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ASTPONOMIA .— Probable Values of the Time of Rise for the
Forthcoming Sunspot Cycles, by John Xanthakis *.

It has been shown' that the values of the time of rise corresponding
to the successive sunspot cycles do not seem to show periodicity. If we
consider, however, the values of the time of rise for the cycles of the
same polarity i.e. the cycles corresponding to the odd and even values
of the current number N separately, we find a more or less clear tend-
ency for the minima of the time of rise to recur every 8 cycles for
cycles with N = 2K +1 and every 10 cycles for cycles with N = 2K,
K=0, szl =2 ;.

It will be shown in the following that each of these two groups of
cycles, N=2K -+ 1 and N =2K, can be subdivided into two subgroups,
each of which presents an individual periodic variation. The periods
of these variations are very probably multiples of 8 sunspot cycles for
cycles with N=2K +1 and 10 sunspot cycles for cycles with N = 2K.
In fact, if we consider the values of the time of rise I'x corresponding
to the sunspot cycles N = —12 (1610,8—1619,0) to N =3 (1775,6 —1784,7)
determined on the basis of the smoothed mean monthly relative sunspot
numbers® as well as the values of the time of rise T'x corresponding
to the latter sunspot cycles, N=4 to N =19, determined on the basis of

* JQANNOY SANGAKH, "Exqpoacig tod Xpdvov &v6dov ouvaptriael Tod apiduod
TOV AALOR@Y KORAWY.
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the observed mean monthly relative sunspot numbers', then the existing
observational data show that these values can be satisfactorily repre-

sented by the help of the following relations :
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b) Even Cycles
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where :

J =1 for the sunspot cycles with N =10K, 10K — 2, 10K —4

JL==.0 » » » » » N= 10K - 6, d0K =8, K=—0; 1 *2, ...
a; =64 3, =50 a, =466 a, =44 b= 08

In the above relations (1) and (2) the quantities ¥,, ¥,, and W,
represent additional periodic terms acting only during certain sunspot
cycles, that is

P 3 . 2n 1 . s N—1 =
W= [1 - sin (N—17) 747] sin e
2 2w L
¥, = 4 bcosN —cosKn, N—=4K—1, K=0,1 6,7 218 .. ..

3 24

M= —gbcosNi—gcosKﬁ, N=2K—2, K=—1,0 19,20 39,40 ....

The continuous lines (a) and (b) in the upper part of fig. (1) and (2)
represent, respectively, the first (a) and the second (b) term of the rela-
tions (1) and (2). In these figures the small circles represent the
observed values of the time of rise while the dots connected with
straight lines illustrate the values of I' computed by the help of
relations (1) and (2).

From Table I which gives the values of T' as well as the observed
values of the time of rise I'x (for the sunspot cycles N=—12 to N — 3}
and the time of rise 'I'rx (for the sunspot cycles N=4 to N =19), we see
that relations (1) and (2) represent the values of I'y and T'x with an



Cycles

17 21 25 29 33 3 41 45 49

13

-1

-15

SYNEAPIA THE 1 IOYNIOY 1967

s4824 ul asid 4o Wil

15 19 23 27 3 35 39 43 47 51 Cycles

1"

13

-17

:

Fig.

187



188

Cycles

16 20 24 28 32 36 40 44 48

12

ITPAKTIKA

THE AKAAHMIAZ AGHNQN

SJBaA u| 3SId4 30 Py

50 Cycles

14 18 22 26 30 34 38 42 46

10

~14 10

~18

Fig.



SYNEAPIA THX 1 IOYNIOY 1967 189

accuracy equal to (1 — % ) 100"/, = 97°/,. Despite this high degree
R

of accuracy, however, the values of the time of rise for the forthcoming
sunspot cycles found by extrapolating equations (1) and (2) should be
considered with due caution, because in these relations some periodic
terms with periods as long as 64 cycles are present, while the obser-
vational data on which relations (1) and (2) are based do not refer
to more than 32 cycles.

