 | 10§ 241 3 32 51
19°3 4 10] 136 12°§ o o o 36 | 49 451 | 361 252 1 8 o
205 o 58 o 13°§ o ) o 43| 89 485 | 468 262 o o 82
21°5 12 65 o 142 e] o| 191 6 | 113 557 o 27'4 | 29 197 | 484
222 | 13 671 197 15°3 o < e} 61 | 124 561 o 285 [ 42 266 | 422
233 | 10 34 | 452 16°3 o o 152 76 | 102 621 99 295 | 54 319 | 340
245 ° 75 84 1734 - 7 29 | 352 82 | 144 714 | 242 303 | 64 281 96
255 | 2% 279 | z2I1 184 9 55 | 422 95 | 86 717 | 472
26°5 | 32 262 | 148 19°4 | 12 95 | 484 105 | 73 596 | 460 | July 14| 61 348 113
272 | 61 327 | 869 202 | 38 131 | 651 11’z | 65 452 | 1528 2’5 | 75 460 65
283 | 52 263 | 378 216 | 10 100 | 387 123 | 41 250 | 721 36| 88 504 | 242
29'3 | 40 355 | 347 y 22°5 | 10 | ‘152 | 336 136 6 126 | 630 44 | 100 528 | 458
30'5 | 36 454 | 147 233 o 12 | 131 14°% o 112 | 219 56 | 110 738 | 449
31z | 85 | 567 183 242| © 7| 104 1555 | 5 | 147 o 66| 190 | 1118 | 629
254 o 28 70 16'5 | 70 497 | 254 7°4 | 210 | 1316 | 772
Feb. 1'3 | 50 337 | 239 264 | 10 8o | 641 17°1 | 138 712 | 243 85| 182 | 1207 | 942
24 | 22 211 | 193 27'5 8 29 | 444 181 | 191 911 143 9'5 | 194 | 1059 | 142
34 | 37 187 | 699 284 o o 192 19°3 | 203 1116 | 190 10°5 | 187 895 81
42| 36 168 | 807 29°4 o o| 401 205 | 71 679 | 458 116 | 152 836 56
54 9 42 163 30°3 o] 18 532 21°4 | 41 464 | 218 12°5 | 140 727 | 231
65 6 35 o 312 | 11 43 | 448 22° 13°4 | 110 637 | 310
7'2 o o| 128 235 o o| 104 144 | 101 487 | 586
82 o o| 100 | April 15| 14 49 | 346 24°2 o o o 15°5 1 62 296 | 126
9z o o o 241 -3 13 63 283 o ol 212 165 | 37 200 | 227
102 | ‘o ol 11§ 32 3 14 o 26'4 o 9| 408 175 | 16 74 86
11°5 o o| 10§ 44 o 4| 120 27°1 o o| 703 185 o 15 108
12°4 o o| 132 52 o o| 119 282 [ 36 84 | 497 19°4 o o o
132 o o| 18g 6 29°1 | 40 167 ) 20'4 o o ©
14'2 o o 97 7°2 o o o 30°3 | 2§ 89 | 398 21°5 o o e}
15°3 o) o| 187 85 o o 26 314 o 40 | 723 224 o o o
165 ) o| 181 95 o o 91 234 | 23 96 o
17°2 7 25 | 134 10°1 o o 92 | June 16 o 531 1333 24’5 | 10 100 | 209
18°3 17 140 | 379 Ir°1 o o] (o] 2°4 | 2§ 142 | 412 25'1 |- 40 158 563
192 | 42 228 | 3515 12°4 o 13 65 32| 37 336 | 158 265 | 56 402 o
205 | 24 174 950 13°3 ° 16 | 287 44 10 99| 391 27 74 654 | 424
z1°5 | 18 180 | 513 144 o o| 264 52 4 38 | 1367 284 | 70 527 | 442
222 | 42 201 | 869 15°5 o 5| 146 ' 65 | 14 561 | 414 29'2 | 21 364 | 203




