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Tha o :< t i n ~!c 1  St~~~S of var .~~t~~ojj ~~1 cor f~~i~~i~ t s  ~~ ve ~
,. i

~x~ ’~j nc d  t o  asc r La in  t~ i~ a f f L c t s  ci ’ a~~t ~tud ~ aod aJ  .o f o~ C.,
po ib)o  ~~ cn c e s  an si n~; I rem st .c u l a r  cha ~~~~’ in t h e

c l~ i L i C  i ir ~i J . An t x J ~’~in a L i c a  of t l i ~ ~a r i ~~L i o a a l  . y
c~i r f 1 5 c i ~ I t S  caicu l a t~.d  f o r  t ’. ’a c 3 .~’s~~1y p c : I~ i .~~ ~d ce~~ .i
r y  ~t a t : io~is in  Luro~ e in J i c a t  es t h a t  t~ i ’ i~1 t i  ~ ‘1de c f f ~~~t s
are smal l .  A cc: I a a r i ~ on of t l ic v a r i a t  ic .;i~:l L c a f f i c i ¼
c : :l i a l at ed  for  t :hrce ct ~oc~i~ ot ~ t f i ~ ~~~~~~ ~ et i c  f i c 1 ..~ for
l~est ern  I lemi  sp her i c  1oc:~i i  or:: ~~~~ ul i  . oi:i. u i ’ tj C  f i i l d
has  it s  oost r : i j id secui . L c . ~n ’~ iui~ ia .a ~~s t h a t  the a~~cu l ar
v a r i a t i on  in thc  v e r t i c a l  c i : t of i  ~ i’~iu i t v  (~o::i a:~s o cL .t  ~d
changes i n  the as ynp t o ti c  d ir ec t :~ on c 1 1~~ ’ la L i on~~) a~ r u c i l
that the v ar iat i  ona l cc’ t f i c ie n rs  c a l cu la t e d  u s i n g  & 1  then a
1955 or a 1975 oo~I o l  of t l i c  ~cc~ ~~ n~ t i  c fi e ld  d i a ’ a J e q u - ~te
for  most ccsmic ray ana iy ’~~s . 

- .,~~ ~~~~. 
_ ••)

In:-’:1. INTR ODU CTiON -

Seve r a t  sct~ of va r i a t i ona l  coe f f i cien t s  for  s tud ies  of d i u r n a l  v-i r a t  ions
and for  r ans icot  CO a m iC  r ay  1)licflOrfl C na 1~~t V O  l)~ en pul l ished (~~~c Cr~~ck -n
et al. , 1962; M c C ra ck e n  i t  a) .  . l9~~5; Shc~ . et a].. , l°~~8; Co] d et al . ,
fi n d e r  ~ t al. , 197C ). The d e i r  rn~in ~~t~ oii of t h e  su v a r i a t io n a l  coo f f L  i n t s
uti) i ::i a svrnpt ot  ic di i-~~ c t ion s u~ a up ro~ eh do ni  v~-d f r o m  t he ca Ic i i :  l i o n  uf

C~~ cosm ic r ay  t r a j c - c t o r i cs  t h r o u t~h a n a t h e n ta t i c a l  mcdi. I of t : -  c o o m a
field.  J 1 ( . ~ .c V C i , the t~e ~ma t o t i c f le  J o  has  a i- c c-cia F V I r i - t ~ i l~n t~ i a t  ( I a n

r c - s i J .t i n  c o r r c m ; i o i -.: ’ i~ o’ c h . l n I ’ s in t t i ~~st c O S f l t~~c m a ”  i r~~ c i r i i -~~~’ . J i i c h  \V i l l

~~~ 
be ;- - - ‘ ) s t  l ) ( ~~c)t11~

(
~~d in ~t 1-eas v.-}• o~ - ~~ S r ( 1~~~: c n n - -s  i r  I , 1 i ~~I - l  :~~

c~~’ t t _  In  t h i s  , )~~~)e1  : e  i _ t ~~- i i - : ~~ i ~~ i! a t ~~~ f l i c  1~~- r . : i . -~~ h. -~ .~~~~ i n a  oi
C1.. ~~ ~‘ t i i . t i ~~ t~~t 1 c a ~~~~n . 1 : f l t~ c J n 1 , t . ~ ~~~h- ~~~~~~~~ ~ f ~~ ~ I ) I l ~~~) 1 l (  i .  I i ’ i c I

