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INCOMING LOWER-ENERGY PARTICLES 

AND THEIR ASSOCIATION WITH AIRGLOW AND AURORAE 

Brian J. O'Brien 

Department of Space Science 
Rice University 
Houston, Texas 

Abstract. Numerous measurements have now been made of the 

electrons and protons precipitated into the atmosphere to cause 

auroras. A review is given of the measurements from ground- 

based devices as well as those carried by balloons, rockets 

and satellites. 

Studies have shown that, at least on some occasions, there 

are similar auroras at magnetically-conjugate locations, The 

implications as regards the unknown acceleration mechanism(s) 

are discussed, Balloon-and rocket-borne measurements have shown 

that the auroral precipitation phenomenon occasionally exhibits 

a periodicity that may be indicative of complex wave-particle 

interactions in the magnetosphere. A survey Ls given of direct 

measurements of particle precipitation, and definitive experi- 

ments to resolve many of the unknown particle-acceleration 

phenomena are discussed. It is shown that direct and indirect 

evidence is available to demonstrate that airglow is not 

excited by particle bombardment, but presumably by photochemical 

reactions. 

9. 



INTRODUCTION 

It had long been specula ted  (cf. Stormer, 1955, Vegard, 

1921) t h a t  e n e r g e t i c  charged p a r t i c l e s  bombarding t h e  atmos- 

phere are t h e  d i r e c t  cause o f  e x c i t a t i o n  of a u r o r a l  l i g h t .  I t  

w a s  shown by ground-based photometric measurements o f  Doppler- 

s h i f t e d  B a l m e r  emissions ['Meinel, 19511 t h a t  t h e r e  are indeed 

e n e r g e t i c  pro tons  s p i r a l l i n g  down around geomagnetic f i e l d  

l i n e s ,  Then s e v e r a l  rocke t  probes launched during t h e  I G Y  

proved beyond doubt - by simultaneous measurements of both t h e  

bombarding p a r t i c l e s  and t h e  emi t ted  l i g h t  - t h a t  m o s t  b r i g h t  

v i s i b l e  a u r o r a l  d i s p l a y s  r e s u l t  from i n t e n s e  f l u x e s  o f  e l e c t r o n s  

wi th  some 1 t o  10 kev energy, accompanying which and sometimes 

s e p a r a t e  from which a r e  less i n t e n s e  f l u x e s  o f  pro tons  of  some- 

what h igher  energy [McIlwain, 1960, Davis, e t  a l . ,  19601. 

Then, a t  much t h e  s a m e  t i m e ,  it was discovered t h a t  t h e  

e a r t h ' s  magnetic f i e l d  contained t rapped w i t h i r i  it in t ense  

f luxes  of both  e n e r g e t i c  e l e c t r o n s  and p ro tons  [Van Allen,  19611. 

Subsequently, ex tens ive  rocke t  and s a t e l l i t e  s t u d i e s  have probed 

t h e  i n t e r r e l a t i o n  o f  t h e  t rapped r a d i a t i o n  and of  t h e  a u r o r a l  

o r  p r e c i p i t a t e d  r a d i a t i o n  [O'Brien, 19671. The r e s u l t a n t  

evolu t ion  of understanding o f  v a s t  magnetospheric plasma pro- 

cesses has  been ex t r ao rd ina ry  i n  i t s  complexity, and i n  i t s  

expense, and i n  i t s  s c i e n t i f i c  r e t u r n .  B u t  it i s  d i f f i c u l t  - 
due t o  t h e  long-range planning and y e t  unce r t a in  launch d a t e s  

of many space p r o j e c t s  - t o  i s o l a t e  uniquely IQSY f ind ings ,  

Therefore  i n  t h i s  review I have taken t h e  l i b e r t y  of de f in ing  

our  p r e s e n t  understanding of t h e s e  phenomena, r a t h e r  than 

merely d iscuss ing  I Q S Y  r e s u l t s  p e r  se, o r  i n  t r y i n g  t o  p.cesent 1 an h i s t o r i c a l  review, f o r  which t h e  reader  i s  r e f e r r e d  t o  

. Chamberlain [1961], W a l t  [1965] and 0'Brie.n [1967]. 
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CHRRACTERISTICS OF THE AURORAL PARTICLE FLUXES 

