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The quas i- per iod ica l  v a r i a t i o n s  o f  the  cosmic-ray i n t e n s i t y ,  

w i t h  a  per iod  o f  about 27 days, have been studied i n  t h e  data recorded 

through sh ie lded i o n i z a t i o n  chambers a t  Huancayo and a t  Cheltenham du- 

r i n g  the  s o l a r  c y c l e  N? 18 (1944-53). The same i n v e s t i g a t i o n  has been 

extended t o  t h e  contemporary v a r i a t i o n s  o f  the  geomagnetic index Kp.The 

r e s u l t s  obta ined by t h e  p e r i o d i c a l  a n a l y s i s  through the  V e r c e l l i ' s  me- 

thod (ampli tudes and per iods)  and by the  c a l c u l a t i o n  of the  c o r r e l a t i o n  

c o e f f i c i e n t s  among the  data o f  d i f f e r e n t  v a r i a b l e s  a r e  repor ted a n d d i s -  

cussed. P e r t i c u l a r l y ,  a  d e t a i l e d  diagram i s  repor ted on the  behaviour 

of t h e  s i n g l e  o s c i l l a t i o n  ampli tudes, extended a l s o  t o  the  f o l l o w i n g  

s o l a r  c y c l e s  N? 19 (1954-64) and N? 20 (1965-74), which have p r e v i o u s l y  

been analy:jed; t h i s  diagram has been compared w i t h  a  s i m i l a r  one o b t a i -  

ned by Baziilevskaya e t  aZ. i n  o t h e r  place, i n  t h e  i n t e r v a l  1957-73. The 

ampl i tude behaviour o f  the  s o l a r  c y c l e  N? 18 v a l  idates a  d  i s c r e p a n c y  

versus t h e  sunspot Wolf number, a l ready  r e a l i z e d  through a n o t h e r s t a t i s -  

t i c a l  procedure by Venkatesan. 

A var iação quase p e r i ó d i c a  de in tens idade da radiação comica, 

com período de cerca de 27 d ias,  f o i  estudada nos dados r e g  i s  t r a d o s  

por meio de câmaras de ionização protegidas em Huancayo e  em Cheltenham 

durante o  c i c l o  s o l a r  N? 18 (1944-53). Conjuntamente foram estudadas as 

variações contemporâneas do ind  i c e  geomagnét i c o  Kp. Neste t r a b a l  ho são 

re la tados e d i s c u t i d o s  os resul tados ob t idos  com a  a n á l i s e  de p e r i o d i -  

c idade segundo o  método de Vercel l i (ampl i tudes e  periodos) e  com cál - 
c u l o  de c o e f i c i e n t e s  de cor re laçao  e n t r e  os dados das d i f e r e n t e s  v a r i ã -  

v e i s .  E m   p a r t i c u l a r  é aqui apresentado um diagrama detalhado do anda- 

mento das ampli tudes das sucessivas osc i lações,  estendido tambem aos 



c i c l o s  so lares N? 19 (1954;64) e  N? 20 (1 965-74), que for\am por nós a-  

nal isados precedentemente. Este diagrama é comparado com um análogo 

apresentado pqr Baz; levskaya e t  aL. com dados ob t idos  em o u t r a  l o c a l  i -  

dade (Deep ~ i v e r )  no i n t e r v a l o  1957-73. O andamento das ampl i tudes no 

c i c l o  so la r  F;? 18, conf irma uma d iscordância de comportamento do mesmo 

em re lação  ao andamento do número de Wol f das manchas so lares,  já ev i - 
denciada com o u t r o  procedimento e s t a t i s t  i co  por Venkatesan. 

