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ABSTRACT 

TOPSIDE IONOSPHERE 

A t h e o r e t i c a l  model based on t h e  skewness between magnet ic  
c o n t r o l  and geograph ica l ly  o r i e n t e d  so l a r  c o n t r o l ,  i n i t i a l l y  
used t o  i n t e r p e r t  foF2 d e c l i n a t i o n  e f f e c t s ,  is reviewed and i t s  
p r e d i c t i o n s  concern ing  t o p s i d e  ve r t i ca l  and l a t i t u d i n a l  d e n s i t y  
s l o p e  behav io r  are compared w i t h  measured r e s u l t s  of  t h e  
Aloue t t e  I Topside Sounder s a t e l l i t e  on t h e  75th  mer id ian  from 
h e i g h t s  of  400 km t o  1000 km. The comparison i s  made f o r  
t h r e e  p e r i o d s  of t h e  day d u r i n g  which p r e s s u r e  is expected 
t o  be i n c r e a s i n g  (morning),  n e a r l y  c o n s t a n t  ( a f t e r n o o n ) ,  and 
dec reas ing  ( even ing) ,  a s  i n d i c a t e d  by s imul taneous  s t u d i e s  of  
foF2 d i u r n a l  behav io r .  The measurements a re  found t o  c l o s e l y  
match t h e  model, w i t h  l a t i t u d i n a l  s l o p e s  e x h i b i t i n g  l a r g e  
magnitude changes due t o  d e c l i n a t i o n  and v e r t i c a l  s l o p e s  
e x h i b i t i n g  smaller,  b u t  s t i l l  impor t an t ,  a l t e r a t i o n s  i n  t h e  
p r e d i c t e d  manner. The r e s u l t s  i n d i c a t e  t h a t  t h e  d e c l i n a t i o n  
effect  is a f a c t o r  which must be considered as  an  impor tan t  
p e r t u r b a t i o n  when ana lyz ing  d a t a  i n  m i d  d i p  l a t i t u d e  r e g i o n s  
having d e c l i n a t i o n s  i n  excess  of 5 . 0 

I n  a d d i t i o n ,  it h a s  been p o s s i b l e  t o  i s o l a t e  s o l a r  e f f e c t s  
i n  t h e  t o p s i d e  e q u a t o r i a l  r e g i o n s ,  t h e  g e n e r a l . r e s u l t  be ing  

t h a t  a t  a l l  a l t i t u d e s ,  s o l a r  c o n t r o l  c o n t r i b u t e s  t o  a f l a t t e n i n g  

of l a t i t u d i n a l  s l o p e  a t  l a t i t u d i n a l  p o s i t i o n s  of  u p  t o  a t  
l eas t  t l O o  d i p - l a t i t u d e  about  t h e  s o l a r  p o s i t i o n .  

t h e  data  demonst ra te  t h e  occurrence  of t h e  e q u a t o r i a l  anomaly 
on t h e  75th  w e s t  mer id ian  a t  t i m e s  a s  e a r l y  a s  1000 loca l  
mean t i m e ,  i n  disagreement  w i t h  t h e  r e s u l t s  of o t h e r s  s tudy ing  
A l o u e t t e  data  i n  t h e  same r e g i o n ,  b u t  i n  c l o s e r  agreement w i t h  
f i n d i n g s  for t h e  Asian zone.  

*NAS-NRC P o s t d o c t o r a l  Res ident  Research Assoc ia t e  
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INTRODUCTION 

I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  electron d e n s i t y  d i s t r i -  
b u t i o n s  of t h e  F r e g i o n  ionosphere ,  p a r t i c u l a r l y  i n  t h e  
e q u a t o r i a l  r e g i o n s ,  are s t r o n g l y  in f luenced  by  t h e  presence  
of t h e  e a r t h ' s  magnetic f i e l d .  Numerous papers  have been 
w r i t t e n  d i s c u s s i n g  f i r s t ,  t h e  symmetric behavior  of foF2 
( c r i t i c a l  f requency)  about t h e  d i p  equa to r  ( o f t e n  r e f e r r e d  
t o  a s  t h e  geomagnetic anomaly) and l a t e r ,  us ing  A l o u e t t e  I ,  

t h e  alignment of t o p s i d e  e q u a t o r i a l  F r eg ion  d i s t r i b u t i o n s  
wi th  magnetic f i e l d  a s  opposed t o  geographic  c o o r d i n a t e s .  

Although d i p  has  been an extremely u s e f u l  c o o r d i n a t e  
f o r  i s o l a t i n g  some p r o p e r t i e s  of t h e  ionosphere p rev ious ly  
hidden i n  a geographic  s y s t e m .  it h a s  become i n c r e a s i n g l y  
ev iden t  t h a t  d i p  a l o n e  is i n s u f f i c i e n t  t o  f u l l y  d e s c r i b e  
magnetic c o n t r o l .  One of t h e  major phenomena f a l l i n g  i n t o  
t h i s  ca tegory  is  t h e  l o n g i t u d i n a l  e f f e c t .  Work by Maeda 

(1954),  Rao (1963),  Lyon and Thomas (1963),  Rastogi and 
Sanatan i  (1963) and Rao and Mal thot ra  (1964) are  r e p r e s e n t a t i v e  
i n  demonstrat ing t h a t  t h e  American geographic  zone of s tudy  
e x h i b i t s  d i f f e r e n t  F r eg ion  p r o p e r t i e s  when compared t o  t h e  
Asian  and Afr ican  zones.  I n  a d d i t i o n ,  t o p s i d e  A l o u e t t e  
s t u d i e s  have a l s o  i n d i c a t e d  such d i s c r e p a n c i e s  (King e t  a l ,  
1963, Lockwood and N e l m s ,  1964).  

A s tudy of t h e  e a r t h ' s  magnetic f i e l d  (F igu re  1 )  demon- 
s t ra tes  t h a t  t h e  Asian and Af r i can  zones e x h i b i t  s i m i l a r  
p r o p e r t i e s ,  v i z .  t h e  magnetic f i e l d  i s o c l i n e s  run  n e a r l y  
p a r a l l e l  t o  t h e  geographic  equa to r  w i t h  t h e  magnet ic  f i e l d  
e x h i b i t i n g  very s m a l l  d e c l i n a t i o n s  ove r  t h e  e n t i r e  range  
of t h e  two zones.  (Dec l ina t ion  can be approximated by t h e  
ang le  between t h e  i s o c l i n e  normal and t h e  geographic  mer id ian  
i n  t h i s  r e p r e s e n t a t i o n  of t h e  magnet ic  f i e l d . )  On t h e  o t h e r  
hand, t h e  American zone magnetic f i e l d  l i e s  extremely skew 
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i n  t h e  geographic  c o o r d i n a t e  s y s t e m ,  hence implying l a r g e  and 
r a p i d l y  changing v a l u e s  of d e c l i n a t i o n .  I t  is reasonab le  t o  
assume t h a t  i n  r e g i o n s  where such l a r g e  and v a r i a b l e  d e c l i n a t i o n  
v a l u e s  occur ,  t h a t  t h e  d e c l i n a t i o n  must a l so  be cons idered  
when d i s c u s s i n g  magnetic c o n t r o l  of t h e  ionosphere.  