Figures  1 and 2 from O'Brien 119671 i l l u s t r a t e  t h e  range 

o f  energy s p e c t r a  o f  e l e c t r o n s  and p ro tons  found i n  a u r o r a l  

p a r t i c l e  f luxes .  On t h e  o t h e r  hand, t h e  occas iona l  spec tacu la r  

temporal v a r i a t i o n s  have sometimes an appearance of  e r r a t i c  

f l u c t u a t i o n s  (F igure  3 )  and s o m e t i m e s  a semblance o f  reasonably 

ordered p e r i o d i c i t i e s  (F igures  4 and 5 ) .  There i s  accordingly 

a mixture  o f  ordered  and d isordered  phenomena, and it must be 

admit ted t h a t  as y e t  t h e r e  i s  no thc lore t ica l  explana t ion  f o r  

e i t h e r  phenomenon, much less an e f ana t ion  of bo th  phenomena. 

A p a r t i c u l a r  c h a r a c t e r i s t i c  ( Lhe a u r o r a l  p a r t i c l e  f luxes ,  

as o f  t h e  a u r o r a l  luminosi ty  i s  the ' , -  common concen- 

t r a t i o n  i n  t w o  ha lo- l ike  one around each magnetic po le .  

Such a c h a r a c t e r i s t i c  has  b(- '11 demonstrated i n  a very  many 

ways, p a r t i c u l a r l y  from ground-based ( e - g .  Davis, 1962) and 

s a t e l l i t e - b o r n e  ( c f .  O'Brien,  1964 and Evans, e t  a l . ,  1966) 

observa t ions .  Such a summary is ,  o f . c o u r s e ,  a g ross  over- 

s i m p l i f i c a t i o n  s i n c e  t h e  l a t i t u d e  and t h e  l a t i t u d e  range of 

a u r o r a l  d i s p l a y s  both vary  from magnetic storm t o  magnetic 

storm (cf. Akasofu, 1964) and even during any p a r t i c u l a r  storm. 

(Such morphological changes w i l l  be reviewed by Yu 1. F e l d s t e i n  

a t  t h i s  meeting.) The r e l e v a n t  p o i n t  i n  t h i s  review i s  t h a t  

t h e s e  changes must r e f l e c t  morphological v a r i a t i o n s  i n  t h e  

p r e c i p i t a t e d  p a r t i c l e s .  

Now t h e  f i r s t - o r d e r  l a t i t u d e  v a r i a t i o n  i n  t h e s e  f l u x e s  

can be understood as being a d i r e c t  consequence of  t h e  l o c a l -  

t i m e  d i s t o r t i o n  of t h e  magnetosphere, a d i s t o r t i o n  caused by 

t h e  impinging s o l a r  wind ( c f .  N e s s ,  e t  a l . ,  1964; O'Brien,  1967) .  

The most i n t e n s e  f luxes  appear t o  be loca ted  j u s t  beyond ( i . e .  

a t  h igher  l a t i t u d e s  than)  t h e  s tably- t rapped Van Allen r a d i a t i o n ,  

whose l o n g i t u d i n a l  d r i f t  i n  such a d i s t o r t e d  magnetosphere can 
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be shown qualitatively (cf. Mead, 1966 and Williams and Mead, 

1965) to be in the same sense as the diurnal variation of the 

auroral zone location. 

However, the auroral forms only crudely abide by such 

statistical patterns. Davis [1962] and Akasofu E19641 have 

used all-sky cameras to observe the detailed temporal variations. 

The auroral morphology will be dealt with elsewhere at this 

symposium. Here I wish to draw attention to the fact that the 

cause of most of the auroral luminosity is bombardment of the 

atmosphere by auroral particles, with the resultant implication 

that the morphology of the (unknown) acceleration processes is 

extremely complex indeed. 

Akasofu, in a series of papers (cf. Akasofu, 1964) has 

carried through an excellent summary of the auroral morphology 

per se. However, to my knowledge, no-one has attempted to 

deduce from such studies the characteristics of the primeval 

particle sou.rces themselves. 

Actually, in order even to begin such studies, it is vital 

to remember that the system is a closed loop. That is to imply 

that changes in the atmosphere (or ionosphere) produced by 

charged-particle bombardment may have a “feedback” effect on 

the particle bombardment itself and thus on the morphology, 

et seq, We revert to this specific problem below. 

