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THE AREAS OF SUNSPOTS IN THE TWO
SUN HEMIS PHERES

BYy JOHN XANTHAKIS®

As it is known most of the statistical relations for the sunspots are
expressed in Wolf numbers where the material of observations is abundant.

We propose to study here the areas of the spots, which are given by the
observations of Greenwich [1] in relation to the number of synodic rotations of
the Sun between the minimum and the next maximum of the solar activities.
That is to say, if the minimum and the maximum of the solar activities take
place at the rotations Ry and R. respectively, the number of the solar rotations
between the minimum and the next maximum is taken as R - Ryt

The data used are given by tables I. (north hemisphere of the sun) and
In (south hemisphere of the sun). The first column of these tables gives the
ordinary numeration of the cycles of the solar activity. The second and third
columns give the rotations of the Sun (numeration of Carrington) where the
minimum area of the spots is observed in the corresponding cycle; the same
columns also give the mean daily areas of the spots in the same rotation. The
fourth and fifth columns give respectively the rotation where the maximum
area of the spots is observed and the mean daily areas of the spots (Aw)y, (Au)s
in this rotation. Finally the sixth and seventh columns give the times of rise
(ascension) and descent Ry, R’y Rs, R's expressed in solar synodic rotations. All
the given areas of the spots are corrected for foreshortening and are expressed
in millionths of the Sun’s visible hemisphere.

In two cases the used values for Ay are not the absolutely maximum ones
which are observed in the corresponding cycle. Thus the value (Au)y=1052 (ro-
tation NO 526) is used for cycle 13 of the north hemisphere instead of the abso-
lute maximum value 1356 (rotation N© 518). Also the value (Am)s=1085 (rota-
tion NO 848) is used for cycle 15 of the south hemisphere instead of the maxi-

mum value 1204 (rotation N©O 889).

* IQANN. EANOAKHES, Ta uéytora xai zd 6duxd dufade tdv HAiaxdy xnhidwy xal mveody.
("Avexorvdddm xavd v ouvedolav Tijg 18 *Tovviov 1957 (BA. Moaxtixd, Top. 32 (1957), o. 401).
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- LTABLE Ta
Spots North of Equator
Dat Date ¥
£ Mi _e Dat'e f Mini Rotation Numbers
Niutaber o Inimum of Maximum o mimum
of Sy T
Cycles |Rotation| Area |Rotation| Area |Rotation| Area Min-Max|Max-Min
Number| Min. |Number| (Aw)v |Number| Min. Rn Ry
12 339 o 389 1142 481 o 51 92
13 482 2 546 1052 646 o) 65 200
T4 647 21 696 2168 802 4 50 106
15 803 12| 8s4 2174 937 34 52 83
|
16 938 81 1019 2306 1083 17 82 64
17 1084 4 1128 2187 1206 109 45 78
18 1207 96 1242 2721 1342 0.4 36 100
TABLE Ib:
Spots South of Equator
Date Date Date J
S Rot
Nutaber of Minimum of Maximum of Minimum otation Numbers
of e S -
Cycles |Rotation| Area |Rotation| Area |Rotation| Area Min-Max|Max-Min
Number | Min. |Number| (Aw)s |Number| Min. Rs R's
12 338 I 398 1677 481 59 61 83
13 482 0.3 533 1751 641 o 50 108
14 642 5 714 1682 794 o) 73 8o
15 795 I 848 1085 933 9 54 85
16 934 3 1003 1196 1072 o 70 69
1/ 1073 o 1150 2867 1208 1 78 58
18 1209 o 1251 " 3724 1346 o 43 95
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The graphical representation of Ry, (Aw)y, and Rs, (Aw)s, where the values
of Ry and Rs are placed on the axis of the abscissas, shows that the correspon-
: ding points lie on both sides of the parabolas:

(AM)N = ai (RN SEEE Cl) ti—hibi

(Am)s = a, (Rs ) Ca) 3 + b,
If we trace these parabolas and if we consider the differences of the observed
values (Aw)y, (Aw)s from those of their corresponding parabolas we see that
these differences do not occur at random. They are periodic functions of the

time and have the form:
telifoh e salil 26
cycless a2, =13,2l.). 218

= IE sin (t——1)38£—1'— i

where P represents periodic terms of a smaller period and of small amplitude.
These terms may therefore be omitted in a first approximation. We are thus

finally led to the following relations:

(1a) (Amn=1083+2,58 (Rv—65)* + 700 sin (t—1) ~28£

(1) (Am)s=1270+6,0 (Rs—61.5)*— 600 sin (t—1) 28—n
where:
= e aia D)
cycless 12 vy MH &8

The values given by (1a) and (1) for the maximum area (Ay)s and (Au)s
differ slightly from the ones given by the observations, the mean square errors
being respectively:

=+ 41,8 for the north hemisphere
== 53,8 » » south » :

The fact that the principal periodic term whose period is 8 solar cycles
has almost the same amplitude in both hemispheres but with a difference of
phase by 180° between the two hemispheres is of particular importance. The
presence of this periodic term, which we represent by X, alters sensibly the
height of the maximum from one cycle to the other. Thus in the cycles 14, 15 and
16 (t=2, 3, 4), where the periodic term takes positive values equal respectively
to 495, 700 and 495 in the north hemisphere and in the south negative ones
equal respectively to - 424, - 600, - 424, the heights of maxima are very sensibly
higher in the north than in the south hemisphere. On the contrary in the cy-
cles 12 and 18 (t=0, 6), where the periodic term takes negative values in the
north hemisphere (—493) and positive ones (+424) in the south one, the heights
of the maxima are sensibly smaller in the north hemisphere than in the south
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one. In the cycles 13 and 17 (t=1,5) the periodic term becomes zero. The obser-
ved differences in the heights of maxima of the latter two cycles are entirely
due to the non - periodic part of (1a)and (1p),1.e. to the difference of time of rise.

The above considerations become more evident if we consider the diffe-
rence (Aw)s — (Aw)w, which in accordance to (1a) and ( 1») becomes

(1c) (Awm)s —(Am)n=163—1300 sin (t—1) %:— + £ (R)

where :
f(R) =60 (Rs — 61:5)" =9 (Ry = 65)2

If the maxima and minima took place during the same rotations of both
hemispheres ( Ry = Rs) and if the corresponding parabolas had the same vertex
then f(R)=o and the difference (Aw)s — (Ayn)n would show a sinuous fluctua-
tion with period of 8 solar cycles. But the above conditions are not entirely
fulfilled and for this reason that difference stands away from the sinuous fluctu.
ation especially in the cycles 13 and 17 where f(R) takes its maximum value

(cf. table I1a).
If instead of the difference we take the sum, i. e.

(1a)  (Awm)n+ (Aw) s=2378 + @ (R) + 100 sin (15—1)2—87E

where :
(0] (R) =825 (Ry — 65) ’+6.0(Rs — 61,5) i
the periodic term X almost disappears and the sum in question varies in pro-

portion to the squares (Rn — 65)°, (Rs — 61.5)* (cf. Table IIs).

TABLE IIa TABLE IIb

Nu:;ber {R) 163+ Term (Am)s —(Am)n Qf) Term | (Aw)s + (Aun
ool Periodic obs. S Periodic obs.

12 — 326 + 1082 =2 535 2870 — 70 2819

13 + 704 163 =+ 700 2920 ) 2803

14 + 393 — 750 — 486 3735 + 70 3850

15 77 — 1o —= 1089 3139 + 100 3259

16 — 128 == TS — 1110 3534 70 3502

17 + f96 + . 163 + 680 5012 o 5054

18 + 54 + 1082 + 1003 6474 — 70 6445
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Fig. 1. The crosses represent the observed values of (Ay)y. The open
circles represent the values of (Aw)n—Xn and the curves the parabola :
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(Am)n — Xn = 1083 + 2.58 (Rn — 65)2
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Fig. 2. The crosses represent the observed values of (Ay)s. The open cir-
cles represent the values of (Aum)s + Xs and the curves the parabola:

(Am)s + Xs = 1270 + 6.0 (Rs — 61.5)*
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In figures 1, 2 the crosses represent the values of (Ay)w and (Aw)s which are
given by the observations. The open circles represent the quantities:
(AM)N—XN ) (AM)S+XS

where

XN =700 sin '(t:—I)z?Jt

Xs — 600 sin (t—I)isn—

The curves represent the two parabolas:
(Am) v — Xy = 2.58 (Ry — 65 )*+4 1083 North of Equator
(Aw)s + Xs = 6.0 (Rs + 61.5)° + 1270 South of Equator
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Fig.'3a. . The open circles represent the difference:
(Amn — [1083 + 2.58 (Ry — 65)?]
The dotted line represents the periodic term Xy.
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Fig. 3b. The open circles represent the difference :
(Am)s — [1270 + 6.0 (Rs — 61.5)?]
The dotted line represents the periodic term Xs.

In figures 8. and 3y the open circles represent the deviations of the ob.-
served values (Ay)y and (Ay)s from the parabolic law, i.e. the differences:

(Am)n — [2.58(Ry — 65)*+1083] , (Au)s— [6.0(Rs— 61.5)%+ 1270]
and the dotted lines the periodic terms Xy, Xs,
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Besides it should be noted that the periodic term X appears only in the
maximum areas (Au)n, (Au)s. Really, if we take the mean values Ay and As of

the areas of the spots per cycle, i.e.