The f irst  work t o  d i r e c t l y  cons ide r  d e c l i n a t i o n  as  a 
parameter is  t h a t  of E y f r i g  (1963 a , b ) .  Using foF2 a s  a 
measure of ionosphe r i c  behav io r ,  he has demonstrated s t r o n g  
c o r r e l a t i o n s  between foF2 behavior and magnetic d e c l i n a t i o n  
and i l l u s t r a t e d  t h e  importance of t h i s  parameter f o r  magnetic 
c o n t r o l  d e s c r i p t i o n .  I n  p a r t i c u l a r ,  he has r e so lved  such 
problems as nonconjugate behavior  w i t h  d i p  between n o r t h e r n  
and sou the rn  hemispheres and a l s o  shown t h a t  r e g i o n s  of east  
d e c l i n a t i o n  e x h i b i t  d i f f e r e n t  d i u r n a l  p r o p e r t i e s  than  t h o s e  of 
w e s t  d e c l i n a t i o n  i n  a g iven  hemisphere. H e  h a s  a l s o  noted t h a t  
such d e c l i n a t i o n  e f f e c t s  a re  m o s t  n o t i c e a b l e  dur ing  morning 
and evening hours  and a t  mid t o  high l a t i t u d e s ,  be ing  v i r t u a l l y  
non-exis ten t  du r ing  midday,  midnight ,  and i n  t h e  e q u a t o r i a l  
r e g i o n s .  A t  p l a c e s  and t i m e s  of these effects ,  combination of data  
from a group of s t a t i o n s  a l l  i n  one hemisphere and having 
d e c l i n a t i o n s  of opposing s e n s e ,  would produce scat ter  i n  t h e  

l a t i t u d i n a l  d i s t r i b u t i o n  of e l e c t r o n  d e n s i t y  a long  t h e  pa th  
of s tudy .  Because of t h e  pauci ty  of ground based s t a t i o n s  t o  
provide  data r e p r e s e n t i n g  monotonically changing or uniform 
d e c l i n a t i o n  e f f ec t s  w i t h  l a t i t u d e ,  it is  d i f f i c u l t  t o  make 

a s y s t e m a t i c  s tudy  of such scatter. Such e f f e c t s  can be q u i t e  
n o t i c e a b l e ,  e .g .  some of t h e  d i f f e r e n c e s  i n  t h e  p r o p e r t i e s  
of t h e  e q u a t o r i a l  geomagnetic anomaly ( a s  s t u d i e d  f r o m  foF2 
measurements) noted between t h e  American and Asian-African 
zones can  be  accounted f o r  by t h i s  sca t te r  (Goldberg, 1966) .  

The e f f ec t s  of magnetic d e c l i n a t i o n  on e l e c t r o n  d e n s i t y  
d i s t r i b u t i o n s  can be s t u d i e d  b e s t  from t h e  Aloue t t e  t o p s i d e  
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sounder da ta  because they  provide a n e a r l y  cont inuous  l a t i t u d i n a l  
and d e c l i n a t i o n  coverage.  I n  t h e  p r e s e n t  paper t h e  r e s u l t s  
of an i n v e s t i g a t i o n  of t h e  e f f e c t s  of magnetic d e c l i n a t i o n  
and s o l a r  c o n t r o l  on t h e  t o p s i d e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  
a r e  presented  and a r e  examined i n  t h e  l i g h t  of a r e c e n t  t h e o r y  
on t h e  d e c l i n a t i o n  e f f e c t  proposed by Goldberg (1966).  

FUNDAMENTAL THEORETICAL CONSIDERATIONS 

The t h e o r e t i c a l  model d i scussed  by Goldberg (1966) and t o  
be compared w i t h  d a t a  h e r e i n  assumes t h a t  c o n d i t i o n s  a r e  close 
to  s t e a d y - s t a t e  f o r  a l l  t i m e s  cons idered .  T h i s  i m p l i e s  t h a t  

dZ/dt - I  0 but  does not  imply ;SN/?3t 0 ,  where v i s  v e l o c i t y ,  
N is i o n  or e l ec t ron  d e n s i t y ,  and t is t ime.  Furthermorc,  
t h e  major f o r c e s  assumed t o  be governing t h e  plasma are  e l ec t r i c ,  
g r a v i t a t i o n a l ,  and magnetic.  F i n a l l y ,  a l l  c o l l i s i o n s  between 
n e u t r a l  and charged p a r t i c l e s  a r e  neg lec t ed .  T h i s  imp l i e s  t h a t  
t h e  f l u i d  form of t h e  plasma is main ta ined  by e lec t ron- ion  
c o l l i s i o n s ,  an assumption normally v a l i d  for t o p s i d e  ionosphe r i c  
s tudy .  Such requi rements  l e a d  t o  a se t  of momentum t r a n s f e r  
equa t ions  which can be used t o  d e s c r i b e  t h e  e n t i r e  d e n s i t y  
d i s t r i b u t i o n  i n  t h e  p lane  of t h e  magnetic mer id ian  when g iven  
t h e  v e r t i c a l  d i s t r i b u t i o n  a t  t h e  equa to r .  

-i 

The components of t h e  charged p a r t i c l e  p r e s s u r e  g r a d i e n t s  
can be r e l a t e d  t o  t h o s e  c u r r e n t  components normal t o  t h e  magnet ic  
f i e l d .  Viewing t h e  equa t ions  by means of c u r r e n t  components 
a l lows  de termina t ion  of t h e  e f f ec t s  of d e c l i n a t i o n ,  and demonst ra tes  
how l o n g i t u d i n a l  (zonal )  p r e s s u r e  g r a d i e n t s ,  which a r e  m o s t  
l i k e l y  t o  occur i n  morning and evening  h o u r s ,  can  l e a d  t o  dec- 
l i n a t i o n  e f f e c t s  i f  t h e  l o n g i t u d i n a l  p r e s s u r e  g r a d i e n t s  a r e  
geograph ica l ly  c o n t r o l l e d .  We n o t e  t h a t  t h e  magnitudes of t h e  
c u r r e n t  d e n s i t i e s  a r e  extremely s m a l l  by E r e g i o n  s t a n d a r d s ,  

t h e  o rde r  of magnitude for an e l e c t r o n  d e n s i t y  of 10 /cm 
i n  t h e  10-9amps/m range.  

6 3  l y i n g  
2 
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The only  a b s o l u t e  q u a n t i t y  t h a t  can be determined by t h e  
model a r e  t h e  d i f f e r e n c e s  i n  v e r t i c a l  and l a t i t u d i n a l  l oga r i thmic  
d e n s i t y  s l o p e s  f o r  va r ious  d e c l i n a t i o n s .  However, by making some 

reasonab le  assumptions,  i t  i s  a l s o  p o s s i b l e  t o  map ou t  t h e  
pe r tu rbed  d e n s i t y  d i s t r i b u t i o n s  due t o  d e c l i n a t i o n .  F igu res  2 
and 3 show t h e  type  of r e s u l t s  ob ta ined .  

For F igure  2 ,  t h e  theory  assumes t h a t  a l l  v e r t i c a l  
d i s t r i b u t i o n s  a t  t h e  same magnetic d i p  and geographic  l a t i t u d e  
w i l l  be equa l  below t h e  l e v e l  where t r a n s p o r t  is an important  
phenomenon. The c o n d i t i o n s  for nor the rn  hemisphere,  morning 
and evening,  a r e  shown. The theory  p r e d i c t s  t h a t  t h e  e f f e c t  
of d e c l i n a t i o n  should r e v e r s e  i t s e l f  i n  t h e  southern  hemisphere. 
Table  1 summarizes a l l  c a s e s  for  t h e  s l o p e  of t h e  v e r t i c a l  
d i s t r i b u t i o n .  

I n  F igu re  3, w e  i l l u s t r a t e  t h e  va r ious  l a t i t u d i n a l  d i s -  
t r i b u t i o n s  t h a t  could occur by assuming t h a t  t h e  c r e s t s  of 
t h e  l a t i t u d i n a l  d i s t r i b u t i o n s  a re  always e q u i d i s t a n t  from t h e  
d i p  equa to r  a t  d i p  equinox and t h a t  t h e  t rough l i e s  a t  t h e  d i p  
e q u a t o r .  T h i s  model is b u i l t  upon t h e  s l o p e  r a t i o s ,  a l s o  
p r i n t e d  i n  t h e  f i g u r e .  Should the  c r e s t s  o r  t rough not  obey 
t h e  above r equ i r emen t s ,  t h e  asymmetric forms genera ted  i n  t h e  
f i g u r e  could  be r e v e r s e d ,  b u t  i n  any event  t h e  s l o p e  requirements  
remain f i x e d .  

I n  both  t h e  v e r t i c a l  and l a t i t u d i n a l  d i s t r i b u t i o n s ,  t h e  
theo ry  p r e d i c t s  t h a t  s t r o n g  d e c l i n a t i o n  e f f e c t s  w i l l  occur 
only  d u r i n g  t h e  morning and evening hours .  I n  a d d i t i o n ,  
d e c l i n a t i o n  e f f e c t s  near  t h e  equator  a r e  t h e o r e t i c a l l y  shown 
t o  be s t r o n g l y  reduced i n  magnitude from those  of mid and high 
l a t i t u d e s .  

