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Abstract. One of the most outstanding feature of solar activity in the decade 1959-1969 was a very 
strong asymmetry on the two hemispheres. On the northern hemisphere spots, faculae and promi- 
nences were more numerous and the white light corona was brighter than on the southern hemisphere. 
This happened as well in the main zone as in the polar zone. The green coronal line too was brighter 
on the northern hemisphere, but the intensity of the red line was asymmetric in the opposite sense. 
From this behaviour it follows that over the more active hemisphere the corona is denser and hotter. 
Between density Ne and temperature T holds the relation: Ne = 10 -1~ T a. The real asymmetry was 
strengthened by a phase difference of the two hemispheres. This phase shift is subject to a long period 
that contains 8 eleven-year cycles. The intensity of the individual cycles follows the same long period. 
With low maxima of solar activity the northern hemisphere precedes, with high maxima the southern 
hemisphere (Figure 3). 

1. Introduction 

I t  ha rd ly  happens  tha t  solar  act ivi ty  is equal  on bo th  hemispheres .  N o r m a l l y  we have 

asymmetry .  This  is o f  no  impor t ance  for  a single day,  because  i t  is due to  the more  or  

less r a n d o m  d is t r ibu t ion  o f  the  centers o f  activity.  But even dur ing  longer  intervals ,  

mon ths  or  years,  the  solar  act ivi ty  remains  asymmetr ica l .  Since 1949 the act ivi ty on the 

nor the rn  hemisphere  has been larger  than  on the southern  one with  the only except ion 

o f  1957 tha t  shows a southern  excess. Thus,  the  a symmet ry  is no t  or  no t  direct ly  

connec ted  with the 11-year cycle, bu t  seems to be ru led  by  the ' l ong '  pe r iod  o f  80 to 

100 years  (Waldmeier ,  1957). The  present  invest igat ion analyses the solar  act ivi ty 

dur ing  the decade  1959-1969 when the a symmet ry  reached a far  higher  extent  t han  

ever before  in t imes o f  which we have the co r respond ing  data .  

2. The Asymmetry of  the Main Zone 

The mate r ia l  used in this p a p e r  is der ived f rom observat ions  made  at  the  Swiss 

Federa l  Observa tory .  Some da t a  have no t  yet  been publ i shed ,  however,  mos t  o f  the 

mate r ia l  can be d rawn f rom the 'Sonnenakt iv i t f i t '  publ i shed  annua l ly  in the  series o f  

the  'As t ronomische  Mit te i lungen der  Eidgen6ssischen Sternwar te '  (Waldmeier ,  

1958-1971). 

Table  I gives the  annua l  number  o f  the  nor thern  (N) and  the southern  (S) spot  

groups ,  and  the a symmet ry  defined by  ( N - S ) / ( N + S )  for  the years  1957-1969. 

F igure  I in which the annua l  values for  N and S are p lo t t ed  separa te ly  for  cycles 

* Astronomische Mitteilungen der EidgenSssischen Sternwarte Ziirich, No. 302. 
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nos. 19 and 20 shows that two different motives take part  in the strong asymmetry 
during 1958-1969. Once the northern hemisphere effectively contains more spots: in 
cycle no. 19 (1954-1964) 3134 spot groups appeared on the northern hemisphere, 
2229 on the southern one; cycle no. 20 showed 1403 northern and 805 southern spot 
groups from 1964 until the end of 1969. This asymmetry already important in itself is 
increased by a second cause, a phase shift of  activity between the two hemispheres. In 
cycle no. 19 the southern maximum occurs in the years 1957/58, the northern one 

Fig. 1. 
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The annual numbers of northern (N) and southern (S) spot-groups for cycles No. 19 and 20. 

follows but in 1959 (Figure 1). Even if both hemispheres were of  equal activity this 
phase shift alone would cause a N-excess on the descending branch of cycle no. 19 
(and, correspondingly a S-excess on the ascending branch). Cycle no. 20 too shows a 
phase difference between the two hemispheres, however, opposite to the preceding 
cycle, as now the northern activity precedes the southern one. Following Figure 1 the 
maximum on the northern hemisphere happened to be already in 1967, on the southern 
one but only in 1968. This phase difference causes a N-excess on the ascending branch 
for cycle no. 20 (and, correspondingly a S-excess on the descending one) even if the 
two hemispheres were equally active. Thus the already existing N-S-asymmetry  is 
strengthened by the 'correct '  phase difference and the change of its sign at the time of 
solar minimum. 

