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ASTPONOMIA.— A Study of the Sunspot magnetic field Strengths,
by John Xanthakis*. (Research and Computing Center, Academy of
Athens).

It is well known, that the total sunspot magnetic field strengths vary du-
ring each sunspot cycle in the same general way, as the other characteristics
of solar activity (relative sunspot numbers, areas of the sunspots, faculae ete.).
It is accepted today, that the variation of the total sunspot magnetic field
strengths follows in general the variation of the areas of the whole spots or
the umbrae. On the other hand, it has been shown already, that the main
part of the variation of the annual values of most of the characteristics of
solar activity can be satisfactorilly expressed as function of the corresponding
time of rise expressed in solar rotations, in months or in years (Xanthakis
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1962). These results led us to investigate, whether similar relations between
the total sunspot magnetic field strengths and the time of rise of the cor-
responding sunspot cycle could be found.

The simplest approach would be to examine to this purpose the daily
values of the quantity Xh, where h is the strength of the magnetic field of
each sunspot visible on the solar disc during the corresponding day. In this
way, the same sunspots contributing to the determination of the relative
sunspot number R as well as of the total sunspot area A, would also con-
tribute to the determination of the corresponding value of the quantity Zh.

This approach, however, cannot be followed at present, as no long series
of observations of the values of h is yet available. On the other hand, exists
already the long series of the values of H i.e. the maximum values of the
magnetic field strengths observed for each group of sunspots during each
passage of it over the visible solar disc, published by the Mount Wilson Obser-
vatory. Contrary to Xh, the values of ZH do not correspond precisely
to the corresponding values of R or A, as in the determination of the values
of R and A contribute every isolated sunspot or group of sunspots during
all days of its visibility on the solar disc, while for the determination of
ZH each group of sunspots contributes only once during the time interval
of each passage of it over the visible solar hemisphere. Nevertheless, and
because of the fact, that the quantity XH could also be finally proven to
have an important physical significance, it seemed worthwhile to examine
whether XH too, which in the following will be designated as «the sum of
the maximum magnetic field strengths of the sunspot groups observed during
a certain interval of time», could be correlated to the corresponding value
of the time of rise.

To this purpose, let us call ZHy, XHg, and H the sums of the values
of H corresponding to the sunspot groups observed each year on the northern
and the southern solar hemisphere as well as on the entire solar disc respec-
tively, expressed in units of 100 gauss,ie. XH = XHy + ZHg. The numeri-
cal values of XHy, ZHg and XH, wich have been kindly communicated to
the author by Miss Barbara Bell of the Harvard College Observatory, are
given in the second, third and fourth column of Table I. The values given
in parentheses correspond to the sunspots belonging to a new sunspot cycle.
The fifth column of Table I gives the current number N of the successive
sunspot cycles and the sixth, seventh and eighth columns give respectively
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the times of rise Ty, Ts, and T corresponding to the northern and southern
solar hemisphere and the entir solar disc. The maxima of the values of ZHy,
XHg and XH do not always coincide with the maxima of the corresponding
values of the sunspot areas. In cycle No 19, for example, the maximum of
2H took place during the year 1958, while the maximum of the corresponding
value for the sunspot areas occured one year earlier (1957). For this reason
the times of rise Ty, Ts and T corresponding to the values of ZHy, XHgand
ZH do not always coincide with the values of the corresponding quantities
for the sunspot areas. As we are interested in making comparisons between
the values of XHy, XHgand XH and the corresponding values of the suns-
pot areas, however, we will use in the case of the quantities XHy, Hg and
ZH too the values Ty, Ts and T of the time of rise referred to the sunspot
areas, which are given in the sixth, seventh and eighth column of Table I.

