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Abstract A comparative study i s  c a r r i e d  ou t  o fo the  sgread F occurrence 
ra tes  a t  Forta leza (bOs, 38'~) and Huancayo (12 S, 75 W) , two s t a t  icms 
located along the magnetic equator i n  the Arnerican zone. W h i l e  t h e r e  
a r e  e i m i l a r i t i e s  i n  the gross features o f  the r a n g e  t y p e  s p r e a d  F 
occurrences, profound di f ferences,  on a seasonal basis, a re  present i n  
the case o f  the frequency type spread F a t  the two s ta t i ons .  Profound 
d i s s l m i l a r i t i e s  are  observed a l so  i n  the evening enhancement i n  the F- 
-region v e r t i c a l  d r i f t  v e l o c i t y  (VZ) measured over Jicamarca ( a n d  t h e  
F- region height  changes observed over Huancayo), w i t h  respect t o  t h a t  
observed over Fortaleza, i n  t ha t  the seasonal trends i n  the l oca l  times 
o f  prereversal  VZ peak occurrences are i n  exac t l y  opposi te senseat the 
two s ta t i ons .  An attempt 1s made t o  i n t e r p r e t  these r e s u l t s  i n  te r rns  
o f  the d i f f e rences  i n  the magnetic f i e l d  d e c l  i n a t  i o n s  a t  t h e  two 
s ta t i ons  tha t  cause s i g n i f i c a n t  d i f fe rences i n  the conjugate E - r e g i o n  
sunset durat ions and, hence, i n  d i f f e r i n g  ra tes  o f  F- region p o l a r  i z -  
a t i o n  e l e c t r i c  f i e l d  developments a t  these s ta t i ons .  Influente o f  the 
F-region dynamo on the gross features o f  the prereversal  V peak  and z 
spread F cha rac te r i s t i cs  seems t o  be born ou t  i n  the present r e s u l t s .  

1. INTRODUCTION 

Orie o f  the important morphological a s p e c t s  o f  e q u a t o r  i a 1  

ionosphere i r r e g u l a r i t i e s  i s  the l ong i t ud ina l  d i f f e rence  i n  t h e i r  oc- 

curencerat :es r e v e a l e d f r o m s a t e l l i t e  rneasurements ( ~ a n s o n  and 

~ a n a t a n i ' ,  1971; Basu and ~asu ' ,  1976). This d i f f e rence  i s  c h a r a c t e r -  

ized, i n  p a r t i c u l a r ,  by a g loba l  maximum o f  o c c u r r e n c e  o v e r  t h e  

B r a z i  1 i a n  longi tude i n  the A t l a n t i c  zone i n  such a way t h a t  there  i s  

a rap id  inc:rease i n  the occurrence r a t e  wi t h i n  a few degrees eastward 

o f  Huancayci. Extensive studies on the morphologyof these i r r e g u l a r i t i e s  

have been c:arri ed out  based on the spread F echoes i n  ver t i c a  1 i n c  i - 
dence ionoqrams, ever s ince the e a r l y  i nves t i ga t i on  on the subject ,  by 

Booker and Wel ls3 (1938). However, t h i s  p a r t i c u l a r  aspect o f  the long i-  

tud ina l  v a r i a t i o n  o f  the i r r e g u l a r i t y  occurrence has not  received ad- 

equate a t t e n t i o n  so f a r .  On the o ther  hand, the rap id  change l n  the 

magnetic f i e l d  conf igura t ion ,  espec ia l l y  t h a t  o f  the dec l i na t i on  angle 

along the niagnetic equator i n  South Amerlca , could be an i m p o r t a n t  



f a c t o r  i n  shaping t h e  l o n g i t u d i n a l  v a r i a t i o n s  o f  t h e  spread F occur -  

rences and r e l a t e d  parameters over  t h i s  r e g i o n  (see Hanson e t  a14,197j. 

I n  t h e  present  paper we have under taken a comparat ive s t u d y  

o f  the  spread F occurrence r a t e s  and r e l a t e d  F- reg ion  parameters F o r  

two rnagnetic e q u a t o r i a l  s t a t i o n s  i n  t h e  American zone, namely Huancayo, 
o 

Peru (geographic 12 S ,  75Ow, d i p  l a t .  0.6') and For ta leza ,  Braz i  1 (geo- 

g raph ic   OS, 38Ow, d i p  l a t .  -1.7'). From t h e  e a r l  y works o f  Booker and 

We1 1s 3 (1938) and f rom many l a t e r  works based on ionosonde, as w e l l  

aç coherent  and incoherent  radar  i n v e s t i g a t i o n s ,  i t  has become an es-  

t a b l i s h e d  f a c t  t h a t  t h e  evening r a p i d  r i s e  o f  t h e  F- layer ,  produced by 

a p r e r e v e r s a l  enhancement i n  t h e  F- reg ion  i o n i z a t i o n  d r i f t  v e l o c i  t y ,  

i s  c l o s e l y  l i n k e d  i n  some way w i t h  t h e  development o f  t h e  e q u a t o r i a l  

spread F (Woodman5, 1970, F a r l e y  e t  a2.6, 1970; Sk inner  and ~ e l l e h e r ' ,  

1971). Hence, a comparat ive s tudy i s  c a r r i e d  o u t  a l s o  o f  t h e  r a d a r  

measurement o f  t h e  v e r t i c a l  d r i f t  v e l o c i t y  o v e r  Jicamarca, w i t h  v e r t i -  

c a l  d r i f t  v e l o c i t y  deduced f rom ionograms over  F o r t a l e z a .  R e m a r k a b l  e 

d i s s i m i l a r i t i e s  i n  t h e  v e r t i c a l  v e l o c i t y  c h a r a c t e r i s t i c s  a r e  observed, 

which seems t o  be an impor tant  f a c t o r  Fn t h e  observed d i f f e r e n c e s  i n  

the  spread F occurrence r a t e s  a t  t h e  two s t a t i o n s .  The r e s u l t s  on t h e  

v e r t i c a l  d r i f t  v e l o c i t i e s  seem t o  have i n t e r e s t i n g  i m p l i c a t i o n s  a l s o  

on 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  o f  the  r o l e  o f  F- reg ion  dynamo i n  caus- 

ing  the  r a p i d  r i s e  o f  t h e  pos t  sunset F- region.  

