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ANAKOINQIEIZ MEAQN

AXTPONOMIA.— The sunspots areas and the Wolf Numbers. A study
on the analytical relations given by J. Xanthakis and J. Mer-
gentaler, 4y J. Xanthakis and G. Banos *.

INTRODUCTION.
It is known that different investigators tried to establish a satisfa-
ctory analytical relation connecting the mean values [A] of the daily sun-

spots areas for each year (umbra + penumbra) with the corresponding Wolf
Numbers [R].

M. Waldmeier (1) gave the linear relation [A]=16,7 [R] from which

it results that the ratio [q]=%ﬁ]7=16,7 is constant. W. Gleissberg (2) and

J. Xanthakis (3) have shown on the contrary that [q] varies from minimum
to maximum of each sunspot cycle, its mean value being much more smal-
ler than 16,7. Moreover the amplitude of variation of [q] is greater when
it is studied as a function of [A] rather than as a function of [R]. This, in
conclusion, means that the area corresponding to each sunspot is greater

on the average during the maximum; in other words, the characteristic
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of the maximum is not only the increase of the number of sunspots, but
also the increase of their average area.

New analytical relations between the sunspots areas and the corres-
ponding Wolf numbers have been given recently by J. Xanthakis and
J. Mergentaler (4). In the first part of this paper a comparative study on
these relations is given; in the second part an effort is made to explain
the great differences arising in some years between the ratio [q] resulting
from observational data and the relations given by J. Xanthakis.

COMPARISON OF THE RELATIONS GIVEN BY J. XANTHAKIS AND J. MERGENTALER

J. Xanthakis (2) expressed the ratio Iq]:%ﬁ% as a function of the

time of rise with the help of the following relations:

(a) for the cycles Nr. 12-14 and 16-18 (Ziirich numeration)

[q)] = 12.11 4 5.31 cos’K 5;; before maximum

l[q] = 12.11 + 5.31 cos”ij_t—T*:) after maximum
(b) for the peculiar cycle Nr. 15

la]l = 17.4—3.5 cos’K ﬁ.‘; before maximum

(r1)

l[a] = 17.4-~3.5 cos’K 571%}; after maximum

where Tr is the time of rise for the corresponding cycle, K=o for the year
of maximum and K=1, 2, 3,... for the years first, second, third,... pre-
ceding or following the year of the maximum.
J. Mergentaler on the other hand gave the relation,
x =a + by + c sin®

where x = [A], y = [R)}, 8 = L-T_t({ 360°,

to is the beginning of the cycle, t a given time and T the period of the
same cycle.

In some of the cycles J. Mergentaler substitutes sin@ in the above
relations with cos@ or cos (28).

The constants a, b and ¢ for the sunspot cycles concerned are given
in Table I,
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TABLE 1.
cycle ‘ a ] b c
\“ T

i65ti14 + 39

|

XIII — 52 | +17.0 + 27 sinf =A
+ 41 | £ 08 + 30

]
[
XII ‘ = 1 | +17T3R| - 48sin6 =A ‘
|
l

| o
XIV ' —108 | 181 | — 19sin8 =4 |
+ 88420 | 449

| R
xv | + 81 4142 | _ 49¢ng —a
+ 41 4 07 + 28

XVI — 291 f + 244 +216 cos6 =A
+ 151 |+ 36 + 134
S —_—
XVII | — 48 | 4117 + 126 cos (20) = A
+ 7 4 10 + 49

S — e — —_——

XVIL | —437 | 4928 | 4436 cosd —a4 |
+202 | 4 99 | yoo

At first sight the relations given by J. Xanthakis and J. Mergentaler
show the following differences:

(a) J. Xanthakis uses in his relations two constants only, whereas
J. Mergentaler’s relation contains three constants.

(b) Xanthakis’ relations (1) can be of a general application i.e. they
are valid for any cycle, but the peculiar cycle Nr. 15, for which relations
(IT) must be applied. In Mergentaler’s relation on the contrary the values
of the constants a, b, ¢ change from cycle to cycle.