T R I
AN RN + Rs ZAN y As — o ZA

where Ay and As represent the mean daily areas of the sunspots per each ca-
lendar month of the north and south hemispheres, we shall have:

{(2:) Ay = 201 4 0.70 (Ry — 63)*—85 cos =t

(25) Ae 24168y (Rs — 64)*—85 cos(Tn t+—z—-)

We see from the above relations that the periodic term X for the mean
values Ay, As disappears and two periodic terms P,, P, appear. The periods of the
latter terms are 2 solar cycles (north hemisphere) and 4 solar cycles (south
hemisphere) respectively. ;

In figures 4a, 4» the crosses represent the values of Ay, As which are given
by the observations. The open circles represent the quantities:

KN + P, Ks — Py
where

=85 cosnt, P,=85 cos( t— 2 )
4 4
The curves represent the two parabolas:

ZN +P1 =070 Ry — 63)2 201

Ad=P; = 087 I(Re"s 6g)+ 241
In figures 5. and s5» the open circles represent the deviations of the observed
values Ay and As from the parabolic law and the curves the periodic terms
P: and P: respectively.

From the above discussion we conclude that if we knew in advance for
each cycle the number of rotations Ry and Rs which take place between the
minimum and the next maximum of the solar activity, we could with satisfac-
tory accuracy predict separately the height of the maximum in both hemi-
spheres. We could also predict the mean areas Ay and Ag for each cycle.

From the given data of the observations not only we do not see any re-
lation between the values of Rn, Rs and the time but even the determination of
the values of the two above quéntities is not absolutely certain due to the
fluctuations of the values of the areas in the vicinity of both the minimum
and the maximum.

A notable relation however seems to exist between the alternate cycles
and the difference Rs — Rn. Really, this difference for the hitherto known cycles
is given with satisfactory accuracy from the relation:
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(4) Rs — Ry = 6.65 — 24.1 sinz—;t t+ 4.8 sin (i:— t+98°)
=80 M 6
eyclestaroiiza 1 2T8

The following table III gives the values of that difference which are given by
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Fig. 4a. The crosses represent the observed values of Ay. The open cir-
cles represent the quantity Ay + P, and the curve the parabola :

Ay + P, = 201 + 0.70 (Ry — 63)
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Fig. 4b. The crosses represent the observed values of As. The open cir-
cles represent the quantity As — P, and the curve the parabola:
Ag — P, = 241 + 0.87 (Rs — 64)?

the observations (Tables I, Is). It also gives the values resulting from relation (4).
According to relation (4) the difference Rs — Ry for the present rgth cycle
must be —19=*1. The maximum of the south hemisphere will precede the ma-
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ximum of the north one by about 19 synodic rotations. But in the next
2oth cycle the above difference is expected to be -} 24+1 rotations and the
maximum of the north hemisphere will precede that one of the south hemisphere.
This prediction is made with due reservation for the data of the observations

do not refer but to 7 only cycles.

+10
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Fig. 5a. The open circles represent the difference :

AN = [z0r 070 (Ry — 63)°]
The curve represents the periodic term: P,=85 cosat
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Fig. 5b. The open circles represent the difference :
As — [241 4 0.87 (Rs — 64)?]
The curve represents the periodic term:

27 7
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From the above investigation we conclude that both the maximum and
the mean areas of the spots (umbra -+ penumbra) per cycle in the two solar
hemispheres can be expressed analytically as a function of the number of syno-
dic rotations Ry and Rs of the Sun. The analytic relations in question are
composed of two parts; One of them depends upon the square of the number
Ry and Rs (parabola), the other constituting a periodic function of the time with
principal periods 2, 4 and 8 solar cycles. Of the periodic terms the term X pos-
seésses a particular interest. This term has a period of 8 solar cycles, appears
only in the maximum area and represents a difference of phase by 180° between
the two hemispheres. ‘

The algebraic part of the analytic relations represents parabola in both
relations (1), (2) and (3). The vertices of these parabolas have almost the same

abscissa R =64, This number of rotations plays a particular role for the height
2
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of the maxima (Au)v and (Au)s as well as for the mean areas of the spots per
cycle. Really, as bigger the difference |R —64] is taken as an absolute value as
higher is the maximum and as greater is the mean areas of the spots per cycle
in both hemispheres. In other words, #he cycles which present a very fast or a
very slow rise possess in general a high maximum and a big mean area. Thus,
cycles 17 and 18 which present a fast rise in the north hemisphere possess the
highest maximum and the biggest mean area of the spots. Cycle 16 which
presents a very slow rise Ry = 82.in the north hemisphere possesses a high ma-
ximum (Ay)y =2306 and a big mean area A, —358. In the south hemisphere
where Rs =70 the same cycle possesses a lower maximum and a smaller mean
area, (Au)s = 1196, A= 314. On the contrary, the cycles whose time of rise is
near 64 rotations, as for example cycle 13 of the north hemisphere, possess a
low maximum and a small total area of the spots.

TABLE III
Values of Rs—Rn observed and computed from (4)
No of Cycles| (Rs—Rn)ob | (Rs—Ry)e o—c¢
12 1230, -+ 11 iy
13 =13 L) 0
14 + 23 23 0
15 = =R B ¢
16 S T i 1] [o}
17 435 +32 CietT
18 ok o 7 o

The above phenomenon becomes complicated by the presence of the
periodic terms whose amplitude is perceptible and particularly of the term X in
the maximum area and of the terms with periods 2 and 4 solar cycles in the
mean area per cycle. Thus in cycle 15, where the periodic term X takes its
maximum value (X=-700) in the north hemisphere and its minimum one
(X=—600) in the south hemisphere, the height of the maximum is (Au)y =2174
and (Au)s = 1085 respectively although the speeds of rise do not differ very
much (Ry =52, Rs = 54). Similarly we have bigger mean area for cycle 17 in
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the north hemisphere than for cycle 16 and this is due to the presence of the
periodic term with period 2 solar cycles. Note that cycle 16 shows a very slow
rise while cycle 17 a very fast one but with almost the same absolute value of

the difference | Ry — c:

cycles |Ry— c| Ax Periodic term (2 solar cycles)
16 20 358 =85
17 17 540 ~8g

The presence of the periodic term (2 solar cycles) causes a successive fluc-
tuation of the mean area of the spots from one cycle to the other by 10-40

per cent approximately.

II. The Areas of the Sunspots on the Total Sun’s Visible Hemisphere
in Relation to the Time of Rise.

The observations of Greenwich [1:7—16] give the «Mean Daily Areas of
Sunspots and Faculae for each Calendar Month» for the time interval 1874 —
1954. From these observations we made the tables IV and V which give the
epochs of the minima and maxima of the areas for the whole spots (umbra—
penumbra) for each cycle. These numbers are corrected for foreshortening. The
same tables give the corresponding times of rise (min - max) and descent (max -
min) respresented by T and T’ respectively and expressed in months. The ma-
ximum areas of the whole spots and umbrae are represented by Ay and Uy re-
spectively and are expressed in millionths ot the Sun’s visible hemisphere.

TABLE IV
Maximum Areas of the whole spots corrected for Foreshortening

Number Date of Date M kit Date T T

of Commen- of of
Cycles cement Maximum Areas : Ay Minimum Months | (Months)

12 1878 Sept. 1883 July 2066 1889 Jan. 59 66
13 1889 Feb. 1893 Aug. 2340 1901 Apr. 55 92
14 1901 May 1907 Feb. 2453 1913 May 70 75
15 1913 Juin 1917 Aug. 2978 1923 Feb. 51 66
16 1923 Mar. 1929 Dec. 3084 1933 Dec. 82 48
17 1934 Jan. 1937 July 3363 1944 Apr. 43 81
18 1944 May 1947 Apr. 3950 1954 Jan. 36 81
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I2
TABLE Vv
Maximum Areas of the Umbrae corrected for Foreshortening

Number Taietor S Maximum s Ty T';x

of Commen- of of
Cycles cement Maximum Areas; Uw Minimum (Months) | (Months)

12 1878 Sept. 1882 Nov, 378 1889 Jan. ST 74
13 1889 Feb. 1893 Aug. 376 1901 Apr. e 92
14 1901 May 1907 Feb. 380 1913 May 70 76
15 1913 Juin 1917 Aug. 471 1923 Feb. 5 66
16 1923 Mar. 1929 Dec. 592 1933 Dec. 82 48
17 1934 Jan. 1937 July 592 1944 Apr. 43 81
18 1944 May 1947 May 607 1954 Jan, 37 8o

In tables IV and V the time interval between one month after the mini-
mum and the month of the maximum is taken as time of rise. The time inter-
val between one month after the maximum and the month in which the next
minimum‘took place is taken as time of descent. A, and Uy represent the big-
gest observed values of the areas of the whole spots and umbrae corrected for
foreshortening, which are given by the respective tables of Greenwich [1 : 10 - 16).
Cycle 18 of table V in which as maximum has been taken the one corres-
ponding to May 1947 (Uw=0607) instead of the corresponding to February 1949
(Uw =631) is an exception to the above rule.

As tables IV and V show the maxima and minima of the whole spots and
umbrae take place at the same time moments. A difference is observed only in
cycle 12 where the maximum area of the whole spots took place in July 1883
while the maximum area of umbrae 8 months earlier (Nov. 1882).

a) Analytic relations for the whole spols (Umbra + Penumbra).

Based on table V the maximum monthly area A, of the whole spots on
the Sun’s visible hemisphere is given as a function of the time of rise T by
the following relation :

2n

Ay = 2172 4 2.40 (T—65)* + 300 sin (t—1) g

(5)
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Table VI shows that there is a satisfactory agreement between the values
of Ay given by the observations and those computed from relation (5). The
mean square error of the difference (AM)obﬁ(AM)c is +35,1. The individual dif-
ferences are smaller than 3 per cent of the corresponding values of Aw.