In addition to the spot groups also the areas of faculae were investigated upon their 
asymmetry (Table I). It  is about  the photospheric faculae that are in the main zone, 
but sometimes may advance up to 50 ~ f rom the solar equator. The asymmetry of the 
faculae runs similar to that of  the spots, but is even more pronounced than the latter. 

Finally Table I gives the areas of  the prominences. Restricting upon the main zone, 
only prominences within heliographic latitude of 4- 50 ~ were considered. Prominences 
show a smaller asymmetry than the spots and faculae, but it increases with the years 
and assumes its highest value in 1966 like spots and faculae. 
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3. The Asymmetry of the Polar Regions 

The activi ty is fa inter  at  he l iographic  lat i tudes Jb]> 50 ~ Spots are comple te ly  absent ,  

faculae occur only as isola ted points ,  only the prominences  fo rm the po la r  zones,  

extending f rom mid- la t i tudes  up to the  poles.  

Table  I I  gives the areas o f  the prominences  for  he l iographic  la t i tudes  f rom 50 ~ to 

90 ~ and the number  of  po l a r  faculae.  Genera l ly  the po la r  p rominences  too  show an 

excess o f  nor thern  act ivi ty in the per iod  o f  1958 to 1967: only 1960 and 1961 have an 

excess o f  southern  activity.  In  these years the N-excess of  either spot  groups,  faculae 

and prominences  of  the ma in  zone is smaller  than  dur ing  the adjacent  years 1959 and 

1962. 
TABLE II 

The asymmetry of polar prominences and faculae 

Year Prominences Faculae 

N S (N -- S)/(N + S) N S (N -- S)/(N + S) 

1957 822 360 0.391 
1958 1645 593 0.471 
1959 792 324 0.420 
1960 130 331 -0.436 
1961 105 291 -0.470 
1962 269 223 0.094 
1963 88 75 0.080 
1964 504 94 0.685 
1965 443 66 0.741 
1966 906 100 0.801 
1967 941 768 0.101 
1968 802 962 -0.091 
1969 549 1008 - 0.294 

699 49 0.869 
1139 70 0.885 
542 72 0.766 
484 78 0.722 
405 127 0.523 
197 136 0.183 
105 93 0.061 
25 41 0.242 

Po la r  faculae were observed only f rom 1960 to 1967. Dur ing  all these years they 

were more  f requent  in the nor thern  po la r  zone than  in the southern  one. On the 

nor thern  hemisphere  po la r  faculae occurred extremely numerous  in 1960 and 1961. 

I t  is r emarkab le  to  not ice  tha t  exactly these two years show an S-excess o f  po l a r  

prominences .  Af ter  1961 the number  o f  nor thern  po la r  faculae decreases gradual ly  

whereas tha t  o f  the southern  ones increases assuming its m a x i m u m  in 1964/65, when, 

however,  the number  o f  southern  points  of  faculae is still smal ler  than  tha t  on the 

nor thern  hemisphere .  

Thus the po la r  act ivi ty shows the same N - S - a s y m m e t r y  as the ma in  zone. 

Fu r the rmore ,  the po la r  zone of  prominences  also shows the phase  shift  tha t  was 

observed in the zone o f  spots  and  faculae. On the southern  hemisphere  i t  reached the 

pole  by the middle  o f  1958, whereas on the nor thern  side i t  t ook  1.5 years more  to  

arrive at  the  pole.  But in cycle no. 20 the nor thern  po la r  zone precedes the southern  

one, as show the he l iographic  lat i tudes o f  these two zones:  1 9 6 5 : + 4 7  ~ - 4 1 ~  

1 9 6 6 : + 5 5  ~ - 4 2 ~  1 9 6 7 : + 6 5  ~ , - 5 2 ~  1 9 6 8 : + 7 2  ~ , - 5 8 ~  1 9 6 9 : + 7 8  ~ , - 6 8  ~ . 
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4. The Asymmetry of the White Corona 

The solar  eclipses o f  15 F e b r u a r y  1961, 5 F e b r u a r y  1962, 20 July  1963, 30 M a y  1965, 

12 N o v e m b e r  1966 and  22 Sep tember  1968 fall  wi thin the scope o f  s t ronges t  asym- 

met ry  o f  solar  activity.  Al l  these eclipses were successfully observed by  the au thor ,  and  

for  each one the d i s t r ibu t ion  o f  the br ightness  has been publ i shed  (Waldmeier ,  

1962-1969). 