~~~~ ~~~~~~ a1,1) - r — 1 )l~~rl !- l’ f~)F ~ l t ) .  
~~~ ~~~~~ I i l1  i 1 ’ : ~ \\I~uI ~~i n J . I I ~~~( i I c  i~~ ‘

_I a ) -  I .
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- a ~ - - ~ i i  i t  d i~ fe r e t ee s occur  in t he
v a r i a t i o i 1 ( 1 ( 2 1 L f l L ~ ( c i ( I u t (  ( I r , r  a t e  l f lt t I l i  ~- 1d a Se L I . level  st a t ion
d o  i; el y po sit  j o r ir id  to a ci i  e l  i i -

2. M E Th OD

The same ha sic n a t hod v -  s i t t  ~- -d u \ C  sti  ¶J t t u  1)0th of t h e  ia e f fe c:t s
Fir st , a s y t up t o t  ic di r e - c t i o n i :  c r~ a ica l a l  -i  f o r  t h e  s ta t ions  u n der  c o n —
sideratiori  u s i n g  th e t r nj e c - l  u i  — t r a c .  ag i ‘ - c h a i que (M cCracken  et al. , 19(2)

~v i th  an ap p r op r i c t  - s~~- n  a I ;a  Ic j . i - 1 n :  - - . Once the asympto t ic  dir ec
tions we re ca lcu la te-cl , ye mint  e e l  ( ‘ I C I J i ) . j : - ~~~t~~ ‘a o r e detc :rj n inc d  for each of
the s tat ions , u s n u  the  n~c t he d  d o s  r b e d  b~- Gal ci et al. (1974) and also
fo11ov~cd by j~~ii-ide  r ~~ ~il (j :y 

~ 
) ( ,  ~~~~~~ j -~~ ~~~~~ ~~~~~~~~~~~ spe ct rj t l

ex pon en t s r an g in g f rom — U .  2 h ir e  .~h Fl .  ( ‘a e r e  c on s i d e r e d  toge ther  v i t h
var ious upper  l i m i t i ng  ri~~id i  h s f~-u:  a a n~in i t i i um  of 29 CV to a maximum
of 500 CV. N ext the  f i r s t  and s e c r - i i d  i 1 n r i i  (i~~j~ of the dail y var ia t ion were
computed and the c h an g e s  in t h e S e  -~‘ :1 ue~ ; v~ere  evaluated for each e f fec t
being c o i i sid e r e d .  Final ly , he r i ~;~) U l t S C  :4 to hyp o thet i ca l  ° squa rc  wave °
anisot rop ie s V ., re c a l c u l a t e d .  F h :  t c  sqo re y -aves  were  a s sumed  to bc
• • 1 • 1 1 ‘ 0 0 0independent  of la tit uce  navlr : g ~o n g i ~ i :  oa t hs  of 10 , 30 and 60 t ege ther
with upper l i m i t L n L  r i~~i d i t i e ~ f r u ~ a a d U  G\’ do vn to 29 GV. The responses
were then compared for  the  t o  cii i t s  u ial ci r considerat ion.

3. SECULAR LFFEC’J S

Secular c l t e n : c  ~ if l  t h e  L~e ( ) I I d C 1( t  I C  f L - ’d re s n it  in si gnif icant  d e c r e a s e s
in thc- ver t ica l  c u t o f f  r i g i d ity fo r  cosmic  i - r i  st a t i o n s  in  the reg ion of Lat in
Amer ica  (Shea , 3971). Si n e c  he ph no of the dail y va r ia t ion , as ca lcu lat c d
by the v a r i a t i o n a l  c o i a f i c i  an i  s , depend c - I  both t I ic  ver t ical  cutoff r i g id i t y
and the asympto t i c  co t i e  of i i cc op i  ci ce , we have i nv ent i ~ ated whether  the
secular chanra s in the r a C e l u  iy ’et ic  f ie ld  are  si gni f icant  in the calculat iori  - -

of the v a r i a t ion a l  c o e f f i  cic ’ntn or in th e  app l i ca t ion  of these coef f ic ien t s to
the anal ysis  of a n i sot r op ics in ~he cosmic r~~d~~at iO 11 f lux .

We have calculated -a s yn i p  e~ ic d i re c t i o ns  for  four  Lat in  A m e r i c a n  - 
I

locations for three epochs of t i 0  geomagne t i c  field as follows: Buenos
