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On the Polar Coronal Rays of the Sun

A, Bhainagar and K.C.A, Raheem

Absiract

A study of the polar cotonnl ruys made on two eclipse photographs i1 presented.

From the frequency distribution af polar rays, it in shown (hat the maximum disirtbution of

%olar mys occurn In nn annular zone around 10° (ram the poles and a mintmum at the poles.

rom the ordentation of the polar 1ays the b of thae go thetlcal bar mognet has been

determined, A varlatlon In the length of the hypothetical har magnet with the phase of eolar
gctivity cycle is eonflrmexd,

1. Iﬂh‘odm

Camphell, Moore ami Bell (1923) were the first to pointi out the simi-
larity between the polar coronal rays and e bar magnet. They showed that
the distribution and orientation of polar rays matches fairly well with the
magnelic lines of force duc o a bar magnet, situated ingide the sun and whose
chs arc scparated by two thirds of the sun’s diameter. In recent years,

aldmeicr (1961), Bachmann (1957), Saito (1958, 1965), Stoddard, Carson
and Saito (1966) and Suda (1966} have studicd the geometry of the polar rays
and tried w correlate with the magnetic Bines of force duc to a bar magnet.
Saito (1965) hus shown from a study of several eclipsc-pholographs that the
length of the hypothetical bar magnet is a function of the solar activity cycle.

For further verification of Lhe hyﬁothctica] bar magnet, il is nccessary
lo analysc as man la:icanscalc eclipse pholographs as possible. In the c&htﬂ
collection of the Kodaikanal Ohservatory, we had two large acale
photographs, obtained during the total cclipse of 1898 and 1922. In tht
gﬂpel wc have presented a study of the orientation and ihe frequency distri-

ution of the polar rays, made on these two eclipse plates.

2. Observationnl data

The aclipss of 1898 January 21. This pho ph obtained by Michie
Smith at Sr.thigiﬁl,f(]enf.ra:?r India (Lal.==23316 , long.=81°21'E), wing &
camera of 15cm aperture and 12 metres focal length, giving an imege scale of
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16*.5/mm. The polar rays could he traced out to distances of the order of
1.2 solar radii as measured from the sun’s centre. A high contrast copy of the
original negative was enlarged and projecled on a screen o obtain an image
scail;:enof 37.9fmm. The outlincs of indivicdual polar rays were drawn indcpen-
dently by the two authors. A comparison of the (wo drawings showed no
ni.(a.,rni rant difference. A copy of the cclipsc photograph obtained by the Lick
1898 cclipsc expedition with a similar focal length camera, was ;‘;vncrously
made available by Director, Lick Obscrvatory, snd a comparison of the two
pictures showed that almost all polar rays werc common on hoth piclures.
Another small scale plate (1 .5[mm?, made available [rom the Lick collection
showed polar rays, extending upto 1.6 R, The small scale plate wis enlarged
to yicld an image scale of 3".9/mm and both amall aud large scale plaies were
combined to give a composile drawing of the polar rays, as ashown in Figure 1.

The polar rays were extended from the limb ol the moon (o meet the solar
limb.

Al the time of the eclipse thea parent scmidiameler of the sun waa
16,147 .8 and that of the moon was 1‘(; 24,8, The position nngle P of the
sun's axis was—7° and the heliographic latitude of the sun’s centre, B, wns
—5° The north-south orientation on the plate was cetermined, using the
position angle of the promincnces seen on the plate.  According to  the Lund-
endor(F definition the phase of the solar cycle at the time of eclipse wns —0.46.
On this photograph 20 nortih polar rays (N.P.R.), and 30 south polar rays
(8.P.R.) were distinctly seen.  The number of the polar rays in 5 degree inter-
vals of the polar angle is given in Table I and a histogram in Figure 2. A
distinct peak in the histogram is seen al 10°—15° zone of Lthe polar angle.

The sclipise of 1922 September 21, 'This plate was obtained by John Ever-
shed (1922) at Wallal,W estern Australia, (Lat.=19°,46°S, Long.==120".11'T%),
using a 30cm aperture and 6.3 meter focal lengih Cooke triplet leny, in con-
junction with n coclustat. ‘The tmage scale on (his plate wag 337 .4/mm. The
plate was parily fog'fcd, bul for our purposc of determining the geometry of
the polar rays the plate was usable, As in the case of the 1898 cclipse  plates,
this platc was en | and projected to vicld an image scale of 4-')::10111. ‘The
outlines of the individnal coronal polar rays were drawn and are shown in

Figure 1.

At the time of totality (he apparcol scmidiameter of the s was
15',56.0 and that of the moon was 16°.43“.6. The position angle P of the
sun’s axis was +25.3° and B, was +7°. The north-south orientation was
determined from the symmetry of the poler rays. The assumption is made
here thal the magnetic poles and the rotation axds of the sun are in good coin-
cidence {Campbell ¢ al 1923&. Al the time of cclipse the phase of the solar
aclivity cycle was - -0.14. 1 _Flolar rays in the north and 17 in the south
were identificd on the plate. 1c polar rays in the south were not as clearly
secn a8 in the north, probably because the sun’s south pole was Lipped awa
from the observer (B,=+47°). We give in Table I the number of rays in ca
of the 5° intervals of the polar angle.. A histogram showing the distribution
of lhe polar rays is given in Figure 2, This shows a peak at (5°—10°) zone of
polar angle and a minimum al the pole.
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['rom Saito’a (1958, 1965), data for G eclipses and from these two ecli-
pses, we conclude that there is no appavent relation between the position of
the polar angle of the peak in  the hislogram and the solar aclivity cycle.
But during all phascs of the solar cycle, the polar rays arc consisiently scen Lo
avoid the poles of the sun, On the contrary Tsubakia o «f (1964) have
shown in the case of the 1962 cclipse, that the distribution of the polar rays is
it maximum at the poles aud a minimum near the (12°-15°) zone, while for
the same cclipse ol 1962, Saito (1965) has obtained a maximum at the 10° zone
anel & minimwm at the pole.  Saito has explained this discordance in the two
resulls as due Lo the statistical error introduced by Tsubaki af af, because they
had chosen smaller intervals of the polar angle. Irom these ohscrvations it
appears that polar rays are disiributed in an annular zone 10° away {rom the
pole,  [n thik connecton it is interesting to note that, on examining the proni-
nence data rom the Kodaikanal Observatory Bullcting for several solar cycles,
there is v tendency for prominences (o persist around 4:80° latitude and to
avoid the poles.  However, recently Harvey (1965) om study of the 1963
cclipse photographs, has found & corrclation between the polar rays and surface
[eatres observed in K, spectroheliograms and has taken this corrclation to
vstablish the close association between polar rays and surface maguctic fields.