UPON THE SUN'S DISK FOR EACH DAY IN THE YBEAR 1887.
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TOTAL PROJECTED ARBAS OF UMBRXE, WHOLR SPOTS, AND FACULAE—concluded.
Projeoted Area. Projeoted Area. Projected Area. Projected Ares.
Giv “Famo, ' i Tinmo, ' Givi Timo. Givi Toma
me. Vi me. 1V1. ime. G.
© |Umbre. gll)?tl: Facule. Umbre. \g;‘:t’l: Faoulwm, Umbre. VSV:;’J: Faculw. Umbrs, vsv;t)?: Faculm
dj ’ q qa d
July 30°5 o 6z | 365 Sept. 61 o o| 8oz | Oct. 154 o o o | Nov. 230 o o o
31'5 | 28 327 | 3§31 74 o ol 113 16'3 o o o 242 o o -]
85 ) e 37 17°5 ) o 56 253 ) o 0
Aug. 15| 6 568 | 568 9'6 0 o| 204 181 4 29 | 168 262 ) o| 364
26| 78 680 | 138 10§ o o| 256 19'2 | 22 207 | 666 272 o ol 277
34| 73 663 | 326 1§ 4 ) o 247 202 | 42 337 | 761 282 ) ol 363
44| 356 577 | 180 12°6 ) o| 285 21°5 { 53 588 | 261 292 o o| 228
54| 84 | 761 123 1357 o 12 | 45 224 | 24 | 536 ° 30'3 o o 98
65| 9o 777 o 144 4 6o | 141 23'5 | 28 272 o
7'2 | 107 761 ) 155 | 6o 413 o 24'5 | I4 209 o| Dec. 12 o o o
85| 59 466 o 16'5 | 107 582 ) 254 | 12 102 o 22 o o| 226
9'6 | 22 287 | 545 172 | 110 822 o 26'4 | 18 6o o 3'5 15| 150 132
10'§ ° 115 | 330 182 | 159 | 942 | 318 27'3 5 43 | 544 4'2 66 | 414 | 706
116 o o | 428 19°3 | 129 844 | 360 282 o 20 | 342 54 96 | 842 | 30§
12°6 ) o| 233 205 | 96 685 o 294 ) 2| 253 62 141 | 1084 | 678
13'6 4 134 | 279 21'3 | 83 532 | 272 30§ o o| 279 75 | 116 | 128% o
14'5 | 22 171 707 22'5 | 42 312 | 786 31'¢ 3 32 90 82 178 | 1225 o]
155 & 30 225 | 389 23’3 | 33 235 | 1146 9’4 59 | 1192 °
163 | 48 277 | 642 24'1 | 13 107 | 880 | Nov, 12 ° 4| 189 102 | 213 | 1395 | 216
172 | 54 279 o 25'3 o o| 416 24 ) o] 111 1I'2 | 140 | 1099 o
187 | 49 273 o 263 o o| 103 3'2 o 0| 200 12'2 94 | 850 | 200
19'6 | 18 133 | 139 27°4 o o o $4] o o 43 132 70 | 536 | 236
206 | 18 82 | 155 286 o ) o 54 3 40 | 114 144 58 | 406 | 221
212 7 56 11 29'4 o o| 104 65 16 107 | 256 152 | 141 | 750 | 934
22°§ 7 40 | 182 30'4 o o | 300 7'2 | 24 152 | 479 166 | 126 { 1036 | 304
23’5 o o 1395 82 30 162 | 274 17°s | 164 | 127§ )
24°5 o o 399 | Oot. 15 o o] 430 9'3 34 190 o 185 162 | 1209 °
251 o o| 513 2'2 | 17 82 75 L10°3 | 34 181 70 19'3 | 256 | 1458 8o
264 ° o| 345 3'2 | 2t 103 54 16 | 24 166 47 202 | 242 | 1418 21
27°6 o 25 | 354 41| 19 96 | 438 12z | 31 184 | 371 21°3 | 262 | 1640 | 119
282 o 30| 350 5’1 o 7| 190 132 | 37 207 | 195 22'2 | 205 | 1474 | 204
29'4 ) o| 518 63 2 15 | 419 142 | 43 193 | 203 23'3 | 149 | 1267 27
304 o o| 164 73 o o| 326 15°2 7 125 | 576 24'2 | 140 | 972 | 373
314 o ] o 81 ° o| 141 16'2 6 61 | go7 252 88 | 655 | 717
92 0 o | 266 17 21 54 | 109 265 1T | 160 | 382
Sept. 14 ) ) ) 10'3 ° o | 420 18'3 5 20 | 173 273 2 10| 383
2'3 <] o o 11°4 o o 127 19'4 o 13 o 283 o] o 214
3'5 6 97 ° 12§ o ) o 202 I 6 ) 2g'2 ) o| 287
45 ) 37 o 13'2 o ° ° 212 o 0| 272 302 o o] 368
57 o o| 369 14'3 o o o 222 ) o| 196 312 24 | 108 | 357
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MEAN AREAS OF UMBRZ, WHOLE. SPOTS, AND FACULZE UPON THE SUNS DISK ON PHOTOGRAPHS

MEAN AREAS of UMBR.AE, WHOLE SPOTS, and FACULZE upon the SUN'S DISK, as measured on PHOTOGRAPHS
taken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DON, INDIA, and in MAURITIUS, for each
ROTATION of the S8UN, 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 expréssed (as in former
years) in milliohths of the Sun’s visible hemisphere.

The rotations adopted in the following table (which ig in continuation of those for the years 1873-1884, 1883,
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 agsumed prime meridian being that meridian which passed through the ascending node at
mean noon on January I, 1854, and the assumed period of the Sun’s sidereal rotation being z5°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.8.), No. 1 being the rotation commencing
1853, November 9. The dates of commencement of the rotations are given in GREENWICH CIivIL TIME,
reckoning from midnight.