The ar ia lys is  of the  quas i- per iod ica l  v a r i a t i o n s  o f  the  cosmic 

-ray i n t e n s i t y ,  w i t h  per iod  o f  27 days, c a r r i e d  ou t  f o r  the  so la r  cy-  

c l e s  N? 19 (1954-64)1'2 and N? 20 (1965-74) 3 ,  has been extended t o  the  

so la r  c y c l e  N? 1 8  (1944-53). As before,  t h e  behaviour o f  t h e  d a i l y  mean 

vaiues of the Losmir - ray i n t e n s i t y  recorded through sh ie lded i o n i z a t i o n  

chambers a t  Huancayo (peru) and a t  Chel tenham (Maryland, USA) i n  t h e  

years 1944-53, has been analysed. ( ~ h e  Cheltenham s t a t i o n ,  d u r i n g  the  

N? 19 cyc le ,  on the 5 t h  October 1956, was replaced by Freder icksburg 

s t a t i o n  ( ~ i r g i n i a ) ) .  I n  the same t ime i n t e r v a l ,  the  d a i l y  sums o f  the  

i n t e r n a t i o n a l  geomagnetic index Kp have been examined. The data have 

been anal ysed through the  p e r i o d i c a l  method o f  V e r c e l l  t h i s  method 

lends i t s e l f  q u i t e  w e l l  t o  evidence t h e  t ime h i s t o r y  and the  dynamics 

o f  quas i- per iod ica l  v a r i a ó l e ,  which shows v a r i a t i o n s  both o f  ampl i tude 

and o f  pe r iod  and sudden changes o f  phase, making i t  u n s u i t a b l e  t o  be 

analysed by a  procedure assuming f i x e d  per iods.  I n  f a c t  such v a r i a t i o n s  

would damp the importante o f  the  v a r i a b l e  i n  an u n c o n t r o l l a b l e  way and 

w u l d  fade i t s  c o n t r i b u t i o n  i n  a  g iven frequency i n t e r v a l  ( w i t h  poss i -  

b i l i t y  o f  misunderstandings i n  the  eva lua t ion  o f  the  r e s u l t s ) .  

Real l y ,  the  s tud ied v a r i a t i o n s  o f  the  cosmic-ray i n t e n s i t y  

a r e  r e l a t e d  t o  a  modulat ion process o f  s o l a r  o r i g i n  which, w h i l s t  bound 

t o  a sun r o t a t i o n  per iod  around i t s  own a x i s  o f  about 27 days ( i n  the  

so la r  equa to r ia l  zone), o therw ise  stems from r i s i n g ,  developnent and f a -  

d ing  processes o f  d i s tu rbed  areas o f  s o l a r  d iscus:  a p o s s i b l e  s h i f t  o f  

the barycentre o f  the  a c t i v e  reg ions d u r i n g  a  s o l a r  c y c l e  can r e s u l t  i n  

a  per iod  v a r i a t i o n s  i n  respect  o f  t h e  sun r o t a t i o n  per iod .  

Here, the r e s u l t s  r e f e r r i n g  o n l y  t o  the  v a r i a t i o n  o f  about 27 

days o f  t h e  N? 18 c y c l e  a r e  repor ted and compared w i t h  the  ones o b t a i -  

ned f o r  the  o t h e r  two f o l l o w i n g  cyc les  N? 19 and N? 20 .  



As t o  the  per iods  f o r  t h e  27-day v a r i a t i o n  and f o r  the  th ree  

s o l a r  cyc les  under examination, the  f o l l o w i n g  a r e  the  mean data: 

cosmic- ray a t  cosmic-ray a t  
HuanCayo I Chel tenham-FredericksburgI 

s o l a r  c y c l e  N? 18 

s o l a r  c y c l e  N? 19 ' 28.5 27.0 

s o l a r  cyc le  N? 20 * 1 27.5 / 27.5 

l h e  annual means of the  per iods  d o n ' t  show a c h a r a c t e r i s t i c  

behaviour i n  t h e  whole t ime , in terva l  considered and t h e i r  v a r i a t  ions a r e  

held i n  a q u i t e  l i m i t e d  range. 

