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Sunspot Activity During the Current Cycle—4 Review

By R. ANANTHAKRISHNAN, K. SETHUMADHAVAN and A. K. DAS
(Solar Physics Observatory, Kodaikanal)

NEW cycle of sumspot activity com-

mences with the appearance of small

spots on the sun’s surface at about lati-
tude 30°. As the cycle advances the spots
increase in size and frequency and at the
same time show a progressive drift towards
the solar equator until at the end of the cycle
the average latitude of the spots is about
= 8°. [Even before the end of a cycle, spots
pertaining to the next cycle begin to appear
at higher latitudes so that at the epoch of
sunspot minimum there are four zomes of
activity upon the sun, two at about latitude
8° on either side of the equator and two bet-
ween latitudes 25° and 35° in the two hemis-
pheres. The duration of a cycle is the
interval between two successive minima.
The average value of this is 11.2 years,
although individual cycles have been noticed
with periods ranging from 9 to 13.6 years.
The rise of activity from minimum to maxi-
mum is generally steeper than the fall from
maximum to minimum,

Sunspot Activity During the
Current Cycle.

The last sunspot minimum marking the
commencement of the present cycle occurred
about the middle of the first half of 1944.
Since then the rise of activity has been
steeper than usual. Table 1 which is based on
the visual and photographic observations at
Kodaikanal gives the number of days on
which the sun’s disc was free¢ from spots, the
number of new sunspot groups observed and
the mean daily number of sunspot groups
scen on the sun’s disc during each moath for
the period Januray 1944 to May 1947,

During 1944 the sun’s disc was absolutely
free from spots on a little less than half the
number of days in the year. In 1945 the
number of such days was only 35, while since

the beginning of 1946 there has not been a ¥

single spot-free day.

Fig. 1 gives a graphical representation of
the growth of sunspot activity during the
current cycle. The steep rise in activity
since the last minimum js well brought out
by the curve in the lower half of the diagram.

The Great Spot Groups of the
Current Cycle.

A very significant feature of the current
cycle has been the appearance of very large
sunspot groups,-larger than . any hitherto
observed during nearly the last three quarters
of a century. Two such groups appeared in
1946, one in February and the other in July.

(a) Groupsof 1946:- The February group
(Kodaikanal No. 8015) appeared at the east
limb of the sun in the northern hemisphere
on January 30th at a mean latitude of 27°.
It crossed the . central solar meridian on
February 5th-6th and was last seen at the
west limb of the sun on February 12th.
This group consisted of two large spots, the
following member being about twice the size
of the Jeader. The group covered an area of
approximately 4400- millionths of the sun’s
vigsible hemisphere as measured on the photo-
heliogram taken at Kodaikanal on the morn-
ing of February 5th. It stretched across the
sun’s disc over about 30° of longitude nearly
in an east-west direction. This group reap-
peared a second time with greatly diminished
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area between February 27th to March 12th
when the leader had broken up into a
number of tiny spots while the following spot
had been reduced to a third of . its original ..
size. The group was again seen during two
more successive rotations of the sun between
the periods March 29th to April 10th and
April 26th to May 8th. Atits last appear-
auce, it was no more than a single spot com-
parable in size to many observed in daily
photographs.

The second large sunspot group of 1946
(Kodaikanal No. 8146) traversed the solar
disc from July 20th.to August 2nd. This
was also in the northern hemisphere at a
mean latitude of 22° and crossed the central
meridian on July 27th when it had an area of
3900-millionths of the sun’s visible hemis-
phere. It was a complex group composed of
a few well-defined major spots and several
smaller ones. This group reappeared in the
second half of August much diminished in
area and resolved into five or six distinet

larger in size than the usually observed spot
groups, it was, however, only less than half
the size of the group of July 1946. This
group was visible from February 5th to 18th
crossing the central meridian on the 1lth.
It was noticed again during three successive
rotations of the sun in March, April and May.
During its second appearance (March 3rd to
17th; Fig. 2), it had grown to nearly 2}
times its previous size and extended from
latitude 17° 10 27°. On March 10th when
the group was over the central meridian of
the sun its area was only slightly smaller
than that of the large spot group of February
1946. The group appeared for the third time
at the east limb of the sun on March 3lst
and crossed the central meridian on April 7th
when it extended from latitade 17° to 31°.
Unfavourable weather conditions associated
with a eyclonic storm in the Bay of Bengal
prevented observations from 1lth to l4th
during which period the ‘group disappeared at
the west limb.. As measured on the photo-