2. SPREAD F OCCURENCE AT FORTALEZA AND HUANCAYO 

I n  a recen t  paper (Abdu e t  a2. 1981) we have presented and 

d iscussed some c h a r a c t e r i s t i c s  o f  spread F over  F o r t a l e z a .  I n  F i g u r e  1 

we p resen t  a summary o f  t h e  spread F occurrence r a t e s  over  F o r t a l e z a  

o f  b o t h  t h e  range type  and f requency t y p e  f o r  t h e  one year  p e r i o d  f rom 

September 1978 t i l l  August 1979. The range spread occurrence i s  h igher  

d u r i n g  t h e  e ight-month p e r i o d  f rom September t i l l  A p r i l ,  which i s  i n  

agreement w i t h  t h e  y e a r l y  d i s t r i b u t i o n  o f  t h e  137 MHz s c l n t i l l a t i o n  

index over  Huancayo d u r i n g  low and h i g h  sunspot years p r e s e n t e d  b y  

~ a r o n s '  (1977). Over For ta leza ,  t h e  p e r i o d  f rom October t o  January, i n  

p a r t i c u l a r ,  has t h e  h ighes t  percentage o f  l ong  l a s t i n g  spread F,whereas 

t h e  s c i n t i l l a t i o n  occurrence over  Huancayo shows maxima i n  Novemberand 

February ( ~ a r o n s ' ,  1977). On t h e  o t h e r  hand, t h e  f requency t y p e  spread 



F occurs  o v e r  F o r t a l e z a  most f r e q u e n t l  y d u r i n g  t h e  n o r t h e r n  s o l  s t  i c e  

( w i n t e r )  months o f  May, June and J u l y ,  w i t h  a lmost  negl  i g i b l e  o c c u r -  

rence d u r i n g  t h e  southern s o l s t i c e  months. 

FORTALEZA 

Fig.1 -Month ly  mean r a t e s  o f  spread F 

occurrences, o f  b o t h  t h e  range spread 

type  and f requency spread type, f o r  

the o n e  y e a r  p e r i o d  s t a r t i n g  f rom 
LOCAL TIME 

1 - 1  RANGE: SPREAD. (---I FREQ. SPREAD September, 1978, t i  1 l August, 1979. 

I n  F i g u r e  2 we have compared t h e  mean n i g h t t i n i e  v a r i a t i o n s ,  

f o r  t h e  t h r e e  seasons (southern s o l s t i c e ,  equinoxes and n o r t h e r n  s o l -  

s t i c e )  o f  range type  and f requency type  spread F f o r  Huancayo and For-  

t a l e z a .  The curves f o r  Huancayo were taken f rom R a s t o g i l o  (1978) and 

correspond t o  t h e  year 1961 ( t h e  sunspot numbers f o r  1961 and 1978 - 79 

being 70 aiid 85 r e s p e c t i v e l y ,  t h e  small  d i f f e r e n c e  i n  t h e s e  n u m b e r s  

m igh t  n o t  (cause any s i g n i f i c a n t  change i n  t h e  spread F o c c u r r e n c e  

r a t e s ,  as the r e s u l t s  o f  Chandra and RastogiH,  1970, i n d i c a t e !  . T h e  

f o l l o w i n g  ~ c o n t r a s t s ,  i n  t h e  spread F occurrence f e a t u r e s  a t  t h e  t w o  

s t a t i o n s ,  inay be noted:  (a) t h e  range type  spread F o c c u r r e n c e  i s  

h i g h e r  d u r i n g  summer and equinoxes over  For ta leza ,  than over  Huancayo, 

e s p e c i a l l y  d u r i n g  t h e  p remidn igh t  hours; (b) d u r i n g  a few hours immedi- 

a t e l y  f o l l o w i n g  t h e  loca!  sunset,  t h e  spread F occurrence (which i s  

m a i n l y  t h a t  o f  range type)  i s  s i g n i f i c a n t l y  h i g h e r  o v e r  F o r t a l e z a  

throughout  t h e  year ;  ( c )  perhaps t h e  most o u t s t a n d i n g  d i f f e r e n c e  i s  i n  

the  seasonal v a r i a t i o n  i n  t h e  occurrence r a t e s  o f  t h e  f requency spread 

type  i r r e g i ~ l a r i t i e s  t h a t  show a,summer maximum over  Huancayo, whereas 
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F o r t a l e z a  p resen ts  a w i n t e r  rnaxirnum. Whi le  t h e  summer rnaximurn o v e r  

Huancayo c o u l d  be considered as p a r t  o f  t h e  o v e r a l l  spread F enhance- 

ment over  t h i s  s t a t i o n ,  t h e  w i n t e r  enhancement over  For ta leza ,  which 

i s  c o n f i n e d  t o  t h e  frequency type  spread F o n l y ,  seems t o  be an abnor- 

mal f e a t u r e .  

3. F- LAYER HEIGHT AND VERTICAL VELOCITY AND SPREAD F 

Close connec t ion  between t h e  spread F occurrence and v e r t i c a l  

movements o f  the  F- layer  has been known s i n c e  t h e  e a r l y  w o r k  over  

Huancayo by Booker and W e l l s 3  (1938). F a r l e y  e t  a ~ . ~  (1970) o b s e r v ' e d  

t h a t  t h e  onse t  o f  spread F, as seen i n  t h e  VHF backsca t te r  r a d a r  r e-  

s u l t s  over  Jicarnarca, was assoc ia ted ,  i n  many cases, w h i t h  upward mo- 

t i o n  o f  t h e  F- layer .  They suggested a l s o  t h a t  t h e  bot tomside o f  t h e  

l a y e r  rnust be above some t h r k s h o l d  a l t i t u d e  i f  t h e  f n s t a b l l i t y  caus ing  

t h e  spread F i s  t o  occur .  Rastogi 'O (1978) summarised t h a t  t h e  onset  

o f  range spread F occurs  when t h e  F r e g i o n  d r i f t s  a r e  upwards, b u t  t h e  

peak occurrence takes p l a c e  about  an hour  l a t e r ,  by w h i c h  t i m e  t h e  

d r i f t s  ge t  reversed downward, a f e a t u r e  t h a t  has been observed a l s o  i n  

t h e  e a r l  i e r  backsca t te r  r e s u l  t s  o f  clemesha12 (1964) over  Ghana.Monthly 

mean r e l a t i o n s h i p s  o f  the  spread F occurrences and F - 1  a y e r  h e  i g h t  

v a r i a t i o n s  over  F o r t a l e z a  a r e  presented i n  F i g u r e  3 f o r  d i f f e r e n t  

seasons. P l o t t e d  i n  t h e  same f i g u r e  a r e  t h e  v e r t i c a l  i o n i z a t i o n  d r i f t  



v e l o c i t i e s ,  der ived as d(h'f)/dt, which could g i ve  e s s e n t i a l l y  the same 

r e s u l t s  as from a Doppler measurement o f  the t r u e  v e l o c i t y  whenthelow 

l y i n g  i on i xa t i on  i s  small and the layer  I s  s u f f f c i e n t l y  h i g h  (Far ley 

et a ~ . ~ ,  l!f70). B l t t encou r t  and ~ b d u ' ~  (1981) have shown t h e o r e t i c a l l y  

t h a t  the threshold height ,  above which the t r u e  v e l o c i t y  and tha t  de- 

duced from the movements o f  the iso- e lec t ron dens i t y  contours o f  theF-  

layer  are  equal, i s  i n  the v i c i n i t y  o f  300 km. Our d iscussion i n  t h i s  

paper w i l l  be based on the V Z  values i n  the evening and p r e m i d n i g h t  

hours when the F- layer he lghts  over Forta leza are  usua l l y  above300km. 