(c) The observed values of [q] corresponding to the maxima of the
cycles Nr. 12-13 and 16- 18, considered here, are nearly the same. In this
way Xanthakis by taking the maximum value of his periodic term at ma-
ximum can use the same amplitude of this term for all these cycles. Mer-
gentaler on the contrary takes the fixed point of his periodic term at the
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minimum ; in this way the minimum falls in each cycle in different phase
and for this reason he cannot have the same amplitude of this term in all
the cycles.

(d) Another basic difference is that Xanthakis uses different relations
for the ascending and the descending branches of each cycle, so that the
different slopes of these branches can be taken into account. Mergentaler
on the contrary uses the same relation for both branches in each cycle,
with the result that, in spite of the fact that he uses different constants,
these constants cannot be determined accurately, the mean error exceeding
in one case the value %= 200°/,. This results also to the fact that Mergen-
taler’s relation gives in some cases negative values for the ratio [q].

In order to compare the accuracy given by both relations Table II
has been computed. In this table,

Column 1 shows the observing year

» 2 » » ratio [qlobs = [A]obs/[R]obs
» 3 > » ratio [q]ca by Xanthakis
o4 > »  difference [qlobs — [q]ca1

> g > > ratio [q]ca by Mergentaler
> 6 > difference [qlovs — [q"]car

The standard deviation of [q]ons — [q]cat was computed for the two
cases and was found to be s=2.01 for the relations given by Xanthakis
and ¢ =2.72 for the relations given by Mergentaler; in the Mergentaler’s
case, the negative values of [q] have not been taken into consideration.

Fig. I gives the differences [qlobs— [q) car (Xanthakis) and [globs—[q]car
(Mergentaler) for the year of maximum as well as for the years preceding
and following the year of maximum for all the cycles considered here
From this figure we see that, at maximum, the analytical relations esta-
blished by Xanthakis allow a higher accuracy for the ratio [q] than those
established by Mergentaler. For two or three years preceding or following
the maximum, the analytical relations given by both authors allow almost
the same accuracy for the ratio [q], while for the remaining years the
accuracy of the Xanthakis’ relations is by far superior.