TABLE VI
Number T
of (Am)ob (Am)c o-c¢
Cycles Months
12 59 2066 2046 + 20
13 55 2340 2412 =72
14 70 2453 2444 + 9
15 51 2978 2942 + 36
16 82 3084 3078 + 6
17 43 3363 3334 + 29
18 36 3950 3978 — 28 ‘

Relation (5) is of the same form with the relations (1) which give the ma-
ximum areas (Aw)n and (Aw)s (north and south of the equator respectively) as
a function of the number of Ry and Rs. The amplitude of the periodic term
an
b
of the solar activity (north and south of the equator) coincided then relation (5),
which gives the maximum area Ay for the total Sun’s visible hemisphere, would
be the same with relation (1d) which gives the sum (Awm)n 4+ (Awm)s. Also, the
periodic term X in relation (5) would have as amplitude not 300 but 100 appro
ximately. But the above do not happen and the maximum Ay on the total sun’s
visible hemisphere takes place sometimes near the epoch of the maximum in

X =300 sin(t—1) is here only smaller. If the epochs of maxima and minima

the north part of the equator and sometimes near the epoch of the maximum
in the south part of the equator.

From relations (1d) and (5) we have
(6) D (A)=204 4 6.0(Rs—61.5)*+2,53 (Ry—65)*—

—2.40 (T —65)*—200 sin (t— 1) —2§n—
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where
D (A) = (Aw)n + (Au)s — Ay

Table VII gives the values ofithe above difference D (A) which are given
by the observations and relation (6). These relations are significant and this is
due to the fact that the quantities (Ay)y, (Auw)s and Ay refer to different time

moments.
TABLE VII
cycles 12 13 14 15 16 17 18
D (A)ob + 753 +463 41397 4981 +418 -+ 1691 4 2495
D (Ale 37 476 1348 278 519 1678 2461
o—c¢ 416 =8 49 T 01 e 13 R 84

If instead of the real maxima (Ay)w, (Au)s we take the values of the areas
in the months in which the maximum area Ay takes place on the Sun’s visible
hemisphere, the above differences almost disappear.

If instead of the maximum area A, we consider the mean area A per

cycle ie.
= 1
A— ;
T+T ZA
TABLE VIII
Number A A f S(A)
T il —3 43 |
of
Mont. i
Cycles obs. | Comp.| o-c obs. | Comp.| o-c || obs. | Comp. o-c
12 59 567 | 533 | +34 || 1225 | 1170 | + 55 || 70892 | 70718 | — 173
13 55 592 | 597 | — 5| 1562 | 1528 | + 34 || 86777 | 87358 | — 58I
14 70 473 489 | — 16 || 1076 | 1061 | + 15 68633 | 68576 | + 57
15 51 676 | 687 | — 11 || 1654 | 1750 | —96 || 78935 | 79534 | + 4o1
16 82 658 | 662 | — 4 || 1419 | 1489 | —70 || 85803 | 80032 +577.1
17 43 967 | 943 | + 24 || 2434 | 2383 | 451 || 179851 | 121052 | — 1201
18 36 | 1233 | 1251 | —18 || 2057 | 3006 | —49 || 144283 | 144052 | + 231
MisaeB il et el X0 58
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we shall have
(7) A =482 + 0.8 (T—67)?

Here as in relation (2) the term X does not appear. It is noteworthy that
this phenomenon is not only observed for the mean value A of the areas per
cycle. Really, if we take the mean value of the areas of the spots near the ma-
ximum, i.e. in a time interval between 3 months before the maximum and 3
months after it, that is for the values

14
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F.g. 6. The straight line (a) represents the parabolic law ; the small
circles represent the observed values of Ay.

the same phenomenon is observed. Thus, we have:

(8) ~;&+3= 1143 4 1.98 (T—67)*— 100 cosnt
Similarly we have:
9) S (A) = 66500 + 74 (T —68)? 4 8450 sin (%t—x?)

where S(A) represents the total sum of the whole spots for each one of the
cycles on the Sun’s visible hemisphere. The values of A, A and S(A) given
—3,+3

by the observations agree satisfactorily with those computed through the rela-
tions (7), (8) and (g) (cl. Table VIII). Exception made of cycle 16 where a sensible
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disagreement is observed for the values of S(A), in all other cases the differen-

ces o-c are smaller than 1 per cent of the corresponding values of K, A and
—8, 13

S (A) and the m‘ea.n sq. errors are respectively
A: + 19, A:+ 36 S(A): £ 2197

—3,1+3
Comparing relations (5), (7) and (g) with their corresponding ones (1), (2)

and (3) we observe that the amplitude of the periodic terms perceptibly decrea-

1500
d‘..‘\\ : (b)
/"’ Do
= o~ ° N
cycles: e W e T ?;\\ 7
> ~e
e
1-500

Fig. 6 b. The dotted curve (b) represents the periodic term X, and the full
circles the deviations of the values (Ay)ob from the parabolic law.
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Fig. 7. The straight line represents the parabolic law. The small
circles represent the observed values of A.

ses and the importance of the parabolic law hecomes thus more evident. This is
shown graphically by figures (6), (7) and (8) where we place on the axis of the
abscissas the values of the quantity a(T--c)? which correspond to each cycle.
On the axis of the ordinates we place the corresponding values of A, A and
S(A). The straight lines represent the parabolic law. The small circles represent
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the valus of Ay, X, S(A), which are given by the observations. The dotted lines
(b) in figures 6» and 8b represent the periodic terms

300 sin (t—r)z—;, 8455 sin (——241 t— 12°)

while the small full circles represent the differences:

(b)
4
2L Se a ) 0
Les: & 3 = -
ycressli gy Sbawesslel o -Ael | e e +
8

Fig. 8b. The dotted curve represent the periodic term

Pa = 8450 sin (%nt - 12")
The small full circles regresent the deviations of the
values S(A)ob from the parabolic law.

(Aw)ob — [2172 + 2.40 (T —65)°], S(A)ob — [66500 + 74 (T —68)]

i.e. the deviation of the values (Au)ob, S(A)ob from the parabolic law.

b) ZThe Areas of the Umbrae wn Relation to the Time of Rise Tu.

The behavior of the Umbrae seems to be different than that of the areas
of the whole spots as far as the periodic part is concerned. Based on table V
we get the following relations respectively for the maximum area Uy of the
Umbrae, for the mean area per cycle U and for the total area S(U) for each one
of the cycles:

(ro) Um = 3684 0.4 (Tu — 64)* + 70 sin(%t—%)
(11) 5=76+o.19(’1‘u — 64)*—13.2 cos xt
(x2) S (U)=10490 + 20.1 (Tu—64)*— 1450 cos mt+ 1000 sin (—j—t— t —%)

As table IX shows the values computed from the above relations for Up,
U and S(u) agree very satisfactorily with those given from the observations.
The mean square errors are:
Uw:=*238 U:336  S(u):= 490
The comparison of relations (10), (x1) and (12) with the corresponding re-
lations (), (7) and (9) which refer to the whole Spots presents the following dif-

ferences with respect to the periodic part:
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TABLE IX

Number = Um U ‘ S(u)

Dol N A Vel A1G)ER Al R
of = S [

Cycles = obs, | Comp. o-c obs. | Comp.| o-c ) obs. Comp. ' o-¢
12 52 378 | 359 | +19| 899 | go,2 | —0,3 11241 | 11434 | — 193
13 55 376 AL 37E ] PGl epio | 1on6’| 5.6 14551 | 14464 | + 147
14 70 380 | 407 | —27 || 723 | 69,6 | +27 10492 | 10264 | + 228
15 51 475010409, |28 1li 1187 | 121,3:| —2,6. [/ 13802 | 14501 | — 609
16 82 592 561 | +31 || 1203 | 1233 —3,0 15633 | 15052 | - 581
17 43 592 | 569 | +23 || 1791 | 1731 | 46,0 || 22210 21640 | + 570
18 37 6o7 | 631 | —24 || 2005 | 201,2 | —0,7 || 23460 | 24 193 | — 733

1) In*the mean area U per cycle of the Umbrae the periodic term X di-
sappears as in the case of the mean area per cycle of the whole Spots. But one
more periodic term of 2 solar cycles appears here with relatively perceptible
amplitude.

From the above discussion we conclude that the mean area of the Umbrae
presents perceptible fluctuation from cycle to cycle and follows at the same time

09T ) =
215 1T alaop 150

50

200

150

100

50

Fig. 9. The straight line (a) represents the parabolic law. The small
open circles represent the observed values of 1.
On the right below the dotted curve (b) represeﬁts the periodic term
—13,2 cosnt; the small full circles represent the deviation of u
from the parabolic law.
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the parabolic law which was followed in all previous cases. This is shown in
figure 9 where the values o0.19 (Tu-64)* which correspond to each cycle are
placed on the axis of the abscissas; the corresponding values of U are placed on
the axis of the ordinates. The straight line (a) represents the parabolic law. The
small circles represent the values of U given by the observations. The curves
(b) represent the periodic term Kcoswnt and the small full circles the deviation
of the values U from the corresponding parabola, i. e. the difference :

U — [76 + 0.19 (Tu — 64)?]

3500
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00 = = T v e e e e e e e e e e e e o e

O T ———————
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Fig. 10, The full vectors represent the differences (Um)ob - Xu, while
the dotted ones the differences Ay-X. The full curves (a) and (b)
represent the parabolas of the relations (5) and r10).

