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GREENWICH SPECTEOSCOPIC AND PHOTOGRAPHIC
RESULTS, 1888.

INTRODUCTION.

§ 1. Spcctroscoprc Observations in the Year 1888.

The spectroscope used for these observutions was mounted on the South-east
equatorial, the object-glass of which (made by Mer/ and Son of Munich) has a clear
aperture of 12'8 inches, with a focal length of about 17ft- 10ln

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 Cassiopeiœ, Mira
Ceti, a Orionis, a Herculis, ß Lyrro, R Cygni and P Cygni, and of Comets я and e 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-piece used gives a magnifying power of ] 4. Estimations of the displacement, in
terms of the apparent breadth of the bright comparison-line, were also made ; the
breadth corresponding to any given width of slit being determined by a careful
observation under similar conditions. lrov- of the screw for opening the slit
corresponds to O'Ol inch, or 10". It has not been thought necessary to give in
detail all these particulars of the reductions. The values used in each case may be
inferred from the observed motion, which is the algebraic sum of the concluded
motion and of the Earth's motion. A displacement of one tenth-metre corresponds
at D to a motion of 31'7 miles per second, at b to a motion of 36*1 miles, and at F
to a motion of 38'4 miles. For comparison with the spectrum of hydrogen or other
chemical element, an image of the vacuum tube or electrodes is formed on the slit,
by means of a transparent plate of glass placed at an angle of 45° with the axis of.
the collimator, in connexion with a collimating lens, so that the cone of rays
from the comparison-light fills the whole of the object-glass of the collimator.

(a) 2
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Whenever the star-line was sufficiently distinct to allow of its being seen at the
same time as the bright comparison-line, a direct comparison of the two was made :
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 a 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 been read off. In the case of the
bright lines in the spectra of Mira Ceti, ß Lyra), R Cygni and P Cygni, the distance
of the stellar Une 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 Faculce upon the Sun's Disk on
Photographs taken at the Royal Observatory, Greenwich, at Dehra Dun in Jndia,
and at the Royal Alfred Observatory, Mauritius, in the year 1888 ,• with the
deduced Heliographie Longitudes and Latitudes.

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

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

Bromo-iodized gelatine dry plates with alkaline development have been regularly
used throughout the year.
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The Indian photographs, which have been forwarded by the Solar Physics
Committee to fill the gaps in the Greenwich series, were taken under the

superintendence of Colonel C. T. Haig, U.E., Deputy Surveyor General, Trigono-
metrical Survey of India, with a Dallmeyer photoheliograph giving an image of th<>
Sun nearly 8 inches in diameter. In the process adopted at Dehra Dun bromo-iodi/ed
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-iodi/ed gelatine dry plates have been used with alkaline

development.

Photographs of the Sun were taken at Greenwich on 171 days, and Indian
photographs on 170 days with Mauritius photographs on 38 days have been received
from the Solar Physics Committee to complete the total of 359 days for which there
are either Greenwich, Indian, or Mauritius photographs of the Sun available for
measurement 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 Id. Oh., and also by the day
of the month (civil reckoning), which latter is placed opposite the total area of
Spots and Faculo! for the day. The photographs taken in India are distinguished
by the letter I, and those taken in Mauritius by the letter M.

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

photogni.pl] 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 1Ы lowing are the signatures of those persons who measured the photographs
tor the year 1888 :—

E. W. Maunder - - M W. Russell - - - W R
H. P. Hollis - -H S. J. Temple - - -ST
A. K. 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 n, /, s, p, both results being corrected for the
effects of astronomical refraction.

The measures of the photographs were made with a large position-micrometer

specially constructed by Messrs. Troughton and Simms for the measurement of
photographs of the Sun up to 12 inches in diameter. In this micrometer the
photograph is held with its film-side uppermost on three pillars fixed on a circular

plate, which can be turned through a small angle, about a pivot in its circumference,
by means of a screw and antagonistic spring acting at the opposite extremity of the
diameter. The pivot of this plate is mounted on the circumference of another
circular plate, which can be turned by screw-action about a pivot in its circum-

ference, 90° distant from that of the upper plate, this pivot being mounted on a
circular plate with position-circle which rotates about its centre. By this means
small movements in two directions at right angles to each other can be readily
given, and the photograph can be accurately centred with respect to the position-circle.
When this has been done, a positive eye-piece, having at its focus a glass diaphragm
ruled with cross-lines into squares, with sides of one-hundredth of an inch (for

measurement of areas), is moved along a slide diametrically across the photograph,
the diaphragm being nearly in contact with the photographic film, so that parallax is
avoided. The distance of a spot or facula from the centre of the Sun is read off
by means of a scale and vernier to 1-250th of an inch (corresponding to O'OOl of the
Sun's radius for photographs having a solar diameter of 8 inches). The position-
angle is read off on a large position-circle which rotates with the photographic plate.
The photograph is illuminated by diffused light reflected from white paper placed

at an angle of 45° between the photograph and the plate below.

The following is the process of measurement of u 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 но 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 Dalimeyer Photoheliograph, employed at Greenwich,
has generally been determined throughout 1888 by the measurement of a 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 each other by a little more than the fifth part of the Sun's diameter, were
therefore produced upon the plate, and the exposures having been so given that the
line joining the cusps passed through the centre of the plate, the inclination of the
wires of the photoheliograph to this line was measured with . the position-micrometer,

and a small correction for the inclination of the Sun's path was then applied. The
following table gives the correction for /его of position for the mean of the two

wires us thus determined :—

Date,
Greenwich Civil

1887,

1888,

1889,

December

March

May

June

August

September

October

November

December

February

Time.

h

9.12

I. 12

29. II

25. II

' 23.13

3- n

Ч

ii. 14

8. 12

IO. 11

7.13
2. 12

Correction for Zero.

0 1

+ o. 27

+ o. 34

+ o. 30

+ o. 46

+ o. 31

+ I. I

+ I. 12

+ 0.57

+ 0.51

— o. 1 8

- 2. 3

+ o. 4

The /его 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 bylrunning«-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, Кол*ember 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 obtained by this method :—

Date,
Greenwich Civil Time.

1887,

1888,

1889,

December

February

March

May

June

July

August

September

October

N hfl

December

February

,,

9. 12

1. I I

29. I I

2 5 . I I

2 3 . I I

30. I 2

7- 13

12. 12

8. 12

IQ. J J

7- 13

2. IO

Corrected
Position
Transit.

+

+

+

+

+

+

+

+

+

—

+

Zero of
-Circle from

о /

о. 36

0. 27

О. 24

0.49

0.47

о. 53

0.44

о. 5о

0.57

1 . 2О

2. 3«

о. з

Zero of Position-Circle
obtained when using
R.A. Slow Motion.

0 /

.

+

+

+

+

+

—

+

o. 29

0.44

0.48

0.51

0.57

2.32

о. з

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 wire»
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h:vs 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 - - - 3oti°'0
December 7 - - - 3o3°'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 faculaj, so as
to give true position-angles.

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

The uncorrected distance from the Sun's centre for spots and faculœ is read off
directly to 1-2 50th 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 faculté 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 imago
being assumed to be sensibly an ellipse. The refraction being sensibly с tan z where

с = sin Ы"'Ь — -пот) nearly, and z is the apparent zenith distance, we shall have —

Vortical Diameter 1-е sec* s ,
- - 1 _. /__ __ . - _

Horizontal Diameter 1-е

and thus the effect of refraction will be to diminish any vertical ordinate ?/ by the
quantity с tan3 z. Itesolving this along and perpendicular to the radius vector r,

(b)
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and putting v for the position-angle of the vertex, we have for 8 r and 8 0, the
corrections to radius vector and position-angle for the effect of refraction—

л , •> /„ \ •> l 4- cos 2 (в — 7>)g r = + с . tan2 z x r. cos- (0 — v) = + с . tan- z x r x ~——-,

80 = - с . tan2 z . sin (0 - v) . cos (0 - t>) = - с . tan2 z sin 2 j? - ^

The" quantity 8 r thus found is the correction, on the supposition that a
horizontal diameter of the Sun is taken as the scale. But, as the mean of two
diameters at right angles has been used, the scale itself requires the correction
, ,, , о т> ï ( 1 + cos2(0„- i>) , 1 + co82(0„ + 'J0°— v) \ ,, ,, , ,011= + с. tan- z x R x \ ] ~ - + — —у ' > = + £ с It. tíin2 z,

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

8 r = + с . tan2 z x r x cos 2 ( 9 — v )

use
TI w ^ •> sin 2 (0 — t/) , cos 2 (g- v) , . , ,.
lhe quantities с tan-г, — n , and 5 have been tabulated тог

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

с. tan3 г.

Z.

о

8o

79

78

77

76

75

74

73

7*

7i

In Circular
Measure.

•0089

•0073

•0061

•0052

•0045

•0039

•0034

•0030

•оогб

•OO23

In Arc. ,

,

3i

25

21

18

15

13

ni

IO

9

8

••

0

7°

69

68

6?

66

65

64

63

62

61

In Circular
Measure.

•OO2I

•ooiç

•0017

•0015

•0014

•0013

•OOI2

•ООП

•ooio

•ООО9

In Arc.

,

7

6J

6

Si

5

4i

4

4

3

3

ï.

0

60

58
56
54

52

5°

45

40

30

In Circular
Measure.

•0008

•0007

•0006

•0005

•0005

•0004

•0003

•OOO2

•oooi

In Arc.

,

3

z

2

2

2

I

I

I

О
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Factors for Refraction.

0 — /•

' 0

О

5
IO

Ч
20
2
5
30
35
40
45
50
55
60
65
70
75
80
85

9°

0 — v

„

180
185
190
'95
zoo
205
2IO

215

22O

225

230

*35
240
45
250
2^5
260
265
270

• Sin 2 (в — D)
*~ 2

•oo
•ОС

- 'I?

- '25

- ^2
- -38

- 43
47

- 49
- '5°
- 49
- 47
- 43
- -38
- -3*
- -25
- 'ï?
- -09

•oo

СОВ 2 (0 — r)

2

•f- '5°

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

•oo
- -09
- -17
- '»S
- '32
- -38
- 43
- 47
- 49
- '5°

о — t'

„

95
100

105
но

"5
1 20
115
130
135
140
145
150
155
1 6o
165
170
175
1 8o

e—»

0

275
280
285
290
295
300
305
310
3í5
320
325
33°
335
34°

, 345
35°
355
360

SÍU 2 (ô — c)

í

+ '09

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

•oo

Cos 2 (0 — v)
2

- 49
47

- 43
- -38
- -32
- -25
- 47
- -°9

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

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

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

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

* Researches on Solar Physics : Heliographical Positions and Areas of Sun Spots observed -wil'li
the Kew Photoheliograph during the years 1862 and 1863, by W. De LA Ruo, B. Stewart, and
B. Loewy. Phil. Trans. 1869.

(b)2
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spot from the centre of the apparent disk as viewed from the Sun's centre and from the
Earth respectively. Then we have—

т т
p> = ~R (^) ' an<^ ^ ^ + p/) ~ 7Ü'

т
whence p — sin""1 -т, — p.

Log sin p and lógicos p as computed from this formula are given in " Tables for the
Reduction of Solar Observations Xo. 2," by Warren De La Rue, F.R.S. Then, if D,
X are the heliographic latitudes of the Earth and the Spot respectively, referred to the
Sun's Equator, and L, l the heliographic longitudes reckoned from the ascending node
of the Sun's Equator on the ecliptic, and x the position-angle from the Sun's axis, we
have by the ordinary equations of spherical, trigonometry—

sin Л = cos p sin D + sin p cos D cos x
sin (L — /) = sin x sin P sec X.

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

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

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

The position-angle x is given by the formula—

x = P + G + H

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

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

where ш is the obliquity of the ecliptic.

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

The Heliographic Longitude of the Spot is found from /, the Heliographic Longitude
from Node, by subtracting the Reduction to the Prime Meridian, which is the Longitude
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of the Node at the epoch of the photograph, referred to the assumed Prime Meridian,
the latter being the meridian which passed through the ascending node at mean noon,
1854 Jan. 1. The period of rotation assumed is 25'38 days.

The Heliographie Longitude and Latitude of the Centre of the Sun's Disk at the
time of the exposure of each photograph are also given (in brackets) in the sixth and
seventh columns respectively. The Longitude of the Centre of the Disk is found by
subtracting the Reduction to the Prime Meridian from L, the Longitude of the Centre
from the Node. The Latitude of the Centre is of course the same as D, the
Heliographie 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 a square contained in the area of a spot or facula was estimated by the
observer, two independent sets of measures being made by two observers. The mean of
the two sets of measures has been taken for each photograph. The factor for converting
the areas, as measured in ten-thousandths of a square inch, into millionths of the
Sun's visible hemisphere, allowing for the effect of foreshortening, has been inferred
by means of a table of double entry, giving the equivalent of one square for different
values of the Sun's radius, and for different distances of the spot or facula from the
Sun's centre, as measured by means of the position-micrometer.

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

§ 3. Ledgers of Areas and Positions of Spof-t/roups upon the Sun's Disk deduced from
the measurement of the Solar photographs f or each day in the year 1888.

In these Ledgers the daily results for each group are collected together from the
measures of the individual spots and given in a condensed form. Tho first column
gives for each day, on which the group was observed, the Greenwich civil time at
which each photograph was taken, expressed by the day of the month (civil reckoning)
and the decimals of a day reckoning from Greenwich mean midnight. The second
and third columns give the sums, for each day, of the projected areas of all the
umbra) and whole spots comprised in the group, the projected area being the area as
it is measured upon the photograph, unconnected for foreshortening, and expressed in



xiv INTRODUCTION то GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC RESULTS, 1888.

millionths of the Sun's apparent disk. The fourth and fifth columns give the sums
for each day of the areas of all the umbrae and whole spots comprised in the group,
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 measiired
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 umbra and whole spots and the mean longitude
and latitude for the period of observation.

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

This section requires no further explanation.

§ õ. Total Projected Areas of Sun Spots and Faculœ, for each day, and Mean
Projected Areas for each Rotation of the Sun, and for each year from 1882
to 1885.

This section also requires no further explanation.

W. H. M. CHRISTIE.

1889'October 23.
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DISCUSSIOH' OF PROBABLE ERROR AND PERSONALITY IN MEASUREMENTS

OF SOLAR PHOTO&RAPIS.

L—PlîOBABLE ElUíOR IN MEASUREMENTS ON FüUB-INCH PHOTOGRAPHS.

For the determination of probable error in measurements of distance, position-angle,
and area, six four-inch photographs, containing in all 50 spots, which had been already
measured twice (on the right and left of the centre) in 1882, 1883, 1884, and 188C«
for publication in the daily results, were remeasured on the right and left by each 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 car h
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 i\w.
subjoined tables.

The number and small letter in the first column of each table is 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 mean of those obtained 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 (11), 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 perimeter
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 area being considered roughly
proportional to the perimeter.

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

Xo. and
Letter

lor Spot.

ï. 718
1271

M. 1578«
I. 729

M. 1573«

M. I573C
I. 693

M. I573&
I. 699

731

I. 726
1231^
726

I. 726
12840

r

0-990
0-969
0-966
0-966
0-963

0-956
0-955
0-928
0-924
0-91 1

0-816
0-814
0771
0750
0-742

DISTANCE.

a

1

я
ri

Я

d

492-2

478-5

491-8

480-2

49°'3

486-7
478-4
472-1
4бзч
44П

405-2
403-6
373-8
372-9
366-7

0

g•g
§s
9

Я

(1

0'6o
0-65
О'ЗЗ
0-76
0-37

0-36
0-75
0-56
0-51
0-56

1-04
1-14
0-67
1-17
0-50

POSITION-ANGLE.

ú
a

1
К

S
Я

о

247-0
266-9

67-2
9°7

253-6

256-8
273-1
259-1

82-2
225-8

83-3
252-9
220-3
877
79-0

i
aл

1
1
P
s
я

о

0-17
О' 10
о-о8
О-2О

о-о8

O-I4
0-IÓ

О' II

O-I4
044

0-17
0-09
о'О7
0-39
0-14

"S
О

1
3»
sj
я

о

оч68
0-097
0-077
0-193
0-077

0-134
0 < I53
O-IO2

O-I29

0-128

0-139

0-073

0-054

0-293

O-IO4

AIIEA 0F UMBBA.

ci

У,
fl

я

o-i
2'O

0-8
10-5

0-8

3'3
1-5

1Г2

2-O

Г2

0-9
2 '4

2-9
8-3

9
õ

1
1s
g

я

O-O7
0-54
o-i8
2-28
0-34

0-50
0*24
1-78
0-24
0-13

0-62
0-82
0-22
0-43
0-6o

SE!

1
5-я8
ilя

70-0
27-0
22-5

21-7

42-5

15-2

l6'O

15-9
I2-O

10-8

68-9
34'2
16-9
14-8

7-2

g g
§ P d

Fi
'i 's;35 о
'S*-9/" J

Я

0-222

0'383
O-2OI

0-704
0-381

0-275
0-197
0-531
0-170
о-п8

0-653
0-529
0-193
0-253
0-208

AREA op WHOLE SPOT.

i
•Ч
g
Я

З'З
IO-I

4'2

9О"2

7-1

22-1

9'3
48-0
14-1

7'3

10-5
12-7

77
254
50-8

d

i
•E
1

• n
g
Я

0-89
1-49
0-59

10-28
I'M

1-57
1-07
2-00

2-36

0-57

1-64

1-87

0-92

2-5I

2-98

00

я"«ад
•E*
ä'O

g^S •
3 *§.
я

20-2

i4'8
14-0
11-4
15-6

7-1
11-5
4-2

16-7
7-8

15-6
47
11-9
9-9
5'9

9 > < u »
o j s j j j

ifc
Sv"°

4« •
g'C §^

Я

0-489
0-469
0-288
1-082

0-417

0-334
0-351
0-289
0-629
0-21 1

0-506
0-525
0-332
0-498
0-418



PROBABLE ERROR IN MEASUREMENTS OF SOLAR PHOTOGRAPHS. xvu

TABLE ï.—concluded.

No. and
Lottor

lor Spot.

M. 15720
M. 1572C/
I. 697

726
726

I. 697
12466
1235«

I. 722
734

I. 695
1235
12856
729

L 695

12356
I. 725

1243«
I. 691

733

M. 1575
I. 694

M. 15756
1281
12776

1241
12770
733

1277
1277

I. 728
I. 728

M. 1575«
1237
1286

r
-ir

0-706
0-697
0-683
0-655
0-654

0-6 1 1
0-600
0-522
0-522
0-499

0-463
0455
0-454
0-432
°4I3

0-398
0-353
0-321
0-319
0-302

0-292
0-285
0-283
0-279
0-274

0-264
0-256
0-254
0-248
0-248

0-235
0-225
0-189
0-119
0-104

DISTANCE.

аi
â
1
Я

„

359-3
354'9
342-3
3*7"9
317-2

Зоб-з
297-6
259-0
259-2
242*2

232*1

2 2 5 * 5
224-3
209-4
200-8

'974
175-6
'594
159-6
146-5

148-8
ИЗ'0

НЗ'8
137-7
135-3

130-7
126-6

123-3
122-7
122'7

пб'7
II 1*6

д6*2
594
51*1

èa
1

S

я

d

0*45
0*44
0*70
0*80
0*75

0*51
0*98
0-66
0-53
0-38

0-48
0-54
0-89
0-53
0-48

0-58
0-57
0-56
о-бо
0-47

0-36
0-47
0-57
0-59
04)6

о-6о
о'94
0-67
072
0-89

1-69
0-98
0-48

•072
0-55

POSITION-ANGLE.

ti

я
M

i
Я

о

238-5
236-4
231-6

75"2
222-О

227'0
65-6

298-4
ЗО2'О

32-2

31-8
ЗЮ'9
238-9
172-4

22'5

3317
64-6
25-3

265-8
216-3

97'б
92'б

92-3
87'9
10-0

1057
323-9
2Об'9
Збо-з
332-3

170-7
137-0

89-0
i68'7
101-4

è

Íв
íя

0

O'IO
O ' I I
0-18
0-09
0*14

0-12
0-26
0-14
0-24
0*24

0-33
0-21
0-29

0-35
0-24

0-24
0-32
0-29
0-27
0-35

0-38
0*27
0-48
0-30
0-94

0-38
0-49
0-30
0-38
0-50

"'34
0-68
073
1*47
0-99

rt

J

Issi
Is

0

0*071
0-077
0*123
0*059
0-092

0-073
0-156
0-073
0-125
0*120

0-153
0-096
0-132
0-151
0*099

0-096
0-113
0-093
0-086
0-106

0*111
0*077
0*136
0*084
0*258

0*100
0-125
0-076
0-094
0-124

0-315
0-153
0*138
0-175
0*103

AREA OF UMBRA.

ij
a

Я

3*2
i*8
54
4*8

i6-8

3'5
1-2
4-8
5-0
6-2

0-6
3> 2

4-0

2'5

3-7
14-0

O'O

2-1

13'3
3*1

1-3

3'5
2*2

7'9

0*8
8*0
Г1

1-5
2*8

6*1
8*7
2*6

18*5
«4

i

8
n

§
Я

0*25
o*34
o*57
0-34
I - I 5

0-6 1
0-78
0-44
0-67
0-57

0-31
073
0-38
0-8 1
0-62

0-91
O'OO
0-32
0-91
0-87

0-49
0-53
0-70
0-46
1-24
0*42
1*02
0*12
0*54
0-48

0-96
i-Зб
0*54
1*26
0-30

a j

9-2

а1-1

.Я о

g

il
Я

7*8

10-6
7-1
6-8

ï 74
65-0
9'2

134
9-2

5-7
22-8

9' 5
32-4
i6-8

6-5
о-о

15-2
6-8

28-1

377
18-3
2О'О
2О'9

•57

52-5
12-8
ю*9
Зб'о
17*2

157
15*6
20*8

6*8
21-4

8Ёо Я

lîa
giOp

jS"3

Hl
Я

0*140
0*254
0*246
0*155
o-28o

0*326
0-709
O-2OI

0-299

0-229

0-400

0-408

O-lgO

0-5I3

0-323

0-243

o-ooo
O-22I
0-249
0-494

0-430
0-3I2

0-374
0-31 I
0-441

0*470
0*361
0*114
0*443
0*287

0*389
0*461
0*335
0*293
0-254

ЛЕНА OF WHOLE SPOT.

á

^
1
Я

134

44-2
28'9
79-4

32-0
4-8

32*5
28*9
37-7

4'5
16-0
25-6
12*7
18*2

97-2
24
8-6

65-5
»47

i-6
»3'9
10-5
6-8

58-2

3-2

46-2

13-6
5'9

187

33-9
S9'5

7-0
102-5

4-8

ci

1
8
g

i
Я

0-6 2

»'»4
2-58
I-3I

З'З»
1-27
2-И

2-1б
I-76

0-80
Г4О

3-38
I-32
2-07

З'оо
0-47
0-94
373
1-22

0-59
о-8о
0-70
Г12

272

0-36
2-55
1-32
0*67
i*8i

4'5»
3*50
о*71
З-оо
0-59

8.2
p 2

F1°
8

sälя

4-6
7'S
5-8
4'S
5'7

ю'з
26-s

6-5
7'5
47

17-8
8*8

13-2
io*4
i i*4

3-»
i9'6
10-9
57
8-3

ID'S
5-8
6-7

16-5
4'7

11-3
5'5
9'7

11-4
9'7

»З'З
5'9

IO*I

2*9
12*3

8||

r
Q Õ

•I

1~|Pя"

o- 1 69
0*292
0-389
0-244
0-507

0-585
0-580
0-370
0*402
0-287

0-377
0-350
0-668
0-371
0-485

0-304
0-303
0-321
0-461
0*319

0-249
0*215
0*216
0*429
0*356

0*201
0-375

0-358
0-276
0-419

0-775
0-454
0-268
0-297
0-270

GBKBNWIOH OBSERVATIONS, 1888. (с)
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MEANS OF EACH GROUP IN TABLE I.

General Mean

DISTANCE.

Mean
r
К

0-971
0-935
0-779
0-679
0-551
0-443
0-339
0-283
0-254
0-174

o'54o8

É

§
S
1
Я

d
0-54
0-55
0-90
0-63
O'6l

0-58
0-56
0-59
0-76
0-88

о'ббо

POSITION-ANGLE.

t
ã

§
S
1
Я

О

0-13
о- 14
0-17
0-12

О-2О

0-28

О-29

0-47
0-41
1-04

0-325

Л
О

Utí5^
5 g

«1
Uя
0

О' 122

O-I29

0-133
0-084
O-IO9
O-I26

О-О99
очзз
0-104
0-177

0-1216

AREA OF UMBRA.

t•5
|
я

2-8
3'8
3'2
6-4
4-1
2-8
6-5
3-6
2-8
7'5

4'35

О

is
ã
я

0-68
0-58
0-54
0-53
o-6i
0-57
о'бо
0-68
0-52
0-88

0-6,9

Sei

il
ID
.s 'S

о

Я

Зб7
14"о
28-4
Ю'2

22-8

20-6

I I - 3

22-5

I6-I

21-45

00

ш
J^D

•d«
a'" g

я

0-378
0-258
°'3 :'7
О-215

0-353
0-367
0-241
0-374
°'335
0-346

0-3234

AREA OP WUOLB SPOT.

t5
•iя

23'0

20-2

2й'4

27'2

154
377
i9'o
I7-5
4«'5

25-91

í
is
a

я

2-87

1-51
1-98
2-05
2-12

1-79
1-87
1-19
i'34
2-46

1-918

«'•§
%'f

д.2
gj

2SLn
Я

i6'4
9'5

M-6
5-6

i i - i
12-3
9'5
8-8
9'S
8-9

10-32

g g O )

J gl

jS^-S
'S

l'^i^
Я *

0-549
0-361
0-456

0-445
0-450
0-342
0-293
0-326
04' 3

°'3955

1 division of scale in measure of distance = ^J-7 in., corresponding to 0'002U12 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).

No. and

Letter.

for Spot.

1237
12356

I. 729
726

I. 69I

I. 728
12776
1284«

M. 15736
12770

л

0-119
0-398
0-966
0-054
0-319

О-225

0-274
0-742
0-928
04rf

DISTANCE.

ы
a

f
&

Я

d

594
197-4
480-2
317-2
159-6

1 1 1-6
135-3
366-7
472-1
126-6

8
0

! .
s

я

d

0-72
0-58
0-76
0-75
0-60

0-98
0-96
0-50
0-56
0-94

POSITION-ANGLE.

ы>
а

1
Я

Î
Я

о

168-7
3317
9°7

222-О

205-8

137-0
Ю'О
79-0

259-1
323-9

ci
a

1

|

Я

0

i -47
0-24
0-20
0-14
0-27

0-68
0-94
0-14
o-i i
0-49

ga
а .
Is

§3

о

0-175
• 0-096

0-193
0-092
o-o86

0-153
0-258
ОЧО4
О-1О2

0-125

AREA OF UMBRA.

I-Ч
a

я

i8-5

ю-5
i6-8
13-3

8-7

7'9
8-3

I I - 2

8-0

8a

1
5

Я

1-26

o'9i
2-28
1-15
0-91

1-36
1-24
о'бо
1-78
ГО2

U
pD
.20

Is,

6-8
6-5

21-7
6-8
6-8

15-6
15-7

7-2
15-9
12-8

II

i *"9

3||

я

0-293
0-243
0-704
О'28О

0-249

0-461
0-441
0-208

0-531
0-361

AREA OF WHOLE SPOT.

i
íя

I02'5
97-2
90-2
794
65-5

59'5
58-2
50-8
48-0
46-2

8'

ï
iи
я

З'оо
З'оо

10-28

4* 5 2
373

3'5°
2'72

2-98

2'ОО

2-55

|-§
8*о -
S'a

1Üя

2'9

3-1
п-4
57
57

5 '9
47
5;9
5'5

II'P 7S
0

fe°
«.u»!

я10 œ

0-297
0-304
1-082
0-507
0-461

0-454
0-356
0-418
0-289
0-375
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TABLE IL—concluded.

No. and
Letter

for Spot.

I. 697

734
I. 728

1235«
I. 697

726
I. 722

12850
I. 726

M. J.573C

1277
I. 695

1235
M. I572CZ

733

I. 699
I. 694

733
M. 15720

I 2 3 I b

729
M. I575&
I. 726

1271
I. 693

12430
726
731

M. 15730
M. 1575«

1281
1277

M. 1575
1286
12466

I. 695
M. 1578«
I. 718

1241
I. 725

r
li

0-683
0-499
0-235
0-522
0 É 6lI

0-655
0-522
0-454
0-750
0-950

0*248
0-413
0455
0-697
О'ЗО2

0-924
0-285
0-254
о'7о6
0-814

0-432
0-283
0-816
0-969
0-955

0-321
0-771
0-911
0-963
0-189

0-279
0-248
0-292
0-104
о-боо

0-463
о-дбб
о'99°
0*264
0-353

DISTANCE.

ti

1
«
p

и

d
342-3
242-2
Il6-7
259-0
Зоб'З

3I7-9
259-2
224-3

37^9
486-7

I22-7
2об*8
225*5

354-9
146-5

463*1
I43-0
123-3

359'3
403-6

209-4

НЗ-8
405-2

478-5
478-4

1594
373-8
441-1
490-3

96*2

1377
122-7
148-8

51-1
297-6

232*1
491-8
492-2
1307
175-6

i

1
S
a

»

л
o'7o
0-38
1-69
0-66
0-51

0-80
o'53
0-89
I-I7
0-36

0-89
0-48
0-54
0-44
0-47

0-5 Г
0-47
0-67
0-45
1*14

0-53
0-57
1-04
0-65
0-75

0-56
0*67
0-56
0*37
0-48

0-59
0-72
0-36
0-55
0-98

0-48
0-33
0-60
0*60
0-57

POSITION-ANOLB.

ti

i
Й
g

Я

231-6
32-2

170-7
298-4
227-0

75-2
302-0
238-9

87-7
256-8

332-3
22-5

310-9
236-4
216-3

82-2
92-6

206-9
238-5
252-9

172-4

92-3
83-3

266-9
273-1

25-3
220-3
225-8
253-6

89-0

87-9
360-3

97-6
101-4

65-6

31-8
67-2

247-0
105*7

64*6

£

1
g
§
я

0*18
0*24
1*34
0*14
O' I 2

0*09

O'24
O-29
0-39

0-Ц

0*50

O-24
0-21
o-i i
0-35

0-14
0-27
0-30
o- 1 o
0*09

0-35
0*48
0-17
o- io
0-1.6

0-29
0-07
0*14
0-08
0-73

0-30
0-38
0-38
0-99
0-26

0-33
0-08
0-17
0-38
0-32

3
8

1й*as
S"
81
я
о

0-123
О*12О

0-315
0*073
0*073

0-059
ОЧ25
0*132

0-293
0-134

О* 124

0-099
0-096
0-077
о-юб

0-129

0-077
0-076
0-071
0-073

0-151
0-136
0-139
0-097
0-153

0-093
0-054
0-128

0-077
0-138

0-084
0-О94
0-1 II

о-юз
0*156

0-153
0-077
оч68
0-100

0-113

АПВА. OF UMBIU.

Ú
ij
0

Я

54
6-2

6-1

4-8
3-5

4*8
5*о
4*о
2'9

З'З

2-8
3-7
3-2
1-8
34

2-0

2*9
П

3-2

24

2-5
3'5
о*9
2*О

1-5

2*1

1*3
1-2
0-8
2-6

2-2

1-5
1-3
«Ч
1-2

0-6
0-8
0-1

0-8
о-о

s
iс
5
g
Я '

о*57
о*57
0*96
0-44
O'6l

0-34
0-67
0-38
0-43
0-50

0-48
0-62
0-73
0-34
0-87

0-24
0-53
0-12

0-25
0-82

0-8 1
0-70
0*62
0-54
0*24

0*32
0*22
0*13
0-34
0*54

9*46
0*54
0*49
0-30
0-78

0*31
0*18
0-07
0*42
0*00

1*
tu.s'a
R-J

Ú8R

10-6
9-2

157
9-2

174

7-1
'34
9-514-8

15-2
17-2
16-8
22-8
18-9
28-1
li'O

18*3
10*9

7-8
34-2

324
20*0
68-9
27-0
1 6*0

IS'*
16-9
10-8
42-5
20-8

20-9
36-0
377
21-4
65-0

51*7
22*5
7O*O
52*5

O*O

8£
•i &tíg 06,0

'Ы
1!

«ai83«

0-245
0*229
0-389
0*201
0*326

0*155
0*299
0*190
0-2 5 3
0*275

0*287
0*323
0*408
0-254
0-494

0-170
0-312
0-114
0-140
0-529

0-513
o*374
0*653
0-383
0-197

0*221

0*193
0*118
0-381
o*33S

0-311
0-443
0-430
0-254
0-709

0*400
0*201
O-222

0-470
O'OOO

ЛПЕЛ op WHOLE SPOT.

ín
g
я

44-2
37'7
33'9
32'5
32-0

28*9
28*9
25*6
254
22*1

18-7
18-2
1 6-0

15-314-7
14-1
13-9
13-6
134
12-7

12-7
10-5
10-5
IO-I

9-3
8-6
7'7
7'3
7-1
7-0

6-8
5'9
5*6
4-8
4*8

4'5
4*2
3'3
3-*
24

gi
1
Й
g
1

2*58
1*76
4-5I
2 - I I

З'З1

i '3i
2-l6

3-382-51
1-57
1-81
2-07
1-40
1-14
1-22

2-36
0-80
Г32

O-62
1-87

I-32
0-70
1-64
1*49
1-07

0*94
0*92
0*57
ru
0*71

Г12
0-67
0-59
0-59
1-27

0-8o
0-59

0-89
0*3*5
0*47

Q} Q)

P

f*IN
So

u .
««s.
я ш

5*8
4'7

I3'3
6-s

10-3

4'5
7'5

13-2
9'9
7-1

9'7
11-4

8*8
7'5
8*3

16*7
5*8
97
4*6

14-7

10-4
6*7

15-6
14*8
i i * 5

10*9
i i * 9

7*8
15*6
i o- 1

16-5
11-4
10-5
12-3
26-5

17-8
14-0
26-2
11*3
19-6

8Й—
SS*
II*

fo
S-.-

o 'C S 9
rt-S ° P>8^«œ

0*389
0*287

0-775
0-370
0-585

0-244
0-402

0-668
0-498
0-334

0-419
0-485
0-350
0-292
0-319

0-629
0-215
0-358
0-169
0-525

0-371
O'2l6

0-506

0*469

0-35I

O-32I

0-332

O-21I

0-4I7

0-208

0-429

0-276

0-249

0-27O

0-580

0-377

0-288

0-489

O-2O1
0-303

(c) 2
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MEANS OF EACH GROUP IN TABLE II.

General Mean

DISTANCE.

Mean

т
R

0-491

0-485
0-510
0-667
0-423
0-597
0-691

0-631
0-305
0-607

0-5407

<D

1

S

Я

d

0-68
0-79
079
0-75
0-56
0-65
0-71
0-53
0-64
0-52

0-662

POSITION-ANGLE

8

1

в
S
я

о

0-46
0-47
0-40
0-23
0-28

o-i8
0-25
0-26
0-46
0-26

0-325

'S
S

ïa{

siil
я

о

0-128

0-148
0-141
0-149
O'IOO
0-085
0-135
0-098
O'IIO
0-122

O'I2l6

AREA OF UMBRA.
1

î

14-6
8-8
5-2
4-0
2-9
2'3
2-1
1-6
I'5

0-5

4'35

i1
Iя

i'3o
Г20

0-63
0-46
0-6 1

0-39
0-58
0-3I
0-5I
O"2O

0-619

||

|o

í

il
Я

97
134
12-4
12-0

20-8
I 6-6

32-9

21-2

36-2

39'3

2! -45

ф g

§(J
AMiu

ÏO

Я

0-354
o"4OO
0-278
0-234
o'353
0-253
0-424
0-250
0-429
0-259

0-3^34

AREA OF WHOLE SPOT.

|

Я

87-0
52 '5
36-1
26-2
1 6-6
13-5
Ю-6
7'5
5-6
3'5

25-91

8

i
S

Я

4'9i
2-75
2-85
2-19
1-53
i'39
1-24
0-85
0-85
0-62

1-918

85

8-s

ill
Я

5-8
S1*
8-1
8-4
9-1

10-3
п-8
Ц'З
154
17-8

10'32

II
|С

iïï*я

о'5?о
0-378
0-481
0-429
0-373
0-379
0-383
о'зю
0-361
о'ЗЗ*

0-3956

l division of scale in measure of distance = ^^ in., corresponding to 0*002012 x В..

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.

Mean

r
тг

0-541

а
8

1
И

I1"'4

O-OOI33O

POSITION-ANGLE.

í1
s
0$я

0

0-325

öS

§р
39

г
о

0- I2 IÓ

АПЕА OF UMBRA.

i
3

я

1749

8

1
P
в

1

2-488

Sáil
Is
с t,Л (L

21-45

«s

ill-í .ûp
о о
'S**

|эа

0-650

ABBA OF WHOLE SPOT. •

t
k
я

Í

104-16

i
í
S
О

1

7710

g5

i
5J

UJ

я 'л

I0'32

8Й5

If

g* 'S
l«*i

|анп

0-795
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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 (4j) being O'OOOS, and in position-angle (at

distance R) 00>077. As regards areas of umbrte 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 umbrte,
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 :—

Probable Error = 0-845
Sum of Discordances

V 10 x 9

= 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 as follows with those given above.
for four-inch photographs.

Diameter of Sun's Image.

Eight inches

Four inches

DISTANCE.

Mean

r
ТГ

0-640

0-541

Mean
Discordance
in measured

Dietanoe.

d

0-659

о-66г

Mean
Discordance in

r
IT

0-000676

0-001330

POSITION-ANGLE.

Mean
Discordance.

о

o-ií

D-Sa;

Mean
Discordance
at Distance

It.

о

0-053

0-121Ó

It appears, therefore, that the error in the measured distance is practically the same

for the four-inch as for the eight-inch photographs, the error in -^ 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 iaster than the
distance from the centre at which the pointing is made. Nevertheless, as the probable
error of the means of two measures of distance and position-angle on the f our-inch
photographs, as printed in the Photographic Results, though about double that on the
eight-inch photographs, is less than n unit in the kst figure, it does not appear that
the precision of measurement of positions has been practically increased by the
adoption of the larger scale photographs.



xxiï INTRODUCTION то G-BEENWICH SPECTEOSCOPIC AND PHOTOGRAPHIC RESULTS, 1888.

The following results for the probable error in the measurement of the areas of
umbrae 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.

UMBBJE.

Area in

Millionths.

I
z
4
6
8

10

15
20

25

3°40

5°
70

IOO

150
2OO

Probable Error in Millionths.

One Measure.

0-58
0-82
1-16
1-42
I '64
1-83
2-24
2-59
2-90
3'I7
3-66
4-09
4-85
579
7-09
8-19

Mean of Two
Measures.

0-41
0-58
0-82
Г01

пб
1-30
1-59
1-83
2'O6

2-24

2'59

Z'gO

34+4-09
5-03
579

WHOLE SPOTS.

Area in

MiLlionthe.

5
IO

20

30

40

5°
75

IOO

125
150
2OO

250

350
5OO

7SO

1000

Probable Error in Millionths.

One Measure.