SpOtB

(b) The group of 1947:- In February 1917
a bipolar spot group (Kodaikanal No. 8327)
appeared in the southern hemisphere of the

heliogram of April 6th, the group had a total
area of 4900-millionths of the sun’s visible
hemisphere - thus surpassing the record area of
the spot group of February 1946. This giant

sun between latitudes 17° and 26°.  Although  group of 1947 retained its bipolar character
Table II.
(ANl times in I.8.T. = GL.M.T. + 05h. 30m.)
Year and (a) (b) . . (c)
wmonth, Solar flares. Radio fade-outs. Magnetic storms.

' 7th - (8h. 2%m. - Slight

7 16th to 17th: Storm of great

1947 Feb-  intensity; SE quadrant. intensity preceded by quiet

ruary. 13th - 08h. - 33m. - Slight conditions commenced at 08h.
intensity; SW quadrant. 29m. of 16th.

Tth - 08h  17m. - Slight ~ 8rd -11lh. 30m. to 13h. 30m.- 2nd to 4th : Storm of moderate

1947 intensity; SK quadrant.  Partial fade-out. . - intensity commenced at 09h.

March 4th - 09h. 00m. to 16h. 80m.~- 29m.of 2nd and continued till

12th - 08h. 15m. - Slight
intensity; SW quadraut.

14th -~ 08h. 50m. - Mode-
rate  intensity; S W
quadrant.

15th - 08h. 10m. - Slight
intensity SW quadrant.

Complete fade-out of all BBC  16h- 00m. of 4th.

frequencies.

5th - 06h. 80m. to 13h. 80m. -
Partial fade-out at first and
complete fade-out of all sta-
tions later. , :

6th - 07h, +80m. to 13h, 00m. -
Partial fade-out of BBC fre-
quencies.

10th - 09h. 00m. to 13h. OOm. -
Partial fade-out.

16th - 13h. 00m. to 18h. 15m. -
Dellinger type of fade-out.
No trace of BBC, Australia
and A.L.R. regional stations.

8th to 9th: Moderate disturbance
from 11h. 30m. of 8th to 03h.
30m. of 9th.

15th: Sudden disturbance from
14h. 12m. to 22h. 00m.

- (a.) ()bmrvul m; il’oé#ikzuml with the spectrohelioscope in Ha (b))  Information kindly supplicd by
the Research Department of the A-LR. (¢) Recorded as the Magnetic Observatory, Alibag, Bombay.

3



Fig. 2.—-—The Large Sunspot Group Of March 1947.



throughout its life history. During its first
appearance in February, the leader was over
twice as big as the follower. In March and
April the following spot had grown enormous-
ly while the leader, though larger than in
February was less marked in development.
The following spot was about 24 times the
size of the leading spot during the third
appearance of the group in April. The group

made its fourth and last regppearance bet-
ween April 28th and May 11th, when it had
very much dwindled in size and was no more
conspicuous than the spots commonly observ-
ed on the sun.