In fig. 10 the curves (a) and (b) represent the parabolas [cl. relations (5)

and (10)]:
Av — X = 2150 + 264 (T — 64)’, Um — Xu = 366 + 0.4 (Tu — 64)"
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On the other hand the directed sergments represent the quantities :
(AM)Ob b X, (Um)ob — Xu

where :

8 8 8

In fig. 10 and 11 the curves (a) and (b) represent the parabolas of the
relations (9) and (r2) while the directed segments the quantities:

S,(A)ZS(A)OI)- PA, S(u)ob—Au,

X = 300 sin (t—x)izii Xu = 70 sin (ﬂ R in_)

S
3
150-10,
118 |
100+ | |
! "7
! |
|
| |
gl :
Lo !
: | [ il { 116
| | 1S |
| A ety e TP |
50- I | fi [
| | | | |
e I
| | e g |
e Bl ol
\! | Lo | (b
i | TR !
JESE: ) |
} —~
B ” i
0 1 L ,
30 40 50 60 70 80 90

Fig. 11. The full vectors represent the differences S(u)- Py, while
the dotted ones the differences S(A)- P,. The full curves (a) and (b)
represent the parabolas of the relations (g) and (r2).

where :

Pa = 8450 sin (~*Zf~ t— 12")

Pu = — 1450 cos nt + 1000 sin (—Zit— %)
4

III. Wolf Numbers.

We shall now seek to see if the previously formed analytic relations hold
in case we consider the respective Wolf numbers R instead of the areas of the
Spots. We shall confine ourselves here only to the time interval 1823 - 1954
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{cycles 7 - 18) because the Wolf numbers are not well known for cycles 1-6
(1749 - 1823). The data for cycles 1-6 will be taken only as supplementary ones.

As in the case of the areas, the most difficult thing here is the accurate
determination of the time of rise which we shall represent by v. This difficulty
should be attributed to the apprearance of many minimum values of R of al-

TABLE XI
Number Date of Date Date = v
Cyocfles C:en;r:s;l : M ax(i)rfn i Miniorflum - in months | in months

I 1754 Feb. 1761 May 1766 June 107.2 88 61
2 1766 July 1769 Oct. 1775 July 158.2 41 69
3 1775 Aug. 1778 May 1784 July 238.9 34 74
4 1784 Aug. 1787 Dec. 1798 May 174.0 41 125
5 1798 June 1804 Oct. 1810 Nov. 62.3 T 73
6 1810 Dec. 1817 March | 1823 July 96.2 76 76
7 1823 Nov. 1830 Apr 1833 June 107.1 7;8 38
8 1833 July 1836 Dec 1844 June 206.2 42 90
9 1844 July 1847 Oct. 1856 May 180.4 40 103
10 1856 June 1860 July 1867 Jan. 116.7 50 78
11 1867 Feb. 1870 May 1878 Aug. 176.0 39 99
12 1878 Sept. 1884 Jan. 1889 Jan. 9I.5 65 60
13 1889 Feb. 1893 Aug. 1901 Apr. 129.2 55 92
14 1901 May 1907 Feb. 1913 May 108.2 70 75
15 1913 June 1917 Aug. 1923 Feb. 154.5 it 66
16 1923 March 1929 Dec. 1933 Aug. 1080 82 44
17 1933 Sept. | 1937 July | 1944 Apr, 145 1 47 81
18 1944 May 1947 May 1954 Jan. 201.3 37 8o
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most the same magnitude in almost all cycles during the period of the minimum
of the solar activity (cl. Table X).

The following table XI shows the epochs of the minima and maxima for
each one cycle. It also shows the corresponding values of the maximnm Rwu
and the times v and t’. These values were taken from the tables of M. Wald-
meir [2] (Tabelle 31) and of Greenwich [1]. The times t and t’ were calculated
as in the case of the areas.

A comparison of the tables IV and XI from cycle 12 to 18 shows that the
taken epochs of the maxima and minima in both tables are about the same.
The only exceptions are cycles 12 and 16. In cycles 12 the maximum area Ay
takes place in July 1883 while the maximum observed Wolf number Ry in

3
1

RH
8
18 *

200 g

9™,

o
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T3 @)
1082 )
) 7 1
100 3 Vaiies K
26% +6 2
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+
50
<
0 . g
30 40 50 60 70 80 90

Fig. 12a. The open circles represent respectively for each one
of the cited cycles the observed values of Ry.
The crosses represent the values of the same quantity, for
the cycles 1 to 18. The curve (a) represents the parabola
Rm=284.1 4 0.092 (v - 75)".

Jan. 1884. In cycle 16 the date of Sept. 1923 is taken as the beginning (Wolf
number) and the date of Aug. 1933 as the end instead of the dates March 1923
and Dec. 1933 (table IV) respectively. A disagreement therefore exists for the
values T, T’ and t, v between the tables IV and XI for the cycles 12, 16 and 1.

Based on table XI the maximum Wolf number Ry and the mean number
R per cycle are expressed analytically as a function of the time of rise t by the

following relations:

(13) Rw = 84,1 + 0.092 (v —75)* + 25,2 sin (28_nt+ §81)
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24
(14) R = 31.7 + 0.044 (r — 68)*
—1@O [ RS os. e ST
cycles: 7,8, ....18

Relations (13) and (14) have the same form with relations (5) and (7) which
give the maximum area Aw and the mean area A per cycle of the Spots. The
only difference between them is that the vertex of the parabola in (13) is per--
ceptibly displaced to the right while the periodic term X presents a difference
of phase by 22°5.

RuXe

250
200
150

100

50

T

30 40 50 60 70 80 90

Fig. 12b. The open circles represent respectively for each one of the cited

cycles the values of (Rum)ob - Xg, and the crosses represent the values of

the same quantity of the cycles 1 to 18. The curve (b) represent the parabola
(Rwm)ob - Xg=84.1 + 0.092 (- 75)2.

In fig. 12a and 12b the open circles represent respectively for each one of
the cited cycles the values of
B, oo (Ra)os — X
and the crosses represent the values of the same quantities of the cycles 1 to 6.
The curves (a) and (b) represent the parabola: §
Rm = 84,1 +0.092 (x — 75)*
We also observe here that the periodic term Xr (cl. fig. 13) appears only
in the maximum Ry and not in the mean value R per cycle.
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As in the case of the areas we can also express here the sum S (R) of Wolf
numbers in each one cycle from 7 to 18 as a function of the time t. Thus:

(15) S(R) = 4436 + 4.65 (v — 68) * — 500 sin (24—n t+ 70")
Xz
+30, Ll . o i
0 l\ + ’/’ ¥ \\\\ ,6’/ 5 \\ cytles

/ N
I35 16 N7 I8
. o, .

S~y ke

8 8
The open circles represent the deviation of (Ry)ob from the parabolic law, i.e.

(Rm)ob — [84.1 4 0.092 (v — 75)?]
for each one of the cited cycles from 7 to 18. The crosses represent the values of
the same quantity for the cycles 1 to 6.

Fig. 13. The doted curve represents the periodic term Xg = 25,2 sin (ﬁn— t 4 ﬂ)

Relation (15) has the same form with relation (9) which gives the total
area S(A) of the whole Spots in each cycle.

Moreover we can express separately the sums S; (R) and S, (R) as a fun-
ction of the time of rise t. Here S; (R) and S, (R) represent the sum of Wolf
numbers R in the time interval min- max and max - min respectively. Thus:

(16) Si(R)= 11146+ 2787
+109.4 +5.5
(17) SH(R) = . 520360 —25)7
In fig. 14 and 15 the open circles represent the values S (R) and S, (R)
S(r)
410 g
16
3. 4 10 +
3 g o s 55 ?Z r g 7 1
2 fh oty T Bk i
1.
30 40 50 50 70 80 90

Fig. 14. The open circles represent the observed values of S1(R) for the cycles
7 to 18. The crosses represent the corresponding values for cycles 1 to 6.

given by the observations for cycles 7 - 18. The crosses represent the correspond-
ing values for cycles 1-6.

As one can see from the table XII the agreement between the observed

A
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values of Ry, R, S(R), S1(R) and S;(R) is satisfactory for the cycles 7 to 18.
The mean square €rrors are:
REE6.6] R=*64, SR)=E 238, Si(R)=%*374, S, (R)=308

SR

=0 €0 50 60 70 80 90

Fig. 15. The open circles represent the observed values of S2(R) for cycles
7 to 18 and the crosses corresponding values for cycles 1 to 6. The curve
represents the parabola S2(R) = 1520 + 3.51 (v — 75)2.

SMOOTHED VALUES OF R

It is known that if we take instead of the values of R given by the obser-
vations the smoothed ones, we get the following relations [2: 152 - 154]

log Ru= 269—o017T INEE— 54, ..y 18
(16) *+0.09 = 0.02
log Ry= 248 —0.10T " , N=r1375 17

=*+0.10 *=0.02

The first of relations (16) holds for cycles represented by an even number,
while the second by an odd one. Let us denote by S, the sum of the smoothed
values of R between the month which follows the minimum and the month of
the next maximum ; and by S. the sum of the same values of R between the
month which follows the maximum and the month of the next minimum. Then

we shall get [2:154]:

(x7) Si = 04 Ry + 2538
*3,2 =+ 340
(18) Sp = — 572 F 406 Ry,

==6681 ey

Let us now see if relations of a similar form with (r3) and (15) found
above for observed values of R hold in the case of the smoothed values. To
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this we shall use the data of M. Waldmeir [2] Tabelle 32. For reasons of clarity
we now shall represent the smoothed values by R*, Ru. Table XIII gives for
cycles 7 to 18 the epochs of the minimum and maximum; it gives also the cor-
responding values of Ry, t°. A comparison of this table with XI shows a si-
gnificant difference in some cycles between Ry, v and Ru, t° (cf. the two last co-
lumns of table XIII). The most sensible difference in relation to the times of

TABLE XIII
Number Date Date o ¥
of of of Ry R —IR- 5

Cycles | Minim. | Maxim. Years Months Months

7 1823,3 1829,9 71,7 6,6 79 + 35,4 G

8 1833,9 1837,2 146,9 33 40 + 593 + 2

9 1843,5 1848,1 131,9 4,6 54 + 48,8 — 14

10 1856,0 1860, 1 97,9 4,1 50 + 18,8 o

' I1 1867,2 1870,6 140,5 3.4 41 ~1£35,5 - 2

12 1878,9 1883,9 746 5,0 60 + 16,9 + 5

13 1889,6 1894,1 87,9 4,5 54 + 41,3 Sl

14 1901,7 1907,0 64,2 5,3 64 + 44,0 SENG

15 1913,6 1917,6 105,4 4,0 48 + 49,1 4L

16 - 1923,6 1928,4 78,1 4,8 e7 + 29,9 + 19

17 1933,7 1937,5 119,2 3,6 43 + 25,9 + 4

18 1944,2 1947,5 151,8 318 39 + 49.5 — 2

rise v and 1" are observed in cycles g and 16, As for cycle 16 the difference is
due to the fact that the maximum value of Ry took place in December 1929
(Ry = 108.0) while the maximum value of Ry in April 1928, that is in the year
in which we have the annual maximum. The difference t—t* of cycle g is due
to a respective difference of the data of minimum and maximum.

