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The quasi- per  iod i c a l  v a r  i a t  ions o f  t h e  cosmic- ray i n t e n s i t y ,  

w i t h  a pei-iod o f  about 13 days, have been s tud  ied i n  t h e  da ta  recorded 

through sh i e l d e d  ion  i z a t  i on  chambers a t  Huancayo and a t  Chel tenham-fre- 

der i cksburg  d u r i n g  t h e  s o l a r  c y c l e s  n? 18, 19 and 20 (1944-1974). The 

temporal \ /ar  i a t  i o n  o f  t h e  annual average ampl i t u d e s  o f  t h e  osc i l l a t  i o n  

o f  about 13 days f o r  b o t h  s t a t i o n s  i s  compared w i t h  t h e  behaviour  o f  

the  Wolf riumber R o f  sunspot. For t h e  c y c l e s  n? 18 and 19, these am- 

p l  i t udes  present ,  1 i ke  o f  27-day osc i 1  l a t  ion, two maxima, w h i l e  f o r  t h e  

c y c l e  n? 20 t h e r e  i s  o n l y  one c l e a r  maximum. I n  t h l s  work i s  a l s o  p re -  

sented the  nega t i ve  c o r r e l a t i o n  between t h e  annual mean cosmic- ray i n -  

t e n s i t y  and t h e  amp l i tude  o f  t h e  13-day o s c i l l a t i o n .  

P, var iação  quase  p e r i ó d i c a  da in tens idade  da rad iação  cósmica, 

com per  iodo de cerca 13 d ias ,  f o i  estudada nos dados reg  i s t r a d o s  por  

meio de câmaras de ion ização p r o t e g i d a s  em Huancayo e em Cheltenham- 

-Freder icksburg duran te  os  c i c l o s  so la res  n? 18, 19 e 20 (1944-1974 1 .  
O g r á f i c o  em função do tempo das ampl i tudes  anuais médias da o s c i l a ç ã o  

de 13 d i a s  em ambas as  estações é comparado com o comportamento do n? 

R de Wolf de manchas so la res .  Nos c i c l o s  n? 18 e 19, as  amp l i tudes  a-  

cima nomeadas apresentam, como j á  aquelas das o s c i l a ç õ e s  de 27 d ias, 

d o i s  máximos, enquanto no c i c l o  n? 20 é ev idenciado um Único c l a r o  má-  

ximo. Neste t r a b a l h o  6 também apresentada a c o r r e l a ç ã o  nega t i va  que e-  

x i s t e  e n t r e  a média anual da in tens idade da rad iação  cósmica e a am- 

p l  i t u d e  da o s c i l a ç ã o  de 13 d i a s .  



1. INTRODUCTION 

The v a r i a t i o n  o f  t h e  annual mean cosmic- ray i n t e n s i t y ,  a t  a  

g iven  s i t e ,  w i t h  t h e  sunspot a c t  i v i t y  c y c l e  has been known f o r  many 

yearsl. I t i s  r e f e r r e d  t o  as  t h e  eleven-year va r  i a t  i on  o f  t h e  cosmic 

r a y  i n  t h e  1 i t e r a t u r e .  Somehow t h e  lower energy cosmic rays  a r e  p r e -  

vented f rom reaching t h e  e a r t h ,  as t h e  s o l a r  a c t i v i t y  increases.  The 

" o b s t r u c t  ion" gradual  l y  d  isappears w i t h  t h e  dec l  ine i n  s o l a r  a c t  i v i t y .  

A lso  t h e  27-day q u a s i - p e r i o d i c  v a r i a t i o n s  i n  the  i n t e n s i t y  o f  

t h e  cosmic- ray a r e  w e l l  known and a r e  a t t r i b u t a b l e  t o  f l u c t u a t i o n s  i n  

the  p r o p e r t  i es  o f  t h e  i n t e r p l a n e t a r y  med ium i n  connect ion  wi  t h  t h e  

s u n ' s  r o t a t  i on  and a r e  inves t  igated by many a u t h o r s 2.  However, t h e  d i -  

r e c t  cause o f  the  v a r i a t i o n s  may be found i n  severa1 d i v e r s e  e f f e c t s ,  

such as  t h e  non-un i fo rm hel  i o long  i tude d  i s t r  i b u t  ion  o f  a c t  i v e  reg  ions 

on t h e  s o l a r  d i s k ,  r e c u r r e n t  Forbush decreases and t h e  sectored s t r u c -  

t u r e  o f  t h e  i n t e r p l a n e t a r y  rnagnetic f i e l d .  Since t h e  r e s u l  t o f  t h e  mo- 

d u l a t i o n  process i s  n o t  mere s i n u s o i d a l  i t  i s  l i k e l y  t o  expect,  bes ide 

t h e  fundamental o s c i l l a t i o n ,  a l s o  t h e  presence o f  h igher  harmonics. 