1-59
2*24
yi6
3-88
4-48
5-01
6-13
7-08
7-92
8-67

IO-O2
i r i9
П'Ч
15-86
19-40
22-37

Mean of Two
Measures.

Г13
1-59
2-24
275
3-JÓ
3-5б
4'35
5-01
5-6г
6-13
7'o8
7-92
9-40

1 1*19
13-77
15-86

The quantities given in the third and sixth 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 by4 /, _ /> V, i.e., by the square root of

V \Jtt)
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 j> corresponding to different values of the factor
1

V1-ОУ
r
it

Factor
l

0-000 0-722 0-862 0*922 0-954 0-969 0'988 0-994 0-997 0-998

V'-CS)1
1-0 1-2 1-4 1-6 1-8 2-0 2-5 34) 3'5 4'0
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By the help of these tables the probable error may readily be inferred for the area 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 Umbras and Whole
Spots on four-inch and eight-inch photographs compare as follow :—

ПМВЕЖ

Area

in

Millionths.

I
2

t
8

10
20

3°
40

50

70

IOO

. 150
200

Probable Error in Millionths.

One Measure.

Four-inch.

0-6
0'8
Г2

13
1-8
2-6

3-2
37
4'1

4'9
5-8
7-1
8-2

Eight-inon.

0-5
0-8
Г1

1-3

17
2-4
3'°
34
3-8
4-6
54
67
77

Moan of Two Measures.

Four-inch.

°4
0-6
0-8
I'O

Г2
r j
r8
2-1

2-6
2'9

34
4' ï
5-0
5-8

Eight-inch.

°4
0'5
0-8
0-9
Г1

Г2

17
24

24

3'2

3-8
47
54

WHOLE SPOTS.

Area

in

Milliontbs.

. 5
10
20
30
40
S°

IOO

150
200
250

350
COO

750

IOOO

Probable Error in Millionthe.

One Measure.

Four-inch.

J -6
2'2

3'2

3'9

4'5
5-0
7-1

8-7
I0'0

I I '2

13-2

I5-9

I9-4

22'4

Eight-inch.

I'3
1-9
27
З'З
3-8
4'2
6-0
7-3
8-5
9'5

I I - 2

I3-4

i6'4
18-9

Moan of Two Measures.

Four-inch.

I'l
1-6
2'2
2-8
3'2

3-6
5-0
6-1
7'i
7-9

94
1Г2

13-8
15-9

Eight-inch.

0-9
I'3
1-9
2'3
27
3-0
4'2

S'*
6-0
6-7
7-9

9' 5
1 1-6
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 EIGHT-INCH PHOTOGRAPHS.

In the preceding investigation the measures of area by the different observers have
been 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.

UMBRAE.

For M and H.
WHOLE SPOTS. FACUL^B.

Under s «q uarce ....

Above 5 Л undnr 10. .

Above io 4 under го

Above ï« Л under 40

Above 40 & ander 80

Above 80 squares . .

Total * Means..

N
o.

 o
f 

O
bs

. 
l

I об

7°

5°

Ч

il

7

164

Total
Агеаая

meaenred
by

M

195-9

SS*4

771-8

S75-8

74J-J

lljl-o

I {-So

H

146-1

443']

631-8

493'5

6+8-s

1115-5

ij-io

H
ЛГ

0-837

o'Soj

0-810

0-857

0-870

0-914

0-850

v/H — v/M

— 0*141

- 0-193

- 0-371
— 0-410

- 0-543

— 0-581

- 0-174

Under 10 squares ....

Above io 4 under to, .

Above 10 ft under 40. .

Above 40 & under 100

Above loo & under дос

Above юо & under 4«

Above 400 Bqnoree —

Total & Means....

iо
's
d

55

i6i

76

54

8l

30

14

13

130

Total
Area as

measured
by

M

79°7
1084-5

1048-5

5488-1

5850-0

З937'о

9881-0

6i-o6

H

784-1

1051-7

1570-5

51604

Зб77-5

3818-0

9907-0

60*41

H
Ж

0-984
0-970

0-953

0-940

0-955

0-97*

i "005

0-967

v/H — v/M

- 0-018

- 0-057

- 0-134

— 0-148

— 0-156

- 0-133

+ 0-035

— 0-105

Under 50 sqnarei

Above 50 ft under ioo. .

Above TOO & under юо

Above юо & under 400

Above 400 squares ....

Total 4 Means....

íо
0

d
!í

140

93

61

*4

ii

330

Toi al
Arenas

measured
by

M

3665-0

6131-0

8761-0

6867-0

6310-0

96-50

H

4133-0
6475-0
8743-0
6348-0
5491-0

94-81

H
ill

1-155

1-039

0-998

0-914

0-869

1-066

v/H — v/M

+ 0--81

+ 0-159
— 0*013

— 0-651

- 1-614

+ 0*103
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ТТмввж
For M and J P.

WHOLH SPOTS.

Undor 5 squares —

.bovo ; & under io..

АЪото io & under 10

Above 10 & under 40

Lbovo 40 & under 80

Above 80 squares. . . .

Total & Means..

к

6
и

IO

3

1

3

I

19

Total
Area as

mcanurod
by

M

114

1 8-8

3S-6

69*0

41-0

9-88

JP

13-7

1 8-8

19-0

61-4

37'î

9'4

IT
'M'

1-187

гооо

0-8 1 s

0-890

0-893

1-109

v/JP-v/M

+ O'IOI

o'ooo

- 0-351
— 0-171

- 0-157

+ 0-013

Undor io squares ..

Above io Л under io

Above 10 A under 40

Above 40 Л under 100

Above ï oo & under loo

Above 100 & under 400

Above 400 squares..

Total A Moan«. .

t
0
0
ó

IO

8

4

i

5

19

Totnl
Area as

measured
by

M

41-5

103-6

104-5

131-0

?84'5

40*21

JP

444

ЮГ!

109-5
135-0

738-0

38-83

TP
ТГ

1-044

0*976

1-048

1-015

0*941

1-006

v/JP — -УМ

+ 0*045

- 0*043

+ o-iii '

+ 0-061

- 0-377

— 0*040

Undor 50 squares. . . .

Above 50 A under 100

Above loo & under 100

Above 100 & under 400

Above 400 squares..

Total & Moans..

i
D
o
d
Z,

19

7

i

г

i

30

Total
Area as

measured
by

M

440*0

490*0

114-0

500-0

500*0

68*13

JP

493-0

4S4'o

110*0

S95'o

440*0

70*07

J p
IT

то

0*917

1-053

1-190

0-880

1-069

v/JP — v/M

-1- 0181

- 0-314

+ 017 ;

+ «437

- 1-385

+ 0*164

For M and F.

Undor 5 equal-on ....

Above 5 4 under io..

АЪото io & under 10

Above 10 & under 40

Above 40 Л under 80

Above 80 squares —

Total & Moans..

8

S

б

3

1

I

15

M

'77

Зб'о

877

84'o

Ill'O

jiS'o

16-61

F

17-9

)4'$

88-J

83-0

IIJ'o

JIO'O

15-96

F
M

l'on

0-958

1-009

0-988

0-943

°'97S

0-990

VF— N/M

+ O'OIO

— 0-056

+ 0-017

— o-o j ï

— 0-117

- 0-116

- 0-034

Undor io squares —

Above io & under 10

Above 10 & under 40

Above 40 & under 100

Above 100 & under »oo

Above 100 & under 400

Above 400 squares..

Total* Moans..

>4

3

5

7

6

1

1

39

M

71-8
39-6

111-5
448-0
701-4
5S4-0

16634

91-10

F

7»'4

40-0

115*0

456*0

705*0

S43'o

1640*0

9''57

F
M

0*995

v/F—VM

— 0*006
1*010 H* o'oiB

roll + 0*053

roi8 + 0-070

1-005! + 0-018

0-980 - 0*166

0-986' — o'ioj

1*004 + °'o*o

Under so squares....

Above 50 A under 100

Above ice Л under loo

Above 100 & under 400

Above 400 squares . .

Total A Mean»..

14

II

U

3

!•-

M

ssr°
86j-o

1687*0

1480*0

88*11

F

5657
865*0

1604*8

U95*o

85*16

F
M

1*016

i-ooo

0-951

0-943

0*991

v/F— v/M

+ 0-OJ7

o'ooo

— 0-181

- 0*647

- 0*091

For M and J H.

Under 5 squares...

Above s & andor io

Above io & under 10

Above 10 & under 40

Above 40 & under 80

Abova So squures. . .

Total 4 Moans.

г

i

i

. б

M

65-9
l 84-1

5 117-8

, 160-7

J 139-0

l iSo'o

7 "41"

J H

6Г8

71-0

195-0

ISO'S

i j j-o

165-$

t ПЧ

J H
M

o'93<

0-844

0-89

0-96

0-97

0-91

l 0-91

v/ J H — v/M

- 0-053

- o-lis

- 0-197

— 0407

- 0-099

) - 0490

5 - o-i J5

Undor io squares. . . .

Above io & under 10

Above *o & under 40

Above 40 A under ï«

Above loo & under loc

Abovoioo & under 40C

Above 400 squares.

Total & Moans.

4<

ï

ï

1

I

il

M

1 >77'i

118-;

' 49»'<

l 1378-

! 183$'

1 1915-

7 Я*

J H

187*

119*

S 5«*

t 1315*

' I7S11

S 1751*

5 491

J II
M

1*05

[ l'OO

! гоб

3 0-96

5 o'9i

з 0-90

9 roi

v/J H— v/M

i 4- 0*061

1 + 0-005

+ 0-156

- 0*154

, - 0*175

í> - 0770

x — 0*060 .

Under 50 squares. . . .

Above 50 A under loo

Above loo A under too

Above 100 A under 400

Above 400 sqnuroa..

Total A Means..

l

5

M

[ 586*c

> S9''<

) l»49*c

(. 10354

í »4Í01

1 il6*l

J H

> ST-«

> 09J-«

j 11794

l 1130*

) 140'

3 118-01

Л П
M

>o*98

) ri7<

3 I-OK

3 1-lS

з 0-91

3 1-03

v/JH — v/M

- 0*041
> + o*67J

( + 0*141

) + 1450

- 14»

4 •*• 0448

GBBHNWIOH OBSKIIVATIONS, 1888. (d)



XXVI INTRODUCTION то GREENWICH SPECTROSCOPIC AND PHOTOGRAPHIC RESULTS, 1888.

ТТмввж

For M and S P.

WHOLB SPOTS. FACULTE.

Under 5 squares —

Above s & tmder го

Above lo & under го

Above ю & under 40

Above 40 & under 80

Above So squares —

Total & Means..

Íо
о

1

35

18

IS

Ч

5

I

8?

Total
Area as

measured
by

M

95'S

liSï

Z34'3

374-1

îSu'5

87-0

ij-Si

SP

81-8

111-5

zoç'o

351-0

260*0

SS'o

11-74

SP
M

0-857
0-970
0-891

0-938
0-907
0-978

0-90}

VSP— VM

— o-iii

— 0-040

— O'IIO

— 0-169

- 0-359
— 0-107

— 0-141

Under ю squares —

Above ю & under 10

Above 10 lie under 40

Above 40 & under 100

Above loo & under доо

Above 100 Л under 400

Above 400 squares..

Total & Means..

я
о
'S
о
И

57

1J

18

18

го

4

i

1 6i

Total
Area as

measured
by

M

3*7-7

311-3

818-0

1746-6

1897-0

1067-0

953-0

50-16

SP

349-7
308-0

798-0
1635-0
1596-0

1007-0

ом-о

47-00

SP
~Ж

i -067
0-955
0-964
0-936
0-896
0-944
0-965

0-985

,/SP — v/M

+ 0-080

- 0-084

- 0-099

- 0-157

— 0-641

- 0-465

- 0-381

- 0-141

For M and W.

Under 5 squares

Above 5 A under 10. .

Above ID & under to

Above го & under 40

Above 40 & under So

Above So squares —

Total & Mean»..

6
II

9

ix

i

4°

M

18-5

Sj-6

HS'Î

360-1

I7o'o

•945

W

14-0
78-0

131-5
jiro

U7'o

16-79

Under 5 squares..,.

Above 5 Л under ю

Above ю & under zo

Above ю & under 40

Above 40 Л under So

Above So squares ....

Total & Means..

45

4«

4Í

46

n

186

M

376-5
збб-s

бу'1'I

1585-1

J9I-U

Il'Oi

EP

3947

3464

674-5

1179-8

574-e

11-43

w
M"

0-757
0-933
0-904
0-891

0-747

0-878

•v/W — ,/M

— 0-119

- 0-094
- 0-199
- 0-307

- 1151

- 0-160

Under ю squares. ...

Above ю & under 10

Above 10 & under 40

Above 40 & under 100

Above loo & under 100

Abo vo 100 & under 400

Above 400 squares..

Total & Means..

15

5

II

15

i l

5

I

73

M

131-8

71-5
185-1

963-4
1471-0
1157-0

457-0

63-53

w

107-6

71-0
300-0

900-0

1437-0
1148-0

441-0

61-71

w
M

0-817

1-007

1-051

0-934
0-976

0993
0-965

0-918

v/W— v/M

— O'lll

+ o-olj

+ 0-131

- 0-168
- 0-138

- 0-056

- 0-378

— 0-140

Under 50 squares. . . .

Above 50 & under 100

Above loo & under 100

Abo vo zoo & under 400

Above 400 squares..

Total & Means..

N
o.

 o
f 

O
bs

. 
l

18

34

18

9

l

90

Total
Area as

mouHtired
by

M

809-0

»343-0

1469-0

1560-0

1500-0

107-57

Under so squares. . . .

Above 50 & under 100

Above loo & under 100

Above юо & under 400

Above 400 squares..

Total & Moans..

II

8

10

3

3*

M

411-0

518-0
1144-0
719-0

90-71

Э Р

9oi"o

1603-0

t66o'o

IJIO'O

1380-0

109-50

ЯР
ir

Г115

riu

1-077

0-902

0-910

I -081

w

404-0
677-0

1491-0
68б'о

loi '84

For M and E P.

EP
"M"

1-048

0-944

0-976

0-915

0-971

0-996

VEP— v'M

+ 0-039

- 0-077

- 0-047

- 0-109

- 0-106

— 0-040

Under ю squares —

Above ю & under to

Above ю & under 40

Above 40 & under 100

Above ï oo & under 100

Above доо ie under 400

Above 400 squares..

Total & Means..

186

44

45

57

18

il

37l

M

875-4
679-0

1139-4
3738-5
4095-0
3345-0

37-56

EP

899-7

661-6

1173-1

3531'5

386j-4

31O1-0

35-84

EP
M

Г018

0-974

0-947

0-045

0-943

0-957

0-990

v/E P — v/M

+ 0-030

— 0-050

— 0-141

— 0-116

- 0-Í47

T O'j6l

- 0-073

Under 50 squares ....

Above 50 & under 100

Above loo Л under 100

Above юо & under 400

Above 400 squares..

Total & Mean«..

1 6l

61

43

13

179

M

3914-0
4549-0

6054-0

3*33-0

63-66

EP

4301-5

4601-0

6111*0

345J-0

66-10

•w
M

0-981

1-307

1-199

0-941

1-117

v/SP — v/M

+ 0-301

+ 0-449

+ 0-444

- 0-844

- 1-581

+ 0-Z50

v/W— v/M

- 0-059

+ 1-151

+ O'OOl

- 0-466

+ 0-145

ИР
M

I '096

raiz

1*009

1*069

i -063

v/E P -- v/M

+ OÏ3J

+ 0-051

+ 0-055

+ 0-531

+ 0-180



PEKSONALITY IN MEASUREMENT OF ABKAS ON EIGHT-INCH PHOTOGRAPHS. XX Vil

UMBRAS.

For M and W R.

WHOLH SPOTS. FACULTE.

Undor 5 squares....

Above 5 & under ю

Above to & under »o

Above го A under 40

Above 40 & under 80

Above So squares . . . .

Total* Means..

t
о
'S

1
ч
4

l

'9

Total
Arca ив

measured
by

M

4»-o

«7

1 1'6

4-01

Undor s squares —

Above 5 * under ю

Above ю & under »o

Above to & under 40

Above 40 & under 80

Above 80 squares. . . .

Total AMoane..

6o

33

'9

8

9

i

'3>

H

I47'í

»15-8

*59'9

111-6

48543

*39'4

11-99

WE

394
U-6
14-0

4'04

WR
M

0-931

1-040

1-107

0-968

v-'WR-VM

— 0-061
+ 0-046
+ 0-336

- 0*018

Under ю squares. . . .

Above ю Si undor 10

Above 10 & under 40

Above 40 Л; undor 100

Above loo & under 100

Above 100 & under 400

Abovp 400 squares..

Total Л Moans..

i
0
'S
é
IB
i?
7

i

S3

Total
Aroa an

nu-asurod
by

• M

130*7

*S3'9

117*5

66-0

11-61

W R

144-0
106-5
197-0
65*0

11-56

WK
M

Г loi

0*813

0*906

0*985

0*981

v/WR-VM

+ 0-106

- 0-379
— 0*169

— 0*061

— 0*101

Undor so oqunros. . . .

Above so A under 100

Abovo loo A under 100

Abovo soo A undor 400

Above 400 »quaros..

ТоЫ Л Means..

N
o.

 o
f 

O
b
s.

 
l

il

u

Ч

l

i

51

Total
Arca as

measured
by

M

507*0

781-0

1879-0
450-0

566-0

81*01

W R

571*0

836*0

1968*0
400*0

610*0

86* 1 8

W R
M

1*116

1-070

1*048

0*889

1-095

1-081

V'WR — v'M

+ 0193

+ 0-179

+ 0171

- 0-858

+ 1-109

+ 01J5

For H and J P.

J P

170-1
IJO'6

Í7S4

IJl'O

48i'5

140-6

11-45

JT
"lí"

nss
l'on

1-058

1*091

0-995

1*005

1-089

VJP — ч/И

+ 0*114

+ 0*019

+ o'io6

+ 0-130

— 0-019

+ 0-018

+ 0*088

Under ю squares. . . .

Above ю & undor ю

Abovo ю & undor 40

Above 40 A under too

Abovo 100 & under 100

Abovo 100 & undor 400

Abovo 400 uqvuvroB..

Total A Moans..

6l

17

31

33

11

I I

6

180

H

185*6

1957
866-3

1070*0

1948-6
3460-0

Зб1Го

7471

JP

3094
116-5

908-9
1991*7

1904-4

3361-5

34H'°

7»'93

JP
H

1*083

rio6

1*049

0*961

0*985

0-971

0-948

1-OJ4

v/JP — v/H

+ 0*089
+ 0-176

+ 0-118

— 0-151

— 0-090

- 0153

- 0-6-.3

- 0-006

Undor 50 squares. . . .

Abovo 50 A under ioo

Above too Aunderioo

Abovo ioo A undor 400

Abovo 400 squares..

Total A Mean«..

39

30

33

15

1

II,;

II

1113-0

1173-c

4838*0

4508-0

970-0

IlS' l)

JP

1185*0

1078-0

4546-0

4iJi'o

850-0

107*49

Jl>
U

0-969
0-956

0-939
0-917
0-876

0-94-,

N/JP — N/11

- 0*088

- 0-188

- 0*371

- 0-739

- 1*407

- 0*196

For H and F.

Under s eq uares....

Above 5 & under ю

Above ю A undor w

Above ю & under 40

Above 40 & undor 80

Above 8onquuroB —

Total & Moans..

»5

11

I£

11

3

г

6s

H

78-0

64-9

161-0

318-0

164-0

Wi

17-14

F

76-9

74-6

195-6

381-0

171-6

318-0

18-75

Г
и

0-986

1-149

1-107
Г1б1

1*051

0-983

1-090

,/F — VH

— 0*011

+ 0-175
+ 0-363
+ 0-407
+ 0-191

— O'lOO

+ 0*173

Under ю squares. . . .

Abovo ю Л undor »o

Abovo 10 & undor 40

Abovo 40 & under loo

Abovo loo A undor 100

Abovo 100 A undor 400

Above 400 squares..

Total A Means..

3l

lo

10

10

il

9

ï

94

H

1658
143-8

»55-3
1119-7
1811-5
•439'S

I llo-o

77''9

F

167*«
141*0
163*0

1100*0

1817-0

МЗЗ'о

ихб'о

76-04

F
U

1*011

0*981

1*030

0-986

1-003

0*956

1-005

0-998

VF-v/H

+ o-oi j

— o*oj8

+ 0*075

— 0*063

•f 0*017

- 0*364

+ 0*061

- 0*037

Undor 50 squares. . . .

Abovo so & under ioo

Abovo ioo A undor too

Abovo ioo A undor 400

Above 400 squares..

Total i Moans..

>5

11

II

5

I

64

H

711-0

1515*0

1609-0

1640*0

800*0

98-53

F

701*0

1417-0

1481-0

1640-0

750*0

93-60

F
H

0-971

0*913

0-911

l'OOO

0-938

0-948

v/F-N/H

- 0-079

- o*3J$

- 0*467

0*000

- 0*898

- 014* •

(d)2



3ÉXV111 INTRODUCTION то G-REENWICH SPECTROSCOPIC AND PHOTOGRAPHIC RESULTS, 1888.

UMBRAE.

For H and J H.

WHOLE SPOTS. FACULTE.

Under 5 squares....

Above s & under ю

Above ю & under го

Above »o & under 40

Above 40 & under So

Above So aquaree ....

Total* Means..

N
o.

 o
f 

O
bs

. 
l

48

19

го

g

8

г

lof

Total
Ареала

measured
by

H

115-5
1467
193-0
136-0

504-0
186-0

14-10

JH

116-0

138-0

188-0

151-0

507-0

188-0

14-17

JH
H

1*004

0-941

0-983

1*064

1-006
l'on

°'993

,/JH— s/H

+ 0-006

— 0*081

- 0*03J

+ 0-171
+ 0-014

+ 0-051

+ o-ooj

Under ю squares. . . .

Above ю Sc under ю

Above ю & under 40

Above 40 & under too

Above loo &, under 100

Above юо & under 100

Above 400 squares..

Total* Means..

1"о
о
и

78

39

35

40

11

13

5

131

Total
Area as

measured
by

H

411-4

S4°'S

955'°

1378-0

3044-0

3940*0

1377*0

59-08

JH

411*0

540*0

979'5

1374'5

1990*0

3911*0

1159*0

58*34

JH
и

0-997

0-099

I'Ol6

0-999

0*981

0-995

0-950

I'ooo

s/J H— s/H

— 0*004 -

— 0*003

+ 0*067

— 0*005

— o-ioo

— 0*040

- 0-548

— 0-016

Under 50 squares....

Above 50 * under 100

Above too * under 100

Above 100 & under 400

Above 400 squares..

Total* Means..

N
o.

 o
f O

bs
. 

l

34

31

31

'4

in

Total
Area an

muanured
by

H

1115-0

llll'O

4514*0

3190*0

99*56

JH

1115-0

1614*0

4605*0

3716*0

107*68

jn
H

1*000

ri8i

roi8

1*119

1*073

V J H— s/H

o'ooo

+ 0*711

+ 0-107
+ 0-963

+ 0-357

For Я and S P.

Under 5 tiquarcB....

Above s & under ю

Above ю & under ю

Above го & under 40

Above 40 & under 80

Above So squares. . . .

Total* Moan«..

Under 5 squares ....

Above í & under ю

Above ю & under го

Above 10 & under 4°

Above 40 & under So

Above So squares. . . .

Total * Mean«..

U'

65

45

39

il

i

3<я

6}

33

30

17
5

z

ï Si

H

3497
481-1

6194
1077-0

I-lOl-O

90*0

11-99

H

161-1

110-6

399'o

418-5

IDO'O

loo'J

10-66

SP

331-0
510*0

655-5
1148-0
1175-0

80-0

13-14

SP-w

0-947
гобо

1-058

гобб

0-987

0-889

i-oo6

,/SP — s/H

- 0-043
+ 0-080

+ 0-106

+ 0-171
- 0'OJI

- 0*543

+ 0-031

Under ю squares —

Above ю & under 10

Above ю & under 40

Above 40 iSc under too

Above loo & under 100

Above юо & under 400

Above 400 squares..

Total & Means..

110

95

85

90

51

3°

5

$66

H

1038*1

1184*5

143''5

5795'°

7368-0

8871-0

1414-0

jr6i

SP

1004-9

1135'5

1511*5

5771*0

7149*0

8673*0

1340-0

50*68

SP
H

0-968

0-961

1*035

0*996

0-970

0-978

0-965

0-981

s/SP — ,/Н

— 0*036

— 0*070

+ o*o86

— 0*016

— 0-180

- 0*193

- 0-385

- 0*045

Under 50 squares —

Above 50 i under 100

Above loo & under too

Above 100 & under 40°

Above 400 squares..

Total & Moans..

For H and W.

W

187-8
1441
4314
433'o

i?4'3

179-0

11-51

W
H

i -i 59

1-160

1-081

I -ol l

l'ois

riiS

ГЦ]

^W -s/H J

+ o'H9

+ 0-194

+ 0-145

•f 0*016

+ 0-196

+ 0-50»

+ O-IjS

Under ю squares. . . .

Above ю & under 10

Above го & under 40

Above 40 & under 100

Above 100& under too

Above юо & under 400

Above 400 squares , .

Total &Meane..

86

39

31

49

18

8

1

144

H

376-1

538-5

864-1

3161*0

4'53'i

1076*0

876*0

4</37

W

391*6
558*0
938-1

3383-6
4101*5
1070*0

819-0

50-16

\v
•ff

1-041

1-036

1-085
1-070

0-988

0-997
0-935

1-043

s/W — VH

+ 0*043

+ 0-067

+ 0118

+ 0-179

- 0-07J

— 0-013

- 0-691

+ 0-095

Under 50 squares. . . .

Above 50 & under 100

Above loo Л under 100

Above доо & under 400

Above 400 squares ..

Total* Mean«..

97

114

S5

15

191

H

1993*0
7704*0

7561-0
6170*0

84*19

35

17

18

31

7

118

H

1175*0
1890*0

3918*0

8133-0
3840-0

148-87

SP

3005*0

737+'°

7386*0
6l 50*0

81-18

SP
H

1*004

0-957

0*977

0-981

0-979

W

l iio-o

1944-0

4030-0

8491-0

3645*0

150*13

w
Ц

0-953

roi9

1*019

1*031

0-949

1-004

s/SP— s/H

+ 0*011

- 0*179
- 0*137
— 0-153

— 0*105

s/W — v/H

- 0-137

+ o*l 18

+ 0-164

+ 0-153

- 0-604

+ 0-051



PEBSONALITY IN MEASUREMENT OF AREAS ON EIGHT-INCH PHOTOGRAPHS. XXIX

UMBRAE.

For H and E P.

WHOLE SPOTS.

Under 5 squares ....

Above 5 & under lo

Above io Л under ю

Above io & under 40

Above 40 & trndor So

Above 80 squares

Total & Moans..

K
o.

 o
f 

O
ba

. 
j

'7*

ni

Si

4i

»S

3

S>8

Total
Area as

measured
by

H

671-9

799'*

11514

i°54'5

464-0

155-0

9'8s

EP

713-8

840-5

"744

IIOO'O

1398-0

174-0

10-14

EP
U

1-076

1-051

1*019

1-043

1*015

1-075

1-057

VE P — VH

+ 0-059

+ 0*068

+ 0*036

+ 0*108

+ 0-091

+ 0-337

+ 0-064

Undor 10 squares. . . .

Abovo 10 & undor 10

Abovo to & undor 40

Abovo 40 & under loo

Abovo loo & undor 100

Abo vo 100 Ä; undor 400

Abovo 400 squares ..

Total Л Means..

1
0

ò

166
III

77

81

34

n

58t

Total
Aroaas

measured
by

H

1349-1

1578*1

1104*5

5384-0

4547*0

1708*0

30-53

EP

1356*1

»574*5

1139*0

5191-0

4508-0

1593-0

30-00

EP-r

1*005

0*998

0*970

0*983

0*991

0*958

o*994

ув P — VH

+ 0*006

— 0*004

- 0*080

— 0*071

- 0-050

- o*337

— о'оаб

Under 50 squares. . . .

Abovo so & under ioo

Abovo 100 A under »oo

Abovo ioo A undor 400

Above 400 squares ..

Total & Means..

1
о

•l
194
171
"5

10

600

Total
Arou as

measured
by

H

9Ч7Ч

11013*0

14684*0

4630*0

67*46

EP

86631

11315*0

16541*0

5344*0

71*44

EP
-5-

o*947

1*015

ruí
ri 54

i -oie

VEP-A/H

- 0*149

+ 0-104

+ 0*ÍO|

-fr riji

+ o*i»7

For J P and F.

Under 5 squares —

Above 5 & under io

Above io & undor го

Above го & undor 40

Abovo 40 & under 80

Above 80 squares —

Total & Moans..

5

7

i

i

14

JP

94

44-8

iro

45-6

8-63

F

9-0

48-8

16-1

47'5

9'39

F
TF

0-957

1-089

1-148

Г041

i'o5o

v/F — VJP

— 0*019

+ 0*110

+ 0-536
+ 0*1 J9

+ 0*093

Undor io squares

Abovo 10 & undor io

Abovo 10 & under 40

Abovo 40 A undor 100

Above loo & undor 100

Abovo 100 A undor 400

Abovo 400 squares..

Total A Means..

7

5

4

l

l

I

"9

JP

18-8
64*6

111*6

51*0
138*0

139*0

П'оо

F

31*5
68-4

117-0

54*o

146-0

151*0

3545

F
ЗТ

1-094

1*059

o*954

1-059

Г058

1*050

Г049

VF — VJP

+ 0-094

-t- 0*110

— o'ilB

+ 0-107

+ 0*33*

+ 0*383

+ 0*085

Undor so squares....

Abovo 50 & undor too

Abovo ï oo & under 100

Abovo 100 & under 400

Abovo 400 squares .

Total & Means. .

8

3

l

1

14

JP

106*5

158*0

154*0

401*0

71*89

F

106*0

117*0
165*0

440*0

73*43

F
fF

5*998
-,•«41
•071
•095

•,•983

VF— VJP

- 0*006

- 0-76»

+ 0435

+ o*6$s

- 0*044

For J H and S P.

Under ; squares....

Abovo 5 iSb under io

Abovo io & undor 10

Above 10 & undor 40

Above 40 & under 80

Abovo 80 squares —

Total A Moans..

too

86

8o

49

»J

438

JH

460-4
587-1

1086-5

1431-0

пВб'о

IO-BS

SP

4S5*o

630-5

1071-0

1401*0

1173-0

10-80

SP
ЛГ

0-988

1-074

0-986

0-979

0*989

1-004

v/SP-VJH

— 0*010

+ 0*094

— 0*016

- 0-OJ7

— 0*040

— 0*001

Undor io square». . . .

Abovo io A under 10

Abovo 10 & undor 40

Abovo 40 Se under 100

Abovo loo & undor 100

Above 100 <£ undor 40

Abovo 400 squares..

Total A Moans..

3»5

> 3 J

131

'3'

85

17

l

834

JH

1794*1
1854*5
3715*5
8517*0

Iioo7'c

78o7*c

910*0

43*91

SP

>7J7

1800

3604

8570

11965

7944

9JO*<

43*8

SI
ЛЗ

o o*9Í

о 0*97

о 0*96

0 1*001

о 0*99

0 ГО!

0 l'OI

3 0*97«

-VSp-VJH

8 - 0-036

I - 0*055

B - 0*088

5 + 0*015

1 - o*o»o

B + 0-149

+ o*I 16

j — 0*030

Undor 50 squares....

Abovo 50 Л under loo

A bovo ioo & undor ioo

Above too A undor 400

Abovo 400 squares..

Total A Moans..

49

loi

uB

58

10

33«

JH

1587*0
7616-0

17588-0
'5335*0

4830*0

'3975

SP

1590-0
7100*0

16909*0
14880*0

4860*0

•3514

Sl>
ГВ

Г001

o*94S

0*961

0*970

1*006

0*905

VSP-VJH

-H 0*005
— 0*141
- 0*45

- O-MJ

+ 0*068

— 0*198
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TJMBR-Ж.

For J H and W.

WHOLE SPOTS. FACULTE.

Under ! squares ...

Above ï & nnder to

Above ro Л under 20

АЪоте га & nnder 40

Above 40 A under 80

Above 80 squares —

Total & Means..

1
о
ô
Я

6с

»7

2S

XI

7

l

НЗ

Total
Area as

measured
by

JH

131-4
225-4

37П

6lO'C

404'J

214*0

'374

Under 5 squares ....

Above s & under ю

Above ю & under 20

Above ю & nnder 40

Above 4° & nnder So

Above 80 squares. . . .

Total & Means..

6?

31

12

IS

5

2

од

SP

«74-5
241-4
JzS'o

4об'о

2бго

iSyo

II'II

W

127-3
107-0

336-4

591-0
385-0

208-0

12-97

W
J H

0*965

0-927

0-906

0-953

0-952

0*972

0-947

w

175-1
230-4

310-0

403-0

246-0

108-0

10-92

W
SP

1*004

0*954

0-945

0-993

0-943

ГЮ1

0*981

,/W— v/J H

— 0-024

— 0*107

— 0-185

— 0*115

— 0-185

— 0-146

- 0*093

Under ю squares. . . .

Above ю & under ю

Above ю & under 40

Above 40 & under 100

Above loo&underioo

Abo ve юо& under 400

Above 400 squares ..

Total & Means..
N

o.
 o

f 
O

bs
. 

l

95

33

17

45

22

IO

3

225

Total
Area as

measured
by

JH

461*3

475-0

49*"5

1809*5

3048*0

2639*5

1488-0

5073

W

447-1

490*0

496-6

2910-0

3099-0

2765-0

1494-0

52*01

w
Гы

0-969

1-031

Го8]

Гозб

roi?

1*048

1*004

Г009

v/W— v" J H

- 0-035

+ 0*061

+ 0-013

+ 0-140

+ 0-098

+ 0*381

+ 0-045

+ 0-051

Under 50 squares. . . .

Above 50 & under ioo

Above ioo & under 200

Above 200 & under 400

Above 400 squares ..

Total & Mean«..

i
о
'S
о"
K

47

4»

3»

2l

3

145

Total
Area as

measured
by

JH

1676-0

зп7'о

5034*0

бо-6'о

i4Oû'o

119*06

W

1534-0

1905-0

4437-0

5664*0

1390*0

109-86

w
J H

0*915

0*916

0*88 1

0*941

0-993

0*916

For S P and W.

VW-VSP]

+ 0-003

- 0-065

— o'ioS

— 0-019

— 0P2I I

+ 0477

- 0-031

Under ю squares. . . .

Above ю & under ю

Above 10 & under 40

Above 40 & under 100

Above loo & under 100

Above ico & under 400

Above 400 squares ..

Total & Moans..

I06

33

35

33

30

5

3

45

SP

510-0

463*0

970*5

1147*0

4067*0

1199-0

1421*0

44-40

W

452*8

477-0

916*0

2137-0

4155-0

1342*0

1532*0

44-95

W
FF

0*888

1*030

0*944

0*995

1*011

1-033

1-078

0-951

„/W— ,/SP

— 0-117

+ 0*056

— 0*111

— 0*019

+ 0-125

+ 0-264

+ 0-834

- 0*035

Under 50 squares. . . .

Above 50 & under ioo

Above ioo & under 200

Above 200 & under 400

Above 400 squares . .

Total & Moans..

58
49

30

13

2

152

SP

1920*0

3791-0

4109*0

3333-0

850*0

91*13

w

1705*0

3317-0

4034-0

3213-0

879*0

86*50

W
SP

0*888

0-875

0-982

0-964

1-034

0*91 1

v/w— V/JH

- 0-159
- 0-315
- 0-767
- 0-503

- 0-077

- 0-411

v/W— ,/SP

- 0-331

- 0*569

- 0-108

— 0-191

+ 0-348

- 0-351

For S P and E P.

Under s squares —

Above s & under ю

Above ю & under ю

Above xo & under 40

Above 40 Si nnder So

Above 80 squares. . . .

Total A Means..

3*

18

17

7

8

I

»3

SP

1ОГ2

143'J

23'-5

I86'o

438-0

08-0

14-51

EP

94-2

135-5
126-5

176*0

421*0

88-0

1375

EP
SP

0*931

0*944

0-950

0-946

0*961

0-898

0-941

^E P— V--8 P|

— 0*063

- 0*079

- 0*096

— 0*141

- 0*145

— 0-518

- 0*093

Under ю squares. . . .

Above ю & under 10

Above 10 & under 40

Above 40 & under 100

Above too & under 200

Above 100 & under 400

Above 400 square»..

Total & Means..

67

14

lu

15

17

8

159

SP

345-5
366-0

526*0

1583-0

2417-0

иб5'о

4б*б1

EP

326*9

370-5

511-5

1601*0

131)4*0

Z l -fro

46*16

EP
SP

0-946

l'Oit

0-974

l'on

0-986

0-987

0*976

v'EP— v/spl

— 0*063

+ 0*014

— 0*070

+ 0-045

— 0-082

— O'III

— 0-032

Under 50 squares ....

Above 50 A under ioo

Above too & under ioo

Above 200 & under 400

Above 400 squares..

Total & Moans..

18

15

IB

4

l

76

SP

917*0

1730-0

1496-0

1085-0

450*0

87*87

EP

944-0

1810*0

1410*0

IIIO'O

400*0

87-95

KP
8 P"

1*029

1*052

0-966

1*023

0*889

1*019

v/E P— v/S P

+ 0-083

+ 0*190

— 0'IOJ

+ 0*188 '

- 1-113

+ 0-038
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For E P and W R.

WHOLIS SPOTS. FACULTE.

Under s aquaroa....

Above 5 & under io

Above lo & undor го

Above io & under 40

Above 40 & under 80

Above 80 Bquarcs —

Total &M«mu..

N
o.

 o
f 

O
bs

. 
l

Ч

3

16

Total
Area ив

measured
Ъу

KP

347

iro

348

\VR

34'5

lo'o

341

W R
Ш>

0-994

o'95i

0-986

v'WR— ,УЕР

— о'ооб

— о'обз

— o'oiy

Under 10 BquaroB. . . .

Above io & under 10

Above 10 Л under 40

Above 40 & under loo

Above 100 A under ioo

Above ioo & under 400

Above 400 squares..

Total Л Means..

'f-о
о
ò
'/,

IO

13
3

l

37

Total
AroftftH

meiinurod
ЬУ

EP

91-9

187-0

77'°

48-0

10-94

W R

io6"o

194-0
69*0

44-0

11-16

wn
'ET'

1-141
roj7

0-896

0-917

1-079

7WR-VEP

+ 0-146

+ 0-071

— 0-171

- 0-195

+ 0-074

Under 50 Minorou. . . .

Above so Л under ioo

Abo vo ï oo A under ioo

Above too A under 400

Above 40° squares..

Total A Means..