Two of the most definitive satellite studies of auroral 

particle precipitation have been made by Johnson, et a1.[1966] 

and by O’Brien 119641. Yet, with due respect to these studies, 

wherever they have been definitive it has only been in the 

nature of refuting theoretical concepts rather than in confirming 

some others. The auroral physicist is akin to one wandering in 

the wilderness. Several experimental attempts have been made 

recently to resolve definitively a positive finding, e.g. the 

ratio of protons to alphas in auroras so as to use the p/a 



ra t io  t o  determine whether t h e  a c t u a l  p a r t i c l e s  w e r e  once con- 

s t i t u e n t s  of  t h e  solar wind, o r  - again - t o  determine t i m e  

de lays  between t h e  o n s e t  o f  increased  f l u x e s  of  high- and low- 

energy a u r o r a l  p a r t i c l e s  so as t o  deduce t h e i r  t r a n s i t  t i m e s ,  

and hence t h e  (unknown) a l t i t u d e  o f  t h e  a u r o r a l  source and t h e  

t r a n s p o r t  mechanisms t h a t  e f f e c t  t h e  p a r t i c l e  trajectories.  

Seve ra l  of  t h e s e  experiments have been success fu l  - i n  t h e  

sense t h a t  t h e  d i f f i c u l t i e s  o f  rocke t ry  w e r e  overcome - b u t  no 

conclus ive  r e s u l t s  have been publ ished and confirmed as y e t .  

But it is noteworthy t h a t  it i s  d i f f i c u l t  t o  o b t a i n  from e x i s t i n g  

t h e o r i e s  any p r e c i s e  p r e d i c t i o n  a g a i n s t  which one can p r e s e n t  

any such experimental  f i nd ings .  
Without be labor ing  t h i s  p o i n t ,  one can s ta te  merely t h a t  

t h e r e  are two fundamental simple problems posed by t h e  p a r t i c l e s  

t h a t  cause au ro ras ,  v i z .  - 
(1) where  d i d  they o r i g i n a t e  (e.g. on t h e  sun- o r  i n  t h e  

o u t e r  magnetosphere) and, 

( 2 )  where d i d  they  acqu i re  t h e i r  u l t i m a t e  ( a u r o r a l )  energy? 

Formulation o f  d e f i n i t i v e  experiments t o  r e so lve  t h e s e  ques t ions ,  

and of  d e f i n i t i v e  t h e o r i e s  t o  suggest answers, reinains a formi- 

dable  and l a r g e l y  unsolved t a s k .  

F igure  6 from O'Brien [1964] i l l u s t r a t e s  s o m e  of t h e  

experimental  problems posed by a u r o r a l  p a r t i c l e  f luxes .  A t  a 

given magnetic l a t i t u d e -  o r  L-value (McIlwain, 1961) t h e  p a r t i c l e  

f l u x  can vary i n  t i m e  by a f a c t o r  o f  about one m i l l i o n  t o  one. 

Furthermore, i n  t h e  a u r o r a l  zone t h e r e  i s  always some f i n i t e  

p a r t i c l e  p r e c i p i t a t i o n .  So one must p o s t u l a t e  an a c c e l e r a t i o n  

mechanism t h a t ,  on thk  one hand, i s  always a c t i v e ,  and on t h e  

o t h e r  hand, v a r i e s  i n  s t r e n g t h  by a m i l l i o n  t o  one. T h e r e  are 

numerous o t h e r  problems r e l a t e d  t o  t h e  broader  ques t ion  o f  t h e  

u l t i m a t e  source of a u r o r a l  p a r t i c l e s ,  b u t  he re  a t t e n t i o n  w i l l  

be concent ra ted  m o r e  on t h e  e f f e c t s  o f  t h e  p a r t i c l e s  themselves 

when they  h i t  t h e  atmosphere. 
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PARTICLE INTERACTIONS WITH THE ATMOSPHERE 

The absorb t ion  i n  t h e  atmosphere o f  e n e r g e t i c  charged 

p a r t i c l e s  (such as cause auroras)  may,at f i rs t  approach, appear 

a simple problem, amenable t o  classical atomic phys ics  t r ea tmen t s  

such as one might apply t o  absorp t ion  o f  such p a r t i c l e s  by m e t a l  

f o i l s  o f  comparable e f f e c t i v e  th i ckness ,  e.g. 1 mg c m  : I n  

fact ,  of course,  an adequate t rea tment  must be f a r  m o r e  complex, 

and I cons ider  t h a t  one o f  t h e  m a j o r  advances* in  a u r o r a l  s t u d i e s  

i n  r ecen t  y e a r s  h a s  been r ecogn i t ion  of s o m e  o f  t h e s e  problems 

and development o f  t h e o r e t i c a l  t echniques  t o  so lve  or  a t  least  

t o  t rea t  them ( c f .  R e e s ,  1963) .  

