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THE MUTUAL EFFECT OF PRECIPITATED AURORAL ELECTRONS 

AND THE AURORAL ELECTROJET 

Bern t  N .  

by 
Maehlum and Br i an  J. 

tDepartment o f  Space Sc ience  II_ % 

R i c e  U n i v e r s i t y  
Houston, Texgs :- 

I 

A b s t r a c t .  I t  has  been found t h a t  t h e  p e r t u r b a t i o n  i n  t h e  geo- 

magnetic f i e l d  produced by t h e  a u r o r a l  e lec t ro je t  a l so  per turbe/s  

t h e  p i t c h  ang le  d i s t r i b u t i o n  o f  t h e  p r e c i p i t a t e d  e l e c t r o n s  which 

are t h e  dominant c o n t r i b u t o r s  t o  t h e  a u r o r a l  i o n i z a t i o n  w i t h i n  

whic'h it i s  assumed t h e  a u r o r a l  e l e c t r o j e t  f lows.  I n  o r d e r  t o  

s tudy  t h i s  i n t e r a c t i o n  i n  d e t a i l  a computer program has  been 

developed f o r  model c a l c u l a t i o n s .  T h i s  program computes: 

(1) t h e  e l e c t r o n  d e n s i t y  p r o f i l e  i n  t h e  ionosphere from 

a g iven  p i t c h  ang le  and energy d i s t r i b u t i o n  o f  t h e  i o n i z i n g  

e l e c t r o n s ,  and 

( 2 )  t h e  changes i n  t h e  p i t c h  ang le  d i s t r i b u t i o n  c r e a t e d  

by t h e  g,eomagnetic f i e l d  deformat ions  caused b y  t h e  a u r o r a l  

electrocjet c u r r e n t  system i t s e l f .  

R e s u l t s  from p r e l i m i n a r y  computat ions are d i scussed .  I t  

i s  shown t h a t  t h e  i n t e r a c t i o n  can cause s i g n i f i c a n t  t i m e  v a r i -  

a t i o n s  i n  an i n i t i a l l y  t ime- s t a t iona ry  e l e c t r o n  p r e c i p i t a t i o n  

event .  Thus, f o r  t h e  f i r s t  t i m e  it i s  seen  t h a t  n a t u r a l l y  occur-  

r i n g  atmospheric  "feed-back" e f f e c t s  can account  for s o m e  of 

t h e  dynamic aurora l  v a r i a t i o n s  wi thou t  r e q u i r i n g  t h e  a u r o r a l  

source  i t s e l f  t o  va ry  i n  t i m e .  The v a r i a t i o n s  are governed by 

t h e  p i t c h  ang le  d i s t r i b u t i o n  and t h e  t o t a l  f l u x  o f  p r e c i p i t a t e d  

e l e c t r o n s  as w e l l  a s  by t h e  normal loss parameters  i n  t h e  upper 

atmosphere. Fo r  medium t o  s t r o n g  e l e c t r o n  p r e c i p i t a t i o n  e v e n t s  

t h e  c a l c u l a t e d  p e r i o d i c i t y  of t h e  v a r i a t i o n s  l i e s  i n  t h e  range 

of 50 t o  200 seconds,which i s  i n  agreement w i t h  s o m e  of t h e  d i r e c t  

o b s e r v a t i o n s  of  a u r o r a l  e l e c t r o n  p e r i o d i c i t i e s .  



INTRODUCTION 

The e x i s t e n c e  o f  h o r i z o n t a l ,  mainly E a s t  - W e s t  f lowing 

c u r r e n t s  i n  t h e  auroral  ionosphere  has  been known fo.r many 

y e a r s ,  a l though t h e  mechanisms involved  i n  t h e  p roduc t ion  and 

maintenance of  t h e s e  c u r r e n t s  are s t i l l  u n c e r t a i n  [Chapman and 

B a r t e l s ,  1940; B o s t r o G ,  1964; Axford and Hines,  1961; F e j e r ,  

19631. I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  t i m e  v a r i a t i o n s  i n  t h e  

c u r r e n t  are caused p a r t l y  by v a r i a t i o n s  i n  t h e  d r i v i n g  e lectr ic  

f i e l d ,  p a r t l y  by v a r i a t i o n s  i n  t h e  ionosphe r i c  c o n d u c t i v i t y .  