í
о
'S
ó

'Л

11

8

5

1

17

Total
Area па

measured
ЪУ

EP

365-0

638-0

565-0

460-0

7548

W R

361-0

бю'о

586-0

394-0

7*Чо

W H
EP

0-991

0-956

1-041

0-856

0-980

v/WR— ^/BP

- c-ou

— 0-198

+ 0-156

- n 30

— 0*116

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 :—

(1.) That the measures of each observer are 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, i.e., 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 agreement between them, and it is possible that the variation of
personality Avith area may be better represented by some other hypothesis. But the
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
condition (&). 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 measurement of
the eight-inch photographs thun in that of the four-inch ; the greater proportion 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, /t, etc., for log. M, log. H, etc.,
so that :—

log. 0-830) í 9-91908) ( Umbra,
h - m = log. I* = log. 0-967 > = -! 9-98543 > for 1 Whole Spots,

log. 1-066 j (о-0277б) (Facuhe,

and making M the standard observer, i.e., putting M = 1, or m = 0, we obtain the
folio vving systems of equations : —

Umbra. Whole Spot«. Paoulm.

3 j p - h - f
S f - h - j p
4 j h - h - s p - w
5sp _ Л - j h - w - ер
4w - h -jh - sp '
4ep - h - sp - wr
2 w r - e p

The solution of these equations gives the following values for m, h,jp, &c.

Umbne. Whole Spots. Faculœ.

9-77062
0-06077
0-05426
9-98029 '
9-99432
9-96233
0-00204
9-97976

9-96400
9-99634
0-02164
0-01051
0-00870
9-96790
9-94946
0-02469

0-04625
0-01370
9-96587
0-09869
0-04185
9-97507
0-04779
0-02546

m 0-00000 O-OOOOP O'OOOOO
A 9-94974 9-98791 0'02881
j p 0-00444 9-99529 Û'01528
/ 0-00281 0-00161 0-00332
j h 9-96517 9-99391 0-04579
sp 9-96906 9-99184 0*03458
w 9-96158 9-98539 0-02106
ер 9-97449 9-98330 0-03540

w r 9-97713 0-00400 0-03043
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H J P
and hence the following values of the ratios -TÎ, тг, &,c.

UmbriD. VVliolo Spots.

II

M

J p
M
F
M

.1 II
M

S-P
M
w
M

S P
M

w к
M

0-891

1-010

1-000

0-923

0-931

0-915

0-943

0-949

0-973

0-989

1-004

0-98(5

0-981

0-967

0-9G2

1-009

, M benv_>- taken аз 1 :•

Fnculíi;.

1-009

1-03G

1-008

1-111

1-083

1-OãO

1-OS5

1-073

The following table exhibits the differences between the values ol' the ratios for the
several pairs of observers found by direct comparison, and those deduced from the
solution of the equations :—

Ratio.

II - M
J P — M
V — M
J II — M
SP — M
W - M
li P - M
W R- M
J p — II
F - 11
.J II — II
SI1 — И
W — H
K P — H
F — .) P
S P - Л H
W —J H
W — B P
KP— SP
WH- E P

UMUKylí.

Valu« duilucpd from

Di root
Coin-

]tarinon.

0-830
1409
О' 990
0-915
0-903
0-878
0-996
0-968
1-089
rogo
0-993
гооб
1-1*3
rosy
го5о
гоо4
0-947
0-982
0-941
0-986

liijuiiLious.

0-891
P O I O

гооб
0-923
0-931
0-е; i ;
°'943
0-949
1-134

•130
•036
•045
•028

•°59
0-996
ГО09
0-992
о-983

1-013
гооб

Difference.

rf 'об ï
f- -099
H- "016
+ -008
4- "028
4- -°37
— '053
— -019
+ -045
+ -040
+ <043
+ -039
-•095
+ 'OO2

-•054

+ -005

+ -045
+ -ooi
+ -072
+ 'O2O

WHOLE Si'OTS.

Valuo .luiluced from

Direct
Com-

parison.

0-967
I -006
1-004
ГО12

0-985

0-928

0-990

0-981

1-034

0-998

ГООО

0-982
1-043
0-994
1-049
0-979
1-009
0-951
0-976
1-079

Equation».

0-973
0-989
1-004
0-986
0-981
0-967
0-962
1-009
1-017
1-032
1-014
1-009
0-994
0-989
1-015
0-995
0-98 1
0-985
0-981
1-049

Difference.

-f- -006

+ -017
•ooo

— -026
— -004

+ -039
— -028
+ -028
- -ci7

+ -034
+ -014
+ -027
- -049
— -005

- -034
+ -016
- -028
+ -034
+ -005
— -030

FACULJE.

Value ilinluoecl from

Din-ct
Com-

parison.

•066
•069

0-992

•034
•082
•127
•06^
•082

0-949
0-948
1-073
0-979
1-004
roio
0-983
0-965
0-916
0-91 1
1*019
0-980

Equation;).

1-069
1-036
roo8
I'l I I

1-083
1-050
1-085
'•073
0-969
0-943
1-040
1-013
0-982
1-015
0-973
0-975
0-945
0-969
ГОО2

0-989

Difference.

+ -003
— -°33
+ -016
+ -077
+ -ooi
- '°77
-t- "022

— -009

+ -O2O

— -OO!J

+ -033

+ -034

— -O2-2

+ 'СО,
— -oio
+ -oio
+ -029
+ -058
- -017
+ -009

GKBUNWIOH OHHHIIVATIONS, 18НУ. (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 EIGHT-INCH PHOTOGRAPHS), AS

MEASURED BY THE VARIOUS PAIRS OF OBSERVERS, ARE TO BE

MULTIPLIED TO REDUCE TO THE STANDARD OBSERVER, M.

Observers.

M, H

M, J P

M, F

M, J H

M, S P

M, W

M, EP

M, W R

H, J P

H, F

H, J H

H, SP

H, W

H, EP

J P, F

J H, SP

J H, W

SP, W

SP, E P

E P, WR

Umbrae.

1-058

0-995

0-997

ï '04.0

i'°35
1-044

1-029

1-026

1-047

1-054

1-103

1-098

1-107

1-091

0-992

1-079

1-088

1-083

I '067

1-057

Whole Spots.

1-013

I -006

0-998

1-007

гою

1-017

1-019

0-995

1-019

roi i

I'O2O

1-024

1-031

1-033
1-004

1-017

Г025

1-027

1-029

1-015

Faculíc.

0-966

0-982

0-996

0-947

0-960

0-976

0-959

0-964

0-950

0-963

0-917

0-929

0-943

0-928

0-978

0-911

0-925

0-937

0*922

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 согте-
sponding sixth column from the square root of Ins measure, and square the result.
These quantities, to be in satisfactory accordance, should fulfil 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 satisiactory 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 case of factors : —

Uinbnu. Whole Spots. Facula*.

7 x / H - 4 / J P - v F
ЗчЛТР- x/H- v/F

- VEP =

- s/H- ^SP-
5 V SP - s/ H - s/ JH - v/ W - s/ EP
4 V W- V H - 4 / J H - ^ S P
4 V EP - V H - v/ SP - ^ WR
2 V W R - 4 / E P

-0-771
+ 0-008
+ 0-232
- 0-040
+ 0-015
-0-247
-0-052
-0-035

-0-070
-0-131
+ 0-088
-0-097
-0-149
-0-029
- 0-205
-0-028

+ 0-210
-0-088
-0-377
+ 1-125
+ 0-260
-0-478
+ 0-461
+ 0-139

Solving these equations we get the following values for V H — \/ M, &u. : —

JH - >/ M

Umbnu.

-0-199
-0-068
-0-012
- 0-134
-0-120
-0-175
-0-111
-0-073

Whole Spota.

-0-077
-0-077
-0-022
- 0-087
-0-100
-0-073
-0-113
-0-070

Faouloï.

+0-158
-0-001
-0-073
+ 0-398
+0-232
+0-078
+0-263
f 0-201
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The following table exhibits the differences between the values for the several pairu
of observers found by direct comparison, and those deduced from the solution of the
equations :—

V/ H - v/M

v/ J~P - v/M

VT1 - v/M

v/j"H - v/ M

V/ST - N/M

v/W" - v/M

v / K P - v/ M

V / W K - V / M

Ч/Л7 - v/H"

V/ F -v/H"

v/ J~H - v/"H

v/lTF - v1 "ï!

VW -v/H

v/ТП5 - v/H

v/F - v/TP

x/SP - VJ H

VW - v/ Л ï

v/W - v/bT

v/E~P - v/BT

v/W K -v /EP

TJlIBBjE.

Values deduced from

Direct
Com-

pariaon.

— 0-278

+ 0-013

- 0-034

-0-135

— 0442

— 0*260

— 0-040

— O'OlS

+ 0-o88

+ 0-173

+ 0-003

+ 0-031

+ 0-138

+ 0-064

+ 0-093

-4--C-OOI

- 0-093

— 0-032

— 0*093

— 0-017

Equations.

-0-199

— 0-OÓ8

— 0-012

-0-134

— O- I2O

— 0-175

— ОЧИ

- 0-073
+ 0-131

+ 0-187

+ 0-065

+ 0-079

+ 0-024

+ 0-088

+ 0-056

+ 0-014

— 0-041

— 0-055

+ 0-009

+ 0-038

Difference.

+ -079

— -08 1

+ "O22

+ -ooi

+ -O22

+ ^85

- -071

- 'OSS

+ '043

+ '014

+ -062

+ -048

- - I I 4

+ -024

-'ОЗУ

+ -013

+ ^52

— -023

+ -Ip2

+ 'OSS

WHOLK SPOTS.

Values deduced from

Direct
Com-

parison.

— o-1 12

— 0-040

+ 0-040

— O'OOO

— 0-141

— 0-140

- 0-073

— O'IO2

— О'ООб

- 0-037

— 0-016

- 0-045

+ 0-095

— 0-026

+ 0-085

— 0-030

+ 0-051

- 0-035

— 0-032

+ 0-074

Equation».

- 0-077

- 0-077

— O'O22

— 0-087

— O'lOO

- 0-073

— 0-113

— 0-070

O'OOO

+ 0-055

— O'OIO

— 0-023

+ 0-004

— 0-036

+ 0-055
— 0-013

+ 0-014

+ 0-027

— 0-01.3

+ 0-043

Difference.

+ -035

-•037

— -062

— -027

+ -041

+ -067

— -040

+ -032

+ -006

+ -092

+ -006

+ -O22

— -091

— -oio

— -030

+ -017

- '037

+ -062

+ -019

- -031

FACUL-U.

Values deduced from

Direct
Com-

parison.

- 0-043

+ 0-164

— 0-091

+ 0448

+ 0-250

+ 0-243

+ 0-180

+ 0-255

— 0-296

— 0-242

+ 0-357

— 0-105

+ 0-052

+ 0-127

— 0-044

— 0-198

— 0-422

- 0-351

+ 0-038

— 0-116

Equations.

+ 0-158

— O'OOI

- 0-073

+ 0-398

+ 0-232

+ 0-078

+ 0-263

+ O-2OI

-0-159
- 0-231

+ 0-240

+ 0-074

— 0-080

+ 0-107

— 0-072

— 0-166

— 0-320

- 0454
+ 0-031

— 0-062

Difference.

+ -2OI

-•I65

+ -018

+ - z C o

- -oj 8

--,65

+ -083

- '054

+ '137

+ 'Oi l

-•117

+ -179

- - i3 2

— -020

- -028

+ '032

+ 'IO2

+ -197

— -007

+ '054
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For the application of these corrections the following tables have been constructed

for the various pairs of observers who have measured photographs ; the corrections

чаге applicable algebraically to the areas as printed in the daily results, to obtain the

area as measured by the standard observer, M :—

1Ш1ШЖ

CorroctioiiB to bo applied to measured area on hypothesis of error varying us porimfter.

Pairs of Observers.

Arou,.

1
2

4
6

• 8
J O

20

30

40

5c
70

IOO

150
2OO

250

30O

35°

M, II

+ 0-2

+ 0-3
+ 0-4
+ 0-5
+ 0-6
+ 0-6
+ 0-9
+ I - I
+ 1-3
+ 14
+ 1-7
+ 2-0

+ 34
+ 2-8
+ 3-'
+ 3-5
+ 3-7

M, J P

+ o-i
+ o-i
+ o-i
+ 0-2

+ 0-2

+ о- г
+ 0-3
+ o'4
+ 0-4
+ 0-5
+ 0-6
+ 0-7
+ 0-8
+ i-o
+ i - i
+ 1-2

+ 1-3

M, F

o-o
o-o
O ' O

o-o
o-o
o - o

+ o-
+ o-
+ o-
+ o-
+ o-
+ o-
+ o-i
+ 0-2

+ 0-2

+ O1 2

+ 0-2

M.JI1

+ ом
+ 0-2

+ 0-3
+ 0-3
+ 0-4
+ 0-4
+ 0-6
+ 0-7
+ 0-9
+ -о
+ -I
+ Ч
+ -b
+ -9
+ 2-1

+ 2-3

+ 2-5

M. S P

+ O'I

+ 0-2
+ О' 2

+ о-з
+ о-з
+ o'4
+ 0-5
+ 0-7
+ 0-8
+ 0-9
+ -о
+ -2

+ •<;
+ -6
+ '9
+ 2-3
+ 2-2

M, W

+ 0-2

+ °'3
+ 0-4
+ 0-4
+ о-;
+ o-o
+ o'8
+ -о
+ ч
+ -з
+ -5
+ -8
+ 2-3
+ 2 'Ç
+ 2-8
+ з- '
+ З 'З

M, И P

+ o-i
•f 0-2
+ 0-2

+ 0-3

+ °'3

+ 0-4
+ o-;
+ o-o
+ 0-7
+ 0-8
+ i-o
+ IM
+ 1-3
+ 1-6
+ 1-8
+ 2 'O

+ 24

M, W R

+ o-i
+ o-i
+ 0-2
+ 0-2

+ 0-2

+ 0-2

+ 0-3
4- 0-4

+ 0-5
+ 0-5
+ 0-6
+ 0-7
+ 0-9
+ i-o
+ IM
+ 1-3
+ 14

H, J P

+ 04
+ 0-4
+ o-o
+ 0-7
+ 0-8
+ 0-9
+ 1-2
+ i - S
+ 1-7
+ 1-9
+ 2-3
+ *•/

+ 3-3
+ 3-7
+ 4'î
+ 4'7
+ 5-0

H, F

+ 0-2

+ О'З

+ 0-4

+ О'?

' + о-б
+ 0'7

+ 'О

+ -2

+ Ч

+ 'í

+ -8
+ 2-1

+ 2-6

+ Vo
+ 34
+ 3'7
+ 4'°

Arca.

I
2

4
6
8

I O

20

3°

4°
5°
70

lOO

150
too
250
300
350

H, J H

+ 0-4
+ 0-5
+ 0-7
+ 0-8
+ i-o
+ i - i
+ i 1 ?
+ 1-9
+ 2-2

+ 2-4
+ 2-8
+ 34
+ 44
+ 4-7
+ 5-3
+ 5-9
+ 6-3

H, S P

+ о-з
+ 0-5
+ 0-7
+ 0-8
+ 0-9
+ i-o

+ 1-5
+ 1-8
+ 2 - 1

+ 2-3

+ 2'7

+ 3'2

+ 3'9
+ 4'6
+ 5''
+ 5-6
+ 6'0

H, W

+ 0-4
+ 0-6
+ 0-8
+ 0-9
+ IM
+ 1-2

+ 1-7
+ 2-1

+ 2-4
+ 2-7
+ Г2

+ 34
+ 4'6
+ 5-3
+ 6-0
+ 6-3
+ 7-0

II, E P

+ 0-3
+ 0-5
+ о-б
4- 0-8
-t- 0-9
+ i-o

+ «Ч
+ i-?
+ 2-0

+ 2-2

+ 2-6

+ 3-'
+ 3-8
+ 44
+ 4'9
+ 54
+ S'«

J P, F

-t- o-i
+ o-i
+ 0-2

+ 0-2
+ 0-2

+ 0-3

+ 0-4
+ 0'4

+ 0-5
+ о-б
+ 0-7
+ 0-8
+ i-o
4- 1 • I

+ 1-3
+ 14
+ ''S

J H, S P

+ 0-3
+ 0-4
+ 0-5
+ о-б
+ 0-7
+ 0-8
+ 1-2

+ 'Ч
+ 1-6

+ 1-8
+ 2-2
+ 2-6

+ 3-1
+ 3-6
+ 4-0
+ 44
+ 4'8

J H, W

+ 0-3
+ 0-5
+ о-б
+ 0-8
+ 0-9
+ i-o
+ 14
+ 1-7
+ 2-0

+ 2-2

+ 2-6

4- з-'
+ 3-8
+ 44
+ 4'9
+ 54
+ 5-8

S P, W

+ 0-3
+ 0-4
4- о-б
+ 0-7
+ 0-9
+ i -o

4- 1-3
+ 1-6
4- 1-9
4- 2-1
+ 2'5
+ 3'°
4- 3-6
4- 4'2
+ 4'7
+ 5'2

+ 5-5

S Г, E P

4- O-2

4- 0-3
4- 0-5
4- 0-6
+ 0-7
4- 0-7
4- i-o

+ 1-3
+ 1-5
4- 1-7
+ 2-0
4- 2-3
4- 2-8
+ 3'3
+ 3-7
+ 4-1
+ 4-3

E P, W И

+ 0-2
4- 0-3
4- 0-4
4- o-q
4- o - i ;
4- о-б
4- 0-8
4- -o
4- -2
4- -3
4- -6
+ '9
4- 2-3
4- 2'6

4- 2-9
+ 3-2
4- 34
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WHOLE SPOTS.

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

Pairs of Observers.

Area.

5
IO

20
30
4°
5°

IOO

150
200
250
35°
500
75°

IOOO

1250
1500
2OOO

M,H

+ 0-2

+ 0-2

+ 0-4

+ 0-4

+ 0-5
+ 0-6
+ 0-8
+ 0-9
+ i-i
+ 1-2

+ 'Ч
+ 1-8
+ 2'2

+ 2-5
+ 2-7
+ 3-0
+ 3-5

M, JP

-f 0-2

+ 0-2

+ 0'4
+ 0-4

+ 0-5
+ 0-6
+ 0-8
+ 0-9
+ i-i
+ 1-2

+ 14
+ 1-8
+ 2-2

+ 2'5
+ 2-7
+ 3-0
+ 3'5

M, F

o-o
+ ом
+ o-i
+ o-i
+ o-i
+ 0-2

+ 0-2

+ 0'3

+ 0'3

+ 0'3

+ 04

+ 0-5
+ 0'6

+ 0-7
+ 0-8
+ i-i
+ 1-2

M, J H

+ 0-2

+ 0-3
+ 0-4
+ 0-5
+ 0-6
+ 0-6
+ 0-9
+ I-I
+ 1-2

+ »Ч
+ 1-6

+ 2-1
+ 2-4
+ 2-8
+ 3'°
+ 3-5
+ 3-9

M, S P

+ 0-2

+ 0-3
+ 0-4
+ 0-5
+ 0-6
+ 0-7
+ i-o
+ 1-2

+ 14
+ 1-6
+ 1-8
+ 2-3
+ 2-7
+ 3-2

+ 3'5
+ 3'9
+ 44

M, W

+ 0-2

+ O-2

+ О'З

+ 0-4

+ о-;
+ 0-5
+ 0-7
+ 0-9
+ i- i
+ 1-2

+ 1-4
+ 1-7
+ 2-O

+ 2'4

+ 2-6

+ 2-8
+ 3-3

M, EP

+ 0-3
+ 0-4
+ 0-5
+ 0-6
+ 0-7
+ 0-8
+ 1-2

+ 'Ч
+ 1-6

+ 1-8
+ 2-1

+ 2'6

+ 3-2

+ 3 '<5
+ 4-0
+ 44
+ S'o

M, W R

+ o-z
+ 0-2

+ 0-3
+ 0'4
+ 0-5
+ 0-5
+ 0-7
+ 0-8
+ i-o
+ i- i
+ 1-3
+ 1-6
+ 2-0

+ 2-2

+ 2-5
+ 2-7
+ 3-1

H, J P

+ 0-4
+ 0-5
+ 0-7
+ 0-8
+ i-o
+ i- i
+ 1-5
+ 1-9
+ 2'2

+ 2'4

+ 2-8
+ 3-5
+ 4'2
+ 5-0
+ 54
+ S'«
+ 6-8

H, F

+ 0-2

+ 0-3
+ 0-4
+ 0-5
+ 0-6
+ 0-7
+ -o
+ -2

+ 4+ -6
+ -8
+ 2-3
+ 2-7
+ 3-2

+ 3-5
+ 3'9
+ 44

Area.

S
IO

20

JO

40

5°
IOO

150
2OO

250

35°
500
750

1000

1250
1500
2OOO

H, JH

+ 0-4
+ 0-5
+ 0-7
+ 0-9
+ i - i
+ 1-2

+ i'?
+ 2-0

+ 2-3

+ 2-6

+ З'о
+ 3-7
+ 4'5
+ 5'2

+ S'«
+ 6-3
+ 7-3

H, SP

+ 0-4
+ 0-6
+ 0-8
+ I-o
+ i'!
+ 1-3
+ 1-8
+ 2-2
+ 2-5
+ 2-8
+ 3-3
+ 4'°
+ 4'9
+ 5'7
+ 6-3
+ 7-0
+ 8-0

H, W

+ 0-4
+ 0-5
+ 0-7
+ 0-8
+ i-o
+ i- i
+ 1-5
+ 1-8
+ 2-1

+ 2-3

+ 2-8
+ 34
+ 4'1

+ 4'8
+ 5'3
+ 5'8
+ 6-6

H, EP

+ 0-4
+ о-б
+ 0-9
+ I-o
+ 1-2

+ 14

+ 1-9
+ 2-3
+ 2-7
+ З'о
+ 3'6
+ 4'3
+ 5'2

-f 6-0
+ 6-7
+ 7-4
+ 8-5

J P, F

+ 0-2

+ о-з
+ 0-4

+ о-;
+ о-б
+ 0-7
+ i-o
+ 1-2

+ 14+ 1-6
+ 1-8
+ 2-3

+ 2-7
+ 3-2

+ 3'5
+ 3'9
+ 44

J H, SP

+ 0-4
+ о-б
+ 0-8
+ i-o
+ 1-2

+ 1-3
+ 1-9
+ 2-3
+ 2-7
+ З-о
'+ 3-5
+ 4'3
+ 5'2
+ 6-0
+ 6-7
+ 7-3
+ 8-5

J H, W

+ 0-4
+ 0-5
+ 0-7
+ 0-9
+ i-o
+ i- i
+ 1-6
+ 1-9
+ 2-3
+ 2-5
+ 2-9
+ 3-6
+ 44
+ S-°
+ 5-6
+ 6-2

+ 7'i

SP, W

+ 0-4
+ 0-5
+ 0-8
+ 0-9
+ IM
+ 1-2

+ 1-7
+ 2-1

+ 2-4
+ 2-7
+ 3'2

+ 3'9
+ 4'7
+ 54
+ 6ч
+ 6-6
+ 7'7

SP, EP

+ o-s
+ 0-7
+ i-o
+ 1-2

+ 14

+ I '5
+ 2-2

+ 2-6

+ 3'°

+ 34
+ 4-0
+ 4'8
+ 5-9
+ 6-8
+ 7'6
+ 8-2
+ 9'6

E P, W R

+ 0-4
+ о-б
+ 0-8
-f i-o
+ 1-2

+ 1-3
+ 1-8
+ 2-3
+ 2-6

+ 2'9

+ 3-4
+ 4''
+ S''
+ S- 8
+ 6-5
+ 7-2
-f 8-2
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FACULTE.

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

Pairs of Observers.

Aren.

IO
2O

3°
5°
70

100
150
200
250
300
350
400
500

IOOO

M, II

— I 'O

- 14
- 1-7
— 2 '2

- 2-6

- 34

- 3'9
- 44
- 5-0
~ 54
- 5'9
- 6-3
- 7-0
— I O ' O

M, J P

O'O
O ' O
O'O

o-o
O'O

O ' O
O'O

O'O
O'O

+ o-
+ o-
+ o-
+ o-
+ o-

M, F

+ 0-5
+ 0-7
+ 0-8
+ I 'O

+ 1-2

+ i-s
+ 1-8
+ 2-1

+ 2'3

+ 2-5
+ 2'7
+ 2-9
+ 3-3
+ 4'6

M, J II

- 24
- зч
- 4-z

- 5'5
- 6-5
- 7-8
- 8-6
— 1 1 • i
-12-4
— 13-6
-14-7
-15-8
-17-6
— 2 5 - 0

M, S P

- 1-4
— 2-0

- 2 >5
- 3'2

- 3-8
- 4-6
- 5-6
- 6-5
- 7"3
- 8-0
- 8-6
- 9'2

-10-3
— 14-6

M, W

- 0-5
- 0-7
- 0-8
— I • I
- 1-3
- I 'S
- i'9
— 2'2

- 2'5

- 2-7
- 2-9
- ЗЧ

- 3'5

- 4'9

M, EP

- I'6
- 2'3

- 2'8

- 3-6
- 4'3
- 5'2
_ 6-4
- 74
- 8-3
- 9-0
- 9-8
-10-5
— 1 1 - 7
-i6 '5

M, W R

— 1 '2

- 1-8
— 2'2

- 2'8

- З'З
- 4-0
- 4'9
- 5'7
- 6-3
- 6-9
- 7'5
- 8-0
- 8-9
-12-7

II, J P

- 0-5
- 0-7
- 0-9
— ï • ï
- 1-3
- 1-6
— 2'O
— 2*2

- 2-5
- 2-7
- 3-0
- 3'2
- 3'5
- S'o

H, F

- 0-3
- 0-4
- o'S
- 0-6
- 0-7
- 0-9
— • ï
— '2

- 4
- '5
- -6
- '7
- '9
- 2-7

Area.

IO
20
3°
5°
70

IOO
150
2OO
250
300
350
400
50O

10OO

П, J II

- 1-7
- 24
- З'о
- 3'9
- 4-6
- 5'5
- 6-7
- 7-8
- 8-7
- 9'5
— ю'з
— I I -0
-12-3
-17-5

H, SP

— I '2

- 1-7
— 2'I

- 2'7
- 3'2

- 3'9

- 4'7

- 5'5
- 6-1

- 6-7
- 7'3
- 7-8
- 8-7
-12'3

H, W

— 0-7
— I '0

- 1-3
- i '7
- i'9
- 2-3
- 2-9
- 3'3
- 3'7
- 4'1

- 44
- 4'7
- S'2

- 74

II, EP

- ''3
- 1-8
— 2'3
- 2'9

- 3'5
- 4'2

- 5 " i
- 5'9
- 6-6
- 7'3
- 7'9
- 8-4
- 9-4
— 1 3 - 3

J ,PF

+ 0'2

+ 0-3
+ 0-4
+ 0-5
+ O'O

+ 0-7
+ 0-9
+ 'O

+ -2

+ -3
+ 4
+ 'S
+ '7
+ 24

JH, S P

- I -9
- 2'7
- 3'3
- 44
- S'2

- 6'2
- 7-6
- 8-8
- 9'9
— 10-8
- i i ' 7
- I 2 - 5
— 14-0
— 19-8

J II, W

- « ' S
— 2' 1

- I'6

- З'З

- 3'9

- 4'7

- 5 - 8 .
- 6-7
- 7'S
— 8'2

- 8-9
- 9' S
— Ю'б

-•5-3

SP, W

— I '0

- 14
- 1-7
— 2'2

- 2'6

- 34
- 3-8
- 44
- 4'9
- 5'3
- 5-8
- 6'2
- 6-9
- 9-8

S P, E P

- 1-5
— 2'2

- 2'7
- 34
- 4'1

- 4'9
- 6'0

- 7-0
- 7'7
- 8-5
- 9-2
- 9'9
— I I 'O
— I Ó ' O

E P, W R

- «ч
— 2'O

- 2'5
- 3-2

- 3-8
- 4-6
- 5-6
- 6-5
- 7'3
- 8-0
- 8-6
- 9-2
— 10-3
— 14-6

It will be seen that these corrections are in every case smaller than the probable
error of the means of two measures on eight-inch photographs (as given on p. xxiii.
of this Introduction and also in the Introduction to the Greenwich Observations, 1885).
It seems, therefore, unnecessary to apply them to the measured areas as printed, except
in cases of special discussions of changes of area from day to day where extreme
accuracy is desired.
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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. Eight-inch sun

pictures were first taken at the Dehra Dim Observatory, India, during the period 1S82

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

Dun, and the daily series of sun pictures has been always taken on the eight-inch

scale. The change from the four-inch to the eight-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 eight-inch photograph in that year, and there are, therefore, no
materials available for determining their personality at that time.

UMBR/H.

FOR M AND H.

WHOLK SPOTS.

Tear

1882

1884

1885

1886

1887

1888

ft
о
•s
d

И

4°

96

Ч

Ч

85

Ч

Total Area
as measured by

M

1224-2

1407-9

94-2

I53-6

I 1234

167-4

II

I I3O-O

I I 5 3 - 6

947

142-1

934'°

'35'3

H
"M"

0-897

o'Soo

0-931

0-832

0-809

0-863

^/н— ,/м

-0-193

-0-305 -

— 0-038

— o-igo

-0-304

-0-304

л
о
о
о

'Л

64

137

2б

34

138

31

Total Area
ae measured by

M

7860-3

88517

734-9

976-4

71354

1128-2

II

7844-1
8621-4

754'5

987-0

6681-2

1090-8

ц
"M"

0-999

0-933

I -068

0-997

0-938

1-085

VH— VM

— 0-004

—0-165

+ 0-IIO

+ O-OO2

— 0-183

+ 0-034

íо
•4-1о
d

У,

52

73

3J

28

98

48

Total Area
as measured by

M

7265-0

I 1893-0

2213-0

2 1 2 Г О

5798-0

2555-0

H

6596-0

ï 1679-0

2581-0

1934-0

6056-0

2445-0

II
M

°'973

гобд

1-205

1-045

1-087

i -062

V'H— v^M

-0-319

+ 0-103

+ 0700

— 0-148

+ 0-232

+ 0407

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

different si/es, is given in the following tables :-—



PERSONALITY IN MEASUREMENT or AKEAS ON EIGHT-INCH PHOTOGRAPHS. xli

имвплз.

For 1882.
WHOLK SPOTS. FACULA:.

Under 5 nquaroH ....

Atiovo 5 & under 10

Above io A under 10

Above w & under 40

Above 40 A under So

Above 80 «quaroH. . . .

Tot ul Л Мшшн . .

éо
0

d
'Л

17

i l

6

l

4

40

Total
Area as

measured
by

M

597

874

9П

57'°

9l6-o

30-61

H

S4-8

75'9

81-5

51-0

867-0

18-15

IT
M

0-918

0-868

о".)б4

0-895

0'9 }6

0-897

V/H — v/M

- 0-080

- 0-193

- 0-179

- 0-189

- 0-493

- 0-195

Undor ю squill-OS. . . .

Above io A under io

Abovo 10 A under 40

Above 40 A undor 100

Abovo looA linder 100

Abovo 100 A under 400

Abovo 400 ttquiiroH • •

Total A Means . .

í'S
à

18

14

9

il

6

l

4

64

Total
Area as

measured
by

M

8»-i

117-8

136-3

785-0

75S'o

176-0

549*'°

111-81

II

88-9

116-6

143-8

73f3

800-5

188-0

5464-0

111-56

II
M

1*007

0-995

1-031

0-933

гобо

1-043

o'99S

0-999

v/H — v/M

+ 0-009

— o'oll

+ o'o8o

- 0*176

+ 0*334

+ 0*358

- 0*009

- 0*004

Under 50 squares. . . .

Above 50 A under 100

Above loo A under 100

Abovo 100 A under 400

Abovo 400 squares . .

Total A Moans . .

For 1884.

Under 5 xqiiiiroB ....

Above í & undor io

Above 10 A urulor la

Above ю Л under 40

Above 40 A undor 80

Above Во нциогия

Tot ul A Mounx ..

J7

15

18

8

5

i

96

M

104-5

195-9

158-7

15«'3

185-5

Î05-0

14-«)

H

83-5
153-6

II
M

0-798

0-784

105-5 0-795

11 l-o

lto'5

0-811

0-841

158-5 ! 0-848

1Í-OÍ o'Soo

v/H — v/M

— 0-176
- o'lll

— 0-411

- 0-515

- 0-6 n

— o'8oo

- 0-305

tinder io squares. . . .

Above ю A under 10

Above 10 A undor 40

Above 40 A under 100

Above 100 A undei- 100

Above 100 A under 400

Abovo 400 square« . .

Total A Moans . .

46

13

'9

30

6

7

6

1J7

M

»31-7
306-1

667-1
1100-7

7'J7'o

1795-0

1954-0

64-61

H

»15-3
189-6

583-5
1961*0

759-c

1733-0

3079-0

61-93

II
M

0-919

0-946

0875

°'9 Î4

0-951

0-966

1*041

0-933

v/H — v/M

- 0-081
- 0*099

- o-)8s

- 0-18 1

- 0-178

- 0-179

+ 0-465

- 0-165

Under 50 square«. . . .

Abovo 50 A under too

Above ï oo A under loo

Abovo 100 A under 400

Above 400 squares . .

Total A Means ..

i
о
'S
d

if,

Ч

i6

,1

5

5

Si

Total '
Area as

measured
by

M

459-0
1173*0

1711-0

1191*0

1610*0

13971

II

480*0

lloo'o

1771*0

1111*0

1031*0

116*85

Tl
M

1*046

0*938
1*030

0*938

0*776

o*97î

Io

U

il

il

6

73

M

537-0
955-0

1986*0

3715-0
3700*0

161*91

H

645*0

1050-0

3148*0

3376*0

3460*0

159-99

II
M

Г101

1-099

1*054

0*909

0-935

1-069

v/H — v/M

+ 0-130

- 0-171

+ 0476

- o'so6

- i-731

- 0-319

v/H — v/M

+ 0-497
+ 0-401

+ 0-319
- 0-811

- 0*819

+ 0-103

For 1885.

Under 5 equuroH ....

Above 5 & undor io

Above ю Л undor го

Above 10 & under 40

Above 40 & under 80

Above 80 equnroH —

Total A Moans . .

У

l

3

I

14

M

11-1

8-0

J7'o

17-0

6-7 i

H

18-7

T°

46-0

»}-o

6-76

II
В

0-841

0-875

Г143

0-851

0-931

v/H — v/M

- 0-130

- 0-18»

+ 0-405

— 0400

— 0-038

Under io squares....

Above io A under io

Abovo 10 A undor 40

Abovo 40 A under loo

Abovo loo&undorioo

Abovo loo A undor 400

Abovo 400 squares . .

Total A Means . .

l )

3

J

5

1

16

M

61-0

38-7

68-1

3>fo

I45'o

18-17

H

64-5
41-0
88-0

316-0

135-0

19-01

H
AI

1-057

1-059

rzoo

Г011

0-959

1*068

v/H — v/M

+ o'o6i

+ 0*106

+ 0-645

+ 0*050

- 0*118

+ O'IIO

Undor 50 squares

Abovo S° & undor too

Abovo loo Aundorioo

Abovo 100 A undor 400

Abovo 400 squares . .

Total & Moans .

9

15

5

1

31

M

161*0

916*0

586*0

450*0

71-39

H

ÎS7'o

1050*0

644-0

530*0

83*16

H
M

1*368

1*146
1-099
1*178

1*105

v/H — v/M

+ 0-914

+ 0-553

+ o'sis

+ '-»79

+ 0*700

OBSEHVATIONS, 1888. (f)



xlii INTRODUCTION то G-KEENWICH SPECTEOSCOPIC ANU PHOTOGUAPHIC Uusui/rs, 1888.

Пмввлз.
For 1886.,

WHOLU SPOTS.

Under 5 sqmireä...

Above i Л under io

Above io A under 20

Above го & under 40

Above 40 & under 80

Above 80 squares. . . .

Total & Means . .

N
o.

 o
f 

O
bs

. 
l

7

í

l

i

'S

Total
Ami as

measured
by

M

18-j

4П

15-0

66-0

IO'Í4

Under s squares....

Above 5 & under 10

Above io & under 10

Above ю & under 40

Above 40 & under 80

Above 80 square«. . . .

Total & Means . .

33

*3
17
б
6

85

M

814
189'!

II

IS'l

33-9

zy-o

66-0

947

n
M

0-831

0-765

I -080

I'OOO

0-831

VH — VM

- °-'43

- 0-340

+ 0-196

o-ooo

4 — O'ICO

ï

Under ю squares —

Above ю A under ю

Above ю & xindor 40

Above 40 & under 100

Above loo & under 100

Above 100 & under 400

Above 400 squares..

I Total & Munne . .

N
o.

 o
f 

O
bs

. 
j

i(

8

6

1

I

I

34

Total
Arta a»

measured
by

M

71-1

tirs

165-3

90-5

Ill'O

406*0

14-71

II

71*0

109*0

177*0

93-0

111*0

414*0

19*03

TT
~OÎ

1*013

0*897

1*071

1*018

l'OOO

l'olo

0-997

v/a-I — v/M

+ o-oi4

— 0*105

+ омйг

+ o'o;i

Û'OOO

+ 0-198

•+ O'OOZ

Under so squares, . . .

Abovi) 50 & under ioo

Abovn roo & under ic-o

Above ioo A. under 400

Above 400 squares..

Totul Л Mwins ..

N
o.

 o
f 

O
bs

. 
j

Il

8

7

i

18

Total
Area as

me Huml
1>У

M

183*0

568*0

1050*0

110*0

7575

For 1887.

H

66-6
144-4

176-0 UTS

1815 153-5

394-0 - 341-0

14-48 10-99

H
M

0-8 1 8

0-763

0-814

0-841

0-86S

0-809

VH — v/M

- 0-151

• - 0-367

- 0-371

- 0458

- 0-553

- 0-304

Under ю square«. ...

Above ю & under ю

Above »o ft under 40

Above 40 Л under loc

Above loo Л under 100

AbovezcoA under 400

Above 400 squares..

Total & Means . .

[Tnder í squares....

Above 5 & tinder ю

Above ю & under 10

Above ю & under 40

Above 40 & under 80

Above 80 squares ....

Total & Means . .

3

4

6

l

14

M

7-8

»7-6

io6'o

гй-о

п'сб

H

7'3

18-5

7*'5

17-0

9-60

II
M

0-936

rojj

o'684

1-038

о-Ебз

v/H — s/M

- 0-053

+ 0-043

- 0-718

+ 0-097

- 0-304

Under ю squares. . . .

Above ю A under ю

Above ю & under 40

Above 40 Л under 100

Above loo&underioo

Abo vu 100 & under 400

Above 400 equures..

Total & Muans ..

55

11

15

17

l i

6

z

138

M

169-5
311-4

444-5
iSil-o

1401*0

1866*0

1030*0

51*71

H

153*1

198*0

4l8'o

1678-0

1177-0

1807-0

950*0

4«*4-

II
M

0-919

o*>;54

o-';4o

0*916

0-911

O'/lfi

o'çll

0-93«

VH - v м

— 0*067

- o'o«7

— 0*164

- 0-309

- 0*489

- 0*181

- 0-899

- 0-183

Under 50 square»

Above 50,1 under 100

Abo vu 100 Л under 100

Abovo 100 A uncUu*4Go

Above 400 * s f i n a i - i B . .

Total & Means ..

5-,

lï

Ч

3

9f

M

1574*0

MSS'o

1919-0

840*0

59*16

II

m'o
556-0

845*0

180*0

69*07

II

'774'ь

1531-0

lylo'o

830*0

бгКс

IT
M

1-1*7

o*97!,

0*805

0*8 1

1*04 f

II
M

1*117

1*053

o'995

oyix

1*087

v/II — v/M

+ 0*56«

— 0*089

- 1*160

— 1*416

- 0*148

•УН — «УМ

+ о*317

+ 0*113

- 0*015

— Q'lOO

+ 0-131

For 1888.