TABLE I

Cycles 7y Tk Cycles'® T Tr Cycles T
N (in years) N (in years) N (in years)

—12 43 47 4 3,3 3,3 20 4,1
— 11 6,8 7,0 b} 6,2 6,2 21 4,6
— 10 53 5,5 6 57 58 22 3,5
= 4,2 4,0 7 6,7 6,6 23 4,7
— 8 53 5,0 8 3,6 3,5 24 3,3
- 7 8,2 82 9 4,6 4,7 25 4,6
=) 55 5,5 10 41 4,2 26 6,0
— B 3,3 3,5 1d 3,8 3,3 27 2,9
— 7,115 12 53 5,3 28 4,3
— B 6,2 6,2 13 4,6 4,6 29 6,2
— 2 3,6 4,0 14 55 5,8 30 5,3
= 47 4,7 15 4,2 4,2 31 6,7

0 5,3 5,3 16 50 4,9 32 5,3

1 6,4 6,3 14 3,8 3,7 33 6,4

2 3,6 35 18 3,2 3,2 34 5,9

8 2,9 29 19 33 3,3 35 3,3

In a previous paper® it has been shown that the mean annual
values |Ru] of the relative sunspot numbers during the year of maximum
solar activity as well as the maxima Rmp.x and the minima Rmin of the
mean monthly relative sunspot numbers during the same year, can be
satisfactorily represented as functions of the time of rise I'x by the help
of the following relations :

()  [Rm] =C 4 2To (To — Tr)? + ToY
a 25

@) Rmax= a?+ 2T, (T, — Tr)? + a¥Y + 4T, sin (N ~- %)

(6)  Rumin= T, + (T, + 1) (T, — Tw)t +5 T,¥
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where

To = 5,76 T, =63 a=29,0

€ = 2T(2) for the cycles N =17 to 19

C =2T6 (To— 1) for the cycles N=—3 to 6 but with cycles N—=0 and N—1
C =2To (To+ 1).

The term Y is an exponential term of the form

7 — n ‘¢ f—

Y = To—n °XP [n—9]
where n=20, 1,2, ...9 for each decade of cycles, the value n =0 cor-
responding to the sunspot cycles N = — 10, 0, 10, 20 etc.

It is therefore of interest to investigate to what extent the
accuracy given by relations (3), (4) and () will be influenced if instead
of Tk we use in these relations the new parameter 'I' defined with the
help of equations (1) and (2). The results are shown in fig. 3, where the
small circles connected with continuous lines show the values of Rumax, [Ru]
and Rmin respectively given by the observations, while the dots con-
nected with dashed lines give the values of the same quantities computed
by the help of relations (3), (4) and (5). From this figure where the prob-
able value of [R.] for the forthcoming cycles N = 20, 21, ... are also
given, we see that the representation of the already available values of
these three quantities as functions of I' is very satisfactory.

For the current cycle N = 20 the value of T' computed by the help
of relation (2) is equal to 4,1 + 0,1. If therefore we take into account
that the minimum of cycle N = 20 occurred in 1964,7, we reach the con-
clusion that the maximum of cycle N = 20 will occur probably in
1968,8 + 0,1. According to relations (3), (4) and (5) the values of [Ru],
Ruax and Ruin for this cycle will be respectively :

[Rm] = 98,1 + 4,0 Rmax = 132,3 i 8,0 Rmin = 75,0 = 5,0
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‘O *Axadnuainog x. 'Iw. EavBdung magovadlov v dOc¢ dve avaxoive-
olv tov eime ta €Efc :

Eig moonyovuévny avaxoivmoiv nog eig v "Axadnuiov *Adnvédv aveqéoa-
uev gt M Aoig tol moofAjuatog tiic mooyvdoewg tiic Tltaxiic Soactmoidrirog
gEagrdran mhéov wovov dmd v nadnuatixy Exgoacty tol yxodvou avédov t@dv
Nax@v wixdowv ovvagrioer tol aoudpod tdv Siadopxdv xixdov. Svvduo d¢
drerumdoauey Ty yvouny dre 1 facikr) alitn mapduetgog, dnhady 6 yodvos avé-
dov, dmorelel Tov povadikdv dyvwetov tol dlov moofAfnaroc.

‘H rodpleynig duwg tdv éxdorote ripdv 1od y6vov avédov, Brav g Osi-
xtng the flaxiic doaotnowotnrog rapPdvetor % ®ATpak tdv oyeTindv aoududv i
aqiudv WOLF, 8xwg ovvidog xakotvrar, eivar Empetind dvoyeons.