The data given in Table I show, that the values (XHm)n, (ZHm)s and
(XHm) of XHy, ¥Hg and XH corresponding to the years 1917, 1928, 1937,
1947 and 1957 during which the maxima of the sunspot areas occured, can
be satisfactorilly expressed as functions of the corresponding times of rise
Ty, Ts or T expressed in years with the help of the relations:

(1) (EHm)y=a{b(b—1) +b(To— Ty )} —bTg (To—Ty ) sin N2T
(2) (SHm)s=a{b(b—1) 4+ b (To —Ts )}
(3) (EHm)=a{a+b(To —T)}—10asin N2F

where N=1,2,3... 18,19 the current number of the successive sunspot cycles

and
a=70,b=6and Tp = 7.

or To=7,9=(To—1), &= 10T,

Relations (1), (2) and (3), which are given with due caution, because
they are based on a limited number of cycles (cycles No 15-19), show, that
the values of the annual sums XH corresponding to the years of the maximum
sunspot areas vary from cyecle to cycle of solar activity in a different way for
the northern and the southern solar hemisphere and the entire solar disc.
From relation (2) we see, in fact, that for the southern solar hemisphere the
relation between the values of (XHm)s and the corresponding time of rise
Ts 1s linear. For the northern solar hemisphere on the contrary a periodic
term with a period equal to 8 solar cycles is added, the amplitude of which
depends on the time of rise Ty. Finally, for the entire solar disc we have
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TABLE I

Annual sums of the maximum magnetic field strengths of the sunspot groups observed on
the northern and the southern solar hemisphere and the entire solar disc during the years
1917 - 1958 (in units of 100 gauss). Mount Wilson observations.

(1) (2) (3) (4) (5) (6) (7) (8)

Year Northern Southern Total Time of rise in years
(ZH)N (XH)s (ZH) N TN Ts P

1947 3650 3116 6766 15 3.9 &4 4.2

18 3034 2875 5909 (19138-1923)

19 2025 2630 4655

20 1317 1298 2615

24 1000 833 1833

22 577  (5) 844 921  (5)

23 156 (69) 109 (103) 265 (172)

24 115 (819) 235 350 (819)

25 1950 1325 3275

26 2024 2070 4094

29 1695 2666 4361

28 2401 2507 4908

29 2382 2320 5702 16 6.3 5.3 6.8

30 1536 1166 2702 (1924-1933)

31 939 498 1437

32 531 370 901

33 365 (9) 23 (%) 388 (13)

34 151 (210) 18 (38%) 169 (59%)

35 38 (1080) 1498 (38) 2576

36 1728 2239 3967

37 3190 2485 5675 17 3.4 6.0 3.6

38 2371 2639 5010 (1984-1944)

39 2168 2491 4659

40 1590 2109 3699

41 1320 998 2318

42 995 863 1858

43 726 216 (48) 942 (48)

A2 52 (206) 76 (318) (128) 524

45 620 45 (1294)  (45) 1914

46 2191 2160 4351

47 2997 3487 6484 18 3.2 3.3 3.2

48 3048 3149 6197 (1945-195%)

49 3608 2816 6424

50 2563 1754 4317

51 1632 1303 2935

52 801 889 1690

53 524 280 804

54 38 (139) 48 (133) (86) 272

55 1324 & (772) (&) 2096

56 3373 2 (2998)  (2) 6371

57 3343 3857 7200 19 3.3 3.3 3.3

58 4068 3666 7714 (1955-
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again a periodic term with a period equal to 4 sunspot cycles, the amplitude
of which is now constant and equal to 10a =700 units. From relations (1),
(2) and (3) we also see, that the maxima of the quantities XHy, XHg and
IH vary from cycle to cycle of solar activity in a different way, than the
maxima of the sunspot areas, which are related to the time of rise with second
degree relations (Xanthakis, 1962).

Table IT gives the observed values of (XHm)y, (XHm)s and (£Hm) as
well as the values of these quantities computed with the help of relations
(1), (2) and (3).

TABLE II

Cycle Year (ZHm )N (2Hm)s (XHm)

No of maximum  Obs. Comp. O-C Obs. Comp. O-C Obs. Comp. 0-G
15 1917 3650 3688 — 38 3116 3318 —202 6766 6776 —10
16 1928 26401 2396 + 5 2666 2814 —148 4908 4984 —76
17 1937 3190 3227 — 37 2639 2520 +119 5675 5628 +47
18 1947 2997 3110 —113 3487 3654 —167 6484 6496 —12
4.9 1957 3343 3206 -+137 3857 3654 4203 7200 7154 +46

The annual values of the sums of the maximum magnetic
field strengths.

