CHAFTER 3
REDUCTION OF SUNSPOT DATA

SUMMARY

Sunspoet data taken with the 150 mm-Zeiss-Coude'! refracter at the
Bangkok Observatory are reduced. The Welf's sunspot number and type
of sunspot groups are found, The coordinates of sunspets are calculated
and also approximately deduced by the use of solar grids prepared by

the Fraunhefer Institute,

3e%. INTRODUCTIOR

The study of the detailed development of a sunspet group from
observations cannot be made at a single observatory. It can be realized
enly by internstienal cooperation, and the centre fer such cooperatien
is Eidgenossische Stermwarte in Zurich. Every participating observatery
is requested to send selar phetographs and related data to the centre.
These data include :-

(a) Date,

(b) Universal time.

(e) Fumber g of sumspet groups.

(d) Fumber f of individual spets.

(e) Types of sunspet groups, defined according to the Zurich

classification,

(f) Image-quality classification.

(g) Heliographic latitude B and longitude L of the cenire of the

sunspet group.

All of this information can be obtained from observations with the



150 mm-Zeiss-Coudd' refractor at the solar observatory at Sukhumwit
Road, Bang Kapi, Bangkek. Dally observations are being made teo find
Wolf's sunspet mumber on each day, to classify sunspet groups, to find
the ceordinates of sunspet groups, and to ebtain images of good quality

eof every sunspot group appearing on the disk.

3e2+ WOLF'S SUNSPOT NUMBER

The Wolf's sunspot nmumber R is defined by
R =  k(10z + )

wheré g is the number of sunspet groups,

f is the number o¢f individual spets,

k is the reduction facter which depends on the observer, om
the methed of counting the spots and of subdividing them inte groups,
on the size of the telescepe and the magnification employed, and on
the image quality.

Before the determination eof reliable R numbers, each eobserver
must find his reduction facter by comparing sunspet numbers en each
day from his own observations with the standard sunspet numbers made
at the Zurich Observatery, Counting can be based on the preojected
image or on direct observation through the eyepiece., The prejected
image is at the rear end of this Ceude' refractor with an image size
of about 150 mm, Direct visual observation is made at the front end
of the telescepe with the double eyepiece revolver for solar ebservation,
containing a plane uncoated mirror, to reduce the intensity of radiation.
The enlarging eyepiece found suitable for this purpese has a focal

length of 40 mm, labelled by P 40. A neutral filter may be used te



_‘0_

A
B [ ]
Cc %'.. @ ‘e &
D . .o @ R® & e
E| ®©-a,. ® o & .2 o
Fl g &F e
s| ® - & o
H @ @ ‘?@ &
=

J @ * L] o

| | | ]

o 1° 20° 30

Figure 3.1.— Zirich c\assiiication of sunspoT groups.



reduce the intense radiation if desired.

5¢5e CLASSIFICATION COF SUNSPCT CROUFS

The classification of sunspot groups is made by comparison with
the figures illustrating the individual types in classes A to J of

the Ziirich clasgification as shown on Figure 3.1.

5¢4 CLASSIFICATION OF IMAGE QUAIITY

Image quality is clasgified in five grades :

e ] excellenty P F poors}

(4 H goods vp 3 very poer.
£ 1 .y}

3¢5« DETERMINATION OI' CCORDINATES OF SUNSPOT GCROUPS

3451 Photographic observation

The pesition of the centre of a sunspot or a sunspot group can be
found from the projected images or from whole disk photographs, Vhole
disk or first focus photographs are made at the front end of the tele-
scopes A 35-mm Execta camera is attached to the doudble eyepiece
revolver for solar observation with the orange 002 filter. In taking
photographs of the solar disk using 35 mm Gevaert Duplo Pan Rapid rell
film, the exposure time is 1/150 second. When the electronic guider
for the telescope is stopped for a minute, the solar image drifts
toward the west, and part of the east limb of the later image overlaps
with the west limb of the former. The later image is then exposed on
the same frome as the earlier image. The local time of taking the

photograph is noted and changed to universal time by using the rala-
tionship:



Universal time = Local time - Th (1)

The resulting image is shown on Figure 3,2. The line joining the
intersections of the two circles on the plate is parallel to the nerth-
south direction of the solar disk., Draw a line perpendicular teo the
north-south direction passing through the centre of the disks, This is
the east-west direction and the west is on the side of the second image.
With the optical path used in the Zeiss-Coude’ refractor at the ebserva-
tory, the north-south direction is reversed from that on the actusl sun,

as shown on Figure 3,2.