Although it h a s  n o t  been proven, t h e  c u r r e n t s  are  b e l i e v e d  t o  

be l o c a t e d  close t o  v i s u a l  a u r o r a l  forms, which i n d i c a t e s  t h a t  

p r e c i p i t a t i n g  e n e r g e t i c  e l e c t r o n s  are t h e  main SourGes o f  t h e  

i o n i z a t i o n  a s s o c i a t e d  w i t h  t h e  enhanced c o n d u c t i v i t y  i n  t h e  

e lec t r ic  c u r r e n t .  

.I 

Recent ly ,  Cumminqs, e t  a1.[1966] drew a t t e n t i o n  t o  t h e  fact  

t h e  t h e  geomagnetic f i e l d  d i s t o r t i o n  caused by t h e  c u r r e n t s  may 

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

which i n  i t s  t u r n  w i l l  a f f e c t  t h e  e l e c t r o n  d e n s i t y  i n  t h e  iono- 

sphere .  T h e o r e t i c a l  sbud ies  o f  t h e  e f f e c t s  o f  t h e  a u r o r a l  

c u r r e n t  on t h e  e l e c t r o n  p i t c h  ang le  d i s t r i b u t i o n  and vice v e r s a  

have been cont inued  a t  R i c e  U n i v e r s i t y ,  and w e  p r e s e n t  h e r e  a 

f e w  r e s u l t s  from t h e s e  s t u d i e s .  
, 

W e  w i l l  show t h a t  t h e  va r i a t ions  i n  t h e  geomagnetic f i e l d  

caused by  t h e  a u r o r a l  e l e c t r o j e t ( w h o s e  i n t e n s i t y  i s  dominated 

by t h e  i o n i z a t i o n  produced by t h e  p r e c i p i t a t e d  e l ec t rons )  can 

i n  t u r n  modulate t h e  p i t c h  a n g l e  d i s t r i b u t i o n  of t h e s e  p r e c i -  

p i t a t e d  e l e c t r o n s  and thence  i n  a c y c l i c  r e p e t i t i v e  form modulate 

t h e  e lectrojet  and thence  the p r e c i p i t a t e d  p a r t i c l e s .  The 

u l t i m a t e  consequence i s  development o f  a n a t u r a l  p e r i o d i c i t y  

of o s c i l l a t i o n  o f  b o t h  t h e  a u r o r a l  i o n i z a t i o n  and of t h e  p r e c i -  

p i t a t i o n  o f  t h e  p a r t i c l e s  themselves .  
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METHOD O F  COMPUTATION 

I n  t h e  computat ions t o  be d i scussed  it w a s  assumed t h a t  t h e  

shape o f  t h e  energy spectrum and t h e  p i t c h  ang le  d i s t r i b u t i o n  of 

t h e  p r e c i p i t a t e d  e l e c t r o n s  a t  a r e f e r e n c e  a l t i t u d e  (1000 k m )  are 

c o n s t a n t  i n  a l a t i t u d e  i n t e r v a l  ~ k ,  and t h e  spectrum w a s  assumed 

t o  obey an exponen t i a l  l a w  w i t h  e - fo ld ing  energy E = 5 k e V ,  

having a low-energy cu t -of f  a t  2 .5  keV, independent  o f  p i t c h  

ang le .  Ou t s ide  t h i s  l a t i t u d e  i n t e r v a l  t h e  f l u x e s  are ze ro ,  and 

a l l  parameters  are assumed c o n s t a n t  i n  t h e  Eas t  - W e s t  d i r e c t i o n .  