The main part of the variation of the annual values of the sums of the
maximum magnetic field strengths within each sunspot cycle can be satis-
factorilly expressed, as in the case of the sunspot areas, as a function of the
corresponding time of rise with the help of the following relations:

T
291)2

(4) ZHy 22 (ZHm)y cos® k

(5) ZHg = (ZHm)s cos® k 2—;}

132

(6) IH 2 (ZHm) cos* k 1%—

where k=0 for the year of maximum solar activity and k=1, 2, 3,... for the
first, second, third,... year before or after the year of maximum. The para-
meter €2,,, is related to the time of rise T with the relation Q,=T for the
years preceding the sunspot maximum and Q,=11—T for the years following
the maximum.
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A study of the differences between the observed values of XHy, ZHg
and XH and the values of these quantities computed with the help of the
relations (4), (5) and (6) shows, on the other hand, that these differences
present, as in the case of other characteristics of solar activity studied so
far (relative sunspot numbers, numbers of sunspot groups and areas of the
sunspots and the faculae), a periodic variation with semi-periods equal to
2, 3, 6 and 8 years. Moreover the amplitudes of these periodic terms, which

will be represented by Gf‘m h Gls,z and G,,, for the northern and the southern
solar hemisphere and the entire solar disc respectively, change from cycle
to cycle of solar activity also in a periodic way. If we represent by G,, G,
the values of G,,, corresponding to the ascending and the descending branch
of solar activity respectively, then the values of these quantities for the cycles
with even or odd current number are given respectively by the following

relations:
a) Cycles with even current number N
Gj‘z—4fa,sink%_sz,sink% GY = 4fb, sink %
(7) Gf=—4fb,sink-’2°_ G} =— 101 a,sin k¢
G, = — 4fb,sin k % G,=2fa, sin k —Z——I— 4fb, sin (k——i)—’;—
b) Cycles with odd current number N
G =6fBsink - G = — 6fa, sin k -
(8) G =2fa,sink - G’ = 4fb, sin k -
G, =4fb,cos k G, = 8th, sink%
where,
f=ab = 420
a,=cos N 2= bo=sin N2 b, —sin (N—1) 2
(9)  a,=ocos (N—'|,)%  b,=sinN>  b—sin(N+'.)5-

B = sin? (N—1) 381— sin (N-1)37-
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Therefore, the annual values of the sums of the maximum magnetic
field strengths of the sunspot groups observed during the years 1917-1958,
for which observational data are available, can be satisfactorilly expressed
as functions of the corresponding time of rise (T, Tsor T) with the help of
the relations: '

I = {(ZHm)N ¥ G:Z} cos’k — T~

20N

(10) SHs = | (ZHm)s + G, | cos’ k
192 2.(25
TH ={(2Hm) —l—Gm}cos’ %

In Fig. 1 the continuous lines represent the observed values of the annual
sums of the maximum magnetic field strengths of the sunspot groups observed
during the years 1917-1958 (a) on the northern (above) and the southern
(below) solar hemisphere and (b) on the entire solar disc, and the dashed
lines the values of these quantities computed with the help of the relations
(10). As the values of the time of rise Ty, Ts and T corresponding to the suns-
pot areas are known also for the cycles No 12-14, for which no observational
data concerning the maximum magnetic field strengths are available, we
have computed for these cycles too, as well as for the remaining part of the
current cycle (1958-1964) the annual values of the sums of the maximum
magnetic field strengths corrensponding to the northern and the southern
solar hemisphere and the entire solar disc with the help of the relations (10)
and the values found are given in Fig. 1 by dashed lines. The precision of
the analytical expression given by relations (10) computed with the help of

the formula (1— Z%) 1009, is respectively equal to

889%for the northern solar hemisphere
87% » » southern » »
92% » » entire solar disc.

In spite of these high values of the precision, one should consider relations
(1)-(3) and (10) and especially their exprapolation in the past and future
(descending branch of the cycle No 19) with due caution, because of the
limited number of sunspot cycles used for their deduction. The limited ob-
servational data concering the maximum magnetic field strengths of the
sunspot groups available today, do not allow us also to verify the cyclic
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variation of the coefficients of the relations (7) and (8). There are, however,
as we shall see in the following sections, some indirect indications about that.