Aires  (1965 , 1975); l-luancayo ( 19h ~~,
1975); Mexico City (1955 , 1965 , 19 e 5 ) ;

TABLE 1 ~nd U shiua ia  (1965 , 1975). All caicu-
la t iona were made u t i l i z ing  the t ra —

• Ver t ical  C u t o f f  Ri gi d i t i cs  j e c t or y — t r a c i n g  techni que with the
- for Three E p oclo fol lowing r ep resen ta t ions  of the

intc vnul  geomagnet ic  field: 1955 -

- 
• Find and Leaton si xt h  d eg r e e  co-

Ver t i ca l  Cu t - o f f  e f f ic i en t s  (leinch and Leaton , 1P57 ) ;
S t e l  1 1)1 Ri ‘id i t I o’i (: ;\

l9iY - In te rnat iona l  Geornot t etic
195 5 39 7 ,  R e f  r i nee Ficlil (IGRI ) e l U l I t h  (1C21CC’

- — —  — — —  c o e f f i c i en t s ( IAGA Cal  m i s  sI() fl 2 ,
• ~~~~~~~ A i r em 10.2? C 23 \ ‘T ud i , Gr oup  4 , 19 ) 1 ;  a d  197e —

1 - c c -  ay e  11 . 2/~ I t .e m u  i- i i : d .hm eI G e o i n a 1 n e t i a  1-~o~~~ i-( ’ n~~(-

• M€, :icc, ( i t v  9~ 53 , . i f  U .h~ 1 4 - 1 , 1 C 1 h th  d o: - , c  c i I fa ii-
• I__ I -  l i e - i  - ì  ) I J I - —

I - .-:. ~ ( 3 / ( ~~ DL~~~i i u  1 St i l y Group,  191) ) .
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A ‘ p 1 I I I  i i  i i a  - I ‘a d i  • I i  Y e s  In ph i  m t  of 11 (1 f i r s t  a i d
i . , - c i ~~d L i i  ~ : d of I i .  ( I  • 1~ a r ~~~t i - i  f , i -  ac h  of l h & : s  s t et i o n ~ hc-t v.’cn ri

l ° - ~ I d  ~~~~ d ’ ~~~, 1’ - .  . :  I 7 ~ f u r  M e x i c o  C i t y)  show d i f f i - r c n c ( - l ;  l e s S
1! !~ ( C l i 1 :  t e e  • -~~f t h e  f i r s t  nd ~ I~~~ü~~d hI. r m o r i c  of th e  da i l y

~ a r i  1 1  1:1 1 1 f l — ’~ r i t  I r i s  I ; l s i d e r e d .  In i so st  c ase s  the d i f f e r en c e s
C I . ,  0 I ~~~- ~r ’ 2 Pt  ~ l u t e ; , f ; r  too  sn ail to he easi l y d e t e c t e d  by pr e sen t

- r C l  0 .  1 I t  - cl i  I~~l I I  - S .

. \ l  i i c a -  f u .  i- - s u i t s  of r e sp o n s es  to h ypo the t i ca l  ‘‘ square  ~va- .-e ’’
f - ’ -  t a o :; : )~~~s t ’ I I i L  c ! i I i r e f l C  i I ;  in i l O i s i l I l u n )  ph~~se 1) C t \ VeC fl  two SUC C ~n~ —

i i v t  I I I — ’ • - • . t  -- - i s  i - r i ’ t p ica l l y l e ss  t h a n  15 d cm r e e s  in long i tude  e xc e p t.
f- I I i c  \ t  C i l l  15 - 1’ l I \ ~ a l l  u n r ea l i s t i c  a n is o t r op y  of 10 d eg r e es  in w i d t h .

I i i  0 1 .  - I , !  t I i  maj or  ildic ni -nc e  s , a phase shif t  of 30 0 c; icu—
la t . -d ~ - ~~~- c • -

- a 5 a su n ;  m e \ v ; t , ( -  a ni s ot r op v  30 0 in width , and h a v i n g  a
I l l  i0~~~~~~ l i i u 2 i ~~fl4i r : g : d i ty  of 2 1  CV. Fi gure  2 i l l u s t r a t e s  a m ore

t y 1 : i i  - i  I S -  e h , ~~ i a : ’  IL-  d i  1 I l ( ~( S  ca l c u l a t e d  for i - u a n o s  A i r e s  using a 60
0 1 - a 1 0 • i d  ~~Ot )  ( V t:pp - r l i m i t i ng  ri g id i ty .
l f l m l I c t i I  1 of t l e ~~ e r I  i i i ! :;  I ( ) ’a (; t hat ~vI i c r ea s  the  asympto t ic  lo: ig i tud-

oI lb  - P ’ (  ~ I 1 1 1 1  Fe  i : . i ~c 1 1 4  ‘ c i i a i i  “0  So lf lewhat  d epending  on the geonn~ gne  t i c
f i ~ ) d u s C - c l  I 

