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- GREENWICH PHOTO-HELIOGRAPHIC
. RESULAS gy

INTRODUCTION,

. §1 Positions Z‘md‘ A‘:‘reds’kzof‘Sun Szbots andFacul@ for each Daym the Yeayyr:‘ 1919,

 The "phot‘o‘gfé;phsk from Wh’icﬁ these measures were made were taken at the

~ Royal Ob‘se‘rfvat(')r?ieysﬁ of G'reenwich or of the Cape ; at the Kodaik4nal Observatory, |
~ Southern India ;. or at Dehra Dﬁn,,North-West,Provinces, India. . :

_ The photographs of the Sun obtained at Greenwich were taken with ‘the
~ Dallmeyer Photo-heliograph, of 4 inches aperture, usually stopped down to 2:9

_ inches, giving a solar image of about 10-centimetre radius. |

~ The photographs from the Cape Observatory were taken under the super-

~ intendence of Mr. S. S. Hough, His Majesty’s Astronomer at the Cape, and those
~ from Kodaikdnal under the _superintendence of Mr. John Evershed, Director of

by the Solar Physics Committee to fill the gaps in the combined series, were taken
_ under the superintendence of the Deputy Surveyor-General, Trigonometrical Survey
_ of India. At three of the observatories the instrument employed was a Dallmeyer

- ‘Photo;eheliograph giving an jifm\ag‘e?} of the Sun about 10 centimetres in radius 5 at
- Kodaikénal a Cooke photo-visual object-glass of 6 inches aperture was used, the
image of the Sun being on about the same 10-centimetre scale. o

"_PhOt'ographs, of the Sun i'W'ere; available for measurement uPoh éach‘ day in
1919, those finally selected for measurement ‘being supplied by the different
_observatories as under: - . . S o

, GreenWich o . i46' .
~Cape .. . 208
Kodaikdnal i i . E
‘D‘ehraDt‘m Tl S e e i 6
_ Total

 (8096) Wt. 19676/89/1029 300 & 200 Harrow 5/23 G 69

_ that Observatory. The photographs from Dehra D, which have been forwarded




D iv INTRODUCTION TO GREENWICH PHOTO HELIOGRAPHIC RESULTS 1919

The names of those persons who measured the photographs for the year 1919‘
‘are as follows — : c ,

Anme S. D. Maunder - H. W. Newton . S. 'Woolfo'rd -
Andrina M. Crommelin E. Martin L -
F. ]:effries . ‘ ‘H. Barton )k

At the pr1nc1pal focus of the Photo—hellographs exceptmg that at Kodalkanal .

two spider-lines are fixed by which the zero of position-angles ‘on the photographs
can be determined. These lines are Tespectively perpend1cular and parallel to the
equator in the Photo—hellographs at the Cape and at Dehra Dfin, but are inclined
to it at an angle of about 45° in that at Greenwich. In the Kodalkanal Photo-
hehograph there is one wire fixed parallel to the equator

The Zero of pos1t10n angles for the Greenwich, Cape, and Koda1kana1 Photo—

hehographs has been determined by the measurement of plates which have been .
~ exposed twice, with an interval of about 100 seconds between the two exposures,
the instrument bemg firmly clamped. Two images of the Sun, overlapping each
_other by about a fifth part of the Sun’s diameter, were therefore produced upon

the plates, and the exposures havmg been so given that the line joining the cusps .
passed approximately through the centre of the plates, the inclination of the wires
of the photo—hehograph 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 .
'followmg tables give the correction for zero of pos1t1on for the mean of the two o

wires. as thus determmed for the Greenw1ch and Cape Photo-hehographs

; At Greenw1ch tran51ts of the Sun Were also taken over the two ‘wires ; the
times of contact of the first and second limbs of the Sun with the two wires
being noted The ratio of the time taken by the Sun to pass over the
NE—SW wire to that taken to pass over the SE—NW wire gives the tangent
of the angle made by the Sun’s path to the latter wire, the wires ‘being

~assumed to be exactly at | r1ght angles to each other. From this angle when

- corrected for the Sun’s motlon in declination, the correctlon for the zero of
position of the. W1res can be mferred ~

The zero- correctlon used throughout the year 1919 in the reduct1on of the
'photographs taken at Greenvv1ch was + 2°7
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DALLMEYER PHOTO-HELIOGRAPH, GREENWICH,

Photographic Determz’hation ‘of the Zero of Position-Angles.