The above results are clearly shown in Table III where the mean
values of the differences [qlobs—[q]ca1 for each year before and after the
maximum of solar activity are given.
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TABLE 11
1 ) 2 3 ' 4 ‘ 5 6
Year ; [q]obs ,) [q] car f [alobs — [alea1 | [q'Tcar | [qlobs — [q"]cal
1880: | 187 M8 —06 | 188 ‘ +0.1
1 L1256 168 | —33 i 161 —26
2 16.8 17.0 —02 . 155 18
3Max| 181 174 ’ +0.7 ! 16.1 +20
‘ it 178 17.0 +08 165 +13
| b 155 159 | —04 16.7 E1Y
6 150 s | o5 163 °flev g
f 7 18.7 131 +06 M |orin-—08
8 13.1 12.3 +0.8 83 + 4.8
) 9Min | 194 12.2 +02 8.7 437
1890 | 189 13.6 ( +03 | 11.5 Biy
1 | 160 153 PON02d9 shgewhis L g
L2 | 166 168 | _o2 16 6 0.0
8 Max 172 174 —02 16.7 +05
.4 | 164 17.1 —07 ' 165 —01
|5 | 152 162 10 | 162 —10
| 6 13.0 15.0 =20 155 —25
R 19.6 137 +59 142 + 5.4
[ 8 ’ 141 127, + 14 | 140 +01
o9 |92 122 —30 107 — 1.8
[ 1900 7.9 122 = 48 9.8 —19
’ 1Min | 107 123 ’ —16 |—219
2 124 123 | +01 ~ 52
3 k (agls 133 +10 130 | +13
4 117 146 |  _a9 ’ Med; 4dr 1oi-Bd
5 | 188 160 f +28 | 118 . | +27
6 145 17,0 —25 159 T
7TMax!| 175 174 1501 ’ 163 | 412
8 I 14.4 17.0 —26 16.1 | —17
9 158 16.7 +01 | 16.0 —02
1910 ( 142 141 +01 ‘ 133 +0.9
1 114 12.8 Itk { 8 1yof +93
9 103 12.1 | —18 401904 |
. 3 Min | 50 — — —
[ , 158 16.8 —1.0 14.4 , +14
e g [T 158 ' _08 189 | 408
‘ 6 12.7 144 Oy 139 | 2 jo
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88— 4 I s ‘ 6
Year 1 [q]obs [a] cat [a)obs — [alear | [a]ecal [a]obs — [a] cal
1917 Max| 148 189 { +09 ' 142 |+ 06
8 189 \ 141 =07 14.6 4
9 | 165 .| 146 +19 | 162 + 13
1920 164 | 153 11 163 + 01
oy 161 | 161 0.0 \ 171 — 10
i, 2 177 168 409 180 — 03
\ 3Min | 95 123 | — 28 . 115 — 20
i 165 | 130 | +36 | 110 — 12
5) | 187 | 140 | + 4.7 | 196 | — 09
| 6 [ 197 | 158 | - did 19.1 3806
7 . 153 | 164 | —11 ‘ 17.9 1226
8§ Max!| 179 174 | +05 | * 119 00
9 | 191 | 168 +28 | 169 + 22
11930 145 | 149 | —04 182 | + 13
[ 1 - 130 131 —01 o114 + 16
2 w120 . 7 103 + 44
3 Min, ‘ 155 126 +29 31.4 —159
4 a7 128 409 117 — 40
5 } 173 [ 1“7 | +26 13.9 + 34
6 142 . 166 —24 15.7 )
‘ 7 Max| 181 .] 174 +0.17 17.3 + 08
8 184 | 112 +12 174 & 10
o9 178 | 165 | +13 182 — 04
1940 153 | 1564 —01 168 | x5 10
= | 139 ‘ 1142 | —03 140 & 01
L2 | 138 182 | +06 144 | — 06
3 181 ' 12.4 +57 | 200 - 19
| 4Min | 131 | 121 | +10 | 222 — 91
5 | 129 | 123 . 406 1 19.7 — 68
6 196 162 434 18.9 + 0%
7 Max 174 174 | 00 18.4 — 19
8 45 172 | —21 | 16.4 — 19
9 . 168 166 | ~ '8 15.8 0.0
\ 1950 | 146 \ 157 | 169 ¥ ‘l 132 +14
"1 0 S S L = B 148 " ¥ 28
| 2 128 | 134 | —06 | 143 = 15
| s | 05 | 128 | —28 | 187 3 g8

|

\ 4 Min | 8.0 | 123 | —43
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TABLE III.

MERGENTALER 20 3.1

-5 —4 -3 -2 —1 max +1 +2 438 +4 +5 +6 47 + 8

8.07 2418 "09°'l1s ‘0¥ 1B “Bl¢ 15 9% 55

XANTHAKIS 1.5 19 16 22 16 04 15 08 07 18 13,2882 16

In computing the above table, the great values of [alobs—[q"]car | re-
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1. Differences [q]obs - [q] cal for each year of the cycles Nr. 12-18 except

cycles 15. Arrows show great values of [alobs - [q]car for the reported years.

sulting from great negative values of [q] in the Mergentaler's relations,
have been again omitted.
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It results from the above that the accuracy of Xanthakis' analytical
relations is notably superior than that given by the Mergentaler’s relations.

Table III shows that the mean deviations |[qlobs—[glcar increase
from the maximum to the minimum of solar activity (this is roughly shown
in the figure).

This increase is due to two reasons:

First: in case that [A] and [R] contain some error, the influence of
such an error on the ratio [q] is much greater near minimum than at ma-
ximum. As a matter of fact, if we represent by d [A] and d [R] the error of

observation on [A] and [R] respectively and by d[q] the error correspond-
(A

ing to the ratio [q], we obtain from the relation [q]= (&]

dlal= gy { dla]- {F d[R] |

Thus, near maximum we have approximately average [A]=1500 and
[R]=gqo. Supposing, therefore, that d [A] = +20 and d[R] = + 2 we ob-
tain d|q) = + 0.59. On the other hand we have near minimum average
[A] = 80 and [R] = 7. Taking d [A] = + 10 and d [R] = + 0.5 (error values
smaller than those of maximum) we obtain d [q] = + 2.24.