Figure 3 shows t h a t  t he  range type spread F has i t s  onsetvery  

c lose t o  ( I n  f a c t  a few minutes ea r l  l e r  than) the  prereversal  peak i n  

LOCAL TIME 

Fig.3 - Plcits o f  monthly mean cha rac te r i s t í cs  o f  the h'F, ( t h i c k  f u l l  

1 ine)  v e r t i c a l  d r i f t  v e l o c i t y  VZ ( t h i n  f u l l  1 ine), obtainedas d(h?F)/dt, 

and the range and frequency types o f  spread F occurrences (broken 1 i ne  

and dots, respect ;ve l  y) over Forta leza,  represent ing the three seasons. 

The f i gu re  100, w r i t t e n  ins ide  each frame represents 100 percent oc- 

currence r e t e  on a 1 inear scale.  



t h e  v e r t i c a l  d r i f t  v e l o c i t y  d u r i n g  equinoxes and summer months, when 

t h e  amp l i tudes  o f  these peaks a r e  a l s o  h i g h e r .  I n  these m o n t h s  t h e  

probabi  1 i t y  o f  t h e  spread F occurrences increases sharp l  y w i t h i n a n  

hour o f  t h e i r  onset  and, i n  f a c t ,  reaches t h e i r  maxima even when t h e  F 

l a y e r  d r i f t s  were upward. T h i s  f e a t u r e  i s  s l  i g h t l y  d i f f e r e n t  over  

Huancayo where, as Rastogi ' O  (1978) repor ted ,  t h e  F- layer  d r i f t g e t s  

reversed downward by t h e  t ime spread F occurrence r a t e  r e a c  h e s  i t s 

maximum. The month o f  December p resen ts  l a r g e s t  number o f  l o n g  l a s t i n g  

even ts  o f  range spread, t h e  occurrence r a t e  being around 90% f o r  most 

p a r t  o f  the  n i g h t .  T h i s  may be a t t r i b u t e d  t o  t h e  f a c t  t h a t  one :of t h e  

l a r g e s t  amp l i tudes  o f  t h e  VZ p r e r e v e r s a l  peak occur red  i n  a s s o c i a t i o n  

w i t h  h i g h e s t  h ' F  va lues  d u r i n g  t h i s  month. A lso,  t h e  V peak seems t o  z 
be f o l l o w e d  by s i g n i f i c a n t  f l u c t u a t i o n s  i n  i t s  va lue,  p resen t  even i n  

t h e  month ly  mean values,  which cou ld ,  perhaps, be caused b y  r e g u l a r  

TID a c t i v  

e t  aZ. I " ,  

t r i  buted 

15 minute 

t y  o r  by f l u c t u a t i n g  east-west  e l e c t r i c  f i e l d  (seesomayaju lu 

1975). P a r t  o f  the  s t r u c t u r e s  i n  t h e  VZ curve  c o u l d  be a t -  

o t h e  f a c t  t h a t  i t has been deduced f rom va lues  read a t  

i n t e r v a l s .  

n w i n t e r   u une) range t y p e  spread F has a minimum occurrence 

r a t e  a t  bo th  F o r t a l e z a  and Huancayo, as mentioned be fo re ,  and t h e  am- 

p l i t u d e s  o f  t h e  p re reversa l  maximum o f  t h e  d r i f t  v e l o c i t y  a r e  c o r r e -  

spondingl y weaker, compared t o  o t h e r  months ( i n  t h e  case o f  Huancayo, 

t h i s  p o i n t  can be v e r i f i e d  f rom F i g u r e  4 i n d i r e c t l y ,  o r  d i r e c t l y  f rom 

F i g u r e  5 t h a t  p resen ts  VZ va lues  f o r  ~ i c a m a r c a ) .  We may note,  i n  par-  

t i c u l a r ,  t h a t  f o r  F o r t a l e z a  the  p r e r e v e r s a l  maximum occurs  l a t e r  and 

has l a r g e r  w i d t h  g i v i n g  r f s e  t o  t h e  pos t  sunset maximum which i s  

l a t e r  than, b u t  as h i g h  as, t n  t h e  o t h e r  months. I t  i s  I n t e r e s t i n g  t o  

n o t e  t h a t  f requency type  spread F occurrence has t h e  h i g h e s t  r a t e  i n  

t h i s  month, hav lng t h e i r  onset  t imes  around 1940 LT, a p p a r e n t l y  c o i n c i -  

dent  w i t h  a second peak I n  t h e  p r e r e v e r s a l  VZ enhancement. The l a s t  

p o i n t  can be conf i rmed,  however, o n l y  f rom a s t a t l s t i c a l  s t u d y o f  i n d i -  

v i d u a l  events which we do n o t  a t tempt  i n  t h i s  paper. 

F i g u r e  4 p resen ts  a comparison o f  t h e  month ly  mean l o c a l  t i m e  

v a r i a t i o n s  o f  F- l a y e r  h e i g h t s  d u r i n g  t h e  t h r e e  seasons, f o r  F o r t a l e z a  

and Huancayo. I n  t h e  case o f  Huancayo, we have p l o t t e d  h'F va lues  f o r  

1961, f o r  which spread F occurrences were presented i n  F i g u r e  2, and 

652 



Fig.4 - A compar i son o f  the 

TiTF va r i a t i ons  dur ing  the three 

seasons f o r  F o r t a l e z a  and 
EQU'NOXES Huancayo. The -hTí: val  ues f o r  

- Huancayo, f o r  the year 1961, 

were taken from Rastogi (1978), 

WINTER - a n d f o r t h e y e a r  1978 t h e y  ...... ........ 
400- . . .. ..::.. . . . ..* - 

were taken f rom Rastogi (1978), 

and f o r  the y e a r  1978 t h e y  

were o b t a i n e d  from the World 

LOCAL TIME Data Center. The values f o r  
FORTALEZA ::::;; :$ Forta leza were read from For- 

