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I. In t roduc t ion  

Th i s  paper i s  a sequel  t o  t h e  p re sen ta t ion  on "High L a t i t u d e  Magnetic 

Disturbances" (Heppner, 1967) given a t  t h e  Aurora and Airglow, 1966, I n s t i t u t e  

a t  Keele, England. I n  t h a t  p re sen ta t ion  t h e  geomagnetic t i m e  and l a t i t u d e  

d i s t r i b u t i o n  of magnetic d i s tu rbance  a t  l a t i t u d e s  > 51' w a s  i l l u s t r a t e d  by 

means of a motion p i c t u r e .  Each frame of t h e  motion p i c t u r e  d isp layed  i n  

po la r  p r o j e c t i o n  t h e  d i s tu rbance  vec to r s  i n  t h e  h o r i z o n t a l  plane s imul taneous ly  

from 25 high l a t i t u d e  obse rva to r i e s  for  each 2 .5  minutes of un ive r sa l  t ime f o r  

a per iod  of 16 consecut ive  days. The d e t a i l e d  ( i . e . ,  frame by frame) s tudy  of 

t h e  vec to r  p l o t s  permitted a number of impressions and conclus ions  t o  be 

drawn concerning t h e  p a t t e r n  and behavior of ionospher ic  c u r r e n t s  a t  h igh  

l a t i t u d e s .  Many of t h e s e  a r e  summarized i n  t h e  paper (Heppner, 1967) and it 

w i l l  be assumed i n  t h e  present  paper t h a t  t h e  r eade r  w i l l  r e f e r  t o  t h e  prev ious  

paper f o r  in format ion  t o  s u b s t a n t i a t e  p o i n t s  t h a t  might o therwise  appear t o  be 

u n j u s t i f i e d  assumptions. 

The d i s c u s s i o n  h e r e  i s  d i r e c t e d  toward magnetospheric convection i n  ternis 

of t h e  informat ion  provided and r e s t r i c t i o n s  imposed by t h e  d i s t r i b u t i o n  of 

i onosphe r i c  c u r r e n t s .  H i s t o r i c a l l y ,  fo l lowing  Axford and Hines (1961), 

p a t t e r n s  of magnetospheric convection have been i n f e r r e d  from d i s t r i b u t i o n s  

of i onosphe r i c  c u r r e n t s  under t h e  premise t h a t  t h e  Ha l l  conduc t iv i ty ,  a,, 

i s  much g r e a t e r  t h a n  t h e  Pedersen conduc t iv i ty ,  al, i n  t h e  lower ionosphere 

and t h a t  above roughly 180 km magnetic f i e l d  l i n e s  are  e s s e n t i a l l y  l i n e s  of 

i n f i n i t e  conduc t iv i ty  and t h u s  e q u i p o t e n t i a l  l i n e s .  

- E = -1 x E, perpendicular  t o  t h e  e l e c t r i c  cu r ren t  1 i n  t h e  r e v e r s e  d i r e c t i o n ,  

The e l e c t r i c  f i e l d  
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- 1, of t h e  plasma flow, maps d i r e c t l y  a long magnetic f i e l d  l i n e s  everywhere 

above a 80 t o  100 km lower l i m i t  wi th  t h e  above and o t h e r ,  more d e t a i l e d ,  

assumptions regard ing  t h e  d i f f e r e n c e  between e l e c t r o n  and ion  i n t e r a c t i o n  wi th  

n e u t r a l s  i n  t h e  80 t o  180 km region .  Theore t i ca l  j u s t i f i c a t i o n s  f o r  t h e s e  

assumptions and t h e  genera l  concept of ' ' frozen f i e l d s "  have been d iscussed  

i n  numerous a r t i c l e s  ( e .g . ,  Hines,  1964; Axford, 1967; Piddington,  1967) and 

w i l l  not be repeated here .  

i s  t o  poin t  out t h a t  however v a l i d ,  or  i n v a l i d ,  t h i s  procedure may be,  va r ious  

One of t h e  reasons  f o r  w r i t i n g  t h i s  b r i e f  a r t i c l e  
L 

i n v e s t i g a t o r s  have devia ted  cons iderably  from t h e  observed cu r ren t  systems I 

and consequently one i s  confronted wi th  numerous convect ion p a t t e r n s  t h a t  

may be misleading. The motive he re  i s  not c r i t i c i s m  but r a t h e r :  (1) t o  

i l l u s t r a t e  a more r e p r e s e n t a t i v e  p a t t e r n  with t h e  hope t h a t  g e t t i n g  c l o s e r  t o  

r e a l i t y  w i l l  b r ing  f o r t h  ideas  t h a t  w i l l  a s s i s t  i n  eventua l  understanding of 

magnetospheric convect ion,  ( 2 )  t o  note  s u b s t a n t i v e  p o i n t s  as we l l  as t h e  

t h e  

t h e  

ained 

The 

d i scuss ion  w i l l  however proceed under t h e  assumption t h a t  t h e  b a s i c  concepts  

of convect ive motion a r e  v a l i d .  

Recent au ro ra l  zone rocke t  experiments i nvo lv ing  t h e  s tudy  of motion of 

Ba' c louds (Fdppl, et  a l . ,  1968; Wescott ,  e t  a l . ,  1968; L & t ,  1969) and 

d i r e c t  probe measurements of e l e c t r i c  f i e l d s  (Aggson, 1969) s u b s t a n t i a l l y  

support  some of t h e  t h e o r e t i c a l  p r e d i c t  i ons  r e l a t i n g  behavior  i n  and above 

t h e  ionosphere t o  magnetospheric convect ion.  These f i n d i n g s  and t h e  f i n d i n g s  

p i t f a l l s  of e x i s t i n g  p i c t u r e s ,  and ( 3 )  t o  no te  t h a t  i r r e g u l a r i t i e s  i n  

convect ive medium a r e  such a common proper ty  t h a t  one should ques t ion  

r e a l i t y  of any model u n t i l  e i t h e r  t h e  i r r e g u l a r i t i e s  a r e  proper ly  exp 

or  shown t o  be of l i t t l e  consequence r e l a t i v e  t o  t h e  u s e  of t h e  model 

r 
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I .  

I -  

* 

from an  e l e c t r i c  f i e l d  probe c a r r i e d  by t h e  OW-10 s a t e l l i t e  (Heppner, e t  a l . ,  

1968; Aggson, 1969) a r e  used both d i r e c t l y  and i n d i r e c t l y  he re  t o  supplement 

t h e  information from magnetic d i s tu rbances .  