-2 

Consider,  fol= example t h e  problem o f  proton bombardment. 

I n  1955, B a t e s  [1955) poin ted  o u t  t h a t  charge-exchange processes  

i n  t h e  atmosphere would cause a p r e c i p i t a t e d  pro ton  t o  be 

neu t r ? l i zed  repea ted ly ,  whereupon it would, o f  course,  n o t  be 

r e s t r i c t e d  by t h e  geomagnetic f i e l d  t o  a s p i r a l l i n g  path.  Y e t  

it w a s  no t  u n t i l  a decade la ter  t h a t  a d e t a i l e d  t h e o r e t i c a l  

t rea tment  o f  t h i s  f a c e t  w a s  publ i shed  (Davidson, 1965) .  I t  w a s  

found t h a t  the r e s u l t a n t  Balmer emission would be d i f f u s e d  over  

a zone s e v e r a l  hundred k i lome te r s  wide about t h e  i n i t i a l  reg ion  

o f  p r e c i p i t a t i o n .  C l e a r l y  then ,  ground-based B a l m e r  s t u d i e s  

must be t r e a t e d  wi th  g r e a t  care i f  conclusions are t o  be der ived  

about t h e  morphology of  t h e  p r e c i p i t a t i n g  p a r t i c l e  f luxes .  Indeed, 

t h e r e  remain s t i l l . s e v e r a 1  problems i n  even equat ing Davidson's 

s o l u t i o n  w i t h  t h e  a c t u a l  obse rva t ions  (Eather ,  p r i v a t e  communic- 

a t i o n ) .  I t  would appear t h a t  d i r e c t  s a t e l l i t e  and/or rocket 

measurements of  pro tons  a t  a l t i t u d e s  above some 400 km should be 

u t i l i z e d  f o r  morphological s t u d i e s .  

Another s i g n i f i c a n t  s tudy  t h a t  has  been begun - experimental ly  

and t h e o r e t i c a l l y  - b u t  i s  s t i l l  q u i t e  incomplete, i s  t h e  a n a l y s i s  

o f  pi tch-angle  d i s t r i b u t i o n s  of  bo th  down-going and upwards- 

moving p a r t i c l e  f luxes .  Mozer and Bruston (19661 have deduced 
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complex i n t e r a c t i o n s  between t h e  p a r t i c l e s  and r e l a t i v e l y  s t rong  

electric f i e l d s  i n  t h e  ionosphere, wi th  f i e l d s  es t imated  t o  be 

s o m e  mv t o  s o m e  100s of mv pe r  m e t e r ,  over  a l t i t u d e  ranges 

s u f f i c i e n t  t o  cause s i g n i f i c a n t  e f f e c t s  on pro tons  and e l e c t r o n s  

w i t h  e n e r g i e s  of 100s of kev. While t h e r e  may be s o m e  ques t ion  

as t o  s o m e  o f  t h e  conclusions der ived  from t h e  rocke t  f l i g h t s ,  

t h e r e  appears  l i t t l e  doubt t h a t  t h e  problems o f  angular  d i s t r i -  

bu t ions  must be probed f u r t h e r .  

One o f  t h e  m o r e  s i g n i f i c a n t  problems t h a t  i s  a lso rece iv ing  

t h e o r e t i c a l  and l i m i t e d  experimental  a t t e n t i o n  i s  w h a t  I r e f e r  

t o  as "atmospheric feedback" processes .  By t h e s e  I mean those  

atmospheric (and ionospheric)  p r o p e r t i e s  t h a t  may be modified 

by t h e  p r e c i p i t a t e d  p a r t i c l e s  b u t  whose very modi f ica t ion  may 

then affect  de ta i led  characterist ics o f  t h e  p r e c i p i t a t i o n ,  