M

ч ŝ•^
6
í

6
4

3i

i

78*0

67*0

378*0
530*0

3049

H

Ç0*3

87*5
60*0

369*0

484*0

35'I9

II
M

Г101

ri»

0*896

0*976

0*913

1*085

Ч/Я — N/M

+ 0*131

+ 0*114

- 0*311

- 0095'

- 0*511

+ 0*034

Under 50 squares....

Above 50 & under loo

Above 100 & under loo

Above 100 & under 400

Above 400 squares..

Total & Means . .

16

18

3

ï

48

M

551*0

1164*0
490*0
350*0

53'13

H

614*0

1187*0

414*0

zlo'o

50*94

II
M

1*131

Г01О

0-845
0-619

гобг

•УН — -УМ

4- 0*2у6

+ о*079

- о-озз

- 3-87U

4- 0*107
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2 MOTIONS OF STABS ш THE LINE OP SIGHT, INFERBED 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 LINE 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 tliose of Greenwich Civil Time, commencing at
Greenwich Mean Midnight and counting from о to 24 hours.

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

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

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

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

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

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

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

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

Date, 1888.
Greenwich
Civil Time.

d h m
Feb. 1-го. 8

20. 12

20. 20
20. 26
20. 29
20.33

21. О

21. 4

21. 20

21. 23

21. 20

21. 28

21. 42

21.45

21.47

21. 50

22. 7

22. IO

22. 24

22. 27

2 2 - 3 3
22. 36

22.48

22. 50

22. 52

22.53

O
bs

er
ve

r.

M
M

M
M
M
M

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

Object.

/3 Persei
J J

a Persei
» »
» »
» »

Aldebaran
» ?

Rigel
»
>
»

y Orion e
t
>

ß Tauri
i j

S Orionis
t »

« Orionis
t »

f Orionis
> »
> »
t >

Line.

F
F

F
F
F
F

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

Width
of

Slit.

r
0-230
0-230

0-230
0-230
0-230
0-230

0*230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230
0-230

Displacement.

Measured.

г
— 0*084
— 0-I3I

+ 0-041
—0-050
— о'ооз
-0-059

+ 0*076
+ 0*098
+ 0*012

+ 0*159
+ 0*089
+ 0*064
+ 0-088
— o-oio
+ 0-034
+ 0-098
+ 0-032
+ 0-014
+ 0-082
+ 0-049
—0-005
+ O-O2I
— 0*101
— 0*081
-0*034
—0*088

Estimated.

+ Л
~ Tff+ £

4

+ 1

+ *
+ A

+ *т TS
+ i
+ í

о
+ л+ 1
+ \+ А+ \
+ i

о
+ -t

1
'Я- 1

- í- i

Earth's
Motion in
Miles per
Second.

+ I7'I
+ I7'I

+ IS 'S
+ I5 -5
+ '5'5
+ I5 -5

+ 16-9
+ 16-9
+ I3'6
+ 13*6
+ I3'<5
+ I3'6
+ H'S
+ H-S
+ 14-5
+ H'5
+ 47
+ 47
+ i3'6
+ i3'6
+ i3'3
+ I3-3
+ 13*0
+ 13*0
+ 13*0
+ i3'o

Concluded Motion
of Stars in Miles per

Second.

Measured.

-42-6
- 56-9

- 3'i
- 307
-16-4
- 334

+ 6-2

+ 12-9
— ï o-o
+ 347
+ 134
+ 5-8
+ 12-2

- I7'5
- 4-2

+ IS ' ?

- 5-0
— 10-4
+ 11-3
+ 1-3
— 14-8
- 6-9
-437
-37-6
- 23-3
— 397

Estimated

- 52-0
— 52-0

- 5'0
— 26-0
+ 5'5
- 41-7

+ 25-0
+ 1 8-0
- 3'i
+ 38-8
+ 21-3
+ 12-6

+ 27*4

- I4'5
- 4-0
+ 20-4
+ 6-3
- 4'2
+ 21-3
+ 74
- i3'3
+ 77
- 47'9
- 34-0
- 34-0
- 47'9

BEMARK8.

Spectrum steady, but rather faint. Star-
line broad, faint, and diffused. Defini-
tion good.

Spectrum steady and bright. Definition
fair. The displacement was evidently
small, practically nil, and the measures
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.

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

Spectrum bright and fairly steady. Star-
line rather faint, but seen well
occasionally.

Spectrum bright, but tremulous. Star-
line rather faint.

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

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

Spectrum bright and fairly steady. Star-
line faint.



AT тнв ROYAL OBSERVATORY, GREENWICH, ш тнв YEAR 1888.

Date, 1888.

Greenwich

Civil Time.

<1 h IM
Feb. 1 . 2 3 . 3 5

2. 0. 0

o. 1 8

o. 30

Mar. 5 .21. i o
21. 2O

21.30
2 1 - 3 5
21.45
21. 50

22. 5

22. IO

2 2 . 2 5

22. 30

22. 40

22.45

23. о
2 3 . 1 5

23.30

23.40

Mar. 21. 22. 10

22. 30

2 2 - 3 5
22. 50

23- 5

23. 20

23.30

23.40

22. 0. 0

O. I О

May 7 . 2 2 . 1 5
22. 30

22. 40

22. 50

22. 58

23. 2

23. 12

23. 18

O
bs

er
ve

r.
 

1

M
M
M
M
M
M
M
M
M
M
M

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

M
M

M
M
M
M
M
M
M

M
M

M
M
M
та.

M
M
M
M
M
M

M
M

Objeot.

Sirius
,
,
,
»
»

Moon

> ï
> »
, ,

Rigel

Sirius
, ,
» ,
, ,
, ,
, i

Procyon
, ,
, ,
, ,

Pollux
, ,

Castor
, ,

M
, ,
T í

, ,

, ,

Procyon
, ,

Pollux
, ,

Castor
, ,

• , ,

Rogulus
, ,

ß Leonis
, ,

Arcturus

"

Lino.

F
F
F
F
F
F
F
F
F
F
F

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

F
F

F
F
F
F
F
F
F

V
F

F
F
F
F

F
F
F
F
F
F

F
F

Width
of

Slit.

0*230
0*230
0*230
0*230
0*230
0*230
O'2 7O

0'230

о'-гзо
0*230
0*230

o* 1 40
0*140
0*140
0*140
0*140
0*140
0*140
0*140
0-140
0*140
0*140
0*140
0*140
0-140

0-140
0*140

0*116
0-116
0-116
0-116
О* I I 6

o-i 1 6
O*I I 6

o-i 16
0-116

O*I 1 6

0-116
0-116
0-116

0-238
0-738
0-238
0-238
0-238
0-238

0-238
0-238

Displacement,

Measured.

— 0*007
— 0*1 08
— 0*091
— 0*063
— 0*044
— 0*027
+ 0*005
+ 0*008
+ 0*001
— 0*016
— 0*002

+ O*ï 3 1

+ 0*125
-0*068
— 0*136
—0*128
— 0*048
—0*070
-0*035
— 0-052
+ 0-040
—0-027
— 0-009
-0*137
— 0*080

+ 0*06 1
—0-005

—0*013
+ 0-018
+ 0-017
— O-O2O

— O-O32

+ 0-023

+ 0-OÓ2

— 0-072

— 0-099

+ 0-086

+ 0-02Ó

+ 0-044

+ 0-042

+ 0-041

+ O-O2O

+ 0492

+ O-209

— 0-078

— 0-o8o

-0-074

— O-I29

Estimated.

0

— ^— $
— ]f

~ Tff

- Л

+ i
+ ï

T.

0r,
I
5

- -Ari
'/Г

+ 1
1

т ff
0

— i
— î"0-

+ .1
0

+ Vo
+ i

— 1

— ^
+ £
+ Л
+ i-
+ i

+ 1
+ Л
+ *
+ ü= i

a
л

Earth's
Motion in
Miles per
Second.

+ 7-3
+ 7'3
+ 7-3
+ 7-3
+ 7-3
+ 7'3

+ 1 6*0
+ 16*0
+ 12*8

+ 12*8

+ 12*8

+ 12*8

+ 12*8

+ 12*8

+ 14*0
+ 14*0
+ 14*0
+ 4*0
+ 15*0
+ 15*0

+ 154
+ 44

+ 164
+ 1 6*4

+ !7'3
+ 17*3

+ 174
+ 174
+ 10*2

+ 10*2

+ 17*7

+ I7-7

+ 14'9
+ 77
+ 77

+ 6-6
+ 6-6

Concluded Motion
of Stars in Miles por

Second.

Measured.

- 94
— 40-1

- 34'9
— 26*4
— 20*7
— 15*5
+ l'C~ l 3
+ 2-4
+ 0-3
— 4'9
- 0-6

+ 23-8
+ 22-0

- 33'5

- 517
- 27*4

- 34-1

- 234
— 29*8
- 1-9
— 22*2

- I67

- 56*6

- 39'3

+ 34
— 16*9

- 4*0
+ 5'5

- 6*1
— 9-7
— 9*4
+ 2-4

- 39'z

- 474

+ 8*8
- 9'5
+ 3'z

- 5'3
- 1 1-6
+ 434
+ 48-6
- 3°4
- 32-0

- 29*1
-45*8

Estimated.

- 7'3
-42*2
- 33'5
-28-3
-17*8
-17-8

+ 24*6
+ 16*4
- 33-1
- 534
-45*2
— 29*0
- 33-1
— 20*9
- 30*2
+ 2*2

— 22-1

— I4-0

— 55*6
- 39'3

+ 4'9
- 44

- 8*6
+ 3*0

— 36*7
-43*2

+ 8*5
- 9*6
+ 54
+ 54

+ 3-2
- 7'3
+ 477
+ 477
- 337
- 42*4

-48-3
-48-3

REMARKS.

Spectrum very bright, and very unsteady ;
neither the C, D, nor 1 lines were
visible. Direct comparison seemed to
show a small but distinct displacement
to red, about J.

The coincidence of the two spectra
appeared perfect.

Position Circle, 6°.

Spectrum faint and very tremulous.
Observations made with difficulty.

Spectrum bright, but tremulous. Star-
line seen well. Direct comparison
gave a small but unmistakable displace-
ment towards the blue, estimated us
about ^.

Spectrum bright and fairly steady. De-
finition good. Star-line seen well.
Direct comparison failed to show any
displacement.

Spectrum bright and steady, but star-line
faint. Measures made with some
difficulty.

Spectrum bright and steady. Star-line
dark, but very broad and diffused.

Position Circle, 6°.

The coincidence of the two spectra
appeared perfect.

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

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

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

Spectrum fairly bright, but tremulous.
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°.

Spectrum fairly bright and steady. Star-
lino specially ill-defined and diffused.

Spectrum faint, but steady. Star-line
dark, but diffused.

Spectrum fairly bright and steady. Star-
line not very broad and but little
diffused.

Spectrum bright and steady. Star-line
narrow, but rather faint.

B A S



MOTIONS OF STABS ш THE LINK OF SIGHT, INFERRED FROM SPEOTROSCOPIO OBSERVATION

Date, 1888.
Greenwich

Civil Time.

d h in
May 7. 23. 24

23.27
23.30
Z 3 - 3 3
23.36
23- 41
23.46
2 3 - 5 1
23.56

8. o. 5
0. 10

May 23. 22. 15
22. 2.5

22. 40

23. о
23. 2O

2 3 - 3 5

2 3 - 5 5
May 24. o. io

o. 30

o. 4z
I. 0

1.30
2- 5
2. 2O

2-30

Dec. 7. 19. 40
19.45

20. IJ

2O. 30

20.55

21. 10

21. 3O

21. 4?
22. 5

22. I5

22. 30

22. 40

22. jO

23. о
23. I5

2 3 . 2 5

23.40

23- 50

O
bs

er
ve

r.
 

1

M
M
M
M
M
M
M
M
M
M
M

M
M

M
M
11
M
M
M

M
M
M
Ы
H
11
M

M
M
M
M

M
M

M
M

M
M

M
M
M
M

M
M
H
M
M
11
M
M

Object.

Mars
) >
J
)
)

a Coronse
)

>

)
a Ophiuchi ...

5 5

a CanumVen.
) »

Spica
J )

Ai'cturus
) )

y Boötis
» »

Moon
? ?
» >
» >
J 9

Я Librae
» >

a Coronse Бог. .
> >

Vet? а
9 »

/3 Persei
> >

a Persei
? »

Capella
» >

ß Anrigíe

y8 ïauri
* »

y Orionis
» >

Aldebaran
» >

Rigel
» >

Sirius
> »

Line.

F
F
F
F
F
F
F
F
F
F
F

F
F

F
F
F
F
F
F

F
F
F
F
F
F
F

F
F
F
F

F
F

F
F

F
F

F
F
F
F

F
F
F
F
F
F
F
F

Width
of

Slit.

0-238
0-238
0-238
0-238
0-238
0-238
0-238
0-238
0-238
0-238
0-238

0-165
0465

0-165
0-165
0-165
0-165
0-165
0-165

0-165
0-165
0-165
0-165
0-165
0-165
0-165

0-165
0-165
0465
0-165

0-185
0-185

0-185
0-185

0-185
0-185

0-185
0-185
0-185
0-185

0-185
0-185
0-185
0-185
0-185
0-185
0-185
0-185

Displacement.

Measured.

— O'OII

4-0*008
+ 0-019
+ 0-025
— O-OI2
+ 0'073

+ 0-136

+ 0-085

+ 0-065

-0-143

— 0-07I

— o-i 15
—0-094

— O' lOI

-0-074
-0-118
— 0-086
—0-038
—0-086

— o'oiS
+ 0-004
+ 0-014
— 0-013
—0-024
—0-109
— 0-142

+ 0-113
+ 0-063
— 0-152
-0-143

-o'34-S
—0-283

— O-OI2

— 0-008

+ 0-I25

+ 0-066

+0-039
+0-151
— 0-021

— 0-016

-0-134
— 0-041
+0-149
+0-052
+0-082
+ 0-088
+0-041
+0-035

Estimated.

~ Tu
о

+ Л
+ Л

о
+ i
+ \
+ i
+ 'Х-

:(

__ i
3

- *

""" И"
1

- \
~ k

. к_ 2

и

= 1

+ 4
+ ]

-'è— i
о
о

+ *+ -1
+ ъ
+ 5
"" та- А
~~ \

+ 1
+ i+ *
+ 1
+ í
+ iV

Earth's
Motion in
Miles per
Second.

+ 1-6
+ 1-6
+ гб
+ 1-6
— 8-0
- 8-0

+ I2'9

+ 12-9

+ 117
+ 117
+ lO'O

+ lO'O

+ 8-5
+ 8-5

+ 47
+ 47

+ 4'9
+ 4-9
- 5'5
- 5'5

+ 6-4
+ 6-4

+ 44
+ 44

— Г2

— Г2

- 37
- 37
- гб
- гб

— ro
— ro
+ 2-7
+ 2-7
+ 0-3
+ 0-3
- 64
- 6-4

Concluded Motion
of Stars in Milea {>er

Second.

Measured.

- 3'3
+ 2-4
+ 5'8
+ 7-6
- 3'6
+ 23-8
+ 42-9
+ 27-4
+ 21-3

- 354
- 13-6

- 47-8
- 41-5

- 42'4
- 34>z

- 45'8
— 36'!
— 2O-I

- 34'6

- 5'5
+ 1-2

+ 4'3
- 4'°
- 7'3
- ЗУ«
- 47'8

+ 29-4
+ 14-2
— 40-6
- 37'9

— I 11-2

- 924

- 8-0
- 6-8

+ 39'2
+ 21-2

+ >5 '5
+ 49' 5
- 4-8
- З'З

- 397
- u ч
+ 42-6
+ i3'i
+ 24'6

+ 26-4
+ 18-8
+ 17'°

Estimated.

— 10-4
O'O

+ 10-4
+ 10-4

o-o
+ Зб-З
+ 537
+ Зб-З
+ 43'3
- 54-6
— 26-7

- 45-1

- 45'i

- 33'2
- 27-8
- 42-2
- 3 I - 5
- 21-4
- 34'2

- 36-9
- 47-6

+ 27-3
+ I I - 2

- 374
- 374

-142-7
- 97'3

- 44
- 44

+ 37'5
+ 194

+ 21-9
+ 58-2
- 7'5
- 7'5

- 444
- 17-2
+ 427
+ 15-5
+ 36-0
+ 36-0
+ 24-6
+ I 5 - 5

REMARKS.

Spectrum bright and steady. F line in
the spectrum of the planet rather faint,
and very similar in breadth to that in
Arcturus. Calculated motion +37 miles
per second.

Spectrum bright and steady. Star-line
dark, and somewhat diffused.

Spectrum fairly bright and steady. Star-
line broad and diffused, and fairly dark
near the centre.

Position Circle, 6°.

Spectrum steady and fairly bright. Star-
line seen well. A good direct com-
parison gave a displacement of #
towards the blue.

Spectrum very tremulous. Star-line rather
faint. Measures made with difficulty.

Spectrum very bright, but rather tremulous.
Star-line faint and seen with difficulty.

Spectrum bright but rather tremulous.
Star-line faint and diffused. Measures
made with great difficulty.

The coincidence of the two spectra
appeared perfect, both spectra being
seen particularly well.

Spectrum rather faint and tremulous.
Star-line ill-defined and bisected with
difficulty.

Spectrum fairly bright and steady. De-
finition good.

Spectrum bright and steady. Star-line
seen well. Definition good.

Position Circle, 6°.

Spectrum rather faint and tremulous.
Definition poor. Displacement un-
doubtedly large towards the blue.

Spectrum bright and steady, but definition
of star-line not very good, being broad
and diffused. Displacement apparently
nil.

Spectrum bright and steady, but the
F line, though ' narrow and sharp, was
faint and difficult to observe.

Spectrum faint, but definition fair. Star-
line very broad and diffused.

Observation interrupted by passing-cloud.
Spectrum seen well eventually. Star-

line diffused and not very broad.
Spectrum fairly bright and steady. Star-

line rather faint and difficult to hold.
Spectrum bright and steady. Star-line

rather faint and difficult to hold.
Spectrum tremulous, but bright. Star-

line seen well ; fairly narrow and sharp.
Spectrum bright, but very tremulous.

Star-line very broad, ill-defined and
diffused.



AT THE ROYAL OBSERVATORY, GREENWICH, ш тнн YEAH 1888.

Date, 1888.
Greenwich

Civil Time.

<1 h m
Dec. 8. о. о

0. 10

Dec. lo. iz. 45

13. о

Dec. 13. 19. 35
19-55

é

0

M
M

M
M
H
M
M

M
M

Object.

Procyon
» J

Sun ....
ï >

J >
, >
> >

y CassiopaifB...
9 t

Line.

F
F

F
F
F
F
F

F
F

Width
of

Slit.

0-185
0-185

0-185
0-185
0-185
0-185
0-185

0-156
0-156

Displacement.

Measured.

+ 0-055
+ 0-041

+ 0-OI8
+ 0*003
+ 0-01 1

+ 0-030
+ 0-OZ7

+ 0-017
+ 0-083

Estimated.

+ 1
+ A

+ A
+ è

Earth's
Motion in
Miles per
Second.

— irz
— 1Г2

+ 8-0
+ 8-0

Concluded Motion
of Stars in Miles per

Second.

Measured.

+ 27-9
+ *3'6

+ 5-5
+ 0-9
+ 3'3
+ 9'i
+ 8-2

- 3-1
+ ï?'2

Estimated.

+ 29-4
+ 20-3

+ 0-4
+ zo-o

BEMARKS.

Spectrum bright and steady. Star-line
well seen. It was but little diffused
and not very broad.

Position Circle, 6°.

Direct comparison showed no perceptible
want of coincidence between the two
spectra.

Position Circle, 6°.

The spectrum was faint and very
tremulous, and the star-line held with
great difficulty ; but nevertheless the
bisections were considered satisfactory.
There appeared to be a small but
distinct 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 than it has been seen.
There could be no doubt as to its
existence as a bright line.

Position Circle, 6°.



в COLLECTED RESULTS FOR MOTIONS OF STABS IN THE LINE OF SIGHT, FKOM SPECTROSCOPIC OBSERVATIONS

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

made at the ROYAL OBSERVATORY, GREENWICH, in the Year 1888.

(F for the Star or Moon is compared with Н/з of Hydrogen.)

(+ denotes Recession ; — Approach.)

Date, 1888.

O
bs

er
ve

r.
•H .

UJ p

0 SIa

•я

N
um

be
r 

с
P

ri
sm

s.

Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star in
Miles per Second.

Measured. Estimated.

7 CASSIOPEIA.

F line feebly bright, narrow, and a little ragged at the edges.

December 1 3 M 2 1 6 0456 F + 8-0 + ?•' + lO'Z

ß PERSEI.

F line broad, dark, and diffused ; estimated breadth, g tenth-metres.

February ï

December 7

H

M

z

z

1

1

6

6

0-230

0-185

F

F

+ I7'1

+ 6-4

- 49'8

— I O I - 8

- 52-0

— izo-o

a PERSEI.
F line broad and diffused, without any marked central condensation. Estimated breadth, 13 tenth-metres on Feb. ï ; 8 on Deo. 7

February ï

December 7

M

H

4

z

1

1

6

6

0-230

0-185

F

F

+ I5 -5

+ 44

— zo'9

- 74

- 16-8

- 44

о TAURI (Aldebarari).

F line narrow and sharp, but rather faint.

February ï

December 7

H

11

2

2

1

1

6

6

0-230

0-185

F

F

+ 16-9

+ »7

+ 9<6

+ 27'9

+ 21-5

+ Z9'1

a AURIGA (Capella).

F line narrow and sharp, but rather faint.

December 7 H z 1 6 0-185 F — Г2 + 3°'z + 28-5



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

Date, 1888.

O
bs

er
ve

r.

N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit. Lino.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

ß ORIONIS (Rigel).

F line narrow and sharp, but not very dark. Estimated breadth on March 5, 2*5 tenth-metres.
\

February ï

March 5

December 7

M

M

M

4

2

г

1
1
1

6

6

6

0^230

0440

0-185

F

F

F

+ i3'6

•f 1 6-0

+ 0-3

-f iro

+ «'9

+ »5'5

+ «74

+ »о-;

+ 36-0

ß TAUUI.

F line estimated 16 tenth-metres in breadth on Fob. 1 ; 8 on Doo. 7. Line dark ; no marked central condensation seen on Feb. ï.

February ï

December 7

M

M

2

2

1
1

6
6

>o'í3o

0-185

F

F

+ 147

- 1-6

- 77

- 4'i

+ ri

- 7-5

y ORIONIS.

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

February ï

December 7

M

M

4

2

1
1

6
6

0-230

0-185

F

F

+ 4'5

— ro

+ i'5

- 25-6

+ 7'3

— 30-8

S ORIONIS.

F line very faint ; breadth about 4 tenth-metres.

February ï M 2 1 6 0-230 F + I3'6 + 6-3 + нч

£ ORIONIS.

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

February ï M 2 1 6 0-230 F + 13-3 — 10-9 - 2-8

f ORIONIS.

F line narrow but faint ; breadth about ï tenth-metro.

February ï M 4 1 6 0-230 F + 13-0 - 36-1 - 41-0



8 COLLECTED RESULTS FOR MOTIONS OF STABS IN THE LINE OP SIGHT, FROM SPEOTROSOOPIO OBSERVATIONS

Date, 1888.

O
bs

er
ve

r. 
1

N
um

be
r 

of
M

ea
su

re
s.

N
um

be
r 

of
P

ri
sm

s.

Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

ß Аиншл.
F line тегу broad and diffused. Estimated breadth, 21 tenth-metres.

December 7 M 2 1 6 0-185 F - 37 + 32'5 + 40-1

o CANIS MAJORIS (Sirius).
F line dark, bnt тегу broad and diffused at the edges. The extreme breadth of the line is 30 tenth-metres ; it is fairly dark for a breadth

of about 1 8 tenth-metres, the central condensation is about S ten th -metres in breadth.

February г

March 5

December 7

M

M

M

б

б

2

1

1

1

6

6

6

0-230

0*140

0-185

F

F

F

+ 7'3

+ iz-8

- 6-4

- *4'5

- 374

+ I7-9

- 24'5

- 35-8

+ 20-1

a GEMINORUM (Castor).
The two componente of this double star have been observed together as one star.

F Ида тегу broad and nebulous. 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 s
21

M
M

2

2
1
1

6
6

0-140
0-116

F
F

+ 154
+ »74

- 6-9
- 0-4

- 5'3
- 0-6

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
21

December 8

M
M

M

4
2

2

1
1

1

6
6

6

0-140
0-116

0-185

F
F

F

+ 14'°
+ 16-4

— I I - 2

- 177
- 3'5

+ 25-8

— 16-0
- 2-8

+ *4'9

ß GEMINORUM (Pollux).
F line narrow but faint.

March 5
21

M
M

2

2

1
1

6
6

0-140
0-116

F
F

+ I5'0

+ i7'3
— 48-0
- 43'3

- 47'5
— 40-0

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

March 22

May 7

M

M

2

2

1

1

6

6

0416

0-238

F

F

+ 10-2

+ 177

+ 2-9

- 8-5

+ 54

— 24



AT тнк ROTAI, OBSERVATORY, GREENWICH, IN THE YEAR 1888.

Date, 1888.

o g

il

I»

Position
Circle.

Width of
Slit. Lino.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles por Second.

Measured. Estimated.

ß LEONIS.

line dark, but diffused at the edges. Estimated breadth about 18 tenth-metres.

May M 0-238 + H'9 + 46-0 + 477

a. CANUM VENATICORUM.

lino very davk? broad, and well defln

May M 0-165 + 12-9 - 447

n VIRGINIS (8pica).

F lino neither very broad nor very diffused. Estimated breadth about 6 tenth-metres.

May 7
23

M
M

0-238
0-161;

F
F

+ 77
+ 11-7 - 38-3

-38-I
-30-5

a BoôTis (

F line narrow and sharp.

May 7
23

M
M

l
l

6
6

0-238
0-165

F
F

+ 6-6
+ io-о

37-5
41-0

48-3
36-9

y BOOTIS.

F lino faint and diffused at the edges.

May 24 M 0-165 + 8-5 - 27-4 27-8

ß LlBRJB.

F line faint and narrow.

May M 0-165 F + 47

GREENWICH OBBKIWXTIONB, 1888.



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

Date, 1888.

ê
l!a sâ я.

Position
Circle.

Width of
Slit. Line.

Earth's Motion
in Miles per

Second.

Concluded Motion of Star
in Miles per Second.

Measured. Estimated.

a CORONA BOREALIS.

F line dark and broad, but not very diffused at the edges. Estimated breadth, 13 tenth-metres.

May 7
24

M
M

4
z

l
l

6
6

0-238
0-165

F
F

+ i-6
+ 4'9

42Ч

a OPHIUCHI.

F line broad and diffused, but fairly dark near the centre. Estimated breadth, 18 tenth-metres.

May 0-238 — 8-0 - H'S - 4°7

(Vega).

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

May 24 M 0-165 F - S'S - 39'3 - 374

MARS.

May 0-238 + 1-8 + 2-1

Calculated relative motion of Mars, + 37 miles per second.

MOON.

February 2

March 21

May 24

M

M

M

l
l
l

6

6

6

0-230

0-116

0-165

F

F

F

- 0-3

- 1-8

- 2-3

SUN.

December io M 0-185 + 54



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

OBSERVATIONS of the SPECTRA of y CASSIOPEIA, MIRA OETI, a ORIONIS, a HERCULIS, /3 LYRJE, R CYQNI,

P CYGNI, and ß PBGASI, and of COMETS a and c i888.

y CASSIOPEIA.

1888, September 19"' 2211- to г$ь-

Single-prism Spectroscope.

Observer, M.

The С 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 overlooked if its exact place had not been known. So too with D3

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.

The F line was seen as a bright line. It was only feebly bright, was narrow, and slightly diffused at both
edges. Although it was fainter than iisual, 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 С and D} lines were not looked for.

1888, October 5.

o (Mira) CBTI.

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 were obtained :—

WAVE-LENGTH EXPRESSED IN TENTH-METRES.

Dunor'e
Numeration.

I.
II.

111.
IV.
V.

VII.
VIII.

IX.

First Series.

6581
6148
5847
5607

5447
5171
4957
4763

Seoond Series.

6598
6158
5838
5608
544.8
5171
4955
47бз

Third Series.

6581
6 l 5 3
5H*
5602

545°
5170
4956
4766

Mean.

6587
615358425606
5448517149564764

The wave-length of the sodium lines has boon taken as 5892 tenth-metres.

ь в а



12 OBSERVATIONS OF THE SPECTRA OF SUNDRY STABS AND COMETS

The~following ten measures of a bright line in the violet were obtained, Micrometer A having been set on
the sodium lines and Micrometer В 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 Ипев in the solar spectrum, and of
Micrometer В on the line гудок (the third line of hydrogen), the means being o r '4355 for D and i r ' i 3 i 3 for
гудбк respectively and the instrumental constant i r '5668. The wave-length of гудок has been assumed as
4340-10 tenth-metres :—

Mean

Bright Line
in Stellar
Spectrum.

o-88i
•913
'944
•8yy

1-009
•8У9
•981
'977
•825

0-9158

D Lines,
Sodium Flame.

r
0-401

•481
479
•538
"497
•503
•458
•500
•466
•501

о-48г4

Sum.

r
1-282
1-394
1-4231-415
1-469
1-512
1-337
1-481
>Ч43
гз*б

...

Diff. from
Constant.

r
— 0-285

•173
•144

•152
•098

•055

"230

•086

•124

•241

Ditf. in
Wave-length.

Tenth-motet;«

5-873-56
2-96
3-13
2-OZ

1-13

4'74
i - y y
2-55
4-96

Wave -length.

Tonlli-mclrcs.

4345-97
4343-66
4343-06
4343-23
4342-12
4341-23
4344-84
4341-87
4342-65
4345-06

4343-37

The spectrum of this star had a remarkably clean appearance, the " zones " or bright interspaces between the
«lark shaded bands being quite free from absorption lines. Bands П., V., VII., and VIII. were very distinct, 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 з6г>8, and
another as at about 3$r>8, corresponding to wave-lengths of 4764 and 4уду 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
distance 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 was, 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 OBIONIS.

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 satisfactory 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 Ш-deíined, and the b lines in Band VII. could not be
isolated at any time, so that it was not found practicable to make any displacement comparison with the
magnesium spectrum.



AT тын ROYAL OBSERVATORY, GREENWICH, IN THE YEAH 1888. IS

a HlSRCULIS.

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 difficulty, and under disadvantageous circumstances.

The green band of the carbon spectrum accorded, both as to position and appearance, with the bright inter-
space or " zone " to the blue of Band VII. (Dunor'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 was arrived at in either case.

In the case of the manganese spectrum, 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
a 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 feeble bands, the more refrangible was not coincident with, a stellar band, but the other
was nearly coincident with the more refrangible edge of Band III. (Dunor's numeration), but so far as could be
made out was slightly but decidedly nearer the violet.

There was à 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 wan soon fairly well, but only two manganese bands wore seen in the comparison
spectrum. These were not coincident with any band in the spectrum of n Herculis. The two outer fainter
manganese bands were not scon, nor any band which could have coincided with them, except the band round D,
which bore its accustomed character. The sky clouded over before a satisfactory set of measures could be
obtained for the bands in the star, but the following set of measures was obtained of the two manganese
bands in the comparison spectrum as compared with the sodium lines given by a Bunsen flame :—

MANQANHSH SPECTRUM.

Band.

Bright Sharp
mgo.

Mn
Mn,

Wnvo-lenjfth in Tonth-Motres.

First
Mensuro.

5576
535°

Sooond
Measure.

5575
5355

Third
Measure.

5573
5351

Fourth
Measure.

5576
5357

Fifth
Measure.

5586
5362

Sixth
Measure.

5588
53бЗ

Mean.

5579
5356



14 OBSERVATIONS OF THE SPECTBA OF SUNDRY STARS AND COMETS

1888, May г.

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 as 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 spectrum as given by a Bunaen flame
corresponded closely with bright zones in this spectrum, the green band quite exactly, so far as the dispersion
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 apectrum
of the star :—

WAVE-LENGTH IN TENTH-METRES.

Dunér's
Band.

II.
III.
IV.
V.

VII.
VIII.

IX.
X.

First Series.

6131
5874
5592
5452
5169
4960
4767
461 1

Second Series.

6164
5852
5602
5447
5162
4956
4765
4613

Third Series.

6181
5877
5595
5464
5182
4972
4778
4609

Fourth Series.

6158
5874
5572
S463
5170
4968
4787
4609

Fifth Series.

6132
5862
55H
5452
5150
4958
4784
4606

Sixth Series.

6152
5851
5609
5436
5158
4944
4776
4600

Mean.

6 i53
5865
5592
5452
5167
4960
4776
4609

ß LYR-ав.
1888, August io (2ih- to 23"-).

Single-prism Spectroscope.
Observer, M.

The following measures made with Micrometer В were of the distance between a bright line, supposed to
be D3, in the star spectrum, and the two D lines given by the sodium flame. Position Circle 6°. Slit just wide
enough for the two D lines to overlap at their inner edges.

Mean

Bright Line
in Stellar
Spectrum.

'•279
•321

•315
•400
•353
•305
•379
•361
•375
•419

I "i CO71 J5 U /

D Lines,
Sodium Flame.

r
0-994

•056
•008
•068
•054
•046
•113
•039
•072
•120

.
I 057°

Difference.

г
0-285
0-265
0-307
0-332

0-299
0-259
О'2бб

O'322

0-J03

0-299

• nо 2937

Difference in
Wave-length.

Tenth moire»

17 "67

16-43

19-03

20-58

18-54
16*06
16-49

19-96

1879

18-54

18-21

Wave-Length
Inferred.

TunUi-motrea.
5874-46

5-70

3'10

" 'SS

3'59
6-07

5-64

2 - J 7

3'34
3'59

C874'Q2Э / J У*



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

The wave-length of the sodium linos has been assumed as 5892-13 tenth-metres, and the value of a
revolution at D lias boon deduced from tho curve as 62 tenth-metres. The above measures point to the line
observed having really boon Б;„ and not the manganese fluting at Л 5869.

Tho 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. D3, or what w.is supposed to be D3, was bright. It was not always seen,
often being lost for throe or four minutes at a time, but when seen was quite unmistakoable, 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, (ï.) The bright lino could only be seen when no cylindrical lens was ufced, and the
spectrum therefore was a mere lino. • (2.) There were no means for illuminating the pointer. The measures,
therefore, wore 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
give different widths of spectrum, but it was impossible to see Da when the cylindrical lens was used at all.
Several dark lines or bands were, however, noticed in tho region of the stellar spectrum beyond D, towards the
red. С was not seen as either a bright or dark line. P was suspected to bo present as a faint bright line, but
the point could not bo made certain. Tho lino supposed to be D3, however, was quito unmistakeablo every now
and then.

The star was at maximum August 9d- ziu-, and at secondary minimum August i3U i 3''-

i888, September iod' z i h -

Single-prism Spectroscope.

Observer, M.

The bright line near D was seen occasionally in the spectrum of jo Lyrse, but much less distinctly than on
August ï o, and no measures could be obtained as it could not be held long enough to bisect.

The star was at secondary minimum September ju- 23''' and at maximum September ï i r t- 4''-

1888, September \<f- (20"' to 221'-).
Single-prism Spectroscope.

Observer, M.

The bright lino near D was found to be quite distinct, and the following measures were obtained pretty
readily ; owing to the flickering of tho flame the measures of the sodium line were much harder to obtain, and
were less certain

Mean ...

Bright Lino
in Stollar
Spectrum,

r•255
•242
•273
•290
•268
•291
•275
•295
•289
•290

1-2768

D Linos,
Sodium Flame.

r0-991
0-979
0-990
0-946
0-956
I -009
1-029
0-989
1-031
1-019

0-9939

Difference.

r
0*264
0-263
0-283
0-344
0-312
0-282
0-246
0-306
0-258
0-271

0-2829

Difference in
Wave-length.

ТопПмтчго«.16-37
16-31
17-55
21-33
«9-3417-48
15-25
18-97
l6'OO
l6-8o

'7-54

Wave-length
Inferred.

Tonth-inptroe.
5875-76

5875-82
5874-58

5870-80

5872-79
5874-65
5876-88

587346

S876-I3
5875-33

S874'59



16 OBSERVATIONS OF THE SPECTRA OF SUNDRY STARS AND COMETS

The wave-length of the sodium lines has been assumed as D = 5892-13 tenth-metres, and the value of a
revolution at D has been deduced from the curve aa 62 tenth-metres.

The above measures point to the line observed having really been D3.

С 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 was a
little more distinct than on August 10, and decidedly more distinct than on September 10.

The star was at maximum September i7d i i^-

1888, September z i d - (zoh- to 2ih-).
Single-prism Spectroscope.

Observer, M.

The bright line near D in the spectrum of this star was brighter than the observer had ever seen it before.
С 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 traceable quite so far. F was also seen both with the
cylindrical lens and without it.

D3 was by far the most distinct of the three lines, and was a narrow, sharp, well-defined, bright line. F was
a little brighter than C, but appeared somewhat ill-defined. It was not only much fainter than Da, but also
appeared not quite so sharp nor so narrow. С appeared to be narrow and sharp. No other bright lines were
detected.

A dark band, probably D, and D2 confused together, was detected close to Da.

The star was at secondary minimum September 2od' 2i l L , and at maximum September 24"- a1'-

1888, October ï (19^- to 2ib-).
Single-prism Spectroscope.

Observer, M.

D3 was visible, but fainter than on September 21. F could not be seen. С was suspected once or twice.
Da could not be held steadily enough for measurement.

The star was at maximum September 30"- 13''- and at secondary minimum October 3d- i9b<

1888, October 19* 20h

Single-prism Spectroscope.

Observer, M.

The spectrum was examined carefully. С 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 С and F. Ds was glimpsed occasionally as a feeble bright line.
The D lines formed a broad diffused band, and D3 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 D8, but it was too faint,
and was continually being lost. Nevertheless there was no doubt about its presence, for it was unquestionably
seen every now and then.

The star was at maximum October i9d- 22""-, and at principal minimum October 23di 4''-



AT THE ROYAL OBSERVATORY, GREHNWIOH, ш THE YEAR 1888.

R CYGNI.
1888, September zi (zih- to г^-}.

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 D3 was identified with probability and F with certainty. A mist sprang up, however,
before any measures could be obtained.

1888, October ï (21*- to 22$"-).
Single-prism Spectroscope.

Observer, 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 В 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 В on the F line, the means being or*o4o8 for D, and or>279o for F respectively, and the instrumental
constant o r*3i98. The wave-length of F has been assumed as 4860*74 tenth-metres.

Bright Lino in
Stellar Spectrum.

г
o*i04

D Linen,
Sodium Flame.

г
0-039

Sum.

г
0-143

Diff. from
Constant.

r
0*177

Diff. in
Wave-length.

Touth-motroi.
5*52

Wave-length
Inferred.

ToDth-motroa,
4866*26

P CYGNI.
1888, October ï.