Based on table XIII we get the following relations between (Ry, t*) and
S(R*), v* where S(R") represents the total sum of the relative numbers R" for

each one cycle:
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(19) Ry = 64.2 + o.105 (v' — 68)*
{20) S(R*)= 4260 + 512 (' — 68)* — 500 sin <—%f— t + —Z—)
ol T Ty
Cytlesit T g e SIS

Table XIV shows that relation (19) gives more satisfactory results than re-

TABLE XIV
Nun;ber i - Dif. R Dif. i S (R¥*) Dif.
C;cles From (z6) o-c From (19) o-c S(R¥eb | prom (20) o-c

I 70.8 + 15.7 70.9 =+ 15.6
2 140.0 — 24.2 140.7 — 24.9
3 154.9 + 36 171.7 — 13.2
4 129.5 =l LI, 140.7 + o5
5 61.7 — 125 81.9 —32.7
6 50.6 o 9 64.6 — 15.9
7 66.1 616 76.9 — 5.2 4755 4527 + 228
8 134.6 + 123 146.5 + o4 7797 7901 — 204
o | oz |TEEs | ss | THEE| ses | sy | [FH
10 98.4 — 015 98.2 — 0.3 6557 6262 + 295
11 138.1 + 24 140.7 — 0.2 7498 7639 — 141
12 69.2 + 54 70.9 + 37 4603 4235 + 368
13 107.2 ==I19:3 84.8 4+ 31 5538 5616 4+ 78
14 61.5 t 27 65.8 — 1.6 4459 4659 == 200
15 120.2 —14.8 106.2 = 5330 5955 — 625
16 74.8 AP 76.9 P 4948 4527 “hdor
17 131.8 — 12.6 124.7 — 10.5 7202 7801 + 599
18 134.6 + 17.2 152.5 — o7 9010 8919 — o1
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lations (16). Exception made of cycle g where both relations present a percepti-
ble disagreement, in all the other cycles from 7 to 18 the differences (Ry)ob —
(Rm)c are smaller when we consider relation (19) than the two relations (16).

In cycle 1 to 6 where the Wolf numbers are not well known relations (16)
give more satisfactory results. These cycles, especially 2 and 5, present a per-
ceptible deviation from the parabolic law but one cannot rely on them because
of the incomplete knowledge of Wolf numbers.

One can make similar remarks for the total sum S(R") of Wolf numbers
in each cycle. Relation (20) gives more satisfactory results than the two relations
(17) and, (18) which separately give the sums S;(R*) (min—max) and S, (R")

Ri-
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Fig. 16. The dotted lines represent for each of the cited cycles the observed va-
lues of Ru. The full curve represents the parabola RY = 64.2 4 0.105 (z* — 68)2.

(max—min). The square errors of the differences o— ¢, excluding the cycle g, are:

’ From relations (16), cycles o o
Ry J 7 % (19), » i T T
] : 3 (x6), 2 a 118, Einty
[ty > (19), > S §4n
S(RY) { From relations (17) and (18), cycles 7—18 == 629
» (20) 5 » Sl 333

It is my opinion that the observed disagreement in cycle g is due probably
to the fact that the time of rise t* is too big. Really, the minimum’ observed va-
lues of R for this cycle took place in Febr. 1843 (R=3.5), Sept. 1843 (R =4.2)
and June 1844 (R=3.7) and the annual minimum in 1843. Similarly the obser-
ved maximum Ry takes place in Oct. 1847 (Ry = 180.4) while the annual maxi-
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mum in 1848 when we have the maximum of R" (Febr. 1848 Ry =131.6). In
table XI we took as the epoch of the minimum June 1844 (R=3.7) and as the
epoch of maximum Oct. 1847 (Rw = 180.4). This is legal and in accordance with
the agreed principles. We cannot however do the same thing for the s;noothed
values of R*. Moreover it is notewortly that if we take here the time of rise t*
near the time of rise 1, i.e. v*=42 months, the difference (Ry)ob—(Rmy)c disap-
pears. It is this latter result which raises our suspicion lest the taken time of
rise t* =54 months.

In fig. 16 and 17 the dotted lines represent for each of the cited cycles
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Fig. 17. The dotted lines represent for each of the cited cycles the values
of S(R*)ob + P, [P==5oo sin (—zf—-t +j—>} The full curve represent the parabola:

S(R*) = 4260 +5.12 (¥ — 68)2.

the values of (Rw)e» and S(R*)+ 500 sin <34£t+ —:{—) while the curves re-

present the parabolas:
Ry =64.2+0.105 (1*—68)2, S(R*)=4260+5.12 (:*—68)*

One observes that the disagreement in cycle g disappears in both cases if
the time of rise t* is taken near the value of t.

Comparing relations (19) and (20) with the corresponding ones (13) and
(15) we see that they have the same form with the difference that in relation (19)
the term X does not appear. This means that because of the smoothing of the
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observed values of R the lerm of the long period X in the maximum Ry disap-
pears. Really from relations (13) and (16) we have.

where :
F (v, t*) = 19,9 + 0.092 (t—75)* — o.105 (** — 68)?
Relation (21) shows that the difference of the two maxima Ry and R}y is
a function of the times of rise v and t* and of the periodic term

Xr = 25.2 sin <2—8n t4 —58£>

Therefore if we subtract from the values R u given by the observations the
quantity F(r, t*) + X, the resulting difference must be equal to the values Ry,
This conclusion is verified by table XV where exception made of cycle 9 in all
the remaining ones the values Qf (RW)ob and the values (Rm)ob—[F (v, 7*) 4+ Xkl
agree satisfactorily.

The disappearance of the periodic term Xy is the result of the smoothing
of the values Ry given by the observations. Really, the smoothed values of R}

TABLE XV
cycles 7 S0 Rdu Afti19 |98 |14 |16 16 1T | 18
(Rm)ob—[F(v, v*)+ Xl | 74,3 | 168.7|—| 96.6(136,7| 78.8 83.4| 63.6/100.3| 91.0(118.3/153.0
(R'm)ob T1,7) 146.9 |—| 97,9/140.5 74.6| 87,9| 64.2(105.4| 78.1]119.2(151.8
e —c —2,6 | —11.8 | —|41,3/4-8,8/—4.2|+4,5|+1,6/+5,1|—12,9 40,9 —1.2

depend not only upon the observed maximum values Ry but upon their neigh-

boring ones. As we have already seen in the case of the areas if we consider

instead of the maximum area Ay the mean values [A y] % which correspond
3

’

to the time interval between 3 months before the maximum and 3 months after
it, the term X disappears and the mean values in question are represented by
relation (8). Thus if we take the mean value of R in the neighborhood of the

maximum, i.e.

e +3
[REp ™ edesag

st 7 —3

the periodic term X almost disappears and we get:

[§M13g+3 7 62 +OO7I (r & 75)2+8 Sin (18“_ t+ %)
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The observed and calculated values of [Ry] are given by the following

“3y+3
table XVI.
TABLE XVI

Cycles: 7 8 9 ) i TR S 5 R 1 | s T e S
[R m] ob %0 | 151 | 135 | 98 [ 147 | 13| 89 ! 64 | 115! 61| 123 | 161
—3,43
[Riwle 71| 142 | 146 | 99 | 146 | 66 | 93| 71 (110 | 65| 115 | 163
—3,43
o —1 | 9T | 1 V| 2 | 45| —4 | 48| —2

On the contrary, in the total sum S(R*) the smoothing does not act on
the principal periodic term whose period is 4 solar cycles but it provokes a

slight change in the angle of phase.

IV. Faculae.

It is interesting to extend this research to the Faculae whose annual and
monthly areas are given by the observations of Greenwich [1] (1874 -1954).
Table XVII gives the epochs of the minima and maxima, the maximum obser-
ved value F, of the areas of the Faculae corrected for foreshortening and
the time of rise and descent T, T:' respectively. The latter times were calcu-
lated in the same manner as the times of rise and descent T and T of the whole
spots. In the last columns of this table the difference T —Tr of the times of rise
which correépond to the whole spots and the faculae for each one cycle are cited.

TABLE XVII

Nun;ber Clzats :f Dafte Date e i ;
CYC::IeS C‘:;lelnlt]- Max?mum Min(i’rfuum Areas |(Months)| TF¥ T-Tr
12 1878 Sept. | 1884 Jan. | 1889 Feb. 3122 65 61 e
13 1889 March | 1892 Oct. 1901 April 4080 44 102 + 11
14 1gor May | 1905 Aug. | 1913 Aug. 3255 52 96 + 18
15 1913 Sept. | 1917 Aug. | 1923 March| 3523 48 67 T
16 1923 Apr. | 1929 Dec. | 1933 Dec. 3631 81 48 3He 4
17 1934 Jan. 1937 Aug. | 1944 May 4407 44 82 e
18 | 1944 June | 1947 Aug. | 1954 June 3594 39 82 ug iy
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The last column of Table XVII shows that the times of rise T and T of
the faculae and of the spots do not coincide. The most notable differences’ are
observed in cycles 13 and 14 where the epochs of the observed maxima and mi-
nima areas Fy and Ay of the faculae and of the whole spots differ by 11 and
18 months respectively. As in the case of the spots, cycle 16 presents here the

following distinct maxima :

1926 Feb. By =13922
1928 July Fu = 3155
1929 Dec. R — 262

We took here Dec. 1929 as the epoch of maximum where a maximum is
also observed for the areas of the whole spots and of Umbrae.