11. Convect i on  Models 

F igu re  1 provides  a r ep resen ta t ive  sample of convect ive nlodels f o r  l a t e r  

r e fe rence  ( a l s o  see  review by Obayashi and Nishida,  1968) inc luding  both c losed  

(A,  B ,  C ,  D)  and open (E ,  F )  magnetospheric models. The reconnect ion  model of 

t h e  Dungey (1961) type  i s  assumed t o  be represented  by ( E ) .  I n  a l l  models: 

(1)  t h e  e l e c t r i c a l  e q u i p o t e n t i a l  l i n e s  are  a l s o  t h e  flow l i n e s ,  g iv ing  t h e  

d i r e c t i o n  of v, and ( 2 )  only t h e  s o l a r  wind induced flow produces cu r ren t  i n  

t h e  r e f e r e n c e  frame of t h e  e a r t h .  Thus ,  on ly  (A) and (E)  can be compared 

d i r e c t l y  wi th  magnetospheric mapping of t h e  e l e c t r i c  f i e l d  d r i v i n g  ionospher ic  

c u r r e n t s  and only ( B ) ,  (C), (D) and (F) g ive  t h e  d i s t r i b u t i o n  of p o t e n t i a l  seen  

by a p a r t i c l e  e n t e r i n g  t h e  magnetosphere from a r e fe rence  frame not r o t a t i n g  

wi th  t h e  e a r t h .  Comparison of (A) with (B) and (E) wi th  (F) i n d i c a t e s  t h e  

comparat ively s m a l l  e f f e c t  on t h e  t o t a l  p a t t e r n  t h a t  r e s u l t s  from adding t h e  

c o - r o t a t i n g  p o t e n t i a l ,  M -90 s i n 2  8 i n  k i l o v o l t s  where 8 i s  t h e  c o - l a t i t u d e .  

However, t o  compare t h e  Taylor and Hones (C) and Nishida (D) cons t ruc t ions  

wi th  t h o s e  of Sec t ion  I11 here ,  t h i s  d i f f e r e n c e  should be recognized.  

111. Convective P a t t e r n  of This  Study 

A .  Current P a t t e r n  from Magnetic Disturbance P l o t s  

Any at tempt  t o  i l l u s t r a t e  the d i s t r i b u t i o n  of high l a t i t u d e  ionospher ic  

c u r r e n t s  wi th  a few simple p i c t u r e s  might appear presumptuous. Perhaps 

s u r p r i s i n g l y  a t  t h e  l e v e l  of g e n e r a l i z a t i o n  h e r e ,  which could be c a l l e d  a f i r s t  

approximation,  a simple r ep resen ta t ion  i s  achieved,  F igu re  2 ,  which i s  h igh ly  
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c o n s i s t e n t  with t h e  motion p i c t u r e  d i s tu rbance  p l o t s  (Heppner, 1967) f o r  

d i s tu rbance  condi t ions  i n  t h e  range Kp % 3 t o  4 .  It can s i m i l a r l y  be made 

r e p r e s e n t a t i v e  f o r  Kp < 3 by sh r ink ing  t h e  p a t t e r n  such t h a t  a l l  l i n e s  a r e  

d i sp l aced  poleward, and f o r  Kp > 4 by expanding t h e  p a t t e r n  such t h a t  a l l  

l i n e s  are  d isp laced  equatorward. Before exp la in ing  how t h e  t h r e e  p i c t u r e s  

of F igu re  2 can be viewed as  one p a t t e r n  f u r t h e r  explana t ion  i s  r equ i r ed .  

The ob jec t ives  i n  t h e  F igu re  2 c o n s t r u c t i o n  were: (1) t o  produce a 

p a t t e r n  t h a t  could only be c r i t i c i z e d  f o r  i t s  omissions and not f o r  i t s  

con ten t ,  and ( 2 )  t o  r ep resen t  on ly  t h e  geometry and not t h e  magnitude of t h e  

c u r r e n t .  The p r inc ipa l  omission i s  obvious ly  t h e  omission of cu r ren t  c o n t i n u i t y  

w i t h i n  and between t h e  t h r e e  r eg ions :  t h e  eas tward ,  o r  evening,  cu r ren t  

producing p o s i t i v e  A H ;  t h e  westward, o r  morning, cu r ren t  producing nega t ive  

AH; and t h e  polar  cap cu r ren t  d i r e c t e d  i n t o  t h e  6 t o  1 2  l o c a l  t i m e  quadrant .  

Ignoring t h e  magnitude, ( 2 )  above, i s  r e l a t e d  t o  t h e  omission of c o n t i n u i t y  

( f o r  a d i scuss ion  of  t h e  c o n t i n u i t y  us ing  t h e  same d a t a  base ,  see Heppner, 1967)  

but involves  an important a d d i t i o n a l  c o n s i d e r a t i o n  when t h e  ob jec t  i s  t o  f i n d  

t h e  convect ion p a t t e r n .  The cons ide ra t ion  i s  t h a t  t h e  cu r ren t  d e n s i t y  i s  

d i r e c t l y  dependent on t h e  i n t e g r a t e d  H a l l  conduc t iv i ty ,  o2 , and hence without  

reasonable  d e t a i l e d  knowledge of t h 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  wi th  

a l t i t u d e ,  s imultaneously over t h e  e n t i r e  h igh  l a t i t u d e  p a t t e r n ,  it i s  r e l a t i v e l y  

f u t i l e  t o  attempt t o  ge t  t h e  s imultaneous magnitude of 1 throughout  t h e  p a t t e r n .  

Obtaining t h e  d i r e c t i o n  of - v (or  i) from t h e  vec to r  magnetic d i s t u r b a n c e  i s ,  

however, much less unce r t a in  as i t  i s  p r i m a r i l y  dependent on t h e  r easonab le  

assumption t h a t  t h e  H a l l  conduc t iv i ty  i s  t h e  dominant t r a n s v e r s e  c o n d u c t i v i t y .  

h h 
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c 

This is  no t  t o  say  t h a t  t he  t r ansve r se  conduc t iv i ty  o1 i n  t h e  d i r e c t i o n  - E 

i s  completely n e g l i g i b l e .  

play key r o l e s  i n  the  d e t a i l e d  dynamics. I n  a s ta t ic  r e p r e s e n t a t i o n  l i k e  

Figure 2, however, i t  seems un l ike ly  t h a t  ve ry  s i g n i f i c a n t  e r r o r s  i n  d i r e c t i o n  

r e s u l t  from assuming only Hall cu r ren t s - e spec ia l ly  cons ider ing  the  scalc. of the 

p i c t u r e .  Also, the  r e s u l t s  from var ious  R a t  r e l e a s e  experiments (Fuppl, e t  a l . ,  

1968; Wescott, e t  a l . ,  1968, L u s t ,  1969) provide ex tens ive  evidence t o  j u s t i f y  

t h e  assumption t h a t  the magnetic d i s tu rbance  is  p r imar i ly  from Hall  c u r r e n t s  

i n  a u r o r a l  regions.  