I n  o r d e r  t o  compute r a p i d l y  t h e  energy d i s s i p a t i o n  of t h e  e l e c t r o n s  

i n  t h e  atmosphere, t h e  a l t i t u d e  v a r i a t i o n s  i n  t h e  geomagnetic 

f i e l d  i n  t h e  c u r r e n t  r eg ion  (100 - 140 k m )  w e r e  n e g l e  

t h e  v a r i a t i o n  o f  t h e  f i e l d  i n  l a t i t u d e  due t o  t h e  p re sence  of 

t h e  c u r r e n t  w a s  t aken  i n t o  account  e x a c t l y .  By us ing  A l f v e n ' s  

i n v a r i a n t  and L i o u v i l l e ' s  theorem t h e  pit 'ch-angle d i s t r i b u t i o n  

o f  t h e  p r e c i p i t a t e d  e l e c t r o n s  a t  140 k m  w a s  deduced from t h e  

d i s t r i b u t i o n  a t  1000 km. The i o n i z a t i o n  ra tes  i n  t h e  ionosphere 

due t o  t h e  p r e c i p i t a t e d  e l e c t r o n s  w e r e  o b t a i n e d  by i n t e g r a t i n g  

0 

t h e  c o n t r i b u t i o n s  f r o m  a l l  e l e c t r o n  p i t c h  ang le s ,  u s ing  d a t a  

from e l e c t r o n - s c a t t e r  computations [S tadsnes  and Maehlum, 19671. 

The e l e c t r o n - d e n s i t y  p r o f i l e  w a s  computed by assuming a re- 

combinat ion-l ike loss of i o n i z a t i o n :  

where t h e  " e f f e c t i v e "  recombination c o e f f i c i e n t  - CL and t h e  

n e g a t i t e i o n - t o - e l e c t r o n  d e n s i t y  r a t i o  - A w e r e  i n t e r p o l a t e d  from 

data g iven  by - H o l t  [1964]  and Yonezawa [1962]  for a u r o r a l  con- 

d i t i o n s .  ( I n  t h e  a c t u a l  h e i g h t  i n t e r v a l  between 100 and 140 k m  

a M 10 c m  /sec and A w 0 ) .  The i n i t i a l  "background" e l e c t r o n  

d e n s i t y  w a s  assumed t o  be n e g l i g i b l e  w i t h  r e s p e c t  t o  t h e  a u r o r a l  

-7 3 

i o n i z a t i o n .  
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The c u r r e n t - d r i v i n g  electric f i e l d  w a s  ob ta ined  by assuming 

a given d i s t o r t i o n  i n  t h e  h o r i z o n t a l  component of t h e  geomagnetic 

f i e l d  (ABHor) on t h e  ground. 

electric f i e l d  v a r i e s  w i t h  t h e  e l e c t r o n  d e n s i t y ,  and w e  have as 

a f i r s t - o r d e r  approximation assumed t h a t  t h e  c u r r e n t  d e n s i t y  is 

p r o p o r t i o n a l  t o  t h e  e l e c t r o n  d e n s i t y .  Earth- induced c u r r e n t s  

w e r e  assumed t o  c o n t r i b u t e  - 40% t o  ABHor 

It is  n o t  known how t h e  d r i v i n g  

The d i s t o r t i o n  o f  t h e  geomagnetic f i e l d  w a s  computed by 

summing up t h e  c o n t r i b u t i o n s  f r o m  a l l  pa r t s  o f  t h e  c u r r e n t .  

The r e s u l t a n t  d i s t o r t i o n  i n  t h e  p i t ch -ang le  d i s t r i b u t i o n  of t h e  

p r e c i p i t a t i n g  e l e c t r o n s  could then  be deduced, and t h e  t i m e  

v a r i a t i o n s  i n  t h e  a u r o r a l  c u r r e n t  w e r e  computed by  going through 

t h i s  loop  r epea ted ly .  The i n t e g r a t i o n  s t e p  w a s  s e l e c t e d  t o  be 

much s h o r t e r  t h a n  t h e  t i m e  c o n s t a n t  of t h e  ionosphere as deduced 

from Equat ion (1). Although v a r i o u s  a t t e m p t s  have been made t o  

save computing t i m e ,  each i n t e g r a t i o n  step takes 1 - 2 minutes  

on an IBM 7040 computer. A f e w  p r e l i m i n a r y  r e s u l t s  from t h e  

c a l c u l a t i o n s  are  p r e s e n t e d  i n  t h e  fo l lowing  s e c t i o n s .  I n  a l l  

o u r  computat ions t h e  c u r r e n t  i s  flowing toward t h e  W e s t  and t h e  

l a t i t u d e  parameter  r u n s  from North t o  South.  