Consequently, an error & 20 in the areas [A] and + 2 in the Wolf
Number [R] near maximum has no influence on the ratio [q], while smal-
ler errors near minimum can change it by % 2 units.

Second : near minimuin, there are mainly small sunspot groups either
of the A and B types, i.e. groups with small [A] with respect to [R], or
groups of the J type, i.e. groups with great [A] with respect to [R]. Thus,
the ratio [qlobs becomes very sensible.

INTERPRETATION OF SOME IRREGULARITIES IN THE XANTHAKIS’' RELATIONS.

In the above mentioned Xanthakis’ paper (3) as well as in Table II
it is shown that for all cycles the ratio [q| for the year of maximum is
greater than that for the remaining years, ie. [q] < [qlmax except for the
cycle 15 (max. 1917) for which is valid for the years 1917 and 1918 only,
while for the remaining years of the cycle it is [q] ) [q]max. This irregula-
rity is exactly the peculiarity of the cycle and led to the formulation of
the relations II for this cycle.

There is, nevertheless, disagreement in some years of the other cy-
cles which are reported in the following Table IV,
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TABLE 1V,
Cycle I Year [q] [q]max
| adin_ -
3 1897 196 = 172
| 14 | 1905 | 188 . 175
16 1995 | 187 | 179
C 16 I 1926 197 179
18 |
|

1946 196 | 174

This is obviously due to the fact that during these years the areas of
the sunspots are proportionly greater than the Wolf numbers; this is not

the case with the corresponding years of maximum ; in other words, in the

Al

ratio [g]= %R] . the term [A] is excessively increasing with respect to [R].

Observation during these years should have recorded a high percentage
of sunspots groups with small number of spots per group and large
areas. We tried to verify this point by checking the types of sun
spots groups for the years concerned, according to the relative data given
by the Federal Observatory - Ziirich. This could be done only for the
years 1926 on; data covering the types of groups prior to this period, are
not available.

For securing the above verification it is necessary to have the groups
classified with respect to their influence on the numerator [A] or the deno-

minator [R] of the ratio
[A] A
lal= 1r] = og=1

We remark that in the case of groups of the A and B types and
mainly of the A type, the factor g is greatly increasing and consequently
[R] increases with respect to [A], their influence on f being negligible; it
results from the above that with a strong percentage of such groups a
small value of [q] should be expected and vice vérsa, a small value of [q]
involves a strong percentage of such groups.

On the contrary, with groups of the J type, [A] is greatly increasing
with respect to g and f and the result inverted.

Groups of the C, D, G and H types affect [A] more than [R] but in
a minor scale than in the case of J type groups; this because in the last
case [R] is considerably affected by the increased value of f.
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Groups of the E and F types allow great values of [A]: but their
great number f of spots involves equally great values of [R]. It can, there-
fore, be said that [q] is very slightly affected.

We are further studying the influence of the A and B types taken
together as well as that of the C, D, G, H types taken together; the study
of the influence of each individual type leads to the same results.

It results from the above that for the years 1926 and 1946 showing
an important disagreement, we should expect a high percentage of mainly
J type groups and a low percentage of mainly A as well as B types groups.
As a matter of fact this is clearly shown by Table V, giving the percentage
of the different types of groups. In the calculations have been taken in
consideration the types the most prevalent during the evolution of the
groups.

Table V shows that in 1926 was recorded the highest percentage of
J type groups and one of the lowest percentages of the A + B types; in
1928, by maximum solar activity, the percentage of J type groups is redu-
ced by 125°/, approx. with respect to that of 1926, while for the A + B ty-
pes it is increased by 12°/, approx. A slight increase is also noted of the
percentage of the C+ D + G + H types.

On the contrary, with regard to the 1937 maximum which does not
show any irregularity, we note a high percentage of J and C+ D+ G + H
types in connection with neighbouring years, and a low percentage of
A + B types.

THE DIFFERENCES lalohs — [alcai AND THE TYPES OF GROUPS.

