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GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC
RESULTS, 1888.

INTRODUCTTON.

§ 1. Spectroscopic Observations in the Year 1888.

The spectroscope used for these observations was mounted on the South-east
equatorial, the object-glass of which (made by Merz and Son of Munich) has a clear
aperture of 128 inches, with a focal length of about 17 10

This section contains :—Measures of Displacement of Lines in the Spectra of
Stars, of the planet Mars, and of the Moon and Sun; Collected Results for Motions
of Stars in the line of Sight ; and Observations of the Spectra of y Cassiopeie, Mira
Ceti, « Orionis, « Herculis, 8 Lyrse, R Cygni and P Cygni, and of Comets @ and ¢ 1888.

The measures of displacement of lines in the spectra of stars were made with a
micrometer in the viewing telescope of the * Half-prism” Spectroscope. The
eye-picce used gives a magnifying power of 14. listimations 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. 1™ of the screw for opening the slit
corresponds to 0°01 inch, or 10”. It has not been thought necessary to give in
detail all these particulars of the reductions. The values used in each case may be
inferred from the observed motion, which is the algebraic sum of the concluded
motion and of the Earth’s motion. A displacement of one tenth-metre corresponds
at D to a motion of 31'7 miles per second, at & to a motion of 361 miles,and at F
to u motion of 38'4 miles. For comparison with the spectrum of hydrogen or other
chemical element, an image of the vacuum tube or electrodes is formed on the slit,
by means of a transparent plate of glass placed at an angle of 45° with the axis of.
the collimator, in connexion with a collimating lens, so that the cone of rays
from the comparison-light fills the whole of the object-glass of the collimator.
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Whenever the star-line was sufficiently distinet to allow of its being seen at the
same time as the bright comparison-line, a direct comparison of the two was made ;
in other cases the bright line was compared with the pointer of the micrometer
which had just previously been placed on the star-line, giving an indirect
comparison.

The reading of the position-circle is given, as it is conceivable that the results
might be affected by the position of the spectroscope. The slit lies north and south
when the reading is 6°. '

With regard to the observations of the spectra of Mira Ceti and « Herculis, 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 heen read off. In the case of the
bright lines in the spectra of Mira Ceti, 8 Lyra, R Cygni and P Cygni, the distance
of the stellar line from some standard line in its immediate neighbourhood has been
determined, and the value in wave-length of a revolution of the micrometer for that
point of the spectrum taken out from the standard curve. The tabular wave-lengths
of comparison-lines have been taken from Angstrom’s Spectre Normal du Soleil.

§ 2. Measures of Positions and Areas of Spots and Facule wpon the Sun’'s Disk on
Photographs taken at the Royal Observatory, Greenwich, at Dehra Din in India,
and at the Royal Alfred Obscrvatory, Mauritius, in the year 1888 ; with the
deduced Heliographic Longitudes and Latitudes.

The photographs from which these measures were made were taken either at
Greenwich ; at Dehra Din, 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
uged throughout the year.
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The Indian photographs, which have been forwarded by the Solar Physies
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
Sun nearly 8 inches in diameter. In the process adopted at Dehra Din 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 bromo-iodized gelatine dry plates have been used with alkaline
developinent.

Photographs of the Sun were taken at Greenwich on 171 days, and Indian
photographs on 170 days with Muauritius photographs on 38 days have been received
from the Solar Physics Committee to complete the total of 359 days for which there
arc either Greenwich, Indian, or Mauritius photographs of the Sun available for
mensurcment in 1888, On 20 days both an Indian and a Mauritius photograph were
measured.

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 aren of
Spots and Faculwe for the day. The photographs taken in India are distinguished
by the letter I, and those taken in Mauritius by the letter M.

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

The tollowing are the signatures of those persons who meu-sured the photogruphs
for the year 1888 :—

K. W. Maunder - - M W. Russell - - - WR
H. P. Hollis . - H S. J. Temple - - - ST
A. E. Pilkington - - EP

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.
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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 =, 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, ahout 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 pivot being mounted on a
circular plate with position-circle which rotates about its centre. DBy 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 photoheliograph are two cross-wires which serve to
determine the zero of position-angles on the photograph.
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The zero of position-angles for the Dallmeyer Photoheliograph, employed at Greenwich,
has generally been determined throughout 1888 by the measurement of & plate which had
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 cach 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 :—

Groonwioh Otvil Time. Correction for Zero.
N .
1887, December _9.12 + o.27
1888, March 1.12 + o©.134
29, 11 + o.30
May 26, 11 + o0.46
June "o23.13 + o.31
August 3. 11 4+ 1.1
15 + 1.12
September 11,14 + o.57
October 8. 12 + o.51
November 10, 11 — 0,18
December 7.13 - 2. 3
1889, February 2. 12 + o 4

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
equatorial wire, a correction for the inclination of the Sun’s path being applied to
the reading of the position-circle so obtained, and also byirunning.the image along
the wire by the use of the R. A, slow motion, the mean of the two determinations,
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further corrected for the error of the perpendicularity of the wires, being then taken.
The correction for error of perpendicularity of the wires in use up to 1888, November 4,
was — 0° 7/ ; for the new wires inserted 1888, November 6, it was — 0° 23’. The
following table gives the correction for zero of position of the mean of the two wires
as ohtained by this method :—

o D Copeted fos ot | Zeroat Pston Cice
reenwich Civil Time. Transit. R.A. Slow Motion.
h ’ o ’
1887, December 9. 12 + o036 | ..
1888, February 1. 11 + o.27 crreae
March 29. 11 + o0.24 + o.29
May 25. 11 + 049 1 .
June 23. 11 4+ o0.47 4+ 0.44
July 30. 12 + o0.53
August 7.13 + o0.44 + o0.48
September 1z, 12 + o.50 + o.31
October 8.12 + 0.57 4+ o0.57
November 10. 11 — 20 | .
December 7.13 - 2.31 — 2,32
1889, February 2. 10 + o. 3 + o 3

The mean of the values for the zero as determined by these two methods, the method
of the photographs with double images of the sun, and that of running a spot or the
sun’s limb along the wires, has been adopted for the zero. _

The vertical wire was found to be broken on November 4, and a new pair of wires
were accordingly inserted on November 6. The wire-frame was found to be loose on
December 7. The position-circle reading was altered on December 7 after the double-
image photographs and transits for the determination of the zero had been 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 1888 have been as follows :—

From 1888, January 1 - - - 356°0
December 7 - - - 353°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 facule, so as
to give true position-angles.

In the use of the Photoheliographs at Dehra D@in and in Mauritius the position-
circle has always been set to the zero as determined by allowing the diurnal motion to
carry & spot or the Sun’s limb along the horizontul\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 tauken 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 & where

. 1 . . .
¢ = sin 57”5 = gggg nearly, and 2 is the apparent zenith distance, we shall have—

Vertical Diameter 1 — ¢ sec? 2
Horizontal Diameter I — ¢

=]l—-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 »,

()
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and putting v for the position-angle of the vertex, we have for & » and & 8, the
corrections to radius vector and position-angle for the effect of refraction—

1+ cos2 (0—v)
2

sin 2 (0 — v)
2 -

dr=+4+c.tan’z x r.cos® (§ —v) = + c.tan’z x r x ,

$0 = —c.tan’z.sin (9 ~ v).cos(§ —v) = —c.tan?2

The quantity & r thus found is the correction, on the supposition that a
horizontal diameter of the Sun is taken as the scale. But, as the mean of two
dismeters at right angles has been used, the scale itself requires the correction

6,—v 0, + Y0°—
1b{l+cus:2( z)+1+0052(‘+ v)}= +4eR.tan’z,

21 . 2.
dll = +c¢.tan’*z x R x 3 5

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

cos 2 (0 —v)

dr=+c¢.tan*z x r x >

sin 2 (0 — v)

. .l o 2(0 —v
I'he quantities ¢ tan®z, — — and co8 2 (6 = v)

D) 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 :—

e tan® 2.
S LT VRN R e LR
I

8o 0089 31 70 0021 7 6o ‘0008 3
79 *0073 235 69 10019 61 58 ‘0007 2
78 - 0061 21 68 -0017 6 56 - 0006 2
77 10052 18 67 ‘001§ 51 54 0005 2
76 0045 | 15 66 ‘0014 3 52 *0005 2
75 10039 13 65 ‘0013 4% 50 * 0004 1
74 0034 1} | 64 *0012 4 45 *0003 1
73 0030 1o 63 ‘ool1 4 40 *0002 1
72 0026 9 62 ‘o010 3 30 * 0001 )
71 ‘0023 8 61 0009 3
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Fuctors for Refraction.

P 0—v ;Sin 2(§—v)| Cos 2 (9_—_1) 9—r 09— _SM_G_:_—J:) Cos 2 (—1)
2 2 2 2
o 180 *00 + 50 95 275 + *09 —  '49
5 185 - *09 + *49 100 280 + 17 - *47
10 190 - 17 + 47 10§ 285 <+ *25 — 43
15 195 - *235 + "43 110 290 + ‘32 - 38
20 200 - 32 + +38 15 295 + *38 - 32
2§ 20§ - 38 + *32 120 300 + 43 - 2
30 210 = 43 + "2 125 305 + 47 - 17
35 215 - 47 + 17 130 310 + 49 - 99
40 220 - *49 + *0g 135 315 + *50 *00
45 22§ - * 50 *0o 140 320 <+ ‘49 + el
50 230 = 49 - 99 145 325 + 47 + 17
55 235 = 47 - 17 150 330 + 43 + 25
6o | 240 — ‘43 | — 25 | 15§ | 335 + 38 | 4+ 32
65 2435 —  -38 - 32 160 340 + 32 + 38
70 | 250 — 032 | — 38 1 b5 | 345 +  c2s + 43
75 235 = 25 - 43 170 350 + 17 + 47
80 260 - 17 - 47 175 355 + °9 + 49
85 263 - 09 — 49 180 360 00 + 50
9o 270 <00 —~ 50

The position-angle of the Vertex v is readily tuken 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 osition-Angle from the Sun’s
Axis given in the fifth column is obtained Ly applying to the Position-Angle ({from
the N. point) correzted for refrnction 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 gpot from the
centre of the Sun’s apparent disc, R the measured radius of the Sun on the photograph,
(&) 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 1362 and 1863, by W. De La Rue, B. Stewart, and
B. Loewy. Phil. Trans. 1869.

(b) 2



xii INTRODUCTION TO GREENWICH SPECTROSCOPIC AND ProrograrHIC REsuLts, 1888.

spot from the centre of the apparent disk as viewed from the Sun’s centre and from the
Earth respectively. Then we have—
’ r . ’ r
P =—R(R); and sin (p + ) = 3,
h = ain 2 _
whence p = sin™ 55— ¢,

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,
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 = cospsin D + sin p cos 1) cos x
sin (I, — /) = sin x sin p sec A.

The quantities I. 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

nsed—
tan L = cos I tan (© — N)

sin D = sin [ 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 I 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 L cos (® — N)

where w 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 Farth and Sun passing through the poles of the Larth 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, v in the
computation of the Tables are 7° 15/, 74°, and 23° 277°5 respectively.

The Heliographic Longitude of the Spot is found from [, the Heliographic Longitude
from Node, by subtracting the Reduction to the Prine 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 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 ench photograph are also given (in brackets) in the sizth 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
nearly in contact with the photographic film. The integral number of squares and
parts of n 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.

§ 8. Ledgers of Areas and DPositions of Spot-yroups upon the Sun's Disk deduced jrom
the measurement of the Solar photographs for each duy tn the year 1888,

In these Ledgers the daily results for each group are collected together from the
mensures 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 wmidnight. The sccond
and third columns give the sums, for ench day, of the projected arens of all the
umbrs and whole spots comprised in the group, the projected area being the area as
it is measured upon the photograpl, uncorrected for foreshortening, and expressed in
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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 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.

§ 4. Total Projected Areas of Sun Spots and Facule, for each day, and Mean
Areas and Mean Heliographic Latitude of Sun Spots and Facule, for each
Rotation of the Sun, and for the Year 1888,

This section requires no further explanation.

§ 5. Total Projected Areas of Sun Spots and Faculw, for each day, and Mean
Projected Areas for each Rotation of the Sun, and for each year from 1882
{0 1885.

This section also requires no further explanation.

W. H. M. CHRISTIE.
1889 Uctober 23.
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DISCUSSION OF PROBABLE ERROR AND PERSONALITY IN MEASUREMENTS
0F SOLAR PHOTOGRAPHS.

I.—PronaBre Error 1IN MEASUREMENTS ON FoURr-INCH PHOTOGRAPHS.

For the determination of probable error in measurements of distance, position-angle
and area, six four-inck photographs, containing in all 50 spots, which had been already
measured twice (on the right and left of the centre) in 1882, 1883, 1884, und 1886
for publication in the daily results, were remeasured on the right and left by cach of
four observers in 1888 November and December ; so that in all ten independent
measurements of each photograph were available for comparison. The mean of cach
set of measures of distance, position-angle, area of umbra, and area of whole spot was
then formed ; next the discordance of individual measures from the mean ; and,
finally, the mean discordance. The means and mean discordances are given in the
subjoined tables.

The number and small letter in the Airst column of each table 1s the same as that
given in the printed results, the letter I denoting that the spot was measured on an
Indian photograph, and the letter M that it was measured on a photograph from
Mauritius.

The spots are arranged in the first table in order of distance from the Sun's centre,
the quantity }: in the second column giving this distance in parts of the radius of the
apparent disk.

In the second table they are arranged according to area of whole spot as given in
the twelfth column.

In the measures of distance a small correction for zero of scale has been applied.
This correction has been derived from the difference between the mean of the readings
obtained for the limb of the Sun when the magnifier was on the left of the centre of
the measuring instrument, and the menn of those obtnined when the magnifier was on
the right.
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In the measures of position angle it is obvious that the mean discordance depends
on the distance of the spot from the Sun’s centre. Accordingly in the seventh column
is given the. equivalent at the uniform distance of the Sun’s radius (R), obtained by
multiplying each term in this column by the corresponding factor in column 2.

The measures of areas are expressed in ten-thousandths of a square inch. It is
again obvious that the mean discordance bears some relation to the mean area, the
simplest supposition being that it varies directly as the mean area. The results of this
supposition are given in columns 10 and 14 respectively, where the mean discordance
is exhibited as a per-centage ; but as these are not satisfactorily accordant, another
hypothesis was tried, viz., that the mean discordance is proportional to the yerimeter
of the spot, which would be the case if we suppose it due to the existence of an
ill-defined border of constant breadth. The results of this hypothesis are exhibited in
columns 11 and 15 respectively, the square root of the ares being considered roughly

proportional to the perimeter.

TABLE I. (arranged according to distance from Sun’s centre).

DISTAKCE. POSITION-ANGLE. AREA OF U).IDRA.. AREA OF WIOLE SroOT.
) 3 TR 22 | gve
No. and § g § g g'g ﬁga g %E 'gg;g
e | 2 | 2| £ F | § | 4 5| B | B : R [
for Spot. 'g E g ?’ ; b d § é; é;f g % E‘E‘ EQE
E-A-AE-NE- AR R -
g 2 3 21 § g | 45 g 85 | 8232
5 5 E g 5" 4 E 2% | 3 g 5 | gone
d a [ o o

Lo

HEHR B-R

718 | 0'990| 492°2| 060 | 247°0| ©'17 | 0'168| o1 | 007 | 70'0 | 0222 3'3 | 0'89| 262 | 0489
1271 | 0969 478'5| o065 | 266'9| o'10 | 0'097| 2'0 | o054 | 2770 | 01383 101 1'49| 148 0469
1578a | 0966 | 4918} 033 | 67'2| o008 | 0077| o8| o018 | 22'5 | 0201 42| o059 140 [0°288

729 | 0°966 480'2| 076 | go'7| o020 | 0'193| 105 | 228 | 217 | 0'704| 9o'2 | 1028 11°4 | 1'082
1573a | 0'963] 490°3| 0°37 | 253°6| 008 | o077 o8| 034 | 425 | 0381 7°1 I'IT| 156 jo'41y

1573¢ | 0°956| 486'7| ©°36 | 256'8| o014 | 0'134| 33| o'5s0 | 152 | 0275 | 221 I's7| 71 |o'334
693 | 0955 47841 o775 | 273°1| 016 | o153 15| 024 | 160 | 0197 93| 1'07| 11'5 |0'351
15730 | 0928 | 472°1| 056 | 259'1| o'11 | o102 | 112 | 1'78 | 1579 | 0'531| 480 | 200| 4z |o289
699 | 0924 | 463°1| o'51 | Bz2'z| 014 | 0'129| 2'0 | ©'24 | 1270 | o'170| 141 | 2°36| 167 {0629
731 | 0911 441°1| 056 | 225°8| o'14 | 0’128 12| o135 | 108 | 0’118 73| o057 78 |o211
726 | 0'816| 405'2| 104 | 833| 017 | 0’139 o9 | 062 | 689 | 0653] 105 164§ 156 [ 0506
12310 | 0'814| 403°6| 1'14 | 252°9| ©0'09 | 0073 2°4 | 082 | 342 | 0’529 127 1'871 14'7 |0'525
726 | 0'771] 373°8| 067 | 220'3| 007 | 0'0§4| 13| o022 | 169 | 0193 77| ©092| 11'9 |0°332
726 | o'750| 372°9| 1'17 | 87'7) 0'39 | 0293 | 2'9 | 043 | 14°8 | 0'253] 254 | 2°51| 99 |0498

83| o6o| 72| o02z08| 08| 298] 590418

1284a | 0’742 366'7| o'50 | 79'0| o'14 | 0'104




TABLE I.—concluded.

ProBABLE ERrOR 1N MEASUREMENTS OF SOLAR PHOTOGRAPHS.

xvil

AREA OF WHOLE 8SPOT.

DISTANOE, POSITION-ANGLE. AREA OF UMDRA.
3 24 | 8 g2 |eps
No. and g $ 8 ] g 5 8 a8 53
Lotter —};_ gﬁ ,g ] Eﬂ _S %g 'gf,é é 'ﬁ?‘ 'gzg
=R SEAR AR AN TFRR AN Al AR
A | & | & | &3 ' 5 ‘% 3| 8, 5T
| | (R z
AEEREE A IRRRAE AL INNRNE )

d d o ] o

M. 1572¢ | 0706 359'3| o045 | 238'5| o160 | 0071 32| o'25 7'8  o'140| 134 | 062 4'6 |o0'169
M. 1572d | 0°697| 354'9| 044 | 236°4| o'11 | 0077| 1'8| 034 | 189 | o254 153 | 1714 | 7'5 [0'202
I. 697 | 0683 342°3| o'70 | 2316 ©'18 | 0'123| 3§44 | 057 | 106 | 0'246] 442 | 258 5'8 | 0389
726 | 0'655| 317°9| o080 | 75'z| o009 [ 0o59| 48| o34 7'1 | 01554 289 | 1°31 4'5 |o244
726 | 0'654| 317°2| o075 | 222°0| o'14 | 0’092 | 168 | 11} 68 | 0280 79'4 | 452 57 |o'507
I. 697 | o611| 306°3| o'51 | 227°0| o012 | 0'073| 35| o061 | 1774 | 0'326| 3270 | 3'31 | 103 |0'585
12460 | o'6oo | 297°6| 098 | 656| 026 | 0’156 12 | 078 | 650 | 0°709| 48 | 127 | 265 o580
1235a | 0'522| 259°0| 066 | 2984 o'14 | 0'073 ¢8| o044 9'2 | o201 | 32°5 | 2°11 65 (0370
I 722 | o522 259'2| o'53 | 302'0| o024 | o125 §0| 067 | 134 | 0'299| 289 | 216 | 75 |o¢402
734 | 0499 | 242'2| 0'38 | 32°2| o'24 | 0120 672 | 0°§7 9'z | 0'229| 377 | 176 47 |0287
I. 695 | 0463] 232'1| o048 | 31'8| o033 | o153 o6 o031 | 517 | 0'400| 4'5 | 080 | 178 |0°377
1235 | 0455 225°5| o'54 | 310°9] o021 | 0'0g6| 32| 073 | 22'8 | 0'408| 160 | 140 88 |o'350
12850 | 0454 | 224°3| 089 | 238'9| 029 { 0'132| 40| 038 9'5 | o'1go| 256 | 338 | 132 | 0668
729 | 0'432| 209'¢| ©'53 | 172°4| o35 | o'151| 25| o81| 32°4 | o513| 127 | 1'32 | 10°¢ |0'371
I. 695 |[o0'413] 206'8| 0'48 | 22'5| o'24 | 0'099| 37 | 062 | 168 | 0'323| 182 | 2707 | 114 {0485
12350 | 0398 197°4| 0'58 | 331'7] o'24 | 0'096| 14'0 | o091 6's | 0°243]| 972 | 3'00 3'1 |0'304
I. 725 | 0353|1756 o'57 | 64'6| o032 | o'113| o0 | o'00 o'c | cooo| 24| ©47 | 196 {0303
1243a | 0321 159'4 | o'56 | 25'3| o29 [ 0093 | 21 | 0'32 | 152 | o'221| 86| 094 | 109 {0321
I. 691 | o'319| 159'6| o'60 | 265'8| o027 | 0'0B6| 13'3 | o'91 6'8 | o'249] 655 | 3'73 57 | 0461
733 | 0302 | 146'5| o047 | 2163 | 035 | 0’106 31 | ©87 | 281 | 0494 147 | 122 83 |0319
M. 1575 | 0’292 1488| 036 | 97°6| 038 | o111 1'3 ] 049 | 37°7 | 0'430| 56| o'59 | 1075 |0°249
I. 694 | 0285| 143'0| 047 | 92°6| 027 | 0077 29| 053 | 183 |.0'312| 139 | o80 58 o021}
M. 15750 | 0283 143'8| o'57 | 923 o¢4B | 0136] 35| o070 | 200 | 0'374| 105 | o'70 67 |0216
1281 | 0279] 137°7| 059 | 87'9| 030 | 0'084| 22| 046 | 209 [ o'311| 68| 112 | 165 0429
12770 | 0274 135'3| 096 | 100| 094 | 0258 79| 124 | 157 | 0441 582 | 272 47 |0°356
1241 0'264| 130'7| 060 | 1057 038 | 0'100| 08 | 042 | §25 | o470 32| 036 113 |o200
12770 | 0'256| 126'6] 0'94 | 323'9| 049 | 0'125| 80| 102 | 128 | 0361 462 | 2°55 5'5 | 0°37%
733 | 0254 123'3) 067 | 206'9| 030 | 0'076| 11| o012 | 109 | o114 136 | 1'32 9'7 |0°358
1277 | 0248 | 122'7| 072 | 360°3| 0'38 | 0'094| 1'§ | o'54 | 360 | 0443 §'9| 067 | 11°4 0276
1277 | 0°248 | 122'7| 089 | 332'3| o'50 | o'124| 28 | 048 | 172 | 07287 187 | 181 9'7 [0°¢419
I 728 | o235 1167| 1°69 | 170'7| 1°34 | o315 61| 096 | 157 [ ©389] 339 | 4'51 | 13'3 [077%
I. 728 joz2z5)| 111°6| o098 | 1370 068 | 0'153]| 87| 1°36 | 156 | 0461} 595 | 350 5'9 | 0454
M. r575a | o'189| 962 o048 | 89'0| o073 [ 0138 26| o'54 | 208 | 0°335| 70| o071 | 101 0268
1237 | o'119| 594|072 | 168'7| 147 | o'175] 185 | 126 6'8 | 0293 102°5 | 300 2'9 | 0'297
1286 | o'1og| sr11| 055 | 101'4| 0'99 | 0'103| 14| 030 | 214 | 0'254] 48| 059 | 123 [0270

GREENWIOH OBSERVATIONS, 1888,

(©)




xviii  INTRODUCTION TO GREENWICH SPECTROSCOPIC AND Puorocrarunic. Resvrrs, 1888.

MEANS OF EACH GROUP IN TABLE L

DISTANCE. POSITION~-ANGLE, AREA OF UMBRA. AREA OF WHOLE 8POT.

s | 3 NETRET 15 |z8g

NN gl & | o 2l |

Mean ? o '§ §,‘5 gz.g T 8% §.'5'~

x 3 3 22 g & A3 | Byg | # § | g |AgT
)3 A ) gg : a g Eg : A 3, 'E“‘gf

2] w [ Bl ’
A ) K ti et
§ ‘I i E £ | 5% g"‘g”’
a o o

0'g71 | 0'54 o'13 | o122 28 068 367 | 0378 | 230 2:87 164 | o549
0935 | 0'55 o'14 | o'129 38 0’58 14°'0 | 0258 | 202 1°51 95 | o361
0779 | oo | o117 | 0133 32 0'54 284 | 0377 | 214 198 11'6 | 0456
0679 | 063 o1z | o084 | 64 0'53 102 | o215 | 362 2°05 56 | 0320
o551 | o061 o020 | 0109 4°1 061 22°8 | 0°353 | - 27°2 2'12 11'1 | 0'445
0°443 | 058 028 | o126 2'8 057 266 | 0367 154 1°79 12'3 | o450
0339 | o056 o'z9 | o099 6 o060 11'3 | o241 | 37'7 187 95 | o342
0283 | o's59 0'47 | 0133 36 068 22°5 | 0°374 19'0 1'19 8:8 | o293
0254 | 076 o4l | o104 2-8 0'52 259 | 0335 | 175 1'34 9's | 0326
o174 | 088 104 | 0177 7°5 088 161 | 0346 | 415 2°46 89 | o413
General Mean | 0°5408 | 0°660 | 0°325 | 01216 | 4°35 | 0619 | 21°45 |0'3234 | 25'91 | 1918 | 10'32 |0°'3955

1 division of scale in measure of distance = 4} in., corresponding to 0-002012 x R.
The areas are expressed in ten-thousandths of a square inch, this unit corresponding
to 4°02 millionths of the Sun’s visible hemisphere for a spot at the centre of the disk.

TABLE II. (arranged according to area of Whole Spot).

DISTANCE. POSITION-ANGLE. AREA OF UMBRA. AREA OF WHOLE SPOT,
k. 8 23 LA
No. and . g § :3: g ég %gg g ,gé ééé
Lo, | Z- | 2 | . 2 | § | fa ? | 8% | 628 : 33 | ny
for 8pot. g ] g g g3 é ¢ A 532 g % Ag Eg°
AHIEIEEE IR I AR R
g 1
a 83 852
AR RE R AR RN IR R
[ d o ] o
1237 | o119| 59'4| o7z | 1687} 147 | o175 | 185 ¢ 126 6'8 | 0'293) 102'5| 3'00| 2'Q | 0°297
- 1235b | 0'398| 197°4 | 058 | 3317 | 0'24 ['0'096| 140 | o091 | 65 | 0243| 972 3'00| 31| 0304
I. 729 | o0966| 4802 076 | 9o'7| o020 | 0'193| 10°5 | 228 | 217 | 0'704| 90'2| 1028 114 | 1°082
726 | 0654 317°2| o75 | 222'0| o'14 | 0’09z | 16°8 | 1°1% 68 | 0280 794 4'52| 57 | o507
I. 691 | o319| 1596| o060 | 2658| o027 | 0'086| 13'3 | 091 | 68 | 0'249| 65'5| 373| 57 | 0461
I. 728 | oz25] 111°6| 098 | 137°0| 068 | 0'153| 87| 136 | 156 [ 0461 $59'5| 3'50| 5'9 | 0°454
12776 | 0’274 135°3| 096 | 10'0| 0'94 | 0258 79| 124 | 157 | 0441| 582| 2:72| 47 | 0356
. 1284a | 0'742| 366'7| o501 790| o'14 | 0'104| 83| o060 | 72 |o0208] 508 298| 5°9 | 0418
M. 15730 | 0928} 472°'1| o056 | 2591} o'11 | o102} 112 | 1'78 | 1579 | 0’531 | 480 z200| 42z | 0289
1277a | 0256 | 126°'6| 0'94 | 323°'9| o'49 | o'125| 80| 102 | 12°8 | 0'361| 462 2'55| 55| 0375




ProoasLE Error 1N MEASUREMENTS oF SorLarR PHOTOGRAPHS. xix
TABLE II.—concluded.
DISTANCE. POSITION-ANGLE. AREA OF UMBRA. AREA OF WHOLE SPOT,

- 8 8 82 8&:2

No. and g § g g -5 ggﬂ g _5;9 _gg_-g

Lotter - t E & 2 3 B S | BEs .g - &

oot | | 3 | 5| g PLE e | 3| A AR | 8 |E

or . 8 - -~ °
3 & S g 4 & §§ 4 § 4 %g R
2] ﬂ. =] . -] :I: (- ﬂ:_ a
FLENE || 8 R85

q d [} [¢) o

I. 697 | 0'683| 342'3| o070 | 231°6| 0’18 | 0’123 54 | 057 | 106 | 0'245| 44'2 | 2°58 5'8 | 0°389
734 | 0499 2422 | o038 32'2| 024 | 0'120| 62 0'57 92 | o'22g| 377 | 176 4'7 | 0287
I. 728 | o235 116'7| 1°69 | 170'7| 1'34 | 0315 61 | 096 | 157 | 0'389| 33'9 | 451 | 133 | 0773
1235a | 0522 259'0| 066 | 298'4| 014 | 0'073| 48 | 044 92 | o0'2z01| 32'5 | 2°II 6'5 | 0370
I. 697 | o611 306°3]| og1 | 227°0| o112 | 0'073| 35 | 061 | 17°¢ | 0326] 320 ] 331 ] 103 | 0585
726 | 0'655| 317°9| 080 | 752| 009 [ 0059 48 | ©'34 | 71| o0ugs| 289 | 131 4's | o244
I. 722 | o522 2592 ©'53 | 302'0| 024 | 0’125 50 | 067 | 134 | 0299 289 | 2:16 7'5 | 0402
1285b | 0°454 | 224°3| o089 | 238'9| 029 | 0'132| 40 | 038 9'5 | o'1go} 256 | 338 | 132 | 0668
1. 726 | o750| 372°9| 1'17 | 87'7) 0'39 | 0'293| 2'9 | ©'43 | 148 | 0'253) 254 | 251 | 99| 0498
M. 1573¢ | 0'956| 486'7| 036 | 256'8| o'14 | 0'134] 33 | o'50 | 152 | o275 221 | ¥'57 7'1 | 0'334
1277 0248 122'7| o089 | 332°3| o050 | o'124| 28 048 | 172 | 07287 187 | 181 9'7 | 0’419
I. 695 | 0'413| 206'8| 048 | 22°5] 024 | 0'099| 37 | o062 | 168 | 0323 182 | 2:07 [ 114 | 0485
1235 | 0°455| 225°5| o'54 | 310'9| o'21 | 0'096| 32 | 073 | 22'8 [ 0'408| 16'0 | 140 88 | o350
M. 1572d | 0697 | 354'9| 044 | 236°4| o'11 | 0077| 1'8 | 034 | 189 | 0254| 153 | I'l4 | 75 | 0292
733 | 0'302| 146'5| 047 | 216°3| ©'35 | 0’106 31 | o087 | 281 | 0494 | 14'7 | 1'22 83 | 0319
I. 699 | 0924 463'1| o5 | 82'2| o'14 | 0'129| 20 | 024 | 120 | 0170 141 | 236 | 167 | 0629
I. 694 | 0285 143'0| o047 | 92'6| 027 | 0'0o77! 29 | 053 | 183 | 0'312| 139 | o8B0 5'8 | o215
733 | 0254 | 123'3| 067 | 206'g} 0'30 | 0'076| 11 | 012 | 109 | o'T114]| 136 | 1'32 9'7 | 0358
M. 1572¢ | 0706 359°3| 045 | 238'5| o'10 | 0'071| 32 | o'2% 7'8 | 0'140| 134 | 062 46 | 0169
12310 | 0814 403°6| 114 | 252°g| 0’09 | 0073 | 2'4 | 082 | 34'2 | o529 127 | 187 | 147 | 0523
729 | 0432 209'4| 053 | 172°4| ©0'35 | o'151| 2°5 | o 81 | 32°4 | o513 127 | 1’32 | 10°4 | ©'371
M. 1575b | 0283 | 143°'8| o057 | 92°3| 048 | 0'136| 35 | o070 | 200 | 0'374| 105 | o70 67 | 0216
I. 726 | 0816| 405'2| 104 | 83'3| 017 | 0'139| ©9 | 062 | 689 | 0653| 105 | 164 | 156 | 0'506
1271 | 0969 | 478'5| 0°65 | 266'9| o'10 | 0'097| 20 | o'54 | 270 | 0383 1071 | 1°49 | 148 | 0°469
I. 693 | 0955 478'¢| o'75 | 273°1| 016 | 0'153| 1'5 | ©24 | 160 | 0'197| 9'3 | 1'07 | 115 | 0*351
1243a | 0'321| 159°4| 056 | 25°3| 029 | 0'0g3| 21 | 0'32 | 152 | o221| 86 | 0'94 | 109 | 0'321
726 | o'771| 373'8| 067 | 220'3| o007 | 0'o54| 1'3 | o22 | 169 | 0'193| 77| 092 | 11'g | 0332
731 | 0911} 441°1| 056 | 225'8| o'14 | 0’128} 12 | 013 | 108 | 0'118] 73| 0§57 7'8 | o211
M. 1573a | 0963 | 490°3| ©'37 | 2536 008 | 0'077| o8 | 034 | 425 | 0381 71| 111 | 156 | 0417
M. 1575a | 0189 | 962 048 | 890 073 | 0'138| 26 | o'54 | 208 | 0335 70| ©71 | 101 | 0'268
1281 | 0'279| 137°7] ©'59 | 87°9| 030 | 0'084| 22 | 946 | 209 | o3r1| 68| 112 | 165 | 0'429
1277 | 0248 1227| o072 | 360°3| 038 | 0094 1°5 | o'54 | 360 | 0443 59 | 067 | 11°4 | 0276
M. 1575 | 0292 | 148'8| 036 | 97'6| 038 | o111 13 | o049 | 377 | 0430 56| 059 | 105 | o249
1286 | o'104| sv1} 055 | 1014 | 099 | o103 | 14 | 030 | 21'4 | 0'254| 48 | 059 | 12'3 | 0270
1246b | o'6oo| 297°6| 098 | 656| 026 | 0'156| 12 | 078 | 650 | o'709| 48 | 127 | 265 | 0’580
I. 695 | o0'463| 232'1| 048 | 31'8| 033 | 0'153| 06 | 031 | 517 | 0'400| 45 | o8B0 | 178 | 0'377
M. 15782 | 0°966| 491'8| 033 | 672| 008 | 0'077| o8 | 018 | 225 | 0z01| 42| 059 | 140 | 0288
I. 718 | ©0990| 492'2| o'60 | 247'0| ©'17 | 0'168| o1 | c07 | 70'0 | 0222 33| 089 | 262 | 0489
1241 | 0264 | 130"7| 060 | 105'7| 038 | 0'100| o8 | 042 | §2'5 | 0'470| 32| 036 | 11'3 | 0201
I. 725 |[0353] 1756| 057 | 64'6| 032 | o'113| o0 | 000 | o0 |o00cof 24| 047 | 196 | 0303




xx  INTrRODUCTION TO GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC RESurts, 1888,

MEANS OF EACH GROUP IN TABLE II

DISTANCE. POSITION-ANGLE AREA OF UMBRA, AREA OF WHOLE SPOT.
e | g |3 A | B |1
SERERE iE M 1R
Gy b~ w“ b
R AR AR iz
| A | & 35 g A : %g A B §§§
3| 5| & : | 5|3 :
o = =° = = 35| 5 g 5 3‘2” gosa
d o o]
0'491 | 068 046 | o128 | 146 130 97 | 0354 | 870 | 491 58 | o530
o485 | o079 0'47 | o'148 88 1°20 13’4 | o400 | g§2° 2'75 52 | 0378
o'51o | 079 0°'40 | 0'141 52 063 1274 | o278 | 361 2°8§ 81 0481
0667 | o075 023 | 0149 40 | o046 12°0 | 0234 | 262 2'19 84 | o429
o423 | 056 o028 | o'100 29 0'61 208 | 0353 | 166 153 9't | 0373
0597 | o'6% 018 | 0083 23 0'39 166 | o253 | 135 1'39 103 | 0379
o691 | o71 0'z5 | 013§ 2°'1 0’58 32°9 | 0424 | 106 1'24 11'8 | o'383
0631 | 053 026 | 0098 16 031 2I'2 | 0°250 75 0'85 11°3 | ©'310
0305 | 064 046 | o110 1°5 0’51 362 | 0429 56 o'85 154 | o361
o6o7 | o052 026 | o122 o5 020 39'3 | 0259 35 062 17'8 | 0332
General Mean | 0°5407 | 0662 | 0'325 {01216 | 435 | 0619 | z1°45 |0°3234 | 25°91 | 1'g18 | 1032 [0'3956

1 division of scale in measure of distance = g} in., corresponding to 0:002012 x R.

The areas are expressed in ten-thousandths of a square inch, this unit corresponding
to 4'02 millionths of the Sun’s visible hemisphere for a spot at the centre of the disk.

Expressing the Mean Discordance in distance in terms of %, and the areas and mean

discordances in areas in millionths of the Sun’s visible hemisphere for a spot at the
centre of the disk, we have :—

DISTANCE. POSITION-ANGLE. AREA OF UMBRA. AREA OF WHOLE BPOT, *
| 3 & 8 S 2e2
: g s | & b g : i
g g | 3 | 25 - ga‘;’
Mean 3 B 52 g 5 T g% s
r g g §8 g A 5!85-4 g § 5‘5‘ 5;8 °
RN B B AR RN A
~ b= " 4 GE
e | ) F (B30 8] o | B
Q o
0'541 | 0001330 0°325| 01216 | 17°49| 2°488 | 21°45 0’650 |104°16] 7710 10°32 0'795%




ProBABLE ERROR IN MEASUREMENTS OF SoLAR PHOTOGRAPHS. xx1

It appears from these tables that the means of two measures of distance and position-
angle as printed may be taken as subject to an uncertainty of less than a unit in the

last figure, the probable error in distance (%) being 0+0008, and in position-angle (at

distance R) 0°077. As regards areas of umbre and whole spots, Tables I. and II.
indicate that the mean discordance may be taken to vary as the square root of the
measured area, and that it does not sensibly depend on the distance from the Sun’s
centre. Assuming that the mean discordance varies as the square root of the measured
area, the following table gives the values of the probable errors in measures of umbre,
and whole spots for spots of various sizes at the centre of the Sun’s disk, the probable
error being inferred from the mean discordance by the formula :—

Sum of Discordances

Probable Error = 0-845 BUER)
= (0'891 x Mean Discordance.

The similar results obtained in 1885 for the Probable Error of the measurement of
positions of spots on eight-inch photographs compare us follows with those given above
for four-inch photographs.

DISTANGE. POBITION-ANGLE.
Diameter of Sun's Imoge. Mean Mean Mean Mean
Discordance | Discordancein Mean Discordanoe
T in measured T Disoordanoe. at Distance
R Distanoe, n .
a o o
Eight inches ... 0'640 0'659 0'000676 o'12 ©'053
Four inches 0'541 0°662 0'001330 0'32§ 01216

It appears, therefore, that the error in the measured distance is practically the smme
for the four-inch as for the eight-inch photographs, the error in }1\,, consequently

decreasing inversely as the diameter. But the position-angles are slightly more
accordant proportionately as well as positively on the larger photographs, indicating
that the precision of a reading of position-angle increases a little faster than the
distance from the centre at which the pointing is made. Nevertheless, as the probable
error of the means of two meosures of distance and position-angle on the four-inch
photographs, as printed in the Photographic Results, though about double that on the
eight-inch photographs, is less than a unit in the last figure, it does not appear that
the precision of measurement of positions has been practically increased by the
adoption of the larger scale photographs.



xxii INTRODUCTION TO GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC RESULTS, 1888.

The following results for the probable error in the measurement of the areas of
uvmbra and whole spots show that for the areas also, as expressed in millionths of the
Sun’s visible hemisphere, the measurements are sensibly as accurate for the smaller as
for the larger photographs.

UMBRAE. WHOLE SPoTs.
Probable Error in Millionths, Probable Error in Millionths,
Area in Aren in
Millionths. One Measure. M&&; ;ﬁr ’el‘:o Millionths, One Measure. Mﬂ;gﬁx 'E:.ro

1 058 041 5 159 113

2 o082 o'58 10 2°24 1'59

4 1’16 082 20 316 2°24

6 142 1°01 30 3'88 2'7%

8 164 116 40 448 316

10 1-83 1'30 50 5'01 3°56

1§ 224 1'59 75 613 4'35
20 2'59 183 100 708 501

25 2°go 2°06 12§ 7'92 562

30 317 2:24 150 8:67 613
40 3°66 2'59 200 1002 708

50 409 2°go 250 11'19 7'92

70 485 344 350 13724 9'40
100 579 409 500 15°86 11’19
150 799 503 750 19°¢40 13°77
200 819 579 1000 22°37 15°86

The quantities given in the third and sizth columns represent the mean discordances
of the measured areas as given in the Photographic Results for spots seen on four-inch
photographs near the centre of the disk. For spots at a considerable distance from the

1

centre these quantities should be multiplied by ¢ J 1— ( B )2, i.e., by the square root of
B

the factor for the effect of foreshortening, the argument being the area in millionths as
given in the Photographic Results.

The following are the values of 7’;— corresponding to different values of the factor

1
TN —
J1- (&)
R
Factor

z 0:000 0°722

12

14

16 18

20

2:5

0-862 0922 0954 - 0969 0988 0°994 0-997 0°998

30 35 4:0



ProBaBLE Error 1IN MEASUREMENTS oF SoLAR PHOTOGRAPHS. xxiil

By the help of these tables the probable error may readily be inferred for the arca of
any spot on a four-inch photograph as printed in the Photographic Results.

The results for the Probable Error in measures of the areas of Umbrse and Whole
Spots on four-inch and eight-inch photographs compare as follow :—

UMBRA.
Probable Error in Millionths.
Area
in One Mensure. Moan of Two Mensures.
Millionths.
Four-inch, Eight-inoh. Four-inoh, Eight-inch,
1 o6 o5 o'4 04
2 o'8 o8 06 o'
4 I'2 1’1 o8 o8
6 1’4 '3 1'0 0'9
8 1’6 s 1'2 I'1
10 18 7 '3 12
20 2'6 2'4 1'8 17
30 32 30 22 2'1
40 37 34 26 24
5o 41 38 2'9 2'7
70 4'9 46 34 32
100 58 54 41 38
150 7' 67 50 47
200 82 7'7 58 54
WHOLE SPOTS.
Probable Error in Millionths.
Aroa
in One Measure. Mean of Two Measures.
Millionths.
Four-inch, Eight-inch. Four-inch, Eight-inch.
.5 1’6 '3 't 0’9
Io 22 19 1'6 1'3
20 32 27 22 19
30 39 33 28 2’3
40 4’5 38 32 27
50 50 4'2 36 3'0
100 7°1 60 §o 42
150 87 73 61 52
200 100 85 71 60
ZSO 11°2 9.5 7.9 6.7
350 132 1z 94 79
500 15°9 13'4 12 9'5
750 19°4 16'4 13'8 116
1000 224 18'9 15'9 13°4
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The larger photographs, therefore, show only a very slight advantage in precision
over the smaller ; and this is probably due to the fact that spots are more frequently
measured in groups and clusters on the smaller photographs, and that when so
measured it is not always easy to secure that different observers, or the same observer
at different times, shall always adopt precisely the same arrangement in measuring.

II.—PErsoNALITY IN MEASUREMENT OF AREAS ON Elgur-INcH PHOTOGRAPHS.

In the preceding investigation the measures of area by the different observers have
heen considered as comparable, without the application of any correction for systematic
differences in habit. Sensible differences of this kind have been suspected, and an
investigation of their character and amount as shown in the measurement of four-inch
photographs was given in the Volume of the Results for 1885. It was then found
that these differences were not large as compared with the probable error of obser-
vation, and indeed that in the case of Whole Spots they were quite insignificant, whilst
their determination was subject to considerable uncertainty.

The following series of comparisons between the different observers in the measure-
ments of areas on eight-inch photographs has been made in a precisely similar manner
to that for the four-inch photographs published in the Volume for 1885. The photo-
graphs used for the comparison extend from 1881 November to the end of 1888. The
fifth and sixth columns under each heading are referred to below ; for the other
columns no explanation is required.

For M and H.
UMBRE, WHOLE SPOTS. FacurLz,
Total Total Total
Area a8 Area a8 Areu 08
Z | mensured % | measured _g measured
o by o by = by
- H s H : 3 H
SIM|H |H|JE—VM SIM|H M| JH—VM S|M|H |u|vE—yM
Under s squares ....[106f 291'g| 2461 | 0837 - 0141 Under 10 squares ,...[1611 7967 784°2( 0’984 - o'o18 Under so squares...... 140| 3665°0) 42.33'0| 1°155 + 0382
Above s & under 10..} 70| 552°4 | 443°3] 0’803 - 0293 Above 10 & under 20,.| 76| 1084's| 10517/ 0'970 - o'o§7 Above 50 & under 100..| 93| 6231°c| 6475%| 1'039 + o'tsg
Abovo 10 & under 20| so| 7758 632°8 | 0'820) -~ o371t Above 20 & under 40..| 54| 1848°5! 1570'3} 0’953 — 0134 Above 100 & under 200 | 62{ 876a'c[8743°0| 0'gg8 - o013
Above 20 & under 40| 15| 57581 493°5 | 0837 - 0’410 Above 40 & under 100 | 81| 5488'2| §160°3| 0’940 - 0’248 Above 200 & under 400 | 24| 6867°c| 63480 0’924 - o651
Above 40 & under 8o | 12| 745°s| 648's | o870 - 0'543 Above 100 & under 200| 30| 3850°'0] 3677's| 0'985 - 0246 Above 400 squares ....| 11| 6320%] 5492°0f o°B6g) - 1624
Above 8o aquares ..[ 7|1231°0|1125°s | 0°g14| - 0§82 Above 200 & under 40c| 14| 3937°0| 38280 0'972. - 0233
Above 400 Bquares....| 13| 9882°0| 99o7'c{ 1°003 + o035
Total & Menns..|264] 15B0] 13°€0 | 0830 - o274 Total & Means....|430| 6206 6042|0967 — o'ftog Total & Means....[330] 96'50] 9481 1°066) + o'103
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XXV
For M and J P.
UMBRA. WHoLE SPOTS. FAcuLZ.
Total Totnl Totad
.| Arcaas Aron as Arca as
% | measured 2 | mensured E | measured
o by 3] by ° by
-~ - —
S ip ° ir s ip
2 M |JP | M i{JIP—y/M ; M {JP |3 |JIP—/M ;2 M |JP | |JIP—/M
Undeor 5 equares ....| 1of 2173 | 287 | 1287 + o201 Under 1o squarces ..| 10l 42'5| 44'4 | 1°044) + 0’045 Undor o squares.... | 19! 44001 49301 1'120 + ouals
Above 5 & underto..| 3| 188 | 188 {1000 o'000 Above 10& undor 20 8| 103'6| 101"1 | 0'976| - 0'043 Above so & under 100 | 7] 490'0| 454°0 (0927 - o'314
Abovo 1o & undorzo} 2| 356 | 290 |o81s - 0351 Abovo 2o & under 40 | 4| 104°5| 109'5 | 1°048 + o2y’ Abovo1oo & undoroo| 1| 114%0] 1300 1°053 + o17;
Above 2o & undor 40| 3| 690 | 61’4 | 0890 - o771 Above 4o & undor 1co| 2| 131°0] 1330 1°015§ + ovba Abovozco&under4oo] 2) so0'o| sps‘o|1°1go + 1437
Above 40 & undor 8o | 1| 420 37'5 (0893 - 0257 Above 100 & undor2oo| §| 784'5| 738'0|0'g41 - 03177 Above ¢oo squares..| 1| 5000 4400|0880 - 1'38¢
Abovo 80 squares.... Above20o & under 400
Abovo. 400 BQUATCA., '
Total & Moans..| 19 9'88] g¢'a3l 1°109| + o'o13 Total & Moans.. | 29| 40°21| 3883 1°006 ~ o040 Total & Means.. | 30| 6813 7007| 1°069) + o164
For M and F.
MIiF|E|yp—yM M[{F|ZiyP—yM| M| r|ElyF—yM
M ' M \ M
Under § squares....{ 8 1777 | 179 | r'on + o'o10 Undeor 10 squarcs.... | 14] 78] 72'4| 0995 - 0'006 Undor so squares.... | 24 $5770| $65°7| r'016) + o037
Abovo § &undor 10..] §| 360 | 34'5 | 0’958 - o056 Above 1o &under 20 | 3l 36| 40| 1’010 + o018 Above so & under 100 | 12| 863'0| 863'f 1°000 0°000
Abovo 1o &underzo | 6| 877 885 | 1'oog, + o1y Above zo & undor 40 | 5| 1125 rig'ol roaz + 0'083 Above 100 & underzoo i 13| 1687°0] 16048 0'gs1 - 0181
Abovo 2o &under 40 | 3[ 840 [ B30 |o'g8E - o031 Above 40 & undor 100 7| 448'0| 456%| 17018 + o070 Above 200 & undor 400
Abovo 4o & under 80 | 2| 1220 |115'0 | 0'g43 - 0227 Abovo1co & underaoo! 6| 7o14| 705°%| 1°008 + o'o28 Above 400 squares..| 3| 1480°0f 13950/ 0043 - 0647
Abovo 8o squares....| 1318 | 3100 | 0975 - 0226 Abovozoo & undor4oo| 2! ss4'cl 543'0] 0’980 - 0166
Above 400 syuares..| 2|1663'4} 1640%| 0986 - 0203
Total & Meauns..| 25| 2662 25'96] 0'990] - 0'034 Total & Monns.. | 39| 92'10| o157 r'oo4| + o'o40 Total & Moans.. | s:| 8821 85716092 - o'ogt
For M and J H.
IH i n -
M (JH M IJH— /M M [JH EJJH—\/M” M|JH A VIH— /M
Under § squares....{ 25| 659 { 61'8 | 0’938 -~ 0'053 Undor 10 squarcs.... | 40| 1772] 187'5| 1°038] + o'0b1 Under 50 BQuUATes.... | 2§, 586 §76'%)| 0'983 - oo4l
Above s & under 10 | 12| 841 | 71'0 [0'844 -~ O'4I§ Abovo 10 & under 20 | 17| 28| 2295 1°003 + o©'oos Above so& undor 100]| y| sorel 6930l 1°170] + 0673
Above 10 & under 20 | 16[217'8 | 195% | 0'8gs - 0’197 Above 20 & under 40 | 18] 492'6) s5aa's| 1'061 + o'156 Abovorco& underzoo| 9| 1249'c 12790 1024 + o141
Abovo 20& under 40 [ ¢|260'7 {250's |0'961 - 0107 Abovo 40 & undor 100 | 22! 13782 13230 0961 - 0154 Abovesco&underoo| 4| 1035°|1230%0] 14188 + 1430
Abovo 40 & undor Bo | 3| 139’0 135 (o971 = o'o99 Above 100 & undorzoo| 13} 1835%] 1751°] 0954 - 037§ Above 400 squares.. | 4| 3460%| 22400 0’11 - ris
Above 8o squares....| 2}18o'o | 1655 | o919 - 0'390 Abovez2co & under4oo| 7| 19256 1751°] 0'909) - 0'770
Above 400 squaros..
Total & Moans..| 67| 14'14] 13°12|0%15 - o138 Total & Monns.. [t17| st6o]| 4929 1'012 - obo , Total & Monans. . | 51| 116'10f 118'00 1°034 + o'48

GRERNWIOH OBSERVATIONS, 1888,

@
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For M and S P.