S p a t i a l  V a r i a t i o n s  i n  t h e  Ionosphe r i c  E l e c t r o n  Dens i ty  

Caused by Current-Induced Geomagnetic F i e l d  D i s t o r t i o n s .  

The series o f  computat ions 

complicated r e l a t i o n s h i p  e x i s t s  

and t h e  a u r o r a l  c u r r e n t  system, 

models of computation which are 

e v e n t s  . 

c l e a r l y  demonstrate  t h a t  a ve ry  

between t h e  e l e c t r o n  p r e c i p i t a t i o n  

and it is  very  d i f f i c u l t  t o  select  

" t y p i c a l "  €or a c t u a l  a u r o r a l  

L e t  us f i rs t  cons ide r  t h e  fol lowing s imple  case: t h e  

e l e c t r o n  p r e c i p i t a t i o n  i s  assumed c o n s t a n t  over  a 10-kin-wide 

l a t i t u d e  i n t e r v a l  a t  1000 km, and t h e  p i t ch -ang le  d i s t r i b u t i o n  

o f  t h e  e l e c t r o n  f l u x e s  above 40 keV a t  1000 km is  as i n d i c a t e d  
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as A i n  F igu re  1, The c u r r e n t  produced by t h e  e l e c t r o n  p r e c i p i -  

The l a t i t u d e  v a r i a t i o n s  i n  t h e  

110 km a l t i t u d e  caused by t h i s  

shown i n  F igure  2.  

The l a t i t u d e  v a r i a t i o n  o f  

t a t i o n  i s  assumed t o  g i v e  a geomagnetic d i s t u r b a n c e  AB = -1ooov, 
H o r  

peak, e q u i l i b r i u m  i o n i z a t i o n  a t  

f l u x  o f  p r e c i p i t a t e d  e l e c t r o n s  is 

t h e  i o n i z a t i o n  depends c r i t i c a l l y  

on t h e  p i t c h  a n g l e  d i s t r i b u t i o n  o f  e l e c t r o n s  i n  t h e  "loss cone",  

Th i s  i s  seen by comparing t h e  cu rves  l a b e l e d  A and B i n  F i g u r e s  

1 and 2.  

For  a ve ry  s h a r p l y  d e f i n e d  loss cone (C i n  F igu re  1) an 

i n t e r e s t i n g  e f fec t  occur s .  Close  t o  t h e  n o r t h e r n  boundary 

(X = 0 km) t h e  d i s t o r $ e d  geomagnetic f i e l d  i n t e n s i t y  w i l l  be '- 

s u f f i c i e n t l y  h igh  t o  p reven t  t h e  e l e c t r o n s  from reaching  t h e  

atmosphere.  The re fo re ,  a f t e r  a s h o r t  p e r i o d  of  "bui ld-up" of  

i o n i z a t i o n  t h e  e l e c t r o n  d e n s i t y  s t a r t s  t o  dec rease  i n  t h e  

n o r t h e r n  p a r t  o f  t h e  c u r r e n t  r eg ion .  During a s t r o n g  d i s t u r b a n c e  

= - 1 0 0 0 ~ )  t h i s  p a r t i c u l a r  e l e c t r o n  p i t c h  a n g l e  d i s t r i b u t i o n  
(ABHor . -  
i s  n o t  able t o  establish a t i m e  s t a t i o n a r y  a u r o r a l  c u r r e n t ,  

because t h e  e l e c t r o n  d e n s i t y  o s c i l l a t e s .  These o s c i l l a t i o n s ,  

which are d i s c u s s e d  i n  more d e t a i l  i n  t h e  nex t  s e c t i o n ,  on ly  

occur  du r ing  s t r o n g  geomagnetic d i s t u r b a n c e s .  I f  s i m i l a r  