Let  V=Ib,  r/I_b, , be the ra t io  of  br ightness  o f  the white  co rona  in two conjuga ted  

points ,  i. e. po in t s  with the same dis tance f rom the center  o f  the sun and  pos i t ions  

symmet r ica l  to  the  equator .  Bo th  on the east  side and  on the west  side two conjugate  

poin ts  wi th  dis tances  o f  r =  1.1, 1.2 and  1.3 for  b =  +_ 10 ~ + 2 0  ~ + 9 0  ~ each were 

t aken  in o rder  to  fo rm a mean  value out  o f  6 single values.  They are  presented in 

Table  I I I .  
TABLE III 

The asymmetry of the white light corona 

Year 1961 1962 1963 1965 1966 1968 mean 

b 
10 o 1.20 2.04 1.17 1.23 1.29 1.00 1.39 
20 ~ 1.41 1.71 1.12 1.27 1.66 1.00 1.43 
30 ~ 1.81 1.32 1.11 1.97 1.36 0.92 1.52 
40 ~ 1.98 1.26 1.30 2.95 1.41 1.00 1.78 
50 ~ 1.52 1.41 1.67 3.11 1.35 1.04 1.81 
60 ~ 1.10 1.62 1.94 2.78 2.08 0.65 1.90 
70 ~ 0.82 1.70 1.50 1.76 2.09 0.70 1.57 
80 ~ 0.81 1.86 1.19 1.14 1.96 1.10 1.39 
90 ~ 0.72 1.89 1.21 1.14 1.76 1.24 1.34 

mean 1.26 1.65 1.36 1.93 1.66 0.96 1.57 

F o r  the  eclipses 1962 to 1966 the nor the rn  co rona  is br ighter  than  the southern  for  

all he l iographic  la t i tudes.  The  co rona  o f  1961 and tha t  o f  1968 show S-excesses o f  

br ightness  at  3 different  he l iographic  la t i tudes  each. Averaged  over  all he l iographic  

la t i tudes  the  eclipses o f  1961-1966 give cons iderable  N-excesses;  only  the eclipse o f  

1968 has a sou thern  co rona  being a bi t  br ighter  t han  the nor the rn  one. As  after  1966 

the a symmet ry  o f  spots ,  faculae  and  p rominences  rap id ly  decreased and near ly  

van ished  in 1968, we exclude the results o f  the co rona  o f  1968 for  the fol lowing 

invest igat ion.  

The  values v b averaged  over  the remain ing  5 eclipses grow with increas ing b, for  

b = 60 ~ they  assume their  highest  value and then decrease again  towards  the pole.  

Averaged  over  all  he l iographic  la t i tudes  the ind iv idua l  eclipses give values for  ~ o f  

1.26 to  1.93. Ave raged  over  all  eclipses and  over  all he l iographic  la t i tudes  one gets 

= 1.57. As  we cons ider  here only the  inner  co rona  for  which we know the br ightness  

to  be p r o p o r t i o n a l  to  the  e lect ron density,  the  a symmet ry  observed dur ing  1961-1966 

leads to an e lect ron dens i ty  on the nor the rn  co rona  tha t  exceeds the southern  one by  a 

fac tor  o f  t.57. 
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5. The Asymmetry of the Monochromatic Corona 

The intensities of the coronal lines 5303 and 6374 A are measured along the solar 
limb, in a distance of about  30" and in intervals of  5 o of  position angle. The sum of 
these 72 values of  intensity is defined as the total intensity of  the corona for the day in 
question. The annual mean values of  the sums, separately for the northern (N) and the 
southern (S) hemisphere, are given in Table IV. For both lines the sums over all 
heliographic latitudes ( ' total ')  and for b = 5 5 ~  ~ only ( 'polar ')  are communicated. 