The above summarizes t h e  r e s u l t s  p r e d i c t e d  by Goldberg 
(1966).  In  t h e  next  s ec t ions ,  we p r e s e n t  a s tudy  of t h e  d a t a  
w i t h  t h e  i n t e n t  of making comparisons wi th  t h e  t h e o r e t i c a l  
p r e d i c t i o n s .  We w i l l  a l s o  i s o l a t e  a d i r e c t  s o l a r  e f f e c t ,  and 
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de termine  when and where t h i s  can o v e r r i d e  t h e  d e c l i n a t i o n  
e f f e c t ,  thus  a l lowing  u s  t o  c o r r e c t  f o r  t h e  d i r e c t  s o l a r  

e f f e c t  when i n v e s t i g a t i n g  t h e  d a t a  w i t h  r e s p e c t  t o  d e c l i n a t i o n .  

DATA ANALYSIS 

The  da t a  used i n  t h i s  s tudy  a r e  ionograms f r o m  t h e  A l o u e t t e  
Topside Sounder S a t e l l i t e  (Warren, 1962).  A semi-automatic 
ionogram s c a l i n g  method fol lowed by computer a n a l y s i s  u s i n g  
a p a r a b o l i c  lamina t ion  t r u e  h e i g h t  r e d u c t i o n  technique  
( Jackson ,  1967) have made a l a r g e  sampling of d a t a  
p o s s i b l e .  

T h i s  s tudy  e x c l u s i v e l y  employs p a s s e s  i n  t h e  v i c i n i t y  
of t h e  75th w e s t  meridian f o r  t w o  r easons :  f i r s t ,  because t h e  
r a p i d l y  changing d e c l i n a t i o n  wi th  long i tude  i n  t h i s  v i c i n i t y  
is q u i t e  conducive t o  d e c l i n a t i o n  s tudy  and second,  because 
d a t a  of passes  running  from f30°  t o  -30° .d ip  l a t i t u d e  a r e  
a v a i l a b l e  only i n  t h i s  sector of t h e  world.  We have cons ide red  
t h r e e  pe r iods  of t h e  day i n  our s t u d y ,  v i z .  morning, a f t e r n o o n ,  
and evening t o  co inc ide  wi th  t h e  d e s i g n a t e d  p e r i o d s  i n  t h e  
t h e o r e t i c a l  s t u d y .  F i n a l l y ,  whenever p o s s i b l e ,  w e  have made 
comparisons between two consecu t ive  p a s s e s  such a s  i l l u s t r a t e d  
i n  F igu re  4 ,  s i n c e ,  a s  w i l l  be d e s c r i b e d ,  t h e s e  provide  t h e  
b e s t  technique for  i s o l a t i n g  d e c l i n a t i o n  effects from t h o s e  of 
d i p  (or  d i p  l a t i t u d e )  and s o l a r  c o n t r o l .  

I t  is d e s i r a b l e  t o  s tudy  p a s s e s  over  a wide range  of d i p  
l a t i t u d e  and make comparisons of r e su l t s  between n o r t h e r n  and 
sou the rn  hemispheres a t  equa l  d i p  l a t i t u d e s .  In  o r d e r  t o  
e l i m i n a t e  s o l a r  caused asymmetries i n  such  s t u d i e s ,  i t  is 
necessa ry  t o  cons ide r  t h o s e  p e r i o d s  close t o  d i p  l a t i t u d e  
equinox, i . e .  when s o l a r  c o n t r o l  i s . s y m m e t r i c  about  t h e  d i p  
equa to r .  

meridian on t h o s e  days when t h e  sun  is over approximate ly  12 -13 

Dip equinox occur s  i n  t h e  r e g i o n s  nea r  t h e  75th  w e s t  
0 0  
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sou th  geographic l a t i t u d e .  This  occurrence  corresponds 
approximately t o  t h e  d a t e s  February 15 t o  18 and October 25 
t o  29 for t h e  y e a r s  1962 t o  1964. The approximate l o c a l  t i m e  
f o r  e q u a t o r i a l  c r o s s i n g  of s a t e l l i t e  p a s s e s  on t h e s e  d a t e s  f o r  
each year  a r e ,  f o r  February,  0400 and 1600 and f o r  October, 
0700 and 1900 LMT. Hence, t hese  a r e  t h e  only times of day 
du r ing  which w e  can s tudy  passes  under t r u l y  d i p  symmetric 
s o l a r  behavior .  Although t h e  morning passes  l i s t e d  above a r e  
too close t o  s u n r i s e  t o  s tudy  the  d e c l i n a t i o n  e f f e c t ,  t h e  
evening passes  f o r  October occur du r ing  t h a t  pe r iod  du r ing  
which t h e  d e c l i n a t i o n  e f f e c t  should be very important .  

I n  a d d i t i o n  t o  seek ing  s o l a r  symmetry, w e  have a l s o  
a t tempted  t o  minimize e f f e c t s  of magnetic d i s tu rbance  by 
c o n s i d e r i n g  t h o s e  pas ses  occur r ing  on days co inc id ing  w i t h  
or immediately fo l lowing  i n t e r n a t i o n a l  q u i e t  days.  The d a t e s  
f o r  d i p  equinox a r e  not a l l  s u i t a b l e  for such requi rements  
and w e  have thereby  chosen those  p a s s e s  f o r  which a v a i l a b i l i t y  
of d a t a  ex is t s  and which occur on q u i e t  days n e a r e s t  t o  s o l a r  
d i p  equinox. 

Although morning and af te rnoon passes  cannot be ob ta ined  
on d i p  equinox, it is  p o s s i b l e  t o  minimize t h e  d e p a r t u r e  from 
t h i s  c o n d i t i o n  by s e l e c t i n g  f a l l  and w i n t e r  month passes .  
During such p e r i o d s  t h e  sun l i e s  over t h e  southern  hemisphere 
and hence closer t o  t h e  d i p  equator  ( s e e  F igure  1) than  i n  
summer months. We have thereby concen t r a t ed  on w i n t e r  month 
p a s s e s  t o  o b t a i n  morning and mid-afternoon d a t a .  In  p a r t i c u l a r ,  
morning passes  were s e l e c t e d  f o r  w i n t e r  q u i e t  days cor responding  
t o  s a t e l l i t e  pas ses  between 0900 and 1200 LNT and a f t e rnoon  
p a s s e s ,  between 1300 and 1700 LMT. I t  s t i l l  remains d i f f i c u l t  
t o  make d e c l i n a t i o n  e f f e c t  comparisons between n o r t h e r n  and 
s o u t h e r n  hemispheres under t h e s e  non-equinoct ia l  c o n d i t i o n s  
a l though ,  a s  w i l l  be  s e e n ,  such comparisons a r e  p o s s i b l e  once 
t h e  e f fec ts  of d i r e c t  s o l a r  c o n t r o l  a r e  recognized.  



8 

The need for consecu t ive  pas ses  is d e s i r a b l e  s i n c e  t w o  
such p a s s e s  occur  a t  t h e  same l o c a l  t i m e  ( d i f f e r i n g  i n  105 
minutes  u n i v e r s a l  t ime)  fo r  a given geographic  l a t i t u d e  and 
approximately t h e  same magnetic d i p .  For example, F igu re  4 
shows t h a t  pass  283 is predominantly i n  a w e s t  d e c l i n a t i o n  
r e g i o n  i n  t h e  no r the rn  hemisphere whereas 284 is i n  a 
predominantly e a s t  d e c l i n a t i o n  region. A s  a r e s u l t ,  s i d e  b y  

s i d e  comparison of t h e  t w o  p a s s e s  should  i l l u s t r a t e  t h e  
d e c l i n a t i o n  e f f ec t  q u i t e  c l e a r l y  w i t h  no s p u r i o u s  behavior  
from asymmetric s o l a r  c o n t r o l .  T h i s  approach, a s  w i l l  be 
seen ,  is extremely e f f e c t i v e  b u t  u n f o r t u n a t e l y  is l i m i t e d  
by the  very sma l l  amount of d a t a  a v a i l a b l e  f o r  consecu t ive  
p a s s e s  r ang ing  f r o m  hemisphere t o  hemisphere. Because of 
t h i s  problem we have a l s o  s t u d i e d  comparisons between two 

p a s s e s  o c c u r r i n g  on consecut ive  days between which no impor tan t  
changes i n  s o l a r  a c t i v i t y  have occur red ,  hence assuming t h a t  
a l l  major d i f f e r e n c e s  observed a r e  e x c l u s i v e l y  t h o s e  due t o  
d e c l i n a t i o n .  As w i l l  be s e e n ,  t h e  r e s u l t s  of such s t u d i e s  
a r e  a l s o  va luab le  f o r  ana lyz ing  d e c l i n a t i o n  e f f e c t s .  