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 bo made out. The line near F appeared a
little diffused at the edges. Micrometer A in the following measures was set upon the sodium lines, and
micrometer В upon the bright lino 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 В on the F
line, the means being or<o4o8 for D, and o'''279o for F respectively, and the instrumental constant o r >3i98. The
wave-length of F has been assumed as 4860-74 tenth-metres.

Mean

Bright lino
in Stellar
Spectrum.

r
0*300

•322
•363
•270
•3*3
•308
•327
•353
•558
•528

0*3652

D Linos,
Sodium Flame.

r
0*019

-042
-019
•007
-007
•051
*OO2

•046

'042

•049

0*0284

Sum.

0-319
0*364
0*382
0*277
0*330
0*359
0*329
0*399
0*600
0*577

Diff. from
Constant.

— 0*001

+ 0*044
+ 0*062
- 0*043
+ 0*010

+ 0*039
+ 0*009
+ 0-079
+ 0-280
+ 0*257

Diff. in
Wave-length.

Tcuth-пкчгоя.'
+ 0*03

- 1-37
- i;93
- 0*31
— 1*22
— 0*28

— 2*46

- 8*74
- 8*02

Wave-lonpth
Inferred.

Tonth-iuctres.
4860*77

4859*37

4858*81

4862-08

4860*43

4859*52

4860*46

4858-28

4852*00

4852*72

4858*44

GllUKNWIOU OUSICIIVATIONS, 1HSH. 6 C



18 OBSERVATIONS OP THE SPECTRA OF SUNDRY STARS AND COMETS

COMET 1888 a (SAWERTHAL).

1888, April io.

Single-prism Spectroscope.
Observer, M.

The comet was searched for from itemising to dawn, and a momentary glimpse of it was caught through
cloud. The green band in the spectrum 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.'J

All j that could be made out of its spectrum was :—

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

(z.)^Two 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 io was
really only the central and brightest part of the continuous spectrum.

1888, May 3,

iSingle-prism Spectroscope.!
Observer, M.

The ispectrum 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 envelope immediately outside the nucleus,
as a very feeble brightening of the continuous spectrum. No trace of the bände in the blue and yellow could
be detected.

The continuous spectrum ended rather abruptly at or near D.

Thejcomet 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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Сомит 1888 e (BARNARD).

1888, November 27.

Single-prism Spectroscope.

Observer, M.

The comet was observed with considerable difficulty as it moved quickly off the slit, and was hard to find
.again 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.

6 0 2
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H O Y A L OBSERVATORY, GREENWICH.

MEASURES OF POSITIONS AND AREAS
OF

S P O T S A N D F A C U L T E
U P O N T H E SUN'S DISK

ON

PHOTOGRAPHS

TAKEN WITH THE

P H O T O H E L I O G R A P H S

AT GREENWICH, IN INDIA, AND IN M A I ' K I T I U S ,

WITH THK DUDUOHD

H E L I O G K A P H I C L O N G I T U D E S A N D L A T I T U D E S .

1888.

GRBKNWIOH ОВВКПУАТЮНН, 1888.



MEASURES OF POSITIONS AND AHEAS OF Si'OTS AND FACUL.E UI-ON тик SUN'S DISÍC

MEASURES of POSITIONS and AREAS of SPOTS and FACULTE upon the SUN'S DISK on PHOTOGRAPHS taken at the ROYAL OBSICRVATOHY,
GREENWICH, at DKHRA DUN in INDIA, and at the ROYAL ALFHIÎD OBSERVATORY, MAURITIUS, in the Year 1888.

NOTE.—The Greenwich Civil Time at which the photograph was taken is expressed by the Day of the Your and decimal« of a day. reckoning from Greenwich
Midnight, January г1- о'1-

For convenience of reference 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 wan taken in Mauritius : the time given is Greenwich Civil Time.
The position-angles are reckoned from the North Pole of the Sun'n Axis in the direction N., E., S., W., N.
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The Groupe of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood tha!, there is a Faci'ia
unaccompanied by a Spot. The positions of Faculto relative to the Spots with which they aro associated are indicated by the letters », t, ji, f, r, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are ^iven in brackets.

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

Jan. ï and 5. Photograph taken through mist. Definition poor.
Group 202(1, 1887 Dec. 31-1888 Jan. 10. A regular spot. /ï. A faint companion is seen near it on Jan 7.
Group 2027, 1Я88 Jan. 4-5. Three small spots, of which the first two are measured together on Jan. 4. One small spot on Jan. 5.
Group 2028, Jan. 10-12. Three fmall spots, и. I, and r. on Jan. 10. r has disappeared by Jan. 11. The group consists on Jan. 12 of four small spots in a short stream.
Group 2029, Jan. 10-21. A regular sj,ot, a, with one very small companion on Jan. 14 and 17, and two or three on Jan. 15, id, and 18.
Group 2030, Jan. 12-16. A email spot, a, with onesma'l companion on Jan. 13 arid 14, and two on Jan. 15 and if).
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Measures of Positions und. Areas of Spots and Faculaj upon (lie Sun's Disk — continued.
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The Groups of Spots aro numbered in tho order of their appearance. When there is no number in the third column it is to be uiulcivtood that there is a Facula
unaccompanied by n Spot. Tho positions of Vaouhu relative to the Spots with which thoy arc associated aro indicated by the letters и, я, / i . f . r, denoting
respectively north, south, preceding, fo l lowing, concentric. The longitude and latitude of the centre of the disk are given in brackets.

The Areas of Spots and I'acuhu are expressed in mil l io i thn of tho Sun's visible Hemisphere.

Jan. 23. Photograph taken through mist. Definition poor.
Group 2031, Jan. 18-24. Throe very »mall spots on Jan. 18. A regular spot, «, on Jan. 19, and tho succeeding days, generally accompanied by one or two email

companions.
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24 MEASURES OF POSITIONS AND AREAS OP SPOTS AND FACUL-Ж UPON THE SUN'S DISK

Measures of Positions and Areas of Spots and Faculcu upon the Sun's Disk — mnlinued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it i» to bo understood that there is а Caçula
unaccompanied by a Spot. The positions of Faculic relative to the Spots with which they are associated are indicated by the letters я, *, p, J, л. ueiioung
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of the disk are given m brackets.

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

Group 2033.' Jan! ^F^T^rTsmall spot, a. on Jan. 30. followed by a second, b, on Jan. 31, and the succeeding daye. A third BPot is Been between a and * on Feb. I.
Group 2034, Feb. 3. Two very small faint Hpote.



ON PHOTOGRAPHS T A . K K N AT тнк ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888.

Меинпген of Positions und Arena of Spots and Faculto upon the Sun's Disk — continued.
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The Groups of Spots are nnrnbored in tho order of t-hcir appearance. When there it< no number in the (bird column it is f<> lie understood H i n t there is a Kaonla
unaccompanied hy л Spot. The ролШопк of F-ncnliu relative to the Spots with which they are associated lire indicated by the letters п. я. /ï. f, <: denoting
respectively north, ninth, preceding, following, concentric. Tho longitude and latitude of the centro of tho disk are given in brackets.

Tho Areas of Spots and Facuhu are expressed in millionth)) of tho Sim's visible Hemisphere.

Group 2035, Feb. 18-29 Л number of spotH, mostly small, in a Jong: Htragprliiig «trcam. Tho group is топки ml us от- ."pot <m Fob. i.s. us tho individual *\ш(* nn-
confused together through foreshortening. Tho first spot, a. and the last two. // and r, are regular spots on Feb. 20. and the succeeding Лпуя : \>ut l> and <• hixv--
both broken up bv Fob. 22, though r is recognisable up to Fob. id. A wide gap is ноои butwcoii ч and (he following portion ef the group on Feb. ;j and
Fob. 24, hnt fresh spots have formed round и by Feb. 25, and other spots hav« appeared by Feb. 2f>. These undergo repeated changes, and by Feb. 20, only ч and
one small companion romain in the preceding portion of the group, and three small «pots in the following portion.
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Measures of Positions and Areas of Spots and Faculae upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positions of Facula; relative to the Spots with which they are associated are indicated by the letters n, >, j>,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 Facula; are expressed in millionths of the Sun's visible Hemisphere.

Group 2036, March ï. Two very small faint spot».
Group 2037, March 9-20. A larpe regular spot, a, followed on March ю and the succeeding days by a number of small spote in a straggling stream. Those change

continually from day to day, but one of the most stable, b, can be identified on three successive days, and two others, r and <l, on two days.
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Measures of Positiona and Areas of Spots and Faculœ upon tho Sun's Disk — continued.
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Tho Groups of Spol.s uru numbered in tho onbrof their appearance. Whou there is no number in the third column it is to be understood that, there is a Fncula
unaccompanied by a Spot. The positions of Vaouliu relative to tho Spots with which they are associated are indicated bv the letters я, ,t, /ï, /', <•, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of tho 'centre ot the disk are (fivon in brackets.

Tho Areas of Spots and Faculic are expressed in millionths of tho Sun's visible Hemisphere.

Group 2038, March 10-13. Л small spot. 11. with a faint, companion on March 10. Two small companions, measured together, are seen on March 1 1. Two small faint
spots, measured together, are seen on Marnh ï ?. n having disappeared.

Group 2030, March ib-nj. Throe small spots, a, li, and ï: n has disappeared l.y March H), and // cannot be certainly idenlified wi th the small spot неон on that day.
Group 2040, March 19. Л very small faint spot, connected with Group 2oj<) by faoulous markings.



MBASÜBBS OF POSITIONS AND AREAS OF SPOTS AND FACUL^ UPON тнк SUN'S DISK

Measures of Positions and Areas of Spots and Faculau upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculic relative to the Spots with which they are associated are indicated by the letters n,i,p,f,e, 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 Faculœ are expressed in millionths of the Sun's visible Hemisphere.

Group 2041, March 21-53. Several email spots, measured for the most part in two clusters, a and b.
Group 2042, March 25. A very small faint spot.
Group 2043, March 31. A very email faint spot.
Group 2044, April 1-2. Two small faint spots, a and b.
Group 2045, April 3-5. Two small spots, a and 1, on April 3. Only the more northern part of a remains by April 5.
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Measures of Positions and Areas of Spots and Faculiu upon the Sun's Disk — continued
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Tho Groups of Spot» aro numbered in tho ordor of Ihoir appearance. Wlum there is no number in tho third column it is lo bo understood that thore is a Fuonla
unaccompanied by a Spot. Tho positions of Faouliii relativo to the Spots with which they are associated are indicated by tho letters n, ï, }>,/, f, denoting
respectively north, south, prooodinjr. following, concentric. Tho longitude and latitude o£ tho centro of tho disk are yiven in brackets.

The Areas of Spots and Faculiu are expressed in mil l ionth* of Uio Sun's visible Hemisphere.

Group 2046, April 16-17. Л small spot. Group 2047, April 18. A small spot. Group 2048, April 21-27. A regular spot.
Group 2049, April 24-29. Throe spots, n, b, and P. о has disappeared by April 25, and ft by April 27. A small companion is seon close to a on April 26 and the

Huceoodinp clays.
Group 2050, April 25-29. A small spot, я, on April 25. A second small spot, b, has appeared by April аб. a has disappeared by April 27.

GREENWICH OBSERVATIONS, 1888. 5E



MEASURES OF POSITIONS AND AREAS OF SPOTS AND Рдоиьла UPON тнв SUN'S DISK

Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — continued.
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The Groupe of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculas relative to the Spots with which they are associated are indicated by the letters n, *,p,f, c, 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 Faculœ are expressed in millionths of the Sun's visible Hemisphere.

May 5, 8, 9, and 10. Photograph over-exposed. Definition bud. Group 2051, April 28. A very small spot.
Group 2052, May 11-23. A large regular «pot, a, followed by a considerable number of spots in on irregular stream. The largest of those, b, at the end of the stream,

is a large spot at first, but it undergoes several changes of shape, and has broken up by May 18. a has divided into two portions, с and d, by May 21. The
following portion of the group ha« disappeared by May 20, but some small spots have appeared preceding п'Ъу that dato.



ON PHOTOGRAPHS TAKEN AT THE ROYAL OBSERVATORY, GREENWICH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888. SI

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

Greenwich
Civil
Time.

1888.
I351'-6o2

May 15

136-296

I.

May 1 6

137-300

I.

May 17

138-509

May 1 8

139*221

I.

e

iя

EP, M

BP, M

BP, M

BP, M

EP, M

1
О
s

•в
3

í

1
.L. -Jn
á

20520
2052
2052
2052
2052/;

Centre

20520
2052
2052
2052
2052
2052^

Centre

20520
2052
2052
2052
2052?)
Dentre

20520
2052
2052
2052
2052
2052

Centre

20520
2052

is
e
g »ò|
oj

•Я o>s'ä
.я 'S
Q

0-484
0-526
0-551
0-589
O'6l2

0-341
0-389

0-41 I

0-446

0-459
0-486

0-79I

0-137

0-I76

O - i g i

0-254

0-287

0-924

0498

0-174

0-179

0-137

0-157

0-133

0-85I

0-826

0-840

0-846

0-346

0-320

'S
ce

1
•я
л
I
§ »
S'R
g-*!
h

о

I O 1 - 2

101*1

ЮО'5

104-3

ЮЗ-O

104-6

IO5-2

104-4

I03-8

IOS-2

106-5

2ÔI-6

I 3 I - O

I40-3

124-4

123-4

1197

264-1

242-I

236-7

2ОГ9

2O6'2

I 9 I * I

264-0

275-I

294-0

196-3

254-0

246-1

HJCUOHUAPHIC

1
•s,
g
J

Cl

274-6
271-8
270-1
267-8
266-0

(3034)

274-6
271-7
270-3
268-1
267-7
265-8

(293-9)

332-6
274-6
274-1
271-5
268-2
266-0

(280-6)

332-1
274-8
273-1
268-6
268-2
266-8
266-2

(264-7)

313-3
310-5
309-2
280-2
274-7
272-4

ИЗ

.1

^
о

- 7'5
- 7'9
— ""8

— Ю'З
- 9*8

- 7-1
- 8-0
- 8-0
- 8-2
-10-3
- 9'9
(-2-3)

- 8-0
- 7'3
— Ю'О

- 8-4
— 10-2

— Ю'з
(-2-2)

- 6-3
- 74
- 7'5
-II-6
- 9-1
— ю-д
- 9-6
(-2-1)

- 6-2

— З'1

+ i8'9
-55-9
- 7-3
- 9'2

SPOTS.

•S «S
•«(•a
g sCQ •-'
я«
(=8.
•ĝ
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The Groups of Spots are numbered in tho order of their appearance. When there is no number in tho third column it is to be understood that there is a Facula
unaccompanied by a Spot. The positions of Faculto relative to the Spots with which they are associated are indicated by tho letters я, s, j>, f, o, denoting
respectively north, south, preceding, following, ooncontrio. The longitude and latitude of tho contre of tho disk are given in brackets.

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

May 1 8. Photograph over-exposed. Definition bad.
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32 MEASURES OF POSITIONS AND ABBAS OF SPOTS AND РАсиьла UPON THE SUN'S DISK

Measures of Positions and Areas of Spots and Faculae upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Facula
unaccompanied by a Spot. The positions of Facula; relative to the Spote with which they are associated are indicated by the lettere >t, i,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 Spots and Faculaj are expressed in millionths of the Sun's visible Hemisphere.

May 31, and June to, n, 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, n and b, on June 15 and 16, with two or three smaller spot« between them. Only b is seen on June 17. b 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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Measures of Positions and -Areas of Spots und Faculiü upon the Sun's Disk — continual.
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The Groups of Spots oro numbered in the order of their appearance. Whon there is no number in tho third column it is to bo understood that there is a Faoula
unaccompanied by a Spot. The positions of Faeulro relativo to tho Spots with which they are associated are indicated by tho letters и, *, p, f, f, denoting
respectively north, south, preceding, following, oonoontrio. Tho longitude and latitude of tho centre of the disk ore given in brackets.

The Areas of Spots and Faouliu аго expressed in millionths of tho Sun's visible Hemisphere.

Group 2055, Juno 19. A small spot.
Group 2056, Juno "24-29. A small spot, a, followed by a number of smaller spot« in an irregular stream, « appears on June 29 to have coalesced, or to be confused

through tho effect of foreshortening, with tho spot immediately following it.
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Measures of Positions and Areas of Spots and Faculte upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculas relative to the Spots with which they are associated are indicated by the letters n, ï, p, f, o, 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 Facnlae are expressed in millionths of the Sun's visible Hemisphere.

July 14. Photograph over-erposed. Definition poor.
Group 2057, July 6-7. Four very small spots on July 6 ; two email spots on July 7.
Group 2058, July 6-7. A small faint spot.
Group 2059, July 10-17. Two very email faint spots on July 10. Only one is seen on July n, and nothing is visible on July 13. Tho group has broken out afresh by

July 13, and consiste of a small regular spot, a, 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 1 8.
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Measures of Positions and Areas of Spot« and Faculro upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. Tho positions of Faoulro relative to the Spots with which they are associated are indicated by the letters n, *, p, f, o, denoting
respectively north, south, preceding, following, concentric. Tho longitude and latitude of the centro of the disk are given in brackets.

The Areas of Spots and Faoula) are expressed in millionth» of tho Sun's visible Hemisphere.

July 22. Photograph fogged. Definition poor. July 30. Photograph over-exposed. Definition poor.
Group 2061, July 29-30. Л. small spot. Group 2062. Aug. 1-2. Three small spots on Aug. ï ; one on Ang 2.
Group 2063, Aug. 8-ю. Two small spots, a and b. a has moved forward in longitude by Aug. 9, and has disappeared by Aug. 10.
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Measures of Positions and Areas of Spots and Faculaa upon the Sun's Disk — continued.
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Faculse relative to the Spots with which they are associated are indicated by tho letters и, *, ji, f, n, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of tho centre of the disk are given in brackets.

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

Group 2064. Aupf. 12-22. Several very small faint spots in two compact clusters. Only one spot, a, remains by Aug. 14. A small companion is seen near a on
Aug. 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 c, are seen on Aug. 11. 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 imd Areas of Spots and Faculte upon the Sun's Disk — continued.
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The Groups of Spots aro numbered in lho order of their appearance. When there is no number in the third column it is to bo understood that there is a Vaoula
unaccompanied by a Spot. The positions of Faeulm relativo to tho Spots with which they are associated are indicated by tho letters и, *, p, f, e, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of tho' centre of the disk arc given in brackets.

Tho Areas of Spots and l<'aoula> are expressed in mi l l ionth» of tho Sun's visible Hemisphere.

(Jroup 20(1(1, Aug. 28-Sept. ц. Л fine largo spot, «, with a close companion, b, and a number of very small spots. « changes in shape and increases in size day by day
until Aug. 31, after which it begins to break up. Only the southern and preceding portion of tho spot, now of regular form, remains by Sept. 6, but it sull'ers no
great further olmngo on the succeeding days. Only a remains by Sept. 7.

Uroup 2067, Aug. 30-31. Throo small spots on Aug. 30. Two small spots on Aug. 31. Group 2068, Aug. 31. Two very small spots.
Group 2o(><), Sept. (~>-io. Two small spots. Л third is neon between the two others on Sept. 7. The group is not seen on Sept. o. Only ono spot is seen on Sent. 10.
Group 2070, Sept. 6-16. A regular spot, <i, preceded by a close pair which aro measured as ono spot on Sept. ft and 7, but separately- on Sept. 8 as Ь and г. с has

disappeared by Sept. g, !/ by Sept. 1 1, but a small spot is seen near its place on Sept. 12, and again, as rf, on Sept. 14 ivnd the succeeding days, л has broken up by
Sept. il into an irregular cluster of small spots which change very rapidly in arrangement, shape and size on tho succeeding days, and have all di.sippuarcd
by Sept. 15.

UlWKltVATlONS, IH8S. Л V
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Measures of Positions and Areas of Spots and Faculse upon the Sun's Disk — continued.
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"ÍÍ **̂.S о
P

0485
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a
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161-7
161-6
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(44-9)
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168-7

162-5
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184-5

168-5
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156-6
168-5

30-3
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(91-9)

(78-1)

(66-5)

(52-8)

359'5
356-6
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(38-9)

o!

1
3

ü

— 13-7
— 16-9
— 14-6
-15-6
( + 7-2)

+ 0-5
-15-3-14-1
-14-2
-13-3
(+7-2)
— 0-8

-15-3-17-5
( + 7-2)

— Г2

— 2Г2

-15-2
- 8-9
( + 7-0

-15-0
- 8-9
( + 7-1)

( + 7-1)

(+7-0

( + 7-0)
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- 6-2

( + 7-0)
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7
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7
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ï
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o
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5
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4
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I O

(44)

1 1

( i i )

2

(2)

(o)
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3
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•a"^

Sa
II

-о

ai

(о)
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43

(733)

1 2 5
42
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' 5 i
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127

(480)

(o)

(o)

(o)

(o)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that there is a Facula
unaccompanied by a Spot. The positions of Faculte relativo to the Spots with which they are associated arc indicated by tho letters n, s, p, /, «. denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of tho disk are given in brackets.

The Areas of Spots and Faculau 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 Sopt. 24, but some very small companions
are seen near « on Sept. 2Й.
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Measures of Positions and -Areas of Spots and Faculœ upon tlio Sun's Disk — continued.

Greenwich
Civil
Time.

1888.
2б5и-48з

Sept. 22

266-687

Sept. 23

267-340
ïï.

Sept. 24.

268-332
r

Sept. 25

269-130
I.

Sept. 26

270-421

Sept. 27

271-298

1.

Sept. 28

272-137
I.

Sept. 29

273-523

Sept. 30
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ИР, M

1СР,М

1

1
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2071«
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2071«
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2071
2071

Contre

2071»

Centre

Centre

1
-S
.g
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0-828
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0-926

i
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1
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ÜD
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О

i i 5 ' 5
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149-8
140-9

192-4
88-5

103-0

235-0
1 10-7
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247-9
101-5
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2 5 1 - 3
257-6

254-8
260-9
260-4
258-5
259-5

263-4
101-3

43-3
104-3

H U L I O O H A I ' I I I C

1
•u
1

о

'4
356-4
(25'5)

2-8
3594

(9-6)

3-6
298-9

291-6
(i-o)

44
284-9

275-9
(347-9)

5-0
274-1

(3374)

27-3
16-7
54

(320-3)

2 1 - 5
5'9
3-5
'4
1 "2

(308-8)

5'7

217-O

(297-7)

216-5
213-8

(2794)

cî

1
3

о

- 4-8
- 6-0
( + 7-0)

- 4-8
- 5-8
( + 6-9)

- 5''
+ 4-6
- 9'9
( + 6-9)

- 4-8
— 15-9
- 7'5
( + 6-9)

- 4-8
- 74
( + 6-8)

— ÏO'6
-12-3
— 4-2
( + 6-8)

-12-7
- 4-I

- 4'1
— 5-2
- 44
1 + 6-7)

- 3-6
— 10-2

( + 6-7)

+ 451'
— 10-6

( + 6-6)

SPOTS.

•8-3
ч) -в
M e

öS,
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1 1
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о
(ю)

17

07)

ю

(ю)

ю

(ю)
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(12)

0

О

О

о
(о)

5

(5)

(о)
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Н-о

0-Ü

t*U
'S "U
и g öS
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6

(54)
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7

(70
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(67)

65

(65)
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(40

37
(37)

12

4
3
2
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(22)

(о)

FAO u L л:.
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g

О

'S Qщ Н

«1Я -S-

(о)

(о)

6i
99

(160)

118
287

(405)

'44
(44)

94
60
65 с

(2I9)

67
)
í
(
)
(288)

.96/
79

075)

48
168

(2,6)

G reenwich
Civil
Time.

1888.

274"492

Oct. i

275-141
TJ..

Oct. 2

276-430
Oct. з

277-232
M.

Oct. 4

278-419

Oct. 5

279-487

Oct. 6

280-144
I.

Oct. 7

281-441
Oct. 8

282-495
Oct. 9

283-139
1.

Oct. ю

284-339
1.

Oct. 1 1

285-429
Oct. 12

E

Я

EP, M

EP, M

EP, M

EP, M
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ИР, M
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1
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(Íо
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i
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s
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Я Яfc
o °

0-744
0-838

0-963
0-791
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0-942
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0-805
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0-927

0-838

0-91 1
0-879

0-941
0-848

i
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l
•fí
V

1

l.a

&

o
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108-1

173-0
110-8
93-8

106-7

109-1

255-6
1 13-6

257-8
250-6

2 5 3 - 3

254-8
262-8

254-8
266-1

НиМООКАППС

43d

"U

S
0

228-6
2 1 2 - 5

(266-0)

240-8
209-1
191-9

(258-0)

166-8
(240*9)

163-1

(2304)
277-1
165-4

(214-9)
271-6
265-6

(200-8)

(192-1)

(175-0)

2 1 5 - 6
(161-1)

2l6'O
2 1 3 - 3

(l 52-6)

204-7

* 94'3
С 36-7)

( '22-3)

1
'.3

о

+ 4°- 5
— "'.Ч
( + 6-6)

-66-6
— I2'O

— 0-9

( + 6-5)

-14-5
(+6-5)

-15-6

( + 64)

— lO'O
-14-7
( + 6-3)

- 9-6
-I5-3
( + 6-3)

( + 6-2)

( + 6-2)

— IO'4

( + 6-0

— I 14

- 3-4
( + 6-0)

— 12-1
— O'l

(4-6-0)

(+5-9)

SPOTS.
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•Я ^a a a
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(o)
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(o)
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2 S Q
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(22)

(o)

(o)

(0)
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PACOLA

B.

O

If

sl

32
135(167)
88

1 17
258

(463)

306 c
(306)

6 1

(61)

162
175

(337)

95
27

(122)

(o)

(o)

241

(240

•43
39

(182)

59
59

(118)

(°)

The Groups ol1 Spots are numbered in the order of their appeariinc.e. When there is no number in the third column it is to bo understood that there is a Vuoula
unaccompanied >y a Spot. The positions of Fuouliu relative to the Spots with which they are associated, are indiuated by tho letters и, s, p, f, c, denoting
respectively north, south, preceding, following1, concentric. Tho longitude and latitude of tho centre of the disk are given in brackets.

Tho Areas of Spots and Fnouhu aro expressed in mil l ionth» of the Sun's visible Hemisphere.

Oct. ï. Photograph under-exposed. Definition poor. Group 2072, Oct. 3. Annnll spot.
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Measures of Positions and Areas of Spots and Faculai upon the Sun's Disk — continued.

Greenwich
Civil

Time.

1888.

Oct. 13

287-545
Oct 14

28^-306
I.

Oct. 1 5

289-241
I.

Oct. 1 6

290-126
I.
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о
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262-0
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В

J

О

-'5'5
(+ 5'8)

-i5'3
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(+57)

-13-8
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(+ 5-6)

—48-0
—48-6
(+ 5-5)

(+ 54)

(+5-3)
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(+5-2)

(+5-0

(+ 5-0)
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(+ 4'9)
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(о)
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(о)
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(о)
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(112)
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Greenwich
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Time.

1888.
299^303

I.
Oct. 26

300-533

Oct. 27

301-451
I.

Oct. 28

302-184
I.

Oct. 29

303-3H
I.

Oct. 30

304-172
I.

Oct. 3 1

305-281
I.

Nov. ï

306-168
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Nov. 2

307-220
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Nov. 3

308-200
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и
í
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-is
'S
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а
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0-813
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0-849
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"я
OJ

1
^í

I
a
•S -q
'§«!
04

u

Z59'4
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192-4
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•ь

i-Э

0

356-4
352-5

(299-4)

357-1
352-6
221*9

(283-2)

221'3

(27J-0)

(2ÓI-3)

(246-4)

I70-5

(235-0

(220-5)

27I-7

2644

(208-8)

265-8

264-3

122-5

(I95-0)

203-8

I99'3

I2 I -7

(I82-0)

v
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'•§

0

- 6-5
- 6-9
(+ 4'7)

- 6-4
- 6-7
-10-5
(+4-6)

- 9'3

(+4-5)

(+ 44)

(+4-3)

-137

(+ 4-2)

(+4-0

-15-4
+ 8-7
(+4-0)

- 77
+ 8-6
+ 9'5
(+ 3-9)

-62-1
-52-2
+ 8-8
(+3'8)
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(o)
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•si
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II
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44
(74)

30
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(166)

(0)

(o)
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(°)

(o)

(o)

(o)

(o)

КЛСШ,*.
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> IOJ C
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[ 206 с

IÓO

(366)
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(o)

31
73

(104)

<;8
/ ï
67

(196)

ï ?
22
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(»9)

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 imi Fuculu
unaccompanied by a Spot. The positions of Facula: relative to the Spots with which they are associated are indicated by the letters n, ï, p, f, <: demiting
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 Faculœ are expressed in millionths of the Sun's visible Hemisphere.

Oct. 14 and 23. Photograph under-exposed. Definition poor.
Group 2073, Oct. 25-27. Two regular spots, и and it, with я very small spot between them.
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Measures of Positions and Areas of Spots and Faculte upon the Sun's Disk — continued.

Greenwich
Civil
Time.

1888.
309"- 1 79

I.
Nov. 5

310-194

M.andl.

Nov. 6

311-483

M.andl.

Nov. 7

31,2-502

M.andl.

Nov. 8

313-231

VI. and I.

Nov. 9

314-202

M.andl.

Nov. i o
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I
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EP,M
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EP,M

EP,M
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EP,M
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Д
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Centro

20740
2074
2074
2074
20746

Centre

20740
2074
2074
20746

Centre

20740
20740
2074
20746

Centre

20740
2074C
20746

Centre

20740
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2074
20746

Centre

20740
2074
20750
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i
£
ã

i*
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8 "Í
Я M
Зщ

.ao
Q

0-859
0-873
0-876
0-891
0-894

0-670
0-697
0-702
0-735

0-977
0-956
0-491
o"537
0-543
0-566

0-343
0-392
0-424

0-168
0-2IO

O-2I3

0-235

O-2O2

0-172

0-957

0-922

iai

1
U

'S)

3
a .
S'y
H(S

o

79-978-2
80-9
79-278-5

78-6
76-6
80-0
77-6

267-0
181-4

75-8
74-4
76-8
75-1

68-9
69-0
69-8

42-7
48-7
55-0
53-6

307-5
326-1

94'3
l6l '2

НЕЫООПАГШС

1
!3

о

(169-1)

96-6
95-0
94'6
92-7
92-4

(1557)

97-1
95-1
94' 5
91-9

(138-8)

2054
131-9

96-6
93-7
93'!
9'7

(1254)

' 96-8
93'9
91-7

(115-7)

96'3
937
9г7
9г8

(102-9)

95-8
9.2-1

13-8
54-1

(86-5)

•S
л
A

0

(+37)

+ 10-5
+ I 2 - I

+ 9'8

+ Ц'3
+ I I-9
(+3-6)
+ 10-2

+ 1 1 '9
+ 9'5
+ 11-5
( + 3-5)

— 2'2

-69-4

+ 9"8
+ 1Г1

+ 9'9

(+3-3)

+ IO-2

+ 11-0

+ II-4

+ 10-2

+ I 1-0

+ lo-o
•f I I - I

(+3-0

+ IO'O

+ I I - 2

— 3'3
-58-2

(+3-0)

ИРОТВ.

Il

sssя~-
§«
•ню .

§11
•Ч

(о)

48
5
о
о

12

(65)

S2

6
о

13
(71)

56
4
0

21

(8 1)

43
3

27

(73)

36
о
о

'5
(50

55
12

зб

(юз)

её
Нтз

al
Чл

ri S я
E SO

(о)

262
46
«9
n
35

(373)

310
55
Z4
88

(477)

303
12

3
I I I

(429)

274
26

44

(444)

253
22

2

73
(350)

256
76

209

(541)

KAOULA

Î
О

•sîSQ
O-S

л g

•ч

(о)

1
>209r:

J
(209)

]
> 234С

)(234)
34

(70)

(о)

(о)

410С
18

(428)

Greenwich
Civil
Timo.

1888.
3i6 u -i68

I.

Nov. 12

317-216

M.andl.

Nov. 1 3

318-182

M.andl.

Nov. 14

319-246

M.nndl.

Nov. 15

320*220

M.andl.

Nov. 1 6

321-486
M.andl.
Nov. 17

.

Й

Я

EP,M

EP,M

EP,M

EP,M

EP,M

KP,M

-S
M

Üa
о
О

Ч
ÔCG

2074
2074«
2074
2074
2075
2075"
20756

Centre

2074
2074"-
2074
2075
2075^
2075''

Centre

2074«
2074
2074
2075
2075«
20756

Centre

20740
2075
20750
20756

Centre

20740
2075
20750
20756

Centre

20750

Centre

i
.s
E

<3|
l*
8 "Í
§
. SS o
Q

0-359
0-343
0-307
0-257
0-888
0-896
0-908

0-554
0-550
0-511
0-742
0-760
0-782
0-834

0-722
0-723
0-685
0-567
0-595
0-614

0-867
0-338
0-381
0-397

0-955
0-136
0-176
o1 1 8o

O'2OO

"I
Ю

B1
4)•aa
c

5'*1
8-4

o

282-3
290-8
298-3
300-0

91-8

94'5
91-7

284-0
283-9
285-6

96-2

97"2
93-9
95-8

280-9
285-0
283-1

99-4

95'9

279-4
107-1
106-2

99-6

279-2
135-8
127-4
1 10-7

234-3

HELIOOHAPHIC

T3
a

•Q,
g
Л

0

97'6
95'9
92-9
90-0
14-6
• 3-8
12-1

(77-0)

96-1
95'9
93-1
15-8
H-3
12-1

6-4
(63-2)

96-3
96-0
93-1
16-6
147
13-0

(50-5)

96'3
17-6
15-0
13-5

(364)

96-3
18-2
i ç'6
13-9

(23-6)

16-2

(6-9)

^3
Hl

o

+ 7-1
+ 9'8
+ i i - i
+ 10-2

- 0-3
- 2-7
- 0-4
(+2-9)

+ lo-o
+ 9-9
+ 10-3
- 2-7
- з;б

- З'З
( + 2-8)

+ 97
+ I2'6

+ IO"9

— 3'2
— 3-7

- i -6
( + 2-6)

+ 94
— V3
- 3-8
— 1-5
( + 2-5)

+ 9'5
- 3-2
- 3'7
- 1-3
( + 2-4)

- 44

( + 2-3)

SPOTS.

•4-0
K g

Stœ
ela•5

3
45

9
0

o
37
o

(94)

o
55
o
3

30
1 1

(99)

42
0
o
o

33
o

(75)

33
o

30
o

(63)
IO
o

42
o

(52)

34

(34)

ÎÎ
o!
ft U
•H* .

«Il
•Ч

7
288

5б
2

3
196

4
(556)

3
317
Ч
IO

204
41

(589)

277
4
6

13

17
(508)

220
6

'74
7

(407)

209
5

179
4

(397)

176

(176)

FA.CVLJK.

í
с

ni?«â
0-8

EÎ
**

}
410./

í
(4io1

)
\ 186 r;
í

(379)

)
l 8çr
)

(85)

32 5 r

(325)

309 c

(309)

(,o)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to bo understood that thoro is a Fnoula
unaccompanied by a Spot. Tho positions of Faoulie relative to tho Spots with which they are associated are indicated by the letters и, у, р. /. <•, denoting
respectively north, south, preceding, following, concentric. Tho longitude and latitude of the centre of tho disk are given in brackets.

Tho Areas of Spots and Facuhe are oxpreswd in millionths of tho Sun's visible Hemisphere.

Nov. 6. For this day, and for the subséquent days to whioh tho two letters M. and I. aro attached, two photographe were measured : tho one, a Mauritius photograph,
from which the positions of tho spots am taken ; tho othor, an Indian photograph, from whioh the areas are fakon. The Mauritius photographs at that time do not
give sulllcioutly good definition for tho areas to bo measured upon them with accuracy ; whilst the position-angles of tho wires on tho Indian photographs are
affected by a considerable and undetermined error. Tho Indian photographs show very good definition.

Group 2074, Nov. G-iG. Л largo regular spot, n, followed by a stream of smaller spots. Tho smaller spots coalesce or fade away, so that on Nov. 8 and the succeeding
days tho group ooiuusta almost wholly of threo spots, a and h being tho first and last, and f a smaller spot between them ; с has disappeared and * lias broken
up by Nov. ï ï, and by Nov. 15 a remains alone.

Group 2075, Nov. 11-22. A regular Hpot, /ï. Small companions aro soon from time to timo in its neighbourhood, tho principal one./', from Nov. 12 to Nov. 16.



MEASURES OF POSITIONS AND AREAS OF SPOTS AND Ь'Асиьла UPON тнк SUN'S DIHK

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

Greenwich
Civil

Time.

1888.
322d-i74

M.andl.

Nov. 1 8

323-204

M.andl.

liov. 19

324-474
yr and I

tfov. 20

325-214
M.andl.

NÍOV. 21

326-2IO

tf.andl.
*ÍOV. 22

327-198
т

ÍOV. 23

330-474
>Iov. 26

331-488
ML and I.
ííov. 27

332-185
т1.

g
2
i
<w
я

EP,M

EP,M

EP,M

EP,M

EP,M

EP,M

EP,M

EP,M

•S
£

•s(в
2

á M1

"Л

2075
2075«
2075

Centre

2075«
2075

Centre

2075«

Centre

2075«

Centre

2075«

Centre

Centre

Centre

2076«
20766

Centre

2076
2076(4

i
.s

l ia
.U;j5

9 «

"g'i
|c«

S °

0-356
0-340
0-302
0-975

0-549
0-516
0-881
0-944
0-968

0-767
0-823
0-767

0-865

0-957
0-973

0-902
0-976
0-977

0-718
0-959
0-978

0-861
0-806
0-888
0-905

i
02

я

«H

0 .'
is" и

£

0

256-0
250-0
248-0

96-4

258-7
26О'6

96'7
103-1
1 15-2

262-4
136-4
100-3

263-7

264-2
96-7

277-1
263-4
178-7

261-1
103-5
IOI-6

262-6
258-9
103-8
103-0

HUUOGUAPHIC

•С

'из
g

О

i7'9
16-4
14-0

280-9
(357-8)

16-8
14-8

281-9
273-5
270-1

(344-3)

17-0
283-7
278-3

(327-5)

17-2

(3'7'8j

17'3
277-9

(304-6.)

355-8
8-5

286-4
(291-6)

(2484)

284-3
162-5
I57-9

(235-0

284-8
278-8
164-3
162-1

4
•s
A

о

— 2'9
- 4-6
- 4'4
- 57
!+2'2)

- 4-4

- S'0
-iro
-23-8
(+2-0

- 4-6
-35-1
- 6-7
(+1-9)

- 4-6

(+1-8)

- 5'1

- 6-1
(+17)

+ 7-1
- 6-1
— 75-9
(+1-6)

(+'-2)

- 5-6
-12-7
— ï ri
(+1-0)

- 5'9
- 8-4
-II-8
-11-3

SPOTS.

о о

•"1-е
ce я
M-

gl
« x a

•3

I
41

о

(42)

37
о

(37)

35

(35)

32

(32)

2О

(20)

(о)

(о)

О

о
(о)

0

12

II

Н-з
Л Я
0-2.

Ë*.
л а *"
и SO

3
190

8

(201)

170
ï

('70

183

(183)

162

(162)

167

(167)

(о)

(о)

29
15

(44)

4
'34

FACULA;.