It  is q u i t e  poss ib l e  t h a t  crl and and n3 ( ' C T ~  + </a,) 

The p r i n c i p a l  d i f f i c u l t i e s  encountered i n  a r r i v i n g  a t  t he  most 

r e p r e s e n t a t i v e  p a t t e r n  were: (a)  i n  t h e  a u r o r a l  breakup (o r  cu r ren t  r e v e r s a l )  

reg ion ,  - 22h t o  OOh l o c a l  t i m e ,  one can encounter  t h r e e  d i f f e r e n t  cond i t ions :  

an ove r l ap  i n  l a t i t u d e  of t he  east  and west c u r r e n t s ,  an abrupt  t r a n s i t i o n ,  

and an i n t e r v a l  of very  l i t t l e  d i s tu rbance ;  (b) when t h e  over lap  i n  l a t i t u d e  

n e a r  22h is  prominent i t  sometimes extends westward t o  the  days ide ,  a t  o the r  

t imes t h e  p o l a r  cap and eastward cu r ren t  r eg ions  are ad jacen t ;  (c )  i n  the  

gh t o  12h l o c a l  t i m e  zone, between 70° and 75O, t he  d i s tu rbance  may be very  

small  and d i r e c t i o n s  ques t ionab le  however on numerous occasions t h e  d i s tu rbance  

i s  c l e a r l y  an ex tens ion  of the e a s t  and w e s t  c e l l s .  

I t  w a s  found, however, t h a t  t h e  above v a r i a t i o n s  i n  p a t t e r n  could be 

r e a d i l y  taken i n t o  account through r o t a t i o n  i n  local t i m e  of the e a s t  and 

w e s t  c u r r e n t  reg ions  by l e t t i n g  t h e  reg ions  s l i p  over each o t h e r  i n  l a t i t u d e  

and spread  i n  longi tude  wi th  the  r o t a t i o n .  This  i s  i l l u s t r a t e d  i n  Figure 2 

by t ak ing  2 (A) as the  bas i c  p a t t e r n  and producing two extremes 2 ( B )  and 

2 (C)  through r o t a t i o n  and s l ippage  of the  cel ls .  A t h i r d  extreme (not shown) 

would combine t h e  17h t o  Oh geometry of 2 (C) wi th  the  gh t o  13h geometry of 

2 ( B ) .  

l ong i tude .  

In  t h i s  ca se ,  t h e  e a s t  and west c u r r e n t  c e l l s  p r imar i ly  spread i n  
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I R. Convective Boundary from OV1-10 -__ 

Using only the  magnetic d i s tu rbance  d a t a  d i f f i c u l t y  would be 

encountered i n  p lac ing  a low l a t i t u d e  l i m i t  on the cu r ren t  c e l l s .  Because 

of the  c u r r e n t  i n t e g r a t i n g  n a t u r e  of t he  magnetic measurement, average e r r o r s  

of 2' t o  5' a r e  l i k e l y  and f u r t h e r  u n c e r t a i n t y  would be involved in  assuming 

t h a t  the lowest l a t i t u d e  of  concentrated ( au ro ra l  a s soc ia t ed )  c u r r e n t  w a s  

r e a l l y  the  lowest l a t i t u d e  i n  which the  c u r r e n t  (o r  convect ive flow) had the  

same geometry. The e l e c t r i c  f i e l d  d a t a  from an experiment on the  OV1-10 

s a t e l l i t e  shows a d i s t i n c t  boundary i n  l a t i t u d e  and t i m e  which i n  turn  i s  

found t o  be compatible with the  d i s tu rbance  d i s t r i b u t i o n  w i t h i n  t h e  e r r o r s ,  

noted above, i n  picking a low l a t i t [ ~ t l c  I i r n i t  f o r  t h e  C u r r C n t  cc.11~. 'I'his 

bounclciry, explained I~clow, was u s c d  i n  cons t ruc t ing  Figure. 2 .  

I 

B r i e f l y  s t a t e d ,  t he  OVl-10 cxpcrlment used two 51 foot  booms t o  make 

a one a x i s  e l e c t r i c  f i e l d  measurement by the  double probe technique (Aggson, 1969) 

along a p o l a r  ( I n c l .  = 93.4O) o r b i t  between a l t i t u d e s  647 and 7 7 7  km. The 

q u a n t i t i e s  t h a t  were t o  be measured included t h e  d.c.  e l e c t r i c  f i e l d ,  changes 

i n  the  e l e c t r i c  f i e l d  having a time cons t an t  < 60 seconds presented on a 

logar i thmic  s c a l e ,  and the  r . m . 9 .  of e l e c t r i c  f i e l d  f l u c t u a t i o n s  in  3 bands; 

3 - 30 132, 30 - 300 Hz, and 300 - 3000 llz. A s h o r t  c i r c u i t  between one boom 

and the  s p a c e c r a f t  made the measurements of d .c .  e l e c t r i c  f i e l d s  useless. 

The outputs  of t h e  o t h e r  channels ,  however, provided c o n s i s t e n t  d a t a  from o r b i t  

t o  o r b i t  throughout the  s a t e l l i t e  l i f e  on the  g l o b a l  d i s t r i b u t i o n  of  

i r r e g u l a r i t i e s  and low frequency VLF s i g n a l s .  The i r r e g u l a r i t i e s  appear a s  

a low frequency s i g n a l  as a consequence of t h e  s a t e l l i t e  moving a t  a high 

v e l o c i t y  across  the  i r r e g u l a r i t y  s t r u c t u r e .  For example, a s e r i e s  O f  500 meter 

s t r i a t i o n s  would produce a frequency of 16 Hz f o r  a s a t e l l i t e  v e l o c i t y  of  

8 km/sec. 



- 7 -  

c 

I n t e r p r e t a t i o n s  and d e t a i l s  w i l l  be published elsewhere (Heppner, e t  a l . ,  1968) .  

The purpose he re  i s  t o  no te  the  ex is tence  of a boundary i n  the  sense t h a t  the  

s i g n a l  suddenly rises w e l l  above a d e t e c t i o n  threshold  a s  i l l u s t r a t e d  i n  

Figure 3 nea r  73' a t  7.6 hours  and 64' a t  18.1 hours.  

on every  po la r  c ros s ing  and although t h e  maximum s i g n a l  u sua l ly  occurs  a t  much 

h igher  l a t i t u d e s  than the  minimum l a t i t u d e  of occurrence,  t h e  minimum l a t i t u d e  

is u s u a l l y  q u i t e  d e f i n i t e  and varies s y s t e m a t i c a l l y  wi th  magnetic a c t i v i t y .  

F igure  4 shows t he  average l o c a t i o n  of t h i s  boundary drawn between Kp = 2 and 

Kp = 3 and between Kp = 4 and Kp = 5 .  Using a va lue  between these  two l i n e s  

g ives  t h e  Kp = 3 t o  4 boundary used  i n  F igure  2 .  