Our a n a l y s i s  t hen  p a r t i a l l y  invo lves  examining d a t a  
s u i t a b l y  f i t t i n g  t h e  a p p r o p r i a t e  c o n d i t i o n s  l i s t e d  above. 
The r e s u l t s  t o  be p resen ted  and d i s c u s s e d  i n  t h e  nex t  s e c t i o n  
a r e  r e p r e s e n t a t i v e  of t h e  f i f t y  (approximately)  A l o u e t t e  I 

p a s s e s  near  t h e  75th w e s t  mer id ian  fo r  t h e  y e a r s  1962, 1963 

and 1964 s a t i s f y i n g  t h e  above c o n d i t i o n s  and f o r  which s u i t a b l e  
d a t a  a r e  a v a i l a b l e .  

In  a d d i t i o n  t o  Aloue t t e  d a t a ,  w e  have a l s o  s t u d i e d  
s imultaneous foF2 d a t a  from a ser ies  of s t a t i o n s  l y i n g  i n  t h e  
v i c i n i t y  of t he  75O west meridian.  
of foF2 dur ing  t h e  pe r iod  immediatel-y su r round ing  a s a t e l l i t e  
p a s s  and t r e a t i n g  l o n g i t u d e  and t i m e  i n t e rchangeab ly  w e  have 
been a b l e  t o  determine whether l o n g i t u d i n a l  ( zona l )  p r e s s u r e  

g r a d i e n t s  a r e  more l i k e l y  t o  be i n c r e a s i n g ,  d e c r e a s i n g ,  Or 

By s t u d y i n g  t h e  t i m e  behavior  

* ,  
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I 

n e a r l y  zero a t  t h a t  t i m e  and hence, which pe r iod  of t h e  day 
is more r e p r e s e n t a t i v e  fo r  t h e  observed s a t e l l i t e  d a t a .  S ince  
foF2 is  a measure of d e n s i t y  and n o t  temperature  and s i n c e  it 
does no t  r e p r e s e n t  d e n s i t y  a t  a uniform h e i g h t ,  t h e  compariscms 
t o  be made us ing  t h i s  d a t a  a r e  t o  be cons idered  s u g g e s t i v e  buc 
not  conc lus ive  a s  evidence f o r  t h e  l o n g i t u d i n a l  p r e s s u r e  
g r a d i e n t s  occur r ing  a t  t h e  time of t h e  pas s  under ques t ion .  

F i n a l l y ,  w e  no te  t h a t  a l l  l a t i t u d i n a l  s t u d i e s  i n  t h e  next  
s ec t ion  a r e  r e l a t e d  t o  d i p  l a t i t u d e  ( a )  i n s t e a d  of d i p  ( I ) ,  
T h i s  is  necessary  t o  main ta in  l i n e a r i t y  i n  s l o p e  comparison 
a t  a l l  l a t i t u d e s .  

RESULTS AND DISCUSSION 

1. Evening Condi t ions  

W e  f i r s t  cons ide r  evening passes  s i n c e  t h e s e  provide  u s  
w i t h  t h e  b e s t  symmetr ical  s o l a r  c o n d i t i o n s  about t h e  d i p  (or 
d i p  l a t i t u d e )  equator .  F igu re  5 i l l u s t r a t e s  cons t an t  h e i g h t  
e l e c t r o n  d e n s i t y  p r o f i l e s  f o r  t w o  consecu t ive  pas ses ,  446 and 
447, o c c u r r i n g  on October 31, 1962. We have a l s o  p re sen ted  
t h e  d e c l i n a t i o n  and l o c a l  mean t i m e  f o r  t h e  pas ses  a t  v a r i o u s  
d i p  l a t i t u d e s  and f i n a l l y ,  i n d i c a t e d  t h e  s o l a r  p o s i t i o n .  In  
t h i s  f i g u r e  and a l l  fo l lowing ,  t h e  va lues  f o r  d i p  l a t i t u d e  
and d e c l i n a t i o n  a r e  those  a t  600 k m ,  a s  c a l c u l a t e d  from t h e  
1960 magnetic f i e l d  c o e f f i c i e n t s  (Jensen and Cain,  1962).  

T 

W e  n o t e  t h a t  w i t h i n  - +20° d i p  l a t i t u d e ,  t h e  two p a s s e s  
e x h i b i t  v i r t u a l l y  i d e n t i c a l  p r o f i l e s  a t  a l l  al t i’ tudes w i t h  
very l i t t l e ,  i f  any, d e c l i n a t i o n  e f f e c t ,  a s  expected f o r  low 
d e c l i n a t i o n  v a l u e s  occur r ing  i n  t h e  e q u a t o r i a l  region.  I t  
appears  t h a t  t h e  no r the rn  crests a t  400 k m  and 450 km f o r  447 

a r e  s l i g h t l y  lower than  t h o s e  of 446, and F igu re  3 i n d i c a t e s  
t h i s  t o  be t h e  expected behavior for t h e i r  r e l a t i v e  d e c l i n a t i o n s .  
However, t h e  d a t a  i n  447 a r e  too s c a n t y  t o  a s c e r t a i n  whether 
or n o t  t h i s  e f f e c t  is r e a l .  We a l s o  f i n d  from 446, t h a t  t h e  
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d i s t r i b u t i o n s  a r e  ex t remely  symmet r i c ,  a s  would be expec ted  
f o r  t h e  c e n t e r e d  p o s i t i o n  of t h e  sun  over t h e  d i p  equa to r .  

A comparison between p a s s e s  446 and 447 i n  t h e  n o r t h e r n  
0 hemisphere i l l u s t r a t e s  a s t r o n g  d e c l i n a t i o n  e f f e c t  beyond 20 N 

d i p  l a t i t u d e .  Here, d i f f e r e n c e s  of 50 t o  100 pe rcen t  occur  
between l a t i t u d i n a l  l oga r i thmic  s l o p e s  i n  r e g i o n s  of 7 E dec- 
l i n a t i o n  when compared t o  5OW d e c l i n a t i o n  a t  a l l  h e i g h t s  s t u d i e d .  
Unfo r tuna te ly ,  no comparison is p o s s i b l e  i n  t h e  s o u t h e r n  
hemisphere s i n c e  447 d a t a  do not r e a c h  s u f f i c i e n t l y  f a r  i n t o  
t h e  hemisphere f o r  comparison t o  be made. Pass  446 a l s o  shows 
a ve ry  sha l low t rough i n  t h e  e q u a t o r i a l  reg ion ,  an e f fec t  more 
pronounced than w e  would expec t  for  t h i s  t i m e  of day. We 
expec t  t h i s  i s  a s o l a r  e f f e c t  and w i l l  d i s c u s s  i t  i n  more 
d e t a i l  when cons ide r ing  morning passes .  

0 

Continuing w i t h  n o r t h e r n  hemisphere comparison, w e  p r e s e n t ,  
i n  F igu re  6 ,  a sequence of v e r t i c a l  t o p s i d e  d e n s i t y  p r o f i l e s  
a t  v a r i o u s  d i p  l a t i t u d e s .  A s  expec ted ,  no impor tan t  d i s p a r i t i e s  
between t h e  two passes  t a k e  p l a c e  below 20°N d i p  l a t i t u d e .  
However, a t  26O and 30°, s e p a r a t i o n  between t h e  two p r o f i l e s  
occur s  a s  p r e d i c t e d  i n  F igu re  2 and Table  1. T h i s  s e p a r a t i o n  
remains up t o  1000 km wi th  t h e  s l o p e s  becoming e q u a l  a t  t h e  
h igher  l e v e l s .  