On the basis of the types of groups we may have an explanation of

the differences [qlovs— [q] cat.

On this purpose we establish a function of distribution of the

different types of groups as per following relation:

f=0Q—a+2b+C (111)
whtte: Q=CFDH+EG+H+7T
a=A-+B
b=E+F

and C, = a constant
and considering Q +a -+ b = 100
f =100 — 2a + b + C, or by introducing 100+ C, = C,
fie= Ca —2a+b
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For all the years, the constant C, is zero, when C,=100 with exce-
ption of the years round the minimum for which C,=25 and C,=125. This
is due to the fact that round the minimum the groups A - B are increased
by 12,5°/, average in connection with other years; this results into increa-
sing 2a by 25°/.

Computing the values of this function for all years, starting from
1926 till 1955 (column 13 of Table V) we obtain the Figure II

In this Figure, abscissae represent the observing years, ordinates the
differences [q)obs — [q]car (full line) and the values of the function of distri-
bution f (dotted line). No doubt, both these curves show in general the
same march ; this speaks for a strong correlation between the differences
[qlobs—[q] ca1 and the function f depending from the types of groups.

Figure IlIa shows the correlation between the values of the function
f (abscissae) and the values of the difference [qlobs—[q]car (ordinates). We re-
mark that for £) 7, [qlobs—|q]car ) 0 and for £{~7, [qlovs— [qlca1 { 0, i.e. above
and below a certain value of the function f, its values are of the same sign
as the values of the differences [qlobs —[q]cai and the influence of the type
of the spots, in conclusion, becomes obvious. The above, are more evident
on Figure 11Ib, where dashed lines show the values of the function f grea-
ter than 7 and full lines the corresponding values of the difference
[q]obs - [q] cal.

It has been shown here above, that the ratio [q] increases from the
minimum to the maximum and decreases from the maximum to the mini-
mum of solar activity, for all the cycles from the 12th to the 18th, with
exception of cycle 15. In other words, there is an excessive increase of the
areas of the spots in comparison with the corresponding Wolf numbers
from the minimum to the maximnm and an excessive decrease of the areas
in comparison with the Wolf numbers from the maximum to the minimum.
This increase of the areas may occur both in the umbra and the penumbra;
it is, however, possible to occur an excessive increase in only the penum-

bra and not the umbra.
To make this clear, we examined the ratio [qulobs= [%:]] where [u]

represents the mean daily area of the umbra for each year, resulting from
the Greenwich Observations (5).
Figure IV shows the variation of the ratio [qujobs for each cycle from
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Fig. II1a and IIlb.— Correlation between the values of the difference [q]obs - [q]cal
(ordinates) and the function f (abscissae) depending from the types of spots.

the 12th to the 18th (separately for the 15th) as well as the mean varia-

tion of same (full line); it results therefrom that the ratio [qulobs follows

about the same march as the ratio [qlobs.

CONCLUSION.

It results from the above the following :

a) The analytical relations established by Xanthakis, are considerably

superior to those established by Mergentaler, as regards accuracy and sim-
plicity.
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Fig. IV.-- Variation of the ratio [qu]obs for the years of the cycles 12-18. Full line
represents the mean variation, while crosses represent irregular values of [qu]obs.
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b) Some irregularities of the ratio [q) can be explained if the types
of groups are taken in consideration. The irregularity of cycle 15, could
eventually be explained in the same way. Unfortunately, data covering the
types of groups for this cyele, are missing.

¢) There is a strong correlation between the differences [qlobs—[q]cat
and the function f established as above, depending from the types of the

groups.
d) The ratios [glos and [qu] = T[E]] , where [u] denotes the mean daily

area of the umbra for each vear, increases from the minimum to the ma-
ximum and decreases from the maximum to the minimum for all sunspot
cycles Nr. 12-18 but cycle Nr. 15 for which the opposite march is observed.
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Eic 6 mpdtov uépog T3 mapobong pyasing peletdvror ol dvadutixal oyéoeig
z®dv J. Mergentaler xot 'Twdvy. Bavddnn oi dmolar cuvdéouy & éuPada T@v fwx-
x@v xnhtdwv (Bthoiar Tipal) perd tdv dvtiotolywy Zplpey Wolf xal dmodevieton
o 3 ’ ’ | o ) 2 e ~ ~ ’ 3 \ S ’

St ol dvakutieal oxéosig I Bavdaxm Gmeptepolv anpoavtinée toc0v &né amoPewg
amhdtyTog Goov xal dxpBelog.