For the line 5303 A N-excess begins in 1958, assumes its highest values in 1964-1966 
and vanishes in 1968. Similarly runs the asymmetry of the polar emission; it assumes 
extreme values in 1962-1966. 

Line 6374 A runs completely different. Spots, faculae and prominences were more 
frequent or more extended respectively on the northern hemisphere as well as the 
northern corona in white light and in the green line were more intensive. The red line, 
however, appears brighter on the southern hemisphere than on the northern one in 
years of strong asymmetry. This is true either for the ' total '  as well as for the 'polar '  
emission. The intensity of  the line 6374 A grows with increasing density and with 
decreasing temperature. As the intensity of  this line is stronger on the southern 
hemisphere, the density of  the corona, however, larger on the northern hemisphere, 
the northern corona must have a higher temperature than the southern one. 

6. The Asymmetry of Coronal Temperature 

Approximately the ratio of  the intensities of  the green and the red coronal line Ig/I r 
can be calculated - independent of  electron density - by the abundance of their 
generating ions (Billings, 1966): 

Ig/I r = 2.4 Nxiv /Nx  

where Nx and Nx~v stand for the densities of  the ions Fex  and Fex~v respectively. 
This quotient, very strongly dependent on temperature, was calculated according to 
the theory of dielectric recombination (Burgess and Seaton, 1964). Table V gives the 
ratio of  intensity Ig/l ,  for the most  frequent temperatures in the corona. 

TABLE V 
The intensity ratio Ig/Ir for different temperatures 

T• 10 -6 1.25 1.50 1.75 2.00 2.25 2.50 

Ig/Ir 0.017 0.328 3.96 24.2 124.6 398.0 

The intensities used in Section 5 rely on a scale based on visual estimations. Neither 
is this scale linear nor are the units equal for the lines 5303 and 6374 A. But with the 
aid of  a formerly computed calibration curve the estimated intensities were converted 
into absolute units. The ionisation temperatures derived f rom them, separately for the 
two hemispheres, are compiled in Table VI. 
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TABLE VI 

The asymmetry of the corona's ionisation-temperature 

339 

Year b 0 ~ 10 ~ 20 ~ 30 ~ 40 ~ 50 ~ 60 ~ 70 ~ 80 ~ 90 ~ mean 

1957 TN 1.74 1.67 1.78 1.80 1.84 1.79 1 . 7 7  1 . 7 1  1.69 1.68 
Ts 1.74 1.70 1 . 7 3  1 . 8 1  1.84 1.79 1 . 8 1  1 . 7 8  1.80 1.72 
TN/Ts 1 0.98 1 . 0 3  0.99 1.00 1.00 0.98 0.96 0.94 0.98 0.98 

1958 TN 1.75 1 . 7 5  1.74 1 . 7 8  1.80 1.80 1.80 1 . 7 1  1.64 1.62 
Ts 1.75 1.74 1 . 7 3  1 . 7 7  1 . 8 1  1.84 1.79 1 . 7 0  1.63 1.62 
TN/Ts 1 1.01 1.01 1.01 0.99 0.98 1.01 1.01 1 . 0 1  1.00 1.00 

1959 TN 1.75 1 . 7 5  1.77 1.77 1 . 8 1  1.74 1.70 1 . 6 8  1.66 1.61 
Ts 1.75 1.72 1.74 1.80 1 . 7 3  1.65 1.74 1 . 7 3  1.61 1.51 
TN/Ts 1 1.02 1.02 0.98 1.05 1 . 0 5  0.98 0.97 1 . 0 3  1.07 1.02 

1960 TN 1.76 1.76 1.77 1 . 7 8  1.83 1.85 1 . 8 3  1.65 1 . 5 1  1.31 
Ts 1.76 1 . 7 2  1.67 1.67 1.66 1.60 1.59 1.65 1.60 1.57 
TN/Ts 1 1.02 1.06 1.07 1.10 1.16 1.t5 1.00 0.95 0.84 1.04 

1961 TN 1.68 1.69 1.76 1 . 7 8  1 . 7 7  1.84 1.82 1 . 8 1  1.59 1.44 
Ts 1.68 1.66 1.72 1 . 6 5  1 . 6 1  1.60 1.60 1.62 1.56 1.49 
TN/Ts 1 1.02 1.02 1.08 1.10 1.15 1.14 1.12 1.02 0.97 1.07 