&св
£
о
jj-r-
ï «SQ

44 ч

<1

Z 2 Z

(222)

236

37
'9

(292)

265 с
58

152

(475)

269 с

(2б9)

3'9 ';
6i

(380)

58
89
28

075)

(о)

34

(34)

78
45

f 2 8.

Greenwich

Civil
Time.

1888.
332"-i85

I.
Nov. 28

333-287

I.

Nov. 29

/
334-182

I.

Nov. 30

33543«

Dec. ï

336-512

Dec. 2

337 '5 '3

Dec. 3

is
1
я

EP,M

EP,M

EP,M

HP,M

HP,M

EP,M

1

a
~£

t?ea
5-
I

•gï
d<&

К

2076
ZOJÓll
Contre

2076«
2076
2076/;

Centre

2076«
2076/1

Centre

2076«,
2076
2076/;
2076

Centre

2076
2076«
2076/;
2076
2076

Centre

2076
2076
2076«
2076
2076
20766
2076

Centre

1
^a

e л
•̂0

SãоРЗ

si
SM

.s 'S
Q

0-916
0-930

0-918
0-910

0-773
0-798
0-815

0-974
0-627
0-672
0-929

0-394
0-426
0-435
0-454

0-890
0-240
0-238
0-239
O - z6l
0-298
0-948
0-955

0-286
0-304
0-273
0-239
0-229
0-203
0-207
0-847
0-894

'св

S
1

Л
а

e .

И
Рн

0

l O I ' Z

100-7

260-8
252-2
105-7
104-1
102-3

260-0
I lO'O
105-1

77-5

124-7
1 18-7
114-9
1 16-7

263-0
169-0
161-5
141-3
144-0

82-2
754

22O-O

2I5-9

2 I 5 - 7

219-0

203-3

204-3

190-7

80-3

73-0

H l i L I O G H A P i r i C

£
-О
В

'U
g

Л

U

i6o'3
158-2

(225-9)

277-4
275-4
162-2
159-6
157-8

(211-4)

276-0
162-7
158-6
131-9

(199-6)

163-8
160-8
159-6
158-8

(183-1)

2 3 ' " 3
166-1
164-4
160-1
159-8
" 5 5 7

97-7
96-8

(168-8)

166-9
166-2
165-0
164-5
16 ro
160-6
157-9
984
93-5

(155-7)

OÎ

.-§

^

О

- 9'9
- 9-6
( + 0-9)

- 8-1
-15-8
-II-5
-10-7
- 9'5
( + 0-8)

- 9-6
— 11-8
- 9' 5

( + 07)

-12-4

-11-3
— Ю'О

-'1-3
( + 0-5)

- 6-0
-13-2
-12-6

— Ю'З

-117
— ю-9
+ 7'5
+ H'0

( + °4)

— I 2 - O

— ï 3'9
-I2-5
— ю'4
-11-8
-ю-з
-II-4
+ 8-4
+ I 5 - 3
( + о'3)

SPOTS.

о о

il -в
СИ я
g -А
я-spa

05

«II

•<

О

12

(24)

21

2

25

(48)

3i
37

(68)

33
о

20

О

(53)

о
33
28

о
о

(б!)

О

о
5 1

о
о
2

О

(53)

О О

н ï!
О4--'

ÊJ.

а а£

•̂

8
юз

(249)

138
i8

223
(379)

199
2OÖ

•

(405)

l68

5
140

9
(322)

4
180
106
20

4

(34)

4
5

192

3
8

33
2

(247)

FACULTE.

&
Ê
a
л"р

so'

и "я

•«i

(390

109
29

)
\ 639 с
1

(777)

144
1 238 С
)

26

(408)

(о)

33

67

41

(140

юб
34

(Но)

The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The positions of Facula; relative to the Spots with which they are associated arc indicated by lho letters n, f, y, f, c, denoting
respectively north, south, preceding, following, concentric. The longitude and latitude of the centre of tho disc aro given in brackets.

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

Group 2076. Nov. 27-Dec. 9. Two small spots, a and b, on Nov. 27. Both have greatly increased in size by Nov. 28, and somo small spots aro scon near them ;
a is rather a close cluster of small upots than a single spot, until Nov. 30, by which day its components have coalesced to form a large regular spot ; b decreases in
size after Nov. 29, and has disappeared by Dec. 5. Л number of small spots are seen near a on Dec. ï, and tho succeeding days, but have all disappeared by Doo. 7 ;
a has disappeared by Dec. 9, but a new spot is seen on that day.
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Measures of Positions and Areas of Spots and Faculue upon tho Sun's Disk — mntiniied.

Greenwich
Civil

Time.

1888.
338''- 1 80

1.

Doc. 4

339'238

I.

Dec. 5

340-241

I.

Doc. 6

341-496
M.andl.
Doc. 7

342-200
M.andl.
DUC. 8

343-I93
M.andl.
Doc. 9

344-233
I.

Dec. i o

345-518
Doc. 1 1

l
a

LU

Я

UP,M

ИР,М

ЕР,М

ЛР,М

ЕР,М

ИР,М

\VR,M

КР,М

1

-2

J
•ваа

8
О

»Ц
d со1

Xi

2076«,
2076

2076/1

2076

2076

Contre

2076

2076(1,
20j6

2Oj6

2076
2076
2076

Contre

207611,
2076,
2076
2076

Contre

2076«

Contre

го-Си

Centre

2076
2077

Cou t. i-o

Centre

Contre

i
.g
1
U;3

I!
s"É

.ïï G
Q

0-377
О-ЗЗб
0-302
0-306
0-273
0-769
0-776

0-583
0-574
0-554
0-531
0-506
0-481
0-432

0-744
0-722
0-708
0-666
0-859

0-905

0-962
0-961

0-993
0-878

0-952
0-823

0-897

i
to

б
í
Д

1
а .

Рч

о

233"6
2334
2 3 1 - 5
228'5

233'°

7 5 '7
77-0

245-2
247'3
246-7
247-3

244'5

25 2 ' 3
2 5 2 ' 5

2534
2 5 1 - 7
2 5 1 - 6

255'6

256-7
94-0

259-8
94-0

188-3
98-5

278-5

HliUOUIUPHIC

-Se
Тод
3

о

164-9

I Ó 2 - 8

l6o-8
160-4
159-6
97-7
96-9

(146-9)

165-8
165-6
164-2
162-8
161-2
159-1
156-3

( -32-9)

l66'2

1 64-4

163-4

159-8

177-3

(1197)
*

167-1

(103-2)

167-4

20-8
(93-9)
163-7

19-7
(80-8)

91-8
12-3

(67-2)

43-4(50-2)

TJp

л

о

-12-7

~~ ч - 3
— ю-6
-Ч-5
- 9'3
+ 11-0

+ 10-2

(+0-2)

-14/1
-12-7
— 12"6

-11-7
— iro
-11-8
— Ю'2

(+0-1)

— IV!

-12-6

— м'7
— 1 2 - 1

-'57
(-0-1)

— '3''

(-0-2)

-12-8

- 3'9
(-0-3)

— Ю'2

- 37
(-0-5)

--0-7
- 7'3
(-0-6)

+ 7-3
(-0-8)

SPOTS.

е ё
Чн Чн

"а~а
n-i
Я о

•л

«1

39
о
5
0

о

(44)

о
30
6
о
0

о
0

(Зб)

24
2

О

о

(2б)

2О

(20)

19

('9)

0

о
(о)

(о)

(о)

О О*м«£1

Итз
J CJ

05-

êa
чч
° л *~*

•3

213

'7
24

5

(200)

6
ид

18
7
7
5
3

075)

144
1 1

2

4

( loi)

95

(95)

120

(120)

51

9
(бо)

(о)

(о)

Глсиьл;.

а
|

О

•я'е
IS
á«

ИЗ

•3

75
79

(•54)

(о)

)

V 2 8 7 C

\
' 6о
(347)

36 i/

(361)

425/
П9

(544)

245/
188с;

(433)

32

30
(6z)

57
(57)

Greenwich
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Timo.

1888.
34ба'29б

I.

Doc. 12

347-214
I.

Dec. ï 3

348-214

Dec. 14

349-272
1.

Dec. 15

350-242

I.

Doc. 1 6

351-318

I.

Dec. 17

352-196

I.

Doc 1 8.

ê

я

WR,M

\VR,M

WH,M

KP,M

KP,M

11JP,M

.8

1
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-O
а
я

£

U

*

Centn

Centre

Contre

2078
2078

Centro

2078
2078
2078
2078

Centn

2O78fí
2078
2078
2078

Centn

2078«.
2078
2078
2078

Centre

i
.9
£
Я j

^
0 rt

1"

S

0-874

0-859

0-845
O-giÓ

0-958

0-925

0-277

0-3l6

0-926

0-107

o-i 18
o- 1 10
0-124
0-907

0-278
0-242
o-i Si
0-124

0-923
0-866
0-476
°439
0-377
0-363

iда

g
•ft

.2

1
a .

.£.23

&

o

278-2
287-2

237'2
9.3-8

278-2
240-6

1 1 1 - 7
104-9

304-3
167-9
144-6
120-9
128-8
974

251-1
244-7
243-6
248-8

271-3
265-4
259-3
256-8
2 5 5 - 1
2 5 3 - 8

Hr.LlOGHArillC

1
ç

>J

0

100-3
97-6
93'2

333-9
(40-0)

100-7
92-9

(27-9)

(H-6)

345-7
342-9

(0-7)

;o-7
346-7
344-1
342-6
342 '5
283-2

(З48'о)

349-1
346-5
3 4 - V i
340-4

(333-8)

29-3
22"O

350-1

347'6
343'6
342-7

(322-2)

•3

^
о

+ 6-7
+ H"2

— г?7
- 3'9
(-0-9)

+ 7'5
-274
(-1-0)

(— ï ' ' )

— 7-1
- 5'9
(-'•з)

+ 30-8
- 74
- 6-9
- 4-6

7'3
(-•4)

- 6-6
- 74
- 6-1
- 4'1

+ 0-6
- 4-8
- 6-5
— 7"2

— 7"!

- 7'3
(-.-6)

SPOTS.
1

6 0
«НЧН

£Й о

SU

Bj
о -А
я S «*0 20

•Ч

(о)

(о)

(о)

1
о
0)

4
о
о
4

(8)

5
о
3
г

(ю)

6
о
0

3
(9)

ï 0
1" ""
Я-о

с"

lu
йс
iï IQк

(о)

(о)

(о)

9
4

•Оз)

23

8
2

21

(54)

'5
9

37
9

(70)

21

4
21

9
(55)

FACULTE.

о.

8
С

"8 S
SQ

j» 'S
13

"!

69

3'
3'

124

(255)

Ю5
47

(152)

(о)

(о)

20

65
(90

(о)

41

57

(98)

The (ironps of Spots are numbered in the order of their appearance. When there is no number in tho third column it is to 1«' understood that thero is a Faoula
unaccompanied by a Spot. The positions of Faouhc relative to tho Spots with which thoy are associated are indicated by the letter« и, s, p, f, c, denoting
respectively north, south, preceding, fol lowing, concentrai. The longitude and atitudu of tho contro of tho disk arc given in brackets.

The Areas of Spots and Kaouliu are expressed in millionth« of the SUII'H vÍHÍblo Hemisphere.

Group 2077, Doo. 9. A small Hpot.
Group 2078, Dec. 15-22. A number of «mall spot« in a strangling atroam. Tho individual spots undergo many changes from day to day ; the most stablo spot is a. the

leader on Doc. 17. Tho group consista mainly on Doc. 19 and 20 of three spots, a, b, and r. lioth it and b have dividod into two portions by Doe. 21. Only h
romaine by Doo. 22.
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Measures of Positions and Areas of Spots and Faculœ upon the Sun's Disk — concluded.

rreenwieh

Civil
Time.

1888.
353d-496

Dec. 19

354-496

Dec. 20

355-197

M.

Dec. 2i

356-528
Dec. 22

357-205
I.

Dec. 23

кя
V

я

ЕР,М

ЕР,М

ST,M

ЕР,М

1
'S

!
•0
я

f
С5

•8 1
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The Groups of Spots are numbered in the order of their appearance. When there is no number in the third column it is to be understood that there is a Faoula
unaccompanied by a Spot. The potations of FacuUc relative to the Spots with which they are associated are indicated by the letters n, t, p, f, c, 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 Facub« are expressed in millionth* of the Sun's visible Hemisphere.

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

AREAS and HELIOGRAPHIC POSITIONS of the SPOT GROUPS on the SUN'S DISK DEDUCED FOR EACH DAY from the
MEASUREMENTS of the PHOTOGRAPHS taken at the ROYAL OBSERVATORY, GREENWICH, at DEHRA 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 Umbrae and Whole Spots is the area as it is measured on the photograph, uncorrected for
the effect of foreshortening, and expressed in millionths of the Sun's apparent disk.

The Column " Longitude from Central Meridian " 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 centre1

being reckoned as positive.

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

Date.
Greenwich
Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. I Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude
of Group.

Longitude
from

Central
Meridian.

Group 2026.

1887. „
Dec. 31-231

1888.
Jan. 1-484

2-450
3451
4-241
5-468
6-271
7-183
8-218
9-196

10-321

Means

II
n
31
40
27
27
H

108

200
257
306
312
247
262
207
47
98

44

32
25
28
30
16
20
Ч
16
IO

22

183
178
176
167
123
133
no

88
70

49

'34

227-0

227-6
2277
227-8
227-6
228-3
228-0
227-9
228-2
228-2
228-1

227-85

- 74

- 7'5
- 7'5
- 7'7
- 8-3
- 8-5
- 84
- 8-8
- 8-7

Group 2027.

Jan. 4-241
5-468

Means

6
о

65
H

4
о

28

206-3

205-15

+ 9'9
+ 9-2

+ 9'55

Group 2028.

Jan. 10-321
11-283
12-185

Means

5
H
n

60
86
52

IO

Ч
9

I I

88
39

8i

93-8
95-5
96-2

9547

+ 0-9
+ 0-9

+ 0-90

- 74'2

- 5 7 - J
-44'4
- 31-0
— 20-8

- 4-0
+ 6-3
+ 18-2
+ 32-2
+ 45-0
+ 597

-444
— 2O"O

-74-6
— 6O'2

-477

Projected
Area ofDate.

Greenwich j
Civil Time. Umbra.

1888. „
Jan. 10-321

11-283
12-185
13-307
14-283
15-476
16-216
17-172
18-271
19-193
20-476
21-228

Means

Jan. 12-185
13-307
14-283
ï 5-476
l6 '2l6

Меяпн

Jan. 18-271
I9-I93
20-476
21-228

Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude
of Group.

Mean
Latitude; í

of Group.

Longitude
from

Central
Muridiun.

Group 2029.

6
'9
24

37
39
56
34
54
33
27

i3
n

42

9о156
196
225

270

282

241

I Ó I
103
62

28
28
2326
23
29
17
27
18
16
10

11

21

186

134

151

138

134
140

43
148
131
97
81

128

844
84-8
84-9
84-5
84-4
84-3
84-5
84-5
85-0
85-1
85-2
85-3

8474

7-9
8-1
8-2
8-5
8-4
9-0
9'3
94
9'3
8-9
8-4
8-5

- 8-66

Group 2030.

7
H

3
5
5

18
33
3°
44
42

4
7
2

9
18
'9
34
40

24

146-4
148-2
148-1
150-3
i49'9

— I4'o

-I3-3
-12-9
— 12-9

148-58 -13-32

Group 2031.

31
28

20

17
136
I9i
121

24

17
12

I об

112

66

0-4
1-9

8-6
9-0
9-6
9'5

— 84-0

- 7°'9
- 59'°
— 44'5

- I 6-2

- 6-2

+ 6-4

+ 21-3

+ 33" 5
+ 5°'5
+ 60-5

+ 2-5
+ ig'

2

+ 3'"9

- 49'7
-

 3
2-S

— 22'Я
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ABKAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK — continued.

Date.

Greenwich

Civil Time.

Projected
Arca of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean

Longitude

of Group.

Moan

Latitude

of Group.

Longitude

from

Central

Meridian.

Group 2031 — continued.

1888. ,!
Jan. 22

23-503
H'389

Меапв

No p

4
5

...

hotogr

'9
12

...

ар h.
2

2

IO

IO
6

53

3'2
2'S

1-98

0

-10-3
— IO-I

- 9'52

о

+ 8-3
+ i9'3

...

Group 2032.

.hm. 24-389
25-450

Меапв

2
0

...

:?
...

I

О

I

IO

9

IO

300-5
301-1

300-8

- 3'i
- 3'i

- 34

-427
-27-5

...

Group 2033.

Jan. 30-494
3i'39!

Feb. ï -44 5
2'2l6

Means

О

зб
б
5

...

7
85

92
43

...

О

23

5
7

9

4
5б

.80
51

48

291-7
291-2

292-3
292-2

291-85

- 6-1
- 6-0

- S-4
— 6-1

- 5'9°

+ 28-9
+ 40' 3

+ SS'2
+ 65-3

...

Group 2034.

Fob. 3-184

Means

о

...

27 о

0

Ч

'4

203-6

203-6

- 8-0

Q-/-*— о О

— 10-6

...

Group 2035.

Fob. 18-168
'9
20-485
21-323
22-177
23-166
24-519
25-208
26-218
27-193
28-179
29-212

Means

1 1
No p
46
»S
7i
8i
33
54-
!9
53
38
4

...

68
liotogr
418
498
573
493
380
282
207
312
233

5»

...

29

api).
39
59
42
42
'7
28
1 1
З«
З 1

5

3i

'77

35Z

34°
332

257
/92
'45
123,
225'
194
7»

220

297-6

292-8
292-8
294-2
295-6
296-4
298-1
300-7
3°3'9
298-0
299-6

297-25

- 3'9

- 47
- 4'8
- 4'8
- 4'9
- 44
- 44
- 4'3
- 4'2
- 5'5
- 54

- 4'66

- 79'3

- 53-6
-42-5
- 29-9
- 'S 'S
+ 3'2
+ '3'9
+ г9-9
+ 45'9
+ 53'°
+ 68-2

...

Date.

Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Moan

Longitude

of Group.

Mean

Latitude

of Group.

Group 2036.

1888. „ ,
Mar. 1-405

Means

о

...

'S

...

о

о

9

9

о

250-2

250-2

о

- 97

- 97

Longitude

from

Central

Meridian.

о

+ 34'S

Group 2037.

Mar. 9-276
10-565
11-221
12
I3-I56

14-400
15-466
16-175
I 7 - I 5 0

18-188
19-256
20-173

Means

12

28

65
No p
6i
70
68
63
62
49
32
15

...

25
234
335

hotogr
416
442
421
330
342
246
156

81

...

*5
26

Si
apb.

33
Зб
35
34
38
37
35
29

34

So
230

270

230
226
218
'79
208
185
168
154

'93

Зб'7
Зб-з
Зб'9

38-5
38-7
4О"2

41 'о
4°'9
41-5
42 >3
42"б

39'6о

+ 2-1

+ 1-9
+ 2-1

+ 2-s
+ 2'4

+ 2-8
+ 2-7
+ 2-6
+ 2'7

+ 3-1
+ 3'1

+ 2-55

-75-3
-587
-49'5

- 22-3
- 57
+ 9'8
+ 19-9
+ 327
+ 47'°
+ 61-9
+ 74'3

...

Group 2038.

Mar. 10-565
11-221

12

13-156

Means

2

4'
No p

о

...

2б

123

hotogr
18

...

ï
24

aph.
о

8

16
7^

IO

32

64'9
64-8

68-9

66-2О

+ 117
+ I 2 - I

+ 9'8

+ 11-20

- 30-1
- 21-6

+ 8-1

Group 2039.

Mar. 16-175
I 7' I 50
18-188
19-256

Meant)

2

4
4
5

...

40
56
44
36

...

5
4
3
3

4

72
57
33
22

46

Зоб-б
307-6
307-2
307-2

307-15

- 4'5
- 44
- 4'3
- 4'5

- 4'35

~У\— 6o-6
-47'3
- 33-2

Group 2040.

Mar. 19-256

Means

о

...

4

...

о

о

3

3

296-9

296-9

- 2-5

- 2'5

-43'5

...

5 0 1
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AREAS and HELIOGRAP'HIC POSITIONS of SPOT GROUPS

Date.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean

Longitude
of Group.

Mean

Latitude
of Group.

Longitude

from
Central

Meridian.

Group 2041.

1888. 4
Mar. 21-465

22-150

Means

О
8

IO

...

39

98

...

о
IO

7

6

82
79

75

0

238-2
237-5
237-4

237-70

о

— ï о- 1
— lO'O

- 9-9
— lO'OO

0

— 64-8
- 51-4

...

Group 2042.

Mar. 25-229

Means

о

...

5

...

о

0

3

3

299-0

299-0
- 4-6

- 4-6

+ 37-3

...

Group 2043.

Mar. 31-161

Means ...

о

...

1 1

...

о

о

7

7

142-2

142*2

— ro

— ro

-41-3

...

Group 2044.

Apr. 1-414
2-156

Means

о
0

...

41

33

...

о
о

о

23
17

20

145-5
457

145-60

+ 7-3
+ 7-3

+ 7-3

-21-4

-i 1-4

...

Group 2045.

Apr. 3-438
4-617
5453

Means

16
о
2

...

90
37
16

...

8
о
I

3

48
18
8

25

124-7
124-9
125-0

124-87

+ 2-8
+ 2-8

+ 2-93

+ O-2

+ "Ч

...

Group 2046.

Apr. 16-406
17-477

Means

о
2

...

1 1
12

...

о
2

1

20

12

l6

254-1
255-6

254-85

- 5'5
- 57

— 5-60

-74'9
- 59-3

...

Date.
Greenwich

Civil Time.

on the SUN'S DISK — continued.

Projected
Area of

Umbra
Whole
Spot.

Arca for
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Mean
Latitude

of Group.

Longitude

from

Central
Meridian.

Group 2047.

1888. „
Apr. 18-444

Means

0

...

16 0

o

,5

i 5

243-5

243-5

- 6-7

- 6*7

- 58-6

...

Group 2048.

Apr. 21-478
22-158
23-293

25-626
26-532
27-709

Means

4
IO

12

l6

10

8
4

...

29
52
57
57
28

19

...

9
13
IO

IO

5
4
2

8

02

72

49
37

9
IO

36

185-1
184-2
184-1
184-1
184*1
184-1
184-2

184-27

— 2-8
- 2-5
- 2-5
— з-i
- з-i

— 2-84

-68-8

-53'9
— 40-6
— 23-1
— 1 Г2

+ 4-6

Group 2049.

Apr. 24-305
25-626
26-532
27-709
28-115
29-168

Means

U

13
IO

9
o
i

...

75
66

74
18
I I

...

15
i i
7
5
o
I

7

124

48
42

9
5

47

151-9
153-7
154-0
1534
154-0
ЧЗЧ

153-40

-i 3-5
— 13-6
-I3-3
-13-3
-12-7

— 13-28

-72-8
- 53'5
-4'-3
— 26-2
— 20-3
- 6-9

...

Group 2050.

Apr. 25-626
26-532
27-709
28-115
29-168

Means

4
0

6
0

o

...

•416
22

20

22

...

4
o
4
o
o

2

27
12

13
12

12

Ч

ИЗ'»
H3'9
145-0
I45-5
•457

144-78

- 2'4
— 2'2

— ГО .

— ГО

— го

- 1-52

- 634
- 5'Ч

- 28-8
I4.-6

Group 2051.

Apr. 2 8 - 1 1 5

Means

0

...

3

...

O

O

5

5

247-4

2474

- 7'5 + 73'!

- 7'5
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AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK — continued.

Dato.

Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean

Longitude

of Group.

Mean

Latitude

of Group.

Longitude

from

Central

Meridian.

Group 2052.

1888. „
May 11-575

12-446
13-490

ЧЧЗ«
15-602
16-296
17-300
18-509
19-221
20-556
21-554
22-150
23-402

Moans

26

65
135
161
165
216

175
137
133

95
5o
42

6

...

II I
292

763
1 06 1
1072
I IO2

858
680
643
521

335
225

68

...

89

103
129
116

97
119
90
70
70
61
4°
41

15

80

380
464

752
786

635
606
440
350
364
334
270
22Z

151

443

2744
272-9
2 7 1 - 5
271*1
271-4
2714
272-3

2734
273'5
2 75-5
275-5
276-3
276-7

273-53

- 7'5
- 7-8
- 8-3
- 8-3
- 8-3
- 8-1
— 8-2

- 7'9
- 77
- 7-1
- 7'3
- 7-8
- 74

- 7-82

— 81-9

-71-9
- 59-5
-47-4
- 31-7
- 22-5
- 8-3
+ 8-7
+ 18-3
+ 37'9
+ 51-1
+ 59'8
+ 76-8

...

Group 2053.

Juno 9- 1 69
10-565
11-447
12-434
13450
14-657
15-144
16-491

Means

22

7
1 1
i i
о

12

«3
о

125

4l116
153

50
78
5i
4

...

15
4

í
о
8
9
о

6

«3
78
59
79
27
5 1

37
5

52

297-3
298-8
300-2
301-1
300-7
304-4
305-3
3077

301-94

- 4-6
- 4-4
- 4-6
- 4'5
- 4'5
- 4-8
- 4'3
- 4'7

- 4-55

— 40-6
- 20-8
- 7-6
+ 6-3
+ 19-3
+ 39" !
+ 46-4
+ 66-6

Group 2054.

Juno 15-144
16-491
17-33°
18-212
19-356

Means

. '9
13
4
9
4

80
9i
19
30
32

...

9
7
2

6

4

6

41
49
1 1
20

30

30

256-8
256-6
254-9
259-6
260-9

257-76

-10-5
-10-5
-11-4
- 8-6
- 9-2

— 10-04

— 2-1

+ i5 '5
+ 25-0
+ 41-3
+ 577

...

Group 2055.

June 19-356

Moans

3

...

1б

...

2

2

I 1

I 1

1634

163-4

- 12-7

- 12-7

+ 39-8

...

Date,

(i roeu wich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area
liro

Umbra.

for
up.

Whole
Spot.

Moan

Longitude

of Group.

Mean

Latitude

of Group.

Longitude

from

Central

Meridian.

Group 2056.

1888. „
Juno 24-644

25-452
26-201
27-311
2 8 - 2 1 1
29-381

Means

IO
12

15
2O

7
5

53
НЗ
136
1О4
I2 5

24

July 6-216
7-332

Means

6
13

41
54

...

5
6
9

H
6
8

8

26

73
76
70

109
4°

66

I36-6
137-0
139-5
140-2
141-2
143-0

139-58

о

+ 4'o
+ 4-0
+' 4'9
+ 4'7
+ 4'7
+ 5'5

+ • 4-63

Group 2057.

4
1 1

8

26
45

36

15-3
I 6-0

15-65

- 11-9

- I I - 5

— 11-70

+ 34
+ H'6
+ 27-0
+ 42-3
+ 55'3
+ 72-5

...

+ 35-3
+ 50-8

Group 2058.

July 6-216
7-332

Means

July 10-661
11-505
12-206
13458
14-200
15-230
16-193
I7-359

Means

о
о

...

о
о
о

i6
6

29
Ч

5

...

1 1
6

...

21

3
О

91
84

213

155
5o

о
о

0

Gronj

о
0

о

9
4

21

15
9

7

15
5

10

2059-

1 1
2
О

52
52

' 5 5
itf
95

65

271-9
273-2

272-55

267-5
264-3

266-1
266-3
266-5
266-4
266-2

266-19

- 7-1
- 6-6

- 6-85

- 9-8
— 1 1-2

— lO'I
- 9-6
— IO'O

— lO'O

— 10-2

— 10-13

-68-1
-52-0

- 13-7
- 5'7

+ 22-0

+ 3I-9
+ 45-8
+ 184
+ 73-6

Group 2060.

July 15-230
16-193
17-359
18-195
19-496

Means ...

о
0

6
о
о

1 1
13
22

О

13

...

о
о
4
о
о

I

17
12

15
о
6

1О

150-2
150-3
1 50-8

149-9
150-30

+ 5-6
+ 5'8
+ 6-2

+ 6'3

+ S'9*

-70-5
- 57-7
- 41-8

- 44

...



so ABBAS AND HEblOGRAPHIC POSITIONS OF SPOT GROUPS ON THK SUN'S DISK DEDUCED FROM PHOTOGRAPHS

AREAS and HELIOGRAPHIC POSITIONS of SPOT GROUPS ou the SUN'S DISK— continued.

Date.
Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean
Longitude

of Group.

Mean

Latitude
of Group.

Longitude
from

Central

Meridian.

Group 2061.

1888. d

July 29-534

30477

Means

О
О

...

7
12

...

о
о

о

12

' 12

12

3194
319-8

319-60

- 4' 5
- 4'9

- 470

- 72-1

- 59-2

...

Group 2062.

Aug. 1-179
2-465

Means

7
о

...

22

25

...

6
о

3'

18

l6

17

305-0
304-8

304-90

= S|
— 5-80

- SI 'S
- 34-7

...

(jl-OUp 2Об^.

Aug. 8-397
9-417

10-409

Means

6
i i
о

9°
56

2

...

3
6
0

3

48

34
2

28

274-2
275-8
273'5

274-50

- 8-3
- 7'9
— 8-0

— 8-07

+ I3"2

+ 28-2

+ 39'°

...

Group 2064.

Aug. 12-625
13-402
14-638
15-629
16-406
17-205
18-553
19-168
20-303
21-605
22439

Means

5
IO

7
9
о
о
о
о
о

24

9

...

5°
58
35
28

42

0

12

О

О

96
49

...

6
8
4
5
о
о
о
о
о

22

I I

5

58

49
22

15

21

0

7
о
о

87
64

29

141-5
"42-3
144-8
HS'5
Ч4-3

.45-1

142-2
142-3

143-50

- 3-0
— 2-8
- 2-3
- 2-3
- 2-9

— 2-O

- 2'7

— 3*o

— 2-62

-637
— 52-6
-33-8
— 2O-0

— Ю'9

+ I8'3

+ 557
+ 66-8

Date.

Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Menu

Longitude

of Group.

Mean
Latitude

of Group.

Longitude
from

Central

Meridian.

Group 2065.

1888. „
Aug. 2 5 -48 7

26-303
27-271
28-161

Means

о
о

22

2

...

23
74
90
52

...

0

о
12

I

3

12

37
48
3i

32

33-0
32-3
32-9
32-6

32-70

+ 7-5
+ 7-5
+ 7-6
+ 74

+ 7'5

— 2'2

+ 7'9
+ 21-3

+ 327
...

Group 2066.

Aug.28-i6i
29-480
30-437
31-423

Sept. 1-504
2-2OI

3-592
4-426
5-381
6-627
7-498
8-203
9-635

Means

О

48
66
87

79
57
67
6o
5°
30
18
23

5

...

48
259
475
634

648
535
530
4'7
315
179
121
112

4°

...

о
59
58
55

46
3i
34
3z
28
21

15

27
2O

33

229
325
416
403

373
287
274
221

180
124
105
130
43

248

277-8
277-2
276-0
276-4

276-4
276-5
276-3
276-4
276-3
276-7
276-8
277-1
276-7

276-66

- 5'5
- 5'3
- 5'3
- 5'7

- 5'5
- 5'7
- 5'7
- 6-2

-6-2

-6-8

- J''

- 7'2

-6-9

-6-08

- 82-1
-65-3
-53-8
- 37'3

-26-2
- 16-8
+ 14
+ 12-5
+ 25-0
+ 4I-9
+ 53-5
+ 63-1
+ 81-6

...

Group 2067.

Aug. 30-437
31-423

Меапн

16
0

...

73
9

...

13
о

6

59
12

35

18-3
2О'6

1945

— IO-6
- 8-8

- 9'7°

+ 48-5
+ 66-9

...

Group 2068.

Aug. 31 -423

Means

5

...

"9

....

2

2

10

IO

3°i"7

301-7

- 3'3

- 3'3

— 12-0

...



TAKEN AT THE ROYAL OBSERVATORY, GnEHNWIOH, IN INDIA, AND IN MAURITIUS, IN THE YEAR 1888.

ARBAS and HBLIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK — continued.

Date.

Greenwich

Civil Timo.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Group 2069.

1888. „
Sept 6-627

7498
8-203
9'635

10-593

Means

9
"3

2

О

О

...

40

43
33

о
6

...

6
8

IO
о
о

5

3°
27

0

3

16

Mean

Longitude

of Group.

187-3
186-4
186-7

182-6

185-75

Mean

Latitude

of Group.

— I'O
— O'2
+ 0-3

- 0-4

- 0-33

Longitude
from

Central
Meridian.

0

-47-5
- 36-9
- 27-3
+ o-i

...

Group 2070.

Sept. 6-627
7-498
8-203
9-635

10-593
4-493
12-391
1 3443
14-416
15-527
l6 '2OI

Moans

17
i 5
H
17
45
Ч
12

О
О

...

64

8o
86
6o
63
70

192
118
67
12

2

...

25
i8
'5
IO

7
IO

25
8
8
o
o

1 1

117
91

77
39

38
105
6/
44
1 1

2

57

IÓ2-6

IÓ2-2

165-4
l6l '2

16V7

l68-5

.6378

-14-4
— 14-6
-14-7
-15-1
-14-6
~'5 '5
-15-4
— 14-8
— 14-6
-I5-3
-15-2

-Ч-93

-71-4
— 60-7
- 52-1
- 32-9
- 17-1

- 9'4
+ 2-8
+ 16-8
+ 32-7
+ 5 1 - 2
+ 60- 1

...

Group 2071.

Sept.2 1-466
22-483
23-687
24-340
25-332
26-130
27-421
28-298
29437

Moans

о
2О
18
33

17
17
0

4

...

45
96

135

123

52
22

l6

...

o
1 1
IO

17
IO
IO
12

O

5

8

30
54

67
65
41

37
2 l

22

45

357-9
0-8

з-б
4'4
5-0
54
4'4
5'7

3-30

- 57
- 4'9
- 4'9

- 4-8
- 4-8

- 4'3
- з-б
— 4-70

-41-0
- 247
- 7-1
+ 2-6

+ 27'6

+ 45-1
+ 55-6
+ 68-0

...

Group 2072.

Oct. 3-430

Meaus

о

...

IO

...

о

о

22

22

166-8

166-8

-14-5

-4'5

-74-1

...

Dato.
Greenwich

Civil Timo.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

™J™°

Mean

Longitude

of Group.

Mean

Latitude

of Group.

Longitude

from

Contrai
Meridian.

Group 2073.

1888. „
Oct. 25-475

26-303
27-533

Means

17
i6
22

О
\ 

С
*1О

О
0
0

 
C

O
 О

...

«3
Ч
33

2O

64

74
1 66

IO1

0

354-6
354"!
3534

З54'°3

Q

- 6-7
- 6-7
- 6-6

- 6-67

0

+ 441 3
+ 547

Group 2074.

Nov. 6-194

8-502
9-231

10-202

1 1-448

12-168

13-2I6

14-182

15-246

1Ö-22O

MtwiiH

69

98

> 3 4

100
131
1 06
91

54
34

5

66o
715817
689
656
662
553
37°
227

65
7'
Si
73
5'
67
57
55
42

33
10

... i ... 55

373
477
429
444
35°
332
353
334
287
220

209

346

95-8
9s;8
95-0
95'2
94-9
954

96-3

95-63

+ 10-9
+ 10-6
+ Ю'2

+ 10-6

+ ю'5
+ 10-3
+ Ю'О

+ 9-9
+ 9-8
+ 94
+ 9'5

+ 10-15

- 59'9
-43-0
— 3°"2
- 20-7

- 77
4- 8-4
+ i8'4
+ 32-6
+ 45'7

+ 72-7

...

Group 2075.

Nov. 1 1-448
12-168
13-216
14-182
15-246
l6'22O

17-486

18-174

19-204

20-474

2 I - 2 I 4

2 2 - 2 I O

Means

'9
33
58
55
56
83
66
78
62
45

i i

...

I I O

182
336
372
342

349
376
282
235
156
93

...

36
37
44
33
3°
42
34
42
37
35
32
20

35

2O9

2O3

255
221

I87

l88

I76

2OI

171

1б2

I67

193

13-8
13-8

47
,5-0
15-6
16-2
16-3
16-8
17-0
17-2

15-64

- З'З
- 2-6

— 3'2

- 3'5

- 37..f.3 °

- 44

- S'!

- 3-97

-72-7
-63-2
— 49-2
-35-8
-214

S'o
+ 9-3
+ 18-5
+ 32-5
+ 49'5
+ 594
+ 727



52 AREAS AND HELIOGRAPHIC POSITIONS OF SPOT GROUPS ON THE SUN'S DISK DEDUCED FROM PHOTOGRAPHS, 1888.

AREAS and HBLIOGRAPHIC POSITIONS of SPOT GROUPS on the SUN'S DISK — concluded.

Date.

Greenwich

Civil Time.

Projected
Area of

Umbra. Whole
Spot.

Area for
Group.

Umbra. Whole
Spot.

Mean

Longitude

of Group.

Mean

Latitude

of Group.

Longitude

from

Central

Meridian.

Group 2076.

1888. „
Nov. 27-488

28-185
29-287
30-182

Dec. 1-431
2-512
3-513
4' 1 80
5-238
6-241
7-496
8-2OO

9493
Means

о

'9
59

юз

9l116
101

82
5i
35
17
i i
0

...

18
201

454
614

600
607
477
479
289
218

81
7i
13

...

О
24

4«
68

53
6i
53
4136
26
20

'9о

35

44
249

379
405

322

314
247
260

175
161

95
120

5«

217

160-9
160-5

i59'5
160-6

161-8
162-6
164-3
164-3
164-8
165-9
167-1
167-4
163-7

163-34

— 12-2
— IO-6
— 10-3
— IO'6

— "•3
-II-8
— 12-2

— I2'4

-12-6

-I3-0

-I3-I

— 12-8

— 10-2

— II-78

-74'2
-65-4
-51-9
-39-0

-21-3
- 6-2

+ 8-6
+ 174
+ 3I-9
+ 46-2
+ 63-9
+ 73'5
+ 82-9

...

Group 2077.

Dec. 9-193

Means

о

...

9

...

о

0

9

9

19-7

19-7

- 37

- 37

-6I-I

...

Projected Area for T ., д

Date. Area of Group. Mean Mean Lon'=ritudo

Civil Time. Umbra Whole Umbra Whole of Group, of Group. 8П "*
' Spot. ' Spot. Meridian.

Group 2078.

1888. „ 0 0 0

Dec. 15-272 3 25 ï 13 344-8 — 6-7 —15-9
16-242 15 106 8 54 344'5 — 6-6 — 3-5
17-318 19 139 ID 70 344-5 — 6-1 +10-7
18-196 15 ici 9 55 3464 — 6-9 +23-9
19-496 16 184 u 124 346-5 — 6-8 +414
20-496 20 126 19 115 348-7 — 6-4 +56-7
21-197 15 123 18 151 348-7 — 5-4 +66-0
22-528 o n o 44 347'9 — 6-5 +82-8

Means ... IQ 78 346-46 — 6-43

Group 2079.

Dec. 30-545 0 9 0 7 196-4 — 35-5 +36-8

Means о 7 196-4 — 35-5



ROYAL OBSERVATORY, GREENWICH.
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54 TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULTE

TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULTE UPON THE SUN'S DISK POR 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.