Based on table XVII we get the following relations giving the maximum
areas Fy and the total areas S(F) of the faculae as a function of the time of

rise T

(22) Eyes :g055 vhaa:8 (Fe 1~ 65)

(63)ox - | SUF) =15t 14019 G5 (Do —63) %+ Pr
where

Pr= — 22900 sin (2—; t + 65)

Table XVIII shows that the agreement between the values of (Fw)ob,
S (F)o» and the ones given by the above relations is satisfactory. The only no-
table difference is observed in cycles 17 and 18 for the values of the maximum

TABLE XVIII

Number Hata S(F)
of
Cycles obs. Comp. o obs. Comp. o-cliyl)
12 3122 3075 -+ .57 140328 131753 '+ 8575
13 4080 3869 + 211 187440 188407 =067
‘14 3255 3379 —I24 180246 " 182370 — 2124
& 15 3523 3595 B ' 145278 152748 I— 7470
16 3631 3536 s 185278 184892 + 386
117 4407 3869 -+ 638+ 208040 205170 4 2870
8 3504 4292 — 698 184908 186093 — 1185
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areas Fy. This difference is due to the fact that the maximum area Fu in cycle
17 is bigger than in cycle 18 although the difference [T — 65| is bigger in cycle
18. We observe therefore a deviation of the maximum area F, from the para-

bolic law in those two cycles.

SR
‘ °
20«10 7 \\\
/// \\
Ot N \
18 ,'l \0\ /9/ s
) \ /
/ /.
/’ \\ /
6 } / W
/ \\/
/ s
< / o
!/
14 o,
i
2.k
0 ;
12 13600 14 15 16 17 ,Ag Cycles

The open circles represent the observed values of S(F) and the curve the
computed ones from (23). In abscissas the successives cycles from 12 to 18.

From the above analysis we conclude that the maximum, the mean and
the total areas of the whole spots, umbrae and Faculae as well as the maximum
Wolf numbers Ry, Ry and their sum per cycles S(R) and S(R) can be expres-
sed analytically as a function of the «time of rise» expressed either in synodic
rotations of the Sun or in months,

The algebraic part of these relations represents a parabola; the remaining
one is a sum of periodic terms. It is remarkable that the vertices of these para-
bolas in all cases have almost the same abscissas lying between 62 -68 units of
the axis of the abscissas in the case of areas, and 68-75 in the case of Wolf
numbers.

This shows that there exists a particular value of the time of rise,
lying between 62 to 68 months in the case of the areas and 68 to 75 months in
the case of Wolf numbers. The above value is such that the cycles whose times
of rise are near it possess the lowest maximum, the smallest mean value, and
the smallest total area or total sum in the case of Wolf numbers. In other words
as bigger are the differences (R—T,)? (T—To)" as bigger are the values of
(A, (Aw)sie s Wniss B wo (Ran: Rg. AsUy R,-8(A), S(U),S(R);,S(R?) and S(F).
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Fig. 18. In abscissas the valueg of (R-64)%. In ordinates the values of the
quantities: (Am)n - Xn, Ay - Py, and As - Pg for each of the cited cycles.
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Fig. 19. In abcissas the values of (T-64)2, In ordinates the values of the
quantities Awm - Xy, Un-Xu and Fy, for each of the cited cycles.
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(t268)

] 200 400 600 800 10007200, %00 (z-75)

Fig. 20. In abscissas the values of (v-75)? and (v*—-68)? In ordinates the
values of Ry-Xgr (open circles) and R;;' for each of the cited cycles.
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Fig. 21. In abscissas the values of (T-64)*. In ordinates the values of
S(A) - Pa, S(u) - Pu and S(F)- Pg for each of the cited cycles.
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Here R and T represent the time of rise in each cycle expressed in synodic ro-
tations of the Sun and in months respectively.

Values of S (R)+Py and S (R")+ Py

100 200 300 400 500 600 700, 800 = 900
-68)°

Fig. 22. In abscissas the values of (v-68)?. In ordinates the values of
S(R) +Pr and S(R*)+ P for each of the cited cycles.

This becomes more evident if in each case the principal periodic terms are
taken into consideration, i.e. if we take on the axis of the ordinates the quan-
tities. ‘

(AM)N—XN) (AM)S—XSs AM—X, RM—XR, R';u, UM—Xu, FM,
S(A)—Pa, S(u)—Pu, S(F)—P¢, S(R)+ Pr, S(R* + P
and on the axis of the abscissas the differences

(R—64)? (T'—64)° for the areas

(T—75)% (T—-68)* for the Wolf numbers R and R*.

Figures 19 to 22 respresent graphically the above results.

Among the periodic terms the term X seems to possess a particular im-
portance. The period of this term is 8 solar cycles and appears only in the ma-
ximum of the whole spots and Umbrae but not in the maximum of the faculae.
The term in questlon has a 51gn1f1cant amplitude when  we consider the two
Sun’s hemlsperes separately. Then it presents a_ d1f£erence of phase by 180° bet-
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ween the north and the south hemisphere. This term does not appear in the
mean values of the areas or of Wolf numbers per cycle nor in their total sum
per cycle. "

From the remaining periodic terms those whose periods are 2 and 4 solar
cycles should attract particular attention. The first of these terms appears in
the mean and total areas of the umbrae; the second appears in the total areas
of the whole spots.

If one takes into consideration the small number of cycles one cannot con-
clude whether the periodic terms exist in reality and do have some physical im-
portance. As far as term X is concerned although the data of the observations
do not go beyond one period however because of the big amplitude possessed
by this term in the two hemispheres with a difference of phase by 180° this
raises our suspicion that the above term possesses certain physical importance.
The latter view is strengthened by the fact that the term in question appears
in the maximum Wolf number Rw in 12 successive cycles.

ES
* %

PoAC R

COMPARISON OF THE AREAS OF WHOLE SPOTS,
UMBRAE AND FACULAE

Picture 23 shows that the total areas of the Umbrae, of the whole Spots
and of Faculae vary in a different way from cycle to cycle.

It is interesting to comparatively examine these differences based on the
data up to now.

We shall examine on the one hand the differences Auw—TUwy, A—TU and on
the other the ratios:

a) Areas of Penumbrae.

Let us first consider the differences Ay— Uy and A—U, which represent
the ¢maximum area>* Py and the mean area P of the Penumbrae. From rela-
tions (5), (10) and (7), (11) we have \ il .

Auw—Uu=1804 + 2,40 (T —65)*—0,40 (Tu—64)'+ G . 1 3
A—U=406+0, 80(T—67)*—~0,19 (Tu—64) * + 13,2 cOs mt

* The ditference A — Uwn represents the area of the Penumbra at the epoch of the
maximum of the solar activity. ' by o6l 1o )
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where:

RS IR (2 LRy g oile A PG, 20530
3 (t—1) 8 7osm( g t 3

Because the times of rise T, Tu of the whole spots and Umbrae coincide,
except the cycle 12, we can take approximately the time of rise T of the whole

Fig.23. =-=----- Mean daily Areas of Faculae for each year.
Sl Ty » > > Whole Spot (Penumbra + Umbra) for each year.
» > »  » Umbra for each year.

spots as the common time of rise. Then modifying slightly the numerical coef-

ficients we shall get:

(24) Pu=1785+22 (T -62)°+ G
(25) P = 397+4+062(T—68)’+132cosxnt
where

G = 260 sin (t — I)ZT;t

Relation (24) represents the areas of Penumbrae at the maximum and rela-
tion (25) the mean area of those in each cycle as a function of the time of rise.
(See table XIX).

In fig. (24) and (25) the curves (a) and (b) represent the algebraic part
(parabolas) of relations (24) and (25); the directed segments represent the values
of the quantities

EM—Gz(AM— Uw —G
P — 13,2 cos nt = (A — U) — 13,2 cos it

for each of the cited cycles.
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. S(Aa) S (F)
b) The Ratios S () ) ° S(a) (a)
Let us now examine the ratios:
L Slme Sl
A=) o2 " sl

where S(A), S (u) and S (F) represent the total areas of whole spots, Umbrae and

faculae respectively in each cycle.

TABLE XIX

Number Pm 5
of

Cycles obs. Comp. o-c obs. Comp. o-c
12 1688 1680 SR 470 460 + 10
I 1980 1963 Sleie L7 497 489 =8
14 2071 2048 SEog 403 413 o
15 2481 2417 SiE 64 o7 563 — 6
16 2498 2682 =184 538 532 + 6
17 2771 2755 S 777 79T 4 6
18 3343 3325 + 18 1032 1045 — 13

Relations (g), (12) and (23) show that the above ratios are functions on the
one hand of the times of rise T, Ty, Ty, and on the other of the time t. We can
however express these ratios analytically with a satisfactory approximation as a
simple periodic function of only the time of rise T and of the time t as follows:

(26)  qa=6.041—0.750 sin (T'—1) %Z_ —0.183 cos (i;c— t+ 12°,9)

2
(27) QF—-:I-QSI + 0.623 cos ‘7:— T —o0.120 cosm t

Table XX shows that the values of the ratios taken from the observations
and those computed from the above relations (26) and (27) agree satisfactorily
The mean square errors are respectively:

aniE0055 , Qf:iFo.105

Penumbra

h
inbta we have

If we consider the ratio qe =
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S (P) S(A)—S (u)

) e SulARELY
Therefore it follows from (26)
(28) ge = 5.04I1—0.750 sin (T'—1) %—0.183 cos (i;— t+ 12°.9>

In fig. 25 the directed segments represent the values of g taken from the
observations for each of the cited cycles while the dotted lines the values of

this ratio, which are computed from relation (28).
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Fig. 24. The dotted directed segments represent the values of the

quantities Pu-G. The full directer segments represent the values

of P-13,2 cosnt for each one cited cycles. The full curves (a) and
(b) represent the parabolas of the relation (24) and (25).