HUANCAYO - :;; t a  1 eza ionogran~s . 
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Fig.5 - F r e g  í o n  v e r t  i c a f  

d r i f t  v e l o c i t i i s  measured by 

J icamarca radar (taken f rom 

Fejer  e t  a L  , 1979) and those 

deduced f rorn F o r t a l e z a  

ionograms presented f o r t he 

summer equ inoc t ia l  

rnonths. The open 

near the evening 

resent sunset dura 

tween conj ugate 

and win ter  

rectangl  es 

hours rep- 

n t i ons  be- 

E- r e g  i o n s  

(see the t e x t  f o r  f u r t h e r  

d e t a i l s ) .  



f o r  1978 corresponding t o  t h e  s imul taneous F o r t a l e z a  v a l u e s .  The 

Huancayo m v a l u e s  a r e  v e r y  s i m i l a r  d u r i n g  1961 and 1978 i n  t h e  case 

o f  e q u i n o c t i a l  and w i n t e r  months. Summer va lues  around m i d n i g h t  a re ,  

however, v e r y  d i f f e r e n t  i n  t h e  two years.  The F- l a y e r  h e i g h t s  a r e  found 

t o  be h i g h e r  (except around midn lgh t  i n  summer) over  For ta leza ,  which 

m igh t  be r e s p o n s i b l e  f o r  t h e  g e n e r a l l y  h i g h e r  incidente r a t e  o f  the  

spread F over  t h i s  s t a t i o n  compared t o  Huancayo, as was seen i n  F i g u r e  

2.  An fmpor tant  p o i n t  o f  c o n t r a s t  i n  t h e  hlF v a r i a t i o n s  over  t h e  two 

s t a t i o n s ,  presented l n  F i g u r e  4, i s  t h a t  t h e  t imes  o f  t h e  p o s t  sunset 

h ' F  rnaxima over  Huancayo progress towards l a t e r  hours, proceeding f rom 

w i n t e r  t o  summer as expected rough ly  f rom the  sunset t imes  d u r i n g  t h e  

r e s p e c t i v e  seasons, whereas f o r  F o r t a l e z a  t h i s  t r e n d  i s  e x a c t l  y  r e -  

versed.  T h i s  p o i n t  m e r i t s  spec ia l  s i g n i f i c a n c e  when we n o t e  t h a t  For-  

t a l e z a  i s  l o c a t e d  south o f  ( though o n l y  4's) t h e  geographic  equator  as 

i s  Huancayo (12's). The month ly  mean l o c a l  t ime  v a r i a t i o n s  o f  t h e  v e r -  

t i c a l  d r i f t  v e l o c i t i e s ,  measured by t h e  Jicamarca radar ,  f o r t h e  p e r i o d  

1968-71 (Fe je r  e t  aZ.15, 1979), i s  presented t o g e t h e r w i t h t h e  d ( h ' ~ ) / d t  

va lues  deduced f o r  For ta leza ,  f o r  t h e  t h r e e  seasons i n  F i g u r e  5 (we 

may p o i n t  o u t  t h a t  t h e  two p e r i o d s  consldered f o r  t h e  two s t a t i o n s r e p -  

resen t  v e r y  s i m i l a r  phases o f  t h e  s o l a r  a c t i v i t y  c y c l e ) .  The l a r g e  

d i f f e r e n c e  i n  the  ampl i tudes o f  t h e  two s e t s  o f  t h e  v e r t i c a l  v e l o c i t i e s  

p resen t  d u r i n g  t h e  l a t e r  hours o f  t h e  n i g h t  ( a f t e r  22-23 LT) ,  cou ld  be 

m a l n l y  due t o  t h e  recombinat ion process g a i n i n g  importance when FT' 
values ge t  below t h e  t h r e s h o l d  a l t i t u d e  o f  300 km, a s  p o i n t e d  o u t  

earl i e r  ( ~ i t t e n c o u r t  and ~ b d u ' ~ ,  1981). 

F i g u r e  5 shows t h a t  t h e  seasonal t r e n d  i n  t h e  t i m e s  o f  t h e  

p r e r e v e r s a l  peak o f  t h e  d r i f t  v e l o c i t i e s  over  F o r t a l e z a  i s  e x a c t l y  op- 

p o s i t e  t o  t h a t  over  Jicamarca, i n  agreement w i t h  t h e  t r e n d  i n  t h e t i r n e s  

o f  t h e  pos t  sunset h'F maxima presented i n  F i g u r e  4. Th is  c o u l d  have 

consequences on t h e  seasonal t r e n d  i n  t h e  spread F occurrence as w e l l .  

4. DISCUSSION 

There have been i n c r e a s i n g  e f f o r t s  i n  recen t  years  t o  unrave l  

t h e  prob!ems o f  t h e  e q u a t o r i a l  ionosphere i r r e g u l a r i t i e s ,  by r e f i n e -  

ments i n  exper imenta l  observa t ions ,  b o t h  f rom ground and space, and by 

advancements i n  theory  and computer model l  i n g  ( F a r l e y  e t  aZ.6, 1970; 



Woodman and ~ a ~ o z ' ~ ,  1976; McClure e t  aZ. ", 1977; ~ae rende l  18, 1974; 

Scannapieco and ~ s s a k o w ' ~ ,  1976; Kel l e y  e t  aZ. ' O ,  1976; and 0ssakowZ1, 

1979). The present consensus, on the generat ion and morphology o f  these 

i r r e g u l a r i t l e s ,  seerns t o  be t h a t  i n  most cases they o r i g i n a t e  from a 

g r a v i t a t i o n e l  Rayleigh-Taylor type i n s t a b i l i t y  t ha t  operates i n  the 

presence o f  sharp dens i ty  gradient ,  such as t h a t  e x i s t t n g  i n  the bot-  

tomside o f  i:he evening equator ia l  F- layer,  when the  he lght  o f t h e l a y e r  

i s  s u f f i c i e r i t l y  ra lsed.  This primary R-T i n s t a b i l i t y  g ives r i s e  t o  

e lec t ron  depl eted reg ions o r  "bubbles" t h a t  provide reg ions o f  f u r t h e r  

sharp dens i ty  gradients,  a l  lowlng o ther  types o f  i n s t a b i l  i t y  mechan- 
-+ -+ 

i sm,  s u c h  as ExB and d r i f t  wave mechanisms, t o  operate, thus g i v i n g  

r i s e  t o  sma'ller scale s izes o f  the i r r e g u l a r i t i e s  ( H a e r e n d e l ,  1974). 