Signa l s  a r e  observed 

It is  hypothesized t h a t  t h e  ex i s t ence  of ex tens ive  i r r e g u l a r i t i e s  with 

marked c o n t r a s t  i n  t h e  e l e c t r i c  f i e l d  and e l e c t r o n  d e n s i t y  between ad jacen t  

magnetic f i e l d  a l igned  s t r i a t i o n s  i s  d i r e c t l y  r e l a t e d  t o  the  ex i s t ence  of d .c .  

e l e c t r i c  f i e l d s .  Thus, i t  is implied t h a t  t h e  i r r e g u l a r i t y  boundary i s  a l s o  

a d i s c o n t i n u i t y  between r eg ions  of s t rong  and weak e l e c t r i c  f i e l d s .  

C .  Magnetospheric Convection Pa t t e rn  

I n  p r i n c i p a l  the only unce r t a in ty  i n  mapping t h e  ionospher ic  flow 

i n t o  t h e  magnetosphere is i n  t r a c i n g  a f l u x  tube.  Mathematical f i e l d  models 

can be used as i n  the  Taylor-Hones (1965) e x t r a p o l a t i o n  but  t h e r e  a r e  p r e s e n t l y  

n o t  any models t h a t  f i t  magnetic f i e l d  observa t ions  i n  a l l  a r e a s  of t he  

magnetosphere and f o r  t he  f i r s t  approximation approach h e r e  i t  is doubt fu l  

t h a t  l i t t l e  would b e  gained. Use of some models (e .g . ,  those  t h a t  produce 

open f i e l d  l i n e s  on a u r o r a l  s h e l l s )  could i n  f a c t  produce geometr ies  which 

t h e  a u t h o r  b e l i e v e s  would be completely misleading.  The approach taken he re  

i s  obvious comparing Figures  2 ( E )  and 2 (C)  wi th  Figures  5 and 6 ,  r e spec t ive ly .  
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It  assumes the fol lowing:  (1) a s o l a r  wind d i s t o r t e d  d i p o l e  wi th in  a s l i g h t l y  

asymmetric magnetopause boundary, ( 2 )  i n f l a t i o n  of t h e  f i e l d  by i n t e r n a l  

plasma pressures  on the  n i g h t s i d e  such t h a t  tubes of equal  f l ux  a t  equal  day 

and n i g h t  r a d i a l  d i s t ances  f o r  Re > 4 have g r e a t e r  r a d i a l  dimensions on the  

n i g h t  s i d e ,  ( 3 )  t h a t  d i s t o r t i o n  of the  d i p o l e  along the  t r a c e  of t h e  l o w  

l a t i t u d e  convection boundary is n e g l i g i b l e  f o r  t h e  p a t t e r n  e x t r a p o l a t i o n  wi th  

t h c 3  except ion t h a t  a t  t h e  l a r g e  r a d i a l  d i s t a n c e s  encountered on the  day s i d e  

the  f i e l d  compression by the s o l a r  wind l o c a t e s  t h e  t r a c e  c l o s e r  t o  the  e a r t h  

than f o r  a d ipo le  -- an obvious condi t ion  f o r  keeping t h e  t r a c e  i n s i d e  the  

magnetopause, and ( 4 )  t h a t  meridian planes of  the d i p o l e  a r e  approximately 

preserved,  as d iscussed  below. 

There i s  a s u b s t a n t i a l  body of s a t e l l i t e  d a t a  t h a t  can be reasonably 

i n t e r p r e t e d  as suppor t ing  t h e s e  assumptions from both the  s t andpo in t  of f i e l d  

geometry and su r face  and s a t e l l i t e  c o r r e l a t i o n  of events  t h a t  a r e  r e s t r i c t e d  

i n  l o c a l  time and d i s t a n c e .  Space w i l l  not  permit  d e t a i l i n g  these  here. The 

most ques t ionable  a spec t s  i n  Figures 5 and 6 a r e :  t he  l o c a t i o n  of the  dashed 

l i n e  t o  d i s t i n g u i s h  between p o l a r  cap and a u r o r a l  b e l t  f low, and the. exac t  

o r i e n t a t i o n  of t h e  convect ive flow corresponding t o  flow i n  t h e  polar  cap. 

I t  i s  estimated t h a t  t he  average p o s i t i o n  of t h e  dashed l i n e  could l i e  w i t h i n  

a r a d i a l  d i s t a n c e  range,  r e l a t i v e  t o  the  p o s i t i o n  shown, of - 2  t o  +5 Re nea r  

midnight,  and -1 t o  +2 Re n e a r  the  t w i l i g h t  mer id ians .  The ques t ion  of t h e  

exac t  o r i e n t a t i o n  of t he  convect ive flow a long  p o l a r  c a p  f l u x  tubes  i s  r e l a t e d  

to t he  assumption, ( 4 )  above, t h a t  magnetic mer id ians  are  approximately 

preserved.  The l i k e l y  e r r o r  involved i n  t h i s  assumption i s  probably not  

s ign iE ican t  f o r  t hc  au ro ra l  b e l t  flow on t h e  s c a l e  of F igures  5 and 6 .  A t  



g r e a t e r  d i s t a n c e s  ( i . e . ,  f o r  po la r  cap flow) i n  t h e  n e a r  t a i l  reg ion  the  

convec t ive  flow arrows have been drawn such t h a t  they a r e  e i t h e r  i n  d i r e c t  

agreement wi th  d i p o l e  meridians o r  biased by s m a l l  angles  i n  a d i r e c t i o n  

compatible wi th  meridian planes being bent  toward the  a n t i - s o l a r  d i r e c t i o n  

wi th  inc reas ing  d i s t a n c e  from the  ea r th .  E r ro r s  a r e  l i k e l y  t o  b e  i n  t he  sense  

of no t  s u f f i c i e n t l y  bending t h e  meridian p lanes  i n  t h i s  manner. I f  so,  t he  

p r i n c i p a l  c o r r e c t i o n  t o  Figures  5 and 6 would be between 1 7 h  and 01'' where the  

co r rec t ed  flow would be t h e  d i r e c t i o n  obtained by adding a small  vec to r  toward 

t h e  s u n  t o  t h e  e x i s t i n g  vec to r .  A second c o r r e c t i o n  would be t o  add an even 

smaller v e c t o r  i n  the  a n t i - s o l a r  d i r e c t i o n  i n  the  e a r l y  morning hours.  

The magnetospheric convect ion shown does no t  inc lude  any f l u x  tubes from 

magnetic l a t i t u d e s  > 76O, o r  between 7 6 O  and 74O (Figure 5) nea r  midday, a s  

only t h e  n e a r  t a i l  reg ion  i s  considered. 

p r o j e c t i o n  t o  g r e a t e r  t a i l  d i s t ances  would g ive  a flow between t h a t  of 

F igure  1 (b) (expanded f o r  a more c y l i n d r i c a l  t a i l )  and t h a t  of Figure 1 ( c ) .  

More d e t a i l e d  cons ide ra t ions  of t h e  convect ion p a t t e r n  are included i n  the 

Continuing t h e  same geometr ical  

d i s c u s s i o n  of t h e  next  s e c t i o n .  