The asymmetry of the values of the sums of the maximum
magnetic field strengths between the two solar hemi-
spheres.

Both relations (1) and (2), which give the values of the annual sums of
the maximum magnetic field strengths of the sunspot groups observed during
the years of maximum of the sunspot areas, as well as relations (4) and (5)
which give the values of these quantities for the successive years of each
sunspot cycle show, that the values of these sums vary in a different way
on the two solar hemispheres. We thus have an asymmetry in the distri-
bution of the sums of the maximum magnetic field strengths over the two
solar hemispheres, which can be expressed with the help of the quantity:

ZHy — X2Hg
W= S + s

We are going to show, that this asymmetry Qg can also be expressed as a

function of the time of rise and the periodic terms G:z , Giz. In fact, as

the differences T—Ty, T—Tgs are generally small, we can put in a first ap-

proximation
cos? k 0 cos? k x cos* k ——
2QN 2QS 29152
Then relations (10) give:
"7 (THn)y + EHa)s (SHm)y + (SHm)s

From relations (1) and (2) we have:
2

g
(EHm)y — (ZHm)s = 2f (Ts — Ty) — 10.2f (To — Tx) b,
: —2 2
(EHm)xy + (EHm)s=10.2f + 2f (Ts + Ty ) —10. 2t (To — Tx) b,
Also relations (7) and (8) give:

a) for the cycles with even current number N

@ = — {2 (a, —b,) sin k =~ + b, sin k

1 1

o
& |
G" — G° = af { 2b, sin k-7 + 5a,sin kg )

2 2
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b) for the cycles with odd current number N

G — G =2{3Bsnk T —asink
> |

1

\
J
G" — G = -——2f’3a smk—+2b, $in k%f
Relation (11) can thus be written:
a) for the cycles with even current number N

Qu = % — % g, before the maximum
(12)

Qu = —é— + ig— g, after the maximum

b) for the cycles with odd current number N

Qu = % + % g,/ before the maximum
(13)

Qu = % — —13— & after » »
where

=10 (Ts—Txy) — (To—Ty)?. b,

C > 100 + 10 ( Ts+ Tx)

= 2(a, —Db,) sink% + blsinkTﬂ

(14) g,=2b,sink—z—+5a2 sink—g—

’ 3 1 . b1
g =3B, sink 5 — a, sink o~
g’ =3 a, sink - + 2b,sin k -

and a,, a,, by, by, b, and B are given by relations (9).
The sum Tg -+ Ty is always contained between 6 and 12 years i.e.
6 £ Ts + Ty < 12
Therefore the quantity B=100 + 10 (Ts 4Ty ) can be replaced by a
mean value, so that we can put in a first approximation:

10
< = 0,055

=1 2
A — 0,085 {(Ts—Ty) — 10 (To—Tx) b,}
In this way relations (12) and (13) can now be written in the following

way:
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a) for the cycles with even current number N

Qs 04085 4 (T — Ty ) — 8 (To — Tax ) b, — &, } Bofons Hho masitmn
(10)
Qur = 84085.4.{ T— Fado— 40, ( To.— T ) byt Loaber 2 »

b) for the cycles with odd current number N

Qu — 0,085 {15 ZT5 V2 40°(Ts — Tu) b, — 5"} Delorerhomaninms
(16)

Qe BB65.L ( Toee Ty} — 10 4To — Tu) by — g ') olber » >
Relations (15) and (16) show, that during the year of maximum solar acti-
vity when g, = g,= g,"= g,’ = 0 the asymmetry Qy depends on the difference

Tg—Ty of the values of the time of rise corresponding to the two solar hemi-
spheres as well as on the periodic term

—1 2 =i 2

10 (To — Ty ) b, = 10 (To —Ty) sin N 2™
with a period aqual to 8 sunspot cycles, which is the same with the periodic
term appearing in relation (1). During the years preceding of following the
year of maximum solar activity, on the contrary, i.e. during the ascending
or the descending branch of the solar activity curve, the asymmetry Qg

depends also on the periodic terms g;,, and g,’,, (relations 14), the graphical
representation of which is given in Fig. 2.
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From Fig. 2 we see, that during the ascending and the descending branch
of the solar activity curve we should have an inversion of the asymmetry
Qu between the even sunspot cycles No 12, 16 and 14, 18 as well as between
the odd cycles 13 15 and 17 19. The observational data concerning the ma-
ximum magnetic field strength of the sunspot groups now available, are
unfortunately restricted to the time interval contained between the maxi-
mum of the sunspot cycle No 15 (1917) and the maximum of the cycle No 19
(1957), and for this reason they do not allow us to verify the inversion of
the asymmetry of the values of the annual sums of the maximum magnetic
field strengths of the sunspot groups described above. There are, however,
some indirect indications about the reality of this phaenomenon based upon
the study of the asymmetry of the sunspot areas, which we are going to
discuss below.