Then, i n  a d d i t i o n  t o  the  w e l l  known v a r i a t i o n  o f  27 days, we 

t o o k  i n t o  c o n s i d e r a t i o n  those o f  s h o r t e r  p e r i o d s  (13 and 6 days r e s -  

pec t  i v e l  y) o f  which some exper imenta l  i n fo rmat  ion i s  a l r e a d y  a v a i l a -  

b l  e3. 

The quas i- per  i o d i c a l  v a r  i a t  ions o f  t h e  cosmic- ray i n t e n s i t y ,  

w i t h  a  p e r i o d  o f  about 13 days, have been s tud ied  i n  t h e  da ta  recorded 

through s h i e l d e d  i o n i z a t  i on  chambers a t  Huancayo and a t  Chel tenham-Fre- 

der i cksburg  d u r i n g  the  years f rom 1944 t o  1974. 

2. METHOD OF DISCRIMINATION OF THE 13-DAY VARIATION 
AND TEST OÇ EFFICIENCY OF THE FILTER 

The a c t i o n  o f  the  s e l e c t i v e  f i l t e r  i n  the  presence o f  d i c r e t e  

data,  f o r  example the  diurnal-mean va lueso f  the  cosmic- ray i n t e n s  i t y  

i s  desc r ibed  by t r a n s f o r m a t i o n  o f  t h e  t ype  



where h ( k )  i s  the  we igh t ing  f u n c t i o n  o f  the  1  inear  t rans fo rmat ion ,  x(t) 

i s  t h e  i n v e s t  iga ted  process, and X ( e )  i s  t h e  t ransformed p rocess4 .  The 

f requency response o f  the  p a r t i c u l a r  f i l t e r  used here i s  such t h a t  t h e  

response maximum, which i 6  equal t o  u n i t y ,  occurs  a t  a  p e r i o d  o f  about  

13 days, and t h e  ha l f - suppress ion  p o i n t s  a t  9 and 18 days. fn  o u r  case 

N=32. To t e s t  the  e f f  i c i e n c y  o f  t h e  f i 1  t e r  i n  d i s c r i m i n a t i n g  a  p e r i o d  

component a g a i n s t  randon n o i s e  i t  i s  used t o  process a  s u p e r p o s i t i o n  o f  

a  s i n u s o i d a l  process w i t h  a  randon a r r a y  o f  numbers hav ing a  normal d i s -  

t r i b u t i o n  f u n c t i o n  f o r  v a r i o u s  s i g n a l - t o- n o i s e  r a t i o s  ( f rom 0.1 t o  1.0). 

The p rocess ing  r e s u l t s  a r e  g iven  i n  Table 1 ,  which l i s t s  the  ampl i tudes  

(A) o f  the  s  ine  waves used f o r  superpos i t  ion  and the  average ampl i t u d e s  

(A,,) o f  t h e  s l n e  waves e x t r a c t e d  by f i l  t e r  frorn the  super imposed p r o-  

cesses. These da ta  ind i c a t e  t h a t  f o r  a  s igna l  - to- no ise  r a t i o  equal t o  

Table I - ~ m p l  i tudes  ( A )  of  t h e  s i n e  waves and ave- 

rage ampl i tudes (Al3) o f  t h e  s i n e  waves e x t r a c t e d .  

S igna 1 /no i se 







u n i t y  the  ampl i tudes A,, and A a lmost  c o i n c i d e ,  b u t  t h e  d i f fe rencegrows  

l a r g e r  as  t h e  r a t i o  i s  decreased. 

F i g .  1 g i v e s  as an example t h e  r e s u l t s  o f  p rocess ing  by the  

s e l e c t i v e  f i l t e r  o f  a  t y p i c a l  process w i t h  s i g n a l / n o i s e  = 1 .  I t  i s  seen 

t h a t  t h e  13-day s e l e c t i v e  f i 1  t e r  r e l  i a b l  y  d  i s c r  iminates t h e  per  iod i c  

component a g a i n s t  t h e  random process. 