34542 Determination of Pj__lgo,UId Lo at the observed time
Before calculating the latitudes B and longitudes I of sunspot
groups, the position angle P of the sun's axis of rotation, the helio-
graphic latitude B, and longitude L, of the centre of the sun at the
observed time must be known, These values are tabulated in the 1968
Astronomical Ephemeris (H.M, Stationery Office 1966) at Oh universal
time for every day., Interpolation to the observed time is carried
out using the most genmeral interpolation formula, the Bessel interpelation
formula:
2 2 3 4 4

£, =% +POh 4+ By( 80 +81) 48,87 +8,(8o +81) + eeenn(2)
where fp is the desired interpolated function;

fo is the initial function;

P 1is the interpolating factor; when the tabular interval 4s one

day or 24 hours, p can be found from the expression

P = the obseryed universal time in hours (2a);
24

5_% is the first order difference;
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3 5 are the second crder differences;
3

3& is the third order difference;
4

4
5 5 are the fourth order differences;

32, 33, 34 are Bessel's coefficients.

Knowing fo’ Py and the differences, the first-order~difference
correction p 5%_ can be found from calculation, and the second-order-
difference cor;eotion B (5‘2 +4 2), the third-order-difference cor=
rection B 5% s and the fourth-order-difference correction B («54 + 9 4)
can be found from the inmterpolation tables: Table XV, Table XVI, and
Table XVII in the 1968 Astronomical Ephemeris. fp or Py By Lb at the

observed time are found in this way.

3¢5¢3 Calculation of B and L of a spot

Smart (1962) gives the follewing method for determining B and I:

From the whele disk image, find the position angle © of the spot
whose coordinates are to Le determined, The position angle is measured
from the north point of the disk towards the ecast to the spot. The
radius r, and the distance of the spot from the centre of the disk r
are measured in any convenient unit, The semi-diameter S of the sun on
the day of observation is found in the Astronomicsl Ephemeris, Then_p1,
the angle between the direction of the sun's centre and the direction

of the spot, both viewed from the earth is
})1 o {: 8 (3)
Iet p be the angle at the centre of the sun between the direction

of the spot end the direction of the earth, P can be found from

sin (p+p,) = p, A
S 0

{4)
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Then the heliographic latitude and longitude of the spot are

de termined from
sin B = sin B cos p + cos B sin p cos (P = @) (5)
sin (L - Lh) = gin p sin(P - @) sec B (6)
The following example is the reduction of observations on

6 February 1968, The wheole disk photographs were teken at local time

09h 56 min as shown on Figure 3.3 and 10h 02 min as shown on Figure 3.2.

The count is made from the projected image, diameter about 150 mm,

gt the rear end of the telescope.

£ - 47
c - 12
therefore R o K(10 x 12 + 47)
- 167K
The reduction factor of the observer is 0,79
R = 167 x 079
- 132

The image quality is fair.

Sample caleculations are given in the Appendix 1.

3¢5+4 Approximate practical procedure for obtaining B and L

The latitude and longitude of a spot or a sunspot group can be
estimated by using the seolar grids prepared by the Fraunhofer Institute.
Pifteen grids have been constructed for the heliographic latitude Bo of
the centre of the sun from +7° to -7°. The solar image on the day of
observation is printed at the same size as the grid. The north-south
axis of the solar disk is then drawn. The selected grid for the
latitude of the centre of the sun on the day of observation is placed
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Fiaure 3.2 Solar disk taken at Sukhumwit Observatory on
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Figure 3.3.-Solar

disk taken on & February 1968. (02h.56 min.U.T)
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over the image by superimposing the axis of the grid on the north-south
axis of the disk, The grid is then rotated through an angle equivalent
to the position angle P of the sun's axis of rotation on the day of
observation, in a clockwise direction if P is positive and in an anti-
clockwise direction if P is negative. The latitude B of a2 spot and the
difference between the longitude of the spot and thecenire of the sun

L =1L, are then read from the grid.