AMPLITUDES 

The d e t a i l e d  behaviours o f  t h e  o s c i l l a t i o n  ampl i tude w i t h  a 

27-day per iod,  bo th  f o r  cosmic- ray i n t e n s i t y  a t  Huancayo and a t  Chel te-  
0 

nham-Fredericksburg, and f o r  the  Kp index, a r e  repor ted i n  f i g .  1, f o r  

the  th ree  cyc les  18, 19 and 20; the  behaviour o f  t h e  annual average va- 

lues of the  ampl i tude a r e  super imposed. The deta i l e d  diagrams p o i n t  o u t  

a remarkable v a r i a b i l  i t y  o f  t h e  ampl i tude,  p a r t i c u l a r l y  n o t i c e a b l e  when 

i n  r e l a t i o n  t o  the  l a r g e r  Forbush decays, whose t ime p o s i t i o n  i s  p l o t t e d  

i n  the  diagram as w e l l  (arrows). 

Ttie agreement between the  general behaviour o f  the d iagrams 

f o r  H and C-F i s  q u i t e  good i n  the  cyc les  N? 18 and N? 19 and f a i r l y  

good i n  t h e  c y c l e  N? 20. As regard ing t h e  s i n g l e  d e t a i l s ,  t h e  b e s t  

agreement happens f o r  the  c y c l e  N? 19 (except,  a t  most, t h e  l a s t  .years 

o f  the  cyc le :  1962-64), the agreement i s  s t i l l  s a t i s f a c t o r y  f o r  the  cy -  

c l e  N? 18 w h i l s t  i t  i s  poor f o r  the  c y c l e  N? 20. 

The correspondence between the  two diagrams of the  cosmic r a -  





d i a t i o n  a i ~ d  t h a t  o f  Kp i s  q u i t e  scanty, what i s  no t  amazing because the 

Kp index r e l a t e s  t o  the  geomagnetic a c t i v i t y ,  i n  connect ion w i t h  the  

i n t e r a c t i o n  o f  t h e  s o l a r  wind w i t h  t h e  e a r t h  magnetosphere, w h i l e  the  

modulat ion process, which the cosmic - ray - in tens i t y  v a r i a t i o n s  a r e  r e l a -  

ted to ,  r e f l e c t s  the i n t e r p l a n e t a r y  space s i t u a t i o n .  

An a n a l y s i s  l i k e  the  present  one has been r e c e n t l y  performed 

by G.A. Basi levskaya e t  ~ 2 . ~  on the  d a i l y  data o f  the cosmic-ray- in ten-  

s i t y ,  measured bo th  on the ground a t  some s t a t i o n s  w i t h  neutron moni- 

t ó r s  and i n  s t ra tosphere  over Murmansk and M i r y n y i ,  and on data o f  some 

parameters c h a r a c t e r i z i n g  the  s o l a r  a c t i v i t y .  That i n v e s t i g a t i o n ,  r e l a -  

ted  t o  t h e  t ime i n t e r v a l  1957-73, was c a r r i e d  ou t  w i t h  an a n a l y s i s  pro-  

cess s i m i l a r  t o  ours  t o  take the  v a r i a t i o n  o f  about 27 days ( w i t h  a se- 

l e c t i v e  f i l t e r  somewhat d i f f e r e n t  from the  used here one (see5) but  w i t h  

a frequency response curve q u i t e  c l o s e  t o  ours ) .  