On the othei- hand, the generations o f  these i r r e g u l a r i t i e s ,  whether by 

R-T mechanism o r  otherwise, w i l l  be aided i f  the i n i t i a l  source o f  

d isturbance i s  an atmospheric wave o f  T ID  type and i f  the i r r e g u l a r -  

i t i e s  so produced have d r i f t  v e l o c i t i e s  comparable to ,  and i n  the d i -  

r e c t  lon  o f  , the phase speed o f  the TI  D, as suggested by severa1 authors 

i n  recent ytsars (~ooker" ,  1979; ~ e e r ' ~ ,  1974; hhiteheadz4,1971, and 

~ i o s t e r m e ~ e r ' ~ ,  1978). 

We have pointed out  i n  an e a r l  i e r  paper, (Abdu e t  aZ.' 1981), 

t ha t  the range type o f  spread F over Forta leza i s  seen almost a l  ways 

preceded by s a t e l l i t e  traces, which we suggested as i nd i ca t i ng  tha t  

some s o r t  o f  wave disturbance was a necessary cond i t ion  f o r  the forma- 

t i o n  o f  the i r r e g u l a r i t i e s  g i v i n g  r i s e  t o  the range spread type echoes. 

I n  the prestmce o f  t h i s ,  o r  other type o f  disturbance, the cond i t ion  
1 

f o r  the i n s t a b i l i t y  growth i s  t ha t  - (dno/dh) (g/v. ) > v  (Ossakow e t  
no i n  r 

a ~ . ' ~ ,  19791, where the scale height  o f  the bottomside i on i za t i on  d i s -  

t r i b u t i o n ,  no/(dn0/dh),  i s  taken as f / 2 ( d f / d h 8 )  and i s  estimated from 

the ionogranis, assurning n e g l i g i b l e  low l y i n g  i on i za t i on .  Here, vin i s  
the ion-neutra1 c o l l i s i o n  frequency and V i s  the recombination ra te .  

r 
Estirnation l'rom ionograms shows tha t ,  i n  cases where t h e  above  i n -  

equa l i t y  was sa t i s f i ed ,  range type spread F d id ,  i n  general, occur and 

v i ce  versa. Further,  a height  change o f  20-30 km does a f f e c t  t h e  i n -  

e q u a l i t y  cor id i t ion  even f o r  the same scale length o f  the e lec t ron  den- 

s i t y  d i s t r i b u t i o n .  The heights o f  the F- layer dur ing  e q u i n o x e s  and 

summer, a t  the s t a r t  o f  the range type spread, i n  Figure 3, i s  c lose 



t o  o r  above 300 km, whereas i n  w i n t e r ,  when t h e  sunset occurs  s l i g h t l y  

b e f o r e  18 LT (see the  f o l  l ow ing  d iscuss  i o n  r e g a r d i n g  the  sunset con- 

d i t i o n s ) ,  the  h lF  has va lues  s i g n i f i c a n t l y  l e s s  than 300 km ('L 270 km), 

a  h e i g h t  !ow enough t o  a f f e c t  t h e  above i n e q u a l i t y  c o n d l t i o n  f o r  t h e  

g rowth  o f  the  R-T i n s t a b i l  i t y .  Therefore,  t h e  w i n t e r  m i n  i m i m  i n  t h e  

range type  spread F over  F o r t a l e z a  migh t  be, i n  p a r t ,  c a u s e d  b y  t h e  

lower h e i g h t s  a t  sunset o f  the  F- layer  over  F o r t a l e z a .  The pos t  sunset 

w i n t e r  F- layer  does go up over  For ta leza ,  b u t  a t  a  s lower  r a t e  (as t h e  

r e l a t i v e l y  lower V amp l i tude  i n d i c a t e s ) ,  and a t t a i n s  a maximum s i g -  

n i f i c a n t l y  l a t e r ,  and o f  somewhat h i g h e r  va lues,  than i n  o t h e r  months. 

Th is  p o i n t  r a i s e s  t h e  ques t ion  as t o  why t h e  range type  spread echoes 

do n o t  occur  i n  w i n t e r  even when the  h ' F  goes up t o  t h e  summer and 

e q u i n o c t i a l  l e v e l s  i n  t h e  pos t  sunset p e r i o d .  We may specu la te  o v e r t h e  

f o l l o w i n g  p o s s i b l e  answer: (a) t h e  s c a l e  l e n g t h  o f  t h e  bot tomside e lec-  

t r o n  d e n s i t y  d i s t r i b u t i o n  might  n o t  be s u f f i c i e n t l y  small  enough t o a i d  

the  growth o f  t h e  i n s t a b i  1  i t ies ;  (b) t h e  ampl i tude o f  t h e  atmospher i c  

wave d is tu rbances  might  decay a t  d i s t a n c e s  f a r t h e r  f rom t h e  sunset 

t e r m i n a t o r ;  and (c)  l e s s  f requen t  occurrences o f  t h e  s o u r c e  o f  t h e  

I n i t i a l  d i s tu rbances  i n  w i n t e r  months, i n  genera l .  M o r e  d e t a i  l e d  

s t u d i e s  should be c a r r i e d  o u t  t o  v e r i f y  these o r  o t h e r  p o s s i b i l i t i e s .  

On t h e  o t h e r  hand, f requency type  spread F has a maximum i n  

w i n t e r  months, which might  p o s s i b l y  be assoc ia ted  w i t h  t h e  l a t e r  oc-  

currences o f  l a r g e  h l F  va lues  i n  t h i s  month. I f  t h i s  a s s o c i a t i o n  i s  

indeed t r u e ,  then i t  migh t  suggest t h a t  t h e  c i rcumstances l e a d i n g  t o  

the  genera t ion  and mainta inance o f  these i r r e g u l a r i t i e s  cou ld  be d i f -  

f e r e n t  f rom those respons ib le  f o r  t h e  i r r e g u l a r i t i e s  o f  r a n g e  t y p e  

spread F as was i m p l i c d  a l s o ,  f rom d i f f e r e n t  cons idera t ions ,  i n  some 

p rev ious  works (Chandra and Rastogi ", 1970; and Rastogi and ~ o o d m a n ~ ~ ,  

1978; see a l s o  Abdu e t  aZ.', 1981). Frorn the  p resen t  r e s u l t s ,  i t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  t h e  months o f  l a r g e s t  f requency type  spread F 

occurrence,  a t  the  two s t a t i o n s ,  a r e  a l s o  the  rnonths when t h e  p r e r e -  

versa1 enhancements o f  V had broader maxima, o r  l a t e r  o c c u r r e n c e  o f  

the  pos t  sunset h lF  maxima, as can be v e r i f  i e d  f rom F igures  2, 3, 4 and 

5, even though these months a r e  f rom w i n t e r  and summer seasons a t  For-  

t a l e z a  and Huancayo, r e s p e c t i v e l y .  The month ly  mean c h a r a c t e r i s t i c s  a t  

t h e  two s t a t i o n s  seem t o  show a l s o  t h a t ,  w h i i e  l a r g e r  amp l i tudes  o f t h e  



prereversal  V  peak, i n  general, occur i n  assoc ia t ion  w i t h  l a r g e r  z 
spread F occurrence ra tes ,  as has al ready been suggested from previous 

works (see, f o r  example, ~oodman', 1970), i t  appears necessary t ha t  the 

maxima i n  V,z should be sharper (or fas ter  r i s e  of the layer )  when the 

p r o b a b i l i t y  o f  the range type spread F i s  high, and i t s h o u l d  be 

broader wheii the occurrence o f  the frequency type spread F i s  h  i g h .  