G reenwich
Civil Time.

d
Jan. ï -5

24
3'5
4'z

5'5
6-3
7-2
8-2
9-2

10-3
11-3
12-2

I3-3

H'3
i5 '5
16-2
17-2
18-3
19-2
20-5
21-2

22'

23'5

МЧ
2Í5
20'2
27-5

28-5

29-5
30-5

31-4

Feb. 1-4
2'2

3'2

4-2
5-6
6-3
7-2
8-3
9-3

10-2
I I - 3
12-2

13-3

Ч'З
i ;- i
16-3
i7'3
1 8-2
19-
20-5
21-3
22'2

Projected Area.

Umbrae.

Ч
36
49
02

3i
4°
z/
27
Ч
2O

32

42

5°
41

6i
40
54
34
5»
41

3i
...
4
7
о
0

о
о
о
о

36

6
5
0

0

о
о
о
о
0

0

о
о
о
о
о
о
о

1 1
...
46
«5
71

Whole
Spots.

200

257
306
378
261
262
207

47
98

152
176
226
229
255
313
324
294
259
298
295
183
...
'9
27
16
о
о
0

о
7

8-5

92

43
27

о
о
0

0

о
о
о
о
о
о
о
о
о
о

68
...
4 i8
498
573

Faculte.

128
о
о

129

о
205

89
521

289
1175
» 3 5 < 5
1297

544
о

101

2б7

34
45
207

Зб4
7б7

0

54
0

123

о
о
о
0

114

US
33«
3^4

о
69

667

498
54°
420

2ÖO

О

'93
"5
130
329
341
405
454
...
256

266

S«

Greenwich
Civil Time.

d
Feb. 23-2

24-5
25-2
26-2
27-2
28-2
29-2

March 1-4

2'5

34
4-2
5'3
6-5
74
8-3
9'3

10-6

I Г2

12-

I3-2

44
>5'5
IÓ-2

I7-2

18-2
»9'3
20-2

21-5

22'2
23-2

24'5
25-2
20'4

27-2

28-6
29-4
3O'2

31-2

April ï -4
2'2

34
4-6
5'5
6-4
7-6
87
9-3

10-4
n'3
12-3
»3 '5
4'5

Projected Area.

Umbra.

8l
33
54
19
53
38
4

0

о
о
о
о
о
о
о

12

З 1

Ю7

6i
70
68
65
66
53
37
15
о
8

10

о
о
о
о
о
о
0

о

о
о

16
о
2

о
о
о
0

0

о
о
о
о

Whole
Spots.

493
380
282
207
312
233

58

15
о
о
о
о
0

0

о
25

201

457

434
442
421

37°
398
291

195
8i
39
71
98

о
5
0

0

0

о
о

1 1

41

33
9°
37
i6
0

о
о
о
о
о
о
о
о

Faculffi.

218

257
0

34
о

128

556

179
44

о
296
386

о
о

176
324
"59
44

35
о

2ОО

623

982
941
642
395
Ю5
275
I 5 Z

8о
707
379
475
107
И5
556
249

64
г39

5*
о

157
97

44
45

189
о

249
7Ю
4-1 8
196

Greenwich
Civil Time.

d
April 15-5

16-4
17-5
18-4
19-5
2O'6

21-5

22'2

Z3-3

24'3

25-6

20-5

277

28-1

29-2

30-5

May ï -4
2'2

3'3
4'5
54
6-
7-6
8-5
94

10-6

iro
12-4
"3'5
44
15-6
16-3
17-3
18-5
19-2
2O'6

21-6

22'2

234
H'5
2 5 - 5
26-2
27-5
28-1
29-6
30-6
314

June r 5
2'5
3'5
4-6
5'3

Projected Area.

Umbrae.

0
О
2
О
О
0

4
IO

12

20

27
18
!9
o
I
o

o
o
o
o
0

...
0

o
o
o

26
65

'35
161
165
216
175
137
133
95
5°
42

6
o
o
o
o
o
o
o
o

0

o
o
o
o

Whole
Spots.

0
1 1
12

l6

О

О

29

52

57
132

i i 8
103
US
41

33
о

о
о
о
0

0

...
0

о
о
о

1 1 1
292

7б3
IOÓI

1072
I 102
858

68o
643
521

335
225
68

о
о
о
о
о
о
о
о

о
о
о
о
0

Faculíi!

о
49176

127

о
о

164
894
848
5о8
370
Зб5

0

Ч'
о

88

0

242

125

253

156

...

0

о
о

229

234
187
483
646

о
о

470
57

727
I 12

239
1419
34
185
44
89

о
о
о
о
0

0

о
315

о
о

Greenwich
Civil Time.

d

June б'з
74
8-2
9'2

Ю'б

1'4
I2'4

i3 '5
47
15-1
16-5
17-3
18-2
19-4
2O'2

2Г1

22'6

234
24'6

25'5
26-2

. 27-3
28-2
294
3°'5

July 1-3

2'5
3'6
44
5-6
6-2

7'3
8-5
94

107
11-5
I2'2

13'5
I4-2

I 5 - 2

l6 -2

174

18-2
I9-5

207

2 1 - 5

22'5

234

244

25'2

26-4

274
28'6

Projected Area.

Umbra;.

О
О
0

22

7
n
u
0

12

3i
13
4
9
7
о
о
о
о

IO

12

Ч
20

7
s
о

0

о
о
0

о
6

13
0

о
о
о
о

16
6

29
15
1 1
о
о
о
о
о
о
о
о
0

о
о

Whole
Spots.

о
о
0

125

43I I Ó
153
5°
78

131
95
19
3°
49

о
о
о
о

53
43
136
Юф

125

24
о

о
о
0

о
0

52
6о

о
о

21

3
0

91

84

224

169
72

о
ч
о
о
о
о
о
о
о
0

о

Facula;.

0

153
622

595
о
о
о
о
о

356
353
679

4Z5
896
44
64

о
о
о

J01

484

486
522

435
177

о
195
251

193
275
14
692
I5 1

2О2

0

0

о
0

о
627

713
524

о
о
о
о
о
о
о
о

24

207

174



UPON THE SUN'S DISK FOR клен DAY IN тнк YEAR 1888. SS

TOTAL PnojKCTHD AREAS OF ТТмввлз, WHOLB SPOTS, AND FACUL.E— concluded.

Greenwich
Civil Time.

d
July 29-5

30-5
31-3

Aug. 1-2
2'5

3-5
44
54
6-2
7'5
84
94

I Г2

12-6

134
14-6
15-6

17-2
1 8-6
19-2
20-3
21-6

22'4

23-2

244

26-3

27-3

28-2

29-5

30-4
3I-4

Sept. 1-5
2'2

3-6
44

Projected Area.

Umbrnj

о
О
о

7
о
о
о
0

о
о
6

I I
0

о
5

10

7
9
0

о
о
о
о

Ч
9
о
о
о
о

22

2

83
91

79
57
67
6о

Whole
Spots.

7
12

0

22
25

О

О

0

О

О

9°
5б

2

О

5°
58
35
28

42

о
12

О

О

96
49

о
о

23

74
9°

юо
259
549
662

648
535
53°
4'7

Faouhc

216

23«
423

155
96

180
о
о
о
о

203

225

197
483
40 5

о
0

о
о
о
о
о

312

366
99

о
0

297
71
67

549
6 52

85

178
43

о
68

Greenwich
Civil Time.

d
Sept. 5 '4

6-6

7'5

9-6
IO'6

• H'5
12-4
'34
44

16-2
17-5
18-5
194

21-5
22-5
237
24-3
25-3
26-1
274
28-3
294
30-5

Oct. 1-5
24

34
4-2
54
6-5
7-1
8-4
9'5

I O'l

12-4

Projected Area.

Umbra

5°
52
46

43
20

Ч
'7
45
Ч
12

О

О

о
0

о
о
о

2О

18
33
'9
'7
17
о
4
о

о
о
о
о
о
0

о
о
о
о
0

0

о

Whole
Spots.

3'5
283
H3
231
100

70
70

192
118
67
12

2

О

0

О

О

135
131
123

7i
52
22

1б

0

о
о

IO

0

о
о
о
0

о
о
о
о
о

Fftoulic.

284
603
958
95°
160

о
о
о
о

2б7

703
574
3°7

о
о
0

о
о
0

121

2ÓO

123
224
281

,184
l68

192

4OI
i67

35
35'

78
о
о

2б3,56
104

о
88

Greenwich
Civil Time.

il
Oct. 14-5

i 5 ' 3
16-2
17-1
18-6
19-5
20-5
21-6

22'4

23-5
24'5

26-3

28-5
29-2
3°'3
31-2

Nov. i'3
2'2

5'2

6-3
7-5
8-5
9-2

10-5
"4
I2 '2

I 3 -2

14-2

l6'2

I 7 - 5

18-2
I9-2

20-5

21 '2

Projected Area.

Umbrii!

о
0
о
о
о
о
о
0

о
о
о

17
i6
22

О

О

О

О

О

О

О

О

О

69

98
'34
'35
юо
150
140
49
log
90
89
66
78
62
45

Whole
Spots.

О

0

О

0

0

О

О

О

0

О

0

89

83
ю8

о
о-
о
о

о
о
о
0

о
39б

66о
715
817
68g
767
844
889
743
5 6g
487
344
376
282
2 35
.56

Faculto.

40
о

5z
6<

о
о
0

о
о
о

ni
о

из
271

ю8
0

о
84

о
loS
128
116

0

2 1 5
321

36
о
о

208

ЗЮ
460
log
342
189

0

loi
243
599
260

Grcenwicli
Civil Time.

,
NOV. 22'2

23-2

24'

26-5

28'2

29-3

30-2

Doc. i'4

3'5

6'2

7'5
8'2

9-2
I0'2

I2'3

I4-2

'5'3
l6'2

17-3
18-2
I9-5

20-5

21'2

2 V 2
24'3
2 5 - 2
26-4
27
28-3
29-3
30-5
31-2

Projected Aren.

Umbra.

1 1
о

. . .

. . .
о
о

19
59

юз
g

116
101

82
5 1

35
'7
n
0

о

о
о
0

3
'5
'9
'S
i6
20

15

о
о
о
о

0

0

о
о

W l o l o
Spots.

93
о

...

. . .
о

i8
201

454
614

600
607
477
479
289
218

8i
7'
22

О

0

о
0

25
lo6
•39
101

184
126
123

о
0

G

О

О

о
9
о

Fneulro

268
102

...

. . .

0

47
346
888
447

о
99

44
195

о
454
345
3^9
2бд

54
51

232
08

о
о

75
о

8g
66

177
374

74
о

35
130

о

о
о
о
0

5 H 2



56 MEAN AREAS OF UMBRAS, WHOLE SPOTS, AND Елсиьлг UPON THB SUN'S DISK ON PHOTOGRAPHS

MBAN AREAS of UMBRAE, WHOLE SPOTS, and FACULTE 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 Mean Areas have been formed by taking the Means of the Areas for each day of observation throughout
each Rotation of the Sun, the Projected Areas being the areas as measured on the photographs and expressed in
millionths of the Sun's apparent disk, and the Areae 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 Observation» 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 ï, 1854, and the assumed period of the Sun's sidereal rotation being 25-38 days.
The rotations adopted in the volumes of Greenwich Observations, 1877 to 1883, correspond on the other hand to
the sidereal rotation of the Sun, the commencement of each being defined by the coincidence of the assumed
prime meridian with the ascending node. The numeration of the rotations is in continuation of Carringion's
series (Observations of Solar Sjiots made at Rcdhill by R. C. Carrington, F.R.S.), No. ï being the rotation
commencing 1853, November 9. The dates of commencement of the rotations are given in GREENWICH
CIVIL TIME, reckoning from midnight.

No. of
Rotation.

458
459
460
461
462
463
464
465
466
467
468
469
470

Date of Commencement of each
Rotation.

d

1887 December 26-77
1888 January 23-11

February 19-45
March 1777
April 14-06
May 11-30
June 7-51
July 4-71
July 31-91
August 28-15
September 24-42
October 2 1 -70
November 18-01

fto. of Days
on which

Photographs
were token.

26
27
26
27
26
28
27
27
27
28
27
27
26

Mean of Daily Areas. .

Projected.

Umbraj.

33
3

37
5
5

5°
7
4
4

3i
2

5'
36

Whole Spots.

202
H

241
37
28

276
58
30
28

2C8

1 1
304
204

FaculîD.

366
205
215
279
190
203
305
177
130
235
1 20
120

2l6

Corrected for Forushortoniug.

Umbras.

24
3

24
S
4

37
5
3
3

23
ï

34
24

Whole Spots.

45
15

»57
34
26

206
36
25
20

152
8

206
'43

Faculx1.

465

255
272
314
223
226
326
214
I 5 8

279
43
45
234

MEAN AREAS of UMBR^:, WHOLE SPOTS, and FACUL,E upon the SUN'S DISK, as measured on PHOTOGRAPHS taken
at the ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for the YBAR 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.

Year.

1888

No. of Days
on which

Photographe were
taken.

359

Moan of Daily Areas.

Projected.

Umbras.

20

Whole Spots.

125

Faculte.

204

Corrected for Foreshortening.

Umbra.

H

Whole Spots.

89

Faculic

239



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

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

The numbers given in the accompanying table have been formed as follows :—
The Heliographie Latitude of each Spot for each day has been multiplied by its Area (corrected for fore-

bhortening), and the sum of the products for Spols North of the Sun's Equator has been divided by the sum of the
corresponding Areas to form Mean Heliographie Latitude of Spotted Area North of Equator ; similarly for Spots
South of the Equator. In forming the Mean Heliographie Latitude of entire Spotted Area the algebraic sum of
the products for Spots North and South of the Equator has been divided by the sum of the Areas ; and for the
Mean Distance from the Equator for all Spots, the numerical sum of the products, without regard to the sign of
the latitude, has been similarly divided.

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

No.

of

Rotation.

458

459
460
461
462
463
464
465
466
467
468
469
470

Dato of

Commencement

of each Rotation.

d

1887 Dec. 2677
1888 Jan. 2 3 - 1 1

Feb. 19-45
Mar. 17-77
Apr. 1 4-06
May 11-30
June 7-51
July 4-71
July 31-91
Aug. 28-15
Sept. 24-42
Oct. 21-70
Nov. 18-01

No. of Days

on which

Photographs

wore token.

26

27
26

27
26
28

27
27
27
28
27
27
26

Spots NOUTH of tho Equator.

Moan
of Daily
Areas.

1 1
о

66
23

0

о
« S

2

4
2

О

Ц1
о

Moan
Heliographie

Latitude.

0

2-65
...
2-99
3-18
...

4-75
5'95
7-48
5'°3
1-95

IO-2O

Spots SOUTH of the Equator.

Мели
of Daily
Areas.

'34
" 5
91

1 1
26

206
22

24
16

150

8
65

43

Moan
Heliographie

Latitude.

0

8-50
5-10
4-66
8-61
7-48
8-01
6-15
9-80
4-07
7 - 2 5
5-62
4-07
9-98

Миш

Heliographie

Latitude of entire

Spotted Area:

0

- 7-6-
- 5-10
— 1-46
— O'6l

- 748
— 8-01
- 1-74
- 8-65
- 1-99
- 7-10
- 5-5»
+ 572
- 9-98

Mean

Distance from

Equator

of all Spots.

о

8-об
5-10
3'96

4'93
7-48
8-01
5'59
9-52
4-68
7-22
5-60
8-27
9-98

MEAN HELIOGRAPHIC LATITUDE of SPOTS upon the SUN'S DISK, as measured on the PHOTOGRAPHS taken at the
ROYAL OBSERVATORY, GREENWICH, at DEHRA DUN, INDIA, and in MAURITIUS, for the YEAR 1888.

YEAII.

1888

No. of Days
on which

Photographs
were taken.

358

Spots Копти of the Equator.

Moan of
Daily Агоав.

20

Mean Heliographie
Latitude.

и

7-ю

Spots SOUTH of the Equator.

Mean of
D.iily Areas.

69

Monn Heliographie
Latitude.

746

Moan Heliographie

Latitude of «ntiro

Spottod Area.

- 4> 27

Mean Distinoo

from Equator of

all Spots.

0

7-39

NOTE.—In the computations for forming the corresponding Tables given in the Volumes for 1884 and i 8 8 c
the latitudes of the Spots were only taken to the nearest whole degree, the next higher whole degree being adopted
whenever the fractional part of the latitude amounted to or exceeded -5. Thus, under 8°, for example, would bo
included all Spots-from 7°'5 to 80>4, both inclusive ; and the corresponding moan latitude should have been taken
as 70i95 instead of 8°. The Mean Heliographie Latitudes, therefore, both for Spots North and Spots South of the
Equator, and the Mean Distances from the Equator of all Spots, both for the rotations and for entire years, require
a correction of — oc-o5. The Mean Latitude of the entire Spottrd Area requires the following correction :—

Mean Area N. — Mean Area S.
o°-o5 x Mean Area N. + Mean Area S.

These corrections have been applied in computing the Mean Heliographie Latitudes and Mean Distance from the
Equator given in the above Tables for 1888, and in the corresponding Tables for 1886 and 1887.
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ROYAL OBSERVATORY, GREENWICH.

TOTAL PROJECTED AREAS

UMBRAE, WHOLE SPOTS, AND FACULTE

1?OR EACH DAY,

AND

MEAI P R O J E C T E D A R E A S

FOR EACH ROTATION OF THE SUN

AND

F O R E A C H Y E A R

FJIOM

1882 to 1885,

DEDUCED FROM THE MEASUREMENT

OP

S O L A R P H O T O G R A P H S .



60 TOTAL PROJECTED AREAS о? ТТмвплз, WHOLE SPOTS, AND FACULTE, UPON

TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULTE, 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.

Greenwich
Civil Time.

1882. „
Jan. i'2

2'2

3'5
4-2

6-2

74
8-2
94

10'

i i '
12'

'3'5
I4-2

IÓ-2

I7'2

18-2
I9'3

20'2
21-5

24-6
25'3
26-3
27-2
28-4
29-2
30-
31-

Feb. 1-4
2'2

S'2

6-2

7'3
8-3
9'

10-5
11-5
12-5
13-1
4' 5
'5'5
i6'4

• 17-6
IS-,-
19-6
20-3

Projected Area.

Umbras. Whole
Spots.

i

53
83
75
40

1 1 ;
'34
"9
42
23

"4
70
82
73
59
S2

74
161

58
61

204

60

169
IOI

'35
96

129
85
79

122

207

249
3'7
368
177

360

348

295
307

2OÓ
120

52

241
339
461
198
492
709
713
353
126

701
481
360
394
358
300
480
506
559
444
426
553
457
57°
60 1
887
66 1

687
734
650
636
533
728

1166
1498

1710
499
1665
1291
1618
'833
1500
1148
1008

553
604

Faculae.

1033
348

1075
97'
724
595

1372
1 142
1914

IO22

1480

I09I

"97
1618
2134

1671
1096
30^9
1768
5 '3
'55

'344
2988

284
1848

1125
2797
2343
2634
2294
204.1

569
1018

'359
2169
1787
3409
1182
762

1720
1069
2366

805
1584

Greenwich
Civil Time.

J882. a
Feb. 2i-

22-4
23'3
24-2
25-2
26-5
274
28-3

March ï -4
24
3-6
4' 5

7'3
8-2
9-3

IO'2

Í3-6
44
15-6
16-4
17-6
18-5
19-5

21-5
22-4
23-5
24-4
254
26-5
274
28-2
29-2
3°4
314

April ï '4
2-6
3-6
4' 5
5-6
6-6
7'3
8-4
9'5

lO'I

Projected Area.

Umbras

...
192

58
61
25
22

46

59

55
98

'79
265
44
123
138
203
246
258
282
233
425
418
182
158
'33
176
1 60
34
44
537
496
253
495
385
312
130
"3
127
2OI

no
92

131
2'3
178
167
28s
277
47

87

Whole
Spots.

...
695

449
39°
259
135
'74
1 80

273
500
928

1079
815
929

1004
1240
1384
1363
1686
'592
'635
1472
889
791
691
778
858

1576
2250
2370
2330
1802
2028
1994
1931
1082

817
771
762

66 1
58Ç
549
894
874

1070
"55
'ï 124

734
59'

Faculic.

...
'339
'554
3038
798
6Ç2

780
1091

44
1638
1671
453
1728
'5 '3
937

'379
3749
5680
444
3524
1598
1888
IO10

895
560
862

0

493
2222

2457
2170

2379

752
2142

28l l

2689

IÓ22

22IO

4680

2551
1683

'374
4393
1918
3076
489
4936
35°7
3947

Greenwich
Civil Time.

1882. „
April 1 1 *5

I 2 ' I

13-2
4'5
'5'3
16-5
17-6
18-5
19-2
20-4
214
22'2

23-5

24; 5

20'4

27-2
28-629-
30-6

May i'5

3-6
4'3
5'5
6-5
7'5
84
9-1

"'5
12-6

4'5

T4
l6-5

I7-6

l8'4

ig'O

2O'4

21-5
224

23-I
244

26-5

27-4

28-1

29-5

3°4
31-4

Projected Area.

Umbras

344
'95
225
666
3«3
615

1388
'534
638

"75
1364
489
'83
37'
IOO

74

118

54

82
109
2 I O

121

326

416

444

269
593
481
589
802
80 1
893

"97
974
872
578
461
586
203
122

82

44
77,
72
S2

98
124
'79

Whole
Spot».

1635
1257
2141
39°7
35'3
5°25
6750
7638
6537
6809
6892
3839

862
1836
793
459
597
462

170

320
613
73°
663

I 102

1565

1848

2158

1961

2469

2466

3269

4009

4169

4792

4927
5104

373'
3"4
2483
1676
1 136
830
483
270
292
298
479
6.5
7"

Facula;

2525
3224
2628
1659
2615

312
2861
3625
2467
3629
2162
3'3°
2215

349°
2607
439
2683
1141

'295

718
2873
1409
1581
2475
2518
3472
3391

3325
3933
'3°4
2860
354
2996
3895
4"3
6693
2760
1236
1729
2746
4178
33°°
433
2758
1127

826
1106
'373
362
585

Greenwich
Civil Time.

1882. „
June i'3

2'3

34
4' 5
5'5
6-1
7'5
8-1
9'5

IO'2

"412-4

4'5
I 5 - 5
16-4
17-5
18-
19-
20-4
21-3
22*2

»34
244
25'5

27-5
28-4
29-2
3°'3

July 14
2'5
3'5
4'
5'5
6-
74
8-1
9-6

"'3
12-5
13-2
4'5
I5-6
16-5
'74
18-5
19-5
20-5
2I 'S

Projected Area.

Umbras.

125
'23
'77
127
96
74
4'
32
78
59

121

21 I

IOO

259
280

33°
433

Í38
37
58
99
58
S2

55
276
1 80
167
136

325
207
200

"36
17
о

25

39
I I O

55
168
198
116
'35
226
256
209
200

Whole-
Spots.

676
720
678

59°
448
400
264
'54

34
735
947
946

'53'
1 5 5 3
'755
'843

963
620
572
5'9
294
263
278
896

1609
1408
431

'545
894
826

525

140
7°

о
91

219

5 '5
447
762

1247
1023
923

"57
1084
i°33
1 1 5 1

Faculiu.

"44
1058
1903

'739
874

1500
1098
75°

2915
1 130
2336
3745
"39
1797
I Ó 2 I

2892

5385

2127

1O24

i°53
1972
1644
1968
898

2865
963

I IOO
1982

5096
4203
2382

2857

2841
2550
245
2628
2358
1303
1127
2019
2192
4643
3698
3215
2082
222O

2935



THIS SUN'S DISK кон плен DAY IN THIS YEARS 1882, 1888, 188-1, AND 188"). Gí

TOTAL PROJECTED AREAS OF Штиле, WHOLE SPOTS, AND FACUL/E— continued.

Greenwich
Civil Time.

1882. „
July 22-1

23-6

24-4

25-2

26
4

2/4
28-2
29-4
3°'
3''5

Aug. ï •
24
3-6
4'5
5'
AT" 5
7'
8'6
9-6
10-4
11-6
12-4
1 5'

16-6

«•
.

'9
20-5
21-5
22-4
23-5
24-6
25-6
26-4
27-4
28-
294
30-6
3'4

Sept. 1-3
24
3-6
4'5
5'3
6-5
74
84
9'5
1O-

"4
12-5
'3'5
Ч'
'54
16-2
'7'
18-4
19-1
20-4

Projected Aren.

Umbni!

138

'85
17 1

6o
8i

59
о

34

"
4
8

200
1 12

84

39
...

5
Z

89
263
237

'3«
'32

l6

02

338

433
488
458
312
34'
287
123

'58
43
2l

58

31 I

336

4° 5
775
399
404
170
'33

27
42
84

'94
85

...
34'
162
216

Whole
Spots.

954
97 z
773
343
302
299
'7'
399

6, '7

908

735
673

27 '

1
 5

200
646
1261
niS

648
548
27'

199
3

2

1663
'«44
2505
2254
1813
'457
"33
943

616
339
185

267
1243
1 260
1667
2997
2118
1416
698
5'4

247
239
482

1055
926
...
1468
"34
958

Fiionlio

1647

2802
4668
1596

2880
1726

1228
2441

2021

1922

2369

'349

ï W ï -ï"43
...

2257
987
'985
29 '3
3655
1297
1 10O

736
'975
1 3 3 9

4584
3775
1719
1796
812
88l
2488
1363

1075

"73
2031

2230
'7Z3
1719
1568
IOOO

2471
1286
'34'
2591

2981
3452
1369

2036
'934
...
'399
3959
779

Greenwich
Civil Time.

1882. ,,
Sept. 21-3

22'6

23-2
24-2
25-6
26-4

274
28-4

304

Oct. is
2-6
34
4'1

5'3
6-1
7'5
8-5
94
10'2

1 Г2

I2'2

'34

H'3

I5-2

l6'2

'7'3
18-3
'9'3
20-5
2Г2

22'6

23'5

24-2
Z
5'5
26-5
27-3
28-2
29-6
30-2
3'4

Nov. ï -6
24
34
44
5'2
6-4
7-2
8'6

94
10-6

"'5
12-2

I3-2

14-2

15-2

l6'l

I7-3
18-5

19-6

Projected Area.
•

Umbnu.

107
'85
98
84
269
428
510
732
527
77«

927
«54
878
45°
300
260
45
28
7
'7
22

34
"5
92
130
1 18
250
273
264

33«
369
762
391
5«7
657
452
373
749
458
611

509
401
224
253
33«
295
30046.
449
534
594
294
483
609
807
873
784
1649
'324

Whole
Spots.

«74
788
666
4'7
'995
1691
2294
2712
347
3694

394«
3561
3121

1805
1107
269
«5
3«

116
47
259
5'9
783
«49

1204
1786
'«55
2165
'745
'934
2988
2653
3032
2914
2554
254'
3'74
2567
2714

2161
1864
473
1568
1663
1828
1663
1996
2230
'57'
2421
1888
2307
2887
3342
4005
4640
5422
5370

b'aculie.

1206
1896
1265
1626
1 107

346
3381
3583
2264
1067

1 170
2646
2713
'77«

'934
980
2419
'«45
899
1007
1584
'579
2164
2096
2523
7,6
75'
965
495
1469
2548
3279
5105
'997
2496
3476
2208

'239
2909

2595
2067
1687
1667
3250
2278
5679
2358
•759
'35'
2101

'993
1820
1662
2445
'563
2507

1478

Greenwich
Civil Time.

1882. „
Nov. 20-4

21-5
22-3
23-4
24-5
25426-5
27-528-5
29-2
3°'3

Doc. г 2
2'2

44

6'2

8-2

9"
10-2

1 Г2

'34
4'3
»5'3
IÓ-2

17-2
18-2
19-5
20-4
21-5
22-1;
23-524-2
25-2
26-3
27-2
28-2
29-3
30-2

Projectei! Area.

Umbriu

756
528
367
337
474
478
363
453
550
275
131

'32
43
4
о
о
7
3'

121

97
7«

44

4°5'
78
6i

ï об
58
52

77
3«

37
4

1

4«
64
88
ig6

31-2 ; 303

1883.
Jan. 1-2 360

24 ,
 6
44

3-2 3«5
4'2 33'
5'2 , 354
6-5 300
7-2
8-4

94
10-3

12-2

I3-2

14-2

'5'5
16-6
17-2

45
53
82
106
102

'34
'77
248
284
400
239

Whole
Spots.

4229
3161

344'
2853
21 58

'947

1665

2079

2292

l8o8

'533

1 161

9
2

о
44
«9
"7
172

55«
обо
747
8i8
745
607
735
722
623
7°4
473
393
229
3°4
122

242

4
2

244

220

388

43'
802
1461

2O2O

2758

2475

2196

1 COO

IOI4

337
329
7'3
629
803
1267
1631
1630

2439
2342

Faculiu.

1840

485

2575

2749
2139

"997
1608
1368
3236
31 lo
2959

1600
185,
2783
1486
1 108
705

1138
792

1 1 1 2

935
'53«
1 1OO

1044
76

1283
2186
1851
1 1 3 1

1669
2482
1 1 50
0

"34
1838
823
1770
1756
2863
33'°
4070

4367
'337
2549
2448
202O

1073

2086

55«
'357
29«4
2280
2805
2042
257'
77

43
6

2517

Greenwich
Civil Time.

'883. „
Jan. 18-2

19-2
2O'

2Г2

22'4

234

24'

26-4

27
-
2

28-2

2
9
'2

304

3'4

Fob. ri
2'2

34
4' 5
5
'6
6-5

8-2
9'5

10-2

11-5

12'2

'34
14-2

l6'6

'7'3
18-2
19-2
2O'2

2Г2

22'2

23'5

20-5

27-6

28-5

March ï -2
2-6
3'5
4'5
5'5
64
7'5
8-6
94
10-4
ï f
12-6

'34
14-2
'54
16-5
'74
18-2

Projectai Area.

Umbra).

234
364

150

'35
74

...
93
69
57
90
83
55

124
123
47
'57
186
292
222

190

373
229

288

204

307

21 I

2O2

382

246

'95
122

9356
43
о
о
9
6
9

53
55

36
32

0

о
о
о
27

37
86
' 28

...
72

189
122

196

'5'
186
1

3
6

Whole
Spots.

2297
2121

...

927

726

39°
...
...
464
5'5
4° 5
502
54
295

576
654
846
782
816
1235
497
'535
2234
1929
'777
1856

2'54
'943
2178
1677
499
1224
1 1 19
644
445
365
о
55
63
3'«
372
316
221

88
38
20
о
0

125

255
184
360
...
819
1044
976
923

1 IO2

I 107

1301

Faouhi'.

2112

7
66

...

1202

1897

582

...

2908

1094

2376

1827

8
99

324

I 141

1915

1243

2б
3

64.«

2409

4074

2569

'744
1451
974

1 183
2226
2639
2 191

1388

249«

'795
2088
2928

212

92О

1871

1264

733
753

268
692
250
'365
1029
94°
595
1262
2 1 1 1

2189

l62I

"97
1390
453

2241
2079
23«3

GREENWICH OBBKHVATIONS, I K H H . õ l



62 TOTAL PROJECTED AREAS OF имввлг, WHOLE SPOTS, AND FACULJÎ, UPON

TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULTE— continued.

Greenwich
Civil Time.

1883. „
March 1 9' 2

ZO'Z

2Г2

22-6

23-5
2
4'525-6
26-5
27-4
28-4
29-4
30-2
31-6

April ï -5
2-4
34
4" «
5-6
6-4
7'5
8-6
94
IO-6

I П

12-4
13-3
14-2
15-
16-5
17-1
18-4
19-1
20-5
21-4
22-4
23-6
24'6

25-5
z6

-
4

27-2
28-2
29-1
30-5

May ï -4
2'2

34
4'5
5'5
6-4
7-1
8-1
9-1

IO'I

11-4
I2'2

I3-5
I4-2

'5'4

Projected Area.

Umbne

133
126
125
259
238
283
197
I58
51
144
169
241
289

287
328
35'
319
405
347
138
234
200
136
75
288
321
391

55«
421
274
369
165
222

I38

117
IO4

207

120

92

102

121

49

35
42
10

15
17
20

38

88
124
103
173
169
192
89
187

Whole
Spots.

1083
1195
1246
1738
1711
1978
1231
1137
743
967
'374
1562
1640

1929
2065
2203
1823
2403
2546
'359
1214
1125
847
529

1507
2550
3339

2971
3331
3432
2970
1632
1402
'337
677
431
816
704
482
520
496
313

297
208
192
139
142
169
337
493
828
789
1025
932
1267
1207
918

Faculse.

1792

'574
1251
H57
339
290-
763
1314
800
647
1556
2382
2746

304
641

1 150
1264
233'

1703
55'
760
'745
1183
1332
1084
2910
4858
...
1639
1219
591
'349
0
о

7»5
1410
1284
1145
ï loo
1330
926
2270
505

791
2172
754
296
729
1671
2209
1145
1540
1564
1216
3898
697
1607
603

'Greenwich
Civil Time.

'883. „
May 1 6- 5

"74
18-5
19-5
204

21-4

22'4

23-4

24-5

254
20-

27-6

28-4

29-4

ЗО'б

3I-4

June ï -4
2'5
34
44
54
64
7-1
8-6

94
IOM
I П

12-5
'34
I4-5
'54
16-5
'74
1 8-6
19-2
2O'6

2 I '4

22'2

234

24-2

2
5
-6

20'4

274
28-4
29-4
304

July 1-4
2'I

3'2

4'5
54
6-4
7'5
8-
9-6

I 0'6

11-5
12-3

Projected Area.

Umbrae.

181
246

'37
113
66

3°о
i8
о
0

о
0

о
9
26

104
399

,385
470
340
227

ISO
227
64
48
28
87

1 1 1

174
74
70
88
197
1 1 1
358
497
308
496
231
434
39

2

59°
664
1003
925

766
468
472
500
411
313
'47

152
236
3
!б

2O9

Whole
Spots.

948
1099

111
684
456
1 60
12

IO9

48

3
6

О

О

8

3'
i8

5

482
2024
2
-349
2956
2199
1743
'355
1 103
748
492
474
7
2
4

1 169
1315
998
681
670

1 132
1 1 19
2040

2572
2731
3021
3605
2895
3020

379«
4429
5089
5296

4111
3826
333<5
2856
2228
1669
'473

I2OI

1485

1993

2090

Fauulii!

540

307
4'7
686

2
795
1082
542
3'6
'395
936

"68
I

5
6

231
58

167

257
1309

'795
690
1 80

1204
1614
566
о

ï об ï
860
966
571
1029
1487576
830
73'
2480
1 161
1662
1907
2066
2014
1830
977
1339
1589
5'7
288

181
3029
1790
1085
1 184
1093
603

792
696

2437
1701

| Projected Area.
Greenwich ;
Civil Time.

1883. „
July 1 3-4

4"
'5'5
16-2
'/'
18-
u/6
ZO'2

2I-5

22'

23-

244
25-6

2б
Ч

•27-4

28-4

294

3
0-

31'5

Aug. ï -4
2'2

3-6
4'
5'
6-
74
8-3
94
io'4
"4
12-5
'34
44
'54
,6-5
17-1
18-4
19-4
2O'4

21-4
22'4

234
24425-426-5
274
28-4
29-
30-5
3''3

Sept. г 4
2'

34
44
5'5
6-
74
8-5

Umbra,.
 Wh
?
le

K|)ota.

364

470

2
5
6

623

434
638

. . .

783

75
2

508
544
456
307

207

83
39
20

...

...
40
95
3'
39
"4
.56

'39
122

84

1 1 8
70
125

7«
70
88

86
'75
172
182
2
 44
155
5°3

447
480

546

632
54
472

269
334

2648

2
532
2116
...
...
384'
3849
4358

5°53
4548
2710
2917
2560
1695

'393

564
279
9i

...

191
1 1 19
3'5
576
657
825
818
798
482
5'3
600
696
504

394
629
870
1048
1 1 19
1004
1 196
1224
1762

2728
3057

3'94

338i
3072
2830

1879
1823 •

Faciila).

1903

1527

997

...
5326
3292
3569

4269
2036
1167
1090
1892
2085

827

986
1622
274

...
'347
5201
I 100

2106
804
547

1093
1038
'595
4256

34
r
>9

4°43
1410
366
851
"77
1590
504
2874

425
704
308

1039
'554

3«2

986
455
1 141

4S
2072

(Ji'eemvich

Civil Timo.

'«83. „

Sopt. 9
-
6

10-4
i f
12-5
'3'5
'44
'5'5
,6-5
'74
,8-5
19-5
20-3
2 I'Z

22-3

23-5

24-6

2
54

20-6

2
74

28-4

29-4

30-!

Oct. 1-5
2-6

З'З
4'3
5'5
6-5

7'3
8-1
9'3
10-5
1 1'2

I 2'2

'34

4'5

'54
,6-5

'74
18-4
'9'3
20'5

21-5
22-5
23-2
24'3
25-4
26-3
27-5
28-6
29'6

3°'3
3'

-
3

Nov. 1-3
2
'3
З'

2

4'3
54

Projected Area.

Umbrae

308
2
75

429

5'7
597
616
57

2

418
349
'74
'54
105

73

7°0
о
0

'9
4
2

33
39

28
68
90
93
150
1 80
186
2
79
368
6/7
543
628
1091
1569
"•1-5
701
499
376
358
370
386
З
2
'

214
'73
125
132
271
3'5
36'
39

6

46.

302
245
3'

2

304

339

Whole

Spots.

1671

1666

2355

2698

3027

2929

2Ó2I
2353
'«79
'35'
i°3'
624
610
302
о
о

48
8o
226
256
274

227
53б
520
677
663
922

1 126
НЗб
2190
3585
3926
4171

5399
7382
6142
4546

3335
2601
2555
2
355
2105
1692
1338
967
1273
'497
2057
2147
2209
'531
2648

2
495
1990
'93̂
1832
1811

Faculii;.

1079

1291

2832
1861
2258
118

589
665

2811
2
325
792
636
'438
1 300
382
667
444
808
542
983
764

592
"93
936
644
982
1602
1662
1927
2145

2548
2191
2001

2121

3559
401 2

2750

535'
1683
2455
10156
870

1611
2544
3003
1209
'740
1266
1805
1693
2800
2842

2470
3435
2975
4549
2132



тнн SUN'S DISK POR плен DAY IN тнк YEARS 1882, 1883, 1884, AND 1885.

TOTAL PROJECTED ARICAS OF Имвклз, WHOLE SPOTS, AND I^ACUL^:— continued.

(Jrecnwioh
Civil Time.

1883. „
Nov. б'з

7'2

8-2

9'5
10-5
I Г

12-5
1
3'5
i4

-
6

,5-6
16-2
17-5
18-2
19-5
20'4

2 Г 4

224
2
3'5
24-4
25-2
26' 5
2
7'5
28-5

294
3°'3

Dec. r
2'2

3'

44
5'5
6-5
7-6

8-3
9-2

I0
'3

11- 5
I2
'3
'3'5
'4'3
'5'5
!6-

5

'7'3
18-3
'9'3
20-3
21-5
22'3

23-2
2
4'3
25-2
26-2
27-2
28-2
29-2

1884.
.Jan. г

2'Z

34

Projected Area.

UmbiTO.

253
'49
9«
164
3«3

524
382
600
897
59'
805

54«
65 1
560

447
402
3'7
233
'3

2

'73
142

'54
149
176

107
...