I n  f ig .5 o f  t h a t  paper a graphic  i n  re ference t o  the  present 

f i g . 1 ,  i s  repor ted  showing the  d e t a i l e d  behaviour o f  the ampl i tude f o r  

the the 27-day v a r i a t i o n  o f  cosmic-ray i n t e n s i t y  measured a t  Deep River, 

o f  the  Kp index and moreover o f  th ree  parameters r e l a t e d  t o  the  s o l a r  

a c t i v i t y  (r;unspot Wolf number, sunspot t o t a l  area, s o l a r  r a d i o  emission 

f l u x  a t  2800 MH frequency). I n  the  t ime i n t e r v a l  which i s  common t o  t h e  

two a n a l y s i s  a ve ry  good agreement i s  observed i n  the general behaviour 

between the cosmic-ray i n t e n s i  t y  diagram a t  Deep River  and those ones 

a t  Huancayo and Freder icksburg and even a good concordance i n  the de- 

t a i l s ,  f o r  the c y c l e  N? 19, p a r t i c u l a r l y  between Deep River  and Huan- 

cayo The curves obta ined f o r  Kp both i n  t h a t  paper and i n  the  present 

one, a r e  i n  f u l l  agreement, i n d i c a t i o n  o f  t h e  equivalence o f  the analy-  

s ing  schemes used. The temporal v a r i a t i o n  o f  the  annual means o f  the  

ampl i tude,  f o r  t h e  27-day o s c i l  l a t i o n  o f  the  cosmic-ray i n t e n s  i t y  a t  

Huancayo, v e l i d a t e s  the disagreement i n  the behaviour o f  t h a t  ampl i tude 

versus the IJolf  numbers R o f  the sunspot, which has a l ready  been poin-  

ted o u t  and discussed by venkatesan7 and conf irmed w i t h  another proce- 

dure by ~ o v e r a ' ,  a l though w i t h  a more 1 im i ted  a n a l y s i s  than the present 

one . 

In  fac t ,  i n  the  s o l a r  c y c l e  N? 18, R shows a maximum i n  1947 

and a h i n t  t o  a secondary maximum i n  1949, whi l e  the  average ampl i tude 



o f  the 27-day o s c i l l a t i o n  o f  t h e  cosmic r a d i a t i o n  a í  Huancayo has the  

m a i ~  maximum i n  1946 and a secondary maxirnurn, q u i t e  ev ident ,  i n  1952 

( i n  1951 f o r  Cheitenham). 

This  discrepancy i s  j u s t i f i e d  by reference t o  the r e s u l t s  o f  

Cinevyshev9, who has shown t h a t  t h e  behaviour o f  qlany f a c t o r s  a t t a i n i n g  

t o  t h e  s o l a r  a c t i v i t y  presents, i n  every s o l a r  cyc le ,  two maxima, the  

l a t t e r  r e l a t e d  t o  the  s o l a r  e q u a t o r i a l  area and t h e  former t o  h i g h e r  

so ia r  l a t i r u d e s .  

On the  con t ra ry ,  i n  t h e  behaviour o f  R which inc ludes a l i  the  

sunspots w i thou t  d i s c r i m i n a t i o n  o f  the  h e l i o l a t i t u d e s ,  the two maxima 

a r e  no t  general l y  resolved (a h i n t  o f  r e s o l u t i o n  tu rns  ou t ,  f o r  R ,  j u s t  

i n  the  c y c l e  N? 18). 

Besides, t h i s  behaviour has been po in ted  o u t  and discussed 

i n  t h e  s o l a r  c y c l e  N? 19 I .  

I n  t a b l e  I , the  annuai average ampl i tudes a r e  repor ted f o r  

t h e  o s c i l l a t i o n  o f  27 days i n  t h e  s o l a r  c y c l e  N? 18 (sec t ion  a) ( w i t h  

comparison f o r  the  cyc les  N? 19 and N? 20, sec t ions  b) and c ) ) .  The am- 

p l i t u d e s  o f  the  cosmic-ray i n t e n s i t y  a r e  g iven  i n  m i l l e s  

mean i n t e n s i t y  i n  the  considered i n t e r v a l .  