computat ions are performed f o r  t h e  same c o n f i g u r a t i o n  of e l e c t r o n  

p r e c i p i t a t i o n  (C i n  F igure  1) f o r  a s m a l l e r .  geomagnetic d i s -  

t u rbance  (AB = - 2 5 0 y ) ,  no o s c i l l a t i o n s  occur ,  b u t  it 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  l a t i t u d e  v a r i a t i o n s  i n  t h e  e q u i l i b -  

rium e l e c t r o n  d e n s i t y  is  ve ry  large,  and t h e r e  are even s o m e  

i n d i c a t i o n s  of a f i n e - s c a l e  s t r u c t u r e  i n s i d e  t h e  r eg ion  o f  pre,- 

c i p i t a t i o n  (see cu rve  C ' ,  F i g u r e  2 )  .) 

Hor 

T i m +  V a r i a t i o n s  i n  t h e  E l e c t r o n  P r e c i p i t a t i D n  Caused by 

P a r t i c l e - I o n o s p h e r e  I n t e t a c t i o n .  

P u l s a t i o n s  i n  a u r o r a l  zone phenomena have been observed 

r e c e n t l y  from ground-based, r o c k e t  and b a l l o o n  exper iments .  The 
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p e r i o d s  r e p o r t e d  v a r y  from 0 . 2  secs [Anderson and Mi l ton ,  1964) 

t o  about  200 secs [Barcus and Rosenberq, 196Q5). Various  mecha- 

nisms have been sugges ted  f o r  d i f f e r e n t  t y p e s  o f  p u l s a t i o n s ,  b u t  

ve ry  l i t t l e  i s  y e t  known of t h e  sou rces  o f  t h e  modulat ions,  I n  

t h e  p a s t ,  it h a s  always been assumed t h a t  t h e s e  modulat ions 

w e r e  due t o  modulat ions o f  t h e  pr imeval  sou rce  mechanisms. By 

c o n t r a s t ,  i n  t h e  p r e s e n t  s e c t i o n  w e  d i s c u s s  t h e  p e r i o d s  of 

w c i l l a t i o n s  produced by l o w - a l t i t u d e  i n t e r a c t i o n  between e l e c t r o n  

f l u x e s  and t h e  a u r o r a l . c u r r e n t s .  Furthermore,  w e  d i s c u s s  what 

e l e c t r o n  p i t c h  a n g l e  d i s t r i b u t i o n s  and g a m a g n e t i c  d i s t u r b a n c e s  

are r e q u i r e d  f o r  caus ing  o s c i l l a t i o n s  i n  t h e  p r e c i p i t a t i o n s .  

For s i m p l i c i t y ,  w e  w i l l  on ly  be concerned w i t h  p i t c h  a n g l e  d i s -  

b i b u t i o n s  w i t h  a s h a r p l y  d e f i n e d  "loss cone".  

.- 

The series of computat ions performed refer t o  t h e  fo l lowing  

c o n f i g u r a t i o n  of e l e c t r o n  p r e c i p i t a t i o n :  t h e  p i t c h  a n g l e  d i s -  

t r i b u t i o n  o f  e l e c t r o n s  a t  lo00  k m  a l t i t u d e  i s  assumed i s o t r o p i c  

between 90 and an  ang le  a , (a  can v a r y  between 48 and 58O), 

and f o r  p i t c h  a n g l e s  between 0 and a t h e  f l u x e s  are assumed t o  

be z e r o .  T h e  p r e c i p i t a t i o n  i s  r e s t r i c t e d  t o  a l a t i t u d e  i n t e r v a l  

o f  20 k m ,  i n s i d e  which t h e  f l u x e s  va ry  by  a f a c t o r  of - 20 (see 

F igure  3 ) .  T h i s  i s  meant t o  s i m u l a t e  an a c t u a l  even t  w i t h  h i g h  

0 0 

C C 
0 

C 

e l e c t r o n  f l u x e s  embedded i n  a l o w  background f l u x ,  

I n  t h e  f i r s t  example w e  s e l e c t e d  a v a l u e  o f  a = 54O, which 
C 8 

is s l i g h t l y  less t h a n  t h e  q u i e t  day "loss cone" boundary,and 

t h e  average,  h o r i z o n t a l  geomagnetic d i s t u r b a n c e  on t h e  ground w a s  

ABHor m - 6 0 0 ~ .  