( ~ h i s  po in t  should, however, be conf irmed from more deta i  led  study o f  

i nd i v i dua l  events, which we are present ly  ca r r y ing  out . )  These obser- 

vat ions do not  necessar i l y  support the idea (see, f o r  example, Skinner 

and ~ e l l e h e r ~ ,  1971) t h a t  i t  i s  the ascending o r  descending v e l o c i t i e s  

o f  the evening F- layer t ha t  determine the range spread t y p e  i r r e g u -  

l a r i t y  development. On the o ther  hand, i t  might suggest t h a t  the F- 

-1ayer should ascend t o  a  threshold he ight  ( ~ a r l e y  e t  az. 6, 1970) where 

add i t i ona l  cond i t ions  f o r  the i r r e g u l a r i t y  growth are present, so t h a t  

i f  any o f  these add i t i ona l  cond i t ions  has f a s t  enough loca l  t ime v a r i -  

a t i ons  i n  t l ie  post sunset period, then a  rap id  o r  slow r i s e  o f  the 

layer  w i l l  determine whether o r  no t  the i r r e g u l a r i t i e s  w i l l  be gener- 

ated. 

There are  two important aspects concerning the d i f f e rences  i n  

the spread F and h 'F  cha rac te r i s t i cs  over Forta leza and Huancayo t h a t  

mer i t  f u r t h e r  a t t e n t i o n :  (1) the post sunset heights o f  t h e  F - l a y e r  

(espec ia l l y  i n  the premidnight per iod) are  i n  general h i g h e r ,  w i t h  

l a r g e r  VZ prereversal  amplitudes and correspondingly h igher i n c i -  

dente o f  spread F, over Fortaleza, as compared t o  Huancayo ; ( 2 ) 

s e a s o n a l  t.rends i n  the times o f  the prereversal  VZ maxima (and those 

o f  the post sunset h 'F  maxima) are  exac t l y  oppos i t ea t  the two s ta t i ons .  

The second aspect mani fests i t s e l f  i n  the s i g n i f i c a n t l y  la teroccurence 

of the times o f  these maxima i n  w in ter  over Forta leza,  as compared t o  

Huancayowhere they seem t o  be normal, o r  a t  leas t  i n  the proper sense, 

as expected from tha t  o f  the sunset times. Associated w i t h  t h i s  aspect 

seems t o  be, as mentioned before, the w in ter  maximum i n  the frequency 

spread over Fortaleza, as compared t o  i t s  summer maxirnum over Huancayo. 

The second aspect, i n  p a r t i c u l a r ,  seems t o  be very s ign i f i can t ,  

as these pronounced d i f fe rences are  observed between two s ta t i ons  sep- 

arated by on l y  38' o f  longi tude tn  the American zone. Important i n f l u -  

e n t i a l  f ac to rs  causing these d i f f e rences  might l i e  i n  the la rge d i f -  



O 
ferences i n  the magnetic dec l i na t i on  angles (being 20 W a t  Forta leza 

o 
and 4 E a t  ~ u a n c a ~ o )  as the fo l l ow ing  considerat ions would show, and 

perhaps, a l so  i n  the r e l a t i v e  separation o f  the two s ta t i ons  from the 

geograph i c equa t o r .  

The daytime upward d r i f t  o f  the F- region i on i za t i on  and i t s  

reversal  a f t e r  sunset (~oodman~ ,  1970 ; Fejer  e t  U Z .  15, 1979) are  de- 

termined by appropr iate eastward and westward e l e c t r i c  f i e l d  respect- 

I ve l y .  These e l e c t r i c  f i e l d s  have two main sources, namely, and E-layer 

dynamo f i e l d  t ha t  i s  mapped on t o  the F-region by the h igh lyconduct ing  

f i e l d  l i n e s  and an F- region p o l a r i z a t i o n  e l e c t r i c  f i e l d ,  produced by 

thermospheric winds, t ha t  gets shor t  c i r c u i t e d  dur ing daytime by the 

high conduc t i v i t y  of the E-region. By sunset, the decreasing E - l a y e r  

conduc t i v i t y  causes a c e r t a i n  decoupling o f  the E and F- layers, w i t h  

the r e s u l t  t ha t  the F- region p o l a r i z a t i o n  e l e c t r i c  f i e l d  dominates t o  

cont ro l  the F- region i on i za t i on  d r i f t  ( ~ i s h b e t h ~ ' ,  1971, * 1 9 7 7 ) .  

Theoret ical  study by Heel i s  e t  ~ 2 . ~ '  (1974) has demonstrated t h a t  the 

evening enhancements, o r  the prereversal  maxima, i n  the upward d r i f t  

ve loc i t y ,  such as tha t  measured by the Jicamarca radar (woodman5, 1970) 

could be s a t i s f a c t o r i l y  explained by t h i s  decoupling process. Thus, we 

could see t h a t  the times o f  the prereversal  maximum i n  VZ should be 

determined by sunset times a t  the conjugate E-layes over the low l a t i -  

t u d e s  tha t  a re  coupled t o  the equator ia l  F-region by magnetic f i e l d  

l i nes .  We have ca lcu la ted these sunset times fo r  Forta leza and J ica-  

marca, consider ing conjugate E-regions t o  be a t  212' magnetic l a t i t u d e s  

fo r  the two s ta t ions ,  and assuming tha t  the so lar  rad ia t ionrespons ib le  

f o r  the E- layer i on i za t i on  i s  completely absorbed above 80 km (namely, 

a screening a l t i t u d e  o f  80 km). 