(¢) Solar flares, terresirial effects, etc.,
associated with the great spot group of 1947:-
Information relating to solar flares, short
wave radio fade-outs and magnetic disturban-

o

Fig. 3.—Spectroheliograms taken in the red (Haj line of Hydrogen of the great sunspot group
ot February-March-April showing dark filaments und bright Hydrogen flocculi surrounding the
sunspot group.



ces observed during the period of activity was markedly less active in these respects.
of the large spot group of 1947 are given in Typical spectroheliograms taken at Kodai-
Table II. As compared with the group of kanal inthe red_(Hq._)lxght of hydrogen which
February 1946, the group of March-April 1947  are reproduced in ¥ig. 3 bring out clearly the

Table III.
o O D o
S . S L~ "9 T - Oy | @ _ , 5+_
28 26e. égg S8  Area’¥ (corrected T g %.5 2. 'g";‘ B & &
-0 Sogue 28% © gp for foreshorten- gnSxr <8 S 3 & o]
25 RESE w2E  wg ing.) E3ES g2 iz is S &
S BEES 22§ E: —B%% &5 &= S S
T2 @848 272 R Eagd T 28 B &5
5o RTER RER o= 858g g9 B - & @
S8 AR & :E"-g ZZ Umbra.  Total. S355 3 o g
o & a0 . e
8015 1946 Feb. 20°-33°N  30° 740 4400 104 59 74X 52 65X 30 189
5. (27°N)
8146 1946 July. 17°-26°N 21° 560 3900 93 69 — - 1430
27. (21°N)
8327 1947 Feb. 1Z°-2g°s 220 340, " 1700 40 5.0 33X27 H4NBS 06
12.- 21°S) ‘
1047 Mar, 17°-27°S  24© 660 4200 06 6-2 61 X4y 5HTNB8 122
10. (22°8)
i 1947 Apr. 17°-3é°S 270 740 4900 116 66 8 X561 31X 28 139
‘ . (24°8)

* Expressed in millionths of the sun's visible hemisphere.
+ . In units of thousands of miles.

Fig. 4.—Spectroheliogram taken in the red (Hy). line of Hydrogen on 1947 March 8 showing a
brilliant Solar flare” in:a sunspot group at the top of the photograph. The large sunspot group
of March 1947 can be seen at the bottom of ‘the photograph.
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vortical structure of the hydrogen filaments
in the neighbourhood of the spot group dur-
ing its appearances in February, March and
April.

The Ho spectrobeliogram taken at 09 h.
50 m. on 1947 March 8 revealed a brilliant
solar flare in a sunspot group at heliographic
Jatitude 13°N and longitude 30°E. This can
be seen at the top of Fig. 4. At the bottom
.part of the picture can be seen the great spot
group of March 1947 before its central meri-
dian passage.

(d) Comparative dimensions. of the spot
‘groups:- Table III gives the comparative
dimensions of the three large spot groups of
the current cycle. ‘_

+ Fig. 5 shows the appearance of the spot
groups at about the time of their central
meridian passage.

. Comparison of Areas of Spot Groups
as Measured at Kodaikanal,
Greenwich and Mount Wilson.

On comparing the area of the sunspot group
of February 1946 as measured at Kodaikanal
with the corresponding figures reported by

‘Greenwichland Mount Wilsen?, it was
found that the Kodaikanal value (4400-mil-
lionths) is Jower than the other two by 500
"and 1000-millionths respectively. Even after
,allowing for the uncertainty in the measure-
-ment of areas it was felt that the discrepancy
between the Kodaikanal and Mount Wilson
measurements was too large. In this con-
'mection the areas of some of the large groups
listed in Nicholson’s pamphlet? were measured
on the Kodaikanal plates and also compared
“with the arcas given by Greenwich. A com-

parative statement of the values is given in

Table IV:-

From the table it will be seen that there is
generally closer agreement between Kodai-
kanal and Greenwich values than between
Kodaikanal and Mount Wilson values. The
reason for the very large discrepancy between
Kodaikanal and Mount Wilson figures for the
area of the spot group of February 1946 is
not clear. In a recent publication Elizabeth
Srexnberg Mulders® has given the figure of
5478-millionths of the visible golar hemisphe-
re for the area of this spot group as
determined by the U.S. Naval Observatory.
Repeated measurements of our photo-
heliogram of 1946 February 5 by at least three
different persons have failed to give an area
which is appreciably higher than the figures
given in Tables I%I and IV.

Magnetic Fielé of the Spot Group of
April 1947.