UMBRAE. WHOLE SPOTS. FacuLam.
Total Total Total
Area as Ares a8 .| Aresas
55 measured .3 measured % | megsuroed
) by ) by 1) by
o ot ot
S 8P < sp| - S sr
£ M |SP M B8P —y/M 2 M [SP| X [/SP—/M ,2 M |SP| % |/SP—/M
Under 5 squares ....} 35 955 | 818 Jo8s7 - 0’122 Under 10 squares.... | 571 327'7) 34977 1067, + o'o8o Under so squaros.... | 28] 8ogof goz'of 1'115 + o'301
Above 5 & under 10 | 18[ 1252 | 121°5 | 0'979 - 0'040 Above 10 & under 20 | 23| 322'3} 3080 0'9$5 ~ 0084 Above 50 & undor 100 34| 2343°| 2603%| 1°111 + 0'449
Above 10 & under 20 | 15{234'3 {209'0 | 0’892 - 0220 Above 20 & under 40 | 28] 828'0] 798'0] 0'gh4| - 0'099 Above 100 & under 200 | 18] 24690} 2660'0] 1077 + 0444
Above 20 & under 40 | 13| 374'1 | 351°0 | 0’938 - o169 Above 40 & under 100 | 28| 1746'6| 1635°0| 0936 - o257 Abovezoo &undor4oo| 9| 2560°0f 2310%| 0'goz - o'B44
Above 40 & under 8o | 5| 2865 | 260% [0'go7 -~ 0159 Above 100 & under 200 | 20| 2897°0| 25960 0'896 - 0642 Above 400 squares..{ 1| 1500%j 13800 0’920 ~ 1§82
Above 80 squares....| 1| 870! Bso |o978 - 0107 Abovezoo &und'euoo 4) 1067°0| 1007°0| 0°044 - 0468
Above 400 squares..| 2| 9530 9200|0965 - 0381
Total & Means..| 87| 1382 12'74| 0’903 ~ 0142 Total & Means. . [162] 50'26| 47°c0| 0’985 - 0141 Total & Menns.. | gof 107°57| 109°50| 1'082 + o450
For M and W.
w w w
M| W gl vW—yM M| W vW—vM M| W|g|vW—vMd
Under s squares....| 6 185 ] 140 |o7s7 - o129 Under 10 8Quares.... | 25| 1318] 1076|081y - 0112 Under 50 8guares.... | 1] 4120 404'0a’y81 - a'o59
Above 5 & under 10..| 11} 836 { 780 | 0933 —~ o'ogy Above ro& underzo | s| 715|720 100y, + o013 Abovo 50 & under 1c0{ 8| s180| 6770 1°307, + sz
Above 1o &underzo | 9| 1455 | 13175 | 0904 - 0'199 Above 20 & under 40 | 11| 285'1] 300%] 1°052 + o131 Above 100 &under 200 | 10| 1244°0| 1492°0) 1'199 + o002
Above 20 & under 40 | 123602 | 321°0 | 0’891 -~ 0307 Above 40 & under too| 15| 963'4| 9ooo|og34 - 0268 Abovezoo &under4oo| 3| 7290 686%0] 0941 - 0466
Above 40 & under 8o | 2| 1700 { 1270 | 0747 - 12851 Above 100 & underzoo| 11] 1472°0| 1437°0| 0°976, - o138 Above 400 sBquares..
Above 8o squares.... Abovozoo&under4oo]| 5|1257°0|1248'0| 0993 - o056
Above 400 squares..| 1| 457°0| 441°0| 0’96 - 0'378
Total & Means..| 40| 19°45] 1679] 0'878! - 0160 Total & Means.. | 73} 63°53] 61'72|0'928 - 0140 Total & Moana.. | 32{ go'72| ror'84} 1127 + 0243
For M and E P.
M |EP|EL|/EP — M M |EP|EZ|/EP — ¥ M |EP|EL|/EP — M
M M M
Under s squares..,.l135| 376's| 3947} 1048 + o039 Under 1o pquares.... (186 8754 899"7 1’028 + o030 Under 50 squares.... |162{ 3924°0f 4302°5( 1096, + 0233
Above s & under 10 | 48] 366'8) 346°4| 0’044 - o077 Abovo 10 & under 20 | 44| 67970 661°6| o'g74] - o050 Above 5o & under 100 | 61| 4549'0| 4602°0] 1°012, + o'ost
Above 10 & under 20 | 46| 6;1'1] 674'5|0°976| - o'o4y Above 20 & under 40 | 45] 1239°'4| 1173°2] 0'947 - 0142 Above 100 & under 200 [ 43| 6054°0| 6111°0] 1°009) + ooss
Above 20 & under 40 | 46| 1383°1] 12798 0’925 - 0209 Abovoe 40 & under 100| 57{3738'5 ;ﬁ;z's 0’945 - 0226 Abovo oo & under4oo| 13]3233°0]) 3455°| 1°069 + o532
Above 40 & under 80 | 1] §91°G| §74°0] 0972 - 0'106 Above 100 & under zoo| 28] 4095°c( 3863°4| 0°943 - 0247 Above 400 squarcs..
Above 8o equares.... Abovezoo &under4oo| 12] 33457 3202°0] 0’987 v 0361
Above 400 squares..
Total & Means..[286] 11°92] 11430996 - 0040 Total & Means.. 372] 37'56| 3584|0990 — o073 ’ Total & Means.. {275} 63°66] 66'20] 1°063 4 o180
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For M and W R.

UMBRAL. WHOLE SProTs. FacuLa,
Total Total Total
Arean as Aron as Aren as

| monsnrod 2 | mensured % [ measured

=) by =) by ° by

oy — b

G VR S WR 2 VR

7 M |WR| N VWR— /M :2 ‘M (WR| M [VWR—/M _.2 M |WR|X VWR—yM
Undor § squares....| 14| 420 | 3971 [o'931 - o'062 Under 10 squares.... | 28| 1307 | 1440 | 1102 + o'106 TUndor 50 BQUATES.... { 22] $07%0| §71'%] 1°126) + o193
Above 5§ &undor 10 | 4] 227 | 236 | r'ogo + 0'046 Above 10 & undor 20 | 17]253°9 | 206's | 0'B13] - 0'179 Above so & under 100| 12| 781'0| 836%| 1'070 + oayg
Abovo 1o & under 20 | 1| 16| 1470 {120y + 0336 Above 2o & under 40 | 7| 217°s | 197°0 | 0°906) - o026y Abovo 100 & under200| 14’ 1879'f 1968 1°048 + on
Abovo 20 & undor 40 Abovo 40 & under 1co| 1} 660 | 650 |og8s - o'obz Abovozco&undor4oo| 2 ¢so'o| 400'o] 0'889 - o'8s8
Abovo 40 & undor 8o Above 100 & under 200 Above 400 squares..| 1| §66'| 620 1'ogs + 17109
AYvove 8o squnres.... Above 2co & undor 400

Abovp 400 squares..

Total & Means..| 19| 402] 4'04| 0’968 ~ o018 Total & Monns.. | 53| 1261 11°56| 0981 - 0'102 Total & Means.. | s1| 83'02] 8618 1'082 + o'a§s

For H and J P.

( H IJP TVIP—yH H |JP |5 |VIP—vH 1P S BEESIVAD BVA:
Undor 5 squarocs....| 6ol 147's |170'1 | 1°153 + o114 Under 10 squarce.... | 61 2856 309'4| 1083 + 008y Under 50 8quaros.... | 39| 1223'o| 1185'| 0’96y ~ o088
Above § & under 10 | 33[225'8 |230'6 | 1021 4+ o'oz9 Above to &undor 20 | 17| 1957 216'5| 1°106 + o176 Above so & under 100 30} 2173'c| 2078°0 0°956 - o188
Abovo 10 & undor 20 | 19/ 259'9 [275°T | 1'058 + o'tob Abovo 20 & undor 40 | 33| 866'3] 9o8'9f 1'049 + o128 Above 100 & undersoo | 33] 4838 4546%] 0939 - o7l
Above 20 & undor 40 | 8| 212%6 | 232°0 | 1001 + 0130 Abovo 40 & under 100 | 33 20700 1991'7| 0’962 - o151 Abovo 200 & undor oo | 1¢f 4508°cl 413270, 0’917 - 0739
Abovo 40 & under 8o | 9| 485%0 | 482'5 | o'pos - o'olg Abovo 1oo & under oo | 21{ 2048'6} 2904"4 0'985 - o'ogo Abovo 400 squares..| 2| 9700 8so'o o'876] - 1'407
Abovo 8o squarcs....| 2|239'4 | 2406 | 1005 + o028 Abovo zco & undor 400 | 11] 3460'0] 3362'5| 0’972 - 0253
AbOVD 400 BQUATES.. | 6] 3621°0) 3434°0; 0'048 - o643
| i —
Total & Moeans..|131] 1199l 12'45| 1°089 + o'o88 | Total & Monns.. {180 y4'71] 72'93} 1°034 - 0’006 Total & NMoans.. [11;] 115°23] 107°40! 0'g44)| - 0266
|

For H and F.

o r . | F -
o) F || vF—wvH , ‘H T || vF—VH H|F ||vF—vH

Undor 5 squares....} 25) 78 | 76 0986 — oot Under 1o squares.... | 31| 1658 1678} r'o1z + o013 Under 5o squares. ... | 25| 722°0] 7010|0971 -~ oor9

Above 5 &undor 10 | 11] 6479 1 74°6 | 1'149) + o175 Abovo 10 & under 20 | 10| 1438 141°0] 0'gB1 - o038 Above so & under 100 | 21} 153570} 1417°0| 0’923 - o338

Abovo 10 & under 20 | 12} 162' | 1956 | 1'207 + 0163 Abovo 20 & under 40 | 10| 255'3| 261°0] 1°030 + o'o7s Above 100 & undarzoo | 12} 1609’0 14812°0{ 0'y21 - 0467

Abovo zo & undor 4o | 12{ 3280 | 381° ( 1'162, + ooy Abovoe 40 & under 100 | 20 1219'7{ 1200°0] 0'986| - ooy Abovozoo & undordoo | §| 1640%0] 1640%] r'o0q] .

Abovo 40 & under 8o | 3| 1640 [ 1726 [1'052 + o9t Above 100 & under2oo| 12| 1811°5] 1817'0f 1003 + o017 Above 400 squares..| 1 8oo'o| 750% 0938 - 0'858
Abovo Bo rquares....[ 2|33’ | 3180 | 0'gR3 - o109 Abovozoo&undor4oo| g|2439'si2333'00'956]  — o'164
Above 400 Bquaros.. | 2j1320'c| 1226')| 1'00s + 0061

Total & Moons.. 65| 1724 1875 rogel  + o173 Total & Mcans.. | 94 7719| 7604/ 0'g98]  — o037 Total & Monns.. | 64| 9853 936ologysl - onea

(@) 2
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For H and J H.

UMBRZ. WHOLE SPOTS. FaouLa.
Total Total Total
Area as Aren a8 Aren an
Z | measured 4 | measured 4 | megsured
° by o by ) by
Gt Lol oy
° JH ° JH < in
2 H |JH|F|{vJHB—/H 2 H |JH| 1 |JH—VH 2 H|JH|H |JTH—/H
Under s squares....| 48| 125°5 | 126'0 | 1°004 + o'oob Under 10 squares.... | 78| 412'4| 41100997 - o004 - || Under 50 squares.... | 34| 111§ 1115°0] I"000] o'co0
Above 5 & under 10 | 19{ 14677 [ 1380 | 0'g41 - 0’082 Above 10 & under 20 | 39| s540°5] 540°0] 0°999 - 0'003 Above 50 & under 100 32{2222'0{2624°0] 1'181 + o722
Above 10 & under 2o | 20| 293’0 | 2880 | 0’983 - 0033 Above 20 & under 40 | 15| 955°0| g79°5{ 1°026 + o067 Above too & under 200 | 3z) 45240 460570| 1018 + o107
Above zo & under 40 | 8/ 2360 |251°0 | 1064 + o1yt Above 40 & under 100 | 40} 2378'| 23745 0'999 - 000§ Above 200 &under 400 | 14} 3290'0) 3716'0| 1°129 + 0’963
Above 40 & under 8o | 8| s04'0 | s07°0 | 17006 4+ o'o24 Aboveroo&underzoo! 21| 3044°| 29900 07982 - 0'100 Above 400 squares..
Above 8o squares....| 2{186'c |1880 | 1011 + o'os1 Above 200 & under 100| 13| 3940°0] 3922°0' 0°995| - ©'040
Above 400 squares..| §|2377°0]2259%) 0950 - 0548
Total & Means..{tos5] 1420] 1427|0993 4 0°003 Total & Means.. [231| §9°08| 58'34] 1°000| - o'ot6 Total &Means.. 112} 99'56| 10768 1073 + o'357
For H and S P.
8P 8P 8P
H 8P S V8P~ /H H|[SP i V8P —/H H | SP " VSP —/H
Under s squares....|131] 349'7] 331°0] 0'947 - 0043 Under 10 squares.... |210| 1038'1| 1004'9} 0’968 - 0036 Under 5o squares.... | 97| 2993°| 3005 1004 4 0012
Above 5 & under 10 | 65| 48171 s1070| 1"060 + o080 Above 10 & under 20 | 95| 128475 1235°5| 0°962 - 0’070 Above 5o & under 100 [114| 7704'0| 7374°0| 0957 - 0'179
Above 10 & under 2o | 45| 619°5] 655°5] x-ogsi + o106 Above 20 & under 40 | 85j2431°5| 2511°5{ 1°033 4 o086 Above1oo & underzoc| s5{ 7561']| 7386°01 0'977| - 0'137
Above zo & under 40 | 39| 107770} 11480} 1°066| + o171 | Above 40 & under 100 | go| 5795°0| 57720 0'996| - o016 Abovezoo &under 400 | 25f 6270'0( 61500} 0'981 - 0153
Above 40 & under 80 | 21{ 1292°0| 12750} 0°987 - 0031 Above 1c0 &under200| 51| 73680 7149°0| 0’970 - 0'180 Abovo 400 squares..
Above 8o squares....| 1] go'o| 80%] 0889 ~ 0'543 Above 200 & under 400 30| 8872°0| 8673°0f 0978 - 0193
Above 400 squares..| 5|2424°(2140'0| 0’965 - 0'38s
Total & Means..[302| 12°99| 13'24] 1°006 + o031 Total & Means.. [s66] 51'61] 5068|0'982 — 0045 Total & Means.. (291] 84°29] 82°18)0'g79) - 0'10§
For H and W.
BE(wW|Z|/W—yH H|w|¥ /W—yvHE H|W|X|/W—vH
H " i
Under s squares ....[ 65| 162°1 | 187'8 | 1'159 + o119 Under 10 squares.... | 86| 3761} 3916} 1'041 + 0043 Under so squares.... | 35] 1175} 11200, 0'953 - 0137
Above 5 & under 10 | 33|210'6 |2442 | 1°160) + 0’194 'Above 10 & under 20 | 39] $38'5| 558 1036 + o067 Above so & under 100 | 27| 1890°0| 1944°0{ 1°029 + o118
Above 10 & under 20 | 30| 399’0 | 431°4 | 1°081 + 0’148 Above 20 & under 40 | 32| 8642 9381 108§ + o218 Above 100 & undor200| 28| 39180 4030'0| 1°029 + 0164
Above 20 & under 40 | 174285 1433°0 | 1011 + o'mb Above 40 & under 100 | 49| 3161°0| 3383°6| 1°070) + o279 Abovoz2oo& underdoo| 31| 8233°0f 84910 1°031 4 o253
Above 40 & under 8o | 5|2600 {2743 | 1085 + o196 Above1oo& underzoo | 28| 4153°5| 4102°5| 0988 - g'o7s Above 400 squares ..| 7|3840'0] 3645'0| 0°949, - orbo4
Above 8o squares....| 2|160’s {1790 | 1’115 + o'so2 Abovozoo & underqco| 8120760 20700] 0’997, ~ Q023
Y Above 400 squares ,. | 2| 876'| 819'| 0935 - 0'6g2
Total & Means..[152| 1066 | 11°51 | 17123 + o138 Total & Means,. [244] 49'37| 50726 1°'043 + o'o9s Total & Means. . [128] 148°87f 150°23| 1'004 + 0082
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For H and E P.
UMBRA. WHOLE SPOTS. FacuLaz,
; Total Total Total
Aren a8 Aren as Arca 08
2 | measured % | mensured B measured
o by o by o by
o ~ Ll e —
S EP S EP S EP
s H |EP|H{ VEP —/H 2 H |EP|H WEP-—J/H ﬁ H EP | H|vEP—VH]
Under § squares ....|z72( 67279] 7238 1076 + o'os9 Under 10 squares.. .. [266] 1349'2| 1356°2( 1'0os + o'0ob Under 50 8qQuores.... 9147'4] 86632 0’947 - 0'149
Above § & under 10 [116| 795'2] 8405|1052 + 0'068 Abovo 1o & undor2o [r12] 15782 1574'5| 0998 - 004 Abovo so & under 100 12013%| 12315°0| I'03§ + o'104
Above 10 &under 20 | 81 11523} 11741} 1°019) + 0036 Above 20 & under 4o | 77]2304°5] 2139'0] 0'g70 - 0'080 Above 100 & underaco 14684'0] 16542°0f 1126/ + 0693
Above 20 & under 4o | 41] 1054'5] 1100°0] 1°043 + o'108 Abovo 40 & under 100 | 82 $384'0| 5291'0] 0'983 - o'o71 Above 200 & under 400 463070 5344'C| 1'154] + 1’131
Abovo 40 & under 8o | 25| 1364'0] 1398°| 1°025 + 0’092 Above 100 & undorzoo | 34/ 4547°0] 4508'0] 0'991 - 0'0§0 Above 400 Bquares ..
Abovo 8o squares....! 3| 2850 2740 1°075 + o317 Abovozood&under4oo| 11{2708'| 2593'! 0958 - 0'337
Abovo 400 squares ..
Total & Means..|s38 ¢85 10724 1087 + o'ob4 Totnl & Mcans.. |582] 30'53| 30'00] 0’994 - o'aab Total & Means.. 67°46|  71°44] 1010 + o187
For J Pand F.
e | P | &|yPr—yip Jp | P || JF—IP gp| 7 | & | yP—yvap
iy JT P
Under § squares....| 5| 9% 9o | o957 - o'o29 Undor 10 squarcs....| 7| 28'8 | 31's | 1°094 + o'og4 Undor 50 squares.... 206°5 |206'0 | 0998 - o'oob
Abovo s Sunderio | 7 448 | 4838|1089 + o'110 Above 10 & undor 20 5] 646 | 684 | 1059 + o110 Abovoe so & undar 100 2580 |217'0 |o'By — o6y
Abovo 10& undor 20 Abovo 20 & undor 40 | 4| 1226 | 1170 | 0954 - o128 Abovo 100 & nndor 200 154'0 | 16¢°0 | 1'071 + 0438
Abovoz2o& under 4o | 1| 210 | 262 1248 + o'$36 Abovo 40 & under 100| 1| s1'0 | 40 | rosy + o207 Abovoioo & under 400 402°0 | 440'0 | 1'095 + o0¥%ss
Abovo 4o & undor 8o | 1| 456 [ 47'5 | 1°042, + 0139 Above 100 & undorzoo| 1{138'% | 1460 | 1°088 + 0’336 Above 400 squnres .
Above 8o squares.... Abovozoo & undor4oo| 12390 |2s1°0 [ros0f  + o383
Above 4c0 squares..
Total & Moons..} 14| 863 9'39{ 1°050] + o093 Totnl & Means.. | 19] 33'90| 35'15| 1°049) + o'o8s Total & Menns.. 7289 73°43|0'983 — o'o44
#
For J Hand S P.
8P 8 8P
JH|SP m_\/SI’—.,/JH JH | SP J—EJSP—JJH JH | SP T /8P-/JH
Under 5 squares....[too| 460'4| 4557|0988 - o010 | Undor 10 BQUAYOS.... [315 1704'2 1737°0] 0'968 - 0036 Under sc squares.... 1587'0] 1590°0f 1°002] + 000§
Above s & under 10 | 86{ s87'1| 630's| 1'074 + o094 Above 10 & under 20 133 1854's] 1800'djog71| - o053 Above 50 & under 100 76160 7300'0{0'g4s] = oagr
Above 10 & undor 20 | 80| 1086s| 1071°0{ 0°986 - o026 Abovo 20 & undor 40 [131] 3728°5| 3604'0|0'968] = o'0BB Above roo & undor 1co 17588'0] 169090 0’961 - 0'248
Above 20 & undor 40 | 49| 1431°0| 1401°0f 0’979 - 0’087 Above 40 & under 100 [131] 85170 8s70'0| 1'006] 4+ o'vag Above zoo & undor 400 15335°'0f 148800 0'g70] - o43
Above 40 & under 8o | 23| 1186'0[ 11730 0’989 - 0'040 Above1co & undorzoo| 85| 1z007'0f 119650 0'997] = o%020 Abovo 400 BQuares.. 4830'0| 4860%0| 1'006]  + o068
Ahove 8o squarcs.... Abovo 200 & underq4o | 27| 7807'0 7944’0/ 1'018]  + o149
Above 400 squares.. | 2| g1o'd] gjofron| 4+ o116
Total & Monns..[438| 10'85| 10'80f 1'004 — o'oor [ Total & Moans.. |834] 43'92| 43'83o'979] — 0030 Total & Moans.. 139'75| 135°24/0'965)  — o198
|
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ForJ H and W.

UMBRZE, WHOLE SPOTS. FACULZ.
Total Total Total
Aren as Area o8 .| Arcaas
% | measured Z | measured ¥ | measured
o> by ° by o by
o -t -
8 w ° w o W
S|TH| W |7H|/W—y/TH S|TH| W [TH|VW—VIH S|TH| W I35 |W—y/JH
Under s squares ....| 60| 131°4] 129°3] 0969 - o024 Under 10 squares.... | 95| 461°3} 4471|0969 - 0'035 Under 50 squares.... | 47| 16760} 1534°0] 0’915 - 0259
Above § & under 1o | 27/ 223'4] 207°0]0'927, - 0107 Above 10 & under zo | 33| 4750 490°0] 1°032, + o'061 Above so & under 100 | 42 3137°0| 2905°0] 0'926 - 0'32§
Ahove 1o & undor 20 | 25| 371'3| 336°4] 0°90f| - o185 Above 2o &under 40 | 17| 492°5| 496'6| 1'083 + o023 Abovo 100 & under 200 | 32| 50340 4437%0] 0881 - 0767
Above 20 & under 40 | 22} 6200 591'0| 0983 - 0’12 Above 40 & undor 100 | 45|2809°5| 2910°0] 1036 + o140 Abovezoo & under4oo | 21| 6o16%] 5664°0| 0942 - 0§03
Above 4o &under 8o | 7| 404's| 385'0} 0952 - 0185 Above 100 &under 200 | 22] 3048°0| 3099%] 1017 4+ 0'098 Above 400 squaros ..| 3| 14000 1350°0| 0’993 - 0'077
Above 8o squares....| 2| z14°0| 2080|0972 - 0’146 Above2c0& under 400 | 10]2637°5| 2765°0| 1048 + o381
Above 400 squares .. | 3] 14880 1494°0| 1'004 + 0'045
Total & Means..|143] 13'74| 12'97] 0’947 - 0093 Total & Means.. {225 5073 5201 1°009 4+ o081 Total & Means. . |145| 119'06} 10586 0'916 - 0422
For 8 Pand W.
w w W
SP| W ﬁJW—\/SP ‘SP ‘ w IET NW—,/8P SP| W 57 NW— /8P
Under s squares ....| 69| 174's| 1752|1004 + o003 Under 10 squares.... |106] s10'o| 452'8] 0888 - o127 Under so squares. ... | §8; 1920'0| 1705°0[ 0’888 - 0'331
Above s & under 10 | 31| 24144 230°4|0'9s4| - 0065 Above 10 & underzo | 33| 463 477'0| 1’030 + o056 Above so & undor 100 | 49! 3791°0 3317°0[ 0875 - 0569
Above 10 & under 20 | 22| 3280 31070 0’045 -~ o'108 Above 20 & undor 40 | 35| 970'5| 916°0] 0°944 - o112 Above 100 & undor200| 30/ 4109'0] 4034°0| 0°982 — o108
Above 20 & under 40 | 15) 4060 4030|0993 - o'olg Above 40 & under 100 | 33| 2147°0| 2137°0| 0°995 — o019 Ahovezoo & undor4oo| 13| 3333°0| 31213°0{ 0964 ~ 0291
Above 40 & under 80 | 5| 261'0] 246'0] 0'943 - o211 Above too & underzoo | 30| 4067°0| 4155°0| 1°022 + o125 Above 400 squares ..| 2] 8soo] 879'0|1'034 + 0'348
Above 8o squares....| 2| 1890 20801101 + o477 Abovezoo &under4oo| 5| 1299 13420} 1°033 + 0264
Above 400 squares .. | 3| 14210 1532°| 1°078 + 0'834
Total & Means..|144] 11°71| 1092 0°g82 - 0032 Total & Moans.. [245| 44'40| 44'95[ 0951 - 0038 Total & Moans.. |152] 9213 8650|0911 - 0'351
For SPand E P.
SP|EP|EY|/EP—\y8P splEp |[EL[/EP—\/SP sp|Ep | /EP—/8P
8 BY 8T
Under s squares....| 32| 101°2 | 042 o931 - 0063 Under 10 squares.... | 67] 345's| 326'9|0'946) ~ 0'063 Under so squares.... | 28| 9170} 944%| 1029 + 0’083
Above 5 & under 10 | 18] 1435 [ 1355 | 0'g44 ~ 0079 Above 10 & under 2o | 24| 3660 370'5| 17012 + o024 Above 50 & undor 1co{ 25| 1730'%| 1820%| 1'052 + o190
Above 1o & under 20 | 17|23%'5 {226°5 {0'950 - o'0g6 Abovo zo & under 40 | 18| s526'0) s12°5|0°974 - o070 Above roo &underzoo! 18] 2496'%| 2410%| 0°966) —~ 0205
Above 20 & under 40 | 7| 1860 | 176'0 | 0’946 — o141 Above 40 & under 100 | 25{ 15830} 1601°0{ 1'011 + o048 Abovezoo &undor4oo| 4| 1085'0] 11100 1023 + o188 !
Above 40 & under 80 | 8| 4380 4210 | 0961 - 0’145 Abovoe rco & under 200 | 17| 2427°0] 2394°0] 0°986) — o082 Above 400 squares..| 1| 4500 4oo'o| 0889 - 113
Above 80 squares....; 1 g8o | 880 [o8g8 - o518 Abovezco & under4o0| 8 2165°0] 21360 0987 - o't
Above 400 squares.,
Total & Means..| 83 14's2| 13'75{0'941 -~ o093 Total & Means.. [159| 4662} 46'16|0°976) — o032 Total & Moans.. | 76| 8787 87s| 1019 + o038
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For E P and W R,
UMBRA. WHOLE SPOTS. FaoUuLE.
Total Total Total
Arca a8 Aron ns Arca na
2 | measured 2 | monsured # | moasured
5] by ) by o by
- - -
° . WR © WR 4 WR
S| EP | WR|ED |/ WR—y/EP £|LP|WR\ET |/ WR—./EP S|EP |WR|EP |VWR—EP|
Undor s squnros....| 131 347  34's] 0994| - 0’006 Undor 10 squares.... | 20| gz'9 106'0) 1'141 + o146 Undor so squaros.... | 12| 36s5'c| 362°0]o'992 o'tas
Above s &underic | 37 21'0] 200 0'9sz - o'063 Abovo 1o &undor 20 | 13| 1870] 1940 1°037, + oa71 Above so & undor 100] 8/ 633'0] 6100 0’956 o'198
Above 10 & undor 20 Above 2o &S undor4o | 3| 770 Gyol 0'Bg6 — ot Above1oo & undorzoo| 5| 565'cf 586'c| 1'041 0196
Abovo 20 & undor 40 Abovo 40 & undor 100| 1| 480 440/ 0917 - 029§ Abovezoo &undorgoo] 2| 4600 394°0] 0856 1’130
Above 40 & under 8o Abovo 100 & undor 200 Abovo 400 Bquares..
Abovo Bo squarcs.... Abovozo0 & undor 400
Abovo 400 squargs..
Total & Means..| 16| 3'48] 3'41|0'986 - o'oly Totnl & Monus., | 37| 10°94| 11'16{ 1°079) + o'o74 Total & Means.. | 27[ 75'48| 72'30] 0980 o116

As in the discussion of personality

in the measurement of areas on four-inch

photographs, and as in the preceding section in connexion with the probable error of
such measurement, two suppositions have been made :—

condition (b).

(1.) That the measures of each observer ure to be multiplied by a constant factor to
reduce them to a uniform standard, in which case (a) the ratio of the areas (as given in
each of the third columns) should be constant for the same pair of observers measuring
spots of varying area ; and () the ratios for the various pairs of observers should be

accordant, 7.c., for any three observers the product of the ratios for each pair taken in
order should be unity.

With regard to (a) an inspection of the deduced factors shows that there is not
always a satisfactory agreeinent between them, and it is possible that the variation of
personality with area may be better rcpresented by some other hypothesis.
assortment of spots measured in the majority of cases being roughly the same, the
mean factor deduced by any uniform method ought still to be subject to the

But the

As in the measurement of the four-inch photographs, however,

it has been found that many of the measures bear traces of being not altogether
independent, so that the personal factor does not remain constant when the companion

observer varies.

This is doubtless due to the fact that in order to secure the same

grouping of complicated spot-groups by the two measurers, the measures of the first
are necessarily referred to by the second, and a certain amount of bias is thus
introduced. The effect of this bias is somewhat less marked in the measurcment of
the eight-inch photographs than in that of the four-inch ; the greater proi)ortion of
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the eight-inch photographs having been taken since the time of maximum spot activity,
and therefore at a time when extensive and complicated spot-groups were less frequent,
and a close attention on the part of the second measurer to the observations of the
first was not so frequently demanded.

The accordance of the personal factor in different combinations was actually tested
as follows :—The ratios were reduced to algebraical differences by taking logarithms
in each case, and these differences were then treated in the same manner as the personal
equations in clock-error, as described in the various Introductions to the Greenwich
Observations, i.e., the various equations in which the same observer occurs are added
together, so that in the resulting equation that observer is affected by a large
co-efficient. Then writing for convenience m, A, ete., for log. M, log. H, etec.,
go that :—

log. 0-830 9-:91908 Umbrz,
h — m = log. i-{d = log. 0'967} = {9'98543} for {Whole Spots,
log. 1-066 0:02776 Facule,

and making M the standard observer, i.e., putting M = 1, or m = O, we obtain the

following systems of equations : —
- Umbree. Whole 8pota. Faoulm,

977062 996400 0-04625
0-06077 999634 0-01370
0-05426 0:02164 9:96587
9:98029 ° 001051 0-09869
9:99432 0-00870 004185
996233 9:96790 9:97507
0-00204 9:94946 004779

Th-jp-F—jh—sp—w=—ep
3jp—h-f

8f—h—jp

4jh —h —s8p—w
5sp—h—jh—w-—ep

4w —h—jh—-sp ‘
dep —h —sp—~wr

Il

2wr —ep = 997976 002469 002546
The solution of these equations gives the following values for m, %, j p, &c.
Umbrae. Whole Spots. Facule.
m 0-00000 0-00000 0:00000
h 9-94974 9:98791 0-02881
ip 000444 9:99529 0:01528
f 0:00281 0-00161 000332
ik 9-96517 9-99391 004579
8p 9-96906 9-99184 0:03458
w 9:96158 9:98539 0:02106
ep 9-97449 998330 . 0:03540

wr 997713 0-00400 003043
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and hence the following values of the ratios f,

H
M
Jp

—
= z[*: =|

=2

[IA
—
i

=l =

%
]
[®]

M
W R
M

Unbrio,

0-891
1-010
1-:006
0923
0931
0-915
0-043

0:949

JE
M
Whole Spots,

0973
0-989
1:004
0+986
0-981
0°967
0-962

1-:009

Faculw,

1:069
1-036
1-008
1-111
1083
1050
1085

1073

b
, &e., M beiny taken as 1 :—

XXXl

The following table exhibits the differences between the values of the ratios for the

several pairs of obscrvers found by direct comparison, and those deduced from the

solution of the equations :—

UMBRAL. WHOLE SroTs. FacuLz.
Value deduced from Valuo deduced from Value deduoed from
Ratio. -
Diroct Differonce. Direet Difference. Direct Differcnee,
Com- Equations. Com- Lyuations. Com- Iiyuations,
parison. parison. parison.
H =-M 0'830 o891 | + ‘061 0'967 0973 | + "och 1°066 1069 | + ‘003
JPr =M 1'109 1'c10 | { ‘099 1-006 0989 | + o1y 1'069 1'036 | — ‘033
oM 0'990 1006 | 4 ‘016 1°004 1°'004 ‘000 0992 1oof | 4+ 016
JH+-M 0'91% 0923 | + ‘008 1’012 0'gRG | — 026 1'034 'ty | 4 coy7
SP - M 0903 0931 | + 028 0985 0981 | — *oo4 1'o82 1'083 | + ‘ool
W =M 0'878 0915 | 4 037 0928 0967 | + r039 1"127 1'050 | — *077
LM 0996 0943 | - 053 0'99o 0'g62 | — ‘028 1’063 1’085 | + -022
WR+-M 0968 0949 | — 019 0981 1'009 | + "0z8& 1082 1'073 | — *00y
JP —- 11 1'089 1I'134 | + "045 1'034 1'017 | — 'CI7 0949 0969 | 4 ‘020
P11 1'090 1'130 | 4 040 0'998 1'032 | + 034 0948 0'943 | — *005
JH =TI 0993 1036 | 4 ‘043 1'000 1'ol4 | + o4 1°073 1'040 | + 033
SP =11 1:006 1"045 | + 039 0982 1'009 | + 027 0979 1'ory | + o34
W +H 1123 1028 | — -og; 1043 0994 | — "049 1'004 0982 | — 022
EP+-H 1'057 1'059 | + ‘o0z 0°994. 0989 | — ‘00§ 1'010 1'01§ | + ‘003
P+ JpP 1'050 0'996 | — ‘054 1049 1'015 | — 034 0'983 0973 | — o010
SP+-JH 1°004 1'009 | 4 ‘00}§ 0979 0995 | + 016 0965 0975 | + -o10
W = JH 0947 0992 | -+ 04§ 1°009 0981 | — ‘028 0916 0'945 | + -0z29
W =8P 0'982 0983 | 4 ‘ool 0'951 0985 | + 034 0'g11 0969 | + ‘058
P =8P 0'941 1'013 | + ‘072 0976 0981 | + 003 1°019 1'002 | — ‘017
WRh= EP 0986 1’006 | 4 ‘020 1'079 1’049 | — 030 0980 | 098y | + ‘cog

(GREENWICH OBSERVATIONS, 18ES,

(e
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The following table gives the factors for the various pairs of observers, who have
measured eight-inch photographs :—

FACTORS BY WHICH THE AREAS (ON FEIGHT-INCH PHOTOGRAPHS), AS
MEASURED BY THE VARIOUS PAIRS OF OBSERVERS, ARE TO BE
MULTIPLIED TO REDUCE TO THE STANDARD OBSERVER, M,

Observers. Umbra. ‘Whole Spote. Facule.
M, H 1'058 1'013 0966
M,JP 0'995 1°006 0°g82
M, ¥ 0'997 0'998 0'996
M,JH 1'040 1'007 0947
M,SP 1035 1’010 o'960
MW 1°044 1°017 0'976
M,EP 1029 1019 0'959
M, WR 1026 0'995 . 0964
H,JP 1°047 1'019 0950
H, F 1'054 1011 0'963
H,JH I'103 1'020 0’917
H,SP 1098 1°024 0929
HW 1'107 1031 0'943
H,EP 1'091 1'033 0928
JP, F 0°'g9z 1004 0978
JH, 8P 1°079 1’017 0'911
JH, W 1°088 1'02§ 0'92§
SP,W 1083 1027 0'937
SP,EP 1°047 1'029 0'922
EP, WR 1'057 1'o1; 0'927

(2.) The second hypothesis tried is that each observer has a tendency to add to or
subtract from the area of each spot, a ring of constant breadth, owing to the indefinite
nature of the border. He is thus characterised by the algebraical excess of the square
root of his measure of a spot over the square root of the measure of the standard
observer, The sixth column in the tables of comparisons shows the value of this
difference, as deduced from the various measures ; so that to reduce the measure of
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any observer to that of another we subtract algebraically the mean value of the corre-
sponding sixth column from the square root of his measure, and square the result.
These quantities, to be in satisfuctory accordance, should fultil two conditions similar
to (a) and (b) above.

The accordance between the results obtained from spots of different area does not
appear to be more satistactory on the second hypothesis than on the first, but the
second hypothesis is to be preferred as corresponding to that which is indicated by the
results for probable error.

The following are the equations deduced from the above sets of measures by a
method similar to that used in the ease of factors :—

Umbra. Whole Spotas. Faculw.
IVH-yvJP—-vEF-yJH-vB8P-vW-yVvEP = —-0771 -0070 +0210

3vIJP-vH-VvF
3vF-vH-vJP

4vJH- vH—- vSP- W
S5vSP-vH~-vIJH-yvW-vyvEDP
4y W—-yvH-vJH-SP
4vEP-vH—-yvSP- v WR
2vWR - vEP

+ 0008 - 0131 - 0088
+0°232 + 0-088 —0:377
—0-040 - 0097 +1:125
+ 0015 -~ 0149 + 0260
—0247 —0-029 — 0478
- 0052 ~ 0205 + 0461
- 0035 -0:028 + 0139

Solving these equations we get the following values for v H- v M, &, :—

Umbrwe, Whole Spots. Faculw,
vH=-vM -0:199 - 0077 + 0-158
vIP—-vM - 0068 - 0077 —-0001
vE-vM - 0012 - 0022 - 0073
vJH-vM - (134 - 0087 +0°398
vSP-vM -0120 - 0100 + 0232
vW-vM - 0175 ~0:073 + 0-078
vIEP-vM -0-111 -0113 + 0263
vWR-vM —-0-073 - 0-070 +0-201

(e) 2
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The following table exhibits the differences between the values for the several pairs
af observers found by direct comparison, and those deduced from the solution of the
equations :—

UMBRE, WHOLE SPOTS, FacuLz.
Values deduced from Values deduced from Values deduced from
Direct Difference, Direct Differeuce, Direct Difference.
Com- |Equations. Com- |Equations. Com- | liquations.
parison. parison, parison.
VE —yM |- 0278 | —o0'199| + 079 | — o112 | — 0077 + "035 | — 0043 | + 0158 | + ‘201
VIP — M |+ oo13|— 0068 ~-081 | —o0040|—0077] — 037 |+ 0164 | — 0001 | — *165
N2Y - \/—M — 0034 | — o012 | + 022 | + c'0o40| — 0’022 | — 062 | — 0'091| — 0’073 + ‘018
VIH — M |{—o0135]{—0134] + 001 | — 0'060| ~ 0'087| — 027 |+ 0’148 | + 0'398| + ‘250
JS—P — \/M— — 0’142 | — 0'120| + ‘022 | — 0’141 | — 0’100 + 041 |+ 0250} + 0’232 | — "018
VW  — UM | —o260|—0175| + 085 | — o'140| — 0'073 | + ‘067 | + 0'243 | + 0'078| — *165
VEP —yM |- 0’040 | — 0111 — 071 | — 0'073 | — 0113 | — 040 | + o180 + 0263 + 083
VWR—- VM |-co18|— 0'073| — 055 | — o102 | — 0'070| + 032 | 4+ o255 + 0201 | — ‘054
VIP —VvH |+ 0088|+ 0131 + ‘043 | ~ 07006 0000 | 4+ 006 | — 0296 — 0159 | + ‘137
VI  —VH |+ o0173]+ 0187| 4 o14 | — c037| + 0055| + ‘09z | — 0'z42| — 0231 | + *o11
VIH —vH |+ coo3| + 0065 | + ‘062 | — 0'016| — o010 + 006 |+ 0357 | + 0'240| — 117
VSP — VH |+ 0°031| + 0079 | + '048 | — 0045 | — 0'023| + 022 | — ©o'105 | + 0074 | + 179
JW — \/H + o138 + 0024 | = ‘114 | 4+ 0095 | + 0'004 | — *0gI |+ o'O52 [ — 0080} — ‘132
JEP —VH |+ 0°064 | + 0’088 + 024 | — 0’026 | — 0'036| — o010 | + 0’127 | + ©'107| — 020
vE — JITP |+ 0'093 | + 0056 | — 037 | + 0'08¢| 4+ 0055| — 030 | — 0’044 | — 0’072 | — 028
VSP — T H L+-o'001 + oo14| + 013 | — o030 —o0013) + 017 | — 0198 — 0166 + ‘032
VW —yJH| - 0093 | — 0041 | + 052 { + 0’051 | 4 0'014| — 037 | — 0'422 | — 0°320| + ‘102
VW — JSP|— 0’032 | — 0055 | — ‘023 | — 0'035 | + 0’027 | + ‘062 | — 0351 — o154 | + 197
VEP — SP|~o0093 |+ 0009| + ‘102 | — 0032 — 0'013| + ‘019 | + 0°038 | + c'031| — ‘007
VWR— vEP| - 0017 | + 0038 + ‘055 | + 0074 | + 0'043| — ‘031 | — 0'116| — 0062 | 4 054
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WHOLE SPOTS.

Corrections to be applied to measured area on hypothesis of error varying as perimeter.

Pairs of Observers.
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Personavrry 1IN MEASUREMENT orF AREAS oN Kigur-INcH PHOTOGRAPHS. XXXix

FACULA.

Corrections to be applied to measured arex on hypothesis of error varying as perimeter.

Puairs of Observers.

Aren. M, I M,JP MF MJH M,SP M, W M,ED M, WR o,Jr H, F
Io| — 1°0 oro| + 05| —24|—=1'4| =05 —16|— 12| —05|=—0"3
20| — 1°4 ool 4+ 07| —134| —20|—07|—23|—=18}—07]|— 04
30| — 1°7 co|+ 08| — 42| —25! —o08| —128|— 22| —2029]|— 0§
50 [ — 2°2 ool 4+ 10| =55 | =32|—11}—~36]—28|—11]|—=06
70 | — 2+6 oo+ 1'2| —65| — 38| 13| —4'3|—133|—1'3]|—07
100 | — 3°1 ool 4+ 15| —28| —46} —1'5l =152} —=40|~16]|—-o09
150 | — 3°9 ool 4 1'8] — 86| —56|—19|—064|—=149|—120]—1"I
200 | — 4°4 00| 4 271 | =111 | — 6°5 | — 2°2 | — 7°4| — §7| — 22| —=1°2
250 | — 5°0 oo + 23| —12°4 | — 73 — 22§ | — 83— 63— 25|~ 1°4
300 [ — 54| + 01| 4 25| —13°6| — 80| — 27| —90| =069 | — 27| =13
350 [ — 59| +o 0|+ 27| —147|—86|—29|—98|—75|—30—16
400 — 63| + o1 | 4+ 2°9g| —15'8| — gz, — 31| —10°5| — 80| — 32— 17
500 | — 7:0| + o1} + 33| —17°6| —10°3 | — 35| —11'7 | — 89| — 3°5| — 1'9

1000 | —10'0 | 4+ 01 | 4+ 4°6 | —25°0 | —14'6| — 4°9 | —16°'5 | —12*'7 | — §5'0 | =~ 2°7

Arven. oJua H,8T H, W I, EP J,TF JI, 8P | JH, W SP,W | SP,EP [ EP,WR
10| — 17| —12{=07|—13] 4+ 02| =19 =1"5]| =10 =15 |—1"4
20| — 24| —~1'7 | —-10| =~ 18| F 03| =27 =21 | = 14| = 22| —20
30 —30|—21|— 13| — 23|+ 04— 33} —26|—=17—27|=—2"3
50| — 391 — 27| = 1'7| — 29|+ 05| — 44 — 33| = 22| — 3%, — 32
70 — 46| — 32| =19 — 35|+ 06| ~—52]—39|~26[=—41]— 38
100 | — 65| — 39| — 23| — 42| +07|=062]|—47|—31}—49]|—46
150} — 67— 47 —29| -1 |4+ 09| —76|—58|—38|—2060]|~—5"6
200 | — 7°8 | — 55— 33| —59|+4+ 10| — 88| —67|=44|—70]—6"%
250 | = 87| = 61| =371 —~66|+1'2/—99|—=75|—=491=77—73
300 [ — 95 | — 67 | — 41| — 73!+ 1°3| —108| — 82/ —5:3|— 85— 80
350 | —10°3 | — 73| — 44| — 79|+ 174 —11'7 | — 89| — 58 — 92| — 86
400 | —11°0 | — 7°8 | = 4°7 | — 84| + 1'5| —12°§ | — 9*§ | — 62| — 9'9 | — 9°2
500 | —12°3 | — 87| — 52| — 9°4 | + 1°7 | ~14°0| —10°6| — 69| —11'C | —10°3

1000 | —17°§5 | —12*3 | — 7°4 | —13*3 | + 2°4 | —19°8 | —15°3 [ — 9*8 | —16°0 | —14°6

[t will be seen that these correetions are in every case smaller than the probable

error of the means of two measures on eight-inch photographs (as given on p. xxiil.

of this Introduction and also in the Introduction to the Greenwich Observations, 1885).

It scems, therefore, unnecessary to apply them to the measured aveas as printed, except

in cases of special discussions of changes of arca from day to day where extreme

accuracy is desired.




x]l  I¥tRODUCTION TO (GFREENWICHT SPECTROSCOPIC AND Priorocrarnic Rrsurrs, 1888.

As the two senior observers, M and H, have both been engaged in the measurement
of eight-inch photographs since 1882, it appeared interesting to enquire whether a
comparison of their measures made in different years showed any progressive change
of personality. The following table shows that though considerable differences are
indicated in the mode of observation of the one observer relative to the other {from
year to year, yet there has been no regular progressive change. ILight-inch sun
pictures were first taken at the Dehra Diin Observatory, India, during the period 1882
November 7 to December 8. They were then discontinued for about six months, but
since 1883 June, the four-inch photographs have been entirely discarded at Dehra
Dfin, and the daily serics of sun picturcs has been always taken on the cight-inch
scale. The change from the four-inch to the cight-inch scale was made at the Royal
Observatory, Greenwich, on 1884 April 2, and at the Royal Alfred Observatory,
Mauritius, on 1885 March 11. As during the year 1883 the measurement of the
Greenwich photographs was effected by M with one computer, and that of the Indian
photographs by H with another computer, it happens that in no case did M and H
both measure the same cight-inch photograph in that year, and there are, therefore, no
materials available for determining their personality at that time.

FOR M AND H.

UMBRAE. WHOLK SPOTS. Facunm.

i Total Area R Total Ar((zln . .Toba] Area

& | as measured by ) 2 | as measured by : 2 | as measured by i
Year | O ' ' —% VH=yM || © —IN% VE—yM | © _ %— VH—y/M

[=] =] [=]

s | M H s | M i S M H

4 v v
1882 | 40 12%4'2 11300 0'897 —6'193 64 |7860°3|7844°1| 0°999 | —o0'004 | 52 | 7265'0| 6596°0| 0'973 | —o0°319
1884 | 96 x467'9 1153'6| 0’800 | —o'305 .13y 188517 (862174 | 0'933 —6-165 73 [11893-0{11679'0| 1069 | +0'103
1885 | 14 | o942 ' 947 | 0'931| —0038 || 26 | 734'9| 754'5| 1068 | “o'110 . 3j 2213'0) 25810 1'205) +0'700
1886 | 13 15.3'6 142°11 0832 | —o'190 || 34 | 976°4| 987°0| 0'997 .+0'ooz 28 | 2121°0| 1934'0| 1'045| —0'148
1887 [ 85 |1123'1| 9340 | 0’809 | —o'304 |I138 |7135°416681°2! 0938 | —0'183 | 98 | 5798'0| 60560 | 1°087 | + 0232
1888 | 14 | 167°4) 135°3! 0'863| —o0°304 || 31 {11282 |1090"8| 1'085 ‘+0'034 48 | 25550 2445'0] 106z | +0°107

A more detailed comparison, giving the separate results for spots and faculxe of

different sizes, is given in the following tables :~--




PersoNarniTy IN MeAsUREMENT oF AREAS oN EicHT-INCH PHOTOGRAPHS. xli
For 1882.
UMBRA. WHOLE SPOTS. FacuLai.
Total Totul Total |
Aron s Aron a8 Aron as
,S’ moesuroed E monsured _g‘ mensured
by by o by s} by
s n S| 1 sl———In
SIM | H M| yH—yM g M\H M| JH— M g Mln N | JH — oM
Undor § equares ....0 17) 597 | 548 | o'g18 ~ o'oBo Undor 10 squnros....| 18] 882 88| 1°007 + o'ooy Under 50 squures.... | 14 459'0] 480'c| 1046 + o130
Above s &under 10 ) 11] 874 | 75'9 | 0868 - o'193 Above 10 & undor 20 | 14| 227'8) 226'6 0’yys - o'oll Above so & under 100 | 16 1173°0| 1100%| 0'938 - 0271
Abhove to&undorzo | 6 941 | 813 |06y - 0279 Above 2o & undor 40 | 9| 236'3) 243'8|1°032 + o'olo Above 100 & under 200 11.|‘i 1721°| 1772°0 1'030) + o176
Abovo2o&underdo | 2/ 570! 510 |o8ys — 0289 Abovo 40 & undor 1oo} 12) 785%0| 732°3 0933 - 0276 Abovezoodundor4oo| §i1292'0f 1212°0) 0'93R — o'§06
Above 4o & under 8o Ahovotoo& underzoo| 6| 755'0] 8oo's| 1'obo + o334 AbOVo 400 Bquares .. 5‘ 2620°0} 2032°0| 0'776) - 2’732
Abovoe 8o squares..... 4| g26'c 8670 | 0936 - 0493 Abovozoo & undor4oo] 1| 276'0] 288'| 1'043 + o0'358
. Abovo 400 squares ..| 4! 549270 5464'0| 0998 - ¢'oog
Totul & Moans .. 40i 30'61| 28'25| 0’897 — 0'193 Total & Means ..| 64| 122'82] 122°56 0'999] — o'cod Total & Moans .. sz'|119‘7l 126°85] 0'971 - 0319
For 1884.
Ml |2y M H|E ya—yM M| H |3 i M
M M M
Undor § squires ... 37(104's [ 83§ ‘0'798 — o176 Undor 10 squares....| 46{ 2317 215°3) o'g2y ~ o'o8z Undeor 5o squures.... | 20; §37°0| 645%| 1°201 + o497
Above § & undor 10 | 25,1959 1 153°6 | 0’784 - 0222 Above 1o & undor 20 | 23] 306'1] 2ByG| 0'g46) - 0'0gy Above so & undor 100 | 14| 955°0| 1050'] 1°099) + ool
Above 1o& under 20 | 18/258'7 | 205°¢ “0'795 - 0412 Abovoe 20 & undor 4o | 19] 667°2) 3835/ 0875 - 018§ Abovoioco & undorzoo | 21) 2986'] 3148%) 17084 + o319
Alove zo & undor 4o | 8| 258'3 |212'0 o8t — 0’538 Abovo 40 & undor 100) 30| 2100'7} 1962°c| 0934 — 0281 Aboveo 200 & under 4oo! 12 3715'0] 3376%] 0’9oy — o8zt
Abovo 40 & undor 8o | 5{285'5 |240's | o'Bya| — 0611 Aboveloo&underzo, 6| 7970, 759°c| 0°952 - o278 Above oo squares .. [ 6! 3700%] 3460%f 093§ — o819
Abovo Bo quares....| 3f3oso |158'5 !‘0'848 -~ o'foo Abovozoo & undoer 400] 7| 1795°0) 1733°0] 0966 - o9
‘} Abovo 4oo squunres .. 0| 2954°0] 3079'0] 1°042 + 0465
‘Totnl & Dlonns ..| 96 1466 12°02 0'Boo - 0’308 Totnl & Means ..[137] 6461 62'93) 0933 - o'16§ Total & Means .. [ 73 162°92] 159°99} 1069 + o103
|
|
For 1885,
11 i} H
‘M H|I \/1{—\/1\1“ M H D -y M[H (I /E— N
Undor § 8QUUTOR ....0 9| 22°2 | 18'7 |o'B42 - 0130 Under 10 Bquatos.. .. ”t 610 | 64's [ 105y + o061 Undor so squaros....| 9i261'c | 3570/1°368 + oyi4
Above s &undor 10} 1} 8o 70 lo8ys ~ o182 Abovo ok undorzo | 3 387 41'0 1089 + o106 Abovo so & undor 10o] 15/916' | 1050%0] 1°146] + 0553
Aboveo to & undorzo | 3| 370 | 46% [1°243 + o'yos Abovoe 20 & undor 40 | 3| 682 | 880 | 1290 + o64g Abovorco & underzoo| 5| 586 | 644°0f 109y + 0§23
[
Abovoe 20 &undor 4o | 1} 270 | 23'0 |0'852 — 0’400 Above 4o & undor 100} s{ 322'0 {326'0 | 17012 + ©'080 Abovoz2co & undor4oo| 2f450'0 | 53070 1178 + 1279
Abovo 40 & under 8o Above1oo& undoroo| 2245 |235°0 |0'gs9 ~ 0218 Abovo 400 BQUArCR ..
Above 8o squnros.... Above 200 & under 400
Abovo 400 squares ..
Total & Means ..} 14f 673 676/ 0’931 - oo8 Totnl & Monns ..| 26 2827] 2g'oz| 1'068 + o110 Total & Moans . | 31f 7139| 8326|205 + o900

GREENWICH OBSERVATIONS, 1888.