I n  f i g .  2 a r e  repor ted ,  as  an example, f o r  the  p e r i o d  go ing  

f rom January 1 ,  1973, t o  Apr i l  15, 1973: a)  the  exper imenta l  d a i 1  y  mean 

va lue  o f  cosmic- ray i n t e n s i t y  f o r  Huancayo neu t ron  mon i to r ;  b) t h e  r e -  

s u l t  o f  a smoothing process on t h e  exper imenta l  d a t a , w i t h  a scheme t h a t  

c u t s - o f f  small  p e r i o d  f l u c t u a t i o n s ;  c )  the  r e s u l t  o f  p e r i o d i p l  a n a l y s i s  

f o r  the  about 13-day osc i 1  l a t  ion.  The correspondence between t h e  13-day 

osc i 1 l a t  ion (c) and t h e  o n d u l a t  i on  o f  c u r v e  (b), superposed t o  the  f u n-  

damental o s c i l l a t i o n  o f  27 days, i s  q u i t e  e v i d e n t .  

F i g . 2  - Neutron monitor data  a t  Huancayo ( ~ a n u a r ~  1 t o  A p r l l  15, 1973) :  

a )  experimental data ;  b )  smothed data ;  c )  13-day o s c i l l a l i o n .  

I n  C)  10 u n i t s  correspond t o  about 6% of  cosmic-ray i n t e n s i t y .  



3. EXPERIMENTAL DATA 

lab l  e  2 (a, b,c) r e p o r t s  the  annual average ampl i tudes  o f  t h e  os-  

c i l l a t i o n  o f  about 13 days d u r i n g  t h e  s o l a r  c y c l e s  n? 18, 19 and 20,  a t  

Table 2.a - Average ampl i t udes  o f  the 13-day o s c i l l a -  

t ion i n  the  c y c l e  n? 18 (H: Huancayo; C :  Cheltenham). 

Year 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

i951  

1952 

1953 

Table 2.b - Average ampl i tudes o f  t h e  13-day o s c i l l a -  

t ion i n  the  c y c l e  n? 19 (H: Huancayo; C-F: Chel tenham 

-Freder lcksburg)  . 

Year C-H 



T a b l e  2.c - Average a m p l i t u d e s  o f  t h e  13-day o s c i l l a -  

t i o n  i n  t h e  s o l a r  c y c l e  n? 20 (H: Huancayo; F: F rede-  

r i c k s b u r g .  

Y e a r  

Huancayo and Chel tenham-Freder icksburg.  The cosmic-r-ay in tens  i t y  ampl i -  

tudes a r e  g  iven i n  m i l  l es ima l  o f  t h e  average in tens  i t  ies  o f  

ned i n t e r v a l .  

The e r r o r s  have been eva lua ted  as t h e  average amp l i  

would be ob ta ined  f o r  t h e  o s c i l l a t i o n ,  i n  t h e  case t h a t  t h e  

the exami- 

tudes which 

i n i t i a l  da- 

t a  f l u c t u a t  ions were p u r e l  y  random5, t a k i n g  i n t o  account t h e  f il t e r  

used. The amp l i tudes  exceed a t  l e a s t  3 t imes  t h e  r e l a t i v e  e r r o r s  and 

t h e r e f o r e  i t  i s  p l a u s i b l e  t o  assume the r e a l  i t y  o f  these o s c i l l a t i o n s .  

I n  f ig .  3 t h e  temporal va r  i a t  i on  o f  these ampl i tudes,  b o t h  a t  

Huancayo and Chel tenham-Freder i cksburg  i s  compared wi  t h  t h e  behav i o u r  

o f  t h e  Wolf number R o f  sunspot d u r i n g  t h e  c y c l e s  n? 18, 19 and 20. I n  





t h e  s o l a y  c y c l e  n? 18 (1944-1953), t h e  Wolf number R, shows a maximum 

i n  1947 a n d a  h i n t  t o a  secondary maximum i n  1949, w h i l e  the  average 

amp l i tude  f o r  b o t h  s t a t i o n s  has a maximum i n  1946. I t  i s  n o t  c l e a r  the  

second maximum a t  1952 found by venkatesan6 and con f  irmed by Lovera e t  

aZ. f o r  t h e  27-day o s c i l l a t i o n .  I n  t h e  s o l a r  c y c l e  n? 19 ( 1 9 5 4 - 1  964) 

