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In this report summarize3the research results obtained from auroral
backscatt~~ studies using the DNA 609 radar system located at Homer , Alaska .
The primary purpose of the b.’:kscatter studies was to improve ~~~~-under-
standing of the auroral-clutter-producing mechanism. Most of the results
are based on coordinated experiments utilizing the 398-MHz phased—array
radar at Homer , th a SRI/DNA incoherent—scatter radar at Chatanika , and
other comp lementary auroral measurement techniques. We 1ie~e~found that the ‘•.

11- .aa~

DD F 
~~~~~~~ ~473 F D a  ‘I N N D.  ‘.~ IS ~4SOL’I UNCLASSIFIED

,.LI ~ C L A S S I A ’  ~~~~~~ ~~ 1 4 1 5  P A G E  W S . , I .~~

_ _  

Il .
~~~~~~

-
~~~~
-—. -._~~

_ _
~~~g~;:_ 

-~



4-

i.;~ ;~-~ [t i l~l)
S EC U R I T Y  C L A S S I A l  N OF T H I S  P A D E WP,,, (I..I. F, I.. ,,I

20. ABSTRACT (Continued )

problem can be most effe tiv ol y approached by seeking both microscale and
macr os-al - relationships——i.e., the re lat i oraa;(a i~ of local plasma para-
meters with in the radar scattering v i a m e producing auroral lutter , and
the rolationsh ips of the large-scale auroral and rn~gnetospheric conditions
to th a spatial distribution of auroral clutter , respect i ve ly .  The results
in :lala t ha fol lowinq

(I) Diftwaa: auroral clutter is apparently r o t  produced by primary
plasma waves generated by IC Buneman-Farley two—stream
i n s ta b i l i t y .

( 2 )  The mechanism ~lo’c~; not, however , appear to be unlike th e  quasi—
linear gradient - Ir i ft instability model pro 1 osa h by Sudan et al.
(l 7 ~~), w h i c h  - i r a  h a -  f r L v e r a  by the primary two—stream waves.

(3) T[a, ra is a t h  r . - c h o l - f  elect a a :  field strength of 30 mV/rn associated
w i t h  t [ia Icca r x - .r a - I of 398—M Hz d i f f u s e  au ro ra l  c l u t t e r .

( 4 )  The - l i f f - a s e  aur o r a l  c l - a t t a - r  is closely associated with the
a i r r a l  e l ’ t r 1a ’t S .

(5)  The ‘?. o n i r a q  d i f f u ; e  a u r o ra l  c l u t t e r  is closely a s s o c i a tc i  w i t h
— t w n w a r  I f i e l d — a l i g n e d  c u r r e n t s .

(6)  Discrete  a u r o r a l  c l u t t e r  is D i oD e  ly  as oc i a t o h  wi th  t a -
d i scre te  v i sua l  a u r o r a .

In . . a l l i t i ra to  the above r I t : - , we present  ( 1)  a br ief  l~~t~ summary
t i k - a t  i n  a a [ - ~ o r t  of t b -  DNA ICtCA~’ ‘7 4 A  r s - k o t  program ; ( 2 )  a descr ip t ion
of t he  n e a r — o n — l i n e  Doppler c a p ab il . at v  t h a t  w a:~ added t o  the phased—array-
r i l a r ,- t - n ; ( 3 )  a d i s cus s ion  of a f I l - i l  t rj ~ to search for  p l a s m a — l i n e
backscatter associated with t a r o r a l  a c t i v a t y ; and ( 4 )  the c u r r e n t  s ta tus
of a t i con t i o u  study consid&riny t he  ~~~n - - -  lotroa ins t ab i l i ty  as a

- a 1 a ibutor  t a the [ r o c l u ct i ra of a i r o r i l  c l i t t l - r  . Fina l l y ,  we d iscuss  t b
r i d  f a r  f u t u r e  St a I i e s  of t he  c h a r at e r i  ~ t i  - - - of F — r e g i or a  au ro ral  c lu t t  a
a at r i snenora that  has received l i t t l e  or n~ ~i t  t ent  ion in the j a ~- t .  This
t - .~ of au ro ral  c l u t t e r  has recent ly ia - 1 v t~~~ t heo re t i ca l  s u l i ’  a t  i n  the
form of a plasma m i c r o i ns t ab i l i t y  mode l .
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1 IN ’I ’I lO l ) t C’F ION