, Date. : : Date. “ :
Greenwich Civil Time. Correction for Zero. |  Greanwich Civil Time, | | Comvection for Zero.
d h -0 ’ d. n o [/
1919 March 25, 11 £ 2 38 1919 August II. 15 k24
- April 18, o 42 32 e 18. 10 42 4¢
e 18 10 + 234 o 18, 11 4z 45
May 6.1 2 42 S 30. g e
s 6T k2 os L 30 9 + 2 30 |
Vi 21.. 9 s iy ‘ “September 10, g otz 39
June I7. 11 F2260 i 10. .9 23
Ry e kg s e g 18. .8 243
July 21009 Sz gy o i 29. 10 42 31
Sy 259 +2.35> op Js 29..Y0 + 2 39
N A2 38 . October 16 ¢ 4236
w309 o+ 2 42 1 e 6. 9 +2..36
Angust 11 g +:2 45 - November  12. 10 4+ 20 43

iVisﬂzl’ Dezfevmz’naéion; of the Zero of Posii,’ion—A%glas.

Date. : i , Date. S

Greenwich Civil Time, | ComectionforZero. | o0 i i Time, | Correction for Zero. |
‘ d=n o 4 G doh o it
1919 May 14810 16 ok 2 42 (mean)| 1919 September. - 29. 16 +:2.48
‘ Sy 15081010 2 36(mean)| . October 3. 10 +.2 42
T . i e otz 36 ; o 712 4243
ey T 2 39 9. 10 + 240
ey + 2 4o oo 16013 o+ o243
5 30. 10 L e 190 IX +2 40
June 5. 14 + 2 39 L w19 11 + 2 37
o e 1T 2 48 . 5 30. 10 + 243
5 100 0TI + 249 ' November = 11. 10 243
R 150 16 o2 g T2 1T +2:39
L I5 16 k2 46 , L e + 244
oI T +.2 40 o 1810 + 2 42
July 4.9 +2 35 B »oo 24,10 +2 44
Gl orge 8 ‘+ 239 : s 260 100 4240
i 160 10 +2 39 . December 6. 11 4243
. 21, 9 42 38 . . ST 12 42 45
) 9 + 2737 : S 18, 11 4 2 45
-Sept. 10. 9 +2: 40 , S 24,11 42 46

& 18. 9 2 40 :
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DALLMEYER PHOTO-HELIOGRAPH, CAPE OF Goop HoPE.

‘P;khotogkmphic_kDetermmation of the Zewo of Position-Athes.

Date. « s L Date. e Lo ‘
Greenwich Civil Time, | ComectionforZero. | Groonyich Civil Time, | COrrection for Zero.
a 'n oy an oo
1919 January 3.9 4016 1919 May 21, g o 26
B oo 18 8 o1z June 6. 9 + o %
February 3. 10 ~+ 010 ~July 24. 9 4o 27
o 18, g + 0 25 September - 1. 10 ko 20
March 48 4oz 16 g o9
" 24. .10 + 0 17 ‘ October 20, 11 ~ o 130
April 4 10 022 : November 20, 11 — 030
23, 11 +o 20 - 4 - December 5. g o 4o
May 7. 8 ko2 oy 190 g o 4o

The Zero- correctlons used in the reduction of the photographs taken at the o

 Cape Observatory were as follows :—
. Jan, Ito]unego +o 3 ]ulyrtoOct 2 400 4., Oct. 5toDec 31, — 0%6.

The zero correct1on adopted for the Koda1kanal photographs ‘was ~|— O°

The ad]ustment of the wires in the Dehra Dfin Photo-heliograph was usually
tested by stopping the driving clock 1mmed1ately after a photograph had been taken

and mak1ng a second exposure some two minutes after the first, a portron ofa
second image of the Sun just 1ntersect1ng the first, be1ng thus obtained upon the o

; plate

The measures of the photographs were made Wrth a large p051t1on rnlcrometer“
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 p1llars ﬁxed on a circular plate, Wh1ch can be
turned th ough a small angle about a pivot in its circumference, by means of a
screw and antagonlstm sprlng acting at the oppos1te extremity of the dlameter .
- The pivot of this plate is mounted on the circumference of another c1rcular plate,
which can be turned by screw—actmn about a pivot in its circumference, 90° distant
- from that of the upper plate this pivot be1ng mounted on a circular plate with a
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 posmve eyep1ece havmg at its focus a glass dlaphragm ruled with

The Zero- correctton adopted for the Dehra Dun photographs was—0° 9 . - .



~years 1862 and 1863 by W
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cross-lines into squares, w1th 51des of one- hundre ilth of an 1nch (for meacurement of
areas), is moved along a slide dlametrrcally across the photograph the dlaphragm being
- nearly in contact with the Pphotographic ﬁlm so that paraHaX 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 (correspondlng to 0-001 of the Sun’s radius

~ for photographs hav1ng a solar dlameter of 8 inches). The position-angle is readf -

off on the large position- crrcle which rotates with | the photographrc plate. The
photograph is illuminated by dlffused light reflected from white paper placed at"’
an angle of 45° between the photograph and the plate below.