The sunset times, so calculated,  a re  marked i n  Figure 5 i n t h e  

form o f  rectangles (marked F and J f o r  Forta leza and J i c a m a r c a ,  re -  

s ~ e c t i v e l  Y ) ,  whose lengths i n  t ime represent the dura t ion  o f  the sunset 

s t a r t i n g  from one conjugate E- layer and ending a t  the o ther  ( the  rec-  

tangles are  d iv ided i n t o  two a t  the po in t s  corresponding t o  the loca l  

E-region sunset times, a t  the respect ive  s ta t i ons ) .  For summer c o n -  

d i t i o n s  oyer Fortaleza, the sunset du ra t i on  between the conjugate E- 

layers i s  very small, being o n l y  1 1  minutes, due t o  the la rge d e c l i -  

na t i on  angle o f  the f i e l d  l l n e s  over Fortaleza, whereas f o r  Jicamarca, 



the sunset du ra t i on  i s  s i g n i f i c a n t l y  longer, being 108 minutes. We may 

note t h a t  the w id th  o f  the prereversal  peak i n  VZ i s  correspondingly 

smaller over Forta leza and la rger  over Jicamarca. This t rend i s e x a c t l y  

reversed i11 winter  months, when the sunset du ra t i on  i s  i a r g e s t  f o r  

Forta leza (117 minutes) and s i g n i f i c a n t l y  smaller (41 m i n u t e s )  f o r  

Jicamarca, w i t h  corresponding d l f fe rences i n  the  widths o f  the  prere-  

versal  V peaks a l so  present a t  the two s ta t ions .  I n  e q u i n o c t i a l  z 
months ,  .the d i f f e rence  i n  the sunset dura t ion  does not  appear t o  be 

s i g n l f  i c a n t l y  pronounced t o  r e f l e c t  as d i f fe rences i n  t h e  VZ peak  

w id th  

times 

durat  

a def 

d r i f t  

-reg i 

. Tht: reversa l ,  a t  the two s ta t ions ,  o f  the seasonal t rend i n t h e  

o f  the VZ peaks, i s  a l so  c l e a r l y  present i n  the ca lcu la ted sunset 

on. Thus, we may observe tha t  there  does appear t o  be present 

n i t e  dependence o f  the w id th  o f  the prereversal  peak o f  F- region 

v e l o c i t i e s  on the dura t ion  o f  the sunset between the conjugate E 

ns. We may po in t  here t h a t  t h i s  re la t i onsh ip ,  i n  f a c t ,  seems t o  

provide an experimental v e r i f i c a t i o n  o f  the theo re t i ca l  p red i c t i on  o f  

the r o l e  01' F- region dynamo (Rishbeth, 1971; Heel i s  e t  az., 1974) on 

the eveninq VZ enhancements. Such a v e r i f i c a t i o n  i s  poss ib le  because  

o f  the la rge d i f f e rence  i n  the magnetic dec l i na t i on  a n g l e  be tween  

Jicamarca end Fortaleza. Thus, the gross features o f  the spread F oc- 

currences, v i s - a- v i s  F- region he ight  va r i a t i ons ,  appear t o  be con- 

t r o l l e d  t o  some extend by the thermospheric winds, through t h e i r  r o l e  

on t h e  g e n e r a t i o n  o f  t h e  F - r e g i o n  dynamo. 

The general tendency i n  the VZ curves i n  Figure 5 i s  t h a t  the  

evening enhancements o f  the d r i f t  v e l o c i t i e s  s t a r t  a l i t t l e  before the 

onset o f  sunset a t  the f i r s t  conjugate E region, and the post maximum 

decrease s t a r t s  immediately f o l l ow ing  the terminat ion o f  the sunset a t  

the other conjugate E-region. However, we may no t i ce  t h a t  t h i s  pa t te rn  

has a c e r t a i n  a l t e r a t i o n  i n  w in ter  over Fortaleza, where t h e  V en- 
z 

nhancement s t a r t s  somewhat l a t e r  a f t e r  the i n i t i a t i o n  o f  sunsetand.the 

maximum i s  reached we l l  a f t e r  the te rminat ion  o f  sunset a t  the conju- 

gate E-region. The reason f o r  t h i s  delay, i n  the VZ enhancement fea- 

tures,  i s  n'ot c l ea r  t o  us. However, we speculate over poss ib le  p r e s -  

ente, i n  t h i s  month, o f  s u f f i c i e n t l y  la rge c o n d u c t i v i t l e s a t t h e  nor th-  

e rn  conjugate E-region, even a f t e r  the i n i t i a t i o n  o f  the sunset a t  the 

southern conjugate E-region, u n l i k e  i n  summer months when the sunset 



dura t i on  between the conjugate E-regions i s  very small.  Further,  we 

may po in t  ou t  t h a t  a t  the southern conjugate E-region i t s e l f ,  appreci-  

ab le  conduc t i v i t y  might be present even a t  sunset hours due poss ib ly  

t o  p a r t i c l e  produced i on i za t i on  i n  the south P . t l a n t i c  g e o m a g n e t i c  

anomaly. I n  f ac t ,  secondary peaks, dur ing  evening hours i n  some win ter  

m n t h s ,  i n  the occurrence of sporadic E layers  o f  b l a n k e t  i n g  t y p e  

presumably produced by charged p a r t i c l e  p r e c i p i t a t i o n  i n  the anomal y 

reglon, have been reported over Cachoeira Paul i s ta  (22'~, 45O~)  (Abdu 

and 0 a t i s t a 3 ' ,  1977). Another poss ib le  cause o f  the delay could be i n  

the r o l e  o f  thermospheric zona1 winds i n  d r i v i n g  interhemisphere i o n i z -  

a t i o n  f luxes,  which i s  s t rong ly  con t ro l l ed  by the  magnetic dec l i na t i on  

angles, as the recent Atmosphere Explorer  satel  l i t e  resu l  t s  i nd  i ca t e  

(Heel i s and ~ a n s o n ~ ~ ,  1980), and the i  r seasonal dependence. 

5. CONCLUSIONS 

The present study o f  the spread F occurrences and F - l a y e r  

height  va r i a t i ons  over Huancayo and Forta leza shows t h a t  t h e r e  are  

some s i m i ! a r i t i e s  i n  t h e i r  cha rac te r i s t i cs  a t  the two s ta t ions ,  wh i le  

profound d i s s l m i l a r i t i e s  are  a l so  present. The onset o f  r a n g e  type 

spread F occurs a t  sunset w i t h  upward v e r t i c a l  movement o f  the F-layer, 

a t  both s ta t ions ,  although they seem t o  be tak ing  place a t  a more rap id  

r a t e  over Forta leza than over Huancayo. Higher ra tes  o f  r a n g e  t y p e  

spread F occurrence dur ing  summer and equ inoc t ia l  months are  observed 

a t  both places, a l though the r a t e  i s  somewhat higher, espec ia l l ydu r i ng  

the premidnight hours, over Forta leza.  The spread F o c c u r r e n c e  over 

Forta leza i s  higher dur ing  a few hours immediately f o l l ow íng  thesunset, 

throughout the year.  

