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REDUCTION OF PHOTOMHELIOGR AMS BY 1BM-PC CONTROLLED DIGITIZER
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Abstract

A method {s described here to determine hellographic coordinates of sunspots
on a photoheliogram using an IBM PC conirclled digttizer Sunspet proper motions and
buttdup of magnetic energy in solar active reglons may be studied using thits method We
discuss also other applications of this technique

Introduction

Matea are one of the mosk spectacular transienl phenomona on Sun involving
energy releaso of around 10%8 1p¥! ergs in time span ranging from few minutes to

several hours One may ask how this energy 18 bullt up and stored 1n localized regions on
Sun

As flares occur mostly in the neighbourhood of solar active roegions, it is nalural
to expect that the energy buld up may be related to magnetic field structures We
know that sunspots are seats of large magnetle flelds representing feot points of magnetic
ioop structures of an active region Thest sunspots rotate wilh the background photo
spheric material as a whole Howsever, they are not necessarily anchored rigidly n
Lthe photosphere and are known to possess proper motions over the general rotational
motlon, around tens of meters to few hundred meters per second These mations may
lead to stretching, shearing and twisting of the overlying magneti¢ loops thereby increas

ing/decreasing magnelic energy content of the region (Sakural, 1976, Zirin and Tanaka,
1973)

Evaluation of Magnebhic Energy Builld-up
Magnetic energy bulldup by sunspot proper motion in & force free magnetic field
can be derived from equation of magnetic field induction, which In hydrodynamic approxi
mation 18 given by
§B/8t = YxWx® ¥ x Qo
On scalar mulliplication of Bf4w and simplification one gets
§ /st (Bl /am - ¥ Vx B «BI I fo

where one has used relations 4md= W¥x Band Jx B 0 Rate of variation of magnetic
energy A M, 18 thus

1

AM = §/8t S |B|2/8m dV = Bél']ﬁn“’ {, Ly/[’l 1 (Lx/Ly)zlzl {fusinv v cos v}
(Tanaka and Nakagawa, 1973) Here, Ly and L, are the separation between sunspots and
penumbral diameter, respectively, B, is the peak magnetic field and u, v are components

of sunspol proper motions as illustrated in figure 1 Also, v is the angle between the
neutral line and the hne joining the sunspots
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Hehographic Coordinates

In order to evaluate development of magnetic energy builldup 'n an active requon,
we need to accurately determine sunspot positions on the solar photosphere removing
effecls of average photospheric rotation and faoreshortenming Sun appears as a flit
disk when observed by projection on a screen or photographic plate The problem here
is to transform projected coordinates of a sunspot {;1 @) Into hehographie (L,B) coordinates
on the olar sphere From Smart (1977), we get

B = sin'[sinB8cosp4 cos B8 sinpcos(PB 8)]
L = sin'{{sinpan(Pd @} cos BA) + LB

where p = sin "{p1/5} p1, S being angular radwis of Sun and 1O, BO are Carrington
coordinales of center of the disk

L8 = tan '[{ sin(@ Ay cos IM{ cos(Q AHH + M
B= sin '[sin(R Ag) stn 1]

where Ay 1s geocentric eliptic longitude of Sun, T s the Inchnation of solar equalor
to the plane of the ecliptic & 7215'), 18 longitude of the ascending node grven by

£ = T74922' 0 B4 T

Here T 18 number of Juhian conturies sinee the epoch 1900 January 05 Also, M s given
by

M= 360 360/25 38 [JD 2,398,220 0]
where JD I8 the Julian date Position anglc P8 of the Sun's rotalion axis is gtven by
Po = tan ' { cosdgtan e} 4 tan ' { cod@ Ap) tan 1}

where € 13 the obliquity of the ecliplie

Mgitization of Sunspol postions

We use an IBM PC conlrolled digitizer to get coordinates of individual sunspots
or umbral/penumbial contours Digilizing pad is mado of translucenl surface which can
be illuminated from below by placing the umit on a hight box Digitizer gives XY {carte
sian) coordinates of a point relative to its axes with a resolution of 0 125 mm Program
DIGHELIO DBAS opens communieation between Lhe IBM PC and digitizer and controls
data acquisilion from the dimtizer It obiens LD, BO and PO for the DATE of the glven
photoheliogram and gels the center and radiv  of photoheliogram by digitizing any
three points on the cireumference of Lhe heliogram Then desired sunspot posilions are
digitized and transformed for the slope between Lhe digitizer and the pholohetiogram
axes The carlesian cooidinates are then converled inlo polar coordinates [inally
L, B are caleulated and displayed When one wishes Lo generate reduced heliographie
diagrams 1t 1s also pos tble Lo digitize continuously 1n stream mode and store data
for plotting or determination of sunspot area etc

Applications

n To study motion of sunspots on solar photosphere wilth respect Lo surrounding
medlum, one plots thewr heliographic coordinates over several days using photohsliograms
taken el reqular intervals Figure 1 displays proper motion of matn spots of 8 remarkably
active regian, NOAA AR 2372, observed from Udaipur Solar Observatory during Solar
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Maximum Period of April 4 12, 1980 The preceding spot (P) moved rapidly to the west
while the following spot (F) trailed to the east such that the separation between them
increased (case of stretching the loop) One may note that 1 deg on solar sphere corres
ponds to around 12000 kms and a motion of 1 deg /day implies a veloctty of around
140 mfsec This active region had an tnverted sunspot group which also exhibited interest
ing motion The (+)ve spot moved by around 4 degrees to the east during April 5 12,
however, the ( )ve spot remained almost stationary Thus, it led to unstretching and
unshearing of the loop joiming the (+) () spots from a higher energy state to a state
of lower energy One can determine u and v components of velocity to evaluate the
daily rate of magnetic energy build up,AM, as discussed earlier

(2) One can also generate reduced or heliogrephic diagrams of sunspot umbrae penumb
rae using the digitizer 1n conjunction with a plotter Since these diegrams remove distor
tions due to foreshortening, one can see and calculate immediately any variations in
their areas Also one can study rotational or twi ting motion of sunspots around their
axes {figure 2)
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