‘H dvoyéosia adrn mpoéoyerar aq’ Evog uty amd v EMdenpy Bmaoxdv dedo-
uévov &x tdv maparnofoemy, e’ £réoov 88 And to yeyovos Gw 7 petafoly) tiic
ToapéTeoy TaTns cvvaetioer toh attovrog aguduot tdv NHior®dv xixdov elva
gvredlds dvopakos. Al yvworal padnpatixal uédodor tig dopovirdic avalioewg
ol TV megrododiayooupmdrmv 88y ddvaviar v Epapmooddoly Emi Tol mooxel-
uévov. *Hro ovvendg dvayraiov to meopAnua totto vo Gvripetmmodi) du” elduxiic
pedodov. Ty by tavrny puédodov vg xal tov TodmOV EQaouoyis tng Endé-
TOUEY €1 TNV ONUEQLVI)V Avaxolvmolv pog.

Ta Pacwmd yaoantnorotina thg puerodov tavtng eivan ta dxdlovda :

1) Oewotpey xexmoLouévmg Tovg Nhtaxotg xUixlovs we dQTLOV %ol TEQLTTOV
atovra dGovdudv. Tolto Gmd quowriic dndypeme onuaiver dtu Aapfdvouey va’ Gy
tov vopov 1ol HALE, dnAadi) tov vopov tig dvrioteogiis thig mohndtnrog tdv
M@y xmAidwv amo xixhov elg windov. ‘O drayworouog avtog dewxvier capic dtu
ta Eddyota TV TLp@Y 10T 3eGvou avidov Eravalapdvovral weoLodunde dva 8 fiua-
#0Vg ®Urhovg dua tovg Exovrag meortTov avtovia doduov wal dva 10 Hluaxrovg
xOxhovg Sud Tovg Exovrag doTLov TOLOUTOV.

2) Xwmotlopev tdoov tovg Gotiovg Joov xal Tovg megirtovg fltaxovg xixhoug
elg dvo Opddag, O’ Exdotmy @V 6moiwv evgloxouev dlav padnuatiuy Exgoaoy
10D ye0vov Gvédou cuvaotiioer tol doudpot thv wixkov. Eic fxdotny 8¢ tév
padnuat®y ToVTOV ExQEAcE®mV VTEWGEQYOVTUL TEQLOdLROL Goor T®V Omolmy ol
negtodor eivaw oMamddore tdv 8 xal tdv 10 Hhiaxdy xixdov dvriotolywe. “H
ovyzoLols TV Tudv tod ydvou dvédov t@dv tmoloyilopdvov Ex tdv edoedeiodv
nodmuatx®dy oyéoeov petd TOV TIUdY Tiic TOQAUETEOV TAVTNG THV THQEYOUE-
vav 976 1ob ovvélov tdv magarnecemy drd tot 1610 péxor ojueoov eivan EEou-

oetidg  navomomnury. ‘O Paduog drofelag tiic moguotdoswg tdv dedopévary
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avéoyetan eig 97°/, meolmov, doog elvan dnAadn xai 6 Paduds arobeiac tdv vew-
€00V TOQATNOVGEWY.

Iy 6pwg, maga Tov tynrov tovrov Paduov droPeloag, dolouévar Emgpu-
AdEeig glvar avayxaiar, dedouévov dti o péyxor Todde VArOv T®V mUQUTNENCEWY
d&v rakimrer €€ 6hoxAvoov tag petafoldg waxeds meQubdov.

Awa Tov Toégovta filaxov xixhov, 1ol Gmoiov to péyiotoy mooPrémetar natd
ZextéuPorov 7 *OxrdPorov 1968, ai dvtiotougor tipal TV dodudv WOLFE al
gEayouevor &x TOV YeoEnTIA®V pag oxEcemV Eivar oi xdtmd :

Aw tov péoov Erfolov tdv doududvy WOLF 98,1 + 4.0

Av tov péyiotov Ty umviaiov douudy WOLE  132,3 + 8.0
ol Ao TOVBAI OB s e e e 1030: T 530

Kata 0 téhog 1ol moooeyols Erovg da elvaw mdg tig elg Fowy va 2Aéyey

\ 7’ c 4 z ¥ - -~
®oto wO60v ol mQOPAEYELS pag avTol lval BmTUyElS.