&
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INTRODUCTION TO GREENWICH SPECTROscOPIC AND Proroerarmic Rusurrs, 1888.

For 1886.,

UMBRZ. WHoOLE SPOTS. Facura.
Total Total [ Total
Arcaas Area as Aron s
],f measured % | mensured ,E’ meo:kured
o by . Ie) by o by
% i 3 n 3|———1 1
glM|H|¥|vE— ) G M| I |5 | vH—yn P M)H M | /I — M
1 |
Under s squares....! 7| 183} 152 |o'831 — 0143 Under 10 squares....[ 16 71’1 | 72% [ 1013 + o'or4 '. Under 5o squares.. .. | 12 283'0| 3530 | 1247 + o's68
]
Ahove 5 & underio | 6/ 443 | 339 {0765 — 0340 Above 10 & under zo | 8| 1215 | 10g°0 | 0'897 - 020§ i Abovu 50 & under 100 | 8! 568'| 5560 | 0975 - o'olly
Above 10 & under 2o Above 20 & under 40 | 6] 165'3 {1770 | 1'071 + o182 } Abovae teo & underzaco| 7] 1050'c| 845'0 | 0'do§ - 1260
Above 20 & under 4o | 1| 2570 | 270 | 1°080] + o196 | Above 40 & under 5oop 24 9o'5s | 93'0 |1°028 + o052 \ Abovozoo & undergoo| 1| 220'0|180% 081 - 1°416
Above 40 & under 8o 1| 660 | 660 | 1000 0'000 f Above roo& underzoo| 1|122°0 | 122°0 | 1°000] 0'000 ! Above 400 HQULreK. .,
| .
Above 80 squares.... | Abovezoo & under 400 !
) Above 400 squares..| 1|406% (414’0 |1'020 + o198 '
— ' |___ - ! ——— | | e e
Total & Means ..| 15| 1024) 947/0832] “= o150 |  Totnl & Moans 34 282! 2403\ 0gy7 + oooz | Total & Meany 28 7575) Gyrop| 1'04e — o148
1 I '
|
For 1887,
M| H | F|VE—vM M| H | L H—yM M| |8 ve—ua
M , M : M
i
Under 5 squares....{ 33| 814 | 66'6 0818 — o151 ' Under 10 squarcs....| ss| 269's| 25320939 - o'oby Under 5o squires.... | s} 15740f 1774'¢| 1"127 + 0317
Above s & under 10 | 23| 1892 1144‘4. 0'763] * — o367 » Above 10 & under 20 | 22] 3123| 298| 054 - ooy Above 50 & under 100 | 22| 1455°0) 1532°0| 1°053 + o213
Above 10 & under 20 | 17/2760 ~ 227°'5 | 0824 - 0372 I Above 2o & under 40 | 15| 444's| 4180/ 0*;40 — 0104 Abovotoo& underzoo | 14{ 1529701 15200 0'H9s| - o'oL§
Above 20 & under 40 | 6/18z5 115;'5 0’841 — 0458 : Above 4o & under soc| 27| 1812°0| 1678°0| 0926, - 0'109 Abovezoo & undergco: 3| 8400 B3o0f oK - o'100
Above 40 & under 8o | 63040 + 3420 | 0868 - 0’553 i Abovo 100 & under zoo| 11] 1401%] 1277°0] 0912 - o489 ADOVE 400 RUATI ..,
: !
Above 8o squares. ... Abovezeo & under ool 6 1866%| 1807°0] 0568 - 0281
; Above 400 squares..| 2{1030'0| g950%l 0622 — oByy
Total & Means ..| 85) 1448 1099|080y — 0'304 ] Total & Means ..|138] 5171 4841|0938 - o183 Total & Means 9| 59716 G1'Hc| 1'0ly + o232
For 1888.
H " 1L
M|H 5| vH—=VM M| H|FivE—VN M| VH—VH
Under s squares....| 3| 781 73 |0936 ~ o'o§3 Under 10 squarcs.... x;' 75’2 | o3 | 1201 + 0232 Under so rquaros.... | 26| ssrro| 624%f1°132 + o'2yb
Above 5 & under 5o | 4| 276 | 285 | 1033 + 0’043 Above ro& underzo | 6 780 | 875 (1122 + o214 Above so & under 100 | 18] 11640 1187°0| 1°020 + o'o79
Abovoe 1o & under 20 | 61060 | 72°5 | 0684 - 0’728 Abovezo & under 4o | 2| 670 | 6o'o | 0Byh - o3 Above1oo&undorzoo| 3! 4go0] 4140]0845 - 0’013
Abovezo& under 4o | 1] 260 | 27'0 | 1038 + o'og7 Abovoe 40 & under 100 6 378' | 36g°0 |0'976 - o095 Abovozoo&undergoo| 1) 3500 2200|0629 ~ 3876
Above 40 & under 8o Aboverco&underzoe| 4l 5300 |484'0 |0913 - o511 Above 400 SQUArCH..
Above 8o squares.... Above 200 & under 400,
Above 400 Rguures..
Total & Means 14 11°66  9'66) 0'£63 - 0'304 Total & Means 3113639 | 35'19 | 17085 + 0034 Totnl & Meuns .. | 48] s3:23] 5094|1062 + 0107
|
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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, SUN, MOON, AND PLANETS as compared with those of
TERRESTRIAL ELEMENTS, and CONCLUDED MOTIONS in the LENE of SIGHT, from OBSERVATIONS at the ROYAL OBSERVATORY,
GREENWICH, in the Year 1888.

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
go a8 to form the half of a direct-vision prism. With one such half-prism a dispersion of about 184 from A to H, equivalent
to that produced by four flint prisms of 60°, is obtained ; and with a train of two a dispersion of about 80° equivalent to that
produced by sixteen flint prisms of 60°. One half-prism has been always employed. The dispersions have been inferred from
measurements of the distance between b, and b, as compared with the wave-length measure.

1" 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 ¥ line.

1" of the screw for opening the slit corresponds to o'o1 inch, or about 10",
The slit lies north and gouth when the reading of the Position Circle is 6°.
The velocity of light has been taken as 186,660 miles per second, and the distance of the Sun as 92,250,000 miles.

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

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

. Earth's | Concluded Motion
Date, 1888. Width Displacement. .. | of Stars in Miles per
Greenwich § Object. Line.| of ﬁff;;’“;‘ Second. REMARKS,
Civil Time, 5 lit, Somr
g Measured. | Estimated. " |Measured. |Estimated.
d h m r T
Feb. 1.20. 8 | M |f Pergei......... F | o230| —0'084 | — i + 171 | — 426 | — 520 Spectrum steady, but rather faint. Star-
20.12 | M - F | o230| —0131 - 3 4+ 17'1 | — 569 | — 52'0{ line broad, faint, and diffused. Defini-
tion good.
20.20 | M |a Persei......... F | o'230| 4-0'041 + &% | +155| — 31| — 50| Spectrum steady and bright. Definition
20.26 | M ’ F | oz30] —o0050 | — | + 155 | — 307 [ — 2600f fair. The displacement was ovidently
20.29 | M - F | o230 —0003 | + % | 4155 | —164 |+ 55 gmall, practically n¢l, and the measures
20,33 | M 'y F | oz30}—o059| — & [+ 155 | —334]— 4177 showed a tendency to stop short of the
centre of the line, since the two dis-
placements towards the red were
recorded when the micrometer was
moved from the red side, and the two
towards the blue when moved from the
other side.
21. o | M | Aldebaran...... F | o230 40076 | + 2 | +169| + 62|+ 250 Spectrum fairly bright and steady. Star-
21, 4| M ’ F | o230 40098 | + 4 | + 169 | + 129 |+ 18'0| line narrow and faint.
21.20 | M | Rigel ............ F | o230 40012 + % | + 1361 — 100 |— 31| Spectrum bright and fairly steady. Star-
21,23 | M ', F |oz30| 40159 + & | +136 | 4+ 347 |+ 388 line rather faint, but seen well
21.26 | M . F | o230 40089} + L | +136| + 134 |+ 213 occagionally,
21.28 | M . F | o230] 407064 + 4 + 136 | + 58|+ 126
21.42 | M |y Orionis ...... F | 0230|0088 | + 2 | + 145 | + 122 | + 27°4| Spectrum bright, but tremulous. Star-
21.45 | M ’y F | 0'230] —o0'010 o | +145| =175 | — 14°% line rather faint,
21.47 | M s F | o'230f 40034 + }15 + 145 — 42 |— 4o
21.50 | M vy F | o230| 40098 | + % | 4+ 145 | 4+ 153 [+ 204
22, 7| M | Tauri......... F | o230| 40032 4+ } | +147) — 50|+ 63
22.10 | M . F | o230| 40014 + g | +147 | —104 | — 42
22.24 | M | 8 Orionis ...... F | o230| 40082 | + L | + 136 | + 113 { + 21'3| Spectrum steady and fairly bright.  Star-
22.27 | M - F |oz30|40049 | + % | +136| + 13|+ 74 line vory faint.
22.33 | M | ¢ Orionis ...... F | o230]| —o0005 o + 133 | — 148 | — 13'3| Spectrum bright and steady. Star-line
22.36 | M ss F | oz30| 40’021 + % | +133}| — 69|+ 77 fairly well seen. Definition good.
22,48 | M | ( Orionis ...... F | o230| —or101 — % | +1300| —437 |— 479
22.50 | M . P | oz230| —0081 ] — } | 4+ 130| — 376 | — 340| Spectrum bright and fairly steady. Star-
22.52 | M - F | o230 —0034 [ ~ L | +130| —233|— 340| line faint. :
22.53 | M ’s F | 0230 —0"088 - % | +1301 —397 | — 479




AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1888,

Conocluded Motion

Dadte, 1888. Width Displacement, Eo‘_rth‘f’ of Stars in Miles per
Greenwich 5 Object. Line| of ﬁ‘:f;:n “: Second. REMARKS,
Civil Timo. 5 Slit, Sooont,
g Mensured. | Estimated. " |Monsured. | Estimated,
1 h m r r
Feb. 1.23.35 | M |Sirius.c.......... ¥ | 0'230| —0007 ) + 73| — 94| — 73 | Spectrum very bright, and very unsteady ;
M . ' | o230 —0108 | — % | + 73| — 401 | — 4272 neither the C, D, nor b lines were
M ’s I o230 —o0gr | — % | + 73| — 349 | — 335 visible. Direct comparison seemed to
M ’s F | oz30] —0063 ! — L | + 73| — 264 ] —283 show a small but distinct displacement
M v F | o230 —0044 | — 5| + 773 | — 207 | —17'8 to 7ed, about }.
2, 0. O | M v I | o230] —0r027 - Y|+ 73| =155 —178
0.18 | M | Moon ............ F | o230| 40005 + 15 The coincidence of the two spectra
M 'y ¥ | 0'230| + 0008 + 24 appeared perfect.
M . F | ow30| 40001 + o3
M s F | 0230 —0016 — 49
0.30 | M )y F | 0'230| —0'002 - 06
Position Circle, 6°.

Mar. s5.21.10 | M |Rigel ............ F | or140| 40131 + 4% | 4160 4+ 238 | 4+ 246 | Spectrum faint and very tremulous.
21.20 | M 'y F | o140| 40125 + 2 + 160 | + 220 | + 164 Observations made with difficulty.
21,30 | M |Sirius......ceun. I | or140| —0'068 -} + 12°8 | — 33'5 | — 331 | Spectrum bright, but tremulous. Star-
21.35 | M sy ' | o'140f —0136 | — § + 128 | — 541 | — 534 line seen well. Direct comparison
21.45 | M - F | o'140| —0"128 — 3 | 4+ 128 | — 517 | — 452 gave a small but unmistakable displace-
21.50 | M ’s ¥ lorgo]—0048 | — L | 4+ 128 ] — 274 | — 290 ment towards the blue, estimated us
22, § | M ’ I | or140| —0'070 } ol 428 —340 | — 331 about $.

22,10 | M " B i oxg40| —0035 | =~ | + 128 —234| — 209
22,25 | M | Procyon......... F |o1go|—ocos2 | — % | + 140 | — 298 | — 302 | Spectrum bright and fairly steady. De-
22.30 | M v I' | o140| +o040 | + 1 | 140 | — 19| + 272 finition good. Star-line seen well.
22,40 | M 'y I | o140 —0027 | — 5| + 140 —222 | — 2271 Direct compurison failed to show any
22.45 | M ’ T | o'140] —o0'c0g o + 140 | — 167 | — 140 displacement,
23. o | M | Pollux ......... Floirgo|—o137 | — & | + 150 | — 566 | — 556 | Spectrum bright and steady, but star-line
23.15 | M v F | o1q40|—0080 | — | + 150 —39'3 | — 393 faint. Measures made with some
difficulty.
23.30 | M |Castor ......... I | o140| 40061 | + } | 4154 + 31|+ 49 | Spectrum bright and steady. Star-line
23.40 | M "y F | o140| —0003 o 4+ 154 | — 169 | — 154 dark, but very broad and diffused.
Position Circle, 6°.
Mar. 21.22.10 | M | Moon .ceuvvennees I' | o'116| —o0r013 — 40 The coincidence of the two spectra
M . I' | o116 +0'018 + 5 appeared perfect.
M . I | o116} 40017 4+ 52
M .o ' | 0'116| —0'020 - 61
22.30 | M ys I’} o116 —0'032 - 97
22.35 | M | Procyon......... I | o116| 40023 + Yo | +164| — 94| — 86| Spectrum faint and tremulous. Star-line
2z.50 | M ’s Flow6l+oo62 | + 4 | +164| + 24| + 30 faint. Definition bad. Measures made
with difliculty.
23. 5| M {Pollux ......... ' | o116 —0c072 | — | +17'3 | — 392 | — 36'7 | Spoctrum faint and tremulous. Star-line
23.20 | M ' F | o116| —o099 | — 1 + 173 | — 474 | — 432 faint., Definition bad. Measures made
with difficulty.
23.30 | M |Castor............ Flomb|+0086 | + & | 4174 | + 88| + 85 | Spectrum faint, but fairly steady. Star-
23.40 | M . Flon6|+oo26 | + | +174| — 95| — 96 line seen fairly well.
22, o. ol M |Regulus......... F | o116 +0'044 + 4 4+ 102 { + 32| + 54| Spectrum fairly bright, but tremulous.
o.10 | M R F | o116 40042 + 4 + 102 | + 25| + 54 Star-line seen fairly well. The star-
line is rather faint for a spectrum of
the first type, but not very broad.
Position Circle, 6°.

May 7.22.15 | M |Regulus......... F o238 +oo41 | + 4 | 4177 = 53|+ 32| Spectrum fairly bright and steady. Star-
22.30 | M 'y Il o238 40020 | + 51 41777 | —116 | — 773 line specially ill-defined and diffused.
22.40 | M |B Leonis ...... I {0238 40192 | + # | 4+ 149 | + 434 | + 477 | Spectrum faint, but steady. Star-line
22.50 | M ’s It o238} 40209 | + 3§ | 4 149 | + 486 | + 477 dark, but diffused.

22,58 | M |Spica ceverinenns I' | 0238 —0078 | — | + 77| — 304 | — 33'7 | Spectrum fairly bright and steady. Star-

23. 2| M " F | 0238 —0080 | — J + 77| — 3200 — 424 line not very broad and but little
diffnsed.

23.12 | M |Arcturus ...... F (o238 —~o0074! — 2 | + 66| — 291 [ — 483 | Specirum bright and steady. Star-line

23.18 | M vy F|o238]—0c12g| — 2 | + 66| — 458 — 483 narrow, but rather faint.
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MOTIONS OF STARS IN THE LINE OF SIGHT, INFERRED FROM SPEOTROSCOPIC OBSERVATIONS

Concluded Motion

Date, 1888, Width Displacement. Ea‘fﬁh’? of Stars in Miles ber
Greenwich g Object. Line| of fi‘,’f‘:" - Second. REMARKS,
Givil Time. 5 Stit, Sood
5 Measured. | Estimated. " | Measured. | Estimated.
d h m r r
May 7.23.24 | M (Mars ............ F | 0238| —oor1 - & — 33 | — 104 | Spectrum Dbright and steady. F line in
23.27 | M ’s I" | 0238 | 40008 o + 24 oo the spectrum of the planet rather faint,
23.30 | M ,s F | 0238| 40019 | + + 58|+ 104 and very similar in breadth to that in
23. 32 M ’s F | 0:238] 40025 | + + 76|+ 10% Arcturus. Calculated motion + 3°7 miles
23.3 M ’s F | 0238 —o012 o - 36 oo per second.
23.41 | M |a Coron= ...... ¥ | 0238 +0'073 + 4 | 4+ 16 |+ 238 | + 36°3 | Spectrum bright and steady. Star-line
23.46 | M ys f‘ 0238 +o-xg6 + % + x-g + 429 | + 5g'7 dark, and somewhat diffused.
23.51 | M . " | 07238 | 40085 + - 4+ 16|+ 274 |+ 363
23.56 | M ys ¥ o-zis + 0065 + 3 + 16 | + zﬁ + 43°3
8. o. 5| M |« Ophiuchi ' | 0238 —0o143 | — ¥ | — 80 |— 354 |— 546 | Spectrum fairly bright and steady. Star-
o.10 [ M - F | 0238 | —0'071 — L | — 80— 136~ 20677 line broad and diffused, and fairly dark
near the centre,
Position Circle, 6°,
May 23.22.15 | M |« Canum Ven..| F | o'165| —o'115 | — L | + 12°9 47'8 | — 45'1 | Spectrum steady and fairly bright. Star-
22,25 | M . F | o165 —0094 | —~ & | + 1279 41°5 | — 451 line sgeen well. A good direct com-
parison gave a displacement of 3}
" towards the blue.
22.40 | M |Spica ..coeeneenns F | o165 —o101 | — L | + 117 | =~ 424 | — 332 | Spectrum very tremulous. Star-line rather
23. 0| M ys F | o165| —o074 | — + 117 |~ 342 {— 278 faint. Measures made with difficulty.
23.20 | M | Arcturus ...... F | o165( —0'118 - % + 100 | — 458 | — 422 | Spectrum very bright, but rather tremulous.
23.35 | M )y F | 0165 | —0'086 -k + 100 | — 361 | — 31°§ Star-line faint and seen with difficulty.
23.55 | M {y Boétis......... ¥ | o'165| —0'038 -1 + 8% — 201 |— 21°4 | Spectrum bright but rather tremulous.
‘May 24. o.10 | M 'y F |o16g5]—0086| — 2 | + 85 |— 346 — 342 Star-line faint and diffused. Measures
made with great difficulty.
0.30 | M {Moon ........e... F | o165| —0'018 - 5% The coincidence of the two spectra
M - ¥ [ o165 | +0'004 + 12 appeared perfect, both spectra being
M ’s F | o165} + 0014 + 43 seen particularly well,
M sy F | o165 | —0'013 — 40
0.42 | M ’ F | 0165 | —o0r024 - ;"3
1. o| M {8 Libre......... F | o165 —0109 | — 4 | + 47 |— 378 |~ 36°9 | Spectrum rather faint and tremulous.
M © e F |o1bs|~0142| — % | + 47 |— 478 |— 476 St?ﬁ'-line ill-defined and bisected with
difficulty.
1.30t M |aCorone Bor..| F | o165|+o113| + § | + 49|+ 294 [+ 273 | Spectrum fairly bright and steady. De-
2, 5| M ys F | 0165 | +0°063 + 1 + 49 |4 142 |+ 112 finition goo'd. )
2,20 | M | Vega ..coevveene. F | o165 —o152 1 — 4 — §'5 |~ 406 | — 37°¢ | Spectrum bright and steady. Star-line
230 | M ’ F | o165 —0143 | — g - 55— 379 | — 374 seen well. Definition good.
Position Circle, 6°,
Dec. 7.19.40 | M |3 Persei......... F | 0185 —0'345 | —13} 4+ 64 |=111"2 | —142'7 | Spectrum rather faint and tremulous.
19.45 | M . I | o185 —0283 | —1 + 64 |— 924 |— 97°3 Definition poor. Displacement un-
doubtedly large towards the blue.
20.15 [ M |a Persei......... F | or185| —o012 o + 44 |=— 80 |— 44 | Spectrum bright and steady, but definition
20.30 | M ys F | 0185 —0'008 o + 44 |— 68— 44 of star-line not very good, being broad
and diffused. Displacement apparently
nil,
20.55 | M jCapella ......... F | ou8sf+o125| + 2 | = 12|+ 392 |+ 375 | Spectrum bright and steady, but the
21.10 | M s F {o185| 40066 | + L | — 12|+ 212 [+ 194 F line, though' narrow and sharp, was
. faint and difficult to observe,.
21,30 | M |3 Aurige ...... F |oi185| 40039 | + L | — 37|+ 155 |+ 219 | Spectrum faint, but definition fair. Star-
21,45 | M [T I«: o185 {4015t | 4 3 [ = 37 [+ 495 |+ 582 line very broad and diffused.
22, §| M |B Tauri... ..... ¥ |o185~o00z1 | — | = 16— 48|— 75 | Observation interrupted by passing-cloud.
22,15 | M ’s F o185 —o016| — | = 16|~ 33|— 75| Spectrum seen well eventually. Star-
. ‘ ' line diffused and not very broad.
22,30 | M |y Orionis ...... ¥ o185 —o0134| —~ 4 | ~ 1ol|— 397 |— 44’4 | Spectrum fairly bright and steady. Star-
22.40 | M ’s I | o185 —o'041 - L - 10| — 114 |~ 172 line rather faint and difficult to hold.
22,50 | M |Aldebaran...... Floi8s|+o149| + 4 | + 27|+ 426 | + 42'7 | Spectrum bright and steady. Star-line
23, o| M vy F [o185| 40052 | + I [+ 27|+ 131 |4 155 rather faint and difficult to hold.
23.15 | M |Rigel .cceoeuene. F | o185 40082 + 2 + o3|+ 246 |+ 360 | Spectrum tremulous, but bright. Star-
23.25 | M|, F loi85|+0088 | 4+ 2 | 4+ o3[+ 264 |+ 360 line seen well ; fairly narrow and sharp.
23.40 | M |Sirius............ F o185 40041 | + } | = 64 |+ 188 |4 246 | Spectrum bright, but very tremulous.
23.50 | M ’s F | o185 +0'035 + 2| — 64|+ 170 | 4 155 Star-line very broad, ill-defined and
diffused.




AT THE ROYAL OBSERVATORY, GREENWICH, IN THR YEAR 1888,

. , Concluded Moti
Date, 1888, Width | Displacement, | ZoTtH's | oegin o Ml o
Greenwich ] Object, Line| of Mc?tion m Second. REMARKS,
ey Miles per
Civil Time, g 8lit. Second
3 Mensured. | Ustimated. " | Measured. | Estimated,
d h m r r
Dec. 8. o. o | M |Procyon......... ¥ | o185 +oos5 | + § | — 112 | 4 279 | + 29°4 | Spectrum bright and steady. Star-line
o.10 | M vs F o185 +ooqr | + g | — 1172 ] 4 236 | 4 203 well seen. It was but little diffused
and not very broad.
Position Circle, 6°.
Dec. 10,12.45 | M |Sun............... T | 0185 +0'018 + 55 Direct comparison showed no perceptible
M vs F | 0185 | 40003 + o9 want of coincidence between the two
M ’s F | 01185 +00m1 + 33 spectra.
M ys F | 0185 4-0'030 + 91 Position Circle, 6°,
13, o | M ’s F | 0185 40027 + 82
Dec. 13.19. 35 | M |y Cassiopaim...; F | 0'156| 40017 | + | + 80| — 31| 4+ o4 | The spectrum was faint and very
19.55 | M s F | o156 ] +0°083 + & | + 80| + 172 + 200 tremulous, and the star-line held with

great difficulty ; but nevertheless the
bisections were considered satisfactory.
There appeared to be a small but
distinet displacement towards the
red. The F line in the star was feebly
bright, narrow, but a little ragged at
both edges. It was fainter than usual,
but not fainter then it has been seen.
There could be no doubt as to its
existence as a bright line.
Position Circle, 6°,




CoLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECTROSCOPIC OBSERVATIONB

CoLLECTED RESULTS for MOTIONS of STARS in the line of Sight, from SPECTROSCOPIC OBSERVATIONS
made at the ROYAL OBSERVATORY, GREENWICH, in the Year 1888.

(+ denotes Recession ; — Approach.)

(F for the Star or Moon is compared with Hg of Hydrogen.)

. “ g “ ConCI;Id'fd Motign of dSt.n.r in
g b P s . Barth’s Motion iles per Second.
Date, 1888, E é § é% P&?;cign WISdlE}tl of Line. | in Miles per
] EF] = Ay Second. Measured. Estimated.
© = “
y CASSIOPELZE.
¥ line feebly bright, narrow, and a little ragged at the edges.
December 13 M 2 1 6 o156 ¥ + 8o + 71 + 1072
3 PERBEL
F line broad, dark, and diffused ; estimated breadth, g tenth-metres.
February 1 z 1 6 0230 F + 1771 — 498 — 520
December 7 2 1 6 o185 F + 64 —101'8 —120'0
o PERBEL

F line broad and diffused, without any marked central condensation.

Estimated breadth, 13 tenth-metres on Feb. 1 ; 8 on Deo. 7

February 1 4 1 6 0230 F + 155 — 20°Q — 168
December 7 2 1 6 o185 + 44 - 74 — 44
o TAURI (Aldebaran).

F line narrow and shnrp,l but rather faint.

February 1 2 1 6 0°230 ¥ + 169 96 + 21°%
December 7 2 1 6 o185 F + 27 27'9 + 291
a AURIGE (Capella).

F line narrow and sharp, but rather faint.
December 7 2 1 6 o185 F - 12 ‘ + 302 l + 28




AT THE ROYAL OBSERVATORY, GREENWICOH, IN THRE YEAR 1888.

o b} g 8 . Conocluded Motion of Star
(4 & M3 tes . Earth's Motion in Miles per Second.
Date, 1888, 2 24 58 | Tosition | Widthof | rino | in Miles per
b 5 3 EFE . it. Sccond.
o A p=s Mensured. Estimated,
B ORIONIS (Rigel).
T line narrow and sharp, but not very dark. Estimated breadth on March §, 2'5 tenth-metres,
\

Fobruary I M 4 1 6 0'230 F + 136 + 110 + 17°4
March 5 M 2 1 6 0’140 F + 160 + 2279 + 205
Decomber 7 M 2 1 6 o185 F + 073 + 25§ 4+ 360

8 TAURL

T line estimated 16 tenth-metres in breadth on Feb, 1; 8 on Dec. 7. Line dark ; no marked central condensation seen on Feb. 1.

February 1 M 2 1 6 :0'230 F + 147 -_ 77 + 11
December 7 M 2 1 6 0185 F - 16 - 41 - 7%
v ORIONIS.

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

February 1 M 4 1 6 0'230 F + 145 + s + 73
Docember 7 M 2 1 6 0'185 F - 10 - 256 — 308
8 ORIONIS,

F line very faint; brendth ahout 4 tenth-metres.

February 1 M 2 1 6 0230 F + 136 + 63 + 144
¢ ORIONIS.

F line narrow and fairly dark ; breadth about 1 tenth-metre.

February 1 . M l 2 1 6 0230 F + 133 - 109 ' — 28
{ ORIONIS.

F line narrow but faint; breadth about 1 tenth-metre.

February 1 l M . 4 ‘ 1 6 l 0230 ; F | + 130 l — 361 \ — 41'0




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

o ks g k) y Earth's Mot Conchﬁled Motign of gtar
] o I . 's Motion in Miles per Second.
Date, 1888. & 2 B ,g %“fr‘éif:” ngf.’: of | Line. | in Miles per
2 g g gg‘ - 1% Second.
o bt iz Measured. Estimated.
B AURIGZE,
F line very broad and diffused. Estimated breadth, 21 tenth-metres,
December 7 ‘ M \ 2 1 6 ‘ o'185 F - 37 + 325 + 401

a CANIS MAJORIS (Sirius).

F line dark, but very broad and diffgsed at the edges. The extreme breadth of the line is 30 tenth-metres ; it is fairly dark for a breadth
of about 18 tenth-metres, the central condensation is about § tenth-metres in breadth.

February
March

December

2

5
7

6 0230 F
6 o140
6 o185

+ 73
+ 12°8
- 64

— 24°§ — 24'%
— 374 — 358
+ 1779 + 201

F line very broad and nebulous,

a GEMINORUM (Caslor).

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

Estimated breadth about 16 tenth-metres, with a faint shading on either side to a total breadth
of about 32 tenth-metres ; no central condensation.

March

RR

6 0'140
6 o116

F
F

+ 154
+ 174

— 6-9

— 0'4 ——

i
Qw

o CANIS MINORIS (Procyon).

F line narrow, but rather faint and on a back ground of a faint diffused shading. Estimated breadth of line about 3 tenth-metres,

March 5 M 4 1 6 0'140 F + 140 - 177 - 160
21 M 2 1 6 o116 F + 1674 - 3% — 28
December 8 M 2 1 6 0185 F — 11"2 + 258 + 249
B GEMINORUM (Polluz).
F line narrow but faint.
March 5 M 2 1 6 o140 F + 150 — 480 ~ 47°%
21 M 2 1 6 o'116 F + 173 - 433 — 400

o LEONIS (Regulus).

F line rather faint, ill defined, and diffused at the edges. Estimated breadth about 21 tenth-metres. No central condensation.

March
May

22

(=)}

o'116

6 0238

F
F

+ 102

+ 177

+ 29 + 54

- 8 - 21




AT THE ROYAL OBSBRVATORY, GREENWICH, IN THE YEAR 1888.
u €4 -2 Earth'e M Concluded Motion of Star
o = - s . nrth's Motion in Miles por Second.
Date, 18388, E 3 2 £ % P(??ltion w‘glt.h of Line. in Miles per
B 5 g 59_‘ 1rele. 1t. Second,
o Py = Measured. Estimated,
3 LEONIS,
T line dark, but diffused at the edges. Estimated breadth about 18 tenth-metres.
May M z 1 6 0238 F + 149 + 460 + 477
a CANUM VENATICORUM.
line vory dark broad, and well defin
May 23 M 2 1 6 0°165 F + 1279 — 447 — 451
a VIRGINIS (Spica).
F line neither very broad nor very diffused. Estimated breadth about 6 tenth-metres.
May 7 M 2 1 6 0'238 ¥ + 77 - 302 —1381
23 M 2 1 6 o165 ¥ + 1177 — 3843 —30'§
a BOOTIN (Arcturus).
F line narrow and sharp.
May 7 M 2 1 6 0238 F + 66 — 37°% — 483
23 M 2 1 6 o'16% F + 100 — 410 — 369
v BOOTIS.
F line faint and diffused at the edges.
May 24 M 2 1 l 6 0165 F I + 83 - 274 — 27°8
8 LiBR,
F line faint and narrow.
May 24 M 2 1 ' 6 0'165 ’ F l + 47 ' — 42°8 — 42'3
!

GREENWIOH OBBERVATIONS, 1888,
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10 COLLECTED RESULTS FOR MOTIONS OF STARS IN THE LINE OF SIGHT, FROM SPECTROSCOPIC OBSERVATIONS

5 “ % o o Farth's M Concluded Motion of Star
& w2 o . arth’s Motion in Miles per Second.
Date, 1888, E 2 a 2 gz Position Width of Line. | in Miles per i
z g8 g rJ:_:‘ Circle. Slit. Second.
o é = ;2 Measured. Estimated.
a CORONZE BOREALIS.
F line dark and broad, but not very diffused at the edges. Estimated breadth, 13 tenth-metres.

May 7 M 4 1 6 0238 F | + 16 + 289 | + 4274

24 M 2 1 6 0165 F + 49 + 218 + 193

o OPHIUCHI.
F line broad and diffused, but fairly dark near the centre. Estimated breadth, 18 tenth-metres,
May 8 l M 2 ‘ 1 ' 6 ' 0238 ’ F | — 8o l — 24'§ l — 407
a LYRE (Vega).
F line dark, broad, and diffused at the edges. Estimated breadth, 16 tenth-metres ; central condensation, 4 tenth-metres.
May 24 l M 2 { 1 I 6 l 0’165 | F - 55 | - 393 l ~ 374
MARS.
May 7 ] M i 5 ' 1 6 J 0238 l F 1 1 + 18 l + 21
Calculated relative motion of Mars, + 3°7 miles per second.
MoonN.
February 2 5 1 6 0'230 F - 073
March 21 5 1 6 o116 F - 18
May 24 5 1 6 0'165 ¥ — 23
SUN.

December 10 ) M 5 ' 1 , 6 ‘ 0’185 ' F l ! + 54 l




AT THE ROYAL OBSERVATORY, GREENWICH, IN THE YEAR 1888.

11

OBSERVATIONS of the SPEOTRA of y CASSIOPELA, MIirRA CETI, « ORIONIS, « HEROULIS, 8 LYRE, R CyaNI,
P CYGNI, and B PrGASI, and of COMETS « and ¢ 1888,

v CASSIOPELE.
1888, September 19 221 to 23™

Single-prism Spectroscope,
Observer, M.

The C line was found to be very bright ; quite unmistakeable on the most hasty inspection. F was seen to
be a bright line, but was detected with some little difficulty. There could be no doubt that it was present as a
bright line, but it would probably have been overiooked if its exact place had not been known, So too with D,

which was indeed if anything a little more difficult to detect than F had been. A long time was spent in trying
to get measures of D,, but without success.

1888, December 13.

Half-prism Spectroscope. One prism direct.
Observer, M.

Tho I" line was seon as a bright line. It was only feebly bright, was narrow, and slightly diffused at both
edges. Although it was fainter than usual, it was not fainter than it has been sometimes seen, and there could
be no possible doubt as to its existence as a bright line. The C and D, lines were not looked for.

o (Mira) CETL
1888, October s.

Single-prism Spectroscope.
Observer, M.

The following three sets of measures of the more refrangible edges of the dark shaded bands as compared
with the sodium lines werc obtained :—

WAVE-LENGTH EXPRESSED IN TENTH-METRES.

Nuﬂ?rﬁiin. Firat Series. | Sooond Series. | Third Series. Mean.
1. 6581 6598 6581 6587

L 6148 6158 6153 6153
111, 5847 5838 5842 5842
Iv, 5607 5608 5602 5606

V. S447 5448 5450 5448

VII, 5171 5171 5170 5171
VIIL. 4957 4955 4956 4956
IX. 4763 4763 4766 4764

The wave-longth of the sodium lines has been taken as 589z tenth-metres,

5B 3
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OBSERVATIONS OF THE SPECTRA OF SUNDRY STARS AND COMETS

Thefollowing ten measures of a bright line in the violet were obtained, Micrometer A having been set on
the sodium lines and Micrometer B on the bright line in the stellar spectrum. The instrumental constant was
determined next day by taking ten readings of Micrometer A on the D lines in the solar spectrum, and of
Micrometer B on the line 2796K (the third line of hydrogen), the means being o"'4355 for D and 17'1313 for
2796K respectively and the instrumental constant 17°5668. The wave-length of 2796K has been assumed as
434010 tenth-metres :—

B.right Line D Lines, Diff. £ Ditt. in
ér;)e%téll}f; Sodiuml%(iZme. Sum, C:)nsmrzgl antl:-lcrl)g‘th. Wave-length.
r r r r Tenth-motres Teontli-inctres,
0881 0°401 1'282 — 0283 5°87 434597
"913 481 1'394 ‘173 356 434366
‘944 479 1’423 ‘144 2'96 434306
‘877 538 1415 ‘152 313 4343723
‘g72 ‘497 1°469 ‘098 2°'02 4342°12
1'009 503 1512 ‘055 1'13 4341°23
"879 ‘458 1°337 "230 474 4344°84
‘981 ‘500 1°481 ‘086 177 4341°87
‘977 466 1443 ‘124 2'55 4342°65
826 "501 1326 ‘241 4:96 434506
Mean ... 09158 0'4824 4343°37

The spectrum of this star had a remarkably clean appearance, the “ zones " or bright interspaces between the
dark shaded bands being quite free from absorption lines. Bands II., V., V1L, and VIII. were very distinet, and
all were sharp towards the violet, and shaded towards the red. Band IV. was faint, but appeared to be of the
same character. Band III. was as usual a little shaded at both edges, and darkest at the middle, but more
nearly uniform in depth of shade than any of the other bands. Band IX. was a rather puzzling object, being
far in the blue it was a little difficult to make out, but it seemed at times to be just one revolution further to
the red than at others; probably it was really two bands close together, one being measured as at 36™8, and
another as at about 358, corresponding to wave-lengths of 4764 and 4797 tenth-metres respectively. Band IX.
was faint. Bands VII. and VIII. were the darkest in the spectrum. Beyond Band IX., the bands in the violet
were most difficult to see, for they were extremely faint. The spectrum could be traced for an unusually great
istance into the violet. The violet was very free from selective or general absorption. Bright lines at F and
D, were searched for, but without success. A bright line wag, however, very distinctly seen in the violet, and
its place was measured, as above, the measures indicating that it was the third line of hydrogen.

a ORIONIS.

1888, March 28.
Half-prism Spectroscope. One-prism train direct.

Observer, M.

An attempt was made to make a satisfactory comparison of Band VII. of the star with the green band
(A 5164) of the Bunsen flame, but without success. No satisfuctory measures could be obtained, but the sharp
edges of the two bands were, with this dispersion, very nearly coincident. No interval could be detected with
certainty. The star-spectrum was however faint and ill-defined, and the & lines in Band VIL could not be
isolated at any time, so that it was not found practicable to make any displacement comparison with the
magnesium spectrum.
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o HERCULIS.
1888, April 19.

Single-prism Spectroscope.
Observer, M.

The spectrum of this star was compared with those of carbon and manganese as given by a Bunsen flame.
The comparison spectra were exceedingly difficult to manage, and so though the star spectrum was seen very
well the comparison was made with great difficuity, and under disadvantageous circumstances.

The green band of the carbon spectrum accorded, both as to position and appearance, with the bright inter-
gpace or “zone” to the blue of Band VII, (Dunér's numeration). So far as the dispersion employed would
show, no accordance could be more complete, both as to the position of the edge and gradation of the fading;
an accordance rendered more striking when the flickering of the Bunsen flame brought a feeble continuous
spectrum into view. For not only was there the bright band seen, but by effect of contrast a very fair
representation of Band VII.itself. A long time was spent in trying to make similar comparisons for the yellow,
blue, and violet bands, but no satisfactory conclusion wag arrived at in either case.

In the case of the manganese spoctrum, four bands were seen in the flame, two bright, and two very feeble.
The two brighter bands were those measured on 1887 December 16, during the observation of the spectrum of
« Orionis. The more refrangible of these had nothing to correspond to it in the spectrum of the star. The less
refrangible was near, if not coincident with, a band in this spectrum, though not with any in that of a Orionis.
Of the other two, the foeble bands, the more refrangible was not coincident with a stellar band, but the other
was nearly coincident with the more refrangible edge of Band 1II. (Dunér’s numeration), but so far as could be
made out was slightly but decidedly nearer the violet.

There was a general similarity between the character of these manganese bands and those in the star, but
certainly not the close similarity noted above in the case of the green carbon band.

1888, April 30,
Single-prism Spectroscope.

Observer, M,

The star spectrum was seon fairly well, but only two manganeso bands were seen in the comparison
spectrum. These were not coincident with uny band in the spectrum of « Herculis, The two outer fainter
manganese bands were 1ot 8een, nor uny band which could have coincided with them, except the band round D,
which bore its accustomed character. The sky clouded over boforo a satisfactory set of measures could be
obtained for the bands in the star, but the following set of mieasures was obtained of the two manganese
bands in the comparison spectrum us compared with the sodium lines given by & Bunsen flame :—

MANGANESE SPECTRUM.

Bond, Wave-length in Tenth-Motres.
Brigl‘ﬂ; Sharp First Second 1 Third Fourth Fifth Sixth

Edze. Measure, Measure, Mcu:;fxro. th;)u.l:s;ro. Mc:xsure. Measure. Mean.
Mnovennns 5576 5575 5573 5576 5586 5588 5579
Mu,.oovennes 5350 5356 5351 5357 5362 5363 5356
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OBSERVATIONS OF THE SPECTRA OF SUNDRY STARS AND COMETS

1888, May 2.
Single-prism Spectroscope.
Observer, M.

Six sets of readings were obtained for the sharp edges of the dark bands. The work was very rough and
very slow as the micrometer had to be continually watched uas it was turned, there being no other method of
counting the revolutions. The continual use of the lamp which this involved spoiled the eye very much for
observation of the star. Both the green and blue bands of the carbon gpectrum ag given by a Bunsen flame
corresponded closely with bright zones in this spectrum, the green band quite exactly, so far as the digpersion
employed could show, and this not only in the position of the edge, but also in the character and degree of the
shading, in short, in general appearance. The blue carbon band appeared to present only an approximation in
position and appearance to the zone in the blue. The connection with the manganese spectrum did not appear
to be made out.

The following were the positions obtained for the more refrangible edges of the dark bands in the spectrum
of the star :—

WAVE-LENGTH IN TENTH-METRES.

Dﬁl:lf’éis First Series. | Second Series. | Third Series. | Fourth Series. | Fifth Series. Sixth Series, Mean.
11, 6131 6164 6181 6158 6132 6152 6153
IIL 5874 5852 5877 5874 5862 5851 5865
Iv. 5592 5602 5595 5572 5584 5609 5592
V. 5452 5447 5464 5463 5452 5436 5452
VIIL. 5169 5162 5182 5170 5150 5158 5167
VIIL 4960 4956 4972 4968 4958 4944 4960
I1X. 4767 4765 4778 4787 4784 4776 4776
X. 4611 4613 4609 4609 4606 4606 4609

B LYRA.
1888, August 10 (z1* to 23%).
Single-prism Spectroscope.
Observer, M.
The following measures made with Micrometer B were of the distance between a bright line, supposed to
be D,, in the star spectrum, and the two D lines given by the sodium flame. Position Circle 6°. 8lit just wide
enough for the two D lines to overlap at their inner edges.

Bright Line i . Difference in | Wave-Length
lsgizerl;:f_ Sodli)ur]:r‘nui'%zme. Differenco. Wave-length. Inferred.
r r r Tenth-maotres, ‘Tenth-nietres,
1279 0'994 0285 17:67 587446
1321 1'056 0263 16°43 5§70
1°31§ 1-008 0°307 19°03 310
1'400 1'068 0332 20°58 1'55
1°353 1’054 0299 18'54 3'59
1°30% 1'046 0259 16°06 607
1'379 1'113 0266 16°49 564
1°361 1’039 0'322 19'96 217
1°375 1’072 0303 1879 334
1'419 1'120 0299 1854 3'59
Mean ...... 1'3507 1'0570 02937 18°21 587392
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The wave-longth of the sodiuin lines has been assumed as §89z'13 tonth-motres, and the value of a
revolution at D has been deduced from tho curve as 62 tenth-motres. The above measures point to the line
obgorved having really been D,, and not the manganese fluting at A 586g.

The star spectrum was very bright and steady, and the definition good. The D lines were seen dark in the
star but could not readily be measured. D'a, or what was supposed to be Dy, was bright. It was not always seen,
often being lost for throe or four minutes at a time, but when seen was quite unmistakeable, and far too sharp,
well defined, distinct and bright to be a mere effect of contrast. Much difficulty was experienced in making
measures for two reasons. (1.) The bright line could only be seen when no cylindrical lens was used, and the
spectrum therefore was a mere line.' (z.) There were no means for illuminating the pointer. The measures,
therefore, were much rougher than should have been the case with so sharp a line.

A considerable part of the evening was spent in trying the cylindrical lens in different positions so as to
givo different widths of spectrum, but it was impossible to soe D, whon the cylindrical lens was used at all.
Soveral dark lines or bands were, however, noticed in the region of the stellar spectrum beyond D, towards the
red. C was not seen as either a bright or dark line. F was suspected to be present as a faint bright line, but
the point could not be made certain. Tho line supposed to be Dy, however, was quite unmistakeable every now
and then.

The star was at maximum August 9% 21%, and at secondary minimum August 13% 3™

1888, September 10% 21™
Single-prism Spectroscope.
Observer, M.
The bright line near D was seon occasionally in the spectrum of 8 Lyree, but much less distinctly than on

August 10, and no measures could be obtained as it could not be held long enough to bisect.
The star was at secondary minimum September 7* 23" and at maximum September 11t 4™

1888, September 19* (20"™ to 22™).
Single-prism Spectroscope.
Observer, M.
The bright line near D was found to be quite distinct, and the following moeasures were obtained pretty
readily ; owing to the flickering of the flame the measures of the sodium line were much harder to obtain, and
were less certain

Bright Line D Lines : Difference in Wave-length

é?)eiﬁll}: Sodium Flame, | Difference. Wave-longth, Inferreg. '
r r r Tounth-metros, Tenth-metros,
1"25§ 0'991 0264 16°37 587576
1'242 0'979 0263 | 16°31 587582
1273 0990 0283 17°55 587458
1’290 0'946 0'344 21'33 587080
1268 | 0956 0’312 1934 5872°79
1'291 ! 1'009 0282 17°48 5874°65
1275 | 1'029 0'246 15°25 587688
1295 0'989 0°306 18'97 587316
1'289 1'031 0258 1600 587613
1'290 1'019 0271 1680 5875°33
Mean 1'2768 0'9939 0'2829 17°54 5874°59
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OBSERVATIONS OF THE SPECTRA OF SUNDRY STARS AND COMETS

The wave-length of the sodium lines hag been assumed as D = §892'13 tenth-metres, and the value of a
revolution at D has been deduced from the curve as 62 tenth-metres.

The above measures point to the line obgerved having really been D,.

C and F lines were searched for very carefully, but neither were seen. Either from some lack of sensitive-
ness in the observer’s eye, or from absorption in the atmosphere or spectroscope, the spectrum could not be
traced quite down to C. At F nothing was seen. So far as could be judged the bright line near D wasa
little more distinct than on August 10, and decidedly more distinct than on September 10.

The star was at maximum September 17% 15

1888, September 21% (zo™ to 21™).
Single-prism Spectroscope.
Observer, M.
The bright line near D in the spectrum of this star was brighter than the obsgerver had ever seen it before.
C was also distinctly seen as a bright point when no cylindrical lens was used, but could not be made out when
the lens was inserted, the spectrum then not being tracecable guite so far. ¥ was also seen both with the
cylindrical lens and without it.

D, was by far the most distinct of the three lines, and was a narrow, sharp, well-defined, brightline. F was
a little brighter than C, but appeared somewhat ill-defined. It was not only much fainter than D, but also
appeared not quite so sharp nor go narrow. C appeared to be narrow and sharp. No other bright lines were
detected.

A dark band, probably D, and D, confused together, was detected close to D,

The star was at secondary minimum September 20% 21", and at maximum September z4% 2™

1888, October 1 (194™ to 21%),

Single-prism Spectroscope.
Observer, M.

D, was visible, but fainter than on September 21. F could not be seen. C was suspected once or twice.
D, could not be held steadily enough for measurement.

The star was at maximum September 30 13" and at secondary minimum October 3% 19™

1888, October 19* 20"
Bingle-priem Spectroscope.
Observer, M.

The spectrum was examined carefully. C and F were not visible as bright lines, but were just suspected as
dark lines ; that is, by moving the spectrum to and fro there seemed to be a very faint dark line at or near F,
and another fainter still near C. But it was impossible to take any measure, or to ascertain more than that
the suspected lines were near the places of C and F. D, was glimpsed occasionally as a feeble bright line.
The D lines formed a broad diffused band, and D, was just visible every now and then as a feeble but very
narrow and sharp bright line on the more refrangible side of D, and apparently just touching it. The two D
lines were not separated, but were seen as one broad diffused band.

It was attempted to determine the precise position of the bright line supposed to be D,, but it was too faint,
and was continually being lost. Nevertheless there was no doubt about its presence, for it was unquestionably
gseen every now and then.

The star was at maximum October 19 22", and at principal minimum October 23% 4™
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R CyeNIL
1888, September 21 (21™ to 231).
Single-prism Spectroscope.
Observer, M.

‘When the star was brought into the field of the spectroscope it was readily identified by the bright lines in
its spectrum, of which D; was identified with probability and F with certainty. A mist sprang up, however,
before any measures could be obtained.

1888, October 1 (21" to 224™).

Single-prism Spectroscope.
Olserver, M,

A long time was spent in trying to broaden the spectrum with a cylindrical lens sufficiently to measure the
dark bands. The spectrum was, however, too faint, and the attempt had to be given up. Apparently the
spectrum was of Secchi's fourth type, plus a bright line near F. The bright line was not quite so bright as on
September 21. After many trials the following measure of the bright line was obtained, Micrometer A being
set on the sodium lines, and Micrometer B on the line in the star spectrum. The instrumental constant was
determined next day by taking ten readings of Micrometer A on the D lines in the solar spectrum, and of
Micrometer B on the F line, the means being o' ‘0408 for D, and o"'2790 for ¥ respectively, and the instrumental
constant 0""3198. The wave-length of F has been assumed as 4860'74 tenth-metres.

Bright Line in D Lines, Sum Diff. from Diff. in Wave-length
Stellar Spectrum. Sodium Flame, ) Constant. Wave-length, Inferred.
r r r r Tonth-metros. Teuth-motros,
o'104 0'039 0'143 0177 552 4866°26
P CyeNI.

1888, October 1.

Single-prism Spectroscope
Observer, M.

The bright line in this star was measured without much difficulty. No other bright lines were detected,
and no cylindrical lens being used the dark bands, if any, could not be made out. The line near F appeared a
little diffused at the edges. Micrometer A in the following ineasures was set upon the sodium lines, and
micrometer B upon the bright line in the star spectrum. The instrumental constant was determined next day
by taking ten readings of Micrometer A on the D lines in the solar spectrum, and of Micrometer B on the F
line, the means being o"'o408 for D, and o'*2790 for I respectively, and the instrumental constant o**3198. The
wave-length of F has been assumed as 4860°74 tenth-metres.