Ei¢ ©6 Ssbtepov pépog demvieTtar 6Ti Gpopévor alodntal Swxpopal, al omoiut

~ ” ’ A ~ ~ ~ ’ LAl %

THpxTNPODYTAL Elg Tvag meptETdoEs petakd Tév Tpdy Tob Mdyou [q]= [R] (&v0a
[A] elvar 1 dtnota Tupdh Tob uBadot t@v xnhidwy xel [R] 6 dvristoiyog mapatnendeic
dptddc Wolf) tdv 3iSouévav éx tadv dvadutindyv oxéoewv Twdvy. Zavidrn xod ¢
mopatnehoswe, elvan duvatoy vk fpunveudody, Eav hnedobv o7’ Sl ol ThmoL TEY Spddwy
@y xnhidwv. ‘Oupolwg dewxvietar 67t dploTatar pix loyvpk cucyériog petald TdV
Sapop®dy THY TLLGY OToAoYIowod xal TapaTrehoEws Tab Aéyou lg] xod wég ouvop-
Thoewg £ EEaptopévng dx Tob mocooTob TdY Timwy T®Y 6uddwyv. Télog edploneTat

u
%R]T’ ¥ [u] elvar T 2uBada TéY muphvey TEY xnhidwyv (3t
ot Tipad) xod [R] of avriovouyor apidpol Wolf, abfdver &x <ob Ehayiotov 7pog ©o
péyiotov xod EAaTTolTon éx TOU peyloToy mpog TO ElayioToY,

8t 6 Myoc [qul =
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ANAKOINQZEIZ MH MEAQN

®APMAKEYTIKH XHMEIA. - Tomuxd dvarodntied. Zovieorg w-(N-dhxvha-
pwoarvhapvo)-cahiwviumdy éotéowv. 11, Magdywya i OEvxai-
wng*, dno I. Toarod, K. Sdvden »ai A. Kovrvovdotov**. "Avexowddn

0o tod "Axadnpainod ». ‘Epp. *Enpavovii.

Eic mpomyovpévny 2pyaciav, ftic drotehel T0 mwodtov pépog TH¢ oetpdg ad-
wiig (1), dvepéedn % obvdeoic m-(N-ddxvdopvoaxvlauvo)-cakixolixdy Eotéowy Tob
yevixad témou A. ‘H gappoaxodoywd, dEétacie, tHe dmolag T& drmotedéopata d& dvo-

xowndoly mposeyde, Edeibey 6L dpopévor dx Tdv EoTépwy TodTwy mapouslovy dv
COOR R =CH,, C;H;

|
OH % =112
A\
[ NR 'R”“=NMe,, NEt,, NHPr-i, nzepidwvo,
\l/ poppohtvo, NHCH,CyHs, NHC,H,,.
NHCO(CH,)xNR 'R”
A

* Mépog t#g mapaldang dpyaaiag dvexowddn elg 16 XXI Awdvic Zuvidprov iy Papparsutindy
’Entotnudy elg Mfav nata ZentépBprov 1961,

*% G, TSATSAS, C. SANDRIS et D KONTONASSIOS, Anesthésiques locaux Synthdse d’esters
d’acides p-(N-alkylaminoacylamino)-salicyliques. II Dérivés de ’oxycaine.

("Ex vob Epyaornoiov Papuaxsvuxijc Xnusias vov Havemorquiov *"AInvav. Laboratoire de
pharmacte chimique de I’ Universite d’ Athénes).

Ocwgobuey svydpioror xadijxor, Snws dxpodowusy depuas ebyaptotias mpos 16 Baoidixov

“Iovua " Egevvav S tipv oixovouuxny évisyvow tijs gsbvns vavns.