I V .  Convection Impl ica t ions  of  t h e  Disturbance P a t t e r n  ----- 

A. Rela t ing  t h e  - Plasmapause to  Convection 

Two of t h e  most r e c e n t  convection p i c t u r e s ,  N i sAda  ( 966) and Brice 

0 
(1967),  p i c t u r e  t h e  p lasma pause d i s c o n t i n u i t y  i n  e l e c t r o n  d e n s i t y  as being 

t h e  inner boundary of magnetospheric convect ion.  I n  t h e  Br ice  (1967) model, 

F igu re  1 ( E ) ,  convection extends inward from t h e  magnetopause t o  t h e  plasma- 

pause a t  a l l  l o c a l  t i m e s .  I n  the  Nishida (1966) p i c t u r e ,  a s  i n i t i a l l y  s t a t e d ,  

convec t ion  ex tends  inward t o  t h e  plasmapause l o c a t i o n  only  on the n i g h t s i d e  

of t h e  e a r t h  and i t  i s  ca l cu la t ed  t h a t  t h e  s h e l l s  dep le t ed  a t  t h a t  l oca t ion  
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do not  r e f i l l  dur ing  one r o t a t i o n  of t h c  e a r t h  such t h a t  they remain dep le t ed  

a f t e r  pass ing  out  of the  convect ing region.  

a l though supposedly based on t h e  d i s t r i b u t i o n  of  ionospher ic  c u r r e n t s  does no t  

however follow the  systems assumed (e .g . ,  symmetric s o l a r  wind convect ion i s  

shown as accompanying asymmetrical c u r r e n t s )  and thus the  imp l i ca t ions  are  

d i f f i c u l t  t o  follow ( a l s o  s e e  Sec t ion  IV h e r e . )  Hricc (1967) d id  not  cons ider  

ionospheric  cu r ren t s  i n  any d e t a i l  i n  h i s  model and coincidence of the  plasma- 

pause and inner  boundary of convect ion from t h i s  s tandpoin t  appears t o  be an 

as sump t ion.  

The Nishida p o r t r a y a l  of convect ion 

The p e r t i n e n t  po in t s  of t he  present  s tudy  r e l a t i v e  t o  the  plasmapause 

ques t ion  are  as fol lows:  (1) I f  s t rong  s o l a r  wind induced convection d id  

i n  f a c t  extend t o  t h e  plasmapause a t  a l l  l o c a l  t imes one would expect i n t e n s e  

ionospher ic  cu r ren t s  on the  days ide  of the e a r t h  i n  the  region T, = 4 t o  8 a s  

a consequence of t h e  conduc t iv i ty  a l s o  being h igh ,  

wi th  the  d i s t r i b u t i o n  of magnetic d i s tu rbance .  ( 2 )  The hypo thes i s ,  Sec t ion  

111. B . ,  t h a t  t h e  OV1-10 i r r e g u l a r i t y  boundary a l s o  r e p r e s e n t s  a d i s c o n t i n u i t y  

between s t rong  and weak e l e c t r i c  f i e l d s  i s  c o n s i s t e n t  w i th  t h e  d i s t r i b u t i o n  

of magnetic d i s turbance  and i s  more l o g i c a l l y  t r e a t e d  as an innc r  boundary than 

t h e  plasmapause. This  does no t  mean t h a t  t h e  convec t ion ,  v, goes completely t o  

ze ro  i n s i d e ,  b u t  i t  must drop ab rup t ly  t o  a much lower magnitude. An upper 

l i m i t  t o  t h i s  lower magnitude could be reasonably  e s t ima ted  from middle 

l a t i t u d e  d is turbances  but  t h i s  i s  beyond t h e  p re sen t  p a p e r .  ( 3 )  The o r i g i n a l  

Nishida (1966) premise t h a t  t h e  plasmapause i s  c r e a t e d  through l o s s  processes  

involving the  n i g h t s i d e  convect ion i s  not  i n  c o n f l i c t  w i th  t h e  d i s t u r b a n c e  d a t a  

altliough ]his m~tchanism fo r  exp la in ing  the  loss i s  q u c s t i o n a b l c .  A l s o ,  t h e  d a t a  

does not  c o n f l i c t  w i t h  Ca rpen te r ' s  (1966) proposal t h a t  new plasma is added i n  

This  d i r e c t l y  c o n f l i c t s  

- 

I 
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h t h e  17h t o  24 s e c t o r .  

convection d i s c o n t i n u i t y  and t h e  plasmapause i t  i s  probably i n  the form of 

n ight t ime dynamic processes  and no t  a geometr ica l  coincidence of boundaries.  

The most l o g i c a l  p l ace  t o  look f o r  a loss mechanism i n  the  t i m e - l a t i t u d e  

morphology would appea r  t o  be a t  the a u r o r a l  breakup t r a n s i t i o n  between 

+ and -AH bays. 

I n  b r i e f ,  i f  t h e r e  i s  a r e l a t i o n s h i p  between t h e  

H i s t o r i c a l l y ,  i t  should be noted t h a t  Axford and Hines (1961) showed 

a c i r c u l a r  convect ive boundary near  L = 4.5. This  does n o t ,  however, appear 

t o  have any d i r e c t  r e l a t i o n s h i p  with t h e  observed plasmapause, but i n s t ead  

r e s u l t e d  from use of a symmetric Chapman SD cu r ren t  f o r  i l l u s t r a t i o n  purposes 

wi th  the  a d d i t i o n a l  cons ide ra t ion  t h a t  t h e  o u t e r  r a d i a t i o n  b e l t  might prevent  

deeper  pene t r a t ion .  The au thor s  recognized t h a t  t he  a c t u a l  p a t t e r n  w a s  l i k e l y  

t o  have a day-night  asymmetry. 

B. So la r  Wind, - vsw x B i p  as t he  Driving F ie ld  f o r  Magnetospheric 
Convection 

Following Dungey (1961) a number of advocates of the  f i e l d  l i n e  

reconnect ion  process have assumed t h a t  magnetospheric convection i s  dr iven  by 

the  e l e c t r i c  f i e l d  - vsw x EiP tha t  appears i n  t h e  e a r t h  fraiiic oi r e fe rencc  as  

a consequence of s o l a r  wind flow, vsw, ac ross  t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  

Bip.  For a southward d i r e c t e d  Bip,  pene t r a t ion  of  t h i s  f i e l d  through f i e l d  

l i n e  reconnect ion g ives  a p o t e n t i a l  d i s t r i b u t i o n  l i k e  t h a t  of Figure 1 ( E ) .  