Bright line D Lines i Diff, in Wave-longth
é;e%gﬁllg{ Sodium Flame. Sum, 1()110?;33331 Wave-longth. Interreg_
|
r r r r Tenth-motros, Tonth-motres,
0300 o'o19 0'319 — orool + o003 486077
"322 ‘042 0'364 + o044 - 1'37 485937
'363 019 0'382 + o'ob2 — 1'93 485881
*270 ‘007 0277 — 0'043 + 1'34 4862°08
‘323 ‘007 0330 + o'olo — 031 486043
*308 051 0359 + 0039 — 122 4859'52
327 ‘002 0°329 + o009 — o028 4860°46
353 046 ©'399 + o079 — 246 485828
‘558 ‘042 0600 + o280 — 874 4852°00
‘528 ‘049 0'577 4 o257 — Bo2 485272
Mean ...... 03652 00284 485844

GREENWIOH OBSERVATIONS, 1888, 5C
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OBSERVATIONS OF THE SPECTRA OF SUNDRY STARS AND COMETSH

CoMET 1888 a (SAWERTHAL).
1888, April 10.
Bingle-prism Spectroscope.
Observer, M.
The comet was searched for from its;rising to dawn, and a momentary glimpse of it was caught through

cloud, The green band in the gpectrum was seen of the last degree of faintness, but no continuous spectrum.
It was far too faint for measurement, had it remained visible long enough for such to be attempted.

1888, April 19.
Single-prism Spectroscope.
Observer, M,

The comet was seen with great difficulty always through cloud, and daylight had begun to be troublesome
before it could be seen at all.f

Alljthat could be made out of its spectrum was :—

(1.) The spectrum as seen-—probably from the nucleus, and its immediate neighbourhood only, was
mainly continuous,

(2.)aTwo feeble bands were just glimpsed, nearly, if not quite, coincident with the bands in the
green and yellow of the spectrum of the Bunsen flame, The band in the blue could not be
satisfactorily made out, but its presence was suspected as a slight local brightening of the
spectrum. A little later a very fair direct comparison was obtained in the case of the green
band, and no doubt was left of its coincidence with the corresponding band of the Bunsen
flame, but no satisfactory measures could be obtained.

The spectrum of the comet was mainly continuous.

It is not unlikely that what was supposed to be the green carbon band in the observation of April 10 was
really only the central and brightest part of the continuous spectrnm.

1888, May 3,

1Single-prism Spectroscope.:
Observer, M.

The spectrum of the comet was practically wholly continuous. The green band was searched for with
every variety of slit width, but was only very faintly suspected in the enveloge immediately outside the nucleus,
as a very feeble brightening of the continuous spectrum. No trace of the bands in the blue and yellow could

be detected.
The continuous spectrum ended rather abruptly at or near D.

Thelcomet showed in the finder a long, straight, narrow tail, stretching right across the field.

The spectrum of the tail was detected for a considerable distance from the nucleus, but showed no
difference, except its greater faintness, from that of the nucleus.
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COMET 1888 ¢ (BARNARD).
1888, November 27.

Single-prism Spectroscope.
Observer, M.

The comot was observed with considerable difficulty as it moved quickly off the slit, and was hard to find
agnin when lost. Cloud was passing at the time which further interrupted and hindered observation.

The spectrum was, however, seen from time to time very well with a wide slit, and it then appeared to be
perfectly continuous, both from the nucleus and coma. By gradually closing the slit, however, it was possible
to see that there was a local ill-defined brightening corresponding nearly to the green carbon band, but
apparently further towards the blue. '

On closing the slit further the brightening was lost, and only the continuous spectrum was seen ; now
from the nucleus and its immediate neighbourhood only, for the fainter outlying portions of the coma were
too faint to give a perceptible spectrum with the narrowed slit. On the whole, the evidence for anything
beyond a pure continuous spectrum was but small; the hydro-carbon spectrum was evidently quite an
unimportant and subordinate feature.

502
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22 MEASURES OF J’OSITIONS AND AREAS OF SPOTS AND FACUL.E UPON THE SUN'S DIsi

MEASURES of POSITIONS and AREAS of SPOTS and FACUL.E upon the SUN'Y DISK on PHOTOGRAPHS taken at the ROYAL OBSERVATORY,
GREENWICH, at DEITRA DUN in INDIA, and at the ROYAL ALFRED OBSERVATORY, MAURITIUS, in the Year 1888,

NoTeE.—The Greenwich Civil Time at which the photograph was taken is cxpressed by the Day of the Yeur and decimals of a day, reckoning from Greenwich
Midnight, January 14 oh.

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

The letter I. 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., S,, W,, N.

5 é ’E HELIOGRAPHIC SProTs. Facuorz. & é E HELIOGRAPHIC SpoTs. FAacuLm,
] ] n b 3 %

Greenwich . g - = =g ] Greenwich S Eu h el Rz & .
Civil =2 R ] %2 é& 25 | civ = %% | % ga és 5%
i = ,_ﬂ 5 2 43 e 8 ER— 3“‘ A 3 a2 S
e 1 E LT s AL Al Bl PR - "k PR |

g © . = g T I I R IRy E=hal g © . &3 g z N A bl
Pl TR 22 55| B | £ |sRE i &F :l 32253 B 2 |2E5|atE| oF
= |27 [EA° 27 3 | & |4 |57 i = | 27 \&° &7 | 5| 3 |57 57 a~
1888, ° ¢ ° 1888, ¢ ° °
0%484 | HM |20260cc | 0841 96°8| 2276 | —74| 32 183 1285 /| 7%218 | MyH 10879 917} 134°6] —13°5 165
Jan. 1 Centre (284 7)|(—32)| (32) |(183) | (128) 1. 0'go8 | 1043 130°8 |—14°6 95
Jan. 8 (lentre (196-0)[(—40)| (16) | (B8) | (600)
1'450 | H,M |2026c|0701| g7°1| 2277 | —7°3| 2% 178 '
Jan, 2 Centre (272°1){(—3"3)| (25) {(178) (o) 8196 |EP,H 0939 | 2647 | 2531 | — G4 188
0945 | 1910 | 217°6 |—71°4 100
2°451 |H,EP|2026ctlo'519! 98-8| 2278 —7'5| 28 | 176 1. 2026¢]| 0708 | 261°7 | 2282 — 88| 10 70
Jan. 3 Centre (258 8)(—13°5)] (28) |(176) (0) 0947 913} 1121 | —2'g 84
0952 | 107°6| 110°9 [— 180 59
3241 | M,H 0887 | 248'g| 3101 |—20"3 20 Jun. 9 Centre (183°2)[(— 4 1) (10) | (79) | (431)
[ 2026¢| 0361 | 1016} 2276 | —7'5| 30 167
: 2027 |o711| 73°'1| 2050 + 93 3 29 R1c
2027 |0744( 72°0] 202°§ |4 108 I 19 ’ 9'321 |EP,M 0'g19| 281°3| 233°9 | + 86 45
Jan. 4 Centre (480)|(=36) (34 |(215) | (101) oB49| 27213 | 2213 | — 07 (87
1. 20260t} 0'863 | 262°4 | 2281 | — 87 8 49 218 8
4468 |H,EP|2026010099| 1349|2283 | —77| 16 | 123 2028a10945( 876 978 | +09| © 71
2027 0486 0634|2063 + g2 o 8 2028/ |og65| 878 939+ 10| IO 96 858 ¢
Jan. s Centre (2323)|(—37)] (16) |(131) (0) 2028¢ |0'979| 89'1| go4g| ool o | 12 |]
2029|0994 | 97°5| 844 —79]| 28 186 422 ¢
5271 | M,H 0952 | 182°8| 232°4 |—75°5 128 Jan. 10 Centre ) (168-4)|(—4°2)| (40) |(350) | (1730)
1 2026a|0'135 | 234°5| 228'0| — 83| 20 | 133
: o'gro| 983] 1561 —~gz 149 :
Jan. 6 Centre (z21)[(—38)| (z0) |(133) | (277) 10283 | H,M 0937 | 260°9| 2255 |—10°1 256
0°g21| 271'7 | 227°0 |+ 14'C 105
6183 | M,H |2026rt| 0326 255°6| 2282 | — 84| 13 102 L. 2028a |0'843| 858 987 + 172 o 13 1] -8~
i 2026 0272 2492 | 2246 | —9°3 o 8 2028/ {0876 867 949 | + 08| 14 75 |3°%7¢
’ 0'949| 946 137°9 | — 56 139 2029 | 0°944 | 97°0f B84:8| —8&1 ) 28 | 134 | 496«
Jan. 7 Centre (209 N)|(—=39)| (15) {(110) | (139) o'870| 95°3| 952 | —067 187
Jan. 11 Centre (155°7(—43)| (42) [(222) |(1631)
7218 | M,H 0961 | 265°4 | 2700 | — 56 57
0853 2642 2546 —7°1 166 11°185 |H,EP 0971 | 270'5| 219'8 | — 07 87
I. 0'944 | 191°3| 2304 |—709 82 0'966 | 2580 219°3 [—1277 89
0'046| 1796 | 194°4 [—75°9 15 I. 088z | 282'0| 2044 | + 84 84
2026a| 0536 2607 | 2282 | —84 | 16 88 zo3ort| 0171 | 194°1 | 146°4 |—14°0 4 9

The Groups of Spots are numbered in the order of their appearance. When there ix no number in the third column it is to be understood that there iv a Facvia
unaccompanied by a Spot. The positions of Facule relative to the Spots with which they are associated are indicated by tho lotters n, &, p, /, ¢, denoting
respectively north, routh, preceding, followingr, concentric. The longitude and lutitude of the centre of the disgk are given in brackets.

The Areas of Spots and Faculax are expressed in millionths of the Sun's visible Ilemisphere.

Jan. 1 and 5. Photograph taken through mist, Definition poor.

Group 2026, 1887 Dec. 31-1888 Jan. 10, A regular spot. ». A faint companion is seen near it on Jan 7.

Group 2027, 1888 Jan, 4-5. Threc small spots. of which the first two are measurcd together on Jan. 4. One small rpot. on Jan. 3.

Group 2028, Jan. 10-12. Three #mall spots, «. b, and ¢, on Jan. 10. «~ has disappenrcd by Jan. 11, The group consgists on Jan. 12 of four #mall gpots in a short stream.
Group 2029, Jan. 10-21. A regular sp.ot, «, with one very small compenion on Jan. 14 and 17, and two or three on Jan. 13, 16, and 18.

Group 2030, Jun. 12-16. A small epot, «, with one sma!l companion on Jan. 13 and 14, and two on Jan, 15 and 16.
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ON PHOTOGRAPHS TAKKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888, 28

Measures of DPositions and. Arveas of Spots and TIFacula:

upon the Sun's Disk—courntinued.

-5 é '5 HELIoGRAPHC SPOTH. FacuL.a, é é é HELIOGRAPHIC SPoTs. FacuLz.
§ 3 n — . § 8 73 o
3|3 g & |88 g 3003 g 28 &8 &
Greenwich g gy h e RZ 3 Gireenwich = gd = g B & .
Civil i Lé“:’: %" EE éi ég Civil : éé E‘ g&' és £%
Time. . :55’ & Qi - ¢ 5 ;9; & ;é\‘ @ e Tine, ; g Z Cf. - s 5‘; & E wg
g | 2, | 851 g E g |wT e &S Sl e, |85 e, | 3 g |t |w®fa| &2
AETEEAETAR B BT ARTEE SECRI NI BT R
g 5 28 | B g = &s £S £ s g sa | Ew® | E< 8 e &8 SR g
127 |47 & 3 3135 5 “ENEP AR A A CEE-EaN Bl -
1888. © ° 1888, N : ¢
11185 |H,EP | 2028 |o6go] 86| 1006 |— 1°1 o 2 16V172 | EP,H 0950 | 2581 150°3 |—12°8 376
2028 [o707| 84°3| 99'4{+ o9 o 5 . 0'882 | 266°8| 140'0|— 52 8o
1. 2028 |0734| 85'6| 97 1|+ o3 o 6 304 ¢ 1. 2029|0136 | 235°3) 84:61— 931 27 144
2028 (o758 | 849 g5'1|+ 1'0 9 26 2029 |0136| 21001} 8271 |—11'7 o 4
2029a| 0857 | 96'9| B4'9|— 8'24L 23 | 151 655 ¢ lJan. 17 Centre (FED(—49) (27) [(148) | (456)
o749 9+3| 954]="67] 103
Jan. 12 Centre (1439(— 44 (36) [(199) | (x1322) | 17°271 |EP,1I 0'904 | 235671 1484 |— 147 144
0'936 | 2678 1367 |— 3'6 43
1. 0'8go| 254°6| 1267 |[—16'0 37
12°307 [H,EP 09531 2584 | zo1'7 |—12°y 109 2029 |0'395| 2589 86'7i— 89 o 5
0'g61 | 282°4 | zo1'5 |+10'6 76 2029 | 0385 2551 8g5'8|—103 o 3
L. i 0372 | 245'7| 149°'3|—130 4 11 20291t | 0366 | 257°8| 85'1|— 91 18 11§
2’%’\0'339 239°¢ | 146% |—142| 3 7 2029 [0'349| 247°3| 8z27g|—12°¢| © 8
“Jlzozon)or7oz| 976 K845 — S5 26 138 2031 |o'8g1| 977 05— g2 o 7
'i\Z'Oi9lft) 0934 | 176°1| 1167 {~72'717 = 120 2031 [o0'885| g7°1 1'3 |— 86 1 6 71¢
0789 | 101'9| 7770|—12°1|" 284 2031 |o'goo| gb64| 359'4[— 8o 1 6 |
Jan. 13 Centre (129%0)i(~4'5)| (33) |(156) (589) fJan. 18 Centre ' (63 7)(—50)] (20) {(150) (295)
18193 |I1I,KEP 0789 | 274°6 | 103°3 {4+ 0% 169
13°283 |H,BP|2030 |0'571| 254°2| 150°3 |—12'7 2 6 20290t |0'553 | 261°6| 85'1|— 89 16 97
20300t | 0'628 | 2515 | 1471 {—13'6 o 13 1. 2031|0755 | 974 25 |— 90| 20 89
1. 202906 | 0°529| 987 | 8B4 |— 85+ 23 129 2031 |o'771| 979 1’1 |— 9'3 o} 2
2029 (0533 94'9| 840|— 65 o 5 2031 [0796( 97'1[ 3587 (— 88 4 r§
Jan. 14 Contre (116 2)(—46)] (25) |(153) (o) |Jan. 19 Centre (51°0)|(=5°1)| (40) [(203) (169)
19°476 |1,EP o'8go| 270°7| 97°4|— 18 313
14476 |I,EP[2030 |0'787| 257°5| 15273 |~12°7 3 16 1] 2029t {0771 | 2634 | Sg52|— 84| 10 81 57¢
2030 |0770| 256°9| 150'7 [—131 o 3 78 ¢ 203100531 99'7 28— 96| 14 83
M. 20300 (0742 | 256°6] 1481 [~13"1 I 15 } 2031 [o0'§70] 1017 o2 |—110 o 8
20zgrt | 0'288 | 106°3 | 84'3|— 91t 29 132 2031 (o591 985 3585 1— gz 3 19
2029 |0'293| 989! 84071 o | 4 Jun. 20 Jentre Ga=s52) (27 [(193) | (379)
2029 [0'331| 981 | 81'3 |~ 7°1 o} 4
Jan. 15 Contro (roo)i(—47) (33) |(174) (78)
. 20'228 | EP,H 0964 | 2700 992 |— 1'% 668
ogr5|{ 289'7| 9i'3|—116 48
15216 | H,EP 0940} 254°6 ! 161°0(—16"1 103 1. 20290 | 0869 | 26321 853i— 851 11 63 3383/
2030 o882 2586} 15277 |—12°3 4 15 2031110378 102°1 29— 95! 1 51
M. 2030 |0'863| 2585 | 150 [~—12¢ o 2 % 190 ¢ 2031 |0'¢432| 1052 3598 [—11'3 o 3
20300t | 0°843 ] 257°1] 1481 |—13°¢ 2 23 2031 | 0449 | 1000 | 3583 |— g2 1 12
2029 |0'147| 140'5| 852 |~11'3 o 1 Jan. 21 Centre (24'D(—53) (23) {(129) | (1054)
2029a [o'130] 126°1| 846~ 92 17 | 134
2029 |0162 | 1341 839|113 ) 1
2029 |o'176| 12851 82'7 |—11'0 o 7 22°603 |H,KP|2031¢ |0 167 2392 32 |—103 2 10
Jan. 16 Centre (9o (=48 (23) |(183) | (293) f.Jan. 23 Centre (3549 —55)] (2) | (10) (0)
1

unaccompanicd by u Spot.

The Groups of Spots are numbored in the order of their appearance.  Whon there is no number in the third column it is to be understood that there is a Facula
Tho positions of Taculw rolative to the Spots with which they are nssocinted are indiented by the letters ». a, p, 7. ¢, denoting

respoctively north, south, preceding, following. concentrio. "The lengitude and latitude of tho oentre of the disk are given in braokets.
The Areas of Spots und Fagule are exprossod in millionths of the Sun's visiblo Memisphero.

Jan. 23. Photograph taken through mist.
Group 2031, Jan. 18-24. Three vory small spots on Jan. 18.

companions.

Definition poor.

A rogular spot, ¢, on Jan. 19, and the suvoceding days, generally accompanied by ome or two small

HD 2
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MEASURES OF POSITIONS AND AREAS OF SPOTS AND FACULZE UPON THE SUN'S DISK

Measures of Positions and Areas of Spots and Faculm upon the Sun's Disk—conlinued.

'Hs E -§ HELIOGRAPHIC SpPoTs. FACULZE. .E é E HELIOGRAPHIC SPOTS. FACULA.
E 3 w = R w
205 | BRERERE 02 s g |ax | g
Grtzz.nviviich F% E.’é; ‘: EE fg’é & . Grec.nv.vich g % i 'E g'é EE L'DA
Tv = g4 e [~ o= —EE, Civil @ C= = no o< 2%
Time. | | £ £w | 2 , 25 |Ex $a Time. £ B2 | 5 - £3 543 $a
§ 1S | oa 2 ; 7 & 55 g | & | e 2 ; & & s
5 ol g8 g 4 Z < |88 | &% ¢ o, 88 g 4 3 2 |8 |8 | S5
2 | 85 |82 | 5% | % 1 2 | afiF|gtE| % 5l wd | 5% | 2% | B | 2 | 45| a%E| 4%
e | g® | A% | g™ 5 2 | 28R | 28R | 22 g | o% | £% | EA g 5 |E%A ) E8A| &S
=2 | = A & 2 3 |« - 4 2 | & A & 2 K| 4 <
1888, © o < 1888 o 0 o
234389 |EP,H | 2031|0347 | 255°5 3'1|—10"2 2 4 339184 |EP,H 0969 | 265°0| 2g0'2 |— 6§ 368
2031 }o'318} 2656 13(— 98| o 2 2034 |0'169| 98:7| 204'5|— 771 © 8
L 2032 |o0'679| 885! 300'5|— 3°1 1 10 1. 2034 |o'z05| 101°5| 202°5|— 8§ ) 6
0943 | 174°9| 324°6|—~74'8 80 o'821| 9g2| 1587 |—11'1 103
Jan. 24 Centre (3432)[(=5'5) (3) | (16)| (80o) 0883 | 107'3| 151°8 |—18'3 66
Feb. Centre (2142)|(—63)| (o) | (14) | (537)
24450 |H,EP|2032 |o0°465| 85'8| 301°1 [~ 3°1 o 9 ’ ) (
Jan. 25 entre (328:6)[(—56) (o) 9 ©) 347204
1.
25°192 | H,EP o'850] 95'9} 260°5{— 99 44 |Feb. 4 Centre| | (2z008)|(—63)| (o) | (o) (0)
M. 0'886| 112°7) 25731 —22"7 17
' 0'9s50| 79'6| 2388 |+ 80 96 35559 | H,EP o'g6o| 860 109'8 |+ 2'0 121
Jan. 26 Centre Br19Pl(~57)| (o) ()| (157) |Feb. 5 Centre (182:9)|(—6'4)| (o) (o) | (121)
26475 ' 628 . . al—12° 8
36289 |EP,H 0'876| 259'1| 2349 [—12'7 15
Jan. 27 Centre (302°5)|(—5'8) (o) (©) (°) I o'g1o| 172'9 | 153°81—70%%4 81
. ) 0'928| 89'g| 10573 |— 20 588
27°452 Feb. 6 Centre (173)|(—=65) (o) | (o) | (827)
Jan. 28 Centre (2900)|(=5'9) (o) (©) (0)
. 37°184 |EP,H 0'931| 260°8| 2307 | ~11°0 150
28'509 ~ ’ o844| 97:1| 103°6]= 9 114
Jan. 29 ventre (275°8){(—60) (o) (o) (o) 1. o894 B6s| 986+ o2 87
. 0967 954| 858|— 69 218
29'494 |H,EP|2033a|0'483| 2683} 291'7|— 61| o 4 0’97z | 106°5 | 84'0|—17°5 157
Jan. 30 Centre (262'8))(—60) (@) | (4| (o) [Feb. 7 Centre (161°5)(—=65) (o) | () | (723)
30°391 {EP,H|2033a 10667 | 267'8| 2928 |~ 60| 15 36 38-258 |EP,H 0869 | 264°6| 208'0|— 80 81
20330 | 0°606 | 2684 | 2883 ([~ 60 8 20 1 g ’ 0'882 9‘;'5 8s'6|— 62 202
L 0944 | 81°3| 181'3 14 62 35 : 0931 | 105°8| 781 |—171 360
0'965 | 1007 | 1754 |~11°9 171 |Feb. 8 Centre (147°4)(—=66)| (@) | (o) | (643)
Jan. 31 Centre (z50°9)|(—6'1)| (23) | (56)| (206)
39'284 | H,EP 0952 | 263'3 | 206°5 (— 84 10§
. 1 0735 937| 864|— 772 136
31°4465 [H,EP[20330 {0845 | 267°3| 294'9 |~ 56 5 39 100 ¢ ’ o861 | 1107 | 744 |—21'2 172
2033 | 08211 268'2) 292:4|\— 51| o | Iz Feb. 9 Centre (1339)(—66)| (o) | (o) | (413)
20330 | 0785 2682 | 2889 |— 52 ° 29
Feb. 1 Centre (237'D|(—~62) (5) | (Bo)| (100) 40°211 |H,EP 0’952 | 189'8 | 1604 |—750 61
M 0919 180°9 | 124°5 1 —73"1 9°
. . : o'814| 11700 67°4|—20°1 134
32216 |H,BP)| 203300929 | 266'3| 295°4|—~ 358 4 25 Feb. 10 Centre (1217)|(—67) (0) (0) | (285)
20330 | 0883 | 2662 | 2891 |~ 6'3 3 26 2lec .
M. 0914 | 1087 160°4 |—19°6 63 41°347
0934 | 101°1| 157°3|—12'6 140 :
Feb. 2| (Centre (2269)(—62) () | (51| (417) |Feb. 11| o re (1e6)(=67)| (@) | @] ()

The Groups of Spote are numbered in the order of their appearance.
unaccompanied by a Spot. The positions of Faculz relative to the

™ respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are giv
e Areas of 8pots and Faculwe are expressed in millionths of the Sun's visible Hemisphere.

When there is no number in the third column it is to be und
Spots with which they are associated are indicated by the lettors =, s, p,
en in brackets.

erstood that there is a Facula

J, 0. denoting

Group 2032, Jan. 24-25. A small spot,
Group 2033. Jan. 30-Feh. 2. A very small spot, «, on Jan. 30, followed by a second, 4, on Jan. 31, and the succeeding days.
Group 2034, Feb. 3. Two very small faint spots.

A third spot is seen between a and b on Feb. 1.




ON PHOTOGRAPHS TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND 1IN MAURITIUS, IN THE YEAR 1888 25

Meanures ot Positions and Areas of Spots and IPacule upon the Sun's Digk—continued.

.,§ ﬁ ; HELIVGRAPHIC Srors. FAcuLa, é é '5 HELIOGRAPHIC Srors. FAcuLXE
= X o e = - w
§ =] ok [T a § g ("R [T B
k] s g 28 | &8 3 g o g g8 | &8 g
Groenwich : ggj g !‘ -t ;—g’g C.?‘ (ireenwich : %i = é'g E’g g .
Civil i 2-?; %; ‘éi‘, oS .5’5 Civil ﬁﬂ La)é .-a mE o8 _§E
mme |0 EOLER S FrolBR | S | mme ) ) FOJEE ) 2z |Ex |
g o, 8 8 4 E < "é‘m,& “SwA g8 @ S . g8 g . § 3 w2 "’o‘w,-'\ é&
AR AR AR AR R AT B R B R
I I S T T - R - = 5 A0 (AT & | S ] 3[4 |4 4
( 1 |
]888- o o =] !888. o] el o
42%237 |H,EP 0915 | 257°1| 161'9 |~14"5 117 §1'°323 |H,EP| 20350 | 0562 | 871 301°2— 4'3| 10 89
L 0'950| 192°3 | 1392 |—732 67 2035 |0'597| 8851|2987 — 48 0 4
0934 1835 1079 (—75'2 76 I 2035 {0695 880 291°4(— 37 Lo} 10 185 ¢
Teb. 12 Contre (95°0)|—(6'8)] (o) | (o) | (260) 2035 |o694] 9r°2| 291°3|— 59| © 11
2035c¢ (o718 888 2895 (— 41| 27 142
43352 (EP,M 09601 2586 1555 |—12°8 68 20350 1om17 | 920l 2894 {— 64l 22 84
L 0949 | 2657 152'8 |— 63 50 Feb. 21 Contre (335 (—7"1) (59) [(340) | (183)
09351 186°6| 104'7 |—74°6 63
Feab. 13 Centre (80'9)|—(6'8)| (o) (o) | (181) §2'177 [H,EP|20350a(0'379| 83'5| 302'0{— 42| 16 86
2035 {ogz0| 863 299:3|— 49| o 3
44°289 |M,EP 0871 252°6 | 129'01—18'5 33 - L 2035 | 0493 | 87'9) 294'61— 52| 5 85
0968 | 195'0| 1288 |—~73"4 31 2035 {0545 9o4| z91'0|— 672 ) 6
1. 9947 | 1892 | 103 8i—750 44 2035¢ | 0'564 ! 8661 289'g|— 40| 13 108
08871 197°0| 1036|0636 19 2035b) 0572 91°3] 289'1{— 66 8 44
0912 1772 | 59°6|~72'4 41 0934 | 96'4) 2546~ 85 71
Feb, 14 Centre (68-0)|—(69)| (o) (o) | (168) | Feb, 22 Centre Bz (=71 (42) {(332) (¢20)]
45°149 |H,EP 0’83614 277'0| 112°5 |+ 2°0 169 53°166 |11, BP 0961 2757 ] a2y2)+ 3°3 91
I 0737 | 262'8) 1035 |~10'0 47 0'935| 191°3| 347°8|—72"2 89
' 091z | 17841 518 |—72'4 98 1. 2035|0154 | 67'0) 3030j— 36} 17 8y
Feb. 15 Centre| (56:6)—(69)| (o) | (o) | (314) 2035 0263 B40) 2959 1— 531 4 | 42
2035 lo'327| 86'7]| 292'0|— 56 6 46
46272 |H,EP 0899 270'3| 105'8|— 2°8 315 2035 {0°363| 830l 2900(— 41 9 51
I 0940 177°61 355 1—6g2 93 2035¢{0°378( 942 288-8|— 82 6 31
TFeb. 16 Centre (41'9)—(69)| (o) (©) | (408) o'88g| 977 | 2478 |—10"1 111
Feb. 23 Centre @ren(—7n| @2) [(257) | (291
47291 |, RP 0'974 | 262'0f 106°0|— 9'3 =
I 0973 | 272°5| 1047+ OB 109
' o838 25971 | 859 |—130 2Rz 54'519 |H,EP 0'940| 189°9| 331'8 | —73"7 53
Feb. 17 Centre (285)|— (70} (o) (o) | (489) 2035a| 01971 290'9| 3045 |— 31 6 63
2035|0068 | 305°6 296'4 [— 3O 2 43
48168 |H, 1P 0'916| 262°6| 83'8|— g6 199 2035 |oo26| 169l 292°8{— 58 o 11
1 0’894 | 253'2] Bogl—181 198 2035 |o065| 167 292'1|— 37 o 7
' 08741 2722 77°6|— 16 48 2035 (0072 47°0| 290'2 {— 474 7 43
2035 10982 926! 297°6|— 39| 29 | 177 123 ¢ 2035 o075 656 2893 |— 54 o} 13
Fob. 18 Contre (16'9){—(70)| (29) {(177) | (568) 2035 |o'o74| 104°2] 2891 |— 82 2 9
2035 |o'083) 822 288'5)— 66 o 3
50485 [H, 1P| 2035 {07z0| 89'5| 3003 |— 46 12 83 o0'89g35( 988 232°5{—11"1 192
2035 |o741| 89'7| 2986 |— 46 o 10 2 0936 79°1] 2288 |4+ 7% 66
2035 107791 90'g| 2953 {— 38 o 13 a1y LTeb, 24 Centre (293 20W(~—72)| (17 [(192) | (311)
2035 |[o'815| goo| 291'8 [— 42 o 27 .
z035h 0830 | 93'0 290'1 |— 651 11 55 \ 55°208 |H.EP|2035¢| 0349 | 2807} 3042 |— 31| 13 68
2035c| 0839 | 9o'4!| 289'3 i~ 43| 16 | 162 || 2035 |o'342] 27532 304’1 |— 3O o 5
Feb. 2o Centre (346 Ol(—7 1] (39) [(352) | (211) 1. 2035 |o0'284| 280'2| 300°4|— 4O o 2
i .

Tho Groups of Spots ure numbered in the order of their appearance. When there i no number in the third column it is to he understood that thoere is o Faenls
unpocompnnied hy n Spot.  The positions of Foenlis relntive to the Spots with which they are nssociated nre indicated by the letters no x po 70 oo denoting
respectively north, south, proceding. following, concentric. ‘'he longitude and latitude of the centre of the disk are given in braokets.

The Areas of Spots and Faculwe ave expressed in millionths of the Sun's visible Hemisphere.

Group 2035, Feh. 18-29. A number of spots, mortly small, in & long straggling strears. The group is mensurcd as one spot on Feb. 18, as the individnal spots are
confurod togother through foreshortoning, Thao firat spot, 4. and the last two. # nnd ¢, are regular spots on Feb, 20, and the wucgeeding days: but b and ¢ hav.
both broken up by Fob, 22, though r in recognisnble up to Feb. 26. A wide gap is scen betweon « and the following portion of the group on Feb, 23 and
Feb. 24, hut fresh spots have formed round « by Feb. 25, und other spota have appeared by Feb. 26, These undergo repeated ohanges, and by el 20 only « and
one small companion remain in the preceding portion of the group, and three smnall apots in the following portion.




26 MEASURES OF POSITIONS AND AREAS OF SPOTS AND FACULA UPON THE SUN'S DISK
Measures of Positions and Areas of Spois and Facule upon the Sun’s Disk—continuced.
.:‘.5. é 'E HELIOGRAPHIC SPOTS. FACULZ, .§ é g HELiogrAPHIC Hrots. FaAcuLZ.
5 2 & % g @
§ =] [ Y] [ § a [ ok
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Eleg |22 25| 2| 2 %% |%er| %3 S lwg | B By | 2| D |Gen|ter| 32
3 ; 59 | < g E |28 1Es8| E= 2| oo | B | G4 g § lesalgea| g=
g | 2" |B8° | & 3 3 |4 < 4 2 | 27 &7 | & 3 3 |4 < 47
1888, ° © e 1888, N © °
55208 |H,EP|2035 |0247] 2750 2985 |— 5°8 o 1 59212 |H,uP| 2035 |0'876| 2666 292*8 [— 65 o 17
2035 |0227| 2800 2971 |— 48 3 13 I. 2035 |0°868| 269'3| 291'7 |[— 4°3 o 4
I. 2035 |o0'154| 2788 293'0{— 5°8 o 2 Feb. 29 Centre (231)|(—7'2)  (5) ] (78) | (645)
2035¢ |0°124 | 293°5 | 290'7 | — 43 5 30
2035 |0093| 28771 289'3|— 56 o 3 6o'405 |H,EP 0963 | 266°4 | 290°3 |— 54 327
2035 |o'095 | 262°3| 2896 |— 80 7 21 2036 {0567 | 2628 | z50°4 |—10'0 o 6
Feb. 25 Centre (28472){(—72)| (28) 1(145) (o) 2036 |o'560| 264°6| 249'9|— 90 o 3
Mar. 1 Centre (z157D)|(=72)| (@ | (9) | (327)
6218 | H,M ‘956 ’ . 8 8
T ) B U B e P SO e e e o
L 203500352 | 275°0| 3041 |— 33| o | 58 Mar. 2 Centre (zo18)(—72)] (©) | (o) | (64)
2035 10549 2714 | 304’1 |— §°3 o 9 62403
2035 0'537| 272°3| 3932 ({— 49 ° 10 ar TP AN T
2035¢ [0°344 | 2776 | 2907 |— 42| 1 9 Mar. 3 Centre (1882)[(—=7°3)] (@) | (0) ()
2035 |0°340| 269°0| 2907 |— 7°1 o 11 ) ) . I
2033 (0331 | 280'3 | 2898/~ 35| o . 63196 | H,EP 0.918 1g8.6 1723 ~é3.7 gg
2035 |0326| 274'5 | 2898~ 54! o | 6 I o912 ) 10779 | 141|094
. . . . . 0'934 | 1002 | 109°I [—12°] 111
Feb. 26 02035 319 265° 28985 — 83 ° 4 0'887| 86'3| 1168 (— o1 133
on- 2 enire Crod)(=72) () (23) | 68 agar, 4 Centre (178:9)(—7'3)} (©) | (o) | (358)
§7°193 {H,EP| 2035 [o760| 271'7| 307°4{— 35'% o 71 64'287 | H,M 0925 | 257°8| 233°0|—14"1 95
2035a 0725 | 271°'8| 304'4 |— 37| I1I 46 0916| 2817 | 229'1 |+ 76 27
1. 2035 |0'722| 269°6| 304'3 |— §°3 9 37 1. o818 99'4| 219'8|—11"9 65
2035 |0'6g9g| 271°4| 302°3 |— 4'2| 18 57 0'g40| 190’4 | 201°7 [—737 53
2035 | 0535 | 2682 2904 |— 71 o 14 0952 | 107°8| 9I'2|—1I9'1 112
Feb. 27 Centre (258-0)|(—7°2)] (38) |(225) (o) 0'956| 97'6| 90'9|— 94 187
Mar. s Centre (164°9)|(—73) (©) (@) | (539)
58179 |EP,M|2035 [0'8g0| 2700| 307°8|— 33 o 17 657513
20350 |0'861| 269°6| 304°5 |— 40 8 37 Mar. 6 Centre (1489)|(—7°3)] (0 (0) ()
1. 2035 [0846| 269°1| 3028 |— 46 5 17
2035 |0'848] 2680 303'1]— 5°5 3 12 66417
2035 |0'766| 2681 2952 |— 61| 7 41 | >128¢ |Mar. 7 Centre (1365)[(—772)] (0) | () (°)
2035 |0735] 266°1| 292°5{— 7°7 2 14
2035 [0732| 267°9( 292°2 |— 6°5 6 37 67287 | H,M 0’874 74'8] 06641+ 96 181
2035 |0'720| 273°1 | 2608 |— 2°8 o 7 1.
2035 |o0'709| 265°'7| 290°4]— 82| o 12 Mar, 8 Centre (12570)[(—7°2)| (o) (0) | (181)
Feb. 28 Centre (2450)(—~72) (31) |(194) | (128)
68276 | HM 0'910| 2651 | 46'z|— 74 28
2037a| 0970 860 367|4+ 21| 2% 50 305 ¢
59-212 | H,EP|2035a 0957 | 2679 3047 [— 42 o 28 L o951 | 1650 607 |—71'6 76
2035 |0'950| 2661} 303'5 |~ 60 o 14 645¢ 0'965| 657 4106|4212 243
I 2035 |o0'goz| 266'5 | 2961 |— 63| . 5 15 Mar. 9 Centre (112:0)|(—7°2)| (25) | (50) | (652)
B 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 undernbooTI that there is a Fn.c_uln
unaccompanied by a Spot. The positions of Faculx relative to the Spots with which they are mssociated are indicated by the letters u, 4, p, f, ¢, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets,
The Areas of Spots and Faculx are expressed in millionths of the Sun's visible Hemisphere.
Group 2036, March 1. Two very small faint spota.
Group 2037, March 9-20. A large regular spot, «, followed on March 10 and the succeeding days by o number of small spots in u straggling stream. These change
continually from day to day, but one of the most stable, 4, can be identified on three successive days, and two others. ¢ and #, on two days.
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Mecasures of Positions and Areas of Spots und Faculwe npon the Sun's Disk—continued.

é 5 5 HELtoGgrALIIC Srotrs, FAcULE. ‘5 é “5 HELIOGRAPILIC SroTs. FACULA,
I I Yr e e I IR R o
k A g 88 |82 8 3 S g & | &8 g
Greenwich ] ;&: £ b g R & Groenwich = ;5 @ = -3 k] S
Civil 3 o5 | g g8 |28 <% Civil g o5 | g g8 |28 4%
mee | L E LR Bl Rt E 1 5% [Fp | 9
S, ez | | ¢ |«% ]e® | &2 T Tl of sl lwta| &2
Elsi |32 S| £ | eF|eF| oF A S - T S B - - ) B
g s | ®% | Ea g 5 | fda (| gda fe g | s | BY [ I« = 5 [ §s8 | gsa| S=
=5 | A A & 2 S |- - - 2 | 2 = & 2 g | - <
1888. ° ° ° 1887. © e ©
69*565 |1, EP| 2038 Jc'575) 59'0| 6504110 o 5 75%175 |1, EP 0928 267°31 89'4|— 52 46
2038a| o585 57°6| 648 |+120 1 11 0867 2538 81'7]—176 156
20370 | 0845 82'8| 382|4 21| z% 162 1. 20370t 10°379} 295°5 | J1'0|+ 2°7| 34 179
2037 08841 83y 33704+ 274} o + 162 ¢ 2039¢1| 0944 | 912 3104 |— 35| © 10
2037 |o0'8851 852 33'3|+ o8 1 27 3 20390 | 0954 | 92°3| 3084 |— ¢4 o 11 666 ¢
2037 (ogol| 846 307+ 17 o 37 2039¢ {0968 9z2°g| 3054 (— 47 5 51
Mar. 10 Centre (95 —72) (27) |(246) | (163) |Mar. 16 Centre (zr)(—7 D] (39) |(251) | (868)
70221 | H,M 0938 | 259'7| 1568 [—12"1 59 76’150 |H,EP 0937 253°5| 787 |—180 184
0973 1845| 1192 |[—81°9 32 o883 | 286'5| 676|+11°0 124
1. o870 | 18574 | 984 |—0668 61 1. ' 0933 | 184°4] 24°5|—752 83
2038 1o455| 49'4| OG5 g(+104 6 20 2037|0568 | 2854 | 41°3(+ 27| 37 188
2038n | 0495 | 47'8| Og44|+127| 18 51 2037¢ {0517 | 2852 380|+ 16 o 10
2037¢t)0 765 Bo'G] 398 |4 23] 41 172 2057 foq9z2 | 2853 36744+ 12 1 To
2037 (0795 8ozl 34°8|+ 29 o 7 2039 [ 0'850| 893 | 310°1|— 32 e} 18
2037 |o8og| 819 33°3|4+ 2'3 o 16 220¢ 20395 | 0'867| qo'g| 3081 |— 43 2 13 690 ¢
2037 (o'813| 83'5{ 32°7(4+ 11 4 19 2039¢ | 0887 | 91'5| 305°6|— 47 2 26
2037 (o'83z| 8279} 309+ 179} 6 56 0944 | 171°0} 33401 —748 73
0971 | 950| 111~ 2°8 75 Mar. 17 Contre (82)(=71) (42) [(265) [(1154)
Mar. 11 Jentre BOP—=72) (75) |G41) | (447
77188 |1, KP, o'970| 283°6| 684 +11'3 170
72°156 (M, 1P| 2038 0324 334°6| G689+ ¢'8 c 10 I 0943 2+g:+ f?:o :fj: 9;
203700396 | "657| 397|+ 27| 33 | 104 ' el I 5e0d I P 2
I 20370 (o481 | 732 335{+ 16| o 12 | ogez 1032y 22 N 6 5+
2037 |0506| 7471 317 |+ 1y o 24 2037 {07651} 28021 42'1 |+ 2.9 37 165
. . . . 2037¢ [0716| 27921 39'3|+ 16 o 3
0'9oo | 162°3| 21'1 |—64'7 39 zo;irl 0677 | 2795 | 36z |+ 1°2 o 17
Mar. 13 Centro (GoB)(—72)| (33) [(240) | (39) ST TN I Ak B ] W] D B
2039h 07174 887 | 3087 |— 40 o 10 §o1¢
2039¢ | 0749 | 9o'0| 30600(— 47| 3 20
73°'400 {H,El’| 2037|0187} 324°4| 400+ 27 33 184 0938 176°21 339'7 |—75'9 108
2037 (0186 46'5| 367 |+ o4 o 2 Mar. 18 Centre (354 9)|(—70)| (40) |(218) [(1020)
2037h 0245 42| 3301+ 13| 3 | 39
2037 |o0'302| 47'0| 31'6|+ §O o 1
Mar. 14 Centre (44 (=71)| (36) [(226) | (o) | 78256 |i,up 0'943| 18074} 3421 | —77'¢ 123
20370 (0889 2771 [ yzeg i+ 3 35 a6y 1]
I. 2037 |o877| 2788 4go5|+ 43 o 4 |17
74°466 {H,EP|20371 | 0249 | 313°6| 408+ 29| 35 197 2039 |o's1o| 86'0| 3099 |— 40 o 2
2037 |01971 317'7| 380+ 1'3 o 4 2039c [0'552 | 8771 3069 |— 46 3 20
203700158 | 3400 335 |+ 15 o 17 2040 |0'6g9z| 862 296'9|— 2°5 o 3 1748 f
0'g63 | 9o'8| 3160 |— 27 367 0913 | 161°1| 2962 {—05°0 58
Mar. 15 Centre 3o (=7 1) (35) {(218) | (367) |Mar. 19 Centre G340 Pl(—70) (38) |[(193) | (607)

The Groups of Spots ura numboered in the order of their apponrance. When thero is no number in the third columm it is to be understond that thore is o Fuenla
unaccompanied by & Spot. The positions of Faculm rolative to the Spots with which they are nssociated nre indicated by the letters a, & p. /2 e, denoting
rospectively north, south, proceding, following, concentric.  Thoe longitude and Intitude of the contre ot tho disk nre given in bruokets,

Tho Arens of Spots and Frenla are expressod iu millionths of the Sun’s visible Hemisphero.

Group 2038, March 10-13. A small spot, . with o faint companion on Mareh 10, Two suall companions, measured together, are seen on March 11,0 Two small faint
spots, monsured together, are seen on March 13, « having disappeared.

(iroup 2039, March 16-19. "Threo small spots, «, &, and ¢« has disappeared by March 19, and b cannot be cortainly identified with the small spot seen on that duy.

Group 2040, March 19. A very small faint upot, conneoted with (fronp 2029 by faeulous markings,
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Measures of Positions and Areas of Spots and Facula upon the Sun’s Disk—con tinwued.
-§ é ’E HELIOGRAPHIC SPoOTS. FacuLa. ..'é' é g HELIOGRAPHIC 8poTs. FACULA,
g 3 2 P g 2
3 1: |8 5 |8 | % A |8 &2 | g
Greenwich = g o < el & . Greenwich g Hy <4 R & .
Civil =82 ¢ 22 |28 o Civil 4 S5 | 2 g8 |88 5%
Time, & 8z | 2 e |y £A Time g Bz | 2 Bz |Bx 8A
e |é |5 s |, |BE|BE | s IR - - I I PR U SR et R
E "o"‘c’; gtlgj é.‘.‘; ’g’b 'S “s,qé “s,aﬁ .8: E 2‘5 55 .E,,, "E g qs.d"j. “s—ﬁ’kj. (H"U
3| oo |22 |84 ) £ | 2 |pES|gsa| & 8| & | 2w | E% | 9| § (288 |z88) 28
2 | = A & S A | 4 < g | = A & A S |4 < <
1888. ° ° ° 1888. ° ¢
79173 | H,EP 0'922 | 188'3] 354°0|—72°2 80 89%225 | H,EP 0'683| 2607 | 2396 |—11°1 179
L 2037a|0°966| 275°1| 426+ 31| 29 | 154 400 f L 0824 | 850 1408+ 04 259
0’911 | 166°5 | 293°3 |—68-3 54 | Mar. 30 Centre (195 8)(—65)| (o) | (o) | (438)
Mar. zo Centre (3283)[(=70) (29) |[(154) | (534)
90’161 | H,EP 0'822| 261°1{ 2391 |—110 139
I 2043 |0'666| 8471 142°2|— 10 o 7 61c
80465 |H, M 204.12, o-ggg 93'5 2392 —xo'iz; o 45 178 ¢ Mar. 31 Centre (183:5)(—6'5)| (o) | (7) | (200)
2041010965 [ 983 235'9|— g o | 20 ’
Mar. 21 Centre (311°4)|(—69) () | (65) | (178) | 91'414 |M,EP 0'g50| 260'0 | 239°4|—11°§ 1ol
20440110411 | 550} 1471 |+ 7°§ ° 10
2044010445 59'5| 144°3|+ 71)  © 13
81'150 |H,EP|2041a {0888 | 97'8]| 2392 |—101| 41 Apr. 1 Centre (1669)|(—64)] (o) | (23) | (101)
1 2041 |o'8go| 988} 238g|—11'0 o 2 271 ¢
' 2041b 09151 977 | 2356 |— 98} 5 | 39
0'go1| 106°1] 237°4|—17°5§ . 41 92°156 | H,EP 0°865| 264°1| 217°3 |— 82 184
Mar. 22 Centre (302°3)|(—6°9)| (10) | (82) | (312) I 2044a (0289 | 33°2| 1480|+ 77] © 7
’ 20440 (0322 44°2| 144'1 |+ 7°1 o 10
' 0'938 1095 | 867 |—20¢ 75
82175 |H,EP|z041a|0757| 97°6| 239'3|—102{ 7 35 Apr. 2 Centre (157°10)[(=63)  (©) | (17) | (259)
1L zo4.lb o'76§ 953 238'4|— 84 o 2 124 ¢
204101079 97°0} 2357 {— 97 © 42
Mar. 23 Centre (288:8)(—6:8)l  (7) | (79) | (124) | 93'438|H,EP 0904 | 2634 | 205'2 |— 86 6o
2045a | 0294 | §8'5| 1257 [+ 27 3 22
83490 [H,EP 0939 962 1968 |— 82 116 2045h| 0321 | 61°5| 123°9|+ 2'8 5 26
Mar. 24 Centre (2714)[(—6'8)] (©) | (o) | (x116) | Apr. 3 Cenire (1402)(=63)] (8) | (48) | (60)
84'229 |H,EP o814 | 2702| 3161 [~ 37 439 94'617 |H,EP | 2045a| 0156 | 346°4 | 126:8 1+ 2°5 ° 6
1 2042 |o°607 | 271°3| 299°0[— 46 o 3 2045010 160 44| 124°0|+ 279 o 12
‘ 0'854| 950 202°8|— 78 189 | Apr. 4 Centre (124'7)|(=62)] (o) | (18) (©)
Mar. 25 Ce .ire @617)(—67) (©) | (3) | (628)
95°453 | H,EP | 2045 [0'291| 304'9| 127°4|+ 36 o 1
85°414 |H,EP 0'884 | 2677 3083 — 52 404 20450 | 0247 | 309'5 | 124°6 |+ 3°1 I 7
I. 0'94z | 863| 637 |+ I'4 233
Mar. 26 Centre (2460)N(—67) (© | (o) | (404) | Apr. 5 Centre (136)(—6-1)] (1) | (8) | (233)
86:157 |H,EP 0898 | 269°3| 3001 |— 36 536 96430 | M,H o858 836| 423[+ 2 95
L Apr. 6| |Centre (oo7)(=61) @ | © | @9
Mar. 27 Centre (236 2)[(—6"7)| (o) (©) | (536)
97°573 | H,M 0'928| 242'6] 1537 |—276 51
87'588 | H,KP 0'973| 889 141°0|— 0§ 227 0’880 274'5| 14677 |+ 11 _ 110
Mar, 28 Centre (217°3)|(—66) (©) | (o) { (z27) | Apr. 7 Centre ( 856)(—=60) (o) | (o) | (161)
88422 |H,M 0918 870| 1401 |4+ 01 145 98:656 | H,M 0'953 | 272°5| 359'3 |+ ©'5 73
Mar. 29 Centre (2063)(—66)] (o) | (o) | (145) | Apr. 8 Centre 7030(=59)l (@) | © | 73)
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 Fnc}xln
unaccompanied by a Bpot. The positions of Facule relative to the Spots with which they are associated sre indicated by the letters =, 8, 2,7, ¢, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets.
The Areas of Spots and Facula are expressed in millionths of the Sun's visible Hemisphere.
Group 2041, March 21-23. Several small spots, measured for the most part in two clusters, 2 and J.
Group 2042, March 25. A very small faint spot.
Group 2043, March 31. A very small faint spot.
Group 2044, April 1-2. Two small faint spots, a and &, . ]
Group 2046, April 3-5. Two small spots, aand b, on April 3. Only the more northern part of @ remains by April s.
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Measures of Vositions and: Areas of Spots and Faculm: upon the Sun’s Disk—continued

E é é’ HELIOGRALIIC SroTs. FACULAL, -«'5 E E HEL10GRAPHIC SPoTs FACULE.
) 3 7] 8 X 71
G ] 3 S g. fé fé g ( E ; E = fé g
reonwich = g4 o = <] treenwich g g4 < ° o
Civil < C;;z < 2E |28= % Civil e O'TE ) %5 |88 1%
mae | LEJET ] B fEr | B | L1 E B, 3: |53 | #
E 1S, | e8| . g g |w? . |w®. ] &S E |l o, [ g8 &, T I L R O
g5 | B2 | 25| % | E |gek|gEF| oF 3 1%E 50| 28| % | & |e%F|etE| <3
§ | cw | &% g‘a g E |gsa|gda| f& § | & |z2s | % g 5 [ £sQ| 88| g2
5 | w A i 2 S | e > =T A & 3 S | - < <
1888. Q o (&3 l888. [¢] o (=]
99293 | H,EP 0904 | 2742 | 127°1 |+ 1'3 125 110567
I. 09231 1736 43§ (—720 10§ Aypr. 20 Centre (2740)(—50) (o) (o) (o)
Apr. 9 Centre (62°9)[(=59) (o) (0) | (230)
111°478 |KEP,H o891 | 267°0| 325°0|— 479 1
100°398 2048 o974 919l 1851 [~ 30 9 62 168¢
Apr. 10| [Centre WD(=s® ©| ©| (© [Aprar|  [Contre (2620)(—49) (9) | (62) | (179)
112158 [EP,M 0965 | 267°8| 327'8|— 34 154
101°296 |H,EP o'9iz| 177°0| 281 |—70'g 53 I 0'930| 2581 | 321'7 |—12'8 136
I. 0942 | 946| 3259 |— 63 301 ) 0826} 2671 | 3087 |— 51 490
Apr. 11 Centre 36 9)(=57)| | (o) | (354) 2048 10'933) gur| 18421~ 281 13 | 72 | 244 f
Apr. 22 Centre (253'0)|— 48| (13) | (72) [(1024)
102°280 |1I,EP 0899 | 2636 87'8|— 82 56 113°293 | BP,M 0931 | 266°8| 3066 — 47 628
0920 321°3| 746 |+ 424 29 I 0895 | 276°4| 3008 |— 3'6 55
I. 0'953| 193'0f 686|—72 93 ) 0830 2631 | 2942 |— 84 44
0'832| 9g4'0| 3271 |~ 6% 207 2048 [o0'8og| B8g'7| 1841|— 25| 10 49 261 f
09591 93'9| 309'8|— 54 479  JApr. 23 Centre (2380)(—47) (10) | (49) | (988)
0’945 | 175°1 +81=75'5 11z
Apr. 12 Centre (23'5)(—56) () (©) | (976) |114'305 |BP,M 0968 | 268'5| 300'1 {— 26 63
I 0936 | 262°6} 294'3|— 86 128
: 2048 |0°653| 88'5) 1841 |— 25| 10 37 36¢
103472 | I,M 0942 | 250'4| 787 |—z20'% 6o 2049t|0°g40 | 1026 154°¢|—13'41 1§ 76
0882 92°9( 305°8|— 52z 396 2049h [0'g71 | 10271 | 1481 (—1279 ) 36 §z690
Apr. 13 Centre (78 —55) (o) (©) | (456) 2049¢ 107975 | 103°3( 147'1 [—140 o 12
o702 844 1806 |4+ o7 37
104'479 | H,M 0'770! 89'2| 304'3(— 2'9 119 0978 | go'3| 14691— 1°3 283
0'891] 954 291°3 |— 73 47 |Apr. 24 Contre (224 7I(—4°6)| (25) [(161) | (816)
Apr. 14 Contre (3549)(—5°5) (0) | (o) | (166)
105°¢453 115°626 |EP,M 0'943 | 344'8| 238'5|+61°6 23
Apr. 13 Contre (341°0)|(—54)] ) | (o) (o) 2048 |0°394| 87°2| 1841{— 371 5 18
20490t| 0798 | 1036} 1544 |—136] 11 49 7
106°406 |KP,H| 2046 |0'965| 94'4| 254'1[— 55 o 20 98¢ 2049h | 0'850| 102°C| 149'0|—12°6 o 7 172
Apr. 16 Contre (3290)[(=53) (o) | (20 (98) 2050 (0895 | go'4| 1438 |— 24| 4 27 158np
; 0923 | 178'1| 131°7 {—71°6 27
107°477 |ER,II| 2046 |0859| 93'5| 2556 |~ 57 2 12 z1z¢ |[Apr. 25 Centre (zo72)|(—4'5) (20) | (98) | (380)
Apr. 17 Centre 3149(—52) (2) | (12) | (212)
108'444 |EP,IT| 2047 |0853| 94'7| 243'5|— 67 o 15 122 ¢ |116°532 |EP,M 0’867 | 265°4| 255°41— 62 56
Apr. 18 Centre (302 1)i(—s51)| (@) | (15) | (122) 2048 [o"196| 83°51 1841 {— 31 4 9
20490t 0'665 | 105'8| 154°3[—13"7 7 40
109°476 2049 |0678| 1051| 1532 |—134{ © 6 } 6oc
Apr. 19 Contre (288 )|(—50) (o) () (o) z049h {0719 1038 1497|—130 o 2

rospootivoly north. south, precoding, Collowing. conventrie.
The Areas of Spots and Faculw are expressed in millionths of the Sun's visible Hemisphere.