Measurement of t h e  r e l a t i v e  v e r t i c a l  l o g a r i t h m i c  s l o p e s  
of t h e  cu rves  i n  F igu re  6 a t  about 500 t o  600 km i n d i c a t e s  
d i f f e r e n c e s  i n  t h e  o rde r  of 15 pe rcen t .  Hence, t h e  d e c l i n a t i o n  e f f e c t  
c l e a r l y  a l t e r s  l a t i t u d i n a l  s l o p e  more than  v e r t i c a l  s l o p e .  
A r e v i e w  of t h e  fundamental equa t ions  i l l u s t r a t e s  why t h i s  
is S O .  I n  Goldberg (1966) i t  is shown t h a t  t h e  l a t i t u d i n a l  
l oga r i thmic  s lope  is d i r e c t l y  p r o p o r t i o n a l  t o  j . a q u a n t i t y  
r e p r e s e n t a t i v e  of t h e  l o n g i t u d i n a l  c u r r e n t  i n  t h e  magnet ic  
coord ina te  s y s t e m .  On t h e  o t h e r  hand, t h e  v e r t i c a l  l o g a r i t h m i c  
s l o p e  is p r o p o r t i o n a l  t o  t h e  sum of t w o  t e r m s  (1/2H) + B j 

@ 

@’ 
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where M is t h e  normal s c a l e  he igh t  fo r  e l e c t r o n  d e n s i t y  
d i s t r i b u t i o n s  a s  measured along a f i e l d  l i n e  and f3 is a 
v a r i a b l e  independent of d e c l i n a t i o n .  Furthermore,  t h e  
c o n t r i b u t i o n  of each term t o  the  v e r t i c a l  s l o p e  is not  e q u a l ,  
t h a t  of t h e  s c a l e  h e i g h t  normally be ing  t h e  l a r g e r .  Dec l ina t ion  
a f f e c t s  t h e  s l o p e s  by pe r tu rb ing  t h e  va lue  of j * hence, it 
is a d i r e c t  e f f e c t  on l a t i t u d i n a l  s l o p e  change b u t  on ly  a 
second o rde r  e f f ec t  w i t h  r ega rd  t o  v e r t i c a l  s l o p e  change. 
Throughout our s t u d y ,  w e  have observed t h i s  type  of p r o p o r t i o n a t e  

behavior  between v e r t i c a l  and l a t i t u d i n a l  d o p e s ,  and hence, w i l l  
p r e s e n t  l a t i t u d i n a l  s t u d i e s  e x c l u s i v e l y  t o  r e p r e s e n t  t h e  re- 
maining passes  i n  t h i s  paper. 

view t h e  foF2 d i u r n a l  ( l o n g i t u d i n a l )  behavior  occur r ing  du r ing  
t h e i r  t r a n s i t .  We no te  from Figure 7 t h a t  t h e  c r i t i c a l  f requency 
is d e c r e a s i n g  a t  a l l  s t a t i o n s  during t h i s  pe r iod  i n d i c a t i n g  an 
evening t y p e  s i t u a t i o n .  

o c c u r r i n g  on October 19 ,  1962, a t  approximately 1% hours  LMT 
l a t e r  t han  446 and 447. W e  note  from Figure  7 t h a t  foF2 in-  
d i c a t e s  t h e s e  pas ses  t o  be r e p r e s e n t a t i v e  of evening behavior .  
A view of 283 i n d i c a t e s  t h a t  the  anomaly is better formed than  
i n  446 and 447, perhaps because of t h e  weaker s o l a r  e f fec t  a t  
t h i s  l a t e r  hour, w i t h  t h e  s lopes  i n  t h e  e q u a t o r i a l  r eg ion  

(+15O) - behaving i n  a w e s t  d e c l i n a t i o n  manner f o r  evening ( c f .  
F i g u r e  3 ) .  Once a g a i n ,  it is impossible  t o  make comparison 
a t  h ighe r  l a t i t u d e s  because of i n s u f f i c i e n t  d a t a .  Turning t o  
284, w e  have a pas s  l y i n g  i n  an e a s t  d e c l i n a t i o n  zone w i t h  
magnitudes of d e c l i n a t i o n  much l a r g e r  t han  t h o s e  s t u d i e d  
p rev ious ly .  The s l o p e s  f o r  t h i s  pas s  compare very w e l l  w i th  

F i g u r e  3 ,  p a s s i n g  from a r e l a t i v e l y  weak e a s t  d e c l i n a t i o n  
r e g i o n  i n  t h e  no r the rn  magnetic hemisphere t o  a s t r o n g  e a s t  

0’ 

Before  l e a v i n g  passes  446 and 447, it is of i n t e r e s t  t o  

We now t u r n  t o  passes  283 and 284, i l l u s t r a t e d  i n  F igu re  8,  
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d e c l i n a t i o n  r e g i o n  i n  t h e  sou the rn  magnetic hemisphere;  L e . ,  
cu rve  B i n  region "a" t o  cu rve  C i n  region "d". T h i s  p a s s ,  
because o n l y  105 minutes  a p a r t  i n  UT f r o m  283 and e q u i v a l e n t  
i n  LMT, is a c l e a r c u t  example of t h e  s t r e n g t h  t h i s  effect  can 
a t t a i n  a t  low l a t i t u d e s  f o r  reasonably  l a r g e  d e c l i n a t i o n s .  
F i n a l l y  w e  note a r e d u c t i o n  of l a t i t u d i n a l  s l o p e  near  t h e  
equa to r  i n  t h e  n o r t h e r n  hemisphere a t  400 and 450 km h e i g h t s  
and f e e l  t h a t  t h i s  may a l s o  b e ,  i n  p a r t ,  due t o  t h e  s o l a r  
c o n t r o l .  T h i s  e f f ec t  w i l l  be  e s t a b l i s h e d  and d i s c u s s e d  i n  
t h e  fo l lowing  sect ions.  

2.  Morning Condi t ions  

Because of n o n - a v a i l a b i l i t y  of d a t a  fo r  morning-time 
consecu t ive  p a s s e s  w e  have, f o r  r e p r e s e n t a t i o n  of our  s t u d y  
of t h e  morning d e c l i n a t i o n  e f f e c t ,  s e l e c t e d  t h e  t w o  p a s s e s  
i l l u s t r a t e d  i n  F i g u r e s  9 and 1 0 ,  v i z .  5013 on October 1, 1963, 
and 1247 on December 29 ,  1962. F i g u r e  11 i l l u s t r a t e s  t h e  
foF2 behavior fo r  t h e s e  t w o  p a s s e s  and demonst ra tes  t h a t  b o t h  
a r e  most l i k e l y  measuring d a t a  under morning t y p e  c o n d i t i o n s .  

Before i n t e r p r e t i n g  t h e s e  p a s s e s  w i t h  r e g a r d  t o  dec- 
l i n a t i o n ,  we must f i rs t  e s t a b l i s h  t h e  e f fec t  of asymmetric s o l a r  
c o n t r o l ,  since t h e  sun is over t h e  n o r t h e r n  crest  i n  5013 
and over t h e  sou the rn  crest i n  1247. I n  b o t h  c a s e s ,  w e  n o t e  
(F igu res  9 and 10)  t h a t  t h e  crest  below t h e  sun appea r s  t o  be  
broader  and somewhat f l a t t e n e d  or hollowed o u t  t h a n  its counter -  
p a r t  i n  t h e  o p p o s i t e  hemisphere. Hence,  t h e  sun  appea r s  t o  
reduce  t h e  s l o p e  of t h e  l a t i t u d i n a l  d i s t r i b u t i o n  f o r  a t  l e a s t  

- +loo d i p  l a t i t u d e  about i ts overhead p o s i t i o n .  
e f f e c t  is a l s o  poss ib ly  p r e s e n t  i n  t h e  symmetr ical  s i t u a t i o n  . 

a s  prev ious ly  noted f o r  evening  p a s s e s  s u c h  a s  446 and 447 i n  
F igu re  5 ,  w h e r e  w e  no te  a ve ry  f l a t  ledge w i t h i n  t h e  crests 
of t h e  l a t i t u d i n a l  d i s t r i b u t i o n  e x h i b i t i n g  l i t t l e ,  i f  any , t rough 
a t  t h e  d i p  equator .  Furthermore,  t h i s  reduced s l o p e  effect  

T h i s  s o l a r  
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occur s  i n  5013 and 1247 up through t h e  1000 km contour ,  a l though 
a t  600 km and above t h e  e f f e c t  is l e s s  w e l l  de f ined  and a l s o  
causes  a l i f t i n g  i n  t h e  s o l a r  hemisphere. T h i s  i n d i c a t e s  t h a t  
d i r e c t  s o l a r  c o n t r o l  may no t  be a n e g l i g i b l e  e f f e c t  i n  t h e  
t o p s i d e  F r e g i o n  up t o  h e i g h t s  of a t  l e a s t  1000 km. 