S t a t i s t i c a l  c o r r e l a t i o n s  (e .g . ,  Schat ten and Wilcox, 1967) showing t h a t  t h e  

average  Kp va lue  i s  h igher  when BiP i s  southward than when northward have been 

quoted f r equen t ly  as support  f o r  t h i s  hypothes is .  I t  is  t o  be noted ,  however, 

t h a t  t h i s  c o r r e l a t i o n  i s  not  independent of o t h e r  parameters ,  such as t h e  

magnitudes of nip and vsw, and a l so  t h a t  t he  c o r r e l a t i o n  could r e l a t e  t o  o t h e r  

coupl ing  mechanisms. Also, it  could r e l a t e  t o  a more r e s t r i c t i v e  f o r m  of 

reconnec t ion  than a p p e a r s  i n  Dungey's (1961) model. 
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m a t e v e r  t h e  exac t  r o l e  of the  i n t e r p l a n e t a r y  f i e l d  r e a l l y  i s ,  i t  is  

untenable  t o  assume t h a t  t h e  b a s i c  convect ive p a t t e r n  i s  determined by t h e  

d i r e c t i o n  of -ysw x Bip .  

and repea ted  in  I11 ( A )  and IV ( E )  he re ,  t he  p a t t e r n  of high l a t i t u d e  

magnetic d i s turbance  is e s s e n t i a l l y  thc> same a t  a l l  levels  of a c t i v i t y ,  except  

f o r  s h i f t s  i n  l a t i t u d e .  

could not  be the case.  

A s  discussed  i n  t h e  e a r l i e r  paper ,  Heppner (19671, 

I f  dependent on the  d i r e c t i o n  of -vsw x Iip t h i s  

I t  should a l s o  be noted ( see  Heppner, 1967) t h a t  h igh  l a t i t u d e  

d i s tu rbances  do n o t  begin impulsively wi th  sudden nega t ive  bay onse t s  as 

sometimes assumed. Ins t ead ,  proceeding from q u i e t  cond i t ions  the  d i s tu rbance  

grows gradual ly  bu t  i n t e r m i t t e n t l y  i n  i n t e n s i t y  on a s c a l e  t h a t  i s  usua l ly  

hours synchronous wi th  inc reas ing ly  g r e a t e r  i n t e n s i t y  of i n d i v i d u a l  bay 

a c t i v a t i o n s .  An o r i g i n  poin t  i n  time and l o c a t i o n  i s  no t  obvious.  The decay 

of a d is turbance  i s  s i m i l a r l y  a gradual  b u t  i n t e r m i t t e n t  procc'ss involv ing  

hours.  These features ev ident  from examination of success ivc  2.5 minute 

d i s tu rbance  diagrams, a r e  usua l ly  apparent  even i n  1-hour AE i n d i c e s  and 

3-hour Kp ind ices .  The impl ica t ion  r e l a t i v e  t o  t h e  convec t ive  process  i s  

obviously t h a t  i t  takes  t i m e  t o  bu i ld  up p la sma  p res su re  and p res su re  

d i f f e r e n t i a l s  lead ing  t o  a g r e a t e r  - v w i t h i n  the  magnetosphere and s i m i l a r l y  

i t  takes  t ime t o  d e p l e t e  t he  magnetospheric r e s e r v o i r .  On t h i s  t i m e  s c a l e  

i t  is  d i f f i c u l t  t o  conceive t h a t  t he  swi tch ing  on and o f f  of an e l e c t r i c  

f i e l d  ac ross  the t a i l  p ropor t iona l  t o  -vsw x gip i s  d i r e c t l y  app l i cab le .  

A more r e s t r i c t i v e  form of reconnect ion  could however be  a p p l i c a b l e  a s  one 

of the  processes t h a t  permits  s o l a r  p l a sma  t o  e n t e r  t h e  magnetosphere. 
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( C )  G s h i d a ' s  DP-1 and DP-2 Convective P a t t e r n s  

Nishida (1966) ( a l s o  s e e  Obayashi and Nishida,  1968) has proposed 

t h a t  i n  a d d i t i o n  t o  convect ion of  the type d iscussed  h e r e ,  which he c a l l s  

DP-1, t h e r e  i s  a second convect ive system, c a l l e d  DP-2, which is  evident  

only dur ing  q u i e t  t i m e s .  H i s  de sc r ip t ion  w i l l  not  be repea ted  here  except  

t o  no te :  (1) t h a t  un l ike  h i s  assumption t h a t  t h e  DP-1 f i e l d  i s  h ighly  

v a r i a b l e  i n  i t s  p a t t e r n ,  t h e  p a t t e r n  found i n  t h i s  s tudy  i s  probably j u s t  a s  

s t a b l e ,  i f  n o t  more so, than the  DP-2 p a t t e r n  which he regards  a s  s t a b l e ,  

and ( 2 )  t h a t  t h e  present  s tudy has  not  i nd ica t ed  a second type of p a t t e r n  

which i s  n o t  s u r p r i s i n g  consider ing the  s i m i l a r i t y  of t he  DP-1 and DP-2 

p a t t e r n s  a t  high l a t i t u d e s  and t h e  f a c t  t h a t  the  present  s tudy  does not  

i nc lude  t h e  low l a t i t u d e  v a r i a t i o n s  t h a t  d e f i n e  h i s  DP-2. I t  i s  important ,  

however, t o  no te  t h a t  a convection of t h e  DP-2 type may be superimposed on 

the convec t ive  p a t t e r n s  considered h e r e  and t o  i n q u i r e  a s  t o  why this 

convect ion has  such a n e g l i g i b l e  e f f e c t  on t h e  cons is tency  of t he  high 

l a t i t u d e  d i s tu rbance  p a t t e r n .  The answer proposed he re  i s  t h a t  f l u c t u a t i o n s  

of N i sh ida ' s  DP-2 type r e s u l t  d i r e c t l y  from v a r i a t i o n s  i n  the  t o t a l  

( i . e . ,  8 and p )  p r e s s u r e  t e n s o r  a t  t h e  magnetopause, both i n  t i n i t .  and 

magnetopause loca t ion ,  and t h a t  these p re s su re  changes a r e  t r ansmi t t ed  

uniformly (compar i t ive ly  speaking) through the  magnetosphere. The consequence 

i s  t h a t  they do no t  markedly a f f e c t  t h e  e x i s t i n g  i n t e r n a l  p re s su re  g r a d i e n t s  

and thus  the  flow p a t t e r n  of - v i s  n o t  g r e a t l y  a l t e r e d .  

thus  regarded a s  a form of convection s imi l a r  t o  the  convect ion accompanying 

sudden impulses as d iscussed  by Sugiura i'1965) but  r ep resen t ing  slower changes 

than  those  des igna ted  as s.i.'s. As shown previous ly  (Heppner, 1968) t h e  

I n  e f f e c t  they a r e  
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f a s t  convection accompanying s . i . ’ s  can cause premature t r i g g e r i n g  of bay o n s e t s  

i n  the  a u r o r a l  break-up region.  

DP-2 e f f e c t s  i n  reg ions  where a pe r tu rba t ion  i n  - v from a change i n  boundary 

pressure  i s  s i g n i f i c a n t .  