The Groups of Spots aro numbered in the order of their appoarance.
unaceompanied by a Spot. Tho positions of Faculn relative to the Spots with which thoy are associnted are indicatod by the letters =, &, p, f, ¢, denoting

When there is no number in the third column it is {0 bo understood that there is a Fuacula

Tho lonyitudo nnd latitude of tho centro of the disk are given in brackots,

succeeding days,

Group 2046, April 16-17, A amall spot. .
Group 2049, April 24-29, Threo spots, a, b, and ¢. ¢ has disappeared by April 25, and » by April 27. A small companion is scon close to a on April 26 and the

Group 2047, April 18, A small apot.

Group 2048, April 21-27, A regular spot.

Group 2050, April 25-2g. A small spot, ¢, on April 25. A scoond amall spot, 4, has appoared by April 36. a has disappeared by April 27.

GREENWIOH OBSERVATIONS, 1888,

5E
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Meagures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
& § ’5 HELIOGRAPHIC 8rors. FAcuLz, & é E HELIOGRAPHIC 8poTs FAoULR.
= S w2 3 2 n
Greenwich g R e =4 g <] Greenwich 2 ER g S .
Civil =T Y 22 182 | L2 | ow i 155 | g ge éﬁ 2%
Tme. | | & | 8| 3 . 22 |E3 88 | Time | g | 2|5 . =53 B2 59
5 gt S < w®B L 58 @ 2] o8 g ) w? ™ B
Eleg |2 Bs | 2] D |%an|ten| Slsi | a8 | S5 2| |5 |teR| In
g o | 2% | B g g [$38 | g4 g8 g <@ | 2% | T« g E | $za | gsa g2
2 | =z a & 3 S | < 4 2 | & A ¥ K S|4 < >
1888, © ° © 1888. ° °© °©
1169532 |EP,M|2050b| 0779 883 1443 |— 1°5 o 4 loze¢ 125%430 |EP,M 0'953) 269'7] 149'8|— 1°¢ 112
2050a|0'785| 898 143'7!— 26 o 8 3 0°933 | 257°9| 146°5 |—12°6 122
0777 1037 | 1446 |—13'4 73 | May s Centre (77°6)[(—35)] (©) | (o) | (234)
Apr. 26 Centre (195°3)l(—44)| (11) | (69) | (292) 56
127
May 7 Centre @s)(=33| @) @ ©
117°709 |EP,M|2048 |o0'084| 287'1| 1842 |— 279 2 10
2049|0458 | 111°3] 1537 |—13°4 5 27 128466
2049 |0°469| 1102 152°9 | —13"1 o 15 May 8 Centre (37'5)i(—=3'1); (o) (© (o)
zo50b (0572 | 85'5| 145°0|— 10 4 13
Apr. 27 Centre (179'6)|— 431 (11) | (65) (o) 1297388
May 9|  |Centre Gsl(=39) © | @ | (0
118115 {EP,M 0944 | 2552 2452 |—15°3 6o ‘
2051 10956 | 263°4| 2474 |— 75| © 5 178 ¢ |130'603 |EP,M o'g1o} 953 303'8|— 60 273
L 2049|0375 | 1158 15411 —13'3 o 8 May 10 Centre (9:2)|[(—29) (o) ©) | (273)
2049 |0°390| 114'7| 153°1{—13"3 o 1 '
20500 [ 0486 84'4! 145'5|— 10 o 12 131°575 | YP,M|2052¢| 0990 | 97°2| 274'4|— 7° 89 380
Apr. 28 Centre (174'D(—42)] () | (26) | (238) 0'816| gs54| 3017 |— 60 203
May 11 Centre (356°3)|(—2°8) (89) {(380) | (z03)
119°168 EP,M|2049ct|0°185| 1480 1545 |—13"1 o 3
I 2049 | 0204} 133°8| 1517 |—12°1 1 2 132°446 |EP,M|2052a|0'942 | 97°0! 274'5|{— 7°5| 82 | 378 }3140
‘ 2050b ] 025G | 784) 1457 |— IO o 12 2052 (0981} 088 265°91— 92| 21 86
Apr. 29 Centre (160 3)|(—4 1) (1) | (17) (o) May 12 Centre (344'8)(—27)|(103) |(464) | (314)
120°464 |EP,M 0'915| 109'1| 77'4|—190 108
Apr. 30 Centre (1433)[(—40) (0) | () | (108) [133:490 |EP,M 0'9I1| 3584 | 334°2 | +62° 30
2052 0'832 | g7°4| 274'9|— 76| 83 | 40z |
121°418 2052 |0861| g7'4| 2717 |— 7°7| 10 52
May 1 Centre (130 7)(—39) (o) (o) (o) 2052 |0'87z| 986 2705 |— 88 o 13
2052 |0'887 1 993 | 268:6|— 95 3 20 80
122°182 |EP, M 0'8go}| 268'8| 183°3|— 2°8 86 2052 |0'890| g7°3| 2682 |— 77 5 47 H
0815 1226 69'4]|—284 23 2052 |0'8g9 | 101'3| 267°2 [—11"3 o IS
I 0'865] 136'1| 68'3|—40°8 26 2052 | 0907 992! 266'0|— O 28 | 200
0'9o6| 985| 355°5|— 93 57 20520 09191 97'5| 264°3|— 80| o 3 |
0'924| 8771 5344 07 77 May 13 Centre (3310)[(—26){(129) |(752) | (510)
May 2 Centre (120'5)[(—3'8)| (o) (0) | (269)
123277 |EP,M o097z | 267°7| 182°3 |— 31 70 134°438 |EP,M|2052¢|0°694| 98'2| 274'8|— 75| 84 | 416
L o881 84'2| 44'8|+ 33 96 2052 [0°7321 97°9| 2717 (= 7'5{ 4 | 49
May 3 Centre (106°0)[(—3'7)| (o) (0) | (166) 2052 [0778 100°8| 267°8 |—100 o 23 394 ¢
2052 {0788 1022 267°0|—11"1 o 14
124°490 |EP, M o912 | 2567} 1557 |—13°6 72 205250797 99'8| 266'0({— 93| 28 | 284
08871} 271°1] 152°3 {— 0% 210 0'916| 99'5| 2523 |— 98 149
May 4 Centre . (90°0)(—13'6)| (o) (0) | (282) | May 14 Centre (318°5)|(~2°5)|(116) |(786) | (543)
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 a Facula
unaccompanied by a Spot. The positions of Facul®e relative to the Spots with which they are associated are indicated by the letters =, s, 2, f, ¢, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets.
The Areas of Bpots and Faculx are expressed in millionths of the Sun’s visible Hemisphere.
May s, 8, 9, and 10. Photograph over-exposed. Definition bad. Group 2051, April 28, A very small spot. i
Group 2052, May 11-23. A large regular spot, «. followed by a considerable number of apots in an irregular stream. The largest of these, &, ot the end of the stream,
is a large spot at firat, but it undergoes several changes of shape, and has broken up by May 18. « has divided into two portions, ¢ and 4, by May 21. The
following portion of the group has disappeared by May 20, hut some small spots have appeared preceding « ‘by that date.
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Measures of Positions and Areas of Spots and Faculm upon the Sun'’s Disk—continued,

é E g HELIOGRAPHIC SroTs, FacuLa, -;5 E '5 HiLlograrHIC SroTs. FAcuL&E.
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§ -] (oY [T -9 _— § R} [ [ .
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Greenwich ° - g B ] Greonwich o . A < 2k &}
Qivil i i;ﬁ 2 ég éi R Civil i ?.5 8 = ég .§’i‘.
i ey “ g8 T > -2 +© S
Sl IR - P O 1=+ - Bl PR I I PO B =7 - 0 -
E | ws |88 | B2 | £ | f |%an|van| 93 S wzg | B8R 54| B | § |Tan|®an| %
8| &2« | 39 %0 2 388|888 & B oa | 3w | 3 03 |gi8 |88 2
5 | = a 5 K S| 4 3 - P A & K S| < < <
1888, ° N © 1888. © e °
135%602 |EP,M|2052@ | 0'484 | 101°2 | 274°6|— 75| 62 | 368 139%221 [EP,M| 2052 Jo'294| 250'6| 2714 |— 7'4] o© 10
2052 |0°526| 101°1| 271°8|— 79 5 28 2052|0266 246'8| 2694 {— 78 o 5
2052 0551 | 10075 | 2701 [~ 7°8 o 18 1. 2052 | 0280 239'7| 269'3 [—10%0 o 1
2052 [0'589 | 104°3| 2678 |—10°3 o 14 2052 [0°287| 2334 | 2687 [—117 o] 2
20520h |0'612 | 103°0| 266'0|— ¢8| 30 | 207 2052 | 0261 | 241°¢4| 2686/ — g0 2 15
May 15 Centre 3oz )l(—2¢4)| (97) |(635) (o) 20352 |o0'260]| 2357 | 2678 |—10°'3 o 25
2052 {0°234| 2360 266'5|— 93 o 10
May 19 Centre (z55°2)|(—=1'9)| (70) |(364) | (672)
136°296 |EP,M|2052a|0°341| 1046 274'6|— 71| 67 | 333
*38 2| 27177 |— 80 8
L :gg: g'il? ;gi: 2?0'? — 80 z ;8 140°556 |EP,M 0:939 272°0 307:2 + 1:3 6o
. . . . o'go1 | 259°8| 301'6|—10'0 82
2052 |0'446| 1038 268'1|— 82| o 9 . . . .
. . . . 2052 [ 0°656| 262°5] 2783 |— 63 ) 22
2052 |0459| 1082 267'7)—10'3) 7 36 2052|0621 260°3| 2755 |— 74| 61 | 282
20520 [0°486| 106°5| 265'8|— 99| 32 | 160 zoi'z' 0'596 264'3 z;i_g _ Zi ° 24
May 16 Centre (293°9){(—2"3){(119) | (606) (o) 2082 |06y | 2605 | 2719|— Bg| o ¢
May z0 Centre (237°6)i(—18)| (61) [(334) | (142)
137'300 EP,M 0791 | 261°6| 332°6[— 80 384
2052 |0°137| 131°0| 274°6|— 7°3| 72 | 296 141°554 |EP,M 0'945| 261°2| 2951 |— 89 79
1. 2052 {0°176] 140°3| 274’1 [—10'0 o 9 2052 |o'812]| 2631 2784 |— 66 o 13
2052 |0 191 | 124°¢4| 271°5(— 84 o 16 2052¢ (07871 262'0| 276'0|— 7°3| 30 | 176 ll 2c
2052 |0'254 | 123°4| 2682 |—10"2 o] 28 2052d | 0764 | 261°3] 273'9|— 77! 10 75 ; 5
20520 | 0287 | 119*7| 266'0|—10'3| 18 91 2052 07591 264°3] 273°5(— §°4 o 6
May 17 Centre (280°6)[(—2"2)| (90) [(4409) | (384) | May 21 Centre (224 )|[(—17)| (40) [(270) | (231)
138'509 |mP,n 0924 | 2641 | 33271 |— 63 75 142150 |[WR,M 0:986 260:6 2?6:8 - gg 131
20520 | 0°198 | 24271 274'8 |— 7* 66 | 281 2052 | 0899, 2634} 2803 ° 12
52¢ 19 42 4 _ 7,4 1. 2052¢ |0'871| 262°1| 276'81— 7°7| 29 | 149
2052 |0'174| 2367 | 273°1|— 7'5} © 5 . : . . 1245 f
. . . . 2052d | 0'849 | 261°4| 274'3|— 82| 12 61
2052 |0'179| 201°g | 2686 (—11'6 o 6 o863 | 1127 | 1688 |—z0° o
2052 (01137 2062 { 2682\~ 91 ° 28 May 22 Contre 7 (1156' )(—1'3) 1) |(z22) (14.?6)
2052 | 0157 193'5 262'8 —10'2 2 19 ¥ 5 4
2052 |0'133| 191°1| 2662 |— ¢ 2 11 : 142" . . . .
ol 2. 43'402 |BP,M|2052¢ |0'978| 262'8| 277'7{— 7'3| 15 | 104
May 18 Centre (264:7)[(—2'1)| (70) {(350) | (75) " | 20520 | 0965 | 2624 | 2745 |— 77| © | 47 486 f
May 23 Centre (199:9)(—1°4)| (15) {(x51) | (486)
139°221 |EP,M ‘0'851 | 264'0| 313°3|— 62 351 144496 |WR,M 0'996 | 259'4 | 270'3|{—10'7 590
0826 | 275°1| 310§ |— 3'I 167 0931 | 2586 2537 |—11"1 101
1. 0'840| 294°0| 309'2 [+18'9 49 May 24 Centre (185 5)(—1'3)| (0) | (o) | (691)
0'846| 196'3 | 280°2 | —55'9 10§
20520 [ 0°346 | 254'0| 274'7|— 7°3| 68 | 288 145°503 |WR,M 0'g61 | 263'2| 246'0|— 69 78
2052 |0'320] 246°1| 272°4|— 92 o 8 May 25 Centre (172:2)|(—12)] (0) (o) (78)

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 isa Facula
unaccompanied by a Spot. The positions of Faculm relative to the Spots with which they aro associnted are indioated by the lotters u, s, g, f, o, denoting
respoctively north, south, preceding, following, concontrio. The longitude and latitude of the contre of tho disk are given in brackets.

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

May 18. Photograph over-exposed. Definition bad.

5E2
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Measures of Positions and Areas of Spots and Facul® upon the Sun’s Disk—continued.

& g g HELIOGRAPHIC SPoTs FACULZE. & g E HELIOGRAPHIC R8roTs. FACULZ.
8 3 @ H 3 7]
reenwich Ha | W i g reenwic - 24 -] ) )
Civil “ S2 1 g B2 éé a5 | owi “ S5 | 3 %3 éi 55
Time. | | 8 gm g ' 22 |BE 34 Time. | | & | E& | § . gz B3 3A
E | 58 | o g g |w®.|w?.| && E o 28 | &, | $ Jw®  lw® .| &8
4y 4 25 .4 = g o] a2t g g w s 177 S. = °ak | Cgm °
E] 4 qu =5 g 2 Pl 2 C & o o o8 g = & £ aS | «SE L]
3| s lsw | 35| B | 3 (238|888 B8 g | :& | 2% | 3 2 3 |38 |288| &
2 |87 AT &7 | 8 ] 54T |4 4 &7 AT &7 | 8| 81974 <
1888. ° e °© 1888, © ° °
146178 [WR M 0°993 | 263°5( 2462 | —6°6 69 159%243 |WR,M 0'787] 99'3| 2990 | —7°0 202
1. 0'793 | 287°2{ 213°9 [+ 12°8 59 I. 0922 | 9822836 —74 476
May 26 Centre (163 D)|(—11)| (0) (©) | (128) |June 8 Centre (350 )|+ o5)] (o) (o) | (678)
147°477 160169 |ep,wr(2053 106491 96'5| 2978 | —47| 15 | 69 } ,
May 27 Centre (146-0){(—o9) (o) ©) (©) I 2053 0688 67| 2948 —4'2 o 14 64
. 0'859| 1007 | 2794 | — 89 486
1481'130 June 9 Centre (337°9)(+0:6)| (15) | (83) { (550)
May 28 Centre (137°)|(=08)] (©) | (0) (©) | 161565 |WR,M| 2053¢ | 0°335 | 105°4| 300'8 [ — 44 2 40
2053 [0°356| 100°9| 2992 | — 32 o 7
149°568 2053 |0°365]| 102°9| 298'8 | — 470 o 6
May 29 Centre (1183)(—o7)| @ | © | (o 2053|0387 1032| 297'5 | —4'4| o 3
2053 | 0423 | 103°4| 2953 | — 50 2 22
150°591 June 10 Centre (319°6)i(+ o7} (4) | (78) (o)
May 30 Centre (107°2)|(—06)| (0) | (o) ()
162°447 [WR,M| 20530 | 0'143 | 133'3| 3018 | —4'7| 5 | 40
151°419 2053 |o0'154| 116°8| 2999 | — 3'1 ) 6
May 31|  [Centre 0sB)l(=os) @ | @] © 2053|0242 | 1154|2052 [—51| o | 13
June 11 Centre (307°8){(+09)  (5) | (59) (©)
1527538
June 1 Centre (79:0)|(—o'4)] (0) (o) (o) 163°'434 |WR,M 2053 (0191 | 2336} 3036 | — 55 4 22
2053 |0'178| 235°9| 3033 | —4'7| o | 12
153°482 2053 o163 | 235'0| 302°5 | — 44 2 17
June 2 Centre (66-5)i(—o3)| (o) (o) (o) 2053 |o0'106| 2220 2989 | —3'5 ) 12
2053 {0090 | 198'0| 296°4. | — 379 o 16
154494 [WR,M 0753] 1057} 55 |—11°8 239 June 12 Centre (294'8)|(+10)| (&) | (79) )
June 3 Centre GG3Di(=oD| © | (© | (239)
164450 [WR,M|2053 |0'417 | 253'4( 3050 —59 | ‘o [ 10
1556461 - 2053 |0'351| 255°7 [ 301'2| —39| © 5
June 4 Centre (37:9)| (o0) (0) | (o) (o) 2053 |o0'278| 253°5 2968 | —3°5 o 12
' June 13 Centre @8I+ 11)] (0) | (27) (o)
156304
1. 165657 |WR,M| 2053 | 0653 | 261°0( 3055 | — 50 6 31
June g Centre (28-2)|(+02)| (o) (o) (o) 2053 |0'640| 260'7| 304'5 | — 50 o 10
2053 |0'593| 261°'3| 3011 | — 42 2 10
157276 June 14 Centre (265°3)[(+ 12)] (8) | (51) (o)
I
June 6 Centre (152){(+03)| (o) (o) (0) | 166144 [WR,M| 2053 [o0'747| 262'5| 3067 | — 47 9 27 }2 6
2053|0683 2639} 301'6 | —3'2 0 10 5
L 2054|0197 | 175°0| 257°9 |—10°0 4 20
158429 |WR,M 0’911 | 101°2 | 29§°1 |— 100 55 2054 |0'206| 171'3| 2§71 [—10°4 o 2
©'939| 95'3| 290°5 | —4'9 154 20540 | 0'220| 165°6| 2557 [—11°0| 5 | 19
June 7 Centre (00)i(+0o4)| (o) (©) | (z09) ]June 1; Centre (258:9)i(+ 1°3)| (18) | (78) | (256)

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 Facula relative to the SBpots with which they are associated are indicated by the letters =, 4, p, f, ¢, donoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets,

The Areas of Spote and Facul® are expressed in millionths of the Sun’s visible Hemisphere.

May 31, and June 10, 11, 12, and 13. Photograph over-exposed. Definition bad.

Group 2053, June 9-16. A number of small spots in an irregular stream ; a, the first spot, is the largest. 'The group undergoes constant change from day to day.

Group 2054, June 15-19. Two small spots, # and &, on June 1§ and 16, with two or three smaller spots between them. Only ¥ is seen on June 17. & has disappeared
by June 18, but two small spots are seen near the place which on June 16 had been occupied by a. Three small spots are seen in this locality on June 19.
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Moasures of Positions and -Areas of Spots und Facul® upon the Sun's Disk—continaed.

~§ é E HuLl0GRAPHIC Srorts. FacuLa, é E E HELIOGURALILIC SPOTs. FACULXE,
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g o' | &Y | E g T | 888 | k¢ 2E g o | 2% | % g £ [ Eca s 2o
S |27 &0 | & 8| 3 |53 A F 1S (&% &% 8| 3 |5%° %7 3
1888. o o o 1888. [} o] o
167491 |WR,M| 2053 |0'921| 2643 | 307°7 |— 47| © 5 340/ |175%644 |rr,wr 20560 | 0083 | 293°6f 137°6 [+ 43| 4 | 14
205406|0'364 | 2389 2594 [— 9'4 2 13 2056 (0053| 2891 | 1361 |+ 34| © 4
2054 (0346 237°0} 2581 |— 94 o 5 2056 (o041 306'3] 1351 [+ 38 1 8
2054 |0°346| 2292 2565 |—11'6 o 8 June 24 Centre (1332)i(+24)] (5) 1 (26) (o)
2054 |0°328| 227'7 2554 |—11"3 o 3
20540 ) 0°317 | 226°7] 254°6|—110 5 20 176452 |EP,WR o723 269'7| 1685 |+ 15 73
0978 1034 164'1 |—127 85 2056|0298 | 277°2| 139°6 [+ 46 6 28
June 16 Centre 40D+ 15) (7)) | G4) | (425) 2056 |0279( 275'5| 1385+ 40| o 3
2056 | 0258 275°3| 137°3{+ 38 o 3
168°330 |WR,M 0929 | 264'8| 2977 |— 4'3 379 2056 fo'241{ 272°9| 1363 |+ 371 o 6
I o790 257°8) 2811 [— 86 213 2056 |o220( 279'0| 1349+ 44 o 10
) 20540 0473 | 241°7| 254°9 (=114 2 11 2056 0216 274°6] 134'8 |+ 3'§ o 23
0933 | 104°7| 1622 [—13"1 181 June 25 Centre (rzz2l(+25) 6) | (73) 73)
June 17 Contre (2299)|(+ 16)| (2) | (1) | (773)
177°201 [WR,M 0'832| 269'8] 1686 |+ 1°3 159
169°212 (WR,M 0'874| 2590 2783 |— 87 496 o818| 2531 1655 (—12°2 266
2054 |0°676| 255°'5| 2596 |— 85 6 17 2z e 1. 2056|0482 | 2757 | 14172 |+ 51 8 39
L 2054 |0'676| 254°61 259°4 [— 91 o 3 2z ¢ 2056 10463| 277'5| 139'9|+ 58 o 3
0833 106°1| 1635 [—12'3 238 2056 [o'461| 274'0| 139'B [+ 42 1 17
0897| goo| 1548 |+ o8 215 2056 |o'g04 | 272°3] 1362 |+ 33 o 4
June 18 Centre (218)(+ v (6) | (20) |(1271) 2056 |0'381 | 277°2| 1347 {+ 52 o 13
June 26 Centre (r1z-g)(+26)) (9) { (76) | (42%)
170356 [WR,M 0943 258'9| 2728 |— 98 243
2054 |o'855 2583 | 2610 |— 91 4 24 l : 178:311 | EP,M 0916 | 270°7| 1641 [+ 1'8 145
L 2054 | 0855 257°5| 2609 |— 98 o 3 272 ¢ 0'gog| 254°2 | 161°6—13"1 360
2054 |0'845) 257°9| 259'8|— 92 o 3 s 1. 20560t | 0'709 | 2742 | 142°9 |+ s§O 8 27
2055 |0672| 111°2| 1634 |—12'7 2 11 239 ¢ 2056 {0696 | 272°1| 141°g1+ 3'§ o 5
o'895| 884| 139'9(+ 23 102 : 2056 0684 273°6| 1409|+ 46 2 12
June 19 Centre (zo32)(+ 1'8) (6) | (41) | (856) 2056 (0661 273'7{ 13g'2 {+ 46 2 6
2056 | 0634 | 273'2| 1371 |+ 42 o 9
171°161 |WR,M 0921 | 2576 2584 ]—106 471 2056 |o0607| 274°5| 1352 {+ 50 2 11
I. o781 8875|1412 |+ 2°4 13 0943 175°2| 863 [—669 99
June 20 Centre (192:)|(+ 1'9)| (o) (©) | (504) [June 27 Centre (97:9)(+ 2°8)] (14) | (70) | (604)
172°130 |WR,M 0'984| 258'9| 2586 [—106 174 179°211 [ EP,M 0965 | 272'6| 1606 |+ 33 64
L 0962 | 255°¢ 1 1586[—132 158
June 21 Centre (179°'6)|(+ 20)| (o) | (o) | (174) 1. 2056 | 08461 274'0| 1436 |+ §O 5 27
2056 |o'829| 2734} 141°8}+ 45 o 11
173'619 2056 0813 274'5| 1402 |+ 54| o 10 317¢
June 22 Contre (159°9)|[(+ 2°2)| (o) (o) (0) 2056 [07781 273°8| 1368 (+ 48 1 6
2056 10761 2736 1354 |+ 47 o 11
174°433 _ 0'929 | 1834 933 |—648 42
June 23 Coentre (1492)|(+2°3)] (o) | (o) (0) [June 28 Centre (85'9)(+ 2°9) (6) [(109) { (581)

The Groups of Spots arc numbered in the ordor of their appearance. When there is no number in the third column it is to be undorstood that there ia a Facula

unaccompanied by a Spot. Th.o positions of Faculm relative to the Spots with which they are assooiated are indicated by tho letters =, &, p, f, ¢, denoting
respeetively north, south, preceding, following, conoentrio. The longitude and latitudoe of the contre of the disk are given in brackets,

The Aress of Spots and Faculw are oxpressed in millionths of the Sun's visible Hemisphore.

droup 2055, June 19. A small spot.
Group 2056, Juno*24~29. A small spot, «, followed by a number of smallor spots in an irrogular stream, « appoars on June 39 to have coalesoed, or to be confused

through the effoct of foreshortening, with the spot immediately following it.
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Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
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0903 | 262°1| 1192 |— 58 113 0'829| 254°8| 351'5|— 102 126
0'945| 52 38547279 38 0954 | 956 | 2254 |— 42 43
June 30 Centre Gsi(+31) (@) | (o) | (322) |July 9 Centre (297'3)[(+40); (0) | (o) | (25%)
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L 2059 [0'385! 130°9| 264°1|—106| o 5
July 1 Centre 45o)(+32) (@ (0 (0) |July 10 Centre @8r2)[(44 1) (o) | (11) (o)
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July 6 Centre (400)(+37) (9 | (41) | (212) 2060 |0'942( 857| 1502 {4+ §'6 17 206f
0'g56| gr1'1| 148'0|4+ 04 52
188'332 |EP,M| 2057 [o'812| 252°5| 17'3|—11'8] 4 23 1o1¢ |July 15 Centre (220 7)|(+4°6)} (21) [(172) | (689)
2057 {0784 | 252°6] 14'7|—11'1 7 22 9
I 2058 [o'8oo| 101°2 2732|— 66| o 5 197°193 |EP,M | 2059 |0°go3| 257°9| 270'8[— 88| o 1t
0955 63! 301°4|+750 110 2059 |0'891| 256'2| 2693 |~10'0 o 15 488 ¢
o811| 880 271'1|4+ 39 54 I z059a | 0'862 ) 2§53 | 265'7|—10°1| 15 | 130
0955 22'0| 269°4 [+ 644 45 2060 |[0'845| 862| 150'3 [+ 58 ) 1z 229f
0'896| 103°4| 263'1 |—10°2 347 0'855| 92°5| 1496 |+ o4 46
July 7 Centre (325°2)[(+3'8)| (1) | (50) | (747) |July 16 Centre (208:0)(+47)| (15) [(168) | (763)

unaccompanied by a Spot.
respectively north, south, preceding, following, concentric.
The Areus of Spots and Facule are expressed in millionths of the Sun’s visible Hemisphere.

The Groups of 8pots are numbered in the order of their appearance.
The positions of Faculs relative to the 8pots with which they are associated are indicated by the letters =, s, p, /, o, denoting

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

The longitude and latitude of the centre of the disk are given in brackets,

July 14. Photograph over-exposed. Definition poor.

Group 2057, July 6-7. Four very small spots on July 6; two emall spots on July 7.

Group 2058, July 6-7. A small faint spot.

Group 2059, July 10-17. Two very small faint spots on July 10. Only one is seen on July 11, and nothing is visible on July 12. The group has broken out afresh by
uly 13, and consists of a small regular spot, 2, with a few small companions near, a increases in size very rapidly on the succeeding days.

Group 2060, July 15-19. A small spot not seen on July 18,
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Moagures of Positions and Areas of Spots and Faculs upon the Sun's Disk—continued.

& E 5 HELIOGRAPHIO SroTs FaouLz, & E E HEL10GRAPHIC Srors, FAcULE,
] £ ] Y 8 ®n
0% |8 2% Eg | ¢ 0% (¢ 25 |85 | %
Greenwich g B, | ® <49 | R & . |Greenwich o P <9 | B9 S .
o g 32| o @8 tag = L g SB | o g8 |38 N
Civil = E-g T ns gv akbk Civil = Oa-s = |- gv -ga
Time, .| 8 g5 | < o g5 B3 §‘: Pime - i g i TN .
ElC, 28] es| 2| % |w%:]e"s| & ElC.lem | aa| B | § |92 )vna| &
w2 8. b+ \ wy Q. b N
A AR AR CRE BRI Pl GE|Be || B | |ged|8h) g8
2 | @ A & ] S |4 ¥ - "2 | & A A A S | 4 4
1888. o Q [+ 1888. o o o
198359 | KP,M| 2059 | 0°966 | 2581 | 266°2 |—10'2 9 95 461 ¢ 210534 |M,WR 0'827| 951 3362 (— 09 18
2060 | 0667 86'1| 150°8 |4 62 4 15 0937 907 32272 |+ I'§ 48
I 0709 | 1084 149°8 [~ g4 38 2061 [0'956| 96'5| 319°4|— 45 ) 12 321 ¢
07551 87°7| 1436+ 49 138 |July 29 Centre Groi(+58) (o) | (12) | (387)
o915 | 100°¢] 1276 |[— 775 62
July 17 Centre (192°6)|[(+4'8)| (13) |(110) | (699)
211°477 |M,WR]| 2061 |0'86g9| 99'1| 319°8|— 4 o 12z 316 f
1919\&195 July 30 Centre (190)(+58)| (o) | (x2) | (316)
July 18 Centre 8r)(F49)| (o) | (o) (o)
212°311 |EP,M 0'868| gg9'2| 3089 (— 50 423
200°496 | M, M | 2060 [o250| 84'2| 1499 |+ 63 o 6 L
July 19 Centro (164:3)I(+50)| (0 | (6) | (o) [July 31 Centre @o)(+59) (@ | (o) | (423)
201'717 213179 |pr,wr| 2062 |[0'769| 101°6| 307°6 [~ §'O (o] 4
July 20 Centre (153'8){(+50)| (0) (o) (0) I 2062 |0'785| 100°8| 30670(— 47 o 2 125¢
: 2062 |o'8o7( 1010} 304'01— 52 6 1z
202°495 Aug. 1| |Centro G565)|(+60) (6) | (18) | (r25)
July 21 Centre (1378)|(+s5 1) (©) | (o) (o)
214465 [M,WR( 2062 [o°602 | 109'3 | 3048 |— 65 o 16
203°543 0'937| 104'1} 272°0|—11'0 137
July 22 Centre (125°0)|(+52)] (©) | (o) () |Aung. 2 Centre (339')|[(+60) (©) | (16) | (137)
204°417 215°455 (wr,rp 0854 | 107°1] 270'3 [—11"1 172
July 23 Centre (rizpl(+53) ©) | (0 (o) |Aug. 3 Centre (326')|[(+6'1)] (© | (o) | (172)
205°419 216426
July 24 Centre (997 2)|[(+54) (o) (o) (0) M.
Augz. 4 Centre GBG13D(+62) © | (o) (o)
206203
M. 217°442
July 25 Centre (B87)(+55Y% (o) (0) (©) |Aug. 3 Centre (300'2)[(+62)] (o) (o) (o)
207 409 |EP,WR 0'876 | 27501 1341 |+ 7°1 220 218182
July 26 Centre (72°8)|(+5°6) (o) (0) | (220) M.
Aug. 6 Centre (290 p)|(+63)] (©) | (o) (o)
208387 |np,wR 0939 1032 351'8 |—103 109
I 0'948| 85:8| 34831+ 58 74 | 219459 _
' o982| oz 3414 |~ 31 216 |Aug. 7 Jentre @r3)(+64)] @] ©] (©
July z7 Centre (59°9|(+56) (@) | (o) | (399)
220'397 |EP,WR 0891 262'7| 3231 |— 3'§ 222
z063a|o0'350| 2252 275°5 |— 80 3 20
209'561 [M,WR 0'883| 96| 343'1|— 26 184 20630 [0'330]| 219°¢| 2732 (— 85 o 28
July 28 Centre H[(+57] (9 (0) | (184) |Aug. 8 Centre 261°0)|(+6) (3) | (48) | (222)

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

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

T Tho positions of Faoulr rolative to the Spots with which they are associnted are indicated by the letters m, &, p, f; ¢, denoting
respootively north, south, preceding, following, concentric. The longitude and latitude of tho centre of the disk are given in braokets.
The Areas of Spots and Faoculn: are expressed in millionths of the Sun's visible Hemisphere,

July 22. Photograph fogged. Definition poor.
Group 2061, July 29-30. A small spot.

T

July 3o0. Photograph over-exposed. Definition poor.

Group 2063, Aug. 8-10. Two small spots, ¢ and b. « hns moved forward in longitude by Aug. 9, and has disappeared by Aug. 10

Group 2062. Aug. 1-2. Three small spote on Aug. I ; one on Aug 2.
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Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
E 8 s | HELIOGRAPHIC SpOTH FACULZE. & B g |Huulourarnic SroTs FACULZ.
= g 7 b g €
it 2
303 g g8 | &3 g 3 00% E B8 | &E &
Greenwich o £ <t [ p] & | Greenwich o g4 g Mg 5.
Civil : of | 2 wg |28 2% Civil 3 o5 | & 2 |BE g%
Time. ) gé i &2 mg %Q Time. £ E£ - 2 T gA
£ C% f'w < < bwg‘ k”% "‘Jé £ C.% ‘E's 'g < D-”% BE‘ "¢§
S lag |22 80| 2| F |%en|%an| = Slwg |22 | BE | £ | |%ep|%an| v
2| o@ | Ze | 4| £ | £ |25A |28 g g | & | £w | B4 g | £ |388|g88| g8
=5 | & A & 3 S| < | < 2 | z A e S S|4 < <
1888, © ° ° 1888, °© ° ©
2219417 |EP, WR 0'9o6 | 262°4| 3116 |— 4°1 263 2311168
2063a (0540 244°8| 277'0|— 7°7 3 23 I :
2063004951 2403 | 2732 |— 8'3 3 11 Aug. 19 Centre (118:6)|(+6:9)| (o) | (o) (o)
Aug. 9 Centre (247°6)|(+6:5) (6) | (34) | (263)
232°303
222°40G |EP, WR 0'965 | 263°3| 3084 |— 47 295 1.
2063b [ 06641 2502 | 273'5|— 80 o 2 Aug. 20 Centre (103 8)[(+70) (o) | (o) (o)
0920 | 1089| 1706 |—14°6 52
Aug. 10 Centre (234°5)|(+6'5)] (o) (2) | (347) |233°605 |EP,M|2064D|0'853| 263°3| 144'2 |— 270 9 35 202 ¢
2064c | 0824 | 26171 | 140°9l— 32} 13 52
223°214 | EP,M 0829 252°2| 277°'0|—10"7 251 0948 103°4| 17°1|~—10'3 74
I. 0'9gog | 112°2) 162°3{—17 243 : 0'991{ 99’0 56— 7'9 165
Aug. 11 Centre (223°8)|(+66)| (o) ©) | (494) |Aug. 21 Centre (86'9)|(+70)| (22} | (87) (441)
224°625 |EP, WR 0899 | 2483 | 265°51—16"2 64 234'439 |EP,M| 206400945 2654 | 1458 |— 20 o 22 .
0925 | 257°2 | 271'0|— Q2 287 2064¢ [0'913 | 263'0( 140°51— 3'5{ 11 42 } z19¢
20640 | 0893 | 96°8| 1428 |— 31 6 37 0872 | 1062 | 17°4|—10%4 61
2064 |0920| 96'1| 1391 |~ 29 o 21 171e 0'951 | 100°9 51— 81 236
Aug. 12 Centre (2052)|(+66)] (6) | (58) | (522) {Aug. 22 Centre (75')l(+70) (11) | (64) (516)
225402 |EP, WH 0964 | 255°9| 267°3 |—11°6 250 235187 | EP,M 0'89o! 102°9 4:6|— 81 . 108
2064a (0787 | 98'9| 144°0|— 2°8 5 30 211 M.
2064 [0831| 07°9( 1306|— 28| 3 | 19 |[*3'° lAug. 23| [Centre Es6)\(+71] (@) | (©) | (108)
Aug. 13 Centre (1949)|(+67)] (8) | (49) | (481)
236'447
226'638 |zp, wr| 2064a | 0575 | 1038 | 144'8|— 23 4 22 Aug. 24 Centre “8(+7 1) (©) | (o) ()
Aug. 14 Centre (1786)[(+6'7) (4) | (22) (o)
237487 | EP,M|2065¢ (0027 566 339|+ 8o o 6
227°629 |wr, TP| 20644 | 0375 | 1138} 1455 [— 2°3 5 15 20650 0052 | 896 3224 71 o 6
Aug. 15 Centre (165°5)|(+68)] (5) | (15) (0) |Aug. 25 Centre (35 2)|[(+71)] (0) | (12) ()
228406 |Ep, wr| 20640 | 0231 | 1344 1457 |— 2°6 o 16 238:303 |EP,M| 20650 (0157 | 2748 334 |+ 7°8 o 16
2064 (0°320]| 124°3) 139'9|— 38 o 5 206500122 271°6| 314 [+ 7°3 o 21
Aug. 16 Centre (155 2)[(+6'8)] (o) | (21) () 1. o818 1097 | 332'7 |—11°6 62
0861 99'1| 3261 |— 42 54
229°20§ 0'950| 99'9| 314’1 |— 7'1 268
M. Aug. 26 Centre Cea(+71)l () | (37) | (384)
Aug. 17 Centre (1446)l(+68) (o) | (0 (© :
239'271 |EP,M|2065¢ (0376 273'7| 33'8{+ 80 6 29
1 2065d |0'341 | 27170 3164+ 70 6 19
230°553 | M, M | 2064 |0°349| 244'5] 1451 |— 20 o 7 : o850 999| 312°9{—12'2 67
Aug. 18 Centre (1268){(+69)] (o) ) (o) [|Ang. 27 Centre (ar6)(+71)] (12) | (48) 67)
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 Facule relative to the Spots with which they are associated are indicated by the letters », &, p, f, ¢, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets,
The Areas of Spots and Facul® are expressed in millionths of the Bun's visible Hemisphere.
Group 2064, Aug. 12-22, 8Several very small faint spots in two compact clusters. Only one spot, 4, remains by Aug. 14. A small companion is scen near ¢ on
ug. 16. The group is not seen on Aug. 17, but a very faint marking occupies its place on Aug. 18, ‘No sign of the group can be detected on Aug. 19 and 20; but
two well-marked spots, b and ¢, are seen on Aug. 21. b has divided into two small faint spots by Aug. 22, but is still measured as one.
Group 2065. Aug. 25—28, Two small spots, a and b. Both spots show an extension towards each other on Aug. 26, which is not seen on other days.
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Measures of Positions and Areas of Spots and Facule upon the Sun's Disk—continued.

& é ’5 HIELIOGRAPIIIC SPOTH. FAcuLa, & a 5 HELIOGRAPHIC 8poTs. FAoULE.
§ 8 7} § 3 R
O g 55 | sz & £ |+ P PR -
3 o 8 LS Lo g = 2 E L= R 8
Greenwich 9 é o & g k] <] Qreenwich ° Ha <3 BT 3
Civil q O:E 3 28 |38 ga Civil : cg 2 ge |28 a5
Pime, o F ém 3 _ Eg §§. g8 Timo. g E,;ﬁ 2 ) B By 83
& 6 QE a 'g @ ‘H.’l) . ‘H(IJ . ‘5.:?: E 6 8’: -1 'g @ ww . w Sé
E g (22| S| 2| B [%an|%n] “m wi |88 | B4l 2| B [San{Can| ¥«
SR B3R B |eE g% B BGE S 28| B |g%E|eiE|
= [T AT &Y 3] & |57 S 3 BRI NERERE 3
1888. ° ° o 1888, ° ° °
240%161 | EP,M|2065¢( [ 0563 | 2739 34'3|+ 82 o 9 245%201 | EP,M| 2066 |0°363| 120'3( 275'1{— 3'7 o 4
1 20656 (0528 27179 31°9(+ 7'1 1 22 M 2066 [0°389( 123°1| 2743 |[— §'4 o 22
: 2066 {0°993| 96'5| 2778 |— 55 o | 229 93 8p : 2066 |o'412| 124'4| 273'4]— 6'7(- o 15
0967 | 104'0| 2868 |—11'6 49 2066 |o0'420| 119°8) 271°9|— §°3 o 2
Anug. 28 Centre 359'9[(+7:2)] (1) [(260) | (142) o845 | 1002 | 2369|— 47 29
Sept. 2 Centre (293 )|(+7°2)| (31) [(287) 47)
241°480 | KP,M|2066a | 0'g13) 99'5| 277'9|— 56| 49 248
20660 (0928 | 974| 2754 |— 41| 10 65 713¢ | 246°592 | BP,M| 2066 |0'228| 196°8| 278'7|— 64! o© 5
2066 10949 9941 2724 |— 63 ) 12 2066 |o'263] 1883 277'1|— 78 ) 3
Aug. 29 Centre (342°9)(+7°2)] (59) |(325) | (713) 20660 | 0'225 | 1897 | 277°1|— §6| 34 | 174
2066 |0°228| 179°7} 274'8|— §'g o g0
242°437 | KP,M 0884 27571 32°3|+ 84 77 2066 |o0°292{ 167°4| 271°2|— 93 o] 2
2067 10792} 25181 194 |— 97| 8 | 29 Sept. 3 Centre @749(+72) (34) {(z74) | (9)
2067 107771 2487 17°3|=—11'6 5 26
2067 | 0764 249°9( 164 |—10'3 o 4 247426 | EP,M| 2066 |0'373 | 228'6| 2802 |— 74 ) 9
20660 | 0818 | 102°2 | 2765 |— §'6] 49 | 328 2066a | 0°319 | 225°0 277°0|— 60| 28 | 141
2066008361 9971 274'3|— 40| 9 | 76 |;538¢ 2066 |o'301| 218'9| 2748 1— 64| 4 | 59
, 2066 |o0'860| 102'0| 272'2 |— 65 o 12 2066 |0'267] 2248 274'7{— 38 o 2
Aug. 30 Centre (329'®)(+72) (71) [(475) | (61%) 2066 |o0256| 22111 2736 |— 40| o 2
2066 |o'2821 2162§ 273'51— 6°0 o 3
243°423 | BP,M| 2067 [0°939} 2572 21°6|— 93 o 9 2066 |o'312| 2114 | 273°3 |— 8'3 o 1
2067 |o'g1o| 2§8°3| 17°5|— 7°5 o 3 }l“f 0986 91'5] 183'9(— 03 200
2068 10266| 129'6| 301°g|— 2'7 ) 4 Sept. 4 Centre (263°9)(+7°2)| (32) [(221) | (200)
2068 (o281 131'8| 3016 |— 37 P) 6
20660t | 0'634| 108°6| 276'7 |~ 59| 46 | 3352 248381 | EP,M| 20660 | 0'486 | 2432 | 2771 |— 6°1] 23 107
20660 (0649 1051 275°0|— 4'1 9 43 1 2066 |o'478| 240°9| 2761 |— 68 5 20
2066 0677 105°5| 272°9{— §'O o 3 . 2066 | 0457 | 240'¢| 2748 |~ 6'3 o 53
2066 |o'69o| 106°8| 2722 |— 61 ) g o'g20| 927 1847 |+ o4 360
Aug. 31 Centre B3 (+72) (57) ((425) | (xx1) | Sept. 3 Centre (251°3)|(+7°3) (28) [(280) | (360)
244'504 | BP,M o919 | 2569 74— 9o 183 249'627 | EP,H | 2066a | 0'700 |- 252°5 | 276°9|— 671 21 108
2066 | 0462 | 1209 | 3792 |— 7°1 o 4 2066 |0691| 250g| 275'8|— 7'6] o 9 106 ¢
20060 | 0483 | 115791 276°8 |— 57| 42 | 304 2066 |0674| 251'3| 274°6]— 679 o 7
20660 | 0506 | 111°8| 2746 |— 4°§ 4 54 2069 |0°733| 986} 188'5|— 1°2 6 23 |}
2066 o540 1139 | 2729 |~ 63 o 4 2069 |0'790| 960] 1832 |— o3 ) 2 193¢
2066 |o537| 111°7| 272°6 |— 52 ) 7 2070 |o0'g44 | 107°5| 1671 {—13'8 7 55 | a6y o
ogoz | 1676 283'0|—54°8 38 z070a | 0976 | 107°1| 1601 |—149| 18 62 |13°1°¢
Bept. 1 Contre (302°6)|(+7°2)| (46) [(373) | (221) [Sept. 6 Centre (234°8)|(+7°3)| (52) [(271) | (660)
245201 | BP,M 0946 | 2479 o4|—182 18 250'498 | XP,H o912 | 256'0| 286'9|— g5 57
2066 (0373 132'9| 277'4 . — 7°8 ) 4 2066a |o'824 | 2563 [ 276'8|— 71| 15 | 10§ 263 ¢
M. 2066ct | 0352 | 1282 277'2|— 56| 29 | 209 2069 [0'§76| 102°9| 1893~ 1'3 4 13
2066 (0387 129'5| 275°9|— 7'3| © 8 2069 |0'623| 99'5} 1855/~ o1 o 4
2066 [o'380] 126'3| 2754 |— 61 2 23 2069 lo654| 9671 1830+ 172 4 10

The Groups of Spots are numbered in the order of their uppenrance. 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 Taculw relative to the Spots with which they are associated are indicated by the lotters u, s, p. /. ¢, denoting
respectively north, konth, proceding, following, concentric. 'Tho Jongitude and latitude of the centre of the disk are given in brackets.

Tho Areas of Spots and FFacula are oxpressed in millionths of the Sun's visible Hemisphere.

Group 2066, Auy, 28-8ept. y. A fine lnrge spot, ¢, with a close companion, b, and a number of vm'{ small spots. « changes in shape and inoreases in sizo day Ly day
until Aug. 31, after whioh it bogins to brenk up.  Only the southern and preceding portion of the spot, now of regular form, romains by Sept. 6, but it suffers no
great further ohango on the succeeding days.  Only @ romains by Sept, 7.