1962 TN 1.72 1.66 1.72 1.67 1.60 1 . 6 5  1.76 1.70 1 . 5 5  1.46 
Ts 1.72 1.64 1 . 6 1  1.58 1.48 1.37 1 . 3 1  1.20 1.20 1.20 
TN/Ts 1 1.01 1.07 1.06 1.08 1.20 1.34 1.42 1.29 1.22 1.19 

1963 TN 1.59 1 . 6 2  1.67 1.67 1 . 6 5  1.62 1 . 7 3  1.62 1 . 3 5  1.20 
Ts 1.59 1.56 1.54 1.40 1.25 1.20 1.20 1.20 1.20 1.20 
TN/Ts 1 1.04 1 . 0 8  1.19 1.32 1.35 1.44 1 . 3 5  1.12 1.00 1.21 

1964 TN 1.50 1 . 5 5  1.55 1 . 5 8  1 . 5 8  1 . 6 3  1.69 1.59 1 . 4 3  1.20 
Ts 1.50 1 . 4 7  1 . 3 1  1.20 1.20 1.20 1.20 1.20 1.20 1.20 
TN/Ts 1 1.06 1.18 1.32 1.32 1.36 1 . 4 1  1 . 3 3  1.19 1.00 1.24 

1965 T~ 1.34 1 . 5 1  1 . 6 1  1 . 7 3  1.68 1.62 1 . 6 3  1.57 1.32 1.20 
Ts 1.34 1 . 3 5  1.26 1.44 1 . 5 3  1.49 1 . 4 8  1.25 1.20 1.20 
TN/Ts 1 1.12 1 . 2 8  1.20 1.10 1.09 1.10 1.26 1.I0 1.00 1.14 

1966 TN 1.51 1.61 1 . 6 5  1.77 1 . 7 8  1 . 7 9  1 . 7 5  1.72 1 . 7 1  1.62 
Ts 1.51 1.39 1 . 5 3  1 . 5 3  1.51 1.41 1 . 5 3  1.39 1 . 3 1  1.20 
TN/Ts 1 1.16 1 . 0 8  1.16 1.18 1.27 1.14 1.24 1 . 3 1  1.35 1.21 

1967 Tze 1.61 1.64 1 . 7 1  1.84 1.82 1 . 7 7  1 . 7 1  1 . 7 3  1.68 1.67 
Ts 1.61 1.70 1.69 1.80 1.80 1.69 1.65 1.65 1 . 5 8  1.44 
TN/Ts 1 0.97 1 . 0 1  1.02 1 .01  1.05 1.04 1.05 1.06 1.16 1.04 

1968 TN 1.75 1.70 1 . 7 8  1.82 1.80 1.67 1.58 1 . 6 1  1 . 5 8  1.57 
Ts 1.75 1 . 7 1  1.78 1.82 1 . 8 1  1 . 7 5  1 . 7 5  1.77 1 . 7 3  1.69 
Tz~/Ts 1 0.99 1.00 1.00 0.99 0.96 0.90 0.91 0.92 0.93 0.96 

1969 T• 1.83 1.74 1 . 7 9  1 . 8 1  1.82 1.72 1.60 1.54 1.45 1.33 
Ts 1.83 1.74 1.82 1.70 1 . 7 3  1 . 6 8  1.63 1 . 7 1  1.64 1.62 
Tz~/Ts 1 1.00 0.98 1.06 1 . 0 5  1.02 0.98 0.90 0.89 0.82 0.97 

mean 
1958-1967 TN/Ts 1 1.04 1.08 1 . 1 1  t.12 1.17 1.18 1.18 1 . 1 1  1.06 - 

F o r  e a c h  year  t he  m e a n  value  o f  t he  t e m p e r a t u r e - r a t i o  TN/Ts ( ave raged  over  the  

9 va lues  f r o m  b = 10 ~ to  90 ~ is g iven at  t he  r i gh t  edge  o f  T a b l e  VI .  1957 still s h o w s  a 

sma l l  excess  o f  t e m p e r a t u r e  o f  t he  s o u t h e r n  h e m i s p h e r e .  In  t h e  f o l l o w i n g  years ,  

h o w e v e r ,  t h e  n o r t h e r n  c o r o n a  b e c o m e s  h o t t e r  t h a n  the  s o u t h e r n  o n e ;  a s y m m e t r y  

s lowly  g row s ,  a s s u m e s  the  h ighes t  a m o u n t s  in  1962-1966 a n d  v an i s h e s  a f te r  1967. 