S imi l a r ly ,  one might a n t i c i p a t e  enhanced 

In summary, Nishida‘s  DP-2 convection can be viewed as  being d i s t i n c t  

from the  convective p a t t e r n s  considered h e r e ,  as can the  s . i .  convect ion,  

b u t  the  e f f e c t s  of t h i s  superimposed convect ion a r e  of a t r a n s i e n t  na tu re .  

( D )  Mid-day Auroral B e l t  Convection 

A s  ind ica ted  i n  F igure  2 and Sec t ion  111 t h e  e l e c t r o j e t  f l o w  o f t e n ,  

b u t  no t  always, e x i s t s  a long a t h i n  s t r i p  i n  l a t i t u d e  i n  t h e  l a t e  morning and 

noon hours.  A t  o t h e r  t imes,  Figure 2 ( c ) ,  t h e  same reg ion  i n d i c a t e s  only a 

very  weak extension of the  p o l a r  cap c u r r e n t .  

e l e c t r o j e t s  and au ro ra  i s ,  of course ,  one of t h e  s t r o n g  argumcmts a g a i n s t  

assuming t h a t  the a u r o r a l  b e l t  occurs  on open f i e l d  l i n e s .  A s  p i c tu red  i n  

the  present  study the  ex i s t ence  of a mid-day e l e c t r o j e t  i n d i c a t e s  t he  presence 

of a t h i n  convective l a y e r  ad jacent  t o  the  days ide  magnetopause. T h i s  l a y e r  

i s  envisaged as temporar i ly  d isappear ing  w i t h i n  t h e  t i m e  s e c t o r  8” - 13h f o r  

va r ious  per iods of  time. The OV1-10 d a t a ,  Sec t ion  111 ( B ) ,  i n d i c a t e  a s i m i l a r  

behavior i n  tha t  o r b i t s  a r e  encountered which do no t  show t h e  occurrence of 

i r r e g u l a r i t i e s  on the dayside i n  t h i s  s e c t o r .  For example, pass ing  from day 

t o  n i g h t  over  the pole  t h e  f i r s t  i r r e g u l a r i t i e s  encountered i n  t h e s e  cases  

a r e  a t  much h igher  l a t i t u d e  o r  even on the  n i g h t s i d e  and are  of l o w  i n t e n s i t y  

such  a s  f rcqt icnt ly  encountered i n  the  c e n t e r  of t h e  p o l a r  cap. 

The e x i s t e n c e  of day-time 

(E) Dawn-Dusk and Noon-Midnight I__ -- Asymmetries _____- 

A s  noted previous ly ,  licppncr (1967),  t h e  + A H  t o  - A H  a u r o r a l  breakup 

reg ion  i s  most f r equen t ly  i n  the  22h t o  23 h hour l o c a l  t i m e  s e c t o r  r a t h e r  than 

1 ~ 
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a t  magnetic midnight. T h i s  i s  f u r t h e r  supported by s t a t i s t i c s  on the  

magnetic l o c a l  t i m e  dependence of maximum p o s i t i v e  and negat ive  d e v i a t i o n s  

of t he  ho r i zon ta l  component a t  College (64.7ON) and Kiruna (65.3ON) whose 

l o c a l  t imes lead and l a g  magnetic t i m e  by about 1.5 hours ,  r e s p e c t i v e l y .  

This i s  i l l u s t r a t e d  i n  Figure 7 .  Figure 7 a l s o  shows t h a t  t he  time is  

e s s e n t i a l l y  s t a t i s t i c a l l y  independent of t he  l e v e l  of a c t i v i t y .  (Note: 

The two peak behavior  fo r  t he  time of maximum I -OH I f o r  Kp = 0 o r  1 

r e s u l t s  from t h e  I - A H I  of Sq cur ren ts  nea r  noon f r equen t ly  being g r e a t e r  

than the  I-AH1 of t he  westward e l e c t r o j e t  under q u i e t  cond i t ions ) .  

There is s i m i l a r l y  an asymmetry i n  the  dusk-dawn plane i n  the  sense  

t h a t  t h e  p a t t e r n ,  Figures  2 and 4 ,  extends t o  lower l a t i t u d e s  near  18h than 

near  6 . This  i s  con t r a ry  t o  some e l e c t r o j e t  r ep resen ta t ions  based on 

magnetic d i s tu rbances  a s  a consequcnce of the cu r ren t  i n t e g r a t i n g  e r r o r ,  

noted i n  I11 ( B )  previously,  and the f a c t  t h a t  the  westward cu r ren t  near  70° 

may be i n t e n s e  enough t o  be observed a t  much lower l a t i t u d e s .  The OV1-10 

boundary c l a r i f i e s  t h i s  asymmetry. Between qh and gh i n  ind iv idua l  cases  

of bay a c t i v i t y  t h e  westward current  reg ion  o f t e n  appears t o  d i e  out r a p i d l y  

near  65' a s  t h e  low l a t i t u d e  boundary moves poleward. 

t h i s  f e a t u r e  s t a t i s t i c a l l y  i n  t h a t  i t  i s  very  r a r e  f o r  t he  maximum d i s tu rbance ,  

minimum H ,  t o  occur a f t e r  05 . In c o n t r a s t  maximum+AH d i s tu rbances  f r equen t ly  

appear  near  18h a t  t h e  same l a t i t u d e .  

h 

Figure 7 i n d i c a t e s  

h 

The d e v i a t i o n  from noon-midnight syrrnnetry i s  even g r e a t e r  over t he  po la r  

cap i n  t h a t  t h e  f l o w  alignment i s  in gene ra l  skewed r e l a t i v e  t o  the  meridian 

n e a r  22h - 23 h sepa ra t ing  e a s t  and west e l e c t r o j e t  flow. 

ranges from Oo t o  60' such t h a t  t h e  alignment i s  i n  the  range 15O t o  90' west 

of t h e  ear th-sun l i n e  wi th  a d e f i n i t e  preference  f o r  va lues  near  60'. 

This  skew angle  
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These f ea tu res  c l e a r l y  show t h a t  t h e  assumption of noon-midnight 

symmetry i n  the s o l a r  wind d r iven  convect ion i s  i n c o r r e c t .  

emphasized by Taylor and Hones (1965) r e l a t i v e  t o  t h e  Axford and Hines (1961) 

This po in t  w a s  

p i c t u r e .  

us ing  t h e  S i l sbee  and Vestine (1942) cu r ren t  model which does not  proper ly  

Unfortunately Taylor and Hones went t o  the  oppos i te  extreme of 

I 
r ep resen t  t he  a u r o r a l  b e l t  d i s tu rbance  i n  t h e  evening hours ( see  lleppner, 1967).  

Their  r e p r e s e n t a t i o n  of t he  po la r  cap reg ion  is n o t  however g r e a t l y  d i f f e r e n t  

from t h a t  s h a m  here .  A l l  o t h e r  i n v e s t i g a t o r s  have i n c o r r e c t l y  assumed a ~ 

noon-midnight alignment of t h e  po la r  cap c u r r e n t  i n  modeling t h e  s o l a r  wind I 

dr iven  convection. 