t h e  average amp l i tude  f o r  t h e  13 day o s c i l l a t i o n  shows two prominent 

maxima: one i n  1957 and another  i n  1959 ( ~ u a n c a ~ o )  o r  1960 ( ~ r e d e r  i cks -  

burg ) .  Furthermore a l e s s  prominent maximum i s  found i n  1963 a t  Huan- 

cayo. Th is  t h i r d  maxirnum was p o i n t e d  o u t  y e t  by Lovera et O Z . ~ ,  and so 

the  t h i r d  one f o r  t h e  27-day o s c i l l a t i o n .  On t h e  c o u n t r a r y  t h e  sunspot 

number R has o n l  y a maximum i n  1957 (a v a l u e  a b i t  smal l e r  appears i n  

1958) . 

I n  t h e  n? 20 c y c l e  t h e  s o l a r  a c t i v i t y  has been l a r g e l y  l e s s  

than those o f  n? 19 and n? 18 cyc les ,  as we can see, f rom theWol f  suns- 

p o t  number R behaviour ,  t h a t  p resen ts  a broad maximum d u r i n g  the  years 

1968, 1969 and 1970. The 13-day o s c i l  l a t i o n  o f  c o s m i c - r a y  i n t e n s i t y  

shows, b o t h  f o r  Huancayo and Freder i cksburg  a maximum i n  1970. The va- 

lues  o f  t h e  average amp l i tude  o f  t h e  13-day o s c i l l a t i o n  a t  Huancayo ,  

d u r i n g  t h e  years 1973 and 1974 remain anomalously h igh .  Dur ing these 

years, where the  s o l a r  a c t i v i t y  e x h i b i t s  a v e r y  deep decrease, i s  seems 

t h a t  t h e  o s c i l  l a t i o n  o f  about 13 days appears s t r i c t l y  c o n t r o l l e d  by t h e  

boundary c r o s s i n g  o f  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  sec to r  s t ruc tu re
g
.  

The nagat i v e  c o r r e l a t i o n  between t h e  annual cosmic- ray in ten-  

s i t y  and t h e  a m p l i u d e  o f  t h e  13-day o s c i l l a t i o n  i n  see i n  f i g .  4 (a )  

and (b) b o t h  f o r  t h e  s t a t  i on  o f  Huancayo and Chel tenham-Freder icksburg.  

I n  t h e  years o f  h i g h  s o l a r  a c t  i v i t y  i n  which appear many p ro-  

heminents Forbush decreases (and so t h e  annual mean cosmic- ray i n t e n s i -  

t y  i s  low) t h e  va lues  o f  t h e  amp l i tude  o f  t h e  13-day o s c i l l a t i o n a r e  h i -  

gher than i n  the  o t h e r  ones. These amp l i tudes  a r e  i n d i c a t e d  w i t h  ar rows 

i n  f i g .  4 (a) e (b ) .  I n  conc lus ion ,  i t  i s  i n t e r e s t i n g  t o  p o i n t  o u t  t h e  

s t r  i c t  connect ion  observed dur  ing t h e  years 1973 and 1974' between t h e  

13-day o s c i l l a t i o n  o f  the  c o s m i c- r a d i a t i o n  and t h e  modu la t ion  d u e t o  the  

boundary c r o s s i n g  o f  t h e  two- sector  i n t e r p l a n e t a r y  magnetic f i e l d  coro-  

t a t i n g  w i t h  the sun. Therefore, f o r  the  13-day o s c i l l a t i o n  t h e r e  i s  a 

r e a l i t y  c r i t e r i o n  based on t h e  e x i s t e n c e  o f  a p h y s i c a l  phenomenon t h a t  



o r i g i n a t e s  i t ,  beside the  mathernatical formal  ism f o r  the  a n a l y t  i c a l  r e -  

p resen ta t  i on  o f  t h e  temporal va r  i a t  ion o f  t h e  cosrnic-ray i n t e n s i  t y .  

F i g . 4  - Negat ive  c o r r e l a t i o n  between the  annual mean cosmic-ray ~ n t e n s i t y  

(a.m.) and the  ampl i tude  o f  thd  13-day o s c i l l a t i o n  a t  Huancayo (a )  and 

Chel tenham-Fredericksburg (b) . 
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