Returning t o  5013 and t h e  d e c l i n a t i o n  e f f e c t ,  w e  observe 
t h a t  t h e  l a t i t u d i n a l  s l o p e s  of t h i s  pas s  beyond t h e  probable  
range  of t h e  d i r e c t  s o l a r  e f f e c t  e x h i b i t  t h e  d i s t r i b u t i o n a l  
behavior  p r e d i c t e d  i n  F igu re  3, i . e .  curve B i n  t h e  no r the rn  
magnetic hemisphere (weak d e c l i n a t i o n )  t o  curve  C i n  t h e  
sou the rn  magnetic hemisphere. 

P a s s  1247 occurs  i n  an equ iva len t  range of e a s t  dec- 
l i n a t i o n ,  b u t  t h e  magnitudes a r e  l ess .  The pass  a l s o  occurs  
much closer t o  noontime cond i t ions .  With t h e s e  c o n s i d e r a t i o n s  
i n  mind i t  is  not  s u r p r i s i n g  t h a t  t h e  s l o p e s  beyond expected 
s o l a r  i n f l u e n c e  a r e  n e a r l y  equal  a t  a l l  a l t i t u d e s .  Fur ther -  
more, t h e  s o l a r  e f f e c t  could  a l s o  reduce t h e  s l o p e s  between 
-20° and -30° more than  between + l o  and +20°, and a correction 
weighted i n  t h i s  manner would then admit a d e c l i n a t i o n  e f fec t  
s i m i l a r  t o  t h a t  of 5013. 

F i n a l l y ,  i t  is of i n t e re s t  t o  no te  t h a t  5013 shows s t r o n g  
l a t i t u d i n a l  crests a t  1000 LMT and 1247 a t  1045 LMT i n  c o n t r a s t  

t o  r e p o r t s  by Lockwood and N e l m s  (1964) t h a t  75th w e s t  
mer id ian  passes  do not  e x h i b i t  p r o p e r t i e s  known as t h e  geo- 
magnet ic  anomaly before 1100 LMT. T h i s  r e s u l t  i n  our work, 
which is t h e  r u l e  r a t h e r  t han  the  excep t ion ,  appears  t o  
demonst ra te  closer accord between d e n s i t y  behavior  i n  t h e  
American and Asian zones than  comparison between t h e  r e s u l t s  
of Lockwood and N e l m s  (1964) and King e t  a 1  (1963) would 
i n d i c a t e .  The absence of d a t a  between 1000 and 1100 LMT and 
t h e  p a u c i t y  of d a t a  between 9:30 and 1 O : O O  LMT i n  Lockwood 
and N e l m s  (1964) a s  shown i n  t h e i r  F igu re  11, would appear t o  
account  f o r  t h e i r  conclus ion  t h a t  t h e  Anerican zone anomaly 

f o r m s  l a t e r  than  1100 LM'T. 
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3. Afternoon Condi t ions  

W e  have r e s e r v e d  our s tudy  of a f t e rnoon  p a s s e s  f o r  
s i n c e  t h e s e  a r e  t h e  most d i f f i c u l t  t o  i n t e r p r e t .  One c 

l a s t  
n 

never  expec t  t o  o b t a i n  t h e  i d e a l  s i t u a t i o n  d e p i c t e d  by curve  
B i n  F igu re  3 s i n c e  foF2 s t u d i e s  i n d i c a t e  t h a t  most s t a t i o n s  
do not  r e a c h  a c o n d i t i o n  where l o n g i t u d i n a l  ( zona l )  g r a d i e n t s  
i n  d e n s i t y  a r e  z e r o  f o r  more than  one or two hours  i n  t h e  
a f t e r n o o n ,  t h i s  happening a t  d i f f e r e n t  t i m e s  f o r  d i f f e r e n t  
l a t i t u d e s .  In  a d d i t i o n ,  t h e  l o n g i t u d i n a l  p r e s s u r e  g r a d i e n t  
may st i l l  occur d u r i n g  such a pe r iod  due t o  unknown tempera ture  
v a r i a t i o n s .  TO add t o  t h e  confus ion ,  A loue t t e  p a s s e s  a r e  no t  
a v a i l a b l e  i n  e a r l y  a f t e rnoon  dur ing  d i p  equinox and w e  a r e  
f o r c e d  t o  i n t e r p r e t  our r e s u l t s  i n c l u d i n g  t h e  d i r e c t  s o l a r  
e f f e c t .  Neve r the l e s s ,  we f e e l  t h a t  such problems a r e  no t  
insurmountable and w i l l  now p r e s e n t  f o u r  p a s s e s  which i l l u s t r a t e  
t y p i c a l  a f te rnoon behavior .  

W e  f i r s t  compare p a s s  4646 on September 5, 1963, t o  p a s s  
4660 on September 5, 1963, a s  shown i n  F i g u r e  12.  Although 
t h e s e  p a s s e s  are not  consecu t ive  they  a r e  s e p a r a t e d  by only  
one day du r ing  which t i m e  s o l a r  c o n d i t i o n s  were q u i e t .  Also ,  
b o t h  p a s s e s  occur a t  approximately t h e  same W. The sun f o r  
each p a s s  is over t h e  n o r t h e r n  hemisphere crest  and hence,  
w e  observe t h e  s o l a r  e f f e c t  p rev ious ly  d i s c u s s e d .  T h i s  once 
aga in  l e a d s  t o  a f l a t t e n i n g  of s l o p e  on t h e  s o l a r  s i d e  of t h e  
d i p  equator  a s  can be seen  on 4660. A t  first g l a n c e ,  it appears  
t h a t  t h e r e  may a l s o  be a morning e a s t  d e c l i n a t i o n  e f f e c t  super -  
imposed on 4660 (curve B-north t o  cu rve  A-south i n  F igu re  31, 
b u t  a look a t  foF2 behavior  i n  F i g u r e  13 i n d i c a t e s  t h a t  l o n g i t u d i n a l  
d e n s i t y  s l o p e s  a r e  mixed wi th  a l l  b u t  t h e  m o s t  n o r t h e r l y  s t a t i o n s  
showing n e g l i g i b l e  l o n g i t u d i n a l  ( d i u r n a l )  g r a d i e n t s  a t  t h i s  
t i m e .  Furthermore,  if w e  compare t h e  n o r t h e r n  l a t i t u d i n a l  

s l o p e s  of 4660 t o  t h o s e  Of 4646, w e  f i n d  n e g l i g i b l e  d i f f e r e n c e s  
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, 

al though t h e  d e c l i n a t i o n  d i f f e r e n c e  i n  t h i s  r e g i o n  averages 

about 8 O .  

w i t h  t h e  no r the rn  s t a t i o n s  e x h i b i t i n g  weakly i n c r e a s i n g  va lues  
f o r  foF2 dur ing  t h e  p a s s  t r a n s i t ,  b u t  t h e s e  could  e a s i l y  be 
coun te rac t ed  by opposing temperature  g r a d i e n t s  l e a v i n g  a n e a r l y  
z e r o  l o n g i t u d i n a l  p r e s s u r e  g rad ien t .  We t h e r e f o r e  conclude 
t h a t  t h e r e  is l i t t l e  i f  any d e c l i n a t i o n  effect  o c c u r r i n g  du r ing  
t h e  p a s s e s  4646 and 4660 and t h a t  t h e  major asymmetry i n  d e n s i t y  
observed a t  t h i s  t i m e  is s o l a r  c o n t r o l l e d  d i r e c t l y .  