V .  Reservat ions Regarding Convective Models 

I 
I 

1 Only l a rge  s c a l e  f e a t u r e s  of t h e  convect ion p a t t e r n  have> t,c*cn t r e a t e d  i n  

the preceding d i s c u s s i o n ,  and on t h i s  s c a l e  i t  i s  be l ieved  t h a t  e x t r a p o l a t i o n  

from the  p a t t e r n  of ionospher ic  c u r r e n t s  i s  v a l i d .  I t  should be noted ,  

however, t h a t  i n  polar  cap reg ions  t h e r e  have n o t  been measurements of e l e c t r i c  

f i e l d s  t o  v e r i f y  the  assumption t h a t  t h e  i n t e g r a t e d  cr2 exceeds ole 

This i s  an assumption t h a t  i s  p a r t i c u l a r l y  important  t o  n o t e  f o r  two reasons :  

(a )  t he  alignment of a u r o r a l  forms over the  p o l a r  cap has  o f t e n  been s t a t e d  

t o  be along the sun-ear th  l i n e .  

would be skewed r e l a t i v e  t o  t h e  c u r r e n t  f l o w  and i t  would cast s e r i o u s  doubt 

on t h e  conduct iv i ty  assumption, and (b) plasma measurements i n  the  magneto- 

s p h e r i c  t a i l  have no t  t o  d a t e  demonstrated a sys t ema t i c  change i n  energy 

s p e c t r a  a s  a €unct ion of l o c a t i o n  such as one might expec t  from the  

d i s t r i b u t i o n  of e q u i p o t e n t i a l s  (e .g . ,  c ross -wise  t o  t h e  t a i l  i n  models such 

as Figure 1 ( E )  o r  p r imar i ly  as a func t ion  of r a d i a l  d i s t a n c e  i n  models Such 

as Figures  5 and 6 ) .  Thus i n  terms of p re sen t  knowledge t h e r e  a r e  some 

I f  t h i s  w a s  indeed t r u e  i n  gene ra l  they 
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reasons t o  doubt t he  v a l i d i t y  of a l l  convect ive models i n  reg ions  connected 

t o  the  p o l a r  cap. 

reg ions  are s o r e l y  needed t o  t es t  the conduc t iv i ty  assumption. 

Experiments such as barium vapor r e l e a s e s  i n  polar  cap 

The smal le r  s c a l e  f e a t u r e s  of convection and t h e  i n t r i c a t e  dynamic 

f e a t u r e s  accompanying r ap id  t i m e  and spa t i a l  changes a r e  beyond the  scope of 

t h i s  d i scuss ion  and beyond t h e  cu r ren t  s t a t e  of understanding t o  p e r m i t  

d i scuss ion  much beyond mere specula t ion .  One example, i s  the  a n t i - c o r r e l a t i o n  

between the  e l e c t r i c  f i e l d  and t h e  a u r o r a l  luminosi ty  shown by Aggson (1969). 

Another example, i s  whether o r  n o t  the "frozen f i e l d "  concept i s  s t i l l  

a p p l i c a b l e  a t  t h e  t i m e  of a u r o r a l  break-up o r  does a sudden break-up involve 

ionospher ic  s h o r t i n g  as proposed by Heppner, e t  a l .  (1967). 'l'hesc and o t h e r  

dynamical f e a t u r e s  p lace  emphasis on ionospher ic  loading  of the  convect ion 

dynamo. 

Feedback e f f e c t s  of i r r e g u l a r i t i e s ,  assumed t o  be generated d i r e c t l y  o r  

i n d i r e c t l y  by t h e  convect ive f i e l d ,  a r e  a l s o  l i k e l y  t o  a l t e r  the  subsequent 

convect ion.  A minimum of t h r e e  s c a l e s  of i r r e g u l a r i t y  s t r u c t u r e  a r e  obvious: 

(1) as shown by the  simultaneous motions of m u l t i p l e  Ba+ c louds (Wescott, 

e t  a l . ,  1968) f a c t o r s  of two i n  v e l o c i t y  are observed between clouds 

s e p a r a t e d  l a t i t u d i n a l l y  by < 100 km. Also, f a c t o r  of two changes i n  v e l o c i t y  

of a g iven  cloud have been observed t o  occur w i t h i n  s e v e r a l  minutes of t i m e  

a long t h e  d r i f t  t r a c k ,  ( 2 )  magnetic f i e l d  a l igned  f i laments  of 0.1 t o  2 km 

t h i c k n e s s  are a preva len t  f e a t u r e  as shown by a u r o r a l  measurements (Maggs 

and Davis, 1968), s t r i a t i o n s  i n  Ha+ clouds (Wescott, e t  a l . ,  1968, L l i s t ,  1969),  

t h e  O V 1 - 1 0  measurements prev ious ly  noted,  and numerous s t u d i e s  of r a d i o  wave 

s c i n t i l l a t i o n s ,  and ( 3 )  t h e  dimensions of many a u r o r a l  forms f a l l  in-between 

t h e  above two scales. I t  appears l i k e l y  t h a t  p o l a r i z a t i o n  f i . e lds  w i l l  accompany 

a t  l e a s t  t h e  s m a l l  scale i r r e g u l a r i t i e s  bu t  t h e r e  magnitudes,  ionospher ic  
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attenuations, dependence on the height distribution of ionization, 

are essentially unknown. 

Solutions to many questions involving auroral morphology, exp 

etc. 

anat ~ on 

of the various discrete auroral forms, and post break-up particle acceleration, 

probably lie in the understanding of the smaller scale features of the 

convective process. 



FIGURE CAPTIONS 

Figure 1.: Models of magnetospheric convection: (A) and ( U )  Axford and 

IIines (19611: (Cl T a y l o r  and Flnnes (1_965), !E> I\!ishid- (l!?65?, 

(E) and (F) Brice (1967). (A) and (E) omitting rotational flow; 

(B), (C), (D) and (F) including rotational flaw. 

Figure 2:  High latitude ionospheric electric currents (first approximation 

omitting continuity): (a) basic pattern, (b) and (c) pattern 

modifications produced by rotation of east and west current cells 

of (a). To obtain the convective flow, reverse all arrbws. 

Coordinates are geomagnetic time and invariant latitude. 

Figure 3: Example of response in the 3 - 30 Hz and < 60 sec bands from 

O V l - 1 0  for a polar crossing (Kp = 3 ) .  

Figure 4 :  

Figure 5: Magnetospheric convection in the equatorial plane corresponding 

to Figure 2 ( B ) .  Tic marks are at 2 Re intervals. 

Magnetospheric convection in the equatorial plane corresponding 

to Figure 2 (C). 

Figure 6 :  

Figure 7 :  Geomagnetic Time of maximum and minimum intensity of the 

horizontal component of the magnetic field at College and Kiruna. 

Selected once per Greenwich day by computer from 2.5 minute 

scalings of 334 consecutive days. 
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