3. Apparent orientation of the polar rays

1898 erlipse: 'The apparent angle of obliquity ¥ and the polar angle@
were mueasured at the limb of the sun and also at distances 0l 1.1 R, 1.2 R,
1.3R, 1.4R, 1.5, 1.6 R, from the sun’s ccnlre. ¥ denotes the apparent
angle between the tangent drawn at a point P on polar ray and the radius
veelor, and @ is the apparent polar angle of the point P as measured from the
N-S axis. It has been shown by several authors, on the basis of observations,
that a lincar relation of the form Y=k @ cxisis betwcen ¥ and & and that
the parameter k depends on the phase ol the polar activity cycle.
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In Table 2a and 2b we give the apparcnt  obliquity and Polar
for cach of the polar rays and at several distances fromy the sun’s * cone angle
both north and south solar polar rcgions. These are plotted in Figure g' OA"
few polar rays scem (o have been influenced Dy the local prominence e iy
and the points arc encloscd in parenthescs,  In Figure 4 is shown  the yads,
tion of parameter k with (he radial distance from the sun's centpe [nm:g'
north polar region, k shows an incrcasing tendency with digta,:mcs u tc
1.2 R, while in the south side, k shows a peak at 1.1 R, and  ¢lyen 4 ,.;Eco
declinc tili 1.2 R, after which it remains constant. P

w-

Fig. 4

Saito (1958) hud oblained a relation hetween the purameter k and  the
length of 2 hypothetical bar magnet, situated inside the son.  UFsing Saito’s
rclation, we obtain the halllength of the bar magnet an 0.43 R, for the north
polar rays and 0.46 R, for the south polar rays. We have mensured the
parameter g, which is the distance between the point of intcrsection of the
tangenis drawn on the polar rays at (he limb of the sun and the centre of the
solar disc. The mcan , is found (o be 0.50 R, for the sysiem of IN.P.Rs and
0.48 R, for the S,P.Rs. 'The two values are in clos: agrecment and we can
consider that the two poles of the hypothetical magnet are cqually separated
apart from the sun’s centre, The halflength of the har magnet according to
Saito is in fair agrecment with (he parameter q.

1922 eclipse : "The apparent angle ol obliguity W and the polar angle 3
were measured on the drawings of the polar rays. The values of Wand @
arc tabulated in Table 3a and 3b, and arc ploited in Figure 3. "The variation
of parameter k, with the radial distance from the sun’s centre i given in
figure 4. In the case of 1922 cclipse the parameter k, decrcases with increa-
sing distance from the sun’s disc up 1.2 Ifo and then remains nearly constant.

. Using Snito’s vrelation, the halflenlg-Lh of the hypothetical _bar magnet
obtained from the N.P.R. system 1is 0.61 R_ and for the S.P.JR. system 1
0.55 R,. The parameter g for the N.P.R. was 0.69 R_ (qv) A and for :,hﬂcl
S.P.R. was 0.61 R, (4s). In the case of 1922 eclipse the “hypothetical 1o
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magnctic pole secrns Lo be nearer o the sun’s surface compared 1o the south
magnelic pole. A similar result for the asymmetric locaton of the hypothe-
lical magnet in the sun, has been obtained by Nesmyanvich (19G63), from e
study of 38 eclipsc photographs.
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Fig 5.

The length of the hypolhetical bar magnel as obtained in the case of
the 1888 and 1922 cclipscs iaw variation w?ﬁi the phasc of the solar active
cycle. We have plotied in Figurc 5, the corvcsponding length of the magnet
for these eclipses on Sailo’s curve showing the variation of length of the hypo-
thetical magnet with the phasc of the solar cycle.

Variation of parameter k with distance from the solar Limhb

Several authors have made detailed study of the variation of papameter
k with distance from the sun. Waldmeler (1965) has shown for the 1962
eclipse that k is independent of r, while Bachman (1957) and lvancuk (1964)
have observed that k decreases with increasing distance r, for 1954 cclipse.
Kopecky end Suda (1966) have made a detailed study of the variation of k
with r for several cclipses and could not arrive at any definile conclusion on
the dependence of k on r.

. Our results obtained from the two eclipscs show a variation of k with r
near the sun’s limb hut at large distances k becomes nearly constant with r.

. The authors arc indebted to Dr M. K. V. Bappu for his helpful sugges-
tions and to the Director of the Lick Observatory for gencroualy m
available the Lick Obaervatory cclipsc photographs. T arc duc fo
Mr. V. Naterajan for his help during the investigation,

Kodaikanal Observatory,
October 1970,
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