F i n a l l y  w e  cons ider  two l a t e  a f t e rnoon  p a s s e s ,  6939 and 
6940 on February 19,  1964, shown i n  F igu re  14. These examples 
a r e  i n t e r e s t i n g  because they r e p r e s e n t  n e a r l y  symmetric s o l a r  
c o n t r o l .  We first  no te  t h a t  t h e  l i m i t e d  amount of d a t a  
a v a i l a b l e  f o r  6939 is v i r t u a l l y  co inc iden t  w i t h  t h a t  of its 
c o u n t e r p a r t  (except for  a sma l l  s o l a r  e f f e c t  w i t h i n  its c r e s t ) ,  
i n d i c a t i n g  no measurable d e c l i n a t i o n  e f fec t  w i t h i n  t h e  realm 
of - 4-13' about t h e  d i p  l a t i t u d e  equator .  
o u t  by t h e  symmetric c o n d i t i o n s  i n  t h i s  r eg ion  f o r  6940. We 
conclude t h a t  any d e c l i n a t i o n  e f f e c t  p r e s e n t  a t  such l o w  
l a t i t u d e s  is e n t i r e l y  masked by s o l a r  c o n t r o l .  Next w e  observe 
t h a t  a t  h igher  l a t i t u d e s ,  6940 e x h i b i t s  s t r o n g e r  l a t i t u d i n a l  
s l o p e s  i n  t h e  sou the rn  than  i n  t h e  northerm hemisphere in-  
d i c a t i n g  a d e c l i n a t i o n  e f f e c t  r e p r e s e n t a t i v e  of morning 
c o n d i t i o n s  accord ing  t o  F igu re  3. Unfo r tuna te ly ,  a s tudy  of 
foF2 is  inconc lus ive  f o r  t h i s  case  s ince d a t a  are  a v a i l a b l e  
from f o u r  s t a t i o n s  on ly  (Figure 13) and t h e s e  do no t  ag ree  
a s  t o  whether c o n d i t i o n s  a r e  more morning or evening l i k e  
w i t h  r e g a r d  t o  p r e s s u r e  g rad ien t .  F i n a l l y  w e  no te  t h a t  t h e  
t rough  i n  6940 is r e l a t i v e l y  shal low when compared t o  4660, 
t h e r e b y  once aga in  i l l u s t r a t i n g  t h e  effect  of a symmetric sun. 

W e  observe t h a t  4646 foF2 behavior  is a l s o  mixed, 

T h i s  is f u r t h e r  borne 
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SUMMARY AND CONCLUSIONS 

The r e s u l t s  of t h i s  work i s o l a t e  t w o  e f f e c t s  of e x t e r n a l  
o r i g i n  observable  i n  t h e  t o p s i d e  F r e g i o n  of t h e  e a r t h ' s  
ionosphere.  The first of t h e s e  is an effect  c o r r e l a t e d  w i t h  

magnetic d e c l i n a t i o n  and on t h e  b a s i s  of Goldberg (19661, is 
an e f f e c t  caused by t h e  skewness of t h e  e a r t h ' s  magnetic f i e l d  
w i t h  geograph ica l ly  o r i e n t e d  s o l a r  c o n t r o l .  Hence, it appears  
t o  account f o r  many o f , t h e  d i f f e r e n c e s  i n  geomagnetic c o n t r o l  
commonly a t t r i b u t e d  t o  l o n g i t u d e .  

through s t u d i e s  of foF2 ( E y f r i g  1963 a , b ) ,  Goldberg (1966) 
has  a l s o  made p r e d i c t i o n s  f o r  t h e  behavior  of t h e  t o p s i d e  
d e n s i t y  d i s t r i b u t i o n  t o  be expected because of d i f f e r e n c e s  i n  
magnetic d e c l i n a t i o n .  These d i f f e r e n c e s  have been d e s c r i b e d  
i n  terms of l a t i t u d i n a l  and v e r t i c a l  d e n s i t y  s l o p e s .  By an 
a n a l y s i s  of A loue t t e  I t o p s i d e  sounder s a t e l l i t e  p a s s e s  i n  
t h e  v i c i n i t y  of t h e  75th w e s t  mer id i an ,  w e  have been a b l e  t o  
o b t a i n  s u c c e s s f u l  v e r i f i c a t i o n  of t h e  p r e d i c t e d  e f f e c t s  and 
f u r t h e r ,  roughly e s t i m a t e  t h e i r  magnitudes.  W e  f i n d  f o r  
example, t h a t  d e c l i n a t i o n s  of approximately 8-9O can a l t e r  
l a t i t u d i n a l  l oga r i thmic  s l o p e s  a s  much a s  25  t o  50 p e r c e n t  
and v e r t i c a l  s l o p e s  a s  much a s  5 t o  10 p e r c e n t  from z e r o  dec- 
l i n a t i o n  va lues  f o r  h e i g h t s  between 400 km and 1000 km i n  t h e  
v i c i n i t y  of - + 2 5 O  d i p  l a t i t u d e .  
diminished a s  w e  approach t h e  d i p  l a t i t u d e  e q u a t o r ,  b u t  t h i s  
is expec ted  on t h e  b a s i s  of t h e  theo ry .  

of t h e  day: evening, morning and a f t e r n o o n ;  t aken  i n  o r d e r  
of i n c r e a s i n g  d i f f i c u l t y  f o r  a n a l y s i s .  We have a l s o  compared 
our  r e s u l t s  with s imul taneous  foF2 d a t a  f r o m  a series of S i x  
s t a t i o n s  ranging  i n  d i p  l a t i t u d e  from -30 t o  +30°, t o  de termine  

In  a d d i t i o n  t o  e x p l a i n i n g  t h e  d e c l i n a t i o n  e f f e c t s  observed 

The effects  become c o n s i d e r a b l y  

W e  have analyzed t h e  d a t a  f o r  t h r e e  d i f f e r e n t  p e r i o d s  



17  

t h e  u s e f u l n e s s  of foF2 t i m e  behavior a s  a measure of l o n g i t u d i n a l  
p r e s s u r e  g r a d i e n t s .  These r e s u l t s  a r e  c o n s i s t e n t l y  i n  agree- 
ment e x c e p t ,  a s  expec ted ,  dur ing  t h e  mixed t r a n s i t i o n  p e r i o d s  
of mid-afternoon. 

The c h a r a c t e r i s t i c s  of t h e  s a t e l l i t e  o r b i t  on ly  al low 
evening and l a t e  a f t e rnoon  passes  t o  be s t u d i e d  w i t h  s o l a r  
c o n t r o l  symmetric about t h e  d i p  l a t i t u d e  equator .  The dec- 
l i n a t i o n  effect  r e s u l t s  ob ta ined  i n  evening a r e  i n  f u l l  accord 
w i t h  t h o s e  p r e d i c t e d  i n  F igu res  2 and 3, t h e  e f f e c t s  be ing  
l a r g e r  f o r  l a r g e r  d e c l i n a t i o n s .  Next, a s tudy  of morning 
p a s s e s  i n d i c a t e s  s i m i l a r  good agreement w i t h  t h e o r y ,  once t h e  
e f f e c t s  of asymmetric d i r e c t  s o l a r  c o n t r o l  a r e  understood and 
c o r r e c t e d  f o r .  F i n a l l y ,  a f te rnoon passes  show mixed e f f e c t s  
which a r e  d i f f i c u l t  t o  c o r r e l a t e  w i t h  foF2 d a t a ,  bu t  neverthe-  
less can  be  i n t e r p r e t e d .  Unlike morning and evening,  a f t e rnoon  
l o n g i t u d i n a l  tempera ture  g r a d i e n t s  may not  be a d d i t i v e  w i t h  
t h o s e  of e l e c t r o n  d e n s i t y  and hence, t h e  d e c l i n a t i o n  e f f e c t ,  
which depends on l o n g i t u d i n a l  (zonal)  p r e s s u r e  g r a d i e n t s ,  may 
no t  be w e l l  r e p r e s e n t e d  by foF2 g r a d i e n t s .  