DNA P ro j ec t  609 o r i g i n a t e d  in the f a l l  of 1961. At  t h a t  t ime , the

dt-a - i~tn and construction of c l u t t e r  radars  was s t a r t e d  in p r e p a r a t i o n  fo r

t h e  1:1814 B(YaVI . n u c l e a r  test series the following year . Following that

t e s t  st-i’ ics , t h e  r ada r s  were l I V e d  to  Homer , Alaska t o  conduct auroral

c l u t t e r  s t u d i e s .  l’he r a d a r  sys t em a t  that Lime consisted I)f six oper—

a t i l u n a l  f r e q u en c i e s — — 5 0 , 139 , 398 , 850 , 1210 , and 3000 ~aU i z — — a 1 i  of wh ich

we re transmitted and received through a common 60—ft pa rabolic dish

a n t e n n a . The research results of past studies have been published in a

I , 2~n u m b e r  of I i ’ oject 609 final reports.

In 1970 , the design of the 398—MI-lz phased—array antenna system was

started . The array was firs t assembled and tested at Stanf ord , California

during 1972. The array was then disassembled , shipped , reassembled , and

integrated with the 398—MHz radar system at Homer , Alaska . The f i r s t

operation of  the phased—array radar in an aurora l environment was

conducted during the spring Iii 1973 .

i t became immediately obvious f rom the firs t operation tha I the

phased—array rada r provided a quantum Jump f o r w a r d  in our  ab i l i t y  t o

unravel the lingering problems concerning the interpretation of aurolD : -

clu tter—producing mechanisms. By the radar ’s rap id—scan cap abih itv and

on—line computci’ s u p p o r t , the spat [al l distribution of auroral clii t ter ,

with minimal temporal/spatial ambiguities , could be mapped over a large

*
References are listed at the end of  this report .

3



1
C t- Ia~~i’,I t I l i  i ca l  a l ’ c ’ ; I  . f rom I hese  a a ç l s  , I riic ’ c l u t  t er  b o u n d a r ie s  ( an d  t u t u ’

d y n a m i c s )  c ou ld  l~~ - d i s cerned t h a t  a~~-i’c related t o  a I I t ’ Ii ’ ; I l  and r n a k r i L - t o —

sp h e r i c  pi ’ lc’(’sSL’s , a n d  t h a t  w e l t  i l i u l  due  t o  r a d a r  c l i : a r a c t  t r u s t i e s .

E q u a l  l v  i a r i p o r t a n  I was t h e  i r i s t a l  l a d  ion of the C h a ta n i k a  i n c oh e u - - r i t  —

sca t I er i’ada r
3 

bciiea Iii the central r e g i o n  s c a n n e d  Dv t h e  h omer r a d a r .

W i t h  t h e  Chatanika r a d a r , plasma parameters such as tiit elect n c  I ield

c’ it-c t ron dens i t v , and curi’era I dens it V c o u l d  be lea D i i  i’ed within the h o m er

r a d a r  scat te r i n g  vol  uni e . \i i th this COi l l )  t nat ion , cu r - p  11,0501 cad t)\ (It hC r

a a i r  n a  1 I :a t ’asUre f l l ef l  t techniques (e.g. , all —sk~’ cameras , magne t ou t -  I ers , and

ruck et— hauu’ n e and satellite—borne instrument ation ), grea t strides h a v e

been made toward an understanding of the aurora 1—c lot IC  r — pr o d u c  1014

-techan ism

IDe lirs t research results using the 1973 data were presented in

the most recent I r o j c c t  609 final report. Since then , sc-vt i-a l I I  i-u

fi el d t’ x Iat,’i’ir;ent s have been conducted . Data analysis was continued on

1)1 