Thus, the principal part of the variation of the ratio Fewinnes from cy-
Umbra
cle to cycle is a periodic function of the time of rise T with period 36 months—
3 years; the remaining part is a periodic fuaction of the time with period 7 solar
cycles.
As for the ratio Or of the faculae to the whole spots (Penumbra + Umbra)
relation (27) also shows here that the principal part of the change from cycle to
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TABLE XX

Number qa Qr
of T

Cycles obs. Comp. o-C obs. Comp. o-c
12 59 6.307 6.361 —. 054 2.004 2.125 —. 121
i 55 5.964 5.978 —. 014 2.139 2.153 —. 014
14 70 6.541 6.511 ~+. 030 2.617 2.475 +. 142
15 5I 5.682 5.753 =R O7i 1.846 1.940 —. 004
16 82 5.489 5.450 +.039 2.159 Az.261 —. 102
17 43 5.396 5.407 —. 0II 1.737 1.591 +. 146
18 36 6.150 6.045 +. 105 1.282 1.238 +.044

cycle is a periodic function of the time of rise T, but with a double period of 72
months= 6 years; the remaining part, which is a periodic function of the time

t, possesses a period of 2 solar cycles.

2’, @ / o \\\
500 - N ’// \\\
\\ ,’/ \
\\ //’ \\
4,00
1|18 "7 {15 13 12 114 (3

300 " s . i N L " i " " ——

30 40 50 60 70 80 % T

Fig. 25. The directed segments represent the observed values of
the ratio qp,; The dotted line represent the values of this ratio
computed from relation (28).

From relations (27) and (28) we conclude that, if the periodic terms in re-
lation to the time t are not taken into consideration, then the maximum value
of the ratios Qe and qp corresponds to those cycles for which the time of rise T'is:

Qr ¢ 92, 144 monkhs
dr 128,64, 100,136 - months
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Because up to the present we have not observed cycles for which the time
of rise is T (30 months or T) 110 months the most interesting cases are those
for which we have T=64 and T=72 months. For the value T =64 months, re-
lations (5), (7), (10) and (r1) show that we have the minimum value of the mean
areas per cycle of the whole Spots and Umbrae (A, u) on the one hand and on
the other the lower maximum Ay and Uy. Thus we conclude that if the perio-
dic terms in relation to t are not taken into consideration, the maximum value
of qp is observed in those cycles for which we have low maximum and small
mean value per cycle of the areas of the whole spots. This happens, for example,

in cycles 12 and 14 where:

cycles i Awn Uwm A u dp
12 50=64—5 2066 378 567 89.5 5.307
14 70=64+6 = 2456 380 473 72.3 5.541

Moreover the minimum value of the ratio qp takes place in those cycles
for which the time of rise is smaller or greater by 18 months of the «special
value» T=64. The latter happens in cycles 16 and 17, where:

cycles T ap
16 82 =64+ 18 4.450
17 43=64—21 4.407

takes

Similarly, the maximum value of the ratios Q= ditejo Hichiae
77 areas of Spots

place in those cycles for which the time of rise T is approximately bigger by

18 . : x
—~2-=¢g months of the «special value» T=64 and the maximum value in those

%
cycles for which the time of rise is 28 =3 X g months smaller of the «special va-
lue» T =64. This happens, for example, in cycles 14 and 28 where:

cycles AL Qe
14 70=64+ 6 2.617
18 36=64—28 1.303

The above results change slightly due to the presence of the periodic
terms in relation to the time t. The most important of these periodic terms have
perio.ds equal to 7 and 2 solar cycles.

The ratio of the areas of the spots to the corresponding areas of the Um-
brae was studied by E. Jensen-J. Nords and T. S. Ringnes [3] for each year

from 1874 to 1952.
For this purpose they compute the quantities
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’—[2Xmean of daily total areas/2Xmean of daily umbrae areas] s

Q|

i
i
where :

/

P___\/ZZAP = 22 Ay

m m

Ay and A, denote the corrected Umbra and total Sunspot areas in terms
of one millionth of the solar hemisphere respectively. The number of observa-
tions per transit is denoted by m. For the determination of the ratio q the
above investigators select the material on the basis of definite rules; the ratio q
is computed by them on the basis of the observations of Greenwich [1:5] wit-
hout any selection of the principles applied. They find that the curves q and
q’ have a very similar run with the solar cycle and especially with the curve of

H=\/2 b

where ./_Xp is the mean daily sunspot area for the year at which it is published

by the observations of Greenwich [1:5].
Finally, they conclude «that variation with time in the Penumbra - Umbra

ratio of sunspots takes place. These variations must be intimately connected
with corresponding changes in the magnetic fields and in the structure of the

Spots...».
TABLE XXI
Number 9
of Te q'c qe Period in months qa
Cycles

12 (1879 - 89) 29.73 2.500 | 2.349 1878 Sept. — 1889 Jan. 59 2.511
13 (1890 - 1901) | 3r1.T0 | 2.386 | 2.287 1839 Feb. — 1901 April 55 2.442
14 (1902 - 13) 2695 | 2483 | 2360 |' 1901 May — 1913 May 70 2.557
15 (1914 - 23) 3386/ 2.3 #2i348 1913 June — 1923 Feb. 51 2.383
16 (1924 - 33) 35.00 2.308 2.306 1923 March — 1933 Dec. 82 2.342

17 (1934 - 44) 3945 | 2.324 | 2.305 1934 Jan. — 1944 April 43 2.323

18 (1934 - 53) 47.97 | 2450 = 1944 May — 1954 Jan. 36 2.480
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It might be interesting to see whether the mean values of q" and q per cy-
cle verify relations of a form similar to (26). Table XXI gives the mean values
of @, q’ and q represented by e, Qe ge (columns 2, 3, 4) for each cycle. These
values were computed from table II of Jensen - Nordg - Ringnes [2]. In the last
column of this table one can find the values of the quantity q. = (q A);E, which are
taken from our table XIX (column 3).

It is evident that the values qx and q. do not coincide, for the first ones
were taken from the mean daily areas of the sunspots for each calendar month

2800

2500

2.0001

i = l@-c o3 o cblbn sy et By Col (62t @Rl vk anlgart | aycles

1880 90 1900 10 20 30 %0 50 5

Fig. 26. Values of q’ (full lines) and q (dotted lines).

[1:7—16], while the second ones from the mean daily areas of the sunspots for
each year [1:5—7]. The above table shows that while the values of qe and qa
vary from cycle to cycle in a similar manner the same does not happen for the
quantity ac. This is due to the selection of the observations based on the rules
A, B, C and D set up by Jensen, Nordg and Ringnes for the calculation of the
ratio q. The graphical representation (fig. 26) of the annual values of q (full li-
nes) and q (dotted lines) shows that the values of q are all smaller than the cor-
responding values of g. But in the cycles 15 and 17 among the 29 values in
total, 8 are greater than the corresponding ones of q'. And this is the reason for
which the difference a‘c—;]_c in cycles 15, 16 and 17 diminishes significantly:

cycles 12 I3 14 15 16 X7
a;—ac +o0.151 +0099 +0.I23 +40.00I +0.002 +40.019
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Thus while the values of q: and (;A verify in a very satisfactory way rela-

tions of a similar form to (26), i.e.

(20) EA=2-459—0.152 stni(dR—'1)

(30) qe=2.421—0.156 sin (T —1)

of the observations for which we have :

2% 27
—— — o0.060¢cos [ — t— 39")
36 ( 7

(31) qe=2.343—0.095 sin (T — 1)

2.600
2.500
2.400
.2300
2.200

2.100¢

30

40

36

21T

36

15 113 42

50

27
— 0.037 CO0S (—7— t4 13°)

27
0.038 cos (—7— t——3g°)

the¥same does not exactly happen for the values of q. taken after a selection

60

70

80

T

Fig. 27. The directed segments represent the values:

(qa)ob + 0.038 cos (2775 e ’3°) » (@c)on + 0.037 cos (2_775 e 39°>

The curbes (a) and (b) represent the quantities :

2.459 — 0.152 sin (T—1) :% y 2.421 — 156 sin (T

2T
1) -3—6-

The selection of the observations diminishes by almost 40 per cent the

amplitude of the principal periodic term which depends upon the time of rise T.
It (the selection) also increases by an almost equal percentage the amplitude of

the term which depends upon the time t.
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i 1 ; ; :
The quantity m. = % Z v 2 Ap, which expresses the mean linear di-

mension of the whole spots from cycle to cycle in 1073R o, satisfies the parabolic
law:
(32) . = 28 + 0.025 (T —65)*

Table XXII shows that the agreement between the values of q:, (;c', ac
and e, given by the observations and the ones given by the relations (29) to
(32) is very satisfactory. The mean square errors are :

qa:F o011, qe: == 0.004, q‘;:io.ow, e : == 1.00

It is evident now that the remarks made for the ratio qp = qa + I are valid
for the ratio qa and <_1'c. That is, the maximum value of the ratio qa and q: takes
place in the cycles for which the time of rise is equal to the <special value»
T =64 months, i.e. in the cycles with the lowest maximum and the smallest
mean value of the areas of the spots per cycles (cycles 12 and 14). And the mi-
nimum value takes place in the cycles the time of rise of which is greater or

smaller by 18 months than the «special value» (cycles 16 and 17).