3.6 RESULTS

The reduced sunspot data are tabulated below:

Date |. Universal time |. Image quality|. 3 |} L | oype | ¢
6.11.68 0302 £ 'l 78 J 1
+19° | 28° A 1

-16° | 96° H 4

219° 1 114° H 3

+15° | 160° E 10

+11° | 123° J 1

+11% | 192° c 12

+6° | 99° A 1
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APPENDIX I

SAMPLE CALCULATIONS

Calculation to obtain P, B , and L at the observed time

The observed time is 3h 02 min U,T.

P - ?1_?21_36 = 0.1264
Date } P at Oh U.T. R A R R T 54
4411 -13%.07
-40
511 13047 | +1
39 -1
6o11 13.86 0 +2
39 +1
ToI1 14425 +1 =2
38 -1
8.I1 14,63 0
_38
9.1I =15,01

Frem equation (2)
P o= =13486 + 001264(-039) + B,(+0.01) + Bg(+0.01) + 3,(0)
= =13.86 = 02049296 = 020003 + 0200006
= =13.909536
(4]
e =13.91



Date L B_ at Oh U.T. 3 $ 5 84
4,11 -6%.20
-7
5.II 6427 +1
6 -2
6411 6433 -1 +5
1 +3
7.11 6+40 +2 ...
5 -3
8.11 6445 =1
-6
9.1 ~6.51

From equation (2)

B.-

~6433 + 001264(-0406) + B,(+0401) + B5(+0.03) + B,(=0,01)

-6:35 - 0.007584 - 00.0003 + 0.00018 - 00-00005

~64337754
«6°.34
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Date | L at Oh UeT. } S 3* 5° ,s‘
4411 107°.79
-1317
5611 94.62 +1
1316 -2
.11 81.46 -1 +3
1317 +1
ToIX 68429 +0 0
1317 +1
8.1I 55012 +1
-1316
9.1I 41,96

From equatioa (2)

81246 + 021264(=13.17) + B,(=0.01) + B5(40.01) + B,(40.03)

81246 - 02166468 + 0.0003 + 0200006 + 0.00014

81,294
31329



Calculation of B and L

22 =

P & -13%,91
B, . - 6%.34
5 - 81%.29
s " 16'14".8
- 16'.25
Group no. r/ro ; ® in degree .| P-0 in degree
1 0431375 340 ~16.91
2 0485125 4940 62491
3 0430000 222.3 236.21
4 056250 231.8 245471
5 0+98750 27243 286,21
€ 0470750 279.0 292,91
7 0458250 285.4 29931
8 0437120 291.0 ~304491




(1)

4

sin(p + ﬁ1)

sin B

sin(L - L)
2

sin(p + Py )

P+ 7,

sin B

sin(L - L.)

L - 15

- 23 =

S

|'1

"o
£
]

sin B cos P + cos B, sin p cos(P - @)

sin P sin(P - ©)sec B

0631375 x 16'.25
5'.098

P11 = 0431375
.

18°,29

18419 - .08 = 18°%.21

8in(-6°.34) cos 18°.21 + cos(-6°.34) sin 18°,21
ces(-16°,91)

~041104 x 049499 + 0.9939 x 043125 x 049567
~0410487 + 0.29715

0.19228

11°%.09

sin 18°,21 8in(-16°.91) see 11°.09

=04 :125 x O 2292
0.9813

~0.0926

-5%.31

-5%.31 + 81%,29
75°.98
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(2) Py = 0085125 x 16'.25
- 13'.88
uﬁf+ﬂ)-'?
= 0485125
fep = 58°35
P = 58°.35 - 0.2313 = 58°.12

gin B = sin(-6°.34) cos 58°.12 + cos(-6°.34) sin 58°.12
cos(=62°.91)

w =0s1104 x 045281 + 049939 x 048492 x 0.4553
= =0,05830 + 0.38428
- 043260
B = 19°.025
sin(L = L)) = sin 58%,12 sin(-62°.91) see 19°.025

= =0.8492 x 0.8903
09454

= «0.7997
<]
Lel, = =531
L (oe)253%:31081%29

- 28%°.19

(3) Py = 043000 x 16'.25
= 4 .875
sin(P + p.) = 043000
Pepy = 17°46
P = 17%46 - 0.08
- 17%.38



sin B = 0in(-6°.34) cos 17°.38 + cos(=6°.34) sin 17°.38
cos(-236°.21)
= =0,1104 x 0.9543 + 0.((39 x 0.2987(=-cos 56°.21)
= =0,10542 - 0.,9939 x 0.2987 x 0.5561
= =0,10542 - 0.,1651
= =0,2705
3= =15%7
sin(L - Ib) = sin 17°.38 sin(-236°.21) see(~15%.7)