Figures  4 and 5. 

R e s u l t s  f r o m  t h e  computat ions are g iven  i n  

The t o t a l  e l e c t r o n  energy p r e c i p i t a t e d  per second i n t o  a 

v e r t i c a l  column of t h e  atmosphere wi th  1 e m  cross s e c t i o n  i s  

shown i n  a con tour  p lo t  i n  F i g u r e  4 as  a func t ion  of t i m e  and 

l a t i t u d e .  S i m i l a r l y ,  t h e  v a r i a t i o n s  i n  t h e  geomagnetic f i e l d  

a t  110 k m  a l t i t u d e  are i n d i c a t e d  i n  F i g u r e  5. 

2 
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\ 

During t h e  f i rs t  f e w  seconds a f t e r  t h e  o n s e t  o f  t h e  p a r t i c l e  

f l u x  t h e r e  i s  a g r a d u a l  i n c r e a s e  i n  t h e  i o n  p roduc t ion  a t  a l l  

l a t i t u d e s .  T h i s  i s  accompanied by an enhancement i n  t h e  iono- 

s p h e r i c  c u r r e n t ,  which i n c r e a s e s  t h e  geomagnetic f i e l d  n e a r  t h e  

no r the rn  boundary of t h e  r eg ion  o f  p r e c i p i t a t i o n .  T h i s  geo- 

magnetic f i e l d  enhancement w i l l  cause  t h e  e l e c t r o n s  t o  m i r r o r  

above t h e  s c a t t e r i n g  r eg ion ,  and t h e  i o n  p roduc t ion  i s  v e r y  

s m a l l  i n  t h i s  r eg ion .  A s  t h e  e l e c t r o n  d e n s i t y  and t h e r e f o r e  the 

c u r r e n t  g r a d u a l l y  decreases i n  the n o r t h e r n  p a r t  up t o  t = 60 se'cs 

t h e  geomagnetic f i e l d  r e t u r n s  t o  a normal va lue ,  and a new " b u r s t "  

o f  i o n i z a t i o n  o c c u r s  nea r  t = 90 secs as e l e c t r o n s  a g a i n  are 

allpwed t o  p e n e t r a t e  i n t o  t h e  atmosphere. A f t e r  t h i s  t i m e  

s i m i l a r  b u r s t s  occu r  eve ry  90 t o  100 seconds p e r i o d i c a l l y .  N e a r  

t h e  southern  boundary t h e  e l e c t r o n s  are "guided" i n t o  t h e  a t m o s -  

phere  due t o  t h e  decreased  geomagnetic f i e l d .  The re fo re ,  a 

s t r o n g  c u r r e n t  b u i l d s  up n e a r  t h e  sou the rn  boundary. 
" 2  

A n  energy f l u x  o f  - 1 erg/cm sec (for  t h e  energy  spectrum 

d i scussed  i n  t h i s  paper )  produces an e q u i l i b r i u m  ionosphe r i c  

l a y e r  w i t h  a peak e l e c t r o n  d e n s i t y  o f  - 3.10 c m  [Brown, 19641. 

The e l e c t r o n  d e n s i t y  corresponding t o  t h e  "event"  shown i n  

F igu re  4 v a r i e d  between 2.105 and 3.10 c m  

5 -3  

6 - 3  . 
S i m i l a r  computat ions f o r  other e l e c t r o n  f l u x e s  show t h e  

s a m e  g e n e r a l  t ype  of p a t t e r n .  When t h e  f l u x e s  o f  e l e c t r o n s  

above 40 k e V  are LO5 - 10 #/cm sec s t e r a d ,  t h e  p e r i o d  of oscil-  