The second major e f f e c t  observed i n  our s tudy  is t h a t  
of d i r e c t  s o l a r  c o n t r o l .  We f i n d  t h a t  t h e  s u n ,  when a t  a 
p o s i t i o n  over  e i t h e r  t h e  nor thern  or sou the rn  crest  of t h e  
e q u a t o r i a l  geomagnetic anomaly, t e n d s  t o  f l a t t e n  t h e  s l o p e  of 
and i n c r e a s e  t h e  width of t h e  c r e s t ,  i n  some c a s e s  producing 
a secondary t rough w i t h i n  t h e  c r e s t  i t s e l f .  Even above h e i g h t s  
where t h e  anomaly is observed ,  t h e  f l a t t e n i n g  of t h e  l a t i t u d i n a l  
s l o p e  occurs .  Th i s  e f f e c t  is a l s o  n o t i c e d  when t h e  sun l i e s  
d i r e c t l y  over  t h e  d i p  l a t i t u d e  equa to r .  I n  t h i s  c a s e ,  t h e  
tendency is t o  f i l l  i n  t h e  e q u a t o r i a l  t rough l y i n g  between t h e  
t w o  crests. 

Next, w e  o f f e r  t w o  of s e v e r a l  75th w e s t  meridian morning 
p a s s e s ,  a l l  showing t h e  presence of a w e l l  de f ined  e q u a t o r i a l  
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geomagnetic anomaly a s  e a r l y  a s  1000 LMT. Th i s  appears  t o  
d i s a g r e e  wi th  t h e  r e S u l t s  of Lockwood and N e l m s  (1964),  who 
main ta in  t h a t  t h e  anomaly never appears  b e f o r e  1100 LMT 
near  t h i s  meridian,  and hence our  r e s u l t  is i n  b e t t e r  accord 
wi th  t h e  r e s u l t s  of King e t  a 1  (1963) f o r  t h e  Asian s e c t o r .  

o u r s e l v e s  t o  medium and low d i p  l a t i t u d e s  mainly because of 
a c c e s s i b i l i t y  of d a t a .  One can argue on t h e  b a s i s  of t h e  
theo ry  t h a t  d e c l i n a t i o n  e f f e c t s  should  i n c r e a s e  and be l a r g e r  
a t  h igh  l a t i t u d e s  and i n  f a c t ,  E y f r i g ' s  foF2 s t u d i e s  appear 
t o  i n d i c a t e  t h i s  tendency. We f e e l  however, t h a t  such  
a d d i t i o n a l  a n a l y s i s  is not  necessary  w i t h i n  t h e  scope of 
t h i s  work s i n c e  our purpose wi th  r e g a r d  t o  magnetic c o n t r o l  
was t o  determine t h e  degree t o  which t h e  d a t a  can be  i n t e r p r e t e d  
on t h e  b a s i s  of d e c l i n a t i o n  e f f e c t s  a s  p r e d i c t e d  and t h i s  has  
been demonstrated.  N a t u r a l l y ,  uniqueness  is no t  c la imed,  
and it remains for f u r t h e r  i n v e s t i g a t i o n  t o  determine whether 
t h i s  is t h e  major effect  r e s p o n s i b l e  f o r  m o s t  l o n g i t u d i n a l  
d i f f e r e n c e s  i n  e l e c t r o n  d e n s i t y  (known or unknown) o c c u r r i n g  
i n  t h e  t o p s i d e  ionosphe r i c  F reg ion .  

F i n a l l y ,  w e  observe t h a t  i n  our a n a l y s i s ,  w e  have l i m i t e d  
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TABLE I 
-_--- Magnetic Effect on 

Declination Time Hemisphere S l o p c  Magnitude 

East Morning Northern Reduct ion 

East Evening Northern Increase 

West Morning Northern Increase 

West Evening Northern Reduction 

East Morning Southern I nc r eas e 

East Evening Southern Reduct ion 

West Morning Southern Reduct ion 

West Evening Southern Increase 

Vertical s lope  changes of the topside F region density 

distribution due to declination as a function of time and 
hemisphere. 
declination case. (After Goldberg, 1966) 

Results given are relative to the zero 
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FIGURE CAPTIONS 

Worldwide representation of the earth's magnetic field 
isoclines. Declination can be approximated by the angle 
between the geographic meridian and the isocline normal. 

Possible variatkons in the vertical topside F region electron 
density distribution because of differences in magnetic 
declination (After Goldberg, 1966). Comparisons are made 
between northern hemisphere stations of east and west 
magnetic declination during both morning and evening 
conditions. (Opposite results occur in the southern 
hemisphere, Refer to Table I). The inequalities shown 
for slopes refer to topside magnitude only. 

Possible configurations of a latitudinal constant height 
electron density profile due to differences in magnetic 
declination (After Goldberg, 1966). It is understood 
that the latitudinal slopes designated by a, b, c and d 
refer to magnitude only. 

Two consecutive Alouette I passes relative to both geo- 
graphic and magnetic dip coordinates. Declination can be 
approximated by the angle between the geographic meridian 
and the isocline normal. 

Comparison of constant height latitudinal electron density 
profiles at five altitudes from 400 km to 1000 km for two 
consecutive Alouette passes (446 and 447 on 10/31/62) 
occurring under evening conditions in regions of low to 
moderate magnetic declination. Overhead position of the 
sun, magnetic declination, and LMT are also provided. 
QUI and AGA refer to data taken at Quito and Antofagasta 
respectively. (In the following illustrations, AGA is 
often replaced by SNT, Santiago.) 

Comparison of vertical topside electron density profiles 
at several dip latitudes for passes 446 and 447. 
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7. 

8 .  

9 .  

10 .  

11. 

12.  

13. 

14. 

Time (or zonal )  behavior  of foF2 a t  s e v e r a l  d i p  l a t i t u d e s  
on d a t e s  corresponding t o  p a s s e s  s t u d i e d  under evening 
c o n d i t i o n s  . 
Comparison of two consecu t ive  Aloue t t e  p a s s e s  (283 and 284 
on 10/19/62) under similar c o n d i t i o n s  t o  t h o s e  s t u d i e d  i n  
F igu re  5 but  i n  r e g i o n s  of moderate t o  high magnetic dec- 
l i n a t i o n .  Desc r ip t ion  of t h e  cu rves  can be found i n  t h e  
cap t ion  of Figure  5 .  

Constant h e i g h t  e l e c t r o n  d e n s i t y  p r o f i l e s  w i t h  d i p  l a t i t u d e  
f o r  a morning Aloue t t e  pas s  (1247 on 12/29/62) wi th  t h e  
overhead sun l y i n g  i n  t h e  southern  magnet ic  hemisphere.  

Constant h e i g h t  e l e c t r o n  d e n s i t y  p r o f i l e s  w i t h  d i p  l a t i t u d e  
f o r  a morning Aloue t t e  pas s  (5013 on 10/1/63) wi th  t h e  

overhead sun  l y i n g  i n  t h e  no r the rn  magnetic hemisphere.  

Time ( o r  zonal )  behavior  of foF2 a t  s e v e r a l  d i p  l a t i t u d e s  
on d a t e s  corresponding t o  p a s s e s  s t u d i e d  under morning 
cond i t ions .  

Comparison of two a f t e rnoon  Aloue t t e  p a s s e s  (4646 on 9/4/63 
and 4660 on 9/5/63) s e p a r a t e d  by one day  ( q u i e t  c o n d i t i o n s )  
under s o l a r  asymmetric c o n d i t i o n s .  D e s c r i p t i o n  of t h e  

cu rves  can he  found i n  t h e  c a p t i o n  of F i g u r e  5. 

Time ( o r  zona l )  behavior  of foF2 a t  s e v e r a l  d i p  l a t i t u d e s  
on d a t e s  corresponding t o  p a s s e s  s t u d i e d  under  a f t e r n o o n  
cond i t ions .  

Comparison of two a f t e rnoon  c o n s e c u t i v e  A l o u e t t e  p a s s e s  
(6939 and 6940 on 2/19/62) under solar  symmetric c o n d i t i o n s .  
D e s c r i p t i o n  of t h e  c u r v e s  can be found i n  t h e  c a p t i o n  of 
F igu re  5. 
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