Uroup 2067, Aug, 30-31. Threo small spots on Aug. 30. Two small spots on Aung. 3I. " Group 2068, Aug. 31. Two very sm{\ll spots.
Gronp 2069, Sopt. 6-10. Two small spots. A third is seon Letwoen the two others on Sept. 7. The group is not seen on Sopt. 9. Only ono spot is seen on Sent. 10,
Group 2070, Sopt. 6-16, A regular spot, «, preceded by o closo pair which aro mensured a8 ono spot on Sept. 6 and 7, but separately on Sept. 8 as band +. ¢ has

disnppom‘_cd by Sept. g, & by Sopt. 11, but a small spot is soen near its placo on Sept. 12, and aguin, as d, on Sopt. 14 and the aupouoding' days, a has broken up by
Sept. 11 into an irregular cluster of small spots which change vory rapidly in arrangoment, shape und size on tho succceding days, and have all disappeared
by Hept. 15,

GREENWICH OBEERVATIONS, I8ES, b I
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Measures of Positions and Areas of Spots and Facula upon the Sun’s Disk—conlinued.
& é ; HrrLiogrArHIc SPoTs. FacuLz, g é é HELIOGRAPIILC SPOTS FACULA.
ke g /7] b & /7]
[ £ oy =
g | : 2 |58 | g : |2 E a4 5& 3
Greenwich ) Hy he A ke & Greenwich ] ER 2 R o
Civil = |2z | 2 EE 132 5% civil 2 | = BE |82 5%
: 9‘ gé Ab:lo = o ==l g . I =I5 <) s jss P “S
Time. . 3 26 b . =33 =%, =) Time. . g Ep: - X 58 E2 v8
g |35 P g Z | & 58 Z 5 ‘ < & % 58
8 © . 85 R £ < [T _alw bl g C 8 E 2 4 E g {8 _ |8 e
2 "Sé E(I) 4%5 En -g ) j~ n'ﬁ < ‘-_'g 7 “S‘é‘ Em ol ‘Ep é «fg:’ -u’é % e g
3 Sm 23 Z g ] £3A | 28A TG g S% 2% z - 2 < £8A |'g€8R 2E
= 4 =] ¥ = 3 -4 - -4 b= 7 [= ~ = = - b -
1888. ° ° ° 1888, ° © °
250%498 | EP,H | 2070 |0°865| 110'7| 167°1{—13"8 8 33 266"°443 | EP,H | 2070 |0485| 223'8| 165°0|—13"7 o 5
20700 [0°gig| 110'0| 160°T{—1§'1{ 10O 53 }5906 2070 |0°490| 2145 161'7 (—16°9 o 4
0'965| 932 149'0§— 11 171 2070 |0461 | 2172 ] 1616 |—14'6 7 49
Sept. 7 Centre (2233)(+7°3) (41) [(223) [(1081) 2070|0461 2135 160°2 |—15°6 1 9
! Sept.13|  |Centre (agl(+72) &) | (61| (o)
259°203 | EP,M 2066a{0°gog | 2584 2771 |— 72| 27 130 389 ¢
2069 | 0'430| 108'0] 1900 {— 09 9 10 257°416 | EP,M o816 | 265°4| 186214 o5 229
1. 2069 (o522 991| 1831|4+ 16 1 9 2070d | 0681 | 2382 1687 [—153 7 23
2070b | 0773 | 1146 167°8|—137 3 14 2070 | 0604 | 234°8| 162°5|—14"1 o 4
2070¢ | 0783 | 1135 | 166°6|—13°3 o 4 472 ¢ 2070 0587 | 233°3| 100G |—14'2 o 7
2070|0848 112°9| 1602 |—15°0| 12 59 2070 |o0°557 ) 232°6| 158'9|—13"3 1 10
o'9r1| 943 1489 (— o9 106 | Sept. 14 Centre (132°0)(+72) (8) | (44) | (229)
Sept. 8 Centre (214°0)[(+7°3) (52) |(226) | (967)
258527 | EP,H 0926 | 2662 | 184°'51— 08 377
252635 | EP,H 0976 | 2558 | 2702 |—12°1 167 207010 | 0°826 | 2458 | 168'5]|—15°3 o 1 313f
0953 | 244°7| 262°6|—214 65 o770 240°1) 161°5[—17"5 43
20660 |{0°992 | 262°0| 276°7|— 69| 20 | 153 117 f | Sept. 15 Centre (m7(+72) () | (11) | (733)
2070b | 0566 | 1281 167°9|—13°9 5 10
2070 |0673| 127°6| 1611 |—18"2 o I 259201 | EP,M 0968 | 2669 183 4]— 1°2 125
2070|0663 | 123°3] 1602 |—15'4 5 28 0823 2379 1566 |—21"2 42
Sept. 9 Centre (195 1)i(+7°3) (30) {(192) | (349) 1. 2070 | 0'897 | 2491 | 1685 |—15'2 o 2 427 ¢
0984 | 100°5| 303|— 89 151
253'593 | EP,H| 2069 |0'133| 180°9| 1826}~ c'4 o 3 Sept. 16 Centre (108 (+7'1) (0) (2) | (745)
2070 |0°428] 149°3| 169'5 |—14'6 o 8
20700 [ 0°434 | 1459 | 168'0[—140 4 14
2070 | 0'§22 | 1359 160°5 |—15"3 3 12 260457 | LM 0961 | 252°1 | 162°g|—15'0 353
2070 |0°Gi4| 134'2| 1602 |—143 o 2 1. 0'9o5| 1034 ( 29'1|— 89 ’ 127
Sept. 10 Centre (182°5)[(+72) (7) | (39) (o) |Sept.17 Centre (9ro)(+7:1) (o) (o) | (480)
261498
254°493 |EP,H| 2070 | 039z | 1612 1631 |—14'6 o 3 M. .
2070 |o411] 161°1| 1627 |—15'7 o 2 Sept. 18 Centre 8 )(+7 1) (o) (o) (o)
2070 |0°4271 1583 161°2|—162 6 17
2070 |o412]| 1569 | 1610 |—15°1 4 11 262°381
2070 | 0407 | 154°4| 1602 |—14°4 o 5 Sept. 19 Centre : 66 )|(+71)] (©) (o) (0)
Sept. 11 Centre (170°6)[(+7°2) (10) | (38) (o)
263413
Sept. 20 Centre (52'8)|(+70) (o) (0) (o)
255°391 |EP,H | 2070 |0'397| 202°1| 1675 [—14'4 1 6
2070 10°403| 199'7 | 166°8 |—15°1 ) 2
2070 |0387| 1916 163°3|—150 o 4 264°466 | EP,M 20711t | 0660 | 1062 | 359°5 |— §'2 o 17
zo70 (o411 1867 161°6|—168 7 18 2071 |o0703| 1076 356:6|— 7°1 o 3
2070 |0°384] 1851 | 1607 |—152| 17 75 2071 [0'712| 106'0| 355°6|— O°2 o 10
Sept. 12 Centre (158 7)(+72) (25) |(105) (c) |Sept 21 Centre (38:9)j(+709) () | (309 (o)
The Groups of Spots are numbered in the order of their appearance. When there is no numhber in the third column it is to be understood that there is o Facula
unaccompanied by a Spot. The positions of Faculae relative to the Spots with which they are associated are indicated by the letters », 8, p, /, ¢. denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets.
The Areas of Spots and Faculx are expressed in millionths of the Sun’s visible Hemisphere.
Group 2071, Sept. 21-29. A regular spot, a, with one or two small spots following it. The smaller spots have disappeared by Sept. 24, but some very small companions
are seen near 4 on Sept. 28.
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Measures of Positions and -Areas of Spots and Faculm upon the Sun's Disk—con/inaed,

.§ é § HELIoGRrRAPHIC Srots. FACULAL .§ E 5 HELIOGRATHIC SPoOTS. FACULZ.
2 3 x 5 8 0 ]
I g 88 | &5 g 3 |1 g && | &8 g
Greonwich = Eg g'g E’g 3 . Groc.nwich g ?:é‘ aﬁd’g g’g o
Civil s 51 5 gs |ol 2% Civil o Cg | g ns (os ah
Time, g | 82 | 3 ) Ae | Ha §a Time. £ | B2 | 3 ] e | Py 34
] 2 \ém < =§4 B& H :7 2 a o, o 2§ ?& -]
E 4] . g'ﬁ a . 'g ,g mw T 83 o D, 85 o . 'g g \HUJA QSUJA “53
3| U 22| 24| % | B | g9E|s9E| F Sl sR | 8% | S8 | % | E | o9%|e%%| %
g | oo | B8 | 3 g | § |Esa e8| £ g | o | &% | B4 | £ | 3 |38 |2d8| 28
" | a A A A S| - < =2 | v a ~ 3 S |4 < <
1888. ° ° ° 1888. °© ° °©
2659483 |EP,M|2071¢ |0'452 | 1155 Igf— 48 11 48 274"492 [ EP, M 0744| 39'1] 2286 |+ 40°5 32
2071 |o'530]| 1135 3564 |— 60 o. 6 0'838| 1081 2125 |—11°3 135
Sept. 22 Centre (25°5)|(+70) (11) | (54) (©) | Oct. 1 Centre (266'0)|(+6'6)f (o) | (o) | (167)
266687 |BP,M|2071a | 0°235 | 149°8 28— 48| 10 64 275141 |RP, M 0963 | 173'0| 2408 |—66'6 88
2071 |o'280| 140'9| 359'4|— 5°8 o 7 I 0791 | 110°8| 209°'1 [—12°0 117
Sept. 23 Centro (9°6)i(+69)| (10) | (71) (o) ) 0918| 93'8| 191°9|— 09 258
Oct. 2 Centre (258-0)|(+6°5) (o) (©) | (463)
267340 [EP,M|z071a | 0212 | 192°4 36— 51| 17 67
i 0883 | 885 2989i+ 46 61 276°430 [EKP,M| 2072 j0'973| 1067 | 1668 |—14'5 o 22 306 ¢
: 0'948| 1030 291°6 |— 99 99 Oct. 3 Contre (2409)[(+6°5)] (o) | (22) | (306)
Sept. 24 Contre (ro)|(+69)| (17) | (67) | (160)
277'232 |EP, M 0'942| 109°1| 1631 |—156 61
268'332 |KP,M| 2071 |0'347 | 2350 44— 48] 10 65 M.
I 0918 1107 | 284'9|—15"9 118 Oct. 4 Contre (230)|(+6¢) (o) (o) (61
’ 0'959 | 1000 2759 |— 7°§ 287
Sept. 25 Centre (347°9)(+69)] (10) | (65) | (405) 278°41g |NP, M 0'go1| 25§'6| 277'1 [—100 162
: 0805 | 1136 165°4|—14'7 175§
269°130 [KP,M|2071@|0'500| 2479 50— 48[ 10 41 Oct. 3 Centre (214°9(+63)] (@ | (0| (337)
1. 0'go6 | 101°5 | 274°1 |— 774 144
Supt. 26 Centre (337°4)|(+6:8) (10) | (41) | (144) | 279'487 |KP,M 0'954| 2578 | 271°6 |~ ¢'6 95
' 0'927 | 250'6| 2656 |—15§"3 29
270421 |EP, M 0935 | 2558 273 |—10°0 94 Oct. 6 Contro (200 8)[(+6°3)] (o) | (o) | (122)
o861 251°3] 167 |—12"3 6o
2071a|0726| 2576 54 |— 42| 12 37 65 ¢ | 280144
Sopt. 27 Centre (320 )|(468) (32) | (37) | (219) 1.
Oct. 7 Centre (19271)|(+62) (o) | (o) ()
271298 |EP,M 0966 | 254°8| 21°5|—12°7 67 2817441
2071a [ o850 2609 59 |— 41 o 12 Oct. 8 Contre (1750)(+62)| (o) ') (o)
I. zo71 [0°B28{ 26074 35 |— 41 o 4 22“ B
2071 [0'80g| 2585 I'4i— §2 o 3 " | 282495 [KP, M 0838 2533 215°6|—10'¢ 241
2071 | 0806 2595 1'2|— 44 o 2 Oct, 9 Centre (161 )|(+61)] (o) ) ] (241)
Sept. 28 Centre (308 8)(+67) (©) | (21) | (288)
283'139 |[KP, M ogl1 | 254'8] 2160 (—11"1 143
. 0879 262'8] 2133 |— 34 39
272'137 |BP,M{2071a | 0933 | 2634 57 |— 36 5 22 196 f 1 Oect. 10 Centre (152°6)|(4+60)| (o) (0) | (182)
1. 0991 | 101°3} 217'0|—10"2 79
Sopt. 29 Centre (297 70(+67) (5) | (22) | (275) | 284'339 |KP,M 0'g41| 254'8| z04'7 |—12°1 59
1. 0'848]| 266°1| 194°3{— o1 59
Oct. 11 Centre (136'7)|(+60) (o) (©) | (118)
273°523 |[EP, M 0918] 43'3| 2165 |+45°1 48
0'926| 104'3 | 2138 {—100 168 2857429
Sept. 30 Contre 279'9(+6°6)| (o) (0) | (216) Oct. 12 Contre (122°N(+59) (o) (o) (o)

unaccompaniod by a Spot.

"Phe Groups of Spols are numbored in the order of thoir appoaranco. When there is no numboer in the third column it is to be understood that there is a Faoula
The positions of Faoulw rolutive to the Spots with which thoy are essociated, are indicatod Ly tho letters n, s, p,f, ¢, denoting
respectivoly north, south, proceding, following, concentrio.
The Areas of Spots and Faculv are expressod in millionths of the Sun's visible 1lemisphore.

"Tho Jongitude and latitudo of the centre of the disk are given in brackots.

Oct. 1, Photograph under-oxposed. Definition poor.

Group 2072, Oct. 3. A small spot.
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Measures of Positions and Areas of Spots and ¥acula upon the Sun’s Disk—conlinued.

HELIOGRAPHIC SroTs. FACULA,

é E 5 HELIOGRAPHIC BPOTS. FACULZ, -§ é 'é
:‘.:’ ';’ “ E .;: 7}
3 | 58 | &8 & 3 |2 |g FEE &
Greenwich 'g %5 "g :rc grcx 5 Greenwich ; g P E E,U é,; E
Civil :: C;-g = ﬁé gé a8 Civil ; C;g = mi 8& B
Time. ; E | 3 . ,'Ej;%" B;é, 5? Time. | E R P g;% g:% 5.‘;95
< g 3 g N 58 8 g YRS T L
AR AR R R e B R 2| F e
s s | B G g 2 £8Aa | 28a 23 g sm | B8 3 g % £3Aa | g3R gz
= Z a [ | | « « < = i [=) [ | = « < -
1888. ° ° © 1888, © © °
2869488 | EP,M 0875 2487 | 1659 |—15'5 9o 299%'303 | EP,M {2073 | 0'850| 259'4. | 356°4 |— 6°5 4 30 to1 ¢
Oct. 13 Centre (108 3)((+ 5°8) (o) © | (90) I 2073b | 0813 2581} 352°5|— 6'9| 10 44 ’
- Oct. 26|  |Centre (2999)|(+47)| (19) | (4) | ron)
2877545 | BP,M 0°962 | 252°3| 1660 (—15°3 73
Oct,, 14 Centre O44)|(+57)| (©) | (©) | (73) | 300'533|EPM|2073a|0°965| 262°1} 357°1|— 64| o | 30 |{ ..
(Z . |z073bto942| 261°2( 352°6|— 67| 33 136 |
286°306 0892 | 104'3| 221°g |— 105 160
. Oct. 27 Centre (283°2)|(+ 4°6)| (33) [(166) | (366)
Oct. 13 Centre B4+ 57 (o) (o) (o)
301°451 |EP,M 0’784 | 105°6| 2213 |— 93 87
289'241 |EP,M 0'928 | 10774 65 |—138 15 L.
I 0'943| 973 2'5|— g0 62 Oct, 28 Centre (z710)|(+ 4'5)| (o) (o) (87)
Oct. 16 Centre (72 Dl(+56)] (o) © 1 &N
302°184
290126 | EP, M 0'871] 155°9( 28:4|—480 22 L
I 0'920| 1495 156|—486 55 Oct. 29 Centre (261°3)|(+ 4°4)| (o) (0) (0)
Oct. 17 Centre o |(+ 5°5) (o) © | 9
303°314
291'560 1.
Oct. 18 Centre (40 5)l(+ 5°4) (0) (0) (0) |Oct. 30 Centre (246 P+ 43| (o) (o) (o)
292°453 304'172 |EP,M o0'919| 106°9| 1705 |—137 106
Oct. 19 Centre @8+ 53) (o) () (o) 1.
' Oct. 31 Centre (235 1)|(+ 42)] (o) (0) | (106)
293°450
Oct. 20 Centre (166)|[(+ 5°2)| (o) (o) (©) | 305281
. I
294°577 Nov. 1 Centre (z20°8)|(+ 4'1)] (o) (o) (0)
Oct. 21 Centre G+ 52) () | (o) (o)
306°168 | EP,M 0'gog| 251°0| 271'7 |[—15°4 31
2957355 L. o825 | 277°8 | 264'4 \+ 87 73
L Nov. 2 Centre (z08:8)|(+ 40)] (o) (o) | (104)
Oct. 22 Centre (3srg)i(+5'1) (o) (0) (o)
296°535 i 307°220 | BP,M o950 | 2606 2658 |— 77 58
Oct. 23 Centre (336'7)|(+ 5°0)| (o) ©) (0) 1 0935 | 2777 | 264°3|+ 86 71
' 0953 | 81'3| 1225 [+ 9§ 67
297'518 | EP,M 0'873| 84°2| 2620+ 7°5 112 Nov. 3 Centre (195°0)[(+ 3°9)} (o) (o) | (196)
Oct. z4 Centre (322°9)|(+ 4'9)| (o) () | (112)
298475 |EP,M | 20730 | 0732 | 256°8 | 355°9{— 63 9 33 308200 | EP,M 0'929| 190'8| 203°8 |—62°1 17
2073 | 0723 254°0| 3547 |— 81| o© 4 I 0849 192°4 | 199'3 |—52°2 22
2073b | 0701 2548 3531 |— 71 4 27 ) o0'86g| 82:1) 121'7]4 88 8o
Oct. 23 Centre (3103)(+ 4°8)| (13) | (64) (0) |Nov. 4 Centre (1820)|(+3'8)] (o) | (0) | (119)

The Groups of Spots are numbered in the order of their appearance. When there is no numbor in the third columm it is to be understood that there ix a I'aculn
unaccompanied by a Spot. The positions of Faculx: relative to the Spots with which they are associated are indicated by the letters n, &, p, 1, . denofing
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given in brackets.

The Areas of Spots and Faculie are expressed in millionths of the Sun’s visible Hemisphere.

Oct. 14 and 23. Photograph under-exposed. Definition poor.
Group 2073, Oct. 26-27. T'wo regular spots, # and b, with a very small spot between them.




ON PHOTOGRAPHS TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888. 41
Measures of Positions and Areas of Spots and Facule upon the Sun’s Disk—continued.
:?'. E 5 HELIOGRAPHIC 8SroTs. FACULE. .§ E E HELIOGRAPHIC SroTs FACULA.
M & n § 3 173
Greenwich = g & o z iroonwic 2 g o e ] .
Civil o109 | g 28 |88 | 42 | om = 19313 = §v 4%
Time. . g gi p-] . E*g g"i ‘u‘ie Time. ; g 'EC: & 5 E‘i B§ @Qh
E 1S, e8| a, | B ¢ [« |w®.| & El S, 188 g | Bl S [5%a%a] &S
AR AR AR AR R A AE AR R R AL
2 |27 A% | &7 & | 3|87 58F) § 2 |27 |A° | &7 & | 3 |27 E°] &
1888, ° ° ° 1888, N ° e
309"179 |EP,M 316%168 {EP,M | 2074 |0'359| 2823 76|+ 7'1 3 7
L . 2074|0343 ] 290'8| 95°9l4+ 98| 45 | 288
Nov. 5 Centre (169 D|(+37)| ) | () (o) 1. 2074 |0'307| 298'3| 929 (4111 9 56
2074 {0257 | 3000 9go'0(+10°2 (s} 2
310°194 |EP,M |2074a]0'859| 79'9| 96'6|+10'5| 48 | 262 2075 |0'888| 918y 146|— 03 o 3
2074 [(0'873| 782 95o|+121 5 46 2075|0896 9451 13°8|— 27| 37 196 410/
M.and 1. 2074 [o'876| Bog| 946+ 98 o 19 209¢ 2075010908 gr7| 1271(— 04 o 4
2074 |o'8g1! 792| gz27|411°3 o 11 Nov. 12 Centre (77:0)(+29)| (94) |(556) | (410
207400894 785| o924 |+11°9| 12 35
Nov. 6 Centre (55 DI(+36)] (65) 1(373) | (209) |317°216 |EP,M | 2074 |0'554( 2840 961 |+100| o 3
20740105501 283'91 959 |+ 99| 55 | 317
311'483 [BP,M |{2074a|0670| 78'6| 97'1|+4102| 52 | 310 M.and1. 2074 |o's11| 2856} 93°'1 (4103 o 14
2074 |0697| 76'6| 951{+11°g 6 55 214¢ 2075 |o742{ 962 158|— 277 3 10
M.and 1. 2074 |o702| 8oo| 94'5|+ 93 ) 24 34 20750 |0760| 972 143|— 36| 30 | 204 186¢
207400735 776 91°9|4+11°5| 13 88 20750 0782 939 1271 |— 1'3| 11 41
Nov. 7|  [Centre (1389)|(+35) (71) |(477) | (238) oB3g| 958| 64|— 33 193
Nov. 13|  |Centre 632 +28) (99) [(589) | (379)
312°'502 |BP,M 0977 267'0| 205°4 |— 22 34
0956 181°4| 131'9 =694 36 318182 |EP,M (20740 |0'722| 280°9| 96'3(+ 9'7( 42 | 277 l
M.and I 20740491 | 75'8| 96'6|+ 98] 56 | 303 2074 |0'723] 2850 960|+12'6 o 4 850
2074¢ (05371 74'4| 937 |+1171 + 12 M.and I, 2074 |0°685| 2831 93'1|+109 o 6 s
2074 10543| 76'8] 931!+ 99 o 3 2075 10567 994 166|— 32 o 13
20740 (0666 ( 751 ( QI 7{411°1( 21 11 2075 (0°595( 99'8( 147(— 3'7{ 33 191
Nov. 8 Centre (125°4)|(+3°3) (81) |(429) (70) 20750 | 0614 939| 130|— 16 o 17
Nov. 14 Centre (50 5)|(+26)] (75) |(508) (8%)
313°231 {KP,M|2074¢|0'343| 689 96'8{+102| 43 | 274
M.and I 2074¢10°392| 690 939 |+11°0 3 26 319°246 [EP,M | 2074|0867 279'41 963+ 94| 33 220 325¢
) 20740 |0°424| 69'8) 91'7|+r11°4| 27 144 2075 |0'338] 107'1| 17°6|— %3 o 6
Nov. ¢ Centre (s 7)(+32)| (73) |(444) (0) |M.andl. 2075 (0°381| 106'2| 15'0(— 3'8; 30 | 174
2075010397 996 13'5{— I'S{ o 71
Nov. 15 Centre (36°9)[(+2°5)| (63) |(407) | (325)
314'202 |EP,M|2074@| 0168 [ 42'7| 96'3|4+102| 36 | 253
2074¢ joz10| ¢48'7( 937|+110 o 22
M.and L 2074 (0°213) §5'0! Q27 /4100 o 2 320'220 |BP,M (20740t |0°955 | 279'2| 96'3|+ ¢'5| 10 | 209 309¢
207400235 5§36 918 |+111| 1§ 73 2075 |o0'136) 1358 182(— 32| o [
Nov. 10 Cenire (102:9){(+31)| (51) |(359) (o) |M.andl. 20750 0176 | 127°4| 15°6|— 37] 42 | 179
2075h | 0180 1107 139|— 13 o) 4
Nov. 16 Centre, (230)(+2:4) (52) 1(397) | (309
315°448 {BP,M|2074@ | 0'z02| 307°5| 958 |4100| 55 | 256
2074 |o17z| 326°1{ 9z'1|+4112) 12 76
M.and 1. 2075a|0'957| 943, 138|— 331 36 | 209 410¢ | 321°486 |EP,M |z2075a|0'200] 234°3] 162 |— 44| 34 | 176
o092z | 161°2| §4'1 |58z 18 M.and 1.
Nov. 11 Contre (86°5)|(+3'0)(103) {(541) | (428) [Nov. 17 Centro 6-9)[(+23)| (34) {(176) (©)

The Groups of Spots are numhbered in the order of thoeir appearnunco,

) a b When there is no number in tho third column it is to bo wnderstood that there is a Facula
unaocompanied by a Spot.  The positions of Froulw rolative to the Spots with which they nre associnted are indicated by the letters n, s, p. £i ¢ denoting
respoectively north, south. preceding. following, concentric.

The longitude and latitude of the contre of the disk are given in bravkots.

The Arons of Spots and Fuculw are oxpressed in inillionths of the Sun's visible Hemisphoro,

The Indian photographs show very good definition.

Nov. 6. For this duy, and for the subsequont duys to whish the two lottors M. and I. are attached, two photographs were moasured : the one, a Mauritius photograph,
from which tho positions of the kpots are taken ; tho othor, an Indian photograph, from which the arens nro tnkon, The Mauritius photographs at that time do not
givo sufficiontly good dufinition for the ureas to be ineasured upon them with acournocy ; whilst the position-sngles of the wires on the Indian photographs are
affocted by o considorable and undetermined error.

Group 2074, Nov. 6-16, A largo rogular spot, , followed by a stremn of smallor spots. The smaller spots coalpsoe or fade away, so that on Nov. 8 and the suoceodiny
days the group consists almost wholly of three spols, a and # boing tho first and last, und ¢ n smaller spot between thom ; ¢ has disappenred and b has broken
up by Nov. 11, and by Nov. 15 « remains ulone,

Group 2075, Nov. 11-22. Aregular spot, 2. Smnll companions aro scon from time to time in its neighbourhood, the principal one, &, from Nov. 12 to Nov. 16,
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Measures of Positions and Areas of Spots and Faculx upon the Sun’s Disk—conlinued.
.§ é' g HELIOGRAPHIC 8roTs, FacuLaA. é ﬁ = HELIOGRAPIIC Srors. FacuLm,
w 3 7 ‘ 8 3 %
209 s T AN 55 s | g
Gr(:}e.nv'vich "§ g E ‘: 2"5 g”‘é < . Grec.nv'vich ’E é é ) g "Cé E ’g ] .
ivil N g = M~ ol r-hrsy Civil - = 3 m o =T
ms = g 2 = = o ga . = g5 a2 - =23 5]
Time. . 3 g | . 5% |E3 &R Time. , g R . £e |8 gA
Bl (sala. | £ & |o% |u?.| 58 Ele |32 ] o, | F | 8 (e%.|uw”.| &8
g |93 |84 | 24| % | F |.6%| .9 oF R R T T A I -
g | s&F | 2% | E4 g T | EE8 888 | f= g | s& | 2w | &R | £ T | E88 | EsR | B
= Z A & =1 = - - - = 7 a ¥ = i - - <
1888, ° ° ° 1888. © © °
322%174|EP,M| 2075 10356 256'0] 17°9{— 2°g I 3 332%18¢|EP,M| 2076 [0°916| 1012 160°3|— 99 o 8
2075010340 250°0| 16°4|— 46| 41 190 I. 20760 10°930| 1007 1582 |— 96| 12 103
M.and 1. 2075 |o0'302| 2480 14'0|— 44 o 8 Nov. 28 Centre (2259)[(+0'9)| (24) {(249) | (391)
©'975| 964 | 2809 (— 57 222
Nov. 18 Centre (357°8)|(+22)| (42) |(z01) (222) | 333°287 |EP,M 0918 | 2608 2774 |— 81 109
. 0'910| 252°2 | 2754 |—15"8 29
323°204 | EP,M | 2075|0549 | 258'7| 168 |— 44| 137 170 I 2076a| 0773 | 1057 | 162°2l—11°5] 21 138
©|2075 10516 2606 14'8— 31 o 1 2076 | 0798 1041 | 159°6 |—10'7 2 18 639 ¢
M.andI. o88r| g67| 281'9{— 50 236 20760 {0815 | 102°3| 157°8 |— o 25 | 223
0944 | 103°1| 273°5|—11'6 37 | Nov. 29 Centre (zrrg)|(+o8) (48) |(379) | (777)
0968} 1152 | 2701 |—23"8 19
Nov. 19 Centre B44:3)|(+2'1) (375 [(x71) | (292) .
334°182 |EP,M 0974 | 2600 | 276'0|— 96 144
324°474 |EP,M| 20750 |0°767 | 262°4| 17'0|— 46| 3§ 183 265 ¢ 2076|0627 | 11000 162°7 [—11°8] 31 199 218 ¢
M. andI 0823 | 136'4| 2837 [—35°1 58 1. 2076h | 0672 | 1051 1586 (— 9'5| 37 206 3o e
: ‘ 0767 | 100°3| 278'3 |— 67 152 0'929| 77°'5| 1319|4119 26
Nov. 20 Centre (327°5)|(+1°9) (35) {(183) | (475) | Nov. 30 Centre (199°6)|(+0°7)| (68) |(405) | (408)
325'214 | EP,M | 2075|0865 | 263'7| 17'2|— 46| 32 162 269 ¢ 335'431 |EP,M | 2076¢t|0°394 | 124°7| 1638 |—12°¢| 33 168
M.andI.[ - 2076 | 0426 1187 1608 |—11"3 o 5
Nov. 21 Centre (B17°8)(+18) (32) |(162) | (269) 207600435 | 114°9| 159°6|—10'0| 20 | 140
2076 | 0454 | 116°7| 1588 |—11°3 o 9
326°210 | EP,M | 2075¢|0°957 | 264°2| 17°3j— 51} 20 | 167 319 | Dec. 1 Centre (183 D)(+0o5) (53) |(322) (o)
M.andT. 0'973| 967| 277°9|— 61 61
Nov. 22 Centre (304°0)|(+1°7)| (20) |(167) (380) | 336512 | KP,M 0'8go| 26301 231'3|— 60 33
2076 1o'240| 16g9'0| 1661 |[—13°2 o 4
327'198 | EP,M 0'9oz | 277°1| 355814 7°1 58 20760t {0238 | 161°5| 164°4]—12°6) 33 180
I 0976 | 26374 85|— 61 89 2076h | 0239 | 141°3| 160°1 |—10'3| 28 106
: 0977 17871 286°4|—75"9 28 2076|0261 | 1440 1598 |—117 o 20
Nov, 23 Centre (291°6)[(+1°6)]  (0) (© | (175) 2076 | 0298 131'3) 155'7 |—10°g o 4
0948 | 822 977 |+ 7°5 67
330474 0955 | 75°4| 968 |+ 140 41
Nov. 26 Centre (2489l(+12) © | (0) () Dec. 2 Centre (168°8)l(+o4)| (61) |(314) | (141)
' 337°513 |EP,M 2076 | 0°286| 220'0| 166'9 |—12'0 ) 4
331°488 | EP,M o718 | 261°1 | 284'3|— 56 14 2076 |0'304| 2159 166°2 |—13'g o 5
M.andI 2076 |0°959 1} 1¢3°5| 16275 |—12'7 o 29 20760 | 0273 | 2157 | 1650 |—12°5 | 51 192
: ) 20760 | 0978 | 101°6| 157°9|—11"'1 o 15 2076 10°239] 219'0| 164°5 |—10°4 o 3
Nov. 27 Centre (235 1)|(+10)| (o) { (44) (34) 2076 |0229| 20373 | 161°0|—11"8 o 8
20760 | 0'203 | 204°3 | 160°6|—10"3 2 33
332185 |EP,M 0861 | 2626 2848 |~ 59 78 2076 | 0207 | 1907 | 157°9|—114 o 2
I 0806 258'9| 2788 |— 84 45 0847 80'3| 984 |+ 84 106
) 2076 0888 | 1038} 16473 |—11'8 o 4 11 68 0’894 730 93°5|+15'3 34
2076a| 0905 | 103°0| 16271 |—11'3| 12 | 134 |f Dec. 3 Centre (155403 (53) |(247) | (140)
The Groups of Spots are.;;gé—refi i]l t};c 6r(ic; 071.' thgir‘u_};pcarancc. When there is 1;0 number in til:z-.thir;1->cgiuixi;-‘;f 1_q>to be undérstond that thore is a I'acula
unaccompanied by a Spot. The positions of Faculz relative to the Spots with which they are associated are indicated by the letters », &, 2, f, ¢, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disc are given in brackets,
The Areas of Spots and Faculx are expressed in millionths of the Sun’s visible Hemisphere,
Group 2076, Nov. 27-Dec. 9. Two small spots, 2 and &, on Nov. 27. Both have greatly increased in size by Nov. 28, and somo small spots are scon near them ;
« is rather a close cluster of small spots than a single spot, until Nov. 30, by which day its components have coalesced to form a large regular spot ; & decreases in
size after Nov. 29, and hag disappeared by Dec. 5. A number of small spots are seen near a on Dec. 1, and the suceouding days, but havo all disappeared by Deo. 7 ;
« has disappeared by Dec. g, but a new spot is seen on that day.
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Mecasures of Positions and Areas of Spots and Faculm upon the Sun’s Disk—continwued.

-:é é g Hevrioarariic Srors. . | FACULA. .§ E E HELIOGRAPHIC]| - SPoTS. ; FACULZE,
= S 0 . b g N | i
2 g g [ bk 2 £ g b o £
3 2 Z &8 S8 2 K] o g RS S 2
Greenwich ° 24 ;E g'g o Greenwich g Eg 5] g—g &J'S S
Civil % UB-?: < Ehal e 2 1% Civil < ‘;'—;‘ 2 ] §3 R
Time, ; E 24 5 P Dg E:;% :rg Time. | E | = . 5:% E;%' 22
) @ @ w 3] 5 -] = 2 O, . S w
E ey | B2 Ba | £ | f |%an|%en| %% Elsg 22| 84| £ | F |iev|len| ¥
g s | 2w | B4 g ! 238 | 258 g2 g o8 | 3w | 34 g § (g8 884 ge
A2 | 4 A ¥ S S| ¥ > "2 | 7 A A = Q| i <
1888. o o o 1888. Q 8] o}
338%180| KP,M| 2076rt|0'377| 233°6| 1649 |—~12'7| 39 | 213 346296 |WR,M 0874 | 278'2) 100°3 {4 67 69
2076 0336 233°4( 162°8 |—113 o 17 o859 2872 97°6 |+ 142 31
1. 20760 | 0302 | 231'5 | 160°8 [—10'6 5 24 1. o845 237°2| 932|—27"7 31
2076 [0°306| 2285 16074 |—11'5 o 5 0916 938} 3339{— 39 124
2076 {0273 | 2330 1596 |— g3 o 1 Dec. 12 Centre (4070)(—0o9)| (o) ©) | (255
o769 757! 977 (+110 75
0776} 77°0| 969l +102 79
Dee. 4 Centre (1469)i(+02)) (44) |(260) | (154) | 347°214 WR,M 0958 27821 1007 [+ 7°5 10§
L 0'925 | 2406} 92°9 |—27'¢4 47
339238 | WP,M | 2076 {0583 245°2| 1668 |—14"1 o 6 Dec. 13 Centre (27 (—10) (o) () | (152)
2076 | 0°574 | 247°3| 1656 |—12°7| 30 129
1. 2076 |0'554 | 246°7 | 16472 [—12°6 6 18 348214
2076 |o'531{ 247°3} 1628 |~11'7 o 7 1. '
2076 |0'506| 247°51 161°2 |—11°0 o vi Dee. 14 Contre (4O(—11) (o) (o) (o)
2076 [0°481 244°5| 159'1 |~11°8 o 5
2076 0432 2455 156°3|—~10"2 o 3
Dec. 3 Contre (132°9)|(+o 1) (36) [(175) (o) 349'272 [WR,M| 2078 |o'277 | 11177 3457 |— 71 1 9
. 1. 2078 [0'316| 104°9| 342°9|— 35'9 o 4
3407241 [BP,M | 20760 | 0'744 | 252°3| 1662 {—13°1{ 24 Lpg Dece. 15 Contre D=3} @) |(3) (o)
2076 | o722 | 252°5| 1644 |~12'6 2 11 8 ¢
I. 2076 | 0708 | 253°4| 16374 |~11"7 0 2 27 ¢
2076 {0666 | 2517 | 159'8 |—12"1 o + 1) 350'242 | BP,M 0'926| 304'3| 35074308 26
0859 | 2516 177°3|—157 6o 2078 |o107| 1679 3467 |— 74| 4 23
Dec. 6 Centre (119 7)j(—o1)| (26) {(161) | (347) L 2078 [0 118 1446 3441 [— 69| o 8
' 2078 |o'110]| 1209 | 342°6|— 46 o 2
341°496 [ EP,M | 20766 | 0'905 | 2556 1671 |—13"1| 20 93 361 f 2078 |ot1z4] 1288} 342°5)— &8 4 21
M.and1. 0907 | 974 2832~ 7°3 63
Dece. 7 Jentre (1o3'2)|(—o2)| (z0) | (95) | (361) |Dee. 16 Centre (3480)N(—=1)| (8) | (54) (91)
342°200 | BP,M | 207601 0'962 | 256°7| 167°4 |—12'8| 19 120 425 f
M.andT. 0961 | 940 208[— 39 119 351°318 | EP,M (20780 {0278} 251°1| 349'1 {— 076 5 15
Doc. 8 Centre (93°9)|(—o3)| (19) |(120) | (544) 2078 |oz42| 244'7| 3465 1— 74 o 9
I 2078 07181 243°6| 3431 |— 61 3 37
343193 | 11P,M| 2076 | 0993 | 259'8| 1637 |—10°2 o 51 245 f 2078 |o'1z4| 2488 | 3404 |— 471 2 9
M.and 1. 2077 08781 9ol 197|— 37 o 9 188 ¢ | Dee. 17 Centre (333 8W(—1%) (10) | (70) (o)
Dac. ¢ Centre (BoB)(—o5) (o) | (60) | (433)
344°'233 |WR, M 0952 188'3( qg1-8|~707 32 352°196 | OP,M 0923 2713 | 293 |+ 06 41
I 0823 98%5| 12°3|— 7'3 30 0866 | 265°4| z220|]— 48 3
Dec. 10 Jentre (67:2)|(—06)| (o) (o) (62) 1 2078@ (0476 259°3{ 350°1 |— 0°5 6 21
2078 10439 256'8| 347°6|— 72 o 4
2078 03771 2551 | 343°6(— 771 o 21
345°518 | EP,M 0897 | 2785 1134 7°3 57 2078 0363 253°8| 342°7|— 7°3 3 9
Dec. 11 Centro (50°2)[(—oR)} (o) (o) (57) |Doc 18. Centre (322 D(—16)  (9) | (59) (98)

The Groups of Spots are numboered in the order of their appearance. When there is no number in the third column it iy to be understood that there is a Facula
unaccompanicd by o Spot. The positions of Faculiv relativo to tho Spots with which thoy are associnted are indicated by the letters n, s, p, £, e, denoting
rospoctively north, south, preceding, following, concontrio.  Tho longitudo and latitude of the contre of the disk are given in brackets.

The Areas of Spots and Faculw are oxpressed in millionths of the Sun's visible Hoemisphero.

Group 2077, Dec. g. A mnull spot.

Group 2078, Dee. 15-22. A number of Hnm,_ll spots. in o strareling stroam.  Tho individual spots undergo many changes from day to day ; the most stable spot is @, the
leader 01{) Dgc. 17. The group consists mainly on Dee. 19 and 20 of three spots. @, b, and e. Both « and ) have divided into two portions by Deo. 21. Oaly &
romains by Doo. 22.
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Measures of Positions and Areas of Spots and Facul® upon the Sun'’s Disk—concluded.
-§ g 5 HELIOGRAPHIC SpPoTs, FACULA. -5 é ’E HELIOGRAPHIC Srors. PAcUuLA.
g : “ bt [ 2. g g “ bk e a.
2 le |2 &8 |88 | 2 o1z | ga |8z | 2
Greenwich o = he <4 R & Greenwich =] - 49 ] <
Givil 2 5—3 2 22 |28 4% Civil i 185 | ¢ g8 |38 595
Time. | F | B2 | 2 , gz Bz 34 Time. ] B En‘é 3 _ Az Ei 4
§ g E:" g '§ g w? | w? . 58 £ CE WE g ¢ ¢ -utz‘ w® 58
3 k- gz 2.4 5 B ann| Can| "= 81wy | 54| &4 gn E A% | 58| LT
%R gs | 3E | B 2 3|8 43 2SR |38 | B 2 |98 |e08| 4B
2 | =% | A a = 3 |4 > 4 S | = A & = S| - <
1888, R 1888. I I
3534496 0'807| 25572 3581|129 : 56 358255 EP,M 0940, 99'2| 172'5|— 9'§ 50
2078a (o719 | 263°2| 3508 [— 6°1 6 37 1.
20780 | 0674 | 26172 | 347°0|— 771 o 29 Dec. 24 Centre (242 l(—2'4)  (0) (o) (50)
2078 | 0627 | 2622 343'6|— 62 o 4
2078¢ [ 0°626 | 260°7! 343°4|— 7°1 5 54 359°175 |EP,M 0'897| 271°0| 293'8 |[— o2 75
Dec. 19 Centre (305 D(—17) (11) {(124) (56) L 0908 | 1006 | 165°3 |—10'7 75
| Dec, 25 Centre (2303)|(~25)] (o) (©) | (150)
354496 2078 | 0869 262°7| 352'1)|— 7°3 o 5
2078 | 0'866| 2646 351°8|— 56 6 32 e8¢
2078010832 | 263°4| 3481 |— 66| 11 64 5 360°403
2078¢ | 0784 | 262°5| 343'4|— 7°1 2 14 Dec. 26 Centre (214 0)|(—26) (o) | (0 (o)
Dec. 20 Centre (292°0)[(—19)| (19) {(115%) (158)
362°280
3557197 2078 |o0°943| 267'7| 3530|— 28 5 23 I
2078a)0'937| 266°2( 352°1|— 4°3 o 15 Dec. 28 Centre (189°g)|[(—2'9)| (o) (©) (o)
M. 2078a!0°926 | 264°4| 350'3|— 5°9 ) 14 ¢
2078b | 0'922 | 263°4| 349'7|— 679 o it 473 €1 363252
2078b 0904 | 264'5| 347°2|— §'8] 13 | 79 L
2078 |0'876| 264'2| 3437 {— 60 o 9 Dec. 29 Centre (176'61(-—3'0) () (o) (o)
Dec. 21 Centre (282'7)i(—z'0)} (18) {(x51) | (473) }
356°528 2078b (0992 | 2638 347°9|— 65| © 44 209/ | 364°545 | M,M 2079 (0°732( 222°0( 1964 [—35'5| © 7 o
Dec. 22 Centre (265 1)|(—21)}  (0) | (44) (z09) | Dec. 30 Centre (159°6)(—31)] (© | (7 (o)
3571-205 3651'207
Dec. 23 Centre (256°2)(—2"2)] (o) (o) (o) | Dec. 31 Centre (150 8)(—32)] (o) (o) (o)

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 Facula
The positions of Faculw relative to the Spots with which they are associated are indicated by the letters =, ¢, p, /, ¢, denoting

respectively north, south, preceding, following, concentric. The longitude and latitude of the contre of the disk are given in brackets.
The Areas of Spots and Faculm are expressed in millionths of the SBun's visible Hemisphere.

Dec. 30 and 31. Photograph under-exposed. Definition poor.
Group 2079, Deo. 30. A very small spot.
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46 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN’S DISK DEDUCED FROM PHOTOGRAPHS

AREAS and HELIOGRAPHIC PORITIONS of the SPOT GROUPS on the SUN'S DISK DEDUCED FOR EAOH DAY from the
MEASUREMENTS of the PHOTOGRAPHS taken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN IN
INDIA, and at the ROYAL ALFRED OBSERVATORY, MAURITIUS, in the YEAR 1888.
NOTE.—The Greenwich Civil Time at which the photograph was taken is expressed by the month, day of the month
(civil reckoning), and decimal of a day, reckoned from Greenwich Mean Midnight.
The Projected Area of the Umbra: and Whole Spots is the area as it is measured on tho photograph, uncorrected for
the effect of foreshortening, and expressed in millionths of the Sun’s apparent disk.
The Column “Longitude from Central Meridian” gives the Mean heliographic longitude of the group, reckoned from
the meridian passing through the centre of the Sun’s disk at the moment of observation ; longitudes west of the centre
being reckoned as positive.
Dates for which no numbers are given indicate days for which no photographic record is at present available.
e e
Projected Area for . *  Projected | Area for e
Date. Area of Group. Mean Mean Longitude Date. i Aren of ! Group. Mean Mecan } L 1f|1,,1l;u(]0
Greenwich ~—|Longitude| Latitude Cfl'(;ml Greenwich  |— - ‘| Longitude| Lasitude ! C :’tl:l
il Time, entral | o e . e | of Group. | of |
Civil Time. | gy V;’};gfl;e Umbra ‘g;gg of Group. | of Group. Meridian, Civil Time. |y prg, ‘Z::gtl," Umbra. ‘;‘?)lc()te of Group. | of Group l.'Hcridiml.
Group zo26. Group z029.
l887‘ d 3 o ° 1888. a 0 o o
Dec. 317231 | 24 | 108 44 | 195 227'0 | — 77 | — 742 | Jan. 10'321 6 42 | 28 | 186 844 | — 779 | —8yo0
11°283 19 go | 28 134 848 — 81 | — 709
1888, 127185 | 24 156 1 23 151 849 | — 82 | — 590
Jan. 1484 | 35 | 200 32 | 183 2276 | — 74 | — 5§71 13°307 | 37 196 | 26 | 138 845 | — 85 | — 445
2450 | 36 | 257 25 | 178 2277 | = 73 | — 444 14283 | 39 225 | 23 | 134 Bg'g | — 84 | — 318
3°451 | 49 | 306 28 | 176 2278 | — 7'5 | — 310 15476 | 56 270 | 29 | 140 84'3 | — 90 | — 162
4241 56 | 312 30 167 2276 | — 75 | — 208 16216 | 34 |. 282 17 143 845 — 93 | — 62
5'468 | 31 247 | 16 | 123 | 2283 | — 777 | — 40 17'172 | 54 | 294 | 27 | 148 845 | — 94 | + 64
6271 40 | 262 20 133 2280 | — 83 | + 63 18271 33 241 18 131 850 - 93 | + 213
7°183 27 | 207 15 110 2279 | — 85 | + 182 19°193 27 161 16 97 85°1 — 89 | + 33
8218 | 27 147 16 88 2282 | — 84 | 4 32°2 20°476 13 103 10 81 852 — 84 | + 505
9'196 | 14 98 10 70 2282 | — 88 | 4 450 21228 11 62 11 63 853 — 85 | + 6o5
10°321 8 50 8 49 2281 | — 87 | + 597
Means ... | ... 21 128 8474 | — 866
Means ... | ... 22 | 134 22785 | — 7°98
Group zo3o.
Group z20z27.
Jan. 127185 7 18 4 9 1464 | —140 1 + 25
Jan. 4241 6 | 65 4 8 | 2040 | + 99 | —aas | 13'307 | 14 | 33 7 18 1482 | —13'5 \ + 192
5468 ] o 14 o 48 2046.'3 + 32 __;’_’g’.g’ 14°283 3 30 2 19 1481 | —133 | + 31.9
15:476 5 44 4 34 150°3 | —12'9 | + 49'8
Means ... ’ ‘ 2 | 28 I 205°15 I + 9-55| 16216 1 5 | 42 | 6 | 40 | 14909 | —1z9 | + 5972
Means 5 24 148°58| —13°32 |
Group 2028.
Group 2031.