Al photographs are rneasured 1ndependent1y by two persons and the means
taken ” . ~

, In the ycase of Iarge or complex groups of spots the p031t10ns of the chlef .

. componen s are measured individually, and also for groups so near the east or west

~ limbs of the Sun that the effects of foreshortenlng are apprec1able In ,other cases

the position of the centre of a group is estimated in the micr ometer In this -

respect a dlfference has been made in the practrce durrng years previous to 1916,

~ where in this section components of groups are grven separately and comblned 1nto .
“groups in the Ledgers - o t o -

When requlred correctrons are applied to the measured dlstances and posrtron—'
iangles for differential refractlon The formula is given in the In#roduction for

- 1909. It is seldom necessary, however to apply this correctron except to a feW -
photographs taken at Greenw1ch in m1d—w1nter , ~

~ The calculatlons of hehograph1c longltude and latltude are made by use of

the formula given in ‘‘ Rese: ches on Solar Physics : Heliographical Positions
and Areas of Sun Spots ob

, Rue B. Stewart and B. Loewy. Phil. Trans.,
1869. If 7 be the ‘measured dista e,/of a spot from the centre of the Sun’s apparent' ;
disc, R the measured radi ius of the Sun on the photograph (R) the tabular semi-

. drameter of the Sun in arc, and e, ¢ the anduiar distances of a spot from the centre o

p is obtalned from the equat1ons —

of the apparent disc as viewed from the Sun S centre and from the Earth respectwely, '

o = R(R) : and sin (p+p) zye .

If D and q) are the hehographlc latltudes of the Earth and the spot respectrvely,

referred to the Sun’s equator, and / the hehographlc longitude of the spot from the

solar meridian passing through the centre of the disc, lon grtudes West of the centre -
. bemg reckoned as positive, and the pos1t10n-angle from the Sun s axrs .

sin ¢ = cospsm D+srnpcosDcosx
: s1nl—- —smxsm psec 4;

d with the Kew Photo- -heliograph during the
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The pos1t1on angle x is found from the posrtlon ancrle from the Nort‘l Po1nt by k
: Nsubtractmg P, the position-angle of the N end of the. Sun s axis, measured eastward
_ from the North Point of the disc. The hehographlc longitude of the spot is -1,

where L is the hel1ograph1c longitude of the centre of the disc. The three quantities .

P, D, and L for the time of the exposure of each photograph are derived from the
- ,Ephemens for Phys1cal Observatlons of the Sun g1ven on p 512 of the Nautical
Almamw for 91, - ~ ,

The inclination of the St the ecl1pt1c is assumed to be ‘8‘2° 45/, the .

L longltude of the ascendmg node for 1919-0 to be 74° 37-8, and the per1od of the

Sun’s sidereal rotation to be 25:38 days; the meridian which passed through the

ascendmg node 1854 ]anuary 1 Greenwrch Mean Noon bemg taken as the zero
mer1d1an , ~ .

§ Gmeml Catalogue of Gro%ps of S%n Spots for 1919

The Catalo ue contains every group of spots ‘which lasted for two or more days ,'
and the group numbers are in continuation of those given in 1918 and previous

years. Groups seen only once are not 1ncluded but appear in the Daﬂy Results
~ with a dlstmctlve numerat1on ~ o

Durmg the year 1919 a number of groups of spots have been noted in the ,
: Catalogue as ‘‘ Revivals.” These have been tabulated in series ina table followmg t

the Catalogue. The respectlve groups of each series are in the same hehograph1c .

_ position, and are seen in consecutive rotations but with definite breaks in their

thlstory between each rotation. The latter feature excludes them from bemg classed

as ‘ Recurrent ”’ groups ; they differ from “ Intermrttent _groups in thelr bemg of
~long perrod 1nterm1ttencv When a Recurrent serres forms part of a ‘ Revival ’

series, a reference is made in the last column of th ‘table Other groups Wthh are

grven m detail in Ledger 11 are also 1nd1cated

§3 Ledgers of the Aweas and Helwgm]bhw Posztwns of GroujJs of Sun S;bois for :
. 1919 .