T h e  v a r i a t i o n  o f  t h e  q u o t i e n t  TN/Ts w i t h  h e l i o g r a p h i c  l a t i tudes  r u n s  s o m e w h a t  
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different in the individual years. Generally TN/Ts is larger in midlatitudes than in low 
ones or at the pole. The mean values at the bot tom of Table VI are drawn f rom the 
years 1958-1967, during which the northern corona was hotter than the southern one. 
With increasing distance f rom the solar equator TN/T s grows continuously, assumes 
its highest value at b = 50 o till 70 ~ and then strongly decreases towards the pole. 

The ionisation temperatures we have derived lie markedly below the kinetic tem- 
peratures. Here we will not enter into the particulars of  this discrepancy as we are 
only engaged in the quotients TN/Ts that are not affected by the scale value. 

Thus the asymmetry of the intensity of  the red line running in an opposite sense to 
that of the solar activity and of the brightness of the white and the green corona, is 
due to an asymmetry of the coronal temperature in such a way that on the more active 
hemisphere not only the density is increased but also the temperature of  the corona. 

7. The Relation between Density and Temperature in the Corona 

At different times the author pointed on the fact that  density and temperature of  the 
corona are not independent of  each other, but that temperature increases with density. 
"Temperature  variations are closely connected with density variations. The regions 
of  highest density are also the regions of  highest temperature. This strong connection 
between density and temperature has to be taken into consideration by any theory of 
the heating mechanism of the corona."  (Waldmeier, 1967.) On the occasion of the 
Summer School on the Solar Corona, Athens, September 1970, the author set up the 
relation Are= 10 -1~ T 3 based on observed values of  the electron density Ne and the 
temperature T (Waldmeier, 1971). In the meantime Reimers (1971) derived theoreti- 
cally the relation Ne '~ T 5/'2, only slightly different f rom the former relation. 

From the asymmetry of the brightness and by it of the density of  the corona as 
given in Table III ,  and f rom that of  the temperature in Table VI, the exponent x of  the 
density-temperature-relation NN/Ns=(TN/Ts) x can be computed. In Table VII  the 
densities of  the years mentioned refer to the day when a total solar eclipse occurred, 
the temperatures, however, are annual mean values. These need not to be represen- 
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Fig. 2. The asymmetry (N -- S)/(N § S) of spot-groups, faculae, prominences and the emission of 
the coronal lines 5303 and 6374/~. 
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TABLE VII 
The density-temperature-relation in the corona 

Year log(NN/Ns) log(Trr/Ts) x 

1961 0.100 0.029 3.45 
1962 0.217 0.076 2.86 
1963 0.134 0.083 1.62 
1965 0.286 0.057 5.02 
1966 0.220 0.083 2.65 

tative for the eclipse day; that is why the x-values in Table VII scatter very much. Its 
mean value is x =  3.1, closer to the empirical value mentioned above than to the 
theoretical one. 

8. Asymmetry and Phase Difference 

As the author showed, there is a relation between asymmetry and phase difference which 
both are subject to a long-period variation (Waldmeier, 1957). The phase difference 
has two consequences: first the hemisphere preceding in time is more active on the 
ascending branch of the spot curve whereas on the descending branch it is the hemi- 
sphere following in time; it is presumed that summed over the whole cycle both 
hemispheres are of equal activity. Second, the distance from the equator of the zone 
of activity is smaller during the whole cycle for the hemisphere preceding in time than 
for the hemisphere following in time. 

The difference of the numbers of spot groups on the two hemispheres may be due 
to either a real asymmetry or to a phase difference. In order to separate the contribu- 
tion produced only by the phase difference, the annum numbers N and S of the spot 
groups are transformed by the factors aN and as to N ' =  ar~N and S '=  ass respectively, 
so that ~ N ' = ~ ,  S' summing over a whole cycle. I f  there is no phase shift this trans- 
formation causes the activity to proceed in the same way on both hemispheres; thus 
q' = (N' - S')/(N' + S') = 0 for each year of the cycle. If  the northern activity precedes 
the southern one, then q '>  0 on the ascending branch, q '<  0 on the descending one. 
Following the observations and apart from considerable fluctuations, the changes of 
q' are linear in time. The annual change dq'/dt=a'  is computed by the least-mean- 
squares method. It is a measure for the phase difference. 