, imal o f  the  

The recorded e r r o r s  a r e  the  standard d e v i a t i o n  o f  the  ampl i -  

tudes i n  each year .  As c r i t e r i o n  o f  r e l i a b i l i t y  o f  t h e  recorded o s c i l -  

l a t i o n ,  we r e f e r  t h e  one deduced by G . A .  Gazilevskaya e t  a ~ .  and des- 

c r i b e d  i n  t h e  paragraph 2nd o f  t h e i r  paper. I n  our  case, the  r a t i o  

between Lhe average ampl i tudes and t h e  stanciard d e v i a t i o n s  o f  the  ana- 

lysed data i s  about 0,7 f o r  t h e  Huancayo data, i s  0.6 f o r  the  Chelte- 

nham- fredericksburg ones, i s  0.5 f o r  the  Kp index data and there fo re  

q u i t e  h igher  than tne r e l  i a b i  l i t y  1 i m i t  (0.3 + 0 .4 )  proposed by Bazi- 

levskaya: 

CORRELATIONS 

The c o r r e l a t i o n  c o e f f i c i e n t s  bo:h among the experimental data 

(from which the  annual v a r i a t i o n  o f  the  cosmic-ray i n t e n s i t y  has been 



Table Ia 

Average ampli tudes o f  the  o s c i l l a t i o n  o f  27 days i n  the  s o l a r  

c y c l e  N? 18 (H: Huancayo; C:  Chetenharn; Kp: geomagnetic index) .  

Year 

1944 

1945 

? 946 

1947 

1948 

I949 

Table Ib 

Average ampli tudes o f  the  o s c i l  l a t i o n  o f  2 7  d a y s  i n  the s o l a r  

c y c l e  N? 19 (H:Huancayo; C- F :  Cheltenham-Fredericksburg; KP: 

geomagnet i c i ndex) . 

- 
Year 

-- 

I954 

1955 

1956 

I957 

1958 

1959 

1960 

1961 

1962 

1963 

i 964 
- 



Table Ic 

Average amp l i t udes  o f  t h e  o s c i l l a t i o n  o f  27 days i n  t h e  s o l a r  

N? 20 ( H :  Huancayo; F: F rede r i cksbu rg ;  Kp: geomagnetic index). 

removed) and among t h e  da ta  o f  t h e  o s c i  1 l a t i o n  o f  about  27 days a r e  r e -  

p o r t e d  i n  Tab le  i 1  - a ) ,  b ) ,  c ) :  t hey  r e f e r  t o  s imul taneous da ta  taken 

i n  t h e  t ime .  The r e l a t i v e  e r r o r s 1 °  a r e  r e p o r t e d  as w e l l .  

The c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  cosmic- ray i n t e n s i -  

t i e s  a r e  a l l  p o s i t i v e  and have q u i t e  h i g h e r  va lues  i n  t h e  c e n t r a l  p a r t  

o f  each c y c l e ,  between t h e  years  1946 and 1952 f o r  t h e  c y c l e  N'? 18. 

Genera l l y ,  except  f o r  a  few cases, t hey  exceed a t  l e a s t  t h r e e  

t imes t h e  va lues  o f  t h e  e r r o r .  Anyhow, t h e  p r o b a b i l i t y  t h a t  the i n t e r e s -  

t e d  v a r i a b l e s  be l i n e a r l y  c o r r e l a t e d  i s 0 < l %  i F  Ir1 2 0.135 and <1/1000 

i f  / r /  > 0.171 ( ~ e f . 1 1 ) .  

The c o e f f  i c i e n t s ~  r e l a t  i n g  t h e  geomagnet i c  Kp index t o  t h e  cos- 

m ic - ray  i n t e n s i t y  i n d i c a t e  a  n e g a t i v e  c o r r e l a t i o n ,  b u t  o f  poor s t a t i s -  

t i c  importance, as  has been s a i d  above i n  r e l a t i o n  t o  t h e  comparison 

between t h e  a m p l i t u d e  diagrams. Anyhow, a p a r t  f rom t h e  comparison w i t h  

366 



+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

c
n

M
\

D
o

-
0

0
a

h
h

N
 

o
<

u
M

M
N

y
P

4
7

-
-

 
.