Pronounced d i s s l m i l a r i t y  i s  evident  i n  the occurrence r a t e s o f  

frequency type spread F, i n  t h a t  the yea r l y  maximum occurs i n  summer 

over Huancayo, whereas Forta leza presents a w in ter  maximum. This d i s -  

s i m i l a r i t y  seems t o  have i t s  counterpart  i n  the cha rac te r i s t i cs  o f  the 

F- region he ight  v a r i a t i o n s  as we l l ,  as seen i n  the prereversal  peak i n  - 
the v e r t i c a l  i on i za t i on  d r i f t  v e l o c i t y ,  and the post sunset h ' F  maxi- 

mum, occur r ing  a t  l oca l  times t h a t  vary w i t h  season i n e x a c t l y  opposi te 

d i r e c t i o n s  a t  the two s ta t i ons .  This s i m i l a r i t y  i n  t h e  o p p o s i t e  

seasonal t rend observed i n  the occurrence ra tes  o f  f r e q u e n c  y t y pe 



spread F, and t h a t  o f  t h e  t imes o f  VZ p r e r e v e r s a l  peak migh t  suggest 

t h a t  t h e  mechanism f o r  genera t ion  o f  t h e  i r r e g u l a r i t i e s  o f  t h e  f r e -  

quency type  spread F c o u l d  be d i f f e r e n t  f rom t h a t  r e s p o n s l b l e  f o r  t h e  

range t y p e  spread F, i n  agreement w i t h  some e a r l i e r  observa t ions .  

An a t tempt  i s  made t o  q u a l i t a t i v e l ~  e x p l a i n t h e  d i s s i m i l a r i t i e s  

i n  t h e  evening enhancements o f  VZ, a t  F o r t a l e z a  and Huancayo, as be ing  

caused by d i f f e r e n c e s  i n  t h e  developments o f  t h e  F- reg lon  p o l a r i z a t l o n  

e l e c t r i c  f i e l d s ,  a t  the  two s t a t l o n s .  The s i g n i f i c a n t  d i f f e r e n c e s  i n  

t h e  magnetic d e c l i n a t i o n ,  p resen t  a t  t h e  two s t a t i o n s ,  causes sunset 

d u r a t l o n s  between con juga te  E- regions o f  t h e  r e s p e c t i v e  s t a t i o n  t o  be 

s i g n i f  i c a n t l y  d i f f e r e n t  and t o  occur  w i t h  e x a c t l y  o p p o s i t e  s e a s o n a l  

t rends  i n  inuch t h e  same way as t h e  observed seasonal t r e n d  i n  t h e t i m e s  

o f  t h e  VZ p r e r e v e r s a l  peak (and t h e i r  d u r a t i o n s )  a t  these s t a  t i o n s .  

Thus, t h e  p resen t  r e s u l t s  seem t o  p r o v i d e  an exper imenta l  v e r i f i c a t i o n  

o f  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  o f  t h e  r o l e  o f  t h e  F- reg ion  dynamo on 

t h e  evening V enhancements and, hence, have i m p l i c a t i o n s  on t h e  poss- 

i b l e  r o l e  o f  t h e  thermospher ic  winds i n  c o n t r o l l i n g  t h e  gross f e a t u r e s  

o f  t h e  spread F occurrences a t  F o r t a l e z a  and Huancayo. The undue d e l a y  

observed i11 t h e  p r e r e v e r s a l  VZ enhancements i n  w i n t e r  months over  For-  

t a l e z a  m e r i t s  d e t a i l e d  s tudy.  F u r t h e r  i n v e s t i g a t i o n s  a r e  be ing  c a r r i e d  

o u t  u s i n g  data f rom Huancayo, Jicamarca and F o r t a l e z a ,  t o  e l u c i d a t e t h e  

d i f f e r e n t  i ispects  o f  t h e  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  t h e  s p r e a d  F 

phenomena a n d  r e l a t e d  F - r e g i o n  p a r a r n e t e r s  i n  t h e  A i n e r i c a n  

z o n e  
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Resumo 

Faz-se um estudo comparat ivo e n t r e a  o c o r r ê n c i a  da Camada F 
d ispersa  (spread-F) em F o r t a l e z a  (bOS, 38'~) e a d e  H u a n c a y o  12' S, 

o 75 w),  duas estações l o c a l  izadas ao longo do equador magnético no se- 
t o r  Americano. Nas duas l o c a l i d a d e s  a o c o r r ê n c i a  da camada F d ispersa  
em a1 t u r a  ("range type") ê s i m i l a r ,  considerando-se as  c a r a c t e r í s t i c a s  
gera is ;  porém a o c o r r ê n c i a  da camada F d ispersa  em f requênc ia  ( " f r e -  
quency type") apresenta grandes d i ferenças sazona i S.  Medidas da v e l o -  
c idade  v e r t i c a l  de d e r i v a  (yz) ,  da r e g i ã o  F, f e i t a s  em Jicamarca (e as 
va r iações  da a l t u r a  da r e g i a o  F em ~ u a n c a y o )  são comparadas com Vz, de- 
r i v a d a s  de ionogramas de F o r t a l e z a .  Observa-se que o aumento que ocor-  
re,  ao entardecer ,  em Vz, apresenta c a r a c t e r í s t i c a s  bem d i f e r e n t e s  nas 
duas estacões, sendo que a hora de o c o r r ê n c i a  do máximo em Vz tem de- 
pendência sazonal oposta nas duas l o c a l  idades. Estes resu l tados  são i n -  
t e r p r e t a d o s  em termos das d i f e r e n ç a s  na dec l inação  do campo magnético 
nas duas estações, que causam d i f e r e n ç a s  s i g n i f i c a t i v a s  na duração do 
pôr- do- sol  ina r e g i ã o  F conjugada e, consequenternente, em taxas d i  f e -  
r e n t e s  de desenvolviaiento do campo e l é t r i c o  de p o l a r i z a ç ã o  na r e g i ã o  F, 
nas duas estações. I n f l u ê n c i a  do dínamo da r e g i ã o  F nas c a r a c t e r í s t i -  
cas do p i c o  ( "prê-reversal " )  da ve loc idade  v e r t i  c a l  e do espal hamento 
F é demonsti-ada nestes resu l tados .  