~~~~‘ 
- I ) i ~~i i nal ca h -u i  •it  I c ;n r , the ci .ange  S in amp litud e an d  encu - 1

shape (If t L c u r v e  a me no si i I t  I Ij a t  t hey  would be exceed ing l y d i f f i c u l t  to
obser\’e e xp e  a i i m - u t - 1  1 v.  ‘J ’Iic slici t d i ff e r en c e s  that  do exist are  because of
the v1’i dc ~p i- - 1d of s ci  up t o h i c  d i r e ct i o n s  near  the cutoff value as suggc ~t ct l
by Gai l ( 19 7 1).

4. ALTITUfl 1~ EFF’ECT

To i n v e s t i e a - t c -  t l ì e  a l t i t u d e  e f fec t , asymptot ic  d i rec t ions  were c a l cu I 1 t c  (1
for  n e u t r o n  14 0 110 r s  at Fa gii ~~ re s di Bi goi -r e  (g e o er ap l i i c  l a t i tude  43. 080,
long it u de 0. 15°E , al t i t u d e  5~~0 m e ter s )  and Pie du Mid i  (geograp hic  l a t i t l l ( I t
42. 93°N , long itude 0. 25 °E , altitude 2860 me te r s ) .  The JGR F c o e f f i c ien t s
for Epoch 1975 (IAGA Div i s ion  1 Slud~- Group , 1976) were  used for  t hese  c l ] —
cu la t ions .  In compa r i ng  t i e  f i r s t  and second h a rmonic  of tile dail y y I n  t i e . ;

between these two s ta t ions , d i f f e r e n c e s  of less than 15 minu tes  were  found
for  each h a r m onic. For the re sponses  of these  two stations to hy p o t h e t i c al
sq uar e  ‘a l ive  an iso t ropie s , t:loa d i f f e ren c e s  in ph as e  between the two  l o c a t ion s
arc all less than 10 0 in long i tude  with the exception of the u n r e a l i s t i c  c
of a \ ‘ery na rro~v z n i so tr opy  of 100 in w i d t h .  These d i f f e ren c e s  a re  too si - a l l

• to a f f ec t  the  resu l t s  of an invest i ga t ion  on spat ia l  aniso t rop ics .
T h e  r esponses  of these  twci nc-et r on mon i to r s  to a square  wave t 0  in

width and h i v i n g  upper  l imi t in g ri g id i t ie s  of 500 CV are  shown in Fi -g u r I - 
~~•

As i l l u s t  r a t  c d , the l~~eat I .on of n u ix i l n u m  r e s p o ns e  is sh i f t ed  by only  ~~
long i tude .  For an upper  l i m i t i ng  ri g idi ty of 29 GV , the b c e  t ion  of 1 V i , I  x i i :  1( 11 1