For  example, Maehlum and O'Brien [1967]  have t r e a t e d  the 

effects on t h e  p i tch-angle  d i s t r i b u t i o n  and - of t h e  p i tch-angle  

d i s t r i b u t i o n  as  related t o  the  magnetic f i e l d  produced by a u r o r a l  

electrojets.  C lea r ly ,  s i n c e  t h e  s t r e n g t h  of  the "anomal.ous" 

magnetic f i e l d  i s  dependant on t h e  i o n i z a t i o n  caused by t h e  

p r e c i p i t a t e d  p a r t i c l e s  whose p i tch-angle  d i s t r i b u t i o n  may be 

per turbed  by t h e s e  f i e l d s ,  e t  seq, t h e r e  i s  a feedback process  

and hence, of  course,  p o t e n t i a l  i n s t a b i l i t i e s .  I n  fac t ,  Maehlum 

and O'Brien [1967] have established t h a t  under appropr i a t e  

(and realist ic) ionospheric  condi t ions ,  wave-like o r  p e r i o d i c  

processes  may t a k e  place i n  the a u r o r a l  formations.  Thus s t u d i e s  

are being d i r e c t e d  f o r  t h e  f i rs t  t i m e  q u a n t i t a t i v e l y  t o  an 

understanding of  t h e  ex t r ao rd ina ry  and bewilder ing v a r i e t y  of 

a u r o r a l  morphological v a r i a t i o n s  i n  space and t i m e .  
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EXCITATION AND AIRGLOW 

Due to some similarities between the phenomena of airglow 

and aurora, the postulate has sometimes been put forward that 

the normal world-wide airglow might be caused - like normal 
auroras - by bombardment of the upper atmosphere by energetic 
charged particles. 

Various arguments against this hypothesis can be made, 

as follows: 

(a) the intensity of the N -I- emission at 3914i in airglow 

is only of the order of 1% of the atomic oxygen 

emission at 5577i, but it is about 50% in auroras. 

Since 3914A requires about 19 ev of excitation energy 

whereas 5577A requires only about 4 ev (cf. Chamberlain, 

2 

1961), the conclusion is often drawn that the excitation 

processes in airglow are I' low-energy" I e. g .( photo- 

chemical, whereas in auroras they are "high-energy" , 

i.e. due to particle bombardment. 

(b) airglow occurs even at the geomagnetic equator, and 

it is difficult to believe that energetic particles 

to provide the necessary excitation could persist 

on magnetic shells at such low latitudes. 

Conclusive proof now exists that the normal night airglow 

is not excited by energetic particles precipitated from high 

altitudes. In a rocket flight atmidnight over Wallops Island, 

simultaneous measurements were made of the nightglow 5577A and 

3914A, and also of precipitated particles. It was shown directly 

that less than 3% (and possibly none) of the 5577A nightglow 

was caused by particle precipitation [O'Brien, et al,, 19651. 

There remain considerable mysteries in the excitation of 

mid-latitude trred" (i. e. 01 6300A) arcs. The spatial relation- 

ship of one such arc to an intense peak of Van Allen radiation 
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[O'Brien, et al., 19601 cannot be ignored, but. ither can it 

be used at the present time to explain the phci>-menon [Roach, 

19611. 

Another interesting effect that has been explained as due 

. to particle bombardment is the pre-dawn atmospheric heating and 

associated excitation of 6300w. Carlson [ 19661 has provided 

convincing evidence that both effects are due to photoelectrons 

produced when the conjugate point is sunlit but the observation 

point is not. Direct observations of the intensity and energy 

spectrum of these photoelectrons, and study of their variation 

with latitude, are clearly of considerable importance in the 

understanding of atmospheric (ionospheric) , solar and magneto- 
spheric phenomena. 
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CONCLUSION 

I f  one looks a t  a f i n e  a u r o r a l  d i sp l ay ,  then  t h e  problems 

o f  a u r o r a l  phenomena may w e l l  be viewed i n  t h e  abstract as 

being e s s e n t i a l l y  un rea l  o r  e lse  as r e l a t e d  t o  - s h a l l  w e  say - 
a "way ou t "  happening. Y e t  it must be recognized t h a t ,  i n  

t h e  complex par t ic le-wave i n t e r a c t i o n s  t h a t  c o n s t i t u t e  a u r o r a l  

phenomena, t h e r e  are plasma processes  occurr ing  tha t  may have 

c l u e s ,  albeit  obscure,  which can l e a d  t o  understanding o f  

c o n t r o l l e d  fus ion  processes  wherein the energy o f  t h e  hydrogen 

of sea-water i s  harnessed for e lectr ical  power product ion without  

the usua l  ( i .e .  f i s s ion -as soc ia t ed )  disadvantages o f  contaminated 

r a d i o a c t i v e  d e b r i s .  Auroral  p rocesses ,  i n  some manner as y e t  

n o t  comprehended by s c i e n t i s t s ,  harness  t h e  power o f  t h e  sun, 

and produce d i s p l a y s  of Northern (and Southern) L igh t s  t h a t  

use  up some one hundred thousand megawatts of power, o r  roughly 

t h e  s a m e  amount of electrical  energy t h a t  i s  d i s s i p a t e d  by 

mankind i n  h i s  l a r g e l y  meaningless s t r u g g l e  a g a i n s t  t h e  non- 

n e g l i g i b l e  p o s i t i v e  entropy of  t h e  real world. 