Jan. 107321 5 6o 10 | 118 938 | + o9 | — 746 R
11°283 | 14 86 14 | 88 955 | + 09 | — 60z | Jan. 18271 1 17 2 19 o4 | — 86 | — 633
12°185 | 11 52 9 39 962 ’ + o9 | —477 19'193 | 31 136 24 | 106 1'9 | — 90 | — 49

20476 | 28 | 191 17 | 112 1'g | — 96 | — 328

Means ... ’ ‘ ’ 11 ( 81 ‘ 95'17( + 0'90( 21°228 | 20 | 121 12 66 20 | — g5 | — z2°8




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888. 47
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DisE—continued.
Projected Aren for . Projected Area fo. :
Date. Ar‘L"’°f Group. Mean Mean Lo;lgxt.ude Dato. A!‘{":Of Group-r Moan Mean Lolfxglt.ude
Greenwich Longitude| Latitude Cro;n ] Greenwich Longitude| Latitude c 3:;1
- entra R, ont
Civil Time. |y, \gll::é.o Umbra, Vgll;gtl of Group. | of Group. Moridian. Civil Timeo. | rnyra. Vg}l)lgge Umbra, Vg;l;:tle of Group. | of Group. Meridian,
Group zo31—continued. Group 2036.
1888, ° ° ° 1888. 4 | \ o ° @
Jan, 22 No pjhotogrjaph. Mar. 1°405 o 15 o ]l 9 25072 — 97 | + 345
23'503 4 19 2 10 32 —103 | 4+ 83
24389 5 1z 2 6 2'5 | =101 | 4+ 19'3 | Meuns o ! 9 |} 2502 | — 97
|
Means 10 53 198 | — 952
Group 2037.
Group 203z.
- Mar. 9276 | 12 25 235 50 367 | + 21 | — 753
100565 | 28 | 234 26 | 230 36°3 + 1'9 | — 587
Jan. 24°389 | 2 18 I 1o | 300 | — 31 | ~42'7 11221 | 65 | 335 51 | 270 3609 | + 21 | — 49§
25°450 0o 16 ° 9 jo111 — 31 | =275 12 No plhotogrjaph.
13156 | 61 | 416 33 | 230 385 + 25 | —z2°3
Means I ‘ 10 | 3008 1 - 31 14400 | 70 | 442 36 | 226 387 |+ 2¢ | — §7
15406 | 68 | 421 35 | 218 402 | + 28 | + ¢8
16075 | 63 | 330 | 34 | 179 410 |+ 277 | + 199
17°150 | 62 | 342 38 | 208 409 | + 26 | + 327
Group 2033. 18188 | 49 | 246 37 | 185 415 |+ 27 | + 470
19'256 | 32 | 156 35 | 168 42'3 | + 31 | + 6179
20173 15 81 29 | 154 42°6 + 31 | + 743
Jan. 30'494 o 7 o 4 291'7 | — 61 | 4 289
31391 | 36 | 85 23 56 | 291’z | — 60 | + 403 | Means 34 | 193 39'60 | + 2°55
Feb. 1445 6 92 5 .80 2023 | — §4 | + 552
2216 5 43 7 51 2922 | — 61 | + 6%°3
Group 2038.
Means 9 48 29185 | — 5§90
l
Mar. 10'565 z 26 1 16 24.'9 +11r7 | - 3o'g
11221 41 123 24 71 48 | 121 | —21°
Group zo34. 12 No p/hotogriaph. |
13156 o 18 o 10 689 | + 98 ! + 81
Fob. 3184 0 27 o T4 2036 | — 80 | — 106 | Means q 32 66:20| 411 ,_0!
Means o 14 2036 | — 80 -
Group z039.
Group 2035. 1 '
- T == Mar, 16175 | 2z | 40 s | 72 3066 ; — 45 | — 74
Fob. 18°168 11 68 29 177 2976 | — 39 | — 793 17°150 4 56 4 §7 3076 L= | — 606
1 No p|hotogriaph. 18188 4 44 3 33 3072 | — 43 | — 473
9 p griay ) 6 . . .
20485 | 46 | 418 39 | 352 2928 | — 47 | — 536 19256 5 3 3 22 3072 | — 45 | =332
21:323 | 85 | 498 | 59 | 340 | 2928 | — 48 | — 25 : e
22°177 71 573 42 332 2942 — 48 | — 299 Means 4 ‘ 46 307" 151 — 4 351
23166 | 81 | 493 4z | 257 | 2956 | — 49 | — 15°g :
24’519 | 33 3{;0 17| 192 293'4- — 44 |+ 32
2620 54 | 202 2 145 29571 — 44 | +139
26218 | 19 | 207 11 123, | 3007 | — 4'3 | + 299 Group z040.
27°193 [ 53 | 312 38 | 225 | 3039 | — 4'2 | + 459 -
28179 | 38 | 233 | 31 | 194 | 2980 | — 55 | 4 530
29212 | 4 | 58 5 | 78 | 2996 | — 54 | + 682 | Mar.19:256 ) o 4 o 3| 2969 | — 25 | — 43S
Means 31 | 220 29725 — 4°66 Means o 3 2969 | — 2°§

5 G2
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AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Area for . Projected Aren for "
Date. Aren of | Group. Mean Mean Lox;gltude Date. Aren of Group. Mean Mean Longitude
Greenwich Longitude| Latitude c m:la,l Greenwich - Longitude| Latitude Cfro;n \
PRPT— entr [P entra
Civil Time. | gpypra, V\sfgnga Umbra, Vglsgtl;fa of Group. | of Group. Meridian, Civil Time. Umbra. Vggg&e Umbra. ‘gﬁgg? of Group. | of Group. Moridion,
Group zo041. Group z047.
1888. , ° ° ° 1888. ° ° ©
Mar, 21465 o 39 o 65 2382 | —10'1 | — 732 | Apr. 18444 o 16 o 15 2435 | — 67 | — 586
22°150 8 71 10 82 2375 | —10°0 | — 648
23175 | 10 98 7 79 2374 | — 99 | — 51°4 | Means ... ] \ o 15 2435 | — 67
Meang ... | ... 6 75 237°70| —10°00
Group 2048.
Group z04z. :
Apr.z1°478 4 29 9 62 1851 | — 30 | —769
22°158 10 52 13 72 1842 | — 2°8 | —68-8
Mar. 25229 I N R N B . 2990 | — 46 | +3773 23203 | 12 | 57 | 10 | 49 | 1841 | — =5 | —53g
24'305 | 1 57 Io 37 164’1 1 — 275 | —40°
Means ‘ o 3 ‘ 2990 [ — 46 25626 | 10 28 5 15 1841 | — 371 | —2271
26532 8 17 4 9 1841 | — 31 | —112
27709 4 19 2 10 1842 | — 29 | + 46
Group 2043. Means ... | ... 8 36 184'27| — 2'84
l
Mar. 31°161 ° 11 f o 7 1422 | — 10 | — 41°3
Group 2049.
Means ... | ... I o 7 1422 | — I1'0
Apr. 24°305 | 11 75 1§ 124 15109 | —13°3 | — 728
25626 13 66 11 56 1537 | —13°5 | —53°3
Group 2044. 26'532 | 10 71 7 48 1540 | —136 | —41'3
27°799 9 74 5 42z 1534 | —13'3 | — 262
28115 o 18 o g 1540 | —13'3 | — 20°3
Apr. 1°414 o 41 < 23 145'5 | + 73 | —21°4 29°168 1 1 1 5 1534 | —~12'7 | — 69
2156 | o | 33 o | 17 1457 | + 73 | —11%
Means ... 7 47 15340 —13°28
Means ... | ... o 20 145°60| + 7°3
Group zo50,
Group 2045.
B Apr. 25626 4 24 4 27 1438 | — 24 | — 634
Apr. 3438 16 90 8 48 1247 | + 28 | — 15°5 26°§32 o 16 o 12 1439 | — 2°2 | — 51°4
4617 o 37 o 18 124'9 | + 28 | + o2 27°709 6 22 4 13 1450 | — 1'0 | — 3476
5°453 2 16 1 8 1250 [ 4+ 32 | 4 11'4 28°115% o 20 o] 12 145's | — 10 | — 288
29°168 o 22 o 12 1457 | — 10 | — 1476
Means ... | ... 3 2§ 124°87 | + 293 - —
Means ... | ... 2 15 14478 — I'52
Group 2046.
Group zos1.
Apr. 16°406 o 11 o 20 2541 | — 55 | — 7479 ‘
17°477 2 12 2 12 255'6 —- 57 — 59°3 Apr. 28115 o 3 o 5 2474 - 7'5 }I + 731
Means ... | ... ¥ 16 25485 — 560 Means ... o 5 2474 | — 7°% \




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888. 49
AnEas and HELIOGRAPHIC I’OSITIONS of SPOT GROUPS on the SUN'S Disk—continited.
Projected Area for . Projeoted ‘ Aren :
Date. Ar‘]m °¥ Group. Mean Menan Lox;gmudo Date. ‘{“Jm of G :',0\\1(‘).1- Moan Mean Lo;xgmude
Greenwich |———————-~|-~ -—|Longitude| Latitude Ce:‘(:lml Greenwich |— -|Longitude| Latitude Comt,l:ul
T 1tr e . n
Civil Time. | gy, \;’]I;gée Umbra, \Z:;S};c of Group. | of Group. Moridinn, Civil Time. | 7 1ea. ‘§§3é° | Umbra, \X;;géo of Group. | of Group. Mexidian.
!
Group 20352, Group 2056,
| I
1888. ° ° ° 1888. , ° ° ©
May 11°575 26 111 89 | 380 2744 | — 75 | ~ 819 | Junez4'644 | 1o 53 5 26 1366 + 40} 4+ 34
12°446 | 63 292 | 103 | 464 272’9 | — 78 | — 71'9 25452 | 12 | 143 6 73 137'0 | + 40 + 146
137490 [ 135 | 763 | 129 | 752 | 2715 | — 83 | —59'5 26201 | 15 | 136 | 9 | 76 | 139°S | 4 479 | + 270
14°438 | 161 1061 | 116 | 786 271°1 — 83 | — 474 27°311 | 20 | 104 | 14 70 1402 | 4+ 47| 4+ 4273
15°602 | 16§ 1072 7 | 035 271°4 | — 83 | — 317 28211 7 (125 1 6 109 141°2 + 47| + 553
16296 | 216 | 1102 | 119 | 606 2714 | — 81 | — 2275 29°381 5 | 24 | 8 40 1430 | + §%5 | + 72735
177300 | 175 858 90 440 2723 — 82 § — 83 |
18°509 | 137 680 | 70 | 350 2734 | — 79 { + 87 | Means | L3 66 139'58 | + . 4763
19:221 [ 133 | 643 70 | 364 | 2735 | — 77 | 4183 1 l
20°556 | 9§ 521 | 61 | 334 | 2755 | — 71 | + 379
21'554 | 50 335 | 40 | 270 275°5 4 — 73 | 5171
22°150 | 42 225 | 41 | 222 | 2763 | — 78 | +59'8 Group 2057.
23°402 6 68 15 151 2767 —_— 74 | +768 T __
Means 8o | 443 27353 | — 7°82 July 6-216 6 41 4 26 153 | — 1109 | + 353
7'332 | 13 54 11 45 160 | — 115 | + 508
Means l , 8 36 1565 | — 11°70
Group 2053.
T 7T - Group zos8.
June 97169 | z2 12§ 15 83 2973 | — 46 | — 406
10565 7 | 143 4 78 2988 | — 44 | —z0'8 .
11447 | 11 116 5 59 3002 | — 46 | — 76 | July 6216 o 11 o 15 2719 | = 71 | —681
12°434 | I1 153 6 79 301't | — 45 | + 63 7'332 o 6 o 5 2732 | — 66 | —52°0
137450 ° 50 o 27 3007 | — 45 | + 1973
14657 | 12 78 8 51 3044 | — 48 | + 391 | Means o 10 272°5§ l ~ 685
15044 | 13 | 51 9 | 37 | 3053 | — 43 | + 46y
16491 o 4 ) 5 3077 | — 47 | + 666
Mecans 6 52 301°94 | — 4°55 Group 2059,
July 10661 o 21 o 11 267'5 | — 98 | —13'7
11°505 o} 3 o 2 204'3 —11°2 | — §'7
Group 2054. 127206 o o o o
13°458 16 91 9 g2 266°1 —10'1 | + 220
14'200 6 84 4 52 2663 | — 96 | + 3179
. 68 | —10° e 15'230 | 29 | 213 21 155 266°5 —100 | + 458
S L | b | e | TR T | s | s s | ey | Sioe | 1y
17°330 4 19 2 11 254'2 —11% 25°0 17°359 5 50 9 95 2662 | —1072 ! + 73
18212 9 30 6 20 259° — 80 | + 4173 . ] e
19356 | - 4 32 4 30 26009 | — g2 | 4+ g7° Mecans 7 65 26619 1013
Means 6 30 257'76 | —10'04
Group 2060.
. July 15230 o 11 o 17 150°2 + §6 | — 7505
Group zos5. 16°193 ) 13 o 12 1503 | + ¢8| ~ i§7'7
17°359 6 22 4 15 1508 | 4+ 62| — 41°8
18195 o o o o .
June 19°356 3 16 2 11 1634 | — 127 | + 39'8 19°'496 o 13 o 6 1499 | + 63| — 144
Means 2 11 1634 | — 127 Menns 1 10 150'30! + 5gf




50 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN’S DISK DEDUOED FROM PHOTOGRAPHS
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPR on the SUN'S DiS8K—continued.
Projected Aren for v Projected Area for .
Date. Area of Gr:up. Mean Mean Loxflg, itude Date. Achn.co% Group. Meun Mean me‘g itude
Greenwich Longitude| Latitude c mtml Greenwich -|Longitude | Latitude c rt;ml
P . entra. e ey M entra
Civil Time. |y W Vgl;gtl;e Umbra. Vgggé'e of (xr‘oup. of Group. Moridian. Civil Time. | yyop. \gggé.e Umbra, Vgl}')lgilso of Group. | of Group. Moridinn,
Group 2061. Group 2065.
1888. 4 ° ° ° | 1888, ° o °
July 29°534 e} 7 o 12 319'4 | — 45 | — 72'1 | Aug.25°487 o 23 o 12 330 + 75 | — 22
30477 o | 12 o |1z | 3198 | — 49 | =592 26'303 | o | 74 o | 37 32'3 | + 7§ 79
27271 | 22 90 12 48 32°9 + 76 21°3
Means o 12 319'60| — 470 28161 2 52 I 31 32°6 + 74 2'7
Means 3 32 3270 | + 7°§
Group 2062,
Group 2066.
Aug. r1y79 7 22 6 18 3050 | — §1 | — 515 . . . .
2465 ° 25 o 16 3048 | — 65| — 347 Aug.28161 o 48 o 229 | 2778 | — 5.5 - 82.1
29480 gg 259 53 3zg 2772 | 53 | — 65 3
Means : 17 04'90 | — 580 30°437 475 | 5 41 2760 | — 53 | — 5§53
[ 3 ' ! ‘ 3049 d 31423 | 87 | 634 | 55 | 403 | 2764 | —57 | —37'3
Sept. 1°504 | 79 | 648 | 46 | 373 | 2764 | — 55 | — 262
2201 57 535 | 31 287 | 2765 | — 57 | — 168
3592 | 67 | 530 34 | 274 | 2763 | — 57 | + 14
4426 | 6o 417 | 32 221 | 2764 | — 62 | 4 12°%
Gr 6 5381 50 315 | 28 180 | 2763 | — 62 | + 250
rony 2003 6627 | 30 179 | 21 124 | 2767 | — 68 | 4 41'9
7°498 18 121 15 105 276'8 | — 7°1 + 53§
| T 8203 | 23 112 27 130 | 2771 | — 72 + 631
Aug. 8397 g0 3 48 | 272 | — 83 | 4132 9'635 5 40 | 20 153 | 2767 | — 69 | + 816
9417 | 11 | 56 6 | 34 | 2758 | — 79 [ +282 ] , ,
10°409 2 o 2 2735 | — 80 | + 390 Means 33 248 | 27666 | — 608
Means 3 28 ’ 274'50! — 807
Group 2067.
G 64. ' i
roup 2004 Aug.30'437 | 16 73 13 | 359 18°3 — 106 | + 485
31°423 o 9 o] ‘ 12 206 — 88| 4+ 669
Aug.12'625 5 50 6 58 141°5 | — 3'0 | — 637 | Means l 6 i 35 19°45 | — 9'79
13402 | 10 58 8 49 142°3 | — 28 | — 526
14638 { 7 | 35 4| 22 1448 | — 2°3 | — 338
15629 9 28 5 15 145’5 | — 2°3 | — 200
16°406 o 42 o 21 144’3 | — 2°9 | — 109
17205 o o o ) .
18553 o 12 o 7 1451 | — 20 | 4 183 Group 2068,
19168 o o o o .
20°303 o o o o .
21°605 | 24 96 22 87 1422 | — 27 | + §5§°7
22439 | 9 | 49 11 64 | 1423 | — 30 | + 668 | Aug.31°423 5 19 2 1o | 3017 | — 33| — 120
Means 5 29 143°50| — 2°62 Means . l 2 10 3oy | — 33




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888. s1
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK—continued.
Projected Arxonfor : Projected Area for -
Date. Ar]m]. of Group. Mean Moan Longitudo Dato, Krﬂa‘x}) of Q ;_‘ oup. Moan Mean Longitude
. . . from . . . from
Greenwich Longitude| Latitude Contral Greenwich - Longitude| Latitude Contral
Civil Time. | gppra. \gggée Umbra. \gggé.e of Group. | of Group. Moridian. Oivil Time. {1 urn “S,i:g}f Umb ﬂvgggie of Group. | of Group. Moridian,
Group z069. Group 2073.
1888. , ° ° ° 1888. ° ° ¢
Sept 6627 9 40 6 30 1873 | — 10| — 475 | Oct. 257475 | 17 89 13 64 3546 | — 67 | + 443
7'498 13 43 8 27 1864 | — o2 | — 369 26"303 16 83 14 74 354°1 — 67 | + 547
8:203 z 33 10 19 1867 | + o3| — 273 27533 | 22 | 108 33 | 166 3534 | — 66 | + 702
9635 o o o o .
10°593 ) 6 ) 3 1826 | — o4 | + o'1 | Means 20 | 101 35403 | — 6°67
Means 5 16 185°75| — ©°33
Group 2070,
- - Group 2074.
Sept. 6627 | 13 64 | 25 117 | 1634 | —144 | — 71°%
7°498 | 16 8o | 18 91 | 1626 | —14'6 6oy
8203 | 17 86 | 13 77 | 16109 | —147 | — 521 | Nov. 61 6 6 6 ma | 8 9 | — tg°
. . ; . 94 9 | 396 ' 65 1373 | 95 + 109 599
9.635 15 6o 10 39 | 1622 —15'1 | — 32°9 7483 | o8 | 66o | 71 +§7 | 958 + 106 | — 4370
‘0_593 14 63 7 36 | 16574 —146 - 1771 8502 | 134 715 81 429+  95°2 + 102 | — 302
11°493 | 17 70| 10 38 | 16172 =155 | — 9% 9231 | 135 | 817 | 73 | 444 950 | + 106 | — 20'7
lz.391 45 192 25 105 | 161'g —154 | + 2°8 10202 | 100 | 689 51 350 952 + 105 | — 77
13443 | 14 118 8 67 | 1617 | —14'8 | + 168 11448 | 131 | 656 67 | 332 949 | + 103 | + 84
14.4.16 12 67 8 441 1647 | =146 | + 327 12168 | 106 | 662 57 | 383 95 + 100 | + 189
1g.5z7 o 12 o 11 | 1685 —15°3 | 4+ 51°2 13216 | 91 553 55 | 334 958 + 99| + 326
16201 o 2 o 2 | 168 —15'2 | + 601 14182 | 54 | 370 1z | 287 962 + 98 | + 457
) — 157246 | 34 | 227 33 | 220 96'3 | + 94| + 599
Means 1 57 | 16378 | —1493 16'220 5 | 116 10 | 209 963 | + 95| + 727
Means 55 | 340 95°63 | + 10135
Group 2071,
Sept.21°4.66 o 45 o 30| 3579 | — 57 | — 410
22°483 | 20 96 | 1n 54 08 | — 49 | — 247
23687 18 135 10 71 2’5 [ — 49 | — 711
24°340 | 33 131 17 67 36 | — 51 | + 26 Group z2075.
25332 19 123 10 65 44 | — 48 | +16%
26130 | 17 71 10 41 50 | — 48 | + 276 -
27°421 17 52 | 12 37 5 — 42 | 450 ]
28'298 o 22 o 21 4.'1 - :-3 + ‘;26 Nov.irgg8 | 19 | 110 36 | 209 138 | — 33 | — 7277
29°137 4 16 5 22 57 | — 36 | + 680 12°168 33 182 37 203 138 | — 26 | — 632
13216 | 58 | 336 | 44 | 255 1o | — 2| — 49
Means 8 ‘30| — g4 141182 | 55 | 372 [ 33 | 221 47 [ — 35 | =35
45 33 470 15246 | 36 | 342 30 | 187 150 | — 37 | — 214
162201 83 | 381 42 | 188 156 | — 36 | — 8o
15'486 66 342 34 | 176 lg'z - 4'46. I 3-3
18174 { 78 | 37 42 | 20! 1073 1 — 4 18°§
Group 207z. 19°204 62 | 282 37 171 168 | — 44 | + 3273
20474 | 45 | 235 35 | 183 1770 | — 46 | + 495
. 21214 | 31 156 32 | 162 1772 | — 46 [ + 594
Oct. 3430 o 10 o 22 1668 | —14'5 | — 7471 22210 | 11 93 20 | 167 17°3 | — 51 [ + 727
Means o 22 1668 | —14°5 Meuns 35 | 193 1564 — 3°97




52 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS, 1888.
AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DisK—concluded.
Projected Aren fo . Projected Area for -
Date. Area of Gfl"mp-r Mean Mean Longitude Date. A-TJW of Group. Mean Meonn Lox;utude
Greenwich o e Tongitude| Latitude Cfrt.:’m ) Greenwich Longitudo| Latitude C f:ml
AP entra. R . entra
Civil Time. Umbra. Vgggé? Umbra. Vé’}l}lg&a of Group. | of Group. Meridian, Civil Time. | rpprg. \gggz'e Umbra, Vé’ggée of Group. | of Group. Moridian,
Group 2076. Group 2078.
1888, a ° ° ° 1888, " o o °
Nov. 27°488 o 18 o 44 1609 | —12°2 | —74°2 | Dec. 15272 3 28 1 13 344'8 | — 67 | —1579
28185 | 19 | 201 24 | 249 160'g | —10'6 | —654 16242 | 15 | 106 8 54 3445 | — 66 | — 33
29287 | 59 | 454 | 48 | 379 159°s | —10°3 | —51°9 17°318 | 19 | 139 1o | 70 | 3445 | — 61 | +107
30182 | 103 | 614 68 | 405 1606 | —10'6 | —390 18196 | 15 | 101 9 55 3461 | — 69 | 4239
19496 | 16 | 184 11 124 346°5 — 68 | +41°4
Dec. 17431 | 98 | 600 53 | 322 161°8 | —11°3 | —21°3 20496 | 20 | 126 19 | 11§ 3487 | — 64 | +567
2°512 | 116 | 607 61 | 314 1€2°6 [ —11'8 | — 672 210197 | 15 | 123 18 | 151 3487 | — 54 | +660
3'513 | 101 | 477 §3 | 247 1643 | —122 | + 86 22°528 o 11 o 44 3479 | — 65 | +82°8
4’180 | 82 | 479 44 | 260 1643 | —12°4 | +17°4
5238 | 51 289 36 | 175§ 1648 | —12°6 | +31°9 | Means 10 78 34646 | — 643
6241 | 35 | 218 26 | 161 165'9 | —13'0 | +462
7496 | 17 81 20 95 1671 | —13°1 | +639
8200 11 71 19 120 1674 | —128 | +73°5
9'193 o 13 o 51 1637 | —102 | +8279
Means 35 | 217 163°34| —11°78
: Group z079.
Group 2077.
Dec. 9193 o 9 o 9 197 | — 37| — 611 | Dec. 30°545 o 9 o 7 196°4 | — 35°5 | + 36°8
Means o 9 197 | — 37 Means o 7 1964 | — 3575




ROYAL OBSERVATORY, GREENWICH.

TOTAL PROJECTED AREAS OF SUN SPOTS

FOR EACH DAY,

AND

MEAN AREAS AND MEAN HELIOGRAPHIC LATITUDE

OF

SUN SPOTS AND FACULA
FOR EACH ROTATION OF THE SUN,

AND FOR THE YEAR

1888.
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TOTAL PROJECTED AREAS OF UMBRZE, WHOLE SPoTs, AND FACULAE

TOTAL PROJECTED AREAS OF UMBR.ZE, WHOLE SPOTS, AND FACULZE UPON THE SUN'S DISK FOR EACH DAy
IN THE YEAR 1888.

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 Aren.

Projected Area.

Projected Arca.

Projected Arca.

((,F-'rgclzn"[x‘vich grei:n'}‘vich grean'ich o greflanl\‘vich _
ivil Time, Jivil Time, ivil Time, ivil Time,
Umbre. g{ﬁ_ﬁ Facule, Umbre. ‘gg‘;’tl: Facule, Umbrz. m?oot’: Facula Umbrae, g}l)l(;’tl: Facule.
d | a d d
Jan, 1's | 3% ‘! 200 | 128 | Feb, 232 81 493 | 218 ] April 155 o o o] June 63 ) o o
2°g 36 267 o 24'§ 33 380 | 257 164 (o] 11 49 7°4 e} o 153
3’5 49 306 o 252 54 282 o 17°§ 2 12 176 82 o o] 622
42| 62 378 | 129 262 | 19 207 34 184 o 16 | 127 92 | 22 125 | 595
55 | 31 261 o 272 | 53 312 o 195 o o 0 10'6 7 143 o
631 40 262 | 204 282 | 38 233 | 128 20'6 o o o 114 | 11 116 o
7'z | 27 207 89 29°2 4 58 | 556 21°§ 4 29 | 164 12°¢ | 11 153 0
82 27 147 521 22°2 1o 52 894 13°5 o 50 o
92 14 98 | 289 } March 14 o 15 179 23°3 12 57 | 848 147 | 12 78 o
103 | 20 152 | 1175 2°5 ) ) 44 243 | 26 132 | 308 15°1 | 31 131 | 356
11'3 | 32 176 { 1356 34 o o o 256 | 27 118 | 370 16°5 13 - 95 | 353
122 | 42 226 | 1297 42 o o| 296 265 18 103 | 1365 17°3 4 19 | 679
1331 50 229 | §44 53 o o] 1386 277 | 19 115 o 182 9 30 | 1425
143 | 41 255 ° 65 o o 0 281 ° 41 151 19°4 7 49 | 896
15°5 | 61 313 | 101 74 ) o o 292 1 313 ) 202 o o 414
162 | 40 324 | 267 83 e} o| 176 30°5 o o 88 211 o o 64
172 | 54 | 294 ] 314 93| 12 25 | 324 226 | o o o
183 | 34 259 | 155 1006 | 31 261 159 | May 14 o o o 23°4 ° o o
19'2 | 58 298 | 207 1z | 107 457 | 415 22 o o 242 246 | 10 53 o
20°5 | 41 295 | 364 12° 33 o o| 125 256 [ 12 143 | 101
21°2 | 31 183 | 767 132 | 61 434 35 45 o o| 253 262 | 13 136 | 484
22 144 | 70 442 0 5'4 o o 156 27'3 | 20 104 | 4806
235 4 19 o 15'5 | 68 421 | 200 6 . e 282 7 12§ | 3§22
244 | 7 27 54 162 | 65 370 | 623 7°6 o o o 294 5 24 | 435
255 o 16 o 172 | 66 398 | 982 85 o o o 308 o ol 177
262 o o| 123 182 | 353 291 | Q41 94 ° o o
27°5 ° o o 193 | 37 195 | 642 106 o o| 229 | July 13 o o o
285 o o o 20°2 15 81 395 116 | 26 111 234 25 o o] 19§
29°5 0 o o 21°§ o 39 | 10§ 12°4 | 65 292 | 187 36 o of 251
305 ° 7 o 22°2 8 71 27§ 13°5 | 135 763 | 483 4'4 o ol| 193
314 | 36 85 114 232 10 98 152 144 | 101 1061 646 5°6 o o| 275
245 o o 80 15°6 | 165 | 1072 o 62 6 52 | 114
Feb. 14 6 92 | 118 252 o 5| 707 16°3 | 216 | 1102 o 7’31 13 6o | 69z
2z 5 43| 338 2674 ° ol 1379 17°3 ) 175 858 | 470 85 o o] 151
32 o 27 364 27°2 o ol 47% 185 | 137 680 57 94 o} o| zo2
42 o o 0 286 o o| 107 192 | 133 643 | 727 10'7 o 21 o
56 o o 69 29°4 o ol 11§ 206 | 93 521 112 11°5 o 3 )
63 o o| 667 302 o o| 556 216 | 50 335 | 239 1272 o o o
7°2 o ol 498 31°2 o 11 | 249 22'2 | 42 225 | 1419 13'5 | 16 91 o
83 o 0! 540 23°4 6 68 | 314 14'2 6 84 o
93 o o 426 April 14 o 41 64 24°§ o o] 185 152 | 29 224 | 627
10°2 o o| 260 22 o 13 | 239 255 o o 44 162 | 15 169 | 713
113 o o o 34| 16 90 52 262 o ) 89 174 | 11 72 | 524
12°2 o o 193 476 o 37 o 27°§ e} o] o} 182 o] o] o}
13°3 o o 11§ 55 2 16 | 157 281 o o o 19°5 o 13 o
143 o o| 130 64 o o 97 29°6 o o o 20°7 o o o
15°1 o o| 329 7:6 o 0| 144 30°6 o o o 21°§ o o o
163 o o 341 87 o ) 435 31°4 o o o 22°% ) ° o
17°3 0 0| 405 93 o o] 189 23'4 © o o
182 11 68 | 454 10°4 o ° ol June 13 o o o 24°4 ° o o
19° 11°3 o o 249 2°5 ) o o 252 ° o o
205 | 46 418 | 256 12°3 o o| 710 3°5 o o| 315 2674 o o| 214
213 | 85 498 | 266 1375 o o] 418 46 o o o 274 o ol 207
222§ 71 5§73 51 14'§ ) o| 196 53 ) 0 o 286 o ol 174




UPON THE SUN'S DISK FOR EACH DAY IN THE YEAR 1888, 55
TOTAL PROJECTRD ARKEAS OF UMBRAE, WHOLE SPOoTS, AND FACUL.E—concluded,.
Projeoted Area. Projectod Area. Projectod Area. Projected Area.
CG.rqtlm'}v_ioh grqtlm’ I‘\:ioh e ((;r_re_clm'}\fich grmlm' i“:iUh
1V1 1ne. 1V} me. r vl mme. 2 1Vl nne. Ty
Umbrw. stl})ﬁl_: Faculw. Umbrre. gll)loot}: Faculw, Unibree. ‘:l})‘;’t}: Faoulw, iUmbrm. L‘;“f’tl: Faoulm
d d d q
July 295 o 71 216 | Sept. 54| 50 315 | 284 | Oct. 1475 o o 40 | Nov. 222 I 93 | 268
30°§ 0 12 | 238 66| 52 283 | 6o3 15'3 o ) o 232 o o| 102
31°3 o o 423 75 | 46 243 | 958 162 o o 52 24" . . .
821 43 231 | 950 17°1 o o 65 25" . . .
Aug 12 7 22 | I35 9'6 | 20 100 | 16o 18°6 o ) o 26° o ) o
25 o 25 96 106 | 14 70 o 195 o o o 27§ o 18 47
35 o o| 180 3 A 70 o 203 o o o 282 19 | 201 | 1346
44 o 0 o 12'4 | 35 192 o 21°6 0 o o 293 59 | 454 | 888
2'4. o o o 134 { 14 lcl;S 60 224 o o o 30z | 103 | 614 | 447
‘2 o o o 144 | 12 71 267 235 o o ) .
7' o] o] o] 155 o 12 703 24§ o] o I Dec. 2"; 1?2 ggg ;
84| 6 | ogo| 203 162 | o 2| 574 25'5 | 17 8 | o vl ror | arr | 1e
94 | 11 56 | 228 17°5 ) o| 307 26°3 | 16 83 | 113 ; 82 4 I‘H‘
10°4 o} 2 197 185 o] o (o] 27§ 22 108 271 ‘*_ . %9 9(5)
11°2 o o | 483 19°4 ¢} o o 28§ o 0 108 g.z 5 2,3 .
12'6 5 50 | 418 204 o o o 29°2 o o o vz ?,5, 281 454
134 10 58 | 405 21§ o 45 o 30°'3 o o o} éi l'l 71 ggé
146 7 35 o 22§ | 20 96 o 312 o o 84 92 o 22 | 269
156 9 28 o 237 | 18 138 o on ° o
164 o 42 o 243 | 33 131 121 | Nov. 13 o o o e o o 5‘:'
17°2 o o o 253 | 19 123 | 260 2°2 o o| 108 .5 5
186 o 12 o 260'1 17 71 123 32 o o| 128 123 ° © 23;
19°2 o o ) 27°4 | 17 52 | 224 42 o o| 116 :3: : g 90
20'3 o o o 283 o 22 281 52 o] o o l*_‘_ 2 o
21'6 | 24 96 | 312 29°1 4 16 | 184 63| 69 396 | 215 1()52 lg mg 75
22°4 9 49 | 366 30°§ o o 168 75 | 98 660 | 321 173 19| 139 °
232 ° ° 99 85 | 134 715 36 8 15 | 101 8
244 o o o | Oct. 1’5 o o] 192 9'2 | 135 817 o e 18 18 66
25°5 o 23 o 2'1 o o] 401 10°5 | 100 689 o zgf 20 ”‘é .
263 o 74 | 297 34 o 10 | 167 114 | 150 767 | 208 u.; s | 123 3;1
273 | 22 9o 71 42 o o 15 122 | 140 844 | 310 22 ° 0
282 2 100 67 54 o o| 3351 13°2 | 149 889 | 460 2"_2 ° o 7:
29°§ 48 259 549 65 o o 78 142 | 109 743 109 2::'1 o o 35
304 | 83 549 | 652 7' o o o 152 | 9o | 569 | 342 252 o sl 110
31'4 | 91 662 85 84 o o o 162 | &g 487 [ 189 "3 o ° 30
95| o o| 263 175 | 66 | 344 © 2t
Sept. 15 79 648 | 178 10°1 o o| 156 182 | 78 376 | 1o1 g "o " *
22| §7 535 43 113 ) o| 104 192 | 62 282 | 243 : z o Z Z
36 | 67 | 530 o 124 | © o o 205 | 45 | 235 | 599 2 . o
44| 6o 417 68 13°5 o ) 88 212 | 31 156 | 260 212 ° g o

|
|
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56 MEAN AREAS OF UMBRZE, WHOLE SPOTS, AND FACULAZ UPON THE SUN'S DISK ON PiHOTOGRAPIIS

MEAN AREAS of UMBR.E, WHOLE SPOTS, and FACULE upon the SUN'S8 DisK, as measured on PHOTOGRAPHS
taken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for each
ROTATION of the SUN, from 1887 December 26 to 1888 December 15.

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, add the Areas corrected for foreshortening being expressed (as in former
years) in millionths of the Sun’s visible hemisphere.

The rotations adopted in the following table (which is in continuation of those for the years 1873-1884, 1885,
1886, and 1887 printed in the Greenwich Observations for 1884, 1885, 1886, and 1887) correspond to the synodic
rotation of the Sun, and the commencement of each is defined by the coincidence of the assumed prime meridian
with the central meridian, the assumed prime meridian being that meridian which passed through the ascending
node at mean noon on January 1, 1854, and the assumed period of the Bun’s sidereal rotation being 2538 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 lascending node. The numeration of the rotations is in continuation of Carringlon’s
series (Observations of Suvlar Spots made al 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 GREEINWICH
CiviL TIME, reckoning from midnight.

Mean of Daily Areas. .
. No. of Doys ot
Rgzt(;.'tio:n. Date of CODI;’:&’;;’:EGHt of @h Pﬁgt;;hr::;)li].s Projected. Corrected for Foreshortening.
were taken.
Umbrx, | WholeSpots.] Faculm. Umbre. | Whole Spots.|  Faculw.
d
458 1887 December 2677 26 33 " 202 366 24 145 465
459 1888 January 23°11 27 3 14 205 3 15 255
460 February 1943 20 37 241 215 24 157 272
461 March 1777 27 5 37 279 5 34 314
462 April 1406 26 5 28 190 4 26 223
463 May 11°30 28 50 276 203 37 . 206 226
464 June 7'51 27 7 58 305 5 36 326
465 July 471 27 4 30 177 3 25 214
466 July 3191 27 4 28 130 3 20 158
467 August 2814 28 31 208 235 23 152 279
468 September 2442 27 2 11 120 1 8 143
469 October 21'70 27 51 304 120 34 206 135
470 November 1801 26 16 204 216 24 143 234

MEAN AREAS of UMBR.AZE, WHOLE SPOTS, and FACULAE upon the SUN'S DISK, as measured on PHOTOGRAPHS taken
at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DON, INDIA, and in MAURITIUS, for the YEAR 1888.

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 of Daily Areas.

No. of Days

Year. on which Projected. Corrected for Foreshortening.
Photographs were

taken. SR
Umbre, ‘Whole Spots. Faculwe. Umbrx, Whole Spots. Facule

1888 359 20 12§ 204 14 89 239




TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888, 57

MEAN HELIOGRAPHIC LATITUDE of the SroTs upon the SUN'S DISK, as measured on PHOTOGRAPHS taken at the
ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for each ROTATION of the
SUN, from 1887 December 26 to 1888 December 15.

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

The Heliographic Latitude of each Spot for cach day has been multiplied by its Area (corrected for fore-
shortening), and the sum of the products for Spols North of the Sun's Kquator has been divided by the sum of the
corresponding Areas to form Mean Heliographic Latitude of Spotted Area North of Equator; similarly for Spots
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 Kquator for all Spots, the numerical sum of the products, without regard to the sign of
the latitude, has been similarly divided.

The Mean Arecas have been formed by dividing the sum of the Daily Areas {(corrected for foreshortening) by
the number of days of observation for each Rotation of the Sun, and are expressed in millionths of the Sun's
visible hemisphere.

No. of Days Spots NorTH of the Equator. [ Spots SouTu of tho Equator. Mean Mean
No. Date of T . . .
of Commonoement on which v Moan i Mann Heliographio Distance from
alean ! can i ) i b
Rotation. of each Rotation. Photography of Daily eliographic of Daily Heliographio Latitude of entiro Equator
were takon. Aroas, Latitudo. Arcns, Latitude. Spotted Area: of all Spots,
d o o o o
458 | 1887 Dec. 2677 - 26 11 265 134 850 — 765 8-06
459 1888 Jan. 23711 27 o 15 510 — 5§10 5'10
460 Feb. 19745 26 66 2°99 91 466 — 146 3'96
461 Mar. 17'77 27 23 318 11 861 — o061 4'93
462 Apr. 1406 26 o 26 7°48 — 748 7°48
463 May 11°30 28 o 206 8-o1 — 8o1 8-01
464 June 751 27 15 475 22 615 - I'74 5'59
465 July 471 27 2 5'95 24 9'80 — 865 9'52
466 July 31°91 27 4 7°48 16 407 — 199 468
467 Aug. 2815 28 2 5'03 150 725 — 710 722
468 Sept. 24°42 27 o 195 8 562 — 558 560
469 Oct. 2170 27 141 10'20 65 407 + 572 827
470 Nov. 1801 26 ) 143 9'98 — 998 9'98

MEAN HELIOGRAPHIC LATITUDE of SPOTS upon the SUN'S DISK, ag measured on the PHOTOGRAPHS taken at the
RoYAL OBSERVATORY, GREENWICH, at DEHRA DON, INDIA, and in MAURITIUS, for the YEAR 1888,

Spots Nowri of the Equator. Spots SouTH of the Equator.
No. of I_)nys P 1 P ol the My r Mean IToliographic Mean Distance
YEAR. 1,?:;;::;:;’311 s - . . Latitude of entire | from Equator of
§ enn o Meoan Heliographic Mean of Mean Heliographio . N
wero taken. | 1y’ Aroga, Lusisude. Daily Arcas. Latitudo. Spottod Ares. all Spots,
2] -] o o
1888 358 20 7'10 69 7°46 — 427 7°39

NoTr.—In the computations for forming the corresponding Tables given in the Volwmes for 1884 and 188z
the latitudos of the Spots were only tuken to the nearest whole degree, the noxt higher whole degreo being adopted
whenever tho fractional part of the latitude amounted to or exceeded *5. Thus, under 8°, for example, would be
included all Spots-fromn 7°5 to 8°4, both inclusive ; and the corresponding mean latitudo should have been taken
as 7°95 instead of 8°. T'he Mean Heliographic Latitudos, therefore, both for Spots North and Spots South of the
Equator, and the Mean Distances from the lquator of all Spots, both for the rotations and for entire years, require
o correction of — o®05. The Mean Latitude of the entire Spotted Area requires the following correction :—

Mean Arean N, — Moun Area S,
X Moan Aren N. + Meun 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 1883, and in the corresponding Tables for 1886 and 1887,

— 0%03
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ROYAL OBSERVATORY, GREENWICH.

TOTAL PROJECTED AREAN
UMBRA, WHOLE SPOTS, AND FACULA

FOR EACH DAY,

AND

MEAN PROJECTED AREAS

FOR EACH ROTATION OF THE SUN

AXD
FOR EACH YEAR
FROM
1882 to 1885,
DEDUCED FROM THE MEASUREMENT

oF

SOLAR PHOTOGRAPHS
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TOTAL PROJECTED AREAS O" UMBRE, WIIOLE SPOTS3, AND FACULZE, UPON

TOTAL PROJECTED AREAS OF UMBRE, WHOLE SPOTS, AND FACULZE, UPON THE SUN'S DISK FOR EACH DAY
IN THE YEARS 1882, 1883, 1884, AND 1885.

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, reckoning
from Greenwich Mean Midnight.

Projected Area.

Projected Area.

Projected Area.

Projected Area.

g'rqeizrlrvyich g_re‘?}rvyich grqi%vyich ((z}_rqtlalarvyich
1vil lime. 1vil lime, 1V1. ime. 1V1 1me,
Umbrax. ‘g;ﬁ&t’ Facule. Umbrx. 2;)1;%3: Facula. Umhre. gg})ﬂ? Faculx Umbre. ‘:g})‘;i‘“
1882, 4 1882, 4 1882, 4 1882,
Jan, 12 53 | 241 | 1033 | Feb. 2r1° .. e -« | April 11°5 | 344 | 1635 | 2525 | June 1°3 | 125 | 676
22 831 339 | 348 22'4 | 192 | 695 | 1339 I2°1 | 195 | 1257 | 3224 2’3 | 123, 720
35 75 | 461 | 1073 23'3 58 | 449 | 1554 13'2 | 225 )} 2141 | 2628 34| 177 | 678
42| 40| 1981 971 24z | 61| 390 | 3038 14'5 | 666 | 3907 | 1659 45| 127 | 590
§2 | 1151 49z | 724 252 | 25| 259 | 798 15°3 | 383 | 3513 ) 26135 55| 961 448
62 | 134 | 709 | 595 26°5 22 | 135 | 652 16'5 | 615 | 5025 | 312 61 74 | 400
74| 119 713 | 1372 27'4 46 | 174 | 780 17°6 | 1388 | 6750 | 2861 75 41 | 264
82 42 353 | 1142 283 59 180 | 1091 185 | 1534 | 7638 | 3625 81 32 154
94| 23| 126 | 1914 192 | 638 2337 zg67 95| 78] 346
10° ‘e . . ; 20°4 | 1175 09 | 3629 102 59 | 313
- March ;1 gg zgg :g;g 214 | 1364 | 6892 | 2162 114 | 121 | 735
12° en ven ves 36 179 928 | 1671 22°2 489 | 3839 | 3130 12°4 211 947
13'5 | 114 | 701 | 1022 a5 | 263 | 1079 | 1453 235 | 183 | 862 | 2215 13'3 | 100 | 946
112 70 | 481 | 1480 2 | 144 | 815 | 1728 24'5 | 371 | 1836 | 3490 14°5 | 259 | 1531
152 82 | 360 | 1091 b2 | 123 '929 1513 252 | 100 | 793 | 2607 15's | 2Bo | 1553
162 73 | 394 | 1197 73 | 138 | 1004 | 937 264 74 | 459 | 1439 164 | 330 | 1755
17'2 59 | 358 | 1618 82 | 203 | 1240 | 1379 27°2 51| 597 { 2683 17°5 1 433 | 1843
182 52 | 300 | 2134 o3 | 246 | 1384 | 3749 286 | 118 | 462 | 1141 18- . .
19°3 41 480 1653 102 258 1363 5680 29° e oo 19°
202 74 | 5§06 | 1671 112 | 282 | 1686 | 4414 306 54 | 170 | 1295 204 | 138 | 963
21'5 | 161 | 559 | 1096 123 | 233 | 1592 | 3524 21'3 37| 620
224 58 444 | 3089 136 425 | 1835 | 1508 May 15 82 320 718 22°2 58 572
233 61 | 426 | 1768 144 | 418 | 1472 | 1888 25 | 109 | 613 | 2873 234 99 | 519
246 | 204 | 553 | 513 156 | 182 | 889 | 1010 36 | 210 730 | 1409 24'4 58 { 204
253 511 457 | 155 164 | 158 | 791 | 89s 43| 121 | 663 | 1581 25°5 52 { 263
263 60 | 570 | 1344 176 | 133 | 691 | s6o §°5 | 326 | 1102 | 2475 264 55 | 278
272 86 | 6or | 2988 185 | 176 798 362 65| 416 | 1565 [ 2518 275 | 276 | 896
284 | 169 | 887 | 284 195 | 160 8?8 ° 7'5 | 444 | 1848 | 3472 284 | 180 | 1609
29'2 | 101 | 661 | 1848 203 | 314 | 1596 | 493 84| 5141 2158 [ 3391 292 | 167 | 1408
30° e . 215 | 114 | 2250 | 2222 9'1 | 269 | 1961 | 3325 303 | 136 | 1431
3 224 | £37 | 2370 | 2457 105 | 593 | 2469 | 3933
235 | 496 | 2330 | 2170 11°5 | 481 | 2466 | 1304 | July 14 | 325 | 1545
Feb. 1'4 | 135 687 1125 244 | 253 | 1802 | 2379 12°6 | 589 | 3051 | 2860 2°5 | 207 | 894
22 96 734 | 2797 254 | 495 | 2028 | 752 134 | 8oz | 3269 | 3514 3'5 200 826
35| 129 | 650 | 2343 265 | 383 | 1904 | 2142 14’5 | 8o1 | 4009 | 2996 4 . .
42| 85| 636 2634 274 | 312 | 1031 | 2811 154 | 893 | 4169 | 3895 55| 134 | 525
52 79 | 533 | 2294 282 | 130 | 1082 | 2689 165 | 1197 | 4792 | 4113 6 - .
62 | 115 | 728 | 2041 292 | 113 | 817 | 1622 17°6 1 974 | 4927 | 6693 74| 36| 140
73 122 | 1166 | 569 3004 | 127 | 771 | 2210 184 | 87z | 5104 | 2760 81 17 70
83| 207 | 1498 | 1018 314 | zo1 262 | 4680 196 | 578 | 3731 | 1236 96 o o
9 e e .- 20°4 | 461 | 3114 | 1729 104 25 g1
10'5 | 249 | 1710 | 1359 21°5 | 586 | 2483 | 2746 11°3 39 | 219
s | 317 | 1499 | 2169 | April 14| 136 | 661 | 2551 22°1 | 203 | 1676 | 4178 12°5 | 110 | 5§15
125 | 368 | 1665 | 1787 2°6 92 | 585 | 1683 23°1 122 | 1136 | 3300 132 551 447
13°1 177 | 1291 | 3409 36| 131 549 | 1374 241 82 | 830 | 1433 14°5 168 [ 762
14’5 | 360} 1618 | 1182 451 213 | 894 | 4393 251 44 | 483 ) 2758 156 | 198 | 1247
155 | 348 | 1833 | 762 56| 1781 874 | 1918 265 77.1 270 | 1127 16's | 116 | 1023
164 | 295 | 1500 | 1720 66| 167 | 1070 | 3076 27'4 72 | 292 | 826 174 | 135 | 923
“176 | 307 | 1148 | 1069 7°3 | 285 | 1155 | 1489 281 52 | 298 | 1106 185 | 226 | 1157
18'5 | 206 | 1008 | 2366 84 | 277 | 1124 | 4936 29°5 98 | 479 | 1373 19°5 | 256 | 1084
19°6 | 120 | 553 | 80§ 9'5 | 147 | 734 | 3507 304 | 124 | 615 ) 362 205 | 209 | 1033
20°3 52 | 6o4 | 1584 10'1 87 591 | 3947 314 | 179 ] 711 585 21°5 200 | 1151

Fuculw.

1144
1058
1903
1739

874
1500
1098

750
2915
1130
2336
3745
1139

1797
1621

2892
5385

2127
1024
1053
1972
1644
1968

898
2865

963
1100
1982

5096

4203
2382
2857
2841
2550
2145
2628
2358
1303
1127
2019
2192
4643
3698
32135
2082
2220

2933
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THE SUN’S DISK FOR EACH DAY (N THE YRARS 1882, 1883, 1884, AND 1885, 6l
TorAL PROJECTED AREAS OF UMBRAI, WHOLE SPOTS, AND FACUL&E—cenlinued.

! Projected Aren, Projected Area. Projected Arca. Projocted Aren.
Greonwich ‘ e C(’}rclcn'ivioh L grqim}:'.ich ] (J(?‘r?len%\i'ich S
Civil Timo. r . ivil Tine. . ivil Timo. ’ Jiv me. '

v e ;Umbrm.l gll)i?t’]: il"nculu‘,. v Umbrwe, 2]3(‘:“:? Faculuw. Umbnwe. gpl:t)le Faculn, Umbnrw, ;\pl(l)(t’;? Faoulu,
1882, 1882, 1882, 1883. ,

July zzl'l P38 | 954 | 1647 | Sept. 2173 107 | 874 | 1206 | Nov. 204 | 756 | 4229 | 1840 | Jan. 182 | 234 | 2297 | 2112
236 | 185 | 972 | 2802 226 | 185 | 788 | 1896 21°5 | 528 | 3261 | 485 19'2 | 364 | 2121 | 766
244 | 171 773 | 4668 232 98 | 666 | 1265 223 | 367 | 3441 | 2575 20"
252 6o 343 | 1596 242 B4 1 417 | 1626 234 337 | 2853 | 2749 212 150 | 927 | 1202
264 81 | 302 | 2880 256 1 269 | 1995 | 1107 24°5 | 474 | 2158 | 2139 22°4 | 135 | 726 1897
274 59 [ 299 | 1726 260y | 428 | 1691 | 3146 254 | 478 | 1947 | 1997 234 74 | 390 | 582
282 o} 171 | 1228 27'4 | 510 | 2294 | 3381 26°5 | 363 | 16065 160&3 24
2974 34 | 399 | 2441 284 1 732 1 2712 | 3583 27°5 | 453 | 2079 1368 25" o
30’ 29°2 527 1 3147 | 2264 285 550 | 2292 | 3236 267y 93 | 464 | 2908
%1'; b8 017 | 2021 30°¢4 778 %69+ 1067 292 275 | 1808 | 3110 272 69 515 | 1004
. " " 303 | 131 | 1533 | 2959 282 | 57| 405 | 2376

Aug. 1. ...8 | Oet. 151 27 | 3048 | 1170 29'2 9o | soz l§z7

z'g 200 20 '9;2 26 | 854 | 3561 | 2646 | Dec. 12 132 | 1161 | 1600 30°4 83 1 514 ] 899
1.5 ';i &3 f;;g 34| 878 | 3121 | 2713 22| 43| 352 | 1851 svg | 55| o295 | 324
/- - : 5 ¢ 78 "2 2 [ 278

. 41 450 | 2033 ) 177 3 4 9 TAKI I

;_ o 81 5'3 ) 300 | 1805 | 1673 44 o o | 1486 [ Feb. re | o124 | 576 | 1141
:,5 3O 271043 61 260 | 1107 | 1934 52 o 44 | 1108 2°2 123 gsz 1913
b6 1 ol il gae 751 45| 269 | 980 b2 71 89| 705 4| 147 | 846 | 1243
‘S_G _o 15 ZZS,Z zlk-g 28 85 | 2419 72 31 117 | 1138 45 157 782 263
9,6 521 200 9h7 94 7 18 | 1843 82 36 | 172 | 792 56 | 186 { 816 | 648
10.2 ?9 626 1985 10°2 17 116 | 89y 9'3 121 568 [ 1112 65 | 292 | 1235 | 2409
e 2312 ; 2213 112 22 147 | 1oo7 102 97 | 660 | 933 72 | 222 | 1497 | 4074
:f_“‘ 237 3655 12°2 34 259 | 1584 112 78 747 | 1538 82 190 | 15§35 | 2509
2, [P D R 134 | 115 | §I19 | 1579 123 | 119 | 818 | 1100 9's | 373 | 2234 | 1744
s | 138 648 ) 127 193 | 92 | 783 | 2164 134 144 | 745 | 1044 102 | 229 | 1929 | 1451
lgg 132 54 nog 15°2 130 | 849 | 2006 143 40 | 6o7 76 s 288 1777 1 974
! . +2 271 73 1672 118 | 1165 | 2523 15°3 51 735 ) 1283 1272 204 | 1856 | 1183
172 : 199 1 1975 17°3 | 250 | 1204 | 716 162 78 | 722 | 2186 13°4 | 307 | 2154 | 2220
'8.‘ 62 | 326 | 1339 183 | 273 | 1786 | 751 172 | 61 | 623 | 1851 142 | 211 | 1943 | 2639
19’ - 19°'3 | 264 | 1855 | 965 182 76 | 704 | 1131 15'2 | 202 | 2178 | 2191
20'5 338 1263 4584 20'5 | 323 | 2165 | 1495 19°5 106 | 473 | 630 166 | 382 | 1677 1388
ra J'?;;x oot 378 212 | 338 1745 | 1469 2004 ¢ 58| 393 | 1069 173 | 240 | 1499 | 2498
224 4 2305 '712 226 | 369 | 1934 | 2548 21°g ! 52 | 229 | 2482 1872 195 | 1224 | 3316
238 | 458 ) 2254 1 179 23'5 | 762 | 2988 | 3279 225 | 77| 304 | 1150 192 | 122 | 119 | 1795
24'6 312 ) 1813 8;32 24'2 | 391 | 2653 | 51035 235 i 38 122 o 20'2 93 | 644 | 2088
zg. 331 1457 8" 25'5 | 587 | 3032 | 1997 242 23 | z42 | 1134 21°2 56 | 445 | 2928
2 .4' 2 7 1133 24Gb 265 657 2914 z+96 25'2 i %7 14.2 18%8 2272 4'3 365 1713
A 123 943 1303 273 | 452 | 2554 | 3476 263 41 24y | 823 23 of of 212

. 282 | 373 | 2541 | 2208 27'2 | 48| 22 1770 24°2 o 55 | 920
29,"6’ 158 | 616 | 1075 296 719 3174 | 304 282 ] 64| 388 1756 252 9 63 | 1871
3 431 3391 1173 302 | 458 | 2567 | 1239 29°3 | 88 | 431 | 2863 26°g 69 | 318 | 1264
34 21 185 | 2031 314 | 611 | 2714 | 2909 3oz ' 196 8oz | 3310 276 53 372 733

Sept. 1'3 58 | 267 | 2230 31'z ' 303 | 1401 | 4070 285 55| 316 753
2 11| 12 1723 { Nov. 16 | 3509 1 2161 | 2 ‘

3'2 ;36 12%2 1;1; 2°4 io(x) 1864 zgg; 1883, ‘ March 12 16 221 268
45| 405 | 1667 | 1568 34| 224 | 1473 [ 1687 | Jan, 1’2 360 | 2020 | 4367 2°0 32 88 | 692
53 | 775 | 2997 | 1000 44| 253 | 1568 | 1667 24, 644 | 2758 | 1337 3'S ° 38 | 250
65 399 | 2118 | 2471 52 338 | 1663 | 32350 32 385 [ 2475 | 2549 45 o 20 | 1365
7'4 | 404 | 1416 | 1286 641 295 | 1828 | 2278 42, 331 | 2363 | 2448 55 o} o | 1029
84| 1701 698 ) 1341 7'z | 300 ) 1663 | 5679 §'2 . 354 | 2196 | 2020 64 o o | 940
9'5 133 514 | 2591 86| 461 | 1996 | 2358 65 300 | 1500 | 1073 7'5 27 125 595
10° 94 | 449 | 2230 | 1759 7°2 | 145 | 1014 zoBé 86 37| 255 1262
11°4 27 247 | 2981 10°6 §34 | 1571 | 1351 84 3 337 558 9'¢ 86 184 | 2111
12°§ 42 | 239 | 3452 11°5 | 594 | 2421 { 2101 94 82 | 329 | 1357 104 28 | 360 | 2189
13°5 84 | 482 | 13069 122 | 294 | 1888 | 1993 1003, 106 | 713 | 2984 Iy
14 13'2 | 483 | 2307 | 1820 11z, 102 | 629 | 2280 12°6 72 819 | 1621
154 194 | 1055 | 2036 142 | 609 | 2887 | 1662 1272 134 | 803 | 2805 13°4 189 | 1044 | 1197
162 85| 926 | 1934 15'2 | 807 | 3342 | 2445 132 177 | 1267 | 2042 14°2 122 | 976 | 1390
17 16°1 873 | 4005 | 1503 142 248 | 1631 | 2571 1574 196 | 923 453
18'4 | 3411 1468 | 1399 173 784 | 4640 | 2507 15°% 284 | 1630 72 19:5 lzé ngz 2241
19'1 162 | 1134 | 3959 185 | 1649 | 5422 | 3129 166 | 400 | 2439 1436 174 h6 1167 ZOZ;()
20'4 216 | 958 779 19°'6 | 1324 | 5370 | 1478 1772 239 | 2342 | 2517 182 13 1301 | 2383
GREENWIOH ODBSERVATIONS, 18HY. b