.
.

.
.

 
. 

. 
0

0
0

0
0

0
0

0
0

0
 

I
I

I
I

I
I

I
I

I
I

 

L
n

~
a

L
n

~
L

n
m

L
n

~
L

n
 

0
0

0
0

0
0

0
0

0
0

 
.

.
.

.
.

.
.

.
.

.
 

0
0

0
0

0
0

0
0

0
0

 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

+
I 

N
a

-
a

0
N

a
h

L
n

-
 

m
o

a
r

n
~

r
n

~
~

~
o

 
.

.
.

.
.

.
.

.
.

.
 

0
0

0
0

0
0

0
0

0
0

 
I

I
I

I
I

I
I

I
I

I
 

L
n

a
N

-
-

M
N

t
n

N
L

n
 

0
0

0
0

0
0

0
0

0
0

 
.

.
.

.
.

.
.

.
.

.
 

0
0

0
0

0
0

0
0

0
0

 

+
I 

+
I 

+
I 

+
I 

+I 
+
I 

+
I 

+
I 

+
I 

+
I 

~
m

-
a

o
a

r
n

r
-

-
m

o
 

0
"

"
w

m
a

I
^

Y
1

"
9

r
'

 
.

.
.

.
.

 
0

0
0

0
0

0
0

0
0

0
 







the  p e r t i n e n t  e r r o r s ,  i t  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  the s ign  p e r s i s -  

tente (except one case, s t a t i s t i c a l l y  n o t  r e l i a b l e ) .  The t o t a l  c o r r e -  

l a t i o n  c o e f f i c i e n t  o f  Kp versus the  cosmic- ray i n t e n s i t y  a t  Huancayo 

and a t  Cheltenham-Fredericksburg has been taken i n t o  cons idera t ion  too.  

Wi th in  a  m u l t i p l e  l i n e a r  c o r r e l a t i o n  o f  a  v a r i a b l e  x w i t h  two o ther  va- 

r i a b l e s  y and z ,  the  t o t a l  c o r r e l a t i o n  c o e f f i c i e n t  p o f  x versus y 
x;y,x 

and z i s  de f ined  by the we l l  known r e l a t i o n :  

which g ives t h e  squared modulus o f  px ;Y,zI ' r xY, rxZ, ryz a r e  the co r re -  

l a t i o n  c o e f f i c i e n t s  among the th ree  v a r i a b l e s ,  taken two by two. 

Table I I I and f ig.2 r e p o r t  the  abso lu te  va lues o f  the  t o t a l  

c o r r e l a t i o n  c o e f f i c i e n t  of Kp w i t h  the  two cosmic-ray. i n t e n s i t i e s  i n  

t h e  th ree  cyc les  N? 18, N? 19, N? 20 f o r  t h e  experimental data and f o r  

Table Illa 

Tota l  c o r r e l a t i o n  c o e f f i c i e n t - S o l a r  c y c l e  N? 18 

Exper i m .  27-day 
waves 







the  27-day o s c i l l a ~ i o n s  ( t h e  c o r r e l a t i o n  i s  nega t i ve  as i t  i s  seen i n  

the  present Table ( I ,  and i n  the  Table IV o f  the  reference2).  The e r r o r s  

have been computed obvious l  y f o l  lowing the  law o f  e r r o r  propagat ion. The 

average values o f  j p l  a r e  SI i g h t l y  h igher  i n  the  c y c i e  N? 18; anyhow t h e  

d i f f e r e n c e s  among the  th ree  cyc les  a r e  n o t  remarkable. 

There i s  some t rend  t o  h igher  va lues o f  I p [  i n  t l i 6  c e n t r a l  

p a r t  of each cyc le ,  accord ing t o  the  behaviour o f  each P,. .. 
LJ 
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