In the left part of the Fig. 3a and 3b the dashed lines represent the va-
lues of the asymmetry Qu computed with the help of the relations (15) and (16)
while the small circles give the values of this quantity found on the basis
of the Mount Wilson observations for the years 1917-1958. From these figures
we see, that the agreement between the observed and the computed values
of the asymmetry Qg for the years 1917-1958 (cycles No 15-19) is fairly satis-

factory.

The asymmetry of the sunspot areas.

If [A]n, [A]s represent respectively the mean daily values of the sunspot
areas in the northern and the southern solar hemisphere for each year, as
given by the Royal Greenwich Observatory (1955, 1956, 1957), then we can
use as a measure of the asymmetry of the sunspot areas the quantity Qa de-
fined with the help of the relation '

0n — LAIN—IAs]
[Alx+[Als

According to Newton and Milsom (1955) the behavior of Qa shows
changes from cyecle to cycle which although not random, appear to have no
definite period. J. G. Wolbach (1962) examined the possibility of a periodic
change with a period equal to 10 years (B-period) and came to the same
conclusion. The same investigator found, however, that a periodic variation
of Qa with a period equal to several sunspot cycles, first proposed by Bell
(1959, 1962) seemed to be statistically significant.
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In previous papers (Xanthakis 1959, 1961) an effort has been made to
show, that the values of the asymmetry Qa corresponding to the cyeles No 12-18
can be represented as functions of the time of rise and certain periodic terms
with variable period and amplitude. A comparison of the variations of the
asymmetry Qu and the asymmetry Qa shows now, that these two para-
meters change in the same general way in the cycles No 15-19, for which
observational data for both of them are available, while during for the cycles
No 12, 13 and 14, for which observational data for the sunspot areas but
no data for the maximum values of the magnetic field strengths of the suns-
pot groups are available, the asymmetry Q4 of the sunspot areas presents a
variation which is analogous to the variation of the values of the asymmetry
Qu computed with the help of the relations (15) and 16). These results are
also shown by Fig. 3a and 3b (right part), where the small circles which are
connected by continuous lines represent the values of the asymmetry Qa
of the sunspot areas, as given by the observations of the Royal Greenwich
Observatory, while the dots which are connected by the dashed lines give
the values of the quantity 2.2 Qg, where Qy represents the asymmetry of the
annual sums of the maximum magnetic field strengths of the sunspot groups
computed with the help of relations (15) and (16). From these figures we
see, that the variation of the asymmetry of the sunspot areas Q4 during the
sunspot cyeles No 12-19 is analogous to the variation of the asymmetry Qu
of the annual sums of the maximum magnetic field strengths of the sunspot
groups, so that we can put in a first approximation

Qo= 2.2'0
If we exclude the years 1889, 1912, 1913 and 1933 which correspond to
the minima of solar activity, for all the remaining years the agreement between
the observed values of Qa and the values of this quantity given by the above
relation is fairly satisfactory, the accuracy computed with the help of the

formula (1—&) 100%, being equal to 85%.

If we take into account, that according to Ringnes and Jensen (1960)
there is a close relation between the strength of the magnetic field and the
area of the sunspots, and if we further assume, that the variation of the
asymmetry Qg of the annual sums of the maximum magnetic field strengths
of the sunspot groups is analogous to the variation of the asymmetry of the
total sunspot magnetic field strengths i.e. the one computed with the help of
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the sums Xh, then it is reasonable to accept, that the observed asymmetry
Qa4 of the sunspot areas is the result of the asymmetry in the distribution
of the total magnetic field strengths between the two solar hemispheres.
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