cycles o aa qe
iz 59=64—75 2\ 51T 2.500
14 70=064+6 2:587 2.483
‘ 16 82=64+18 2.342 2.308
? 17 43=04—21 2.323 2.324
In fig. 27 the directed segments represent the values of
— 2 S
(qa)ob +0.038 cos (—;n— t+ 13°) . (q'e)ob +0.037 cos (i;t— t—39°)
which the curves (a) and (b) represent the quantities respectively :
. 2m 2n
: —=0. T—1, A2F=o0. i —1) —
2.459 —0.152 sin ( ) e 2.421—0.156 sin (T—1 E

From the observations up to now we conclude that the ratios qa and s
not only suffer perceptible variations within the 11 year cycle which follows in
one way or another the cycle of the spots, but also have perceptible variations
from cycle to cycle. The latter depend, for their greater percentage, upon the
time of rise T and for their lesser one upon one periodic term whose period is
alpproximately 7 solar cycles. And if the above ratios possess the natural signi-
ficance attributed to them [4], then the time of rise T must play a particular
role not only for the determination of the maximum and the total areas of the
spots for each cycle, but also for the structure of the spots and their magnetic

fields.
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SIGNIFICANT NOTE

The time t in the relations (1), (5) and (13), which give the maximum of
the solar activity, can be expressed either in solar rotations or in years. For this
purpose if we consider in each cycle the epoch of the maximum of the solar

activity we shall have:

(ra) (Am)v=1044+2.5 (Ry—65)* + 800 sin (Rmax—540) Izgo
(rs) (Am)s=1277+59 (Rs—62)"+ 600 sin (Rmax—540) ——

(8). Am . = 2375k 2.37%: (T 65) * £ 200 sin: (Timax—1894,0) g—g

(13) Rm =818 40095(tr —75)? + 23 sin (Tmax—1797) g*g

The following table gives the necessary elements for the calculations.

Nu(r)rfxber R An (Am)n (Am)s
Cycles Tmax T Tmax o Rmax Ry Rmax Rs
7 1830.3 8o
8 1837.0 43
9 1847.8 40
10 1860.5 50
Ir 1870.4 40
12 1884.0 65 1883.5 59 389 49 398 61
13 1893.7 55 1893.7 55 546 65 533 & 53
14 1907.1 70 1907.1 70 696 50 714 74
15 1917.7 51 1917.7 51 854 53 848 54
16 1929.9 76 1929.9 82 1019 82 1003 70
17 1937:5 47 1937.5 43 1128 44 1150 78
18 1947.3 37 1047.3 36 1242 16 1251 4

From the above relations it is shown that the term X possesses a period

of 1200 solar rotations or 89 years.
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HERIAHMILZ

1. Eig 10 mo®rov pégog tiig magovong moayuareiog peketdpey ta ufada tdv xn-
ASwv sic o 3o fuogaiowe tod Hilov *eEXWOLOUEVOS GUVAQTIOEL TOD Gouduod TV
filtox®v nsgwro?qﬁw netakd tod Ehayiotov xal tol weyiotov tilg MAaxiic dpastmoiben-
vog. “Eyovreg v’ dyet tag magatnerioes ot Greenwich edoloxopey tas xdrwd dva-
AvTinog oYEoELS :

(Am) n=1083 + 2,58 (R y—65)* + 700 sin (t—1) —2—8£

(Aw)u=1270 + 6.0 (R —61.5)'—600 sin (t—1) o

An=201+0.70 (R yv—63)*—85 cos n t

A s=241+0.87 (R s—64)*+85 cos (341 i >

== S G
auhols 2SS B ETR
gmov (Aw)y, (Aw)s maootdow dviiotoiyws 10 uéyiorov magamendev Eupadov tdv um-
Adwv €ig td Béosov ol Nétiov fipopaioioy tob “Hilov xal Aw, As tdc péoag Tuuds
oDTOV %0TO KORAOV.

Eic tdg 00 mowrag t@v dvoréon oxéosmv GEoonueiotog elvar | woagovolo Evog
ne010dwot Ggov pe megiodov 8 Nhtan®v xixhwv xal pé Siogoedv gdoewg 180° perakd
v 8o fuiogargiov. Tov 6gov tolitov xakotuey Soov X.

II. °Ev ovvexeiq puedetdpev ta EuPada tdv xnridov, 1@v mveivev xal t@v mwue-
oiv 2’ Ghoxhoov Tol 60atol fhiomod Tuogawgiov cuvagrioel tod yobvov Gvédov T
gumepoacpévov glg wiivag xal eboloxoney tag xdrwd oxéoei:

2

Aw=2172+2.40 (T —65)* + 300 sin (t—1 e

A = 482.4-0.8 (T—67)*

S(A)= 66500 + 74 (T —68)* 4 8450 sin <%T“t— —1%>

Un=2368 +0.4(T «—64)* 4+ 70 sin (%t— t— —g—)

U=76+0.19 (Tu — 64)*—132 cos n t

S (1) = 10490 + 20.1 (Tu — 64)*— 1450 cos = t + 1000 sin 271‘ t
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Fu=3075 + 1.8 (T¢ — 65)*

3

dmov Ay, A xal S(A) magiotdow avriestolywg to péyotov EuPaddv, 1o pésov tovrou
%al 10 OAwov 2uBadov tdv xnhidwv xata xixdov, U u, U xai S (u) tog Gvriorolyovg mo-
sétmrag S tovg muofivag té@v xnmAidwv xal Fu, S(F) 10 péyiotov xal 1o Axov Eupadov
TV TVEO®V %0TC KVRAOV.

IIL. “H évoréow Fosvva Emexteiverat xal eig v mepintoow dmov dvil v &pPa-
d@dv v xmAidwv Yewpoluev tovg oxerxovs aoudpovg Wolf xal pudiioto odyl pdévov
€ig tovg 7 dewondévrog xinhovg GAA” Ere €lc 12, Gnod tob Tov péyxot tot 180v. Eig v
neointwowy tavtnv gdoloxousy tag ndrwd oxfosi:

R, =84.1 +0.092 (t—75)* + 25.2 sin (2—8" ¢ 5—§‘)

S (F) = 151140 + 95 (T — 63)°—22900 sin (~2“— i 65°)

R=31.7 +0.044 (—68)°
S (R)=4436 + 4.65 (t—68)*—500 sin (271‘t o 700)

Si(R)=11146 + 278 ¢

*+1094=t55
S: (R)=1520 + 3.51 (r—175)*
¢ =l

woxkot: 7, 8,... 18
8mou, Ry, R xal S(R) magiotdov avriorolywg tov uéyiotov douduov Wolf, v péonv
TpY xal 1o 6Awmov ddgolopa avTdv xata wixdov xai Si(R), S; (R) mapiordot 0 Gv-
tiotowov ddootopa v aordudv Wolf xarda 1o yoovindov Sidormua Ehdyiotov - péytotov
xoil péyrotov - Ehdyiotov tiig fiAloxilc dpaostmoidmroc.

Al dvotéow oyfoeis oxvouv xal Srav Gvrl t@v <mogotmoovpévev> Gordudv
Wolf dewootpev tag Astavdeloas tinds adtdv pt thv Swagoodv St 6 Sooc X d&v Eugpa-
vilerar &l TOv péyiotov Gordudv.

Ex 1dv dvotéowm avalvtidv oxéoswv ovvdyetal St :

a) To uéyiotov, 10 péoov xai to 6hudv FuBaddv td@v mAidwy, 1@V mueivov %ol Tdv
voo®v, xaddg xal 6 uéylotos, 6 uésog xal 6 6Audg Godude Wolf xard xixhov dtvov-
Tau va Enpoacd®doly dvalvtikds ouvagriost tod «xobvou Gvédov>. To dAyeBowdv uégog
v oyfoemv TOUTOV ToQWeTd TaQaBohag tdv 6moiwv ai xogupal Exouv teTumuévog
ropawopévag uetafd otevdv 6otwv. Totto devier Gru tmdoyer pla idtdlovoa Tiun
10D xo6vou évédov, To< 66 wijves, tolaity, dote of xixdor T@V 6molwv of yodvor Gvé-
Sov elvar yerrovinol Tl TS Tavtng kéxtnvran TO YounAdtegov UEYLOTOV, TNV WxQOTE-
oav péomv Ty xal 10 WnOTEQOY GAixdv EuBadov xatd wxhov. Ol xixdoi 8¢ tdv
Smolwv of xobvol Gvédov elval alodntdg wixpdregol 7 peyariregot Tig Tindis Taitng %é-
xenvroal 10 SYnAdregov péylotov, T peyodvtégay péonv Tiumv %ol t0 peyadiregov GAi-
%0v EuPadov xata xdxAov.

B) Merakd t@v meplod@v dowv oitiveg Eugavifovrar gl tas dvoréom dvalvtinag
oyéoeig Wiattéoav onuactav xéxmral 6 6gog X, tol 6molov 1| mepiodog elvar 8 MAwaxol
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xUxdor xai Gotig ugavilerar povov xard v &rmoxnv tob peyiotov tiig fAwoxiic Soaorn-
otétnrog. ‘O 8og ovrog, 6tav EEerdlwuev to Eufada v xMAdwv xexworopévag sic To
Bboeiov xai vériov fuiogaioov tob “‘Hiiov xéxtnrar enpoavidv edgog %ol magovordlet
diapooav dosmg 180° petaky TV dvo fiutopapiov.

TéMog, elg ©0 devteQov péQos tijg mapovone moaymareiog 8Eerdlopev ovyroITINde Ta
BuPada v@v Aoy, TV TVOHVOVY Xl tdV muEodY xal xataliyouey sig Gvalvrindg oxé-
oeic &x TdV Smoiwv moonvmrel Gri of Adyor @V EuPaddv OV Averéow cympatiopdv
xata xGxhov Exgodlovral ouvaoricel Tob yobvov Gvédov magoveidlovies cuvdpa mepro-
dunag peraPolrag Gmo xUxdov €l xiudov.