Mean of Daily Aress.
No.of | Dateof C feach | omwhich:
Q. te o ment of eac on whi 3 i
Rote t;on. a 011%1;1&1;?:11' ol eac Phgtogr:;) he Projected. Oorrected for Foreshortening.
were taken.
Umbre. {Whole8pots.| Faculs. Umbre. |WholeSpots.| Faculea.
a

444 1886 December ¢-89 27 49 341 254 32 232 324
445 1887 January 622 26 18 131 216 11 go 27§
446 February  2'56 27 14 89 303 11 72 357
447 March 189 27 4 30 252 ‘3 28 304
448 March 29°20 27 7 55 159 4 35 188
449 April 25°47 26 65 417 349 43 309 376
450 May 22°70 27 77 397 349 52 2o 402
451 June 18:90 27 82 483 264 6o 352 304
452 July 16°10 27 37 320 223 29 255 265
453 August 12°32 28 9 65 246 b6 54 302
454 September 8-57 27 47 216 301 21 141 351
455 October 684 27 8 91 197 5 53 228
456 November 214 28 11 66 208 9 56 247
457 November 2945 27 118 879 229 86 644 251

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.

MEAN AREAS of UMBR.E, WHOLE SPOTS, and FACULZE upon the SUN'S DISK, as measured on PHOTOGRAPHS taken
at the ROYAL OBSERVATORY, GREENWICH, at DEERA DON, INDIA, and in MAURITIUS, for the YEAR 1887,

Mean of Daily Areas.
No. of days
Year, Pho &%gﬁhwem Projected. Correoted for Foreshortening.
en.
Umbre. Whole 8pots. Faoculs. Umbree. ‘Whole 8pots, Faoulm
1887 361 37 243 256 26 179 301
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MEAN HELIOGRAPHIC LATITUDE of the SPOTS upon the SUN’S DIEK, as measured on PHOTOGRAPHS taken at the
ROYAL OBSERVATORY, GREENWIOH, at DEHRA DUN, INDIA, and in MAURITIUS, for each ROTATION of the
SUN, from 1886 December g to 1887 December 26.

The numbers éiven in the accompanying table have been formed as follows :—

The Heliographic Latitude of each Spot for each day has been multiplied by its Area (corrected for fore-
ghortening), 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 Heliographic Latitude of Spotted Area North of Equator; simnilarly for Spets
South of the Equator. In forming the Mean Heliographic 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.

X Date of No. of Days Spots NoRTH of the Equator, { Spots SouTR of the Equator. Mean Mean
o:. Oommenozmen ¢ on which Heliographic | Distance from
M M Mean- Mean t ; =
Rotation.| of each Rotation. Fhotographe of S:ﬁ Helioeg:l.1 hic of 15.:?1 Heliographie Latitude of ontire Bquator
« | were taken. Arens, Lotitude. |, Aress, Latitude. Spotted Area. of all Spota.
d o L] L] o
444 | 1886 Dec. 989 - 27 67 1812 165 9'84 — 178 12'23
445 | 1887 Jan. 622 26 o 9o 437 — 4'37 437
446 Feb., 2°56 27 44 1109 28 7°81 + 372 981
447 Mar. 1'89 27 24 10°53 4 12'92 + 732 10°86
448 Mar. 2920 27 33 13°44 2 431 + 12°28 12°84
449 Apr. 2547 26 165 12°50 144 869 + 2765 10'73
450 May 2270 27 19 §'05 271 872 - 7'83 848
451 June 1890 27 123 6'93 228 1076 — 456 9'22
452 July 16°10 27 25 890 231 7°48 - 590 7°62
453 Aug. 12'32 28 24 869 30 982 -~ 1358 932
454 Sept. 857 27 131 488 10 623 + 411 497
455 Oct. 684 - 27 12 0’55 42 175 - Iz 1'49
456 Nov. 2'14 28 1 5'73 56 1165 — 11'55 1162
457 Nov. 29'45 27 o 644 805 — 8905 805

MEAN HBELIOGRAPHIO LATITUDE of SPOTS upon the SUN'S DISK, as meagured on the PHOTOGRAPHS taken at the
RoYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDI1A, and in MAURITIUS, for the YEAR 1887,

8 NorT the E . .
No. of Days pots H of the Equator. Spots SouTH of the Equator Mean Heliographio | Mean Distance
YEAR. Poh%tggl-lx}agghs ¥ " Mean Hall b . . Mean Hll ni Latitude of entire | from Equator of
ean o ean Heliographio ean of | ean Hellographio
were taken. Daily Areas. Latituge. Daily Areas. Labituge. P Spotted Area. oll Spota.
o a (-] o
1887 361 44 + 875 134 — 834 - 409 8'44

NoTE.—In the computations for forming the corresponding Tables given in the Volumes for 1884 and 188g
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 7°¢ to 8%4, both inclusive ; and the corresponding mean latitude should have been taken
as 7°g5 instead of 8°. The Mean Heliographic 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 — 005, The Mean Latitude of the entire Spotted Area requires the following correction :—

Mean Area N. — Mean Area S,
Mean Area N, + Mean Area S,

These corrections have been applied in computing the Mean Heliographic Latitudes and Mean Distance from the
Equator given in the above Tables for 1887, and in the corresponding Tables for 1886.

- o%05 X

8513