Systematic photographs of the spectrum
of the large spot group of April 1947 were
taken with the newly constructed 20-foot
grating spectrograph of - this Observatory in
the fourth order during "the period 3-4-1947
to 8-4-1947. The spectrogram in the red
region obtained on April 7 is shown in
Fig. 6 (a). The central strip (marked 1) in
the top half of the Figure is the spectrum of
the pepguin-shaped umbra of the preceding
‘spot (Fig. 7); the photospheric spectrum
“(marked 2) is given on either side of it for
comparison. The lower half (Marked 3) is
the spectrum of the umbra of the spot and of
the surrounding penumbral -and photospheric
regions taken simultaneously with a long slit.

Table IV.

Mean Area. (millionths of the sun’s Kodaikanal K@&nikmml
Date. lg; 1:;;1; visible hemisphere. minus minus

group- Kodaikanal. Greenwich. Mt Wilson. ~ Greenwich  Mt. Wilson.
1905 Oet. 20- + 14° 2900 2900 3000 0 — 100
1907 Feb. 12. —17° 1300 2200 2600 ~— 300 — 700
1907 June 20. — 140 1900 9200 2500 — 800 — 600
1925 Dec. 29. -+ ago 2400 2800 2900 — 400 — 500
1926 Jan. 24, + 210 3200 3400 3700 — 200 — 500
1928 Sept. 27. — 159 2500 2200 2600 4+ 300 — 100
1987 Jan. 81. —10° 2100 2200 2500 — 100 — 400
1987 July 29. + 820 3000 3000 2800 0 -4 200
1987 Oct. 5. 4+ 99 2800 > 3000 2700 = —200 - 100
1938 Jan. 18. 4 179 3100 3100 3100 0 0
1988 July 15, — 110 2300 2500 2500 — 200 — 200
1938 Oct. 12. 4170 2900 =9900 3000 0 — 100
1989 Sept. 10. — 159 2600 2400 2500 -+ 200 -+ 100
1946 Feb. 5. + 270 4200 4900 5400 — 500 —1000
1946 July 27. + 229 8900 =4000 3700 = —100 -+ 200
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.Fig. 5.—The Great Sunspot Groups Of 1946 and 1947.

As eompared with the spectrum of the photo-
sphere, the spéetrum of the spet reveals many
interesting features. = Mamy phetospheric
lines appear eonsiderabl. broadened inthe spot
while some of the lines appear as doublets or
triplets. In additien to this, the spot spect-
rum shows several new lines which are absent
in the photespheric spectrum, On the original
negative the iron Jine A\ 6173.348 appears as a
clear triplet in the spectrum of the spot
{Fig. 6b),while the iren fine %6213.443 appe-
ars as a doublet (Fig. 6¢). The maggitude of
the separation between the extreme eompo-
nents of the triplet and these of the deublet
- were measured with a view to estimating the
intensity of the magnetie field in the spot
which is responsible for the splitting of these

two lines. Assuming the figures given by
Hale and eoworkers? for the magnetic split-
ting of these two lines in laberatory experi-
ments the maximum value of the field streng-
th at the centre of the umbra of the pre-
ceding spot of 1947 April 7 works out to be
about 3300 gauss.
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Fig, 6.--Spectrum of the ;,mnt sunspot group of 1947 April 7 taken with the newly constructed
20 feet grating spectograph, in the 4th order red region showing the magnetic splitting of the
iron lines ) 6173.348 (triplet) and ) 6213.443 (doublet).

Fig. 7.—An enlarged photograph of the great spotgroup of April 1947—1he biggest sunspot
observed duving the last three quarters of a century—ijust before its central meridian passage.
The black disc ‘at the bottom left corner iepresents the relative size of the earth.

3. - Elizabeth S. Mulders, Publ. of the Astro. 4. G.E.Hale, Astro. Jour., 1908, ?I;?, 326;
; G.E. Hale, F.H. Seares, A. Van Maanen,
Sec. Poeific, 1947, 59, 12. and F. Ellerman, Hid, 1918, 47, 235.