29
о

H
73
78
85
'47
480
295
393
260
170
165
125
97
"5
164
384
37'
568
545
547
730
587
S?»
402

...
87
66

Whole
Spot».

1 ;68

"5
2

723,156
1830
...

2441
3094
35 «4
470 1
4543
4523
4188
4050

2760
2705
2562
2209

'574
908

«54
803
891

ï 236

7'7
...
207
о

i8o
400
620
764
'3'4
2219
1942
2464
1883
1 1 56
1045
1185
782
1026
1728
2751
372'
4467
4401
4778
434«
3659
2927
2523

...
820
773

Vtusulso.

2708

2534
2273

"«3
1380

1400

6 54
605

I ç 16
2291
944
1882
3655
3096
1663
'3°4
33°9
2046
1849
'933
904
1225
700
2406

...
2086

842
1205
597
1270
'537
1299
1426
2705
3210
2317
1408
597
557

3223
2648
4653
5646
2631
2666
2749
1 520
1998
2229
2145
2606
3946

...
3205
2009

Projected Area.
(Jrounwich*
Civil Time.

Umlinu.
1

1884. „

Jim. 4-4
5'3
6-2
7-2
8-3
9'3
10-3
1 1 - 5
12-5
13-2
4'3
15-2
16-
'7'3
184.
'9'3
20-5
2'4
22'3
234

24-5

254
26'

27-5
28-5

294
30-3

З'-З

Fob. 1-4

2'3

3'
4' 5
5-2
6-2

74
8-3

9-2
10-5

"4
12-5
'34
i4

-
6

'5'5
,6-5
'7-
18-4
19-
20-5
21'5

22-3

234
2
4'5
25-5
26-5
27-2
28-
29-6

March ï '4

75
'47
242
388
34«
337
425.
781
4"
46,
3̂

232

279
33°
278
425
3"
226

Whole
S]iot«.

961

1^43
2515
3406
3633

353'
4246

435'

2713
'944
1778

2303
2326
2164
2272
2215
'«94

229 1^74
239
189

43°
49«
278
252
269

5'5
3'7

580
3'5
333
3°9
264
.65
312
302
240
34
580

453
4,6

397

289
196
150
231
225
289
360
205

422

305

'345
'574

1844
2618
2128
2243
2668

3287
2783

3189
27'3
2682
2368
1858
1498
'735
1604
1521
1862
2478
2577
2246

2263

1868
1606
1626
455
1576
'364
'«53
'543

2460

2469

Facuhv.

2157
3053
2963

3'97
3445
22IO
(840

566

959
33'9
2321
2461

4739
3502
2967
449°
960
2606
2241
825

1667

7019
2'95
3248
1958
3528

4176
1801

ï oo 8
1609
2342
2199
'9«3
3260
42.33
4469
973
3460
3093
2404
2388

4002

2139
192

'33'1695
3619
3735
3980
2529

3726

4539

Greenwich
Civil Time.

1884. „
March 2-6

3'3
4'
5'5
6-3
7'5
8-
9'5
10'6

1 I'Z

12-6

'3'
• 4-6

• '5'5

'7'5
18-4
19-5
20-4
zrs
22-2

23-6

25-3
26'3

27'3

28'3

29'3
30-2
3''3

April 1-3
24
Г2

4' 5
54
6-2
7'3
«•3
9-6
IO'6

11-3
12'

'34
14-3

16-4
«7'3
•8-3

20-2

21-5

22'6

234

244

25'3

27-2

28-
29'S
30-4

Projected Area.

Timbrai

373
230

349
'87
2
99

306

31 ч
'83
288

234
4
2
3

3,6
376
34«
33«
326
335
3'5
289
221;
288
203
178
116
66
42
54

129
222

562

4'5
499
467
279
310

279
261

335

108
86
97
105
,87
184
'57
202
186

3'9
25»
37°
5"
450
446

233
141

Wliule
Sjwts.

2377
21 52

2039
2O2 I

1691

2132

2256
1994

I6l6

1762

2677
2^66

2146

2318

2251

2172

1839

1949

1785

'739

1562

1291

97«
815
712
509

810
2177
343'
3907
4°47
3474
2426
23«5
2034
2091
2302

1255
864
716
764
920

1275
1 696
1892
1476
2135
2Sll

• 2801

2695

2945
2918

2443
2322

FuouliU.

2'95
1906

2362
'683
1237

793
1052
2276
316
...
9'5
'233
676
1097

255'
'374
ï 229
2696
3150
1327
2326
1964
2568
2027
2505
2898
1418
2916

2439
755
2969
1676
5055
358«
1057
3645
707
838

2765

2423
3191
2884
1817
558

2830
1166
2826
930
39°

1118
803
2662
172

1689

191
77

Projected Area.
GroBiiwioh
Civil Time.

Umbrro.

1884. „
May 1-3

24
3-6
4'5
54
6-4
7-2
«•3
9' 5

IO1

1 I'Z

I2'3

13-2

4'3

!б-з
'7'3
iS-i

19-3
2O-
zi'3
22-3
23'3

24-6
25-1
26-2
27-1
28-3
29-2
30-6
31-2

Juno ï '2
2'

3'2

4'3
5'
6'2

7-2
8-
9'
10'

"4
12-5
'3'1
,4-6
'54
i6'6
'7'
18-
19-
ZO'6

2 ' '5
224

234
24-5

25'6

26-5

27'5
28-4
294
30-5

Whole
Spots.

184
168
29
39
5°
27
54

2095
I208
886
641
846
5«9
642

35 299
94

323
279
316
292
245
322
227
292

282
34
300
204
357
280
361
375
397
"3
202

229

186
120

23«
198

...

5«
95
95
87
103
61

...

'64
43
5'
39
18
16
о

49
72

«5
i6

5

974

2328
2344
2O2O
1847

'597
'542
1687
1712
2014

1591
'793
'797
1803
1989
'953
1952
2395
2363
1832
1942

1831

1402
1241

1288
"37

525
614
592
602

594
56,

...

566
325
552
362
2 '3

30O

366

53«
627
846
1287

Faoulnv

'353
'335
"34
367
23«
393
2493
1351
457

1848
1985
1412
«

2
5

1416
2725
ï 7 69
1866
3309

2648
2270
,768
260
»53°
2062
3277
2581
'734
4«4
'875

1789

3193
2369

1024
827

1094
488
1298
7°3
501
о

о
о

8
7
i
о

49
о

33°
799
435
394
'239

5 l -í



TOTAL PROJECTED AREAS OF WHOLE SPOTS, AND FACUL^S, UPON

TOTAL PROJECTED AREAS OF Шгевлз, WHOLE SPOTS, AND FACUL^S — wutiuiicd.

Greenwich
Civil Time.

1884. „
July ï-

2'

3'3
4-2
54
6-
/
8-3
9-2
IO'2

I Г2

12-3

13'

4'
'5'
16-
iy
18-
19-2
20-4
21-

22"

23'

24-4
2
5'5
26-5
27-2
28-
29-
30-
31-4

Aug. 1-4
2
4
3-6
4'3
5'5
6'5
У5
8-5
94
IO'6

1 1 - 5
12-6

IS'?

14-4

I5-5

i6'4
17-5
1 8-6
19-
2O'4

21-4
22-4
23-4
24-5
25-2
20'4

27-2
28-4
29-5

Projected Area.

Umbrae.

,56

417
259

...
70

US
56

49
136

...
!9

44
...

...
1 1 1
124
124
96
...
...
...
153

289
297
363
244
68

56
28
69
60
127

7
6

78
138

9
6
82

47
61
54

...

54
191
217
I 12

69

218

94

Whole
Spots.

1356

H57
2061
...

584
620

474
374
635

...

...

310
296

...
704
682
856
743
...
...
...
1270

2259
1996
1842

!954
822
55°
332
535
533
729
834
738

I 101

962
756
427
428
372
...
565
970
1384
983
1044
1225
«457

272 1838
191 i 1317
165 1635

Facula;.

...

1613

I7I3
2537
...

1260

1333
1509
1 1 06
1504

...

1649
1450
...

...
1 1 1 8
612

1171
1 140
...

...
1132

1790
!
557
1118
624
1234
1273
554

1108
712

349
756
1014
1333
1 5 1 1
1007
1221

449
1149
...
969
1707
1856
1098
1277
666
1186
1768
2066
500

Greenwich
Civil Time.

1884. „

Aug. 30-

31-

Sept. ï •
24
34
4-2
54
6-3
77
8-4
9-2

10-5
i i - S
12-4
> 34
«4-
»54
16-5
'74
18-4
19-6
2O'4

21-4
22-5
234
24-6
25-526-
27-2
28-
29-
30-5

Oct. ï •
24
3'5
44
5'i
6-3
7'5
8-5
9'5
10-3
I Г2

12-2

!34

I4'5

>5'2

l6'2

17-2

l8'4

19-5

2O'2

21'2

22'5

23-5
2
4'
2
5'5
26-5

Projected Area.

Umbra.

...

...
0

о

9
о

21

125

8i
'Ч
196
288
473
498

492

34°
429
348
293
297
248
300

3°9
232

3°4
...
264

259

265
367
326
34

6

308
337
38i
194
207
197
142
7i
10

39
36
H
66
21

63

83

9
0

191

572

55°

Wliole
Spots.

205
127
101

4'
282
560
636

1 06 1

• 634
1927
2503
2804

2937
2383
2415
1763
1848
1925
1806
1980
1932
1705
2098

1652

1568

1602
2042
1961
2146
1801
1980
1979
1922

1579
1538
1 126
711
3^3
306

344
263
458

313
330
443
908
1238
...
2676
2
755

Faculaj.

393
1139
1412

555
1 1 1 3
2157
1 107
1384
1723
2144
1702
1060

1462
1903
3305
1488
944
H43
1714

459
1775
1289
1091

2886

497

1838
2088
1051
2
937
3509
1667

433
35°
'953
2474
3181

'3'3
2025
3001
1406
355
97'
422
1166
1239
1501
2580

1 1 3 1
653

Projected Л l'en.
Greenwich
Civil Time.

1884. „

Oct. 27-4
28-3
29'6

30-4
314

N()V. Г2

2
-
2

34
4-6
54
6-3
74
8'5
9-2
10-5
"'3
12-3

1
3
-2

'4'5
«5'5
16-2
17-3
.8-3
19-5
20-3
21-3
22'2

23-2

24'3
2
5'3
26-3
2/'
28-3
29-5
3°'

Doc. Г2
2'3

3'3
4'5
5'5
6-3
74
8'3
9-2
ю'з
"'3
12-3
«3-6
14-4

'5'3
16-5
17-2
18-2
19-5
2O

-
2

2I-;
22-5
23-

Umbra;.

286

255
33

Z

267

293

266
86

34

3°18
21

8
0

о
96
i6

7

189
'57
73
26
38
'7
30
80
64
132
"3
'34
141
168
98

"98
IO2

I
5
6

218
23'

239

202

I
5
6

128

117

I
3
6

'55
124
96
"7
93
65
64
108
108
118
'75
320
35'

Whole
SpotH.

2104
1872
1876
1701
1621

'34'
656
244
'97
116
I 10

40
о

'S
640
1078
1269
I 101

778
3'5
254
,76
2'3
4'7
724
7'3
834
996
1216
1052
959

701
581

1622
'575
1476
1440
1338
'3H
995
863
848
961

979
79'
699
582
34

6

456
763
805

'35'
'439
1812
2154
...

FaciiUi;.

'°35
1697

468

895

2665

3706
2388
827

771

2'73
1675

542

783
2785

1179
2605

2978
2826
322

О

'995
1 1 5o
2633
1049
3078
1661
1 161
1623
884
•385
2584

2847
832

25'3
1479
857
403
685
2482
873
1825
2374
"495
1765
905
1589
2'57
1998
35°
2329
2159
149
939
1054
'455

Greenwich
Civil Timo.

1884. „

Doc. 24-3
25-2
26-3
27-2
28-2
29'2

3°'2

31'3

1885. '

Jan. Г2
2'3
3'2

4-2
5'2

6-5
7'5
8-5

9
-
>

10-3
1 Г

I2'5

'3'5
14-2
15-2
.6-3
17-2
i8-z
19-
2O'2

21'2

22'2

23-4

24-2

25-5

20-2
2
7'5
28-2
29-1
30-6
31-2

Feb. ï -4
2'5
3'2
44
5'5
6-2

7'5
8'2

9'5
10-5
I l'2

I2'5

'3'3
'4'3
15-2
1 6-2
'74
18-5

Projected Area.

Umbiw. Whole
Spots.

266
283
250
200

253
'74
1 12

72

36

58
118

83
40

5
о
0

о

4

1 1
46

3°36
18
27
40

35°
3'3
322
224
282
148
.65
165
224
246
149
3°4

3
22

217
293
286
336
З'З
258
328
322
308
180
265
262
256
297
ЗЗб
432
272

1901

233'
1819
1838
1512
1227
925
734

434
339
488
454
525
127
70
59
35
40

99
167
161
104
'45
262
475
...

2019
2223
1890
1855
1289
923
1090
1 191
1398
'345
1076
'344

1492
1478
1906
2238
1825
I7I3
1785
2353
2076
1809
1825
1642
1608
1849
2105
2591
2498
2026

Foouliu.

1556

2/99
1387
2601
2097
1700

2174
1968

1750
2980
1740

3803
1915

о
0

о

4'
'9'7

'943
945
17.6
2372
1007
1238
2650

221 I

3328

.3073

724

1874

22O

2660

705

231 1

2650

0

2521

I
95
8

О

1300
2
43
2
7
6

1076
373
902
1812
1261
2868
1620

'945
,65,
737
1640
743
о



тнк SUN'S DISK FOR EACH DAY IN THE YEAUS 1882, 1883, 1884, AND 1885. 6'5

TOTAL PROJECTE» AREAS OP илптлз, WHOLE SPOTS, AND FACULTE — continued.

Greenwich
Civil Time.

'885. „
Feb. 19-1

2O'2

21-4

22'2

23-5

24-5

25'2

20-2

27-2

28'2

March ï '4
2-6
3'2

4' 5
5-6
6-2

7'5
8-2
9-510-5

1 1 - 5
12-4
13-5
4'3
"5'5
16-3
'74
.8-5
19-4
2O'6

2Г2

22'2

234

244

254

20-q
27-5
28-5
29'2

3°4
3'4

April ï -4
2 4
34
44
5'5
6-2

74
8-2
9-2

IO'l

"'5
12-2

'3'3
4'5
'5'5
I 6-2

'74

Projected Area.

Umbnu.

240
240

'57
128
77
62
25
33
54

1 06

'55
47
291
402
244
47°
346
324
178
"4
IOO

150
207
'39
'3°
85
88
42
22

1 ]
27
2

О

2

IO
2
7
58
"4
"9
77
'39

'75
68
88

"3

264
1 66
2IO

27]

43°
306
229
206
96
70
7
2

4°

Whole
Spots.

1870
1292
925
1051
6

7
I

538

44
196
283
760

1222

1609

'749
2744
325

2

3235
2737
2668
'389
1016
993
986
1074
997
991
785
527
384
261
127
76
21

0

35
99
39°
575
870

874
748
1019

964
1069
886
1091
1261
445
477
2104
2614
3081
2521
2445
2161;
1070
6)2

524

458

Fauulst'.

'356

4' 37
1215
2199
926
'337
1610
1078
2481
3067

1566
1119
896
673
726
'595
1293
2967
4180
1716
2795
i5°3
1404
1816
658

I 1 IO

502
95°
760
1265
2177
2169

3°3
о

4
I2

916
1258

403
1089
о

49

553
6
4

о
201

227

3788

2321

'844
1O2Z

393
968

'559
337
3"
'937
1 268

Greenwich
Civil Time.

1885. „

April 1 8-4
19-5

2°4

2'4
22-4
234
24-2
2
54
26-5
2
74
28-4
2
9'3
3°4

May 1 4
2
4
3-6
4'5

6-5
7'5
8-4

94
10-5
"4
12-4
'.V
44
'54
.6-4
'7'5
18-4
'94
zo

-
5

zi-6

2
 34
24-4

274
28-5
29-4
3°4
31-2

June ï -4
2 4
34
44
54
6-2

74
8-3
9-2

"4
12-4
'34
4'5

Projected Area.

UmbiTO.

36
40

59
78
101

107
83
116
I 12

I 2O

igo

196

43

'99
194
163
'35
33°
302
214

62
7°
62

29
'7
'5
12

80

95
35'
362
45°
349
382

377
220
128
7'
64
86

100
47
162
288
'93
374
287
520
49'
295
288
357
190
163

Whole
Spots.

402

376

443

850
925
789
794
782
883

1 1 86
1306
1465

1594
1694
'55'
1801
1910
2271
2128
2240
1763
1081
870
615

223
'39
172
208
589
896
2030
2432

2745
2614
2857

254
2009
1 1 1 7
895
507
603

894
4'3
'853
2063
2045
2299
2187
2642
2553
2443
2195
2375
1915
1567

Faeulii'.

238
90

I l l 8
1879
1999
1685
82S
1846
1 1 80
1363
979
472
1 1 56

234'
1620
1420
2197
2241
1295
1805
1370
1569
638
295

1213

498
5'5
802
580
59'
575
1895
2897
'323
i 796
2221

2644

2345

367'
244
344

1570
956

'93*
408
1566
1094
1932
2479
47°
282

2121

512

1 562

Greenwich
Civil Time.

1885. „
June 1 5' 5

i6-4
17-2
18-5
19-5
20-4
21-5
22-4
234
244
26-
27428-4
29-6
3°4

July 1-5
24
3'5
4'5
5'3
6-5
7'5
8-4
9'5
10-4
"4
12'2

I3-5

4'5
'5'5
16-5
17-5
1 8-2

20'6

21-5

234
24-5

25-6

2Ó-S
274
28-4
29-5
3°-5
31-5

Aug. ï -4

3'2

44
5'5
6-4
7'5
84
9-2
10-5
11-5

Projected Area.

Umbriu.

188

324
4°3
37°
38'
329
377
300
399
164
"7
...
97
207
1 20
148

250
246
205
216
335
320
'97
292
200

166
82
184
188
1 86
'53
126
251
429
246
181

'54
102

2.34
1 86
205
88

'5'
169

33

103
84
57
18
65
48
103
'38
190
213
190

Whole
Spots.

l 8 l 1
2536

3°3°
3434
3339
3980
4483
3921

35°4
2771
2015
...
'55'
1635
1726
2107

2281
2571
1761
1522
1656
2113
2669
2355
'975
2883
1244
1003
1338
1542
1664
1678
2068
2177
1709
1657
1588
1462
1508
1361
1046
986
819
870
619
556

642
577
49'
387
560
5'6
817

1 191
1281
11528
1644

Faouliu.

2508
2223
2537
366
252
6,1
219
933
234
2419
2767
...
34
652
47°
953

'71 5
2158
1633
780
34 '3
1187
752
"23
2382

3874
1828

3206

1834
1798

907

1 IO2

'583
1877

'743
2163
1094
7"
1168
1275
673
669
1024
3600
273°
1642
690

776
1 169
"93
585
'849
468
3°37
3323
'3'9
934
2267

Greenwich
Civil Time.

'885. „
Aug. 12-4

Projected Area.

Umbitu.

«37
'34 '5'
4'5 123
15-4 j 109
16-4 i 106
'74 78
i8-2 171
19-5 141
20-5 79
21-5 72
22-5 58

23-2 ! 82
24-6 | 47
25'5
26-5

37
43

27-5 99
28-5
294
30-
3''

Sept. ï -4
2-4
34
4'5
54
6-4
7'3
84
94
10-3
I Г2

12'2

H-6
1
 5 4
i6

-
6

17-2

19-2

21-4
22-4
2.34
24--Ó

254
20'4
274

28-5
29-2
30-2

Oct. ï -4
2'2

34
4-6
5>2

6-4
74

4°
99
...

'57
34
47
93
•53
57
142

66

196
229
'54
'94
128

об9"
139
62

45

12

54
2l

4
8o
8o
238
121

l6
5

146

7°201

121

172

208

2O2

2l6

Whole
Spots.

1254
1225
1017
800
899
690
709
627
566

346

353
477'
555
518
54
753
965

12O2

1969

2580

1678

'273
1301
734
77°
557
673
948

954
1 187
'377
'33*
816

743
468
412

5
189
386
262

754
935
1064
952
1031
709

79'
1068
1 1 18
1 124
1481
1472
474

Faouliu.

1446

9
6
3

649
718
1817
925
2679
2180
1055
1563
200

1185
1867
900
891
3'3
577
587

433
1854
1281
185
287
8/3
'749
870
564

2453
1682
4>3
t;86

459
734

1969
'324
891
228
807
39

6

345

959
37°
75'
579
"44
1588

439
2482
1408
366
525
363
435



TOTAL PROJECTED AREAS OF WHOLE SPOTS, AND FACULTE, IN THE YEA us 1882, 1883, 1884, AND 1885.

TOTAL PROJECTED AREAS OF UMBRAE, WHOLE SPOTS, AND FACULTE — concluded.

Greenwich
Civil Time.

Projected Area.

Umbrae. Whole
Spots. Faculse.

Greenwich
Civil Time.

Projected Area.

| Umbrœ. Whole
Spots. Faculté.

Greenwich
Civil Time.

Projected Area.

Umbnu. Whole
Spots.

Greenwich
Civil Timo.

Projected Area.

Umbrœ. Whole
Spots. Faoulaj.

1885.
Oct.

il
8-z
9'4
10-4
ï гг
12-3
13-2
14-2

»54
16-4
17-2
18-1
19-4
20-5
21-3
22-4
23-2
24-2
25-6
26-3
27-4
28-4
29-4

254
130
Ч

1

148
32

'S
4
о
о

5
84
58
73

12
9

184
2б

5

ю8
220

208

120

«39

1327
IOOO

955
769
306
121

28

'33
4Н
74'
74
826
1064
1299
1278

«збз
1798
IÓ66
'З'З
1274

IÓIO

69
195°
2342
119

1527
850
222

754
1589
1697
972
1271
1424
1166
1532
523
240
2430
2690
1329
1031

i88S. „
Oct. 30-2

31-2

Nov. 'Ч
2-4
3'
4-

6-

9'
IO'

i r
12-

I3-2

I4-I

16-4
17-5
18-4

201

192

72

70

95
92
75
72
67
48

5'
124
88

77
125
187
197
212

2
3
8

228

1306

1184

729
542
545
455
325
372
34
228
356
728
776
5б5
625
890
1272
'534
'575
1514

«833
1426

6
7
1

P1163
1157

1568
945
873
4'5
1102
1223
1541
1838
"34

о
28

7

222

545

1885.
Nov.

Dec.

19-2
20-1
21-5
22'2

23-2

24-2

26-3

27-5

28-2

294

30-1

''S

3'2

4-6
5'3
6-1
7-2
8-2

166

217

IO4

104

7
6

О

о
о

13
4

о
2

20

О

I

О

О

о

3

'439
Ю74
7
2б

6
4
5

4ОО
2l6

О

32

О

52

27

о

о

77
'47

68
о
о
о
28

IOO2

657
53°
'3'8
'4

6
7

'357
4°3
638
246

4"
438
821

296

"3

256

'77
272

443
6

53

675

1885.
Dec. ю-5

"Ч
12'2

!3'2

14'2

'5'5
16-5
17-2
18-2

19-1
2О'2

zi'3
22'2

234

24' 5

25'1

2Ó-I

274
28-1

29'5
30-1
31-2

4
25
33
5o
48
49
53
49
35
68
74
49
67
73
78
'23
121

120

86

¥64
5°

52
148
259
374
324
280
275
268
2OI

303

396
429
420
426
592
7"
647
746
641
423
461

7
6т

853
896
1222

О

О

79«
99
o

827
839
1920

'797
1278
93'
898

37'

88

5°9
73'
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MEAN PROJECTIÜD ARICAS of UMBRAS, WHOLE SPOTS, and ГАсиьл5 upon the SUN'S DISK, as measured on

PHOTOGRAPHS taken at the HOYAL OBSERVATORY, GREENWICH, at DEIIRA DUN, INDIA, und in

MAURITIUS, for each ROTATION of the SUN from 1882 January 5 to 1885 December 20.

The Mean Areas have been forrao'l by taking the Means of tb.ii 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
milliontliK of the Sun's apparent disk.

The rotations adopted in the following table correspond to the synodic rotation of the Sun, and the
commencement of each is denned by the coincidence of the assumed prime meridian with the central meridian,
the assumed prime meridian being that meridian which passed through the ascending node at mean noon on
January ï, 1854, and the assumed period of the Sun's sidereal rotation being 25-38 days. The numeration of
the rotations is in continuation of Carrington's series, (Observations of Solar Sjtots made at Redhill by
11. C. Carrington,. F. It. 8.), No. ï being the rotation commencing 1853 November 9. The dates of com-
mencement of the rotations are given in GREENWICH CIVIL TIME reckoning from midnight.

No. of
Hotation.

37«
379
380
381
382
383
384
385
386
387
388
389
39°
39'

392

393
394
395
396

397
398
399
400
401
402
4°3
404

405
406
407
408
409
410
411
412

44
415
416
4«7

Date of Cnmmcnuemont of uaoh
Rotation.

1882 January 4-77
February ï • 1 1
February 28-45
March 27-76
A]))-il 24-03
Ma\ 21-26
June 1746
July 14-66
August 10-88
September 7-12
October 4-40
October 3 1 '69
November 28-00
December 25-32

1883 January 21-66
February 18-00
March 17-33
April 13-62
May 10-86
June 7-07
July 4-27
July 31-47
August 27-71
September 23-97
October 21 -26
November 17-56
December 14-88

1884 January 1 1-22
February 7-56
March 5-89
April 2-19
April 29-45
May 26-68
Jam- 22-8H
July 20-08
August 16-30
September 1 2 - 5 5
October 9-83
November 6-13
December 3-44

No. of Dave on
which

Photographs
were taken.

22

26

27

27
26

27

24

23
24

25

27

27
28

26

25
26

28

20

26

27
2O

25

23
27

27

25

24

25

23

25

25
26

•9

21

24

22

26

26

26

Menu of Daily Projected Areas.

Umbra*.

89
163
262
425
442
«43

« « 7
257
347
305
553
88

224

182
64

220
« 5 1

47
335
421
109
385
353
352
242
3 « 7

346
3°7
247
292
208
162
101

130
127
324
162
98

170

Whole Spots.

506
898

«34°
2536
2168
790
697
691

1195
1627
1591
2664

589
«359

1 160
426

1506
1094
833

2287
2691

716
2124
2044
2179
1653
2584

241 1
1914
1680
2217
'575
« « 7 4
789
976
947

201 1

104!

725
1211

Facultti.

«395
1626
1901
2708
2671
«757
2270
2379
«893
2079
1923
2154
1498
2238

1699
«354
1369
1277
889

1227
«937
1608
1269
1704
2016
«835
2662

2591
2792
«787
«94«
1426
1321
«034
1074
1281
1690
1615
1670
1588
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MEAN

No. of
Rotation .

418
419
420
421
422

423
424
425
426

427
428
429
43°

PROJECTED AREAS OF UMBRA:, WHOLE SPOTS, AND FACUL^ FROM 1882 то 1885— concíitdnd.

Date of Commencement of each
Rotation.

1884 December 31-27
1885 Januar j 26-11

February 22-45
March
April
May
June
July
August

22-76
18-04
15-27
12-47
9-67
5-89

September 243
September 29-40
October 26-70
November 23-01

MEAN PROJECTED AREAS

PHOTOGRAPHS tuken í

No. of Days on Mea
which

Photographs
were taken. Urabrn:.

25 97
27 264
28 137
27 130
26 1 39
27 242
26 252
27 146
25 1 08
28 113
27 124
27 132
28 22

n of Daily Projected Areas.

Whole SpotH. Fauul.'u.

640 1683
1715 1389

'°94 '533
1141 841
1164 1331
1747 1717
2470 1411;
1224 1584
897 1292
872 875-
866 1144
888 1007
142 589

of U мнил;, WHOLE SPOTS, and FACULA; upon the SUN'S DISK, ав measured 011

it the ROYAL OBSERVATORY, GREENWICH, at

MAURITIUS, for the year« i88z, 1883,

Yea ï-

1882 .
1883
1884
1885

No. of Days 011
which

Photographs
Wfirc taken.

343
34°
315
35«

1884, and 1885.

Mean of Daily Projecte

Umbra. Whole Spots.

254 1326
249 1595
208 1478
145 ' 1122

DEHRA DUN, INDIA, and in

d Areas.

Facubu.

2014
1598
1731
1241



PERSONAглтг ш MEASUREMENT OF AHEAS ON EIGHT-INCH PHOTOGUAPHS. xli

UMBRA:.
For 1882.

WHOLÏÏ SPOTS. FACULTE.

Under 5 equaroH ....

Abovo 5 Л under ID

Abovo lo Л iindor lo

A1)ovo 10 A under 40

Abovo 40 Л undor 8o

Abovo 8o tviuoruH

Total & Muftnw ..

i
o
'S
d

K

>7

I I

6

l

4

40

Total
Arca ая

moaHurod
by

M

597

«74

94-1

57-0

916*0

jo-6i

H

54-8

7J'9

814

51-0

867-0

18-15

И
M

0*918

0*868

0-.Ó4

0-895

0-936

0-897

v/H — v/M

- 0*080

- 0*193

- 0*179

- 0*189

- 0-493

- 0-193

Undor ю squares

Abovo ю Л unclor ю

Abovo ю Л undor 40

Abovo 40 Л undor loo

Abovo loo & under 100

Alm vu 100 A linder 400

Abovo 400 BquoroH . .

* Total A Means ..

1
*o
d

У,

18

H

9

il

6

i

4

64

Total
Area as

uioosurod
by

M

88*1

117*8

136*3

785*0

75J-0

176*0

5491*0

111-81

H

88-9

116-6

143-8
731-3
800-5

188-0

5464-0

111-56

11

M

1*007

0*995

1*031

0-933

1-060

1-043

o'995

0-999

V/H — v/M

+ 0*009

— O'OII

+ o'o8o

- 0-176

+ 0*334

+ 0*358

— 0*009

— 0*004

Under 50 gquiiro». . . .

Abovo 50 A under 100

Abovo loo A undor loo

Abovo 100 A under 400

Abovo 400 squares . •

Total A Moans . .

For 1884.

Undur 5 «ituiroH ....

Abovo 5 Л unilur io

Above 10 Л nndor 10

Abovo 10 & undor 40

АЪоуо 4o Л undur 8o

Abovo Ho equnrtm

Toi nl А Моипн . .

17

i j

1»

8

5

ï

96

M

104-5

'9Г9

158-7

15«Ч

185-5

JOS'O

14-66

II

8}-5

15J-6

105-5

il l-o

II
IM.

0-798
0-784
0795
0-811

140*5 0*841

158-5

Il'Ol

0-848

0-800

v/H — v/M

— 0*176

- 0*111

— 0*411

- 0-535

- 0-611

— 0-800

- 0-305

Undor ю squares. . . .

Above ю Л nndor ю

Above ю Л under 40

Abo vu 40 A nndur 'oo

Abovo loo A undur 100

Abovo loo A undor 400

Abovo 400 squares . .

Total A Moans ..

46

13

19

30

6

7

6

47

M

1317
306*1

667*1

1100*7

797'o

1795-0

1954-0

64-61

H

115-3

189/1

583-5
1961-0

7S9'o

I713'o

3079*0

61-9-

H
M

0*919

0*946

0875

0-934

0*951

0*966

1*041

o'933

v/II — v/M

- 0*081

- 0-099

- 0-385

- 0-181

- 0-178

- 0-179

+ 0-465

— 0*165

Undor 50 squares. . . .

Abovo 50 A under 100

Above loo A undor 100

Above loo Л undor 400

Above 400 squares . .

Toi al A Moan» ..

1
'S

é
>4

16

II

5

S

Si

Total !
Area aw !

measured
by

M

459*0

1173*0

1711*0

1 191*0

1610*0

139*71

H

480*0

1100*0

1771*0

1111*0

1031*0

116-85

П
M

1*046

0-938

1*030

0-938

0*776

0*97 i

10

14

li

il

6

73

M

537'°

95S'o

1986*0

37I5'0

3700*0

161*91

H

645-0

1050*0

3148*0
3376*0

3460*0

I59'99

II
M

Г101

1*099

1-054

0-909

0-935

1-069

v/H — v/M

+ 0-130

- 0-171

+ 0*176

- 0*506

- 173»

- 0*319

v/H— v/M

+ 0*497

+ 0*401

+ 0*319

- o*8n

- 0-819

•f 0*103

For 1885.

UudcT S equnroB ....

Abovu s & undur ю

Abovo ю & undor »o

Abovo ю Jt undor 40

Abovo 40 £ undor 8o

Abovo 8o Bquaro«. . . .

Total & Moann . .

9

l

3

l

Ч

M

in

«•o

37-0
17-0

6-7 ,

H

18*7

7-0

46-0

13-0

6-76

II
M

0*841

0*875
1*143
0*851

0*931

v/H — v/M

— 0-130

- 0*181

+ 0*405

— 0*400

- 0-038

Undor ю square's. . . .

Abovo ю A undor ю

Abovo ю A undor 40

Abovo 40 A undor loo

Abovo looAundorioo

Abovo 100 A undor 400

Abovo 400 squaros . .

Total A Moan» ..

13

3

3

5

1

16

M

6l'o

38*7

68*1

311*0

145*0

18-17

H

64-5
41*0
88-0

316*0

135-0

19-01

II
M

1*057

1-059
1*190

гон

D'959

Го68

v/H — v/M

+ 0*06 1

+ 0*106

+ 0*649

+ 0-050

- 0-118

+ O'IIO

Undor 50 squares —

Abovo 50 A under 100

Abovo loo&undonoo

Abovo 100 A under 400

Abovo 400 squares . .

Total & Moans .

9

IJ

5

l

31

M

16 fo

916*0

586*0

450*0

7П9

H

357'o

loso'o

644*0

530*0

83*16

H

M

1-368
1-146

1*099

1*178

Г105

v/H - v/M

+ 0-914

+ 0*553

+ 0-513

+ 1179

+ 0*700

GBBENWICH OBSEBVATIONB, 1888. (f)



xlii INTEODUCTION то GUEENWICH SrEcxiioscoPic AND PIIOTOGKAI-HIC UKSULTS, 1888.

Пмвклз.

For 1886.

WHOLE SPOTS. FACULTE.

Under s squares...

Above 5 A under ю

Above ю A under zo

Above xo A under 40

Above 40 A under 80

Above 80 squares. . . .

Total A Means . .

л
О
'S
ò

У.

,

6

i

i

15

Total
A roa аи

measured
by

M

18*3

4П

15-0

66-0

10-14

H

15*1

33'9

27*0

66*0

947

H
M

0-8,,

0-765

Го8с

Гооо

0*831

VH — x/M

- 0*143
- 0*340

+ 0*196
o'ooo

— 0*190

Under ю squares

Above ю A under xo

Above xo A linder 40

Above 40 A under 100

Above loo A under 100

Above xoo & under 400

Above 400 squares..

; Total & Means . .

X
o.

 o
f 

O
bs

.

16

8

6

Z

I

34

Total
Art-a as

measured
by

M

714

111*5

,65-3

90-5

Ill'O

406*0

18-71

H

71*0
109*0

177*0
93*0

111*0

414-0

zt/03

n

1*013

0*897
1*071
Г018

гооо

I'OZO

0*997

V'H — v^M

+ o'oi v

- o'io5

-f o'i8i

+ O'O-JZ

o'ooo

-f- o'lyS

-f o'ooz *

Under 50 HQUiirus ....

Above 50 A under 100

Above loo A under zco

Above 100 A under 400

Above 400 squarei«..

Totol А Мг-мпн ..

N
o.

 o
f 

O
bä

.

ix

8

7

l

X8

Tnlul
Area аи

mo:<Hurud
by

M

183-0

568-c

1050-0

llo'c

7575

For 1887.

Under 5 squares —

Above 5 A under ю

Above ю & undt:r ю

Above 10 A under 40

Above 40 A under 80

Above 80 squares. . . .

Total A Means . .

33

X3

17

6

6

85

M

81*4

189-1

H

66*6

I44'4

176*0 í.17'5

1815 :I53'5

394-0 341-0

14-48 10-99

H
M

0*818
0*765
0*814
0*841

0*868

0-809

N/H N/-^--

— 0*151

- 0*367

- 0-371

- 0*458

- 0*553

- 0*304

Under ю squares. . . .

Above ю A under xo

Above ю & under 40

Above 40 A under loc

Above loo Л under xoo

Above 100 & under 400

Above 400 squaref..

Tutal A Means . .

55

гг

•S

z?

i l

6

г

•38

M

169-5

311-4

444'5

ï Hi l-o

1401*0

1866*0

1030*0

51*71

H

153-1

z.;8-o

418-0

1678*0

ll»7*o

1807*0

950*0

..,8*41

H
M"

o 930

0-954

0-1,40

o'9Z6

0-911

04;6S

0-911

N/H - ̂ il

— 0*067

- o*o«7

— 0*164

- 0-309

- 0-489

- 0-181

_ 0-899

0*9381 — 0*183

Under jo Miuiiri«

Above 50 A under 100

Above 100 A under 100

AbovuzooA under 400

Above 400 HqmiriM..

Total A Means ..

5'.

Î2

M

3

98

Ы

1574*0

MSS'o

ICJl'J'O

840*0

59*16

H

З53'о

556-0

845-0

l8o*o

69*07

H

•774-e

1551*0

I';lo*o

830*0

6 rite

11

ui

1 -147

0*979

0*805

0*8 1

1*045

Д

1*117

1-055

O W S

o*;BI'

1*087

N/H — v/M

+ 0*568
- 0*089
— I -160

— 1-416

- 0-148

N/H — N/M

+ 0*317
+ 0*11]

— 0*025

— 0*100

+ 0-X31

For 1888.

Under 5 squares

Above 5 A under ю

Above ю A under ю

Above »o A under 40

Above 40 & under 80

Above 80 squares. . . .

Total A Means . .

3

4

6

1

'4

M

7-8

»7*6

106*0

26*0

.1*96

H

7J3

18-5

7X-5

17-0

9-6«

И
Ti

0*936
1-055
0-684

ГО-8

0*265

N/H — N/M

- 0*055

+ 0*045

- 0*718

+ 0*097

- °'3°4

Under ю squares....

Above ю & under zo

Above ю A under 40

Above 40 A under 100

Above 100 & under 100

Above 100 A under 400

Above 400 squares..

Total A Means . .

M

Ч ТУг

6! 78-о

ï 67-о

б' 378-0

4 53°'°

•• 3<>P39

H

'/0*3

87*5

6o'o

369*0
484*0

3Î'>9

H
M

Г101

rizz
0*896

0*976

0*913

1*085

N/H — N/M

+ 0*131

+ 0*114

- 0*311

- 0095

— 0*511

+ 0-034

Under 50 Hquares. . . .

Above 50 A under 100

Above loo A under 100

Above zoo A under 400

Above 400 square* . .

Total A Means ..

z6

IH

3

1

48

M

55 ro

1164*0

450*0

350*0

53-X3

H

614*0

1187*0

414*0

IIO'Û

50*94

II
M

1*131
roxo

0*845

0*619

гобх

N/ H — N/M

+ 0*196

+ 0*079

- 0*033

- 3-876

+ 0*107
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