= sin 17°.38(+s1n 56°.21) see(-15°.7)
10,2987 x 0.8311
; 049627

= 40,2578
L-1 = #4°/95
L = +147,95 + 81°.29
- 96%24

(4) P, = 045625 x 16'.25
= 91,14
sin(p +)’1) = 0.5625
PrPy = 3428
P = 34%23 - 0°15
= 34°.08
sin B = sin(-6°.34) cos 34°.08 + cos(-6°.34) sin 34°,08
cos(-245°,71)
= =0s1104 x 0.8283 + 0.9939 x 0.5605 x (-cos 65°.71)
= =0,1104 x 0,8283 + 0,9939 x 0,5603 x (=0.4113)
= «0,09144 - 0.22904
= = 0,3205



(5)

B
sin(L - L)

£
s8in(p +_P1)

P+ Py
P

gin B

B
sin(L - Ib)

- P66 =

-18°.7
sin 34°,08 sin(-245°.71) see(-18°.7)
sin 34°.08(+sin 65°.71) sec(-18°.7)

1025603 x 0.9115
049472

+045392
+32°,63
+32°,63 + 81°.29
113°.92

069875 x 161,25
161,05

049875

80%.93

80°.93 - 0.27
80°,66

80°.66

sin(-6°.34) cos 80°.66 + cos(-6°.34) sin 80°,66

cos(-286°.21)

-sin 6°.34 cos 80°.66 + cos 6°.34 sin 80°,66

cos 73°.79

«0e1104 x 0.1623 + 0,9939 x 0,9868 x 0,2792

-.0179 + 0,2738
+0,2559

+14°.83

sin 80°,66 sin(-286°.21) sec 14°.83
sin 80°.66 sin 73°.79 sec 14°.83
0,9868 x 0.9603

0.9667



(6)

._f1
sia(p + f’.')

P+ Py

sin B

sin(L - Le)

0.9803
78°.6

78°.6 + 81°%.29
159°.89

047075 x 16'425

11%.497

0.7075

45°.03

45403 = 0419

44° .84

sin(~6%+34) cos 44°.84 + cos(-6°.34) sin 44°.84
cos(-292°.91)

-gin 6.34 cos 440.84 + cos 6°.34 sin 44'.84
cos 67°+09

=041104 x 0.7091 + 049939 x 0.7051 x 063893

~0.07828 + 0.27282

0e1945

11%.22

sin 44°.84 sin(-292%.91) sec 11°.22
sin 44°.84 sin 67°.09 see 11°,22
047051 x 049211

0.9809
0.6621

41°.46
41°.46 + 81°%.29
122°.75



(7)

(8)

sin( P +f1)
P+ Jp1

gin B

sin(f + £,)
P+ Py

0e5825 x 16'.25

91,466

045825

35°.63

35%.63 - 0416

35%.47

sin(-6%.34) cos 35%°.47 + col(-6°.34) sin 35°%.47
cos(=299.31)

-sin 6°.34 cos 35°.47 + cos 6°.34 sin 35°.47
cOoS8 60°.69

=0+1104 x 048144 + 049939 x 045803 x 0.4895
~0.0899 + 0.2823

0.1924

11%9

sin 35%.47 sin(=299%.31) sec 11%.1

sin 35°.47 sin 60°.69 sec 11°.1

045803 x 0.8720

0.9813
045157
31°.05
31,05 + 81%.29
112°%.34

043712 x 16%.25
6'.439
0.3712
21°.79



sin B

o 29 »

21°.79 = 0.11

21°.68

ain(-6°.34) cos 21%.68 + cos(=6°.34) sin 21°.68
cos(=304°.91)

-sin 6%°.34 cos 21°.68 + cos 6°.34 sin 21°.68
cos 55°.09

=0¢1104 x 0.9292 + 049939 x 043694 x 0.5720
=0.1026 + 042100

0.1074

6°.16

sin 21°.68 sin(=304%.91) sec 6°.16

sin 21%.68 sin 55..09 sec 6°.16
063694 x 0.8201

0.9942
03047
17°.74
17%.74 + 81°.29
99°.03
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