Particles h i t t i n g  t h e  atmosphere d i s s i p a t e  energy - t h a t  
_ _  

-much i s  c e r t a i n .  A s  a consequence, v i s i b l e  photons are e m i t t e d  - 
t h a t  too i s  c e r t a i n .  But t h e  u l t i m a t e  source of  energy, t ha t  

a c t i v a t e s  t h e  p a r t i c l e s  t h a t  then  h i t  the  atmosphere i s  - l ike  t h e  

House t h a t  Jack B u i l t  - involved i n  some cu r ious  and unsolved 

sequence of r e l a t i o n s ,  t h a t  presumably l i n k  the  solar-wind and 

s o l a r - f l a r e  processes ,  w i th  t h e  "memory" of i n t e r p l a n e t a r y  space 

( i .e.  wi th  p r i o r  solar c o n d i t i o n s ) ,  with t he  magnetosphere and 

i t s  "memory", w i t h  t h e  very r o t a t i o n  of  t h e  earth, and wi th  the  

e a r t h ' s  atmosphere and ionosphere. Clues t h a t  w i l l  d e f i n e  a 

success fu l  o r  accu ra t e  pa th  through these complex phenomena are 

being acqui red  a p i e c e  a t  a t i m e ,  and o f t e n  i n  a tremendous 

f lood  o f  d a t a  t h a t  must be s o r t e d  and c u l l e d .  For example, 

c u r r e n t l y  NASA satell i tes are sending back t o  earth some e ighteen  
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million measurements (18 "megameasurements") each day [George 

Ludwig, private communication] . This is a reasonable indication 

of the complexities of the auroral and magnetospheric phenomena, 

and an indication of the need for extremely well-planned and 

definitive experiments. 
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FIGURE CAPTIONS 

Figure 1: Typica l  range o f  energy f l u x e s  and s p e c t r a  o f  

e l e c t r o n s  encountered a t  high a l t i t u d e s  i n  t h e  

environment of t h e  e a r t h  (from O'Brien, 1967). 

F igure  2: S imi l a r  t o  F igure  1 b u t  f o r  pro ton  f luxes .  

F igure  3 :  Examples of bo th  "erratic" and "pe r iod ic"  p r e c i -  

p i t a t i o n  o f  e l e c t r o n s  i n  a u r o r a l  reg ions  (from 

Parks,  1967).  

F igure  4: Example o f  p e r i o d i c  v a r i a t i o n s  i n  t h e  f l u x e s  o f  

e s s e n t i a l l y  monoenergetic a u r o r a l  e l e c t r o n s .  Each 

p o i n t  r e p r e s e n t s  a summation o f  four teen  ind iv idua l  

measurements made by rocket-borne d e t e c t o r s  (from 

Winiecki,  1967) .  

Figure 5: From d a t a  such as those  of F igure  4 ,  c ros s -co r re l a t ion  

has  been performed between t h e  800 psecs  measurments 

o f  t h e  f l u x e s  of 4.2 kev (Lo) and o f  9.7 kev ( H I )  

energy e l e c t r o n s .  The d a t a  i n d i c a t e  t h e  important 

phase c o r r e l a t i o n  o f  t h e  p e r i o d i c i t i e s  of t h e s e  

particle f luxes .  T h e  s l i g h t  phase d i f f e r e n c e  a f  

s e v e r a l - m i l l i s e c o n d s  i n d i c a t e s  e i t h e r  a modulation 

o r  a c c e l e r a t i o n  a t  an a l t i t u d e  of less than  2000 km 

( f r o m  Winiecki,  1967) .  

F igure  6: Examples o f  t h e  very  g r e a t  temporal and s p a t i a l  

v a r i a t i o n s  i n  i n t e n s i t y  o f  p a r t i c l e  p r e c i p i t a t i o n  

i n  a u r o r a l  r eg ions ,  and also o f  t h e  f a c t  t h a t  t h e r e  

is always such p r e c i p i t a t i o n  (from O'Brien,  1964).  
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