l a t i o n  i s  200 - 250 seconds,  whereas a p e r i o d  o f  10 - 15  secs 

occur s  when t h e  i o n i z i n g  e l e c t r o n  f l u x e s  are as h igh  as 10. - 
10 #/cm sec s t e r a d .  Such h igh  f l u x e s  have ve ry  i n f r e q u e n t l y  

been observed [O'Brien and Laughl in ,  19621. W e  t h e r e f o r e  con- 

c l u d e  t h a t  long  p e r i o d  o s c i l l a t i o n s  may o c c u r  i n  the a u r o r a l  

phenomena due t o  pa r t i c l e -a tmosphe re  i n t e r a c t i o n s  i f  t h e  c u r r e n t  

d r i v i n g  electric f i e l d  i s  s u f f i c i e n t l y  s t r o n g  and t h e  g r a d i e n t  

i n  t h e  p i t c h  a n g l e  d i s t r i b u t i o n  of  t h e  i o n i z i n g  e l e c t r o n s  i s  

6 2 
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s t e e p  n e a r  t h e  boundary o f  t h e  "loss cone".  The p e r i o d  of  

p u l s a t i o n s  caused by t h i s  i n t e r a c t i o n  is i n  t h e  50 - 300 seconds 

range f o r  r easonab le  f l u x e s  of i o n i z i n g  e l e c t r o n s .  

A summary of s o m e  of t h e  model computat ions i s  p r e s e n t e d  

i n  F igu re  6 t o  show how t h e  e q u i l i b r i u m  c o n d i t i o n s  va ry  wi th  

t h e  e f f e c t i v e  "cu t -o f f "  a n g l e  i n  t h e  e l e c t r o n  p i t c h  a n g l e  

d i s t r i b u t i o n  and w i t h  geomagnetic a c t i v i t y .  The broken l i n e s  

r e f e r  t o  cases when o s c i l l a t i o n s  occur red ,  whereas t h e  s h o r t ,  

cont inuous  l i n e s  correspond t o  t ime-s t a t iona ry  d i s t r i b u t i o n s .  

From t h i s  f i g u r e  w e  conclude t h a t  o s c i l l a t i o n s  i n  t h e  p r e c i p i t a t e d  

e l e c t r o n  f l u x e s  due t o  ionosphe r i c  " feed-back" can occur  du r ing  

very  d i s t u r b e d  geomagnetic c o n d i t i o n s  o n l y ,  u n l e s s  t h e  l o s s  cone 

i s  ex t remely  w e l l  de f ined .  The s t a b i l i t y  does n o t  s e e m  t o  depend 

on t h e  i n t e n s i t y  o f  p r e c i p i t a t i o n  ( d i r e c t i o n a l  f l u x e s  of g r e a t e r  

than 40 keV e n e r g i e s  for t h e  v a r i o u s  cases computed are i n d i c a t e d  

by s m a l l  numbers i n  F igu re  6 ) .  

Long-period o s c i l l a t i o n s  have been observed i n  t h e  a u r o r a l  

X-rays [Barcus and Rosenberg, 19651 and i n  t h e  v i s u a l  a u r o r a  

[Omholt and Berger ,  19671. Both phenoi-iena occur  dur ing  geo- 

magne t i ca l ly  d i s t u r b e d  c o n d i t i o n s  a f t e r  midnight  and i n  t h e  

morning hours.  With o u r  p r e s e n t  l a c k  of knowledge on t h e  d i u r n a l  

v a r i a t i o n s  i n  t h e  e l e c t r o n  p i t c h  ang le  d i s t r i b u t i o n  w e  are n o t  

i n  a p o s i t i o n  t o  e v a l u a t e  t h e  importance of  t h e  ionosphe r i c  "feed-  

back" as  c o n t r i b u t o r  t o  t h e s e  p u l s a t i o n s .  Synopt ic  sa te l l i t e  

and rocket experiments  o f  e l e c t r o n  p i t c h  a n g l e  d i s t r i b u t i o n s  

and geomagnetic f i e l d  d i s t o r t i o n s  are needed f o r  s o l v i n g  t h i s  

problem. F u r t h e r  computat ions are be ing  performed f o r  a v a r i e t y  

of t h e  numerous parameters .  
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CONCLUDING COMMENTS 