Ledger 1. ——Recuwent Gmu;bs ————Tl’llS Ledger supersedes the Catalogue of
Recurrent Groups of Sun Spots given in years previous to 1916 of the Greenwzck ‘
Photo-Heliographic Results ‘and the reference numbers of the series are in

- continuation of those given. therem The groups forming this Ledger have been

abstracted from a general Ledger of all spot groups seen throughout the year,
and were selected upon the followmg plan, reference bemg made to the General
Catalogue :—If any spot group when first seen was 60° or more to the east of the
Central Meridian, then the Catalogue, and, if necessary, the Daily Results also,
were searched some fifteen or sixteen days earlier, to ascertain whether a spot group
of srmllar hehographlc long1tude and lat1tude was then near the West hmb of the
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Sun. Sim‘ilarly, if any spot group when last seen was 60° or more to the west of

- the Central Meridian, then the Catalogue was searched some fifteen or sixteen days
later, to ascertain whether a spot group ‘of similar heliographic longitude and latitude
was then near the east limb of the Sun. Both the search forward and the search
backward have been made in the case of every spot group that was observed close
to both the east and west limbs, in order that no Ppossible case of identity might
be overlooked. When there appeared to be a case of probable identity between
spot groups observed in two cOﬁsecutiv‘e"rotatiohsof the Sun, the character of the
second group has been carefully compared with that of the first in each of the three
elements—area, longitude, and latitude. In cases where the evidence appeared to
render probable the continued existence of the spot, it has been numbered in the
Ledger, and where there has been some uncertainty a note has been added. If, on

~ the other hand, the’evidence appeared to go in the other direction, but was not
‘quite decisive, the series has been printed in the Ledger but a separate number has

- 1ot been given it. It has been distinguished by the number of the preceding series,
placed in brackets and marked with an asterisk. In cases where a well-defined
series has been recorded, there have sometimes been included in brackets spot
groups undoubtedly belonging to the same general disturbance, but for ‘which the
evidence of continuity was not sufficient. -

Besides the Ledgers of the groups, there have been printedfin a similar manner

important components of the principal groups. This has been done in all cases

- where it appeared probable that an individual component lasted to the second or
third rotation after its first ‘appearance. " : '

 Ledger 11.—Non-Recurrent Groups.—This Ledger contains the most important
of those groups which do not last to a second rotation. Individual components
are also given after their respective groups, where they are large and distinctive.
 84. Total Areas of Sun Spots and Faculee for each day, and Mean Areas and
Mean Heliographic Latitude of Sun Spots and Facule for each Rotation
of the Sun, and for the year 1919. o e e

Particularsl relating to this section are. given in the “headings on pages D 122'3',

F. W. DYSON.

Royal Obsjgrvatory, Gremwick;
| 1923 February 15,

(8096) i - ‘ . : D3
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POSITIONS znd "AREAS of S Spors and FACUL]E for EACH DAY in

. hen photograph was taken expressed in days ‘d'decrm,.ls of a da.y reckomng from m.ldmght at co I

Greenwich (G) Cape of Good Hope (C) Kodaxkanal (K ) ‘Dehra Dun (D). (3) Da.te of photograph (ClVll recko* "

28 Number of Spot Group in order of appearan in i ic ‘Group-numbers gi in previou years

ar tinguished by the number of the Rotation during which they were observed and by a letter given in
i umber in the second column it to‘ be: unders tood that ‘chere isa Facula una compamed by a Spot.

S tlon Angle of Spot Group or
raphic Longitude of the Sp 1
hic Latitude of the Spot Grou
1 mbrae corrected for foreshort nin

: ly expre
h group of Facule sumlarly expressed The posmons of Faculae r=1at1ve tc
P fic, denotmg respectively north, sontl q ing, followmg, concentric.

n brackets the posit ngle of the Sun s axls from the N orth pom
as of Spots an Cula "‘,da , -

',PosrrroN.' Sl \REa. o ‘EA‘SU‘RP’:S.
L e o (Civill) sl o : e
Lat. | U; . 5| Facule, i ’ - Dist. e | Lat. .

2412
2823
2590
2543
| 2876
A4
06:7:| 2
S| i
82
736 . | 49 548
91’ Sl 017 | 83eg
90 “ : 1921 | 689
56 1 e 572
203 L . 962
b g 1 1993 | 678 ,
—321| (790 (272) (1472)' ‘,’Jan.‘ 41 0 '(+o-8) (2101) (#3'4),-(27)

A small Tegular spot dradually dlsappearmv ‘ Part of a larwe general disturbance W1th Groups 8782 and 8788
‘possible Teturn of Group 8762. A small spot followed by an extended area of facule.

\ small spot, np Group 8782 in the same general area of facule, from which d velops a small stream.  The
a regular spot . . ‘ L
A few small faint spots. = ‘

of Group 8766,