• 
~~~~ 5p O ~ 10 (  do - - s  not ch a i i i~c. In a d d i t i o n , the gen e r a l  shape of ti le c u rve s  a I I
v e r y  n i n i 1 r fo r  t h -  t v o  loca t ions , as  can be seen f rom the ih l u s t i - a t  mm

5. CO ’- C L L S I O N

From 11 - 0 0  1- l - : u l t  . 4 \I~~~~ c o n c l u d e  I lu -  f u h l u w i n : 4 :
( I ;  ‘i i i -  I I l t i t i l ’ L  ( f ~~ - 0 t  ( in  h i t  V , r i ~~~ t o i l  coi - t f i c i c n h : :  i:  v er y  n n i i 1 1

f o r  ia - - i l i - t a :  m i  :;o~ • - 1) 1 4 . Thus  a ny  d i  f f u  re ice s in  t h e  11 1) 1) 111 ‘ l i O n  ( I f
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240 270 ~C)O 3~,0 0 ~l) £0 ~3 i . a  t~,u t~ zj - -
ASYMPTOTIC LOn~ ITLI0Z (-F 1-ULS~ CCIJT::R

Figure 1 The response of a neut ron m o n i t o r  a t -  I l m m a n c n y ( I , Peru I a a - - i d e
square Pu l se  cosmic ray li f l i  s o t r o py  ( l ime of a cc les t  al  i; 1~~n - r e)  t. 1 1’ C I
to 29 CV and has a spc ’ctru:u t h at  is ~n cicp ei id cnt  of r i g i d~ L v  fec  E po- : l
and ] 9~/5 • The 1e~u g i t n d e  of i luancayo  is in d i ca t e l by an ar r ow  J : i h :~ i
“s tat ion locat ion ” .

MAXIMUM

-

STATION LOCATION’ MAXIMUM 
~ ~~~~~ 

- ‘

$ STATIO14 LOCATION
L__~_ I ~ i ~~~~~~~~~~~~~~~ 1._ ~~~~~L_. u _  I . - _.L t_j  - ~~~~~ .. I - . I

240 270 ~iQ 3~O 0 ~s lt £0 ~0 120 l~ 0 11.3 I a  •
ASY MP1OTIC LONGITUDE or PULSE C~ NTI R

2 . 1 1 0  re go’ ’- e of a Ca-mi t  r un  ‘‘n i or a t  Buenos A i r e s , • - 1 ;  l i - i a
(, () ° (-? i d L -  ; I e i ’ r e  p i t ) :-e COl- - a l e r a y  ;‘:: I s o t  - apv ( l i i : i e  of  a c- ’ - . i - s t  - i  I I- H~ 

- c ~5
-• Cx ta o - I s  t o  ‘ - I CV no.1 h a s  a mp c ’ el  :0-: -; t e i~ i s  I I a l ’p( nr ( - i m l  01 1 . 1 

~, 
I

L g : .  i t - J ~~ “ ‘  ud ~~~~~ J i ~~- I ( ‘ 1 1 . 4 1 1  u I  a i .  h i a n i ; ~ - \j  I i S  i~~; I I C C I  a ,  ~~~~ I - - -

] l i l t ’  -d ‘ a I I ion I ut at  ion ”.
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v , I r j t I h j ( I I ;u 1  c u~~f f i i j i ’ ~~l s  to  j i C ~~~~ at 1’ - i t  eo: u t i c  T~t) p ) l C l i ( C 1 i l t I a C  C d l i I ’ M I

a s crj b i - d  to  ~ n ; l i  i i u d e  t - f ~ - 1 .
(2 ) ‘l he pr ( - s ( - I I 1 l ~ ;i ’, - ,~~ i i n i I ) e t ; C I C I I - s  ( i f  v ; l F i . l h I a I fl 1 c ia f f i c i t I i t n  ~~~~

-

;idequ ;’t e  for  I ) ;  un i v - i s  -~~ I S ’ ~~~i C  y i i i U - n : - i l y  v ; r i - i t i o n s  i l u l f l  1) L  to  t h e

p r e se n t  h u t - , Ill!  I ; i i t  L i  ‘ I i I l C 1 , t . ’ ’ u i  Ic f i t - i d  u~ i l  i a c c l  in t I l t -  c a l cu l a t i o n s  of
the se t ab l e s  is not a l i n l i t i C i m 4  f a c t or  i i i  t h e i r  U Se .

A c k n o . : l . d u ’ e m u u t  . ‘l’he au t h o r s  gr a t e f u l l y  t L : u m k  M m , ~~~ . l~. W’ cn i ; ’ i ’r f o r  h i s

v a lu ab l e  i t s  s i s t ; Ia e With  t i l t - c a l c u l a t i o ns f l i t  e 5 5;  ry  fo r  Il ls p ip er .

Iit4Xfl.4U14

I • J .__j_, _ I t • I • L..a. ._ J.......~..-,j .~~~~ -

• 2W ~~~~ ~~.j  :~.i 0 :j ~ .,~ hi ~~
1~fl~~ioiIc ir~~ i u z  or r’ut~ c~~i~ri

Figure 3. The response of neut ron monit ors  at i’ic du M i d i  an d Ita gn~~rt ’s i t t

Bigo rre to a (‘0° ‘~ide squ ;I re pu ls e  cosmic ray a~t i  aol  rep) ’ ( l im e of a cc I ~~
- - j u ul

sphere) tha t  ex t -: d.’; to  :~O() CV and h ut: ;  a s~~i ’c t rum t hot  i a ~nd~-pc -ncb - i t  c
r i g i dity .  The lo 1, i t u d i - of the st a t  ions  are i nc l i cz t t c d  b y aru - owi; l abe led
“st a t ion  locat ron ” , -

R e f er e u i c c ’s .

Bj ~i d t - r 
, 0. ii. , ‘1, A.  t .I ; ~ - - (  and JI~ F . 1~o u -  ml  , A ’i P I ‘I1 (I~~ t e1 1 ’ ’ - - a

V u i  100 I C C  t I l t I C j i t I t  , l i t  ~~ i 1

I .e i i : ’ ’  tui id A m u L i • - i~a,g:I’ - - I i ,  i i ’ _ C~ I. i~~~i — . t .  U •\ l . u~~— -
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