62 TOTAL PROJECTED AREAS OF UMBRA, WHOLE SPOTS, AND FACUL.AE, UPON
TOTAL PROJECTED AREAS OF UMBRZE, WHOLE SPOT8, AND FACULE—continued.
Projected Area. || Projected Area. L\ Projected Avea. Projecteld Arven.
gr_rq?n;r.ich grt_afn;v‘.ich qu?fn';‘v'l;glé ; ‘: i “-’f"v}‘-'-ic}" .
ivil Time. ivil Time. ivil Time. Jivil Time.
Umbre. g;lootl: Facule, Umbre. g{)}(l)(t;l: Faculw, Umbrae.t gil)(t:};e Faculw,. Umbrx ;‘;}:féiu Faculw,
1883. 1883. , 1883. 1883, ,
March 192 133 | 1083 | 1792 | May 165 181 | 948 | s40 | July 134! 3641|2648 | 1903 | Sept. g6 1 308 | 1671 | 1079
202 | 126 | 1195 | 1574 174 | 246 | 1099 | 307 14 1o | 275 | 1666 | 1291
21°2 | 125 | 1246 | 1251 185 | 137 | 777 | 417 1575 | 470 | 2532 | 1527 11
226 | 259 | 1738 | 1457 19's | 113 | 684} 686 162 | 256 { 2116 | 997 12°5 | 429 | 2355 | 2832
235§ 238 | 1711 339 20'1 66 | 456 [ 2795 17" 13°5 517 | 2698 | 1861
24§ 283 | 1978 290- 214 30 160 | 1082 18 144 597 | 3027 | 2258
256 | 197 | 1231 | 763 22°4 o 12 | 542 196 | 623 | 3841 | 5326 15°5 | 616 | 2929 | 118
265 158 | 1137 | 1314 234 18 109 | 316 202 | 434 | 3849 | 3292 16°5 572 | 2621 589
27°4 51| 743 | 8oo 24°5 ° 48 | 1395 21°5 | 638 | 4358 | 3569 174 | 418 | 2353 | 665
284 | 144 | 967 | 647 25 o 36 { 93 22 185 | 349 | 1879 | 2811
294 169 | 1374 | 1556 26 23 19°5 174 | 1351 | 2325
302 | 241 | 1562 | 2382 276 o o 68 24'4 | 783 | 5053 | 4269 203 154 | 1031 792
316 { 289 | 1640 | 2746 284 o o[ 156 256 | 752 | 4548 | 2036 212 105 { 624 | 636
29°4 o 8| 231 26°4 | 508 | 2710 | 1167 223 73 | 610 | 1438
30°6 9 31 58 274 | 544 | 2917 | 1090 23°5 70| 302 { 1300
April 15| 287 | 1929 | 304 314 26 | 185 167 284 | 456 | 2560 | 1892 240 o o 1382
24 | 328 | 2065 | 641 29'4 { 307 | 1695 | 2085 254 o o| 667
3'4 | 351 | 2203 | 1150 30° 266 o 48 | 444
41| 319 1823 | 1264 | June 14| 104 | 482 257 31°5 | 207 | 1393 | 827 274 19 8o | &o8
56 | 405 | 2403 | 2331 2°5 | 399 | 2024 | 1309 2874 42 | 226 542
64| 347 | 2546 | 1703 34 | . 385 | 2349 | 1795 294 | 33| 256 | 983
75| 138 | 1359 | 551 44| 470 | 2956 | 690 | Aug. 14 83| 564 | 986 301 319 | 274 | 764
86| 234 | 1214 | 760 5'4 | 340 | 2199 | 180 22 39 | 279 | 1622
94 | 200 | 1125 | 1745 6°4 | 227 | 1743 | 1204 36 20 91 | 274
106 | 136 | 847 | 1183 7°1 150 | 1355 | 1614 4 <. | Oct. '3 28 1 227 | 592
11 75 529 | 1332 86| 227 | 1103 566 5 2'6 68 536 | 1193
124 | 288 | 1507 | 1084 94 64 | 748 o 6 33 90| 520 g36
13°3 321 | 2550 | 2910 101 48 | 492 | 10061 74 40 191 | 1347 43 93 677 | 644
142 | 391 | 3339 | 4858 111 28 | 474 | 860 83 95 | 1119 | 5201 55 150 | 663 | g82
15 12°§ 87 | 724 | 966 94 31 315 | 1100 65 180 | 922 | 1602
16°5 1 551 | 2g71 | 1039 1374 | 111 | 1169 | 571 10°4 39 i 576 | z100 73 186 | 1126 | 1662
17°1 | 421 | 3331 | 1219 145 174 | 1315 | 1029 ity | 114 | 657 | So4 81 279 | 1436 | 1927
184 | 274 | 3432 | 591 154 | 74| 998 | 1487 12°5 | 136 | 825 | 547 9'3 | 308 | 2190 | 2145
19°1 369 | 2970 | 1349 1675 70 | 681 576 13°4 139 818 | 1093 10°§ 677 1 3585 | 2548
20:5 | 165 | 1632 o 17°4 88 | G670 | 830 144 | 122 { 798 | 1038 112 | 343 { 3926 | 2191
21°4 | 222 | 1402 o 186 | 197 | 1132 | 731 154 84 | 482 | 1595 12'2 | 628 | 4171 | 2001
224 | 138 | 1337 | 715 19°2 111 | 1119 | 2480 1675 118 | 513 | 4256 13°4 | 1091 | 5399 | 2121
236 117 | 677 | 1410 206 | 358 | 2040 | 1161 17°1 70 | Goo | 3469 145 1 1509 | 7382 | 3559
24'6 | 104 | 431 | 1284 214 | 497 | 2572 | 1662 184 1 125 | 666 } 4043 154 | 1145 | 6142 | 4012
25°5 207 816 | 1145 2272 308 | 2731 | 1907 194 78 504 | 1410 C16 701 | 4546 | 2750
26'4 | 120 | 704 | 1100 234 | 496 | 3021 [ 2066 204 70 | 394 | 366 17°4 | 499 | 3335 | 5357
27°2 92 482 | 1330 24°2 231 | 3605 | zo014 214 88 629 851 184 376 | 2601 | 1683
282 102 | 520 | 926 25'6 | 434 | 2895 | 1830 22°4 86 | 870 | 1177 19'3 358 | 2555 | 2455
29°1 121 | 496 | 2270 264 | 392 | 3020 | 977 234 175 | 1048 | 1590 205 370 | 2355 | 1056
30°;5 49 313 505 27°4 590 | 3798 | 1339 244 172 | 1119 504 215 386 | 2105 870
284 | 664 | 4429 | 1589 | - 254 | 182 | 1004 | 2874 22°§ 321 | 1692 | 1611
29°4 | 1003 | 5089 517 2675 244 | 1196 425 232 214 | 1338 | 2544
May 14 35 1 297 | 791 304 | 925 | 5296 | 2¥8 27°4 | 155 | 1224 | 704 243 | 173 | 967 | 3003
2’2 42 208 | 2172 284 503 | 1762 308 254 125 | 1273 | 1209
34 10| 192 | 754 | 29° | ... 263 132 | 1497 | 1740
45 14 139 | 296 | July 14 | 766 | 4111 181 305 | 447 | 2728 | 1039 275 | 271 | 2057 | 1266
5°5 17 142 729 2'J 468 } 3826 | 3029 31'3 | 480 [ 3057 { 1554 286 315 )} 2147 | 1805
64 20 | 169 { 1671 32 | 472 | 3336 | 1790 296 | 361 | 2209 | 1693
7°1 38 337 | 2209 4°5 soo | 2856 | 1085 30°3 396 | 1531 | 2800
81 88 | 493 | 1145 54 | 411 | 2228 | 1184 | Sept. 14 | 546 | 3194 [ 382 31°3 | 401 | 2648 | 2842
9'1 124 | 828 | 1540 64| 313 | 1669 | 1093 2
10°1 103 | 789 | 1564 75 147 | 1473 | 603 34 | 632 | 3381 986
114 | 173 | 1025 | 1216 8 +4 | 514 ) 3072 | 1455 § Nov.  1°3 | 302 | 2495 | 2470
12°2 169 | 932 | 3898 96 152 | 1201 792 55 | 472 | 2830 | 1141 23 245 | 1990 | 3435
135 | 192 | 1267 | 697 106 | 236 | 1485 | 696 6 32 | 312 | 1936 | 2975
142 | 89 [ 1207 | 1607 1eg | 316 | 1993 | 2437 71| 269 | 1879 | 245 +3 | 304 | 1832 | 4549
15°4 187 918 603 12°3 209 | 2090 | 1701 85 334 | 1823 | 2072 34 339 | 1811 | 2132




THE SUN'S DISK FOR BACH DAY IN THE YEARS 1882, 1883, 1834, AND 1885, 63
TOoTAL PROJECTED AREAS OF UUMBR/E, WHOLE SPOTS, AND FACULA—continued.
Projected Area. ! Projected Area. Projooted Area. ! Projocted Area.
((_itq;mljv!ich b(:_iro]onlvich' f (sirolen{vioh C(z‘_rn‘:_);aua\'.iulx !
Jivil Time. Civil Time, | , divil Time. . ivil Time. .
Umbrm. m},‘&l; Taculo, lUmhrm. ;\) ,](1)?:0 TFaculw, Umbrw, ;‘\pl:t,i( Faoula, EUmbrm.l m:;;“ Faculi,
| \
1883. ! 1884. 1884. 1884. 4 \
Nov. 63| 253 | 1568 | 2708 | Jan. 44 75 1 961 | 2157 § March 2°6 | 373 | 2377 | 2195 | May 13 184 | 2095 | 1353.
72 149 | 1152 | 2534 53 147 | 1643 | 3053 3'3 | 230 | 2152 | 1906 24 | 168 | 1208 | 1333
82 98 | 723 | 2273 62 | 24z | 2515 | 2963 4 36 29 ; 886 | 134
9's 164 | 1156 | 1183 7°2 388 | 3406 | 3197 55 349 | 2039 | 2362 475 39 . 641 367
10°§ 383 1 1830 | 1380 83 348 | 3633 | 3445 63 187 | zo21 | 1683 54 o | 846 | 238
e 93 | 337 | 3531 | 2210 75 | 299 | 1691 | 1237 64 27( 589 | 393
12°5 | 5§24 | 2441 | 1400 103 | 425 | 4240 | 1840 8 72 54 1 642 | 2493
13°5 | 382 | 3094 | 654 1es b 7810 4351 L 566 9'5 | 306 | 2132 | 793 83 35| 299 | 1351
146 | 6oo | 3584 | Gog 12°5 | 411 ] 3302 | 959 106 | 315 | 2266 | 1052 9’3 94 | 974 | 457
156 | 897 | 4701 | 1516 132 1 461 | 2713 | 3319 11°2 183 | 1994 | 2276 10
1672 591 | 4543 | 2291 143 163 1 1944 | 2321 126 | 288 | 1616 | 316 11°2 | 323 | 2328 | 1848
17°5§ 805 | 4523 944 15°2 232 | 1778 | 2401 13 123 279 | 2344 | 198%
18°2 548 | 4188 | 1882 16 146 | 234 | 1762 91§ 13°2 316 | 2020 | 1412
19'§ 651 | yo50 | 3635 17°3 279 | 2303 | 4739 15°5 | 423 | 2077 | 1233 143 292 | 1847 | 823
204 | 560 | 3864 | 3096 184 | 330 | 2326 | 3502 164 | 316 1 2366 | 670 13°3 | 245 | 1597 | 1410
214 | 447 | 2760 | 1663 19°3 | 278 | 2164 | 2967 1775 | 376 | 2146 | 1097 163 | 122 | 1542 | 2725
22'4 | 402 | 2705 | 1304 20°5 | 42§ | 2272 | 4490 184 | 348 2318 | 2551 17°3 227 | 1687 | 2769
235 | 317 | 2562 | 3309 2104 | 311 2215 | g6o 19°6 | 338 ) 2251 | 1374 1841 292 | 1712 | 1866
244 | 233 | 2209 | 2046 22'3 220 | 1894 | 20606 204 | 320 | 2172 | 1229 19°3 316 | 2014 | 3309
252 132 1574 | 1849 23°1 229 L1574 | 2241 21°5 | 335 | 1839 | 2096 20°
26°5 173 908 | 1933 24°§ 239 | 1345 825 222 315 | 1949 | 3150 21'3 282 | 13591 | 2048
27°5 | 142 | 854 | 904 254 | 189 | 1574 | 1607 236 | 289 | 1785 | 1327 22°3 | 314 | 1793 | 2270
285 154 | 803 | 1225 26¢ 24'3{ 225 | 1739 | 2326 23 300 | 1797 | 1768
294 | 149 | 891 | 700 27°5 | 430 | 1844 | 7019 26°3 | 288 | 1562 | 1964 246 | 204 | 1803 | 260
30'3 176 | 1236 | 2406 285 498 | 2618 | z219g% 263 203 | 1291 | 2568 25°1 357 | 1989 | 1530
294 278 | 2128 | 3248 27°3 178 | 978 | 2027 262 280 | 1953 | 2062
303 252 | 2243 | 1958 283 116 815 | 2505 27°1 361 | 1952 | 3277
Dec. 1 31°3 | 269 | 2668 | 3528 293 66 | 712 | 2898 283 | 375 1 2395 | 2581
22 107 | 717 | 2086 302 42| 509 ] 1418 29'z | 397 | 2363 | 1734
3° 313 54 | 614 { 2916 306 113 | 1832 | 1484
44 29 | 207 | 84z | ob. 14| 515 | 3287 | 4176 31'2 | 202 | 1942 | 1873
55 o G | 1205 2'3 317 | 2783 | 1801
65 14| 180 | 597 3 w. pApril 13 129 | 810 | 2439 | June 12 229 | 1831 [ 1789
7'6 73 | 400 | 1270 45 580 | 3189 | 1068 24 | 222 | 2177 | 755 2
83 78 | 620 | 1537 52 | 315 | 2713 | 1609 12 | 562 | 3331 | 2969 32 186 | 1402 | 3193
92 85| 764 | 1299 62 333 | 2082 | 2342 451 415 | 3907 | 1676 43 120 | 1241 | 2369
103 | 147 | 1314 | 1426 74| 309 | 2368 | 2199 541 499 | 4047 | 5055 5
11°5 | 480 | 2219 | 2705 B3| 264 | 1858 | 1983 62 | 467 | 3474 | 3588 62| 238 | 1288 | 1024
12'3 | 295 | 1942 | 3210 9z | 165 | 1498 | 3260 73 | 279 | 2426 | 1057 772 | 198 | 1137 | 827
13°5 | 393 | 2464 | 2317 105 | 312 | 1735 | 4233 831 310 | 2385 | 3645 8 -
14°3 | 260 ; 1883 | 1408 114 | 30z | 1604 | 4469 96 | 279 | 2034 | o7 9
15°5 170 1 1156 | 597 126 | 240 | 1521 | 973 106 | 261 | 2091 838 10°
16°5 165 | 1045 557 134 | 314 | 1862 | 3460 11°3 | 335 | 2302 | 2765 1174 58 525 | 1094
17'3 [ 125 | 1185 | 3223 14'6 | 3580 | 2478 | 3003 12* 12°§ 95 | 614 | 488
183 97 | 782 | 2048 15°5 | 453 | 2577 | 2404 139 | 108 | 1255 | 2423 131 95 | 592 | 1298
19°3 | 115 | 1026 | 4653 160 | 416 | 2246 | 2388 14°3 86 | 864 | 3191 14'6 7| 6oz | 703
20°3 | 164 | 1728 | 5646 1y 15°3 97 | 716 | 2884 15°4 | 103 | 594 s§o1
205 | 384 | 2751 | 2631 184 | 397 | 2263 | 4002 160 | 105 | 764 | 1817 16°6 61 561 o
22°3 371 | 3721 | 20666 19° 17°3 187 920 558 17" .
23'2 | 568 | 4467 | 2749 205 | 289 | 1868 | 2139 183 | 184 | 1275 | 2830 18°
24'3 | 545 | 4401 | 1520 215 | 196 { 1606 | 192 L1951 157 | 1696 | 1166 19° .
25°2 | 547 | 4778 | 1998 223 150 | 1626 | 1331 202 | 202 | 1892 | 2826 20°6 64 | 566 o
262 730 | 4348 | 2229 234 | 231 | 1455 | 1695 z1°g 186 | 1476 | g30 21°3 43 32§ o
272 | 587 | 3659 | 2145 24°5 | 225 | 1576 | 3619 226 | 319 | 2135 | 390 22'1 s1| 552 | 871
282 | 518 ] 2927 | 2606 25°5 | 289 ) 1364 | 3735 234 ] 251 ) 2811 | 1018 234 39| 362 o
29'2 | 402 | 2523 | 3946 265 1 360 | 1853 | 3980 24'4 | 370 | 2801 803 24'§ 18 | 213 149
27°2 | 205 | 1543 { 2529 2§°3 str | 2695 | 2662 256 16 | 300 )
28 26°5 | 450 | 2045 | 172 26°5 o] 366 330
1884. 296 422 | 2460 | 3726 272 440 | 2918 | 168q 27°% 49 538 799
Jan N . 28 284 72 627 135
22 87 | 820 ( 3208 29'5 | 233 | 2443 | 191 29°¢4 85 [ 846 [ 394
31 66 | 773 | 2009 | March 14 | 305 | 2469 | 4539 304 | 141 | 2322 7 30°5 | 165 | 1287 | 1239

ct



4 TOoTAL PROJECTED AREAS OF UMBRA, WHOLE SPoTs, AND FACULA, UPON
TOTAL PROJECTED AREAS OF UMBRAZ, WHOLE SPOTS, AND FACQULAE—continied.,
Projected Area. Projected Area. 1 P’rojected Aren. Projected Area.

C(%n‘alen;'_ich ‘ J_%rglenrlvxich . e ((::rc.:{mr\:_ich _ o o ((jn',-len’i‘v_icll L .

1Vi 1ime. 1Vl ime. L1V1 me, s1v1 mnne.
Umbrea. Qg;g:? Faculw. Umbra. ;Vp} :;? Faculw. Umbra. z\;}:)(::’e Facnla:, Umbru, g‘;}l‘lﬁ_]’u Foculi.
|
1884. 1884. 1884. 1884. ‘

July 1 Aug. 3o Oct. 27'4 | 286 | 2104 | 1035 | Dec. 243 | 266 | 1901 | 1556
2 3r 283 255 | 1872 | 1697 252 283 | 2331 | 2799
33 156 | 1356 | 1613 29'6 | 332 | 1876 | 468 263 | 250 | 1819 | 1387
42 | 417 | 2457 | 1713 304 | 267 | 1701 895 27'2 200 | 1838 | 2601
54 | 259 | 2061 | 2537 | Sept. 1 . 314 | 293 | 1621 | 2665 282 | 253§ 1512 | 2097
6 24 o| 205 | 393 29'2 | 17} | 1227 | 1700
7 14 o| 127 | 1139 j0'z | 112 | 925 [ 2174
83 70 584 1 1260 4z 9 101 | 1412 | Nov. 1'2 | 266 | 1341 | 3706 31°3 72 | 734 | 1968
92 115 620 | 1333 54 e} 41 555 2'2 86 | 656 | 2388
10°2 56 | 474 | 1509 63 21 282 | 1113 34 34 | 244 | 827
11°2 49 | 374 | 1106 77 125 560 | 2157 46 30 197 | 771 1885,
12°3 136 | 635 | 1504 84 81 636 | 1107 54 18 116 | 2173 | Jan. 1'2 36 | 434 | 1750
13 92 115 | 1061 | 1384 63 21 110 | 1675 23 58 1 339 | 2980
14 10°§ 196 | 1634 | 1723 74 8 40 542 312 118 488 | 1740
15° 11°§ 288 | 1927 | 2144 85 o o 783 42 83 454 | 3803
16 12°4 | 473 | 2503 | 1702 9'2 o 15 | 2785 52 40 | 525 [ 1915
17 13°4 | 498 | 2804 | 1060 10°5 96 | 640 | 1179 6 5 125 o
18- 14 11°3 167 | 1078 | 2605 7°5 o 70 o
19°2 19 | 310 | 1649 15°4 | 492z | 2937 | 1462 12°3 189 | 1269 | 2978 85 o 59 o
2074 44 | 296 | 1450 16'5 | 340 | 2383 | 1903 132 157 | 11o1 | 2826 9'3 ) 35 41
21" 17 429 | 2415 | 3308 145 73 | 778 | 322 10°3 4 40 | 1917
22° 184 | 348 | 1763 | 1488 15°5 26 | 313 o - .
23 19°6 | 293 | 1848 | 944 162 38 1 254 | 1995 12°3 1 99 | 1943
244 111 704 | 1118 204 | 297 | 1925 | 1443 17 17 176 | 1150 13°5 46 167 | 945
25§ 124 | 682 | 612 214 ] 248 | 1806 | 1714 1843 30 ] 213 | 2633 142 30| 161 | 1716
26°¢ 124 | 856 | 1171 22°§ 300 | 1980 | 1459 19°5 80 | 417 | 1049 15°2 36 104 | 2372
272 96 | 743 | 1140 23 309 | 1932 | 177§ 20°3 64 | 724 | 3078 1673 18 145 | 1007
28° 246 | 232 | 1705 | 1289 21°3 132 | 713 | 1661 1772 27 262 | 1238
29" 255 | 304 { 2098 | 1091 2272 113 | 834 | 116) 182 40 | 475 | 2650
30° 26° 232 134 996 | 1623 19°
314 153 { £270 | 1132 272 264 | 1652 | 2886 24°3 141 { 1216 | 884 20°2 350 ( 2019 | 2211

28 253 168 | 1052 | 1385 212 313 | 2223 | 3328
2g° 263 98 | 959 | 2584 222 | 32z | 1890 | 3073

Aug. 14| 289 2259 | 1790 30°% 259 | 1568 | 1497 27" 23'4 | 224 | 1855 724
2°4 | 297 | 1996 | 1557 283 98 | 7or | 2847 242 | 282 | 1289 | 1874
36| 363 | 1842 | 1118 29°g 102 581 832 25°3 148 | 923 220
$°3 | 244 | 1954 | 624 | Oct. I 30° 26'2 | 165 | 1090 | 2660
5°3 68 | 822 | 1234 2'4 | 265 | 1602 | 1838 275 165 | 1191 705
65 56 | 550 | 1273 35 | 367 | 2042 | 2088 _ 282 | 224 | 1398 | 2311
7°5 28 | 332 | 554 4'¢ | 326 | 1901 | 1051 | Dec. 12 156 | 1622 | 2513 29°1 246 | 1345 | 2650
85| 69| 535 | 1108 51 | 346 | 2146 | 2937 2’3 | 218 | 1575 | 1479 306 | 149 | 1076 °
94 6o | 533 712 63 308 | 1801 | 3509 33 231 | 1476 | 857 3172 304 | 1344 | 2521
1006 | 127 | 729 | 349 75 | 337 | 1980 | 1667 45| 239 | 1440 | 403
1| 76 834 1 756 85 | 38111979 | 433 §'5 | 20z | 1338 | 085
12°6 78 738 | 1014 9'5 194 | 1922 350 63 156 | 1324 | 2482 | Feb. 14 322 | 1492 | 1958
13°5 138 | 1101 | 1333 10°3 207 | 1579 | 1953 7'4 128 | 995 873 2'§ 217 | 1478 o
144 96 | 962 | 1§11 112 197 | 1538 | 2474 83 117 | 863 | 1823 32| 293 [ 1906 | 1300
15°5 82 756 | 1007 122 142 | 1126 | 3181 92 136 848 | 2374 44 286 | 2238 243
16°4 47 | 427 | 1221 134 71 711 | 1313 10°3 155 | 961 | 1495 5% 136 | 1825 | 276
17°% 61 | 428 | 449 14°5 10 | 1363 | 2025 113 124 | 979 | 17065 62| 313 1713 | 1076
18°6 54 | 372 | 1149 15°2 39 | 306 | 3001 12°3 96 | 791 905 7°5 258 | 1785 373

19° . 162 36 | 344 | 1406 136 | 117 | 099 | 1589 82| 328 2353 | 9oz
204 54 | 565 | 969 17°2 14 | 263 | 355 144 | 93| 58z 2157 95 | 322 | 2076 | 1812
21'4 | 191 | 970 | 1707 184 66 | 4581 971 15°3 65 | 346 | 1998 105 | 308 | 1809 | 1261
224 | 217 | 1384 | 1856 19°5 21 | 313 | 422 1675 64 | 456 | 350 11'2 180 | 1825 | 2868
234 | 112 | 983 | 1098 20°2 63 | 330 | 1166 1772 | 108 | 763 | 2329 125 | 265 | 1642 | 1620
24°§ 69 | 1044 | 1277 21°2 83 | 443 | 1239 182 108 | Bos | 2159 133 | 262 | 1608 | 1945
252 | 218 | 1225 | 666 22°§ go | go8 | 1501 19'5 | 118 | 1351 149 14°3 | 256 | 1849 | 1651
264 94 | 1457 | 1186 23’5 191 | 1238 | 2580 202 | 175 | 1439 1 939 15°2 1 297 | 2105 [ 737
272 | 272 | 1838 | 1768 24" 21°¢ 320 | 1812 | 1054 162 336 | 2591 | 1640
284 | 191 | 1317 | 2066 255 | §72 | 2676 | 1131 22°5 | 351 | 2154 | 1455 17°4 | 432 | 2498 | 743
29'5 | 165 | 1635 | 500 26'5 | 550 | 2755 | 643 23" 185 | 272z | 2026 o




THE SUN'S DISK FOR EACH DAY IN THE YEARS 1882, 1883, 1884, AND 1885. 65
TOTAL PROJEOTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULE—continued.
Projectod Area. Projected Aroa. Projocted Aren. Projected Arca.
C(?n_alen'}‘\(iuh é’frglen’ivich i CC?rglen'I‘v.ioh o . qu?fn'l“:i(:h
ivil Time. ivil Time. ivil Time. ivil Time.
Umbriwx. ;\;};220 Facula| Umbrw. l\lf)l(l);):c Faculi, Umbnrin, ;\II)}:)(;;O Faoulw, Umbiw. g‘g;?;e Faculw,
|
1885, 1885. 1885. 1885. |
Feb. 191 240 | 1870 | 1356 | April 184 36 | 402 | 238 | June 13° 188 | 1813 | 2508 | Aug. 124} 137 | 1254 , 1446
202 | 240 | 1292 | 4137 19°§ 40| 376 90 164 | 324 | 2536 | 2223 13°4 | 151 | 1225 | 963
21°¢4 157 925 | 121§ 20°4 59 443 | 1118 17°2 403 | 3030 | 2537 145 123 | 1017 649
2272 128 | 1051 | 2199 21°4 78 588 | 1879 185 370 | 3434 366 154, 109 8oo | 718
235 | 77| 671} 926 22'4 | 101 | 850 | 1999 19°5 | 381 3339 | 252 164+ 106 | 899 | 1817
24°5 62 | 538 | 1337 234 | 1o7 | 925 | 1685 204 | 329 | 3980 | 631 17741 78| 690 | 925
252 25 414 | 1610 24°2 83 789 | 82% 21°% 377 | 4483 219 182 1 171 709 | 2679
262 33 196 | 1078 264 | W16 | 794 | 1846 22°4 | 300 | 3921 933 19°5 | 141 | 627 | 2180
272 54 283 | 2481 265 1z 782 | 1180 234 | 399 | 3504 | 2314 20°5 79 566 | 1055
282 | 106 { 7060 | 3067 27'4 | 120 | 883 | 1363 244 | 164 | 2771 | 2419 21 72 | 346 | 1563
284 190 | 1186 | 979 2§ 117 | 2015 | 2767 22°§ 58 353 200
29'3 | 196 | 1306 | 1472 26 232 1 82 | 477*| 1185
March 14 | 155 | 1222 | 1566 30°4 | 143 | 1465 | 1156 27 97 | 1551 314 2461 47 | 555 | 1867
26 | 147 | 1609 | 1119 284 | 207 | 1635 | 652 255 37 518 | 9oo
3’2 | 291 | 1749 | 896 29°6 | 120 | 1726 | 470 26°5 431 514 | 8o
4'5 ] 402 | 2744 | 673 | May 1’4 | 199 | 1504 | 2341 304 | 148 | 2107 | 953 27°5 | 99 | 753 | 313
§6 | 244 | 3252 | 726 24 | 194 | 1694 | 1620 2851 40| 965 | 577
62 | 470 | 3235 | 1595 3'6 | 163 | 1551 | 1420 294 | 99 [ 1202 | 587
75 | 346 | 2737 | 1293 45 135 | 1801 | 2197 | July 15| 250 | 2281 | 1713 30°
82 | 324 | 2668 | 2967 5'2 | 330 [ 1910 | 2241 2°4 | 246 { 2571 | 2158 3
9'5 | 178 | 1389} 4180 6'5 | 30z | 2271 | 1295 35 | 205 | 1761 | 1633
10'§ 114 | 1016 | 1716 7°5 | 214 | 2128 | 180§ 45| 216 1322 780
11'5 | 100 [ 993 | 27 84| 312 | 2240 | 1370 5°3 1 335 | 1656 | 3413 | & .
12°4 | 150 926 152§ 94 | 191 | 1763 | 1569 6'5 | 3201 2113 | 1187 Hept. ;~+ 157 ;922 1333
135 | 207 | 1074 | 1404 10°§ 62 | 1081 638 75 197 | 2669 | 752 R -:’ 4 12:8 lzg‘:
14°3 139 | 997 | 1816 14 70 870 295 84| 292 | 2355 | 1123 %+ 47 1z/ 18
15°5 | 130 | 991 | 658 12°4 62 | 615 | 1213 9'5 | 206 | 1975 | 2382 +3 193 . g} 285
16°3 8g 785 | 1110 13 10'4 166 | 2883 | 3874 g_+ 53 _371 8"7
17°4 88 | 527 | 502 144 2g | 223 | 498 1y 82 | 1244 | 1828 + ‘SZ /-_g 1_’3
185 42 | 3841 950 154 17| 139 | 515 122 | 184 | 1003 | 3206 Z3 26 7’.. é+2
19°¢ 22 201 760 1674 g 172 8o2 13°§ 188 | 1338 | 1834 + . 25’ ‘g
20'6 11 127 | 1265 17°§ 12 | 208 580 14°5 186 | 1542 | 1798 lg_+ 196 7% 25 +
21z | 27| 76| 2177 184 | 80| 589 | 59 15°5 | 153 [ 1664 | go7 LR B oo I o e £
22°2 2 21 | 2169 19°4 95 | 896 | 575 16'5 | 126 | 1678 | 1102 122 | 1 ; ,?34 1
234 o o 303 20°g 351 | 2030 | 1895 17°5§ 251 | 2008 | 1583 112 154 ) Z +8%
24°4 2 35 o 216 | 362 | 2432 | 2897 182 | 429 | 2177 | 1877 13'6 1% 137; 5
25°4 10| 99| 412 22°5 | 450 | 2745 | 1323 19°'6 | 246} 1709 | 1743 ,‘f- g 3?6 i
26°3g 27 | 390 | 916 234 | 349 | 2614 | 1796 206 | 181 | 1657 | 2163 132 9% 802 ’zé
27°5 58 575 | 1258 244 382 | 2857 | 2221 21'§ 154 | 1588 | 1094 172 19 ) 175
285 114 | 870 | 1303 25 22°5 § 102 | 1462 | 711 |Z§-q 22 72: 1222
292 119 | 874 | 1089 263 377 | 2514 | 2644 234 | 234 | 1508 | 1168 19_‘2 45 ilz 891
30'4 77 | 748 o 27°4 | 220 | 2009 | 234§ 24°5 | 186 | 1361 | 1275 206 ° 228
31°4 139 | 1019 49 285 128 | 1117 | 3208 266 | 205 | 1046 | 673 21 Iz 185 S‘o:'
294 71 | 895 | 3671 26°5 88 | 86 | 669 22.4 182 206
304 64 | 507 | 2414 27'4 | 151 | 839 | 1024 2 A EJ{ 262 390
April 14| 175 | 964 | 553 312 | 86| 6oz | 3144 28+ | 169 | 870 | 3600 234 VR RS
274 68 | 1069 64 29°§ 51| 619 | 2730 2’*, Sg 24
34| 88| 886 o 305 | 56| 556 | 1642 ) oo | 754 252
44} 113 [ 1091 | 261 JJune 1°4| 100 | Boy | 1570 315 331 581 | 690 2 T 218 1285 -71
5°5 | 129 | 1261 | 227 24| 147 | 1413 ] 956 2%_ 121 i 75
62 | 204 | 1445 | 3788 34 | 162 | 1853 | 1436 2 _5 6 95 579
. . . 92 [ 105 | 1031 | Ti44
7'4 | 166 | 1477 | 284 44| 288 | 2003 | 1932 | Aug. 14| 1oz 642 | 776 ) 5
82 210 | 2104 | 2 : I 20 o8 2 8 116 joz 14 709 | 1588
4 | 2321 54 93 45| 4 5 41 577 9
92 | 271 | 2614 | 1844 6'2 | 374 | 2299 | 1566 32 57 | 491 | 1193
101 430 | 3081 | 1022 74 | 287 | 2187 | 1094 44 18 387 585
11°5 | 306 | 2521 | 393 83| 520 2642 | 1932 55 65 | 560 | 1849 | Oct. 1°4 70 {791 | 1439
12'2 | 229 | 2445 | 968 9z | 491 | 2553 | 2479 64 48 | 516 | 468 2°z | 201 | 1068 | 2482
13'3 | 206 | 2165 | 1559 104 | 295 | 2443 | 470 7's | 103 | 817 | 3037 341 121 [ 1118 | 1408
145 96 | 1070 | 337 11°4 | 288 | 2195 | 282 84| 138 | 1191 | 3323 46| 172 | 1124 | 366
15°5 70 | 612 3EI 12°4 357 | 2375 | 2121 92 190 | 1281 | 1319 5'2 268 | 1481 525
1672 72 524 | 1937 13°4¢ | 190 [ 1915 512 1005 | 213 | 1528 | 934 64| 202 | 1472 | 363
17°4 40 | 458 | 12068 14'5 | 163 | 1567 | 1562 11°5 | 190 | 1644 | 2267 74| 216 | 1474 | 435




66 TOTAL PROJECTED AREAS OF UMBR.AE, WHOLE SPOTB, AND FACULZ, IN THE YEARS 1882, 1883, 1884, AND 188D.
TOTAL PROJECTED AREAS OF UMBRA, WHOLE SPOT8, AND FACULA—concluded.
|
Projected Area. Projected Area. Projected Area. Projected Area.
Sromien Sroomion romich S
vil Time. i ime. e ivil Time.
Umbra. g)hoz? Facule, iUmbrﬂe. g‘g;zr [Fa.culie. Umbrwe. ;‘; %2:;:‘ Faculm, Umbrx. g‘;}:&e Faoula,
1885, , 1885. 1885. . 1885, !

Oct. 82! 254 | 1327 | 1610} Oct. 302 | 201 | 1306 | 1833 | Nov. 192 | 166 | 1439 | 100z | Dec. 10 41 52 118
94| 130 | 1000 69 312 | 192 | 1184 | 1426 201 | 217 | 1074 | 637 11°4 25 | 148 | 761

104 | 141 | 955 | 1950 216 | 104 | 726 | §30 122 33| 259 | 853

11'2 | 148 | 769 | 2342 22°2 104 | 645 | 1318 13°2 50| 374 | 896

12°3 32 | 306 | 119 | Nov. 1'4 72 | 729 | 671 232 76 | 400 | 1467 14°2 48 | 324 | 1222

132 15§ 121 | 1527 2°4 70 | 542 95 242 15 | 216 | 1357 15°5 49 | 280 o

14'2 4 28 | 8s50 31 95 | 545 | 1163 252 o o | 403 1675 531 275 o

15°4 o ol 222 41 92 | 465 | 1157 263 o 32 | 638 17°2 49 | 268 | 791

1674 o o| 754 51 75 | 325 | 581 27°% o o 246 182 35 | 201 | 990

17°2 5 133 | 1589 61 72 | 372 | 1568 282 13 52 | 411 19'1 68 | 303 | 827

181 84 | 414 | 1697 71 67 | 314 | 945 29'1 41 27) 438 202 | 74| 396 | 839

19°4 58 741 972 81 48 228 873 30°1 o o | 821 21°3 49 | 429 | 1920

205 | 73 | 715 | 1271 9’1 51| 356 | 4158 222 | 67 1 420 | 1797

21°3 g1 826 | 1424 101 124 | 728 | 1102 | Dec. g o o] 296 2371 73 | 426 | 1278

22°4 | 129 | 1064 | 1166 et 88 | 776 | 1223 2°g 2 77 113 24§ 78 592 | 931

232 184 | 1299 | 1§32 12°1 77 565 | 1541 32 20 147 528 251 123 711 898

242 | 265 | 1278 | 523 132 | 125 | 625 | 1838 46 o 51 | 256 261 121 | 647 | 403

256 108 | 1363 240 14°1 187 890 | 1134 53 1 68 177 271 126 | 746 371

263 | 226 | 1798 | 2430 15°5 197 | 1272 o 6°1 o) o 272 2871 86 | 641 283

27°4 | 208 | 1666 | 2690 164 | 212 ; 1534 | 287 7°2 0 o | 443 29°% 54 1 423 88

284 | 126 | 1313 | 1329 17°5 | 238 | 1575 | 222 82 o o| 653 30°1 64 | 461 509

29’4 | 139 ) 1274} 1031 1874 | 228 | 1514 | 545 92 3 28 | 675 jre 5o} 383 | 731




MEAN PROJECTED AnrgAS oF UMBR/E, &c., AT GREENWICH, INDIA, AND MAURITIUS, FROM 1882 TO 18R5.

67

MEAN PROJECTED AREAS of UMBRA, WHOLE SroTs, and FACULA upon the SUN’S DISK, as measured on
PHOTOGRAPHS t(akon at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in
MAURITIUS, for each ROTATION of the SUN from 188z January 5 to 1885 December zo.

The Mean Areas have heen formed by taking the Means of the Areas for cach 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.

The rotations adopted in the following table correspond to the synodie rotation of the Sun, and the
commencoment of each is defined by the coincidence of the assumed prime meridian with the central meridian,
the assumed primo meridian Leing that meridian which passed through the ascending node at mean noon on
January 1, 1854, and the assumed period of the Sun’s sidereal rotation being 25°38 days. The numeration of
the rotations is in continuation of Carrington’s series, (Qbservations of Solar Spots made at Redhill by
R. C. Carrington, ¥.R.8.), No. 1 being the rotation commencing 1853 November g. The dates of com-
mencement of the rotations are givon it GREENWICH C1vIL TIME reckoning from midnight.

No. of Days on Mean of Daily Projeoted Areas.
No. of Date of Commencement of each whic
Rotation, Rotation. Photographs
wore takon, Uhnbra, Whole Spots. Faculs.
dq .
378 1882  January 477 22 89 506 1395
379 February 1°11 26 163 898 1626
380 February 28745 27 262 1340 1901
381 , March 2776 2 4258 2536 2708
382 April 2403 26 442 2168 2671
383 May 2126 27 143 790 1757
384 June 17°46 24 125 697 2270
385 July 14°66 23 157 691 2379
386 August 10'88 24 257 1195 1893
387 September 7712 25 347 1627 2079
388 October 4°40 27 305 . 1591 1923
389 October 31°09 27 553 2664 2154
390 November 2800 28 88 589 1498
391 Docember  z5°32 26 224 1359 2238
392 1883 January 21°66 25 182 1160 1699
393 February  18-00 26 64 426 1354
394 March 17°33 28 220 1506 1369
395 April 13:62 26 151 1094 1277
396 May 10°86 26 137 833 889
397 June 707 27 335 2287 1227
398 July 427 20 421 2691 1937
399 July 31°47 25 109 716 1608
400 August 2771 23 385 2124 1269
401 September 23797 27 353 2044 1704
402 Octobor 2126 27 352 2179 2016
403 November 1756 2§ 242 1653 1835
404 December 1488 24 317 2584 2662
405 1884 January 11°22 2§ 346 2411 2591
406 Folruwry 7'56 23 307 1914 2792
407 Mirch 589 2§ 247 1680 1787
408 April 2°19 2§ 292 2217 1941
409 April 29745 26 208 1575 1426
410 May 2068 19 162 1174 1321
411 June 22°88 17 103 789 1034
412 July 20'08 21 130 976 1074
413 August 16°30 24 127 947 1281
414 Soptomboer 1255 22 324 2011 1690
415 October 983 26 162 1041 161§
416 November 613 26 98 72§ 1670
417 December 3744 26 170 1211 1588




68 MBAN PROJECTED AREAS OF UMBRZE, &C., AT GREENWICH, INDIA, AND MAURITIUS, FROM 1882 10 1885.

MEAN PROJECTED AREAS OF UMBRA, WHOLE Srots, AND I'ACULA FROM 1882 TO 1885—conchiuded.

No. of Days on Mean of Daily Projected Arecas.
No. of Date of Commencement of each which L
Rotation. Rotation. Photographs
i were taken, Umbra:, Whole Spots. Faculie.

418 1884 December 31°27 25 97 640 1683
419 1885 Junuary 26711 27 204 1715 1389
420 February 22745 28 137 1094 1533
421 March 22°76 27 130 1141 841
422 April 1804 26 139 1164 1331
423 May 15°27 27 242 1747 1717
424 June 12°47 26 252 2470 1415
425 July 9'67 27 146 1224 1584
426 August 5°89 28 108 897 1292
427 September 2713 28 113 872 875
428 September 29-40 27 124 866 1144
429 October 2670 27 132 388 1007
430 November 23-01 28 22 142 589

MEAN PROJECTED AREAS of UMBRA, WHOLE SPOTS, and FACULA upon the SUN'S DISK, us measured on
PHOTOGRAPHS tuken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUON, INDIA, and in
MAURITIUS, for the years 188z, 1883, 1884, and 188s.

No, of Days on Mean of Daily Projected Areas,
Year which - .
’ Photographs

were taken. Umbrz. Whole Spots. Faculie.
1882 . 343 254 1326 2014
1883 340 249 1595 1598
1884 315 208 1478 1731
1885 358 145 ° 1122 1241




PrrsoNavity IN MpasureMENT OoF AREAS ON EicHT-INCH PHOTOGRAPHS. xli
For 1882.
UMBRZ. WHOLE SPOTS. FacuLa.
Totul Totnl Total |
Area as .| Arcaaus | Aronas
g measgured 8 measuroed X moasured |
1) by o by ) by i
° u Bl 4
SlM | H || yH—yM SIM | H | M| yH—yM SIM | H |M|vH—yM
Undor § squarcd ....| 171 597 | 54'8 } o918 - o'o8o Under 10 squures....| 18] 8820 88y 1'007 + o'ooy Unduor 50 squares.... | 14| 459'0] 48o'o) 1°046 + o130
Above s & under 10 | 1] 874 | 75'¢ | 0’868 - 0193 Abovo 1o & undor 2o | 14] 2278} 226'6 0'9gs — ool Above 50 & undor 100 | 16, 1173%] 1100°0] 0938 - o271
Abovo to&undorzo | 6| 941 | 813 064 — 0279 Above zo & undor 40 | ¢l 236'3] 2438 1°032 + o'oBo Abovo1oe & underaoo| 12] 1721%] 1772°0] 1°030 + 0176
Abovoe 20 & under 40 2| s7°0 | sr'o |o'fgs - o289 Abovo 4o & undor 100| 12] 785'0} 732°3 0933 - o276 Abovoez2o0 & undurdoo] 5! 1292°0] 1212'0| 0'935 - 0'506
Abovo 40 & under 8o Abovo oo & underzoo] 6] 7550 Hoa's| 1°060 + 0'3134 Abovo 400 Bquares .. | §; a620%|zo32'0) 0776 - 2732
Abovo 8o vquares....| 49260 |867'0 | 0936 - 0493 Abovezoo & underdoo| 1) 276%) 288'0) 1'043 + o'358
AbLOvo 400 squares .. 4| 5492'0] 54640 0’995 - 0'009
Totnl & Moans 40| 30'61{ 2825|0897 - 0193 ® Total & Means ..| 64] 122°82| 122°56| 0’99, - 0'004 ‘Total & Means .. | s2|139'71| 126'85| 0’973 ~ o319
For 1884.
I I 131
M| H i VI - /M ‘ M { it \ ﬁt\/II—JM Mi{H i VJH — /M
Undoer 5 squares ....| 37/104's | B3's ‘0'798 - o176 Under 1o squares.. .. 40| 2317) 2153 o'y2g — o'o82 Under 50 squares.... | 20, §37°0f 645°0| 1’201 + o497
Above § & undor 10 | 25{195'9 | 1536 | 0784 - o212 Abovo to & undor 20 | 23| 306'1] 289°6| 0'g46 — o'oYy Abovo 5o &undor 100 | 14 955'0] 1050'0] 1'09y) + o'yor
Above to & undor 2o | 18/258'7 | 205'5 io'ws ~ 0412 Abovu 20 L under 4o | 19| 6672 583°5| o'ys - 0385 Abovo 100 & undor2oo | 21] 2986'0f 3148°0| 1°054, + o319
Abovo 2o & undor 40 | B 2583 |2120 o821 - 0'535 Abovoe 4o & under 100) 30| 2100'7| 1962'0| 0'914 — o081 Abovue 200 & under4oo | 12] 3715%] 3376%| 0'yay - o'z
Abovo jo & under 8o | 52855 | 2405 io‘H.u. — o621 Abovotoo & underzoo| 6| 7970l 7590 0'ys2 - 0278 Abovo 400 Hquvres .. | 6] 3700'0| 3460'0] 0’935 - o'8ig
Above Bo squares....| 33050 |258'5 o848 — 0'8c0 Abovozoo & undor4oo, 717950 1733°0( 0°y66) - o279
i Abovo 4oo squnres ..| 6| 2954'0] 3079'0] 1'042 + 0465
Toinl & Mouns ..{ 96| 1466/ 1202 0'800 - 030§ Tolal & Monns ..[137] 64611 62'93[0'933 - 0165 Total & Moans .. 7;" 162°93( 15999 1'06y + o'103
|
For 1885. -
131
Mu |l .\/}I—JMH M| H | yH—yN I L
Undor § squarcs ... 9, 222 | 187 [o'842 — o'130 Undor 10 squarcs....| 13] 61'o | 645 {1057 4 0%061 Undor so BQuares....| 92610 | 357°0[1°368 + o'gl4
Above s & under 10| 1| 80 70 |oBys - o182 Above 1o & undora2o | 3 387 | 410 | I'osg + o106 Abovoe so& undor 100 15{916' | 1050'] 1'146 + o553
Abovo 1o & under 2o | 3| 370 | 460 {1243 + 040§ Abovoe zo & under 4o [ 3| 681 | 880 | 1290 + 0645 Abovo1oo & undorzoo| §| 5860 | 644'0| 1099 + o'523
Above 2o & undor 40 | 1| 270 | 23'0 |o0'852 - 0’400 Abovo 40 & undor 100} 5| 322°0 | 326'0 | 1’012 + o'oso Abovozoo&under4oo| 2|4500 [ 5300|1178 + 11y
Above 4o & undor 8o Above 10 & undorzoo| 22450 [235% [0ysg — 0228 Abovo 400 squares ..
Abovo 8o gquares.... Abovozo0 & undor4oo
Abovo 400 squaros ..
Total & Means ..| 14| 673 6760931 - o038 Total & Moans ..| 26| 2827| 2goaf 1068 + olio Totul & Moans . | 31f 71°39| 83:26] 1'205 + o700

GREENWICH OBSERVATIONSB, 1888.

®



xlii INTRODUCTION TO GREENWICH SPECTROsCOPIC AND Puoroerarmic Resurts, 1888.
For 1886.
UMBRZ. WHOLE SPOTSH. FacuLna,
Total Total Fotel
Arca as Area a8 Aren an
% | meusured % | measured 2| mowured
o by ) by ° by
e H k] 0 s 11
.2 M H|M|/H—M ;’ M|{H M| JH—VM ;3 M ‘ H |M|JH— M
f ! ‘
Under § squares.... 183 ) 152 |08y - 0'l:u ! Under 10 sguares....| 16} 701§ 720 | 1'o13 4+ ooty ‘ Under 5o squares,,.. | 12 2830]353'0 | 1247 + o568
Above § & under 1o 443 | 33°9 [ 0765 ~ 0’340 Above 10 & under zo | 81215 | 1050 | 0'8y7] ~ 0208 Ahove 5o & under 100 Bl $68'0f §56'0 | 097y — o'y
Above 10 & under zo Above 20 & under 40 | 6| 165°3 | 177°0 | 1’071 + o182 ‘. Above r1co& undorzco} 7! 1050'0| 845°0 { 0’808 - 1260
Above 2o & under 40 | 1| 250 | 270 | 1°080) + o156 | Above 40 & under 1000 2| go's | g3'0 | 1'028 + ooz ' Ahovezoo & underdoo| 1) 220°0| 1800 o8I - 1-416-
Above 4o & under 8o | 1| 66'%c { 660 | 1°000 0'000 ‘ Above 1oo & underioo| 1|122° |122°0 | 1'000 0’000 ! Above 400 squares,.
Above 8o squares.. .. Above 200 & under 4oc 1‘
Above 400 squares..| 1i4006'0 [414'0 | 1'020 + 0198 ‘
Total & Mcan# ..| 15} 1024] 9'47|0'832 - o190 . Total & Meanns 34| 2872 2g'03| 0’997 + oooz l Totol & Mennw zH; 7575 6y'o7] 1°045 — o148
z ! '
For 1847,
M| H|Ri/E—yN Mlm | Blyn—yn ‘ \M\H Ll v — N
, .
Under 5 squares....| 33| 814 | 666 o818 - o'151 : Under 10 squares....| ss| 2655 2532|0030 —~ oohy Undcr 50 squares.... | 5| 15740 1774°| 1'127 + o317
Above 5 & under 10 | 23| 1892 éx44'4 0763 - 0367 Above to & under 20 | 22| 31274| 2480|0754 — o%087 Abovo so & under too! 22| 1455°0} 1§32°0{ 1'053 + o1
Above 10 & under 20 | 17j276'0 227'5 | 0'Bayl — o372 | Above1o & under 40 | 15 444'5| 4180{c40] = o164 Ahove too & underzeo | 14l 1290l 15200 0595 - oo
Above 20 & under 4o | 6l 1825 ?151'5 o'B41 — o458 ! Above 40 & under toci 27] 1812°0] 1678°0| 0'926) ~ 0300 Ahovezoo & underqoo: 3| 840’0 830'c) oyBE - 0’100
Above 40 & under 80 | 6] 3540 ‘;47.'0 0868 - ¢'553 ! Above 100 & under 200{ 11| 1401°0] 12§7°0; 0°912 — o'48g Above 400 sunres.. |
Above 8o squares.... ‘ { Abovezoo & undergoo| 6| 1866%| 1807°0| 068 — o281 '
! Above 400 gquarce..| z|r1o3c’o| gsool 0’922 — o'fing
RIS SR U, R A — J R (SR R S —
Total & Means ..| 85| 1448 10°9y| o"foy, — 0304 [ Total & Means ..[138) s1'71 .;8'41‘0'9;8 — 0183 l Total & Meuns .. 1 98 59716, 61'%c| 1'087 + o232
i | .
For 1888.
M H|§|vE—vH ‘ 1 M| H|L|vE—VX l M ‘ I ;‘i[\/n—\/m
Under § squares....; 3| 78 7'3 10936 - o'os3 Under 10 squarcs....| 13 752 | 4oy | 17201 + o232 Undor so squares.... | 26 s5§10| 62400 1’132 + o02¢6
Above s & underio | 4] 276 | 2875 1033 + o'o43 Above 1o & underzo | 6 780 | 8ys |12z + o214 Above so & undor 1oo| 18] 11640 11870} 17020]  + o'o79
Above 10 & under 20 | 6/10670 | 725 | 068, - 0723 Above 2o & under 40 zj 67'0 | Goo |08t — o311 Above oo & underzoe| 3| 4c0'0] 414'0]0'845 — o033
Above 20 & under 40 | 1] 26% | 270 |1°038 + o'o9y Above 40 & under 1o0| 6 3780 | 369°0 | 0576, — ooys Abovezoo & under4oo| 1| 350%0| 220'0f0629 ~ 3876
Above 40 & under 8o Above 100 & under1co 4‘t §30'0 | 484'0 | 0913 - o'§11 Above 400 squares..
Above 8o squares.... Abhove 200 & under 400 i
Abovo 400 squares..
By i I
Total & Means ..| 14| 1166 9'6¢f 0263 ~ o'j04 Totul & Means ;x% 3639 | 35°19 | 1085 + o34 Total & Mcans .. | 48 5323] 50°94] 1002, + o'107
i




GREENWICH
SPECTROSCOPIC AND PHOTOGRAPHIC

RESULTS.

1888.