One o f  t h e  g r e a t e s t  m y s t e r i e s  i n  t h e  s t u d i e s  of a u r o r a l  

morphology and of t h e  e l e c t r o n  f l u x e s  t h a t  a p p a r e n t l y  accompany 

au!-oras h a s  been the temporal f l u c t u a t i o n s  i n  both o f  t h e s e  

phenomena. I n  t h e  p a s t  it h a s  o f t e n  been assumed, and indeed 

it has  g e n e r a l l y  been assumed, that  t h e s e  temporal f l u c t u a t i o n s  

are a r e f l e c t i o n  o f  corresponding f l u c t u a t i o n s  i n  t h e  pr imeval  

par t ic le  f l u x e s  themselves  and t h a t  consequent ly  they  may have 

deep s e a t e d  i m p l i c a t i o n s  as r e g a r d s  t h e  unknown source  o f  t h e  

e n e r g e t i c  e l e c t r o n s  t h a t  cause  au ro ras .  By c o n t r a s t  we  have 

shown i n  t h i s  paper  t h a t  it i s  extremely important  t o  cons ide r  

t h e  f a c t  t h a t  t h e  atmosphere and t h e  ionosphere p l a y  a c r i t i c a l  

role i n  t h e  dynamic morphology o f  a u r o r a s  and e l e c t r o n  p r e c i p i t a t i o n  

events .  Indeed w h i l e  t h e  fundamental e l e c t r o n  source  may remain 

uniform i n  t i m e  a t  a l t i t u d e s  above 1000 k m  one can s t i l l  

have p e r i o d i c  o r  p u l s a t i n g  v a r i a t i o n s  b o t h  i n  par t ic le  p r e c i p i -  

t a t i o n  and i n  t h e  consequent a u r o r a l  morphology and ionosphe r i c  

i o n i z a t i o n  simply ducl t o  w h a t  one might c a l l  an i n e v i t a b l e  i n t e r -  

a c t i o n  o r  atmospheric  feedback upon t h e  p a r t i c l e  f l u x e s  themselves ,  

Q 
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FIGURE CAPTIONS 

F igu re  1: Model p i t c h  a n g l e  d i s t r i b u t i o n s  o f  i n t e g r a l  e l e c t r o n  

f l u x  above 40 k e V  energy a t  1000 k m  a l t i t u d e .  

F igu re  2: L a t i t u d e  p r o f i l e  of t h e  e q u i l i b r i u m  peak e l e c t r o n  

d e n s i t y  produced by the p r e c i p i t a t e d  e l e c t r o n  f l u x e s  

shown i n  F i g u r e  1. [Geomagnetic f i e l d  d i s t o r t i o n s  

on t h e  ground are i n d i c a t e d  i n  b r a c k e t s ] .  

F igu re  3:  L a t i t u d i n a l  v a r i a t i o n s  i n  t h e  i n t e g r a l  e l e c t r o n  f l u x e s  
0 above 40 keV energy for  p i t c h  a n g l e  of 90 a t  1000 km 

a l t i t u d e  . 

Figure  4: T i m e  and spa t i a l  v a r i a t i o n s  i n  t h e  t o t a l  p r e c i p i t a t e d  

e l e c t r o n  energy f l u x  i n t o  t h e  atmosphere for 1000-km 
2 

i n p u t  o f  50 - 1000 ergs/cm sec (See t e x t ) .  

F igu re  5: T i m e  and s p a t i a l  v a r i a t i o n s  i n  t h e  geomagnetic f i e l d  

a t  110 km a l t i t u d e  (See t e x t ) .  

F igu re  6: S t a b i l i t y  o f  t h e  e l e c t r o n  p r e c i p i t a t i o n  du r ing  v a r i o u s  

degrees o f  geomagnetic d i s t u r b a n c e  ( D i r e c t i o n a l  f l u x e s  

of e l e c t r o n s  fo r  p i t c h  a n g l e s  g r e a t e r  t h a n  a are 

i n d i c a t e d  with s m a l l  l e t t e r i n g ) .  
C 
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