Positive values of a' signify a preceding of the southern, negative values a preceding 
of the northern hemisphere. Table VIII illustrates the d-values to change sign every 
4 cycles. Thus the variation of the phase shift is subject to a long period that contains 
eight 11-years cycles. The a'-value of cycle no. 20 is based on observations from 1963- 
1969 and therefore has to be considered as provisional. After closing of cycle no. 20 the 
definitive d-value is expected to be somewhat smaller than the provisional one, but 
the sign will remain unchanged. 

The second method to determine the phase difference is based on the heliographic 
latitude of the spot zone. The distance of the spots from the equator is known to 
decrease monotonously from the beginning of the cycle to its end and this diminution 
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TABLE VIII 
The long term variations of the solar activity 

Cycle No. a' D Q RM 

10 + 0.025 + 0.45 o 0.94 123 
11 +0.018 +0.82 0.88 104 
12 -0.111 -1.07 0.69 101 
13 - 0.065 - 1.01 0.82 76 
14 - 0.072 - 1.44 1.05 86 
15 - 0.015 - 1.43 1.22 82 
16 +0.006 +0.17 1.20 101 
17 +0.101 +0.44 1.01 116 
18 +0.075 +0.35 1.07 157 
19 +0.057 + 1.11 1.41 153 
20 - 0.235 - 1.06 - (125) 

is dependent only on the time and not on the intensity of the cycle (Waldmeier, 1939). 
If  activity leads on the northern hemisphere, the distance of the northern spots from 

the equator lb,] is smaller at any time than that of the southern ones Ibs]. For each 
year the difference l b , ] -  [bs] is computed, and from them the average value D of the 

whole cycle. D is again a measure for the phase difference between the two hemispheres. 
Here again negative D-values signify an anticipation of northern activity. The D-values 

communicated in Table VIII  have the same sign as a' for each cycle and so character- 

ize once more the long period of 8 cycles. Again for cycle no. 20 the D-value is but 

provisional because it refers only to the years 1965-1969. 
Furthermore the asymmetry Q is communicated for each cycle in Table VIII. For 

cycles nos. 12-18, Q is the quotient of the total area of northern spots divided by that 
of the southern spots. For the cycles nos. 10, 11 and 19 no measurements of the areas 
were available and therefore Q was derived from the sums of spot groups: Q = ~ N / ~  S. 

The Q-value for cycle no. 20 is not yet known; from the ascending branch a very high 
value results that, however, is due or at least partially due to the phase shift. During 
the descending branch it slowly will get smaller. For cycles nos. 10 to 13, Q is smaller 

than 1, for cycles nos. 14 to 19 and probably also for no. 20, Q is greater than 1. This 
demonstrates a long term variation for the asymmetry too; its relation to the variation 

of the phase shift (Figure 3), however, is not yet clear. 
On the other hand the long term variation of the intensity of the solar activity 

seems to be connected with the phase shift. The intensity of a cycle is measured by the 
highest smoothed monthly relative number RM. The RM-values communicated in 
Table VIII  are the overlapping averages of 3 successive RM-wlues. They are of 
regular running with a maximum in cycle no. 9 (Figure 3), a minimum in cycle no. 13 
and another maximum in cycle no. 18. The/~M-value given for cycle no. 20 is based on 
the assumption that no. 21 will be of low intensity (RM=70). The/~M-values run in 
phase with the a '  and D-values respectively, a'  and D are negative for small RM-values 
and positive for large ones. In other words: with low maxima the activity of the 
northern hemisphere precedes, with high maxima that of the southern hemisphere. 
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Fig. 3. 
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The phase shift changes its sign a round  the time when R g  reaches the value o f  100. 

The last change happened with the beginning of  cycle no. 20. However,  the suspected 

R~-value for  cycle no. 20 still lies markedly over 100 due to the extremely high RM- 
value o f  201 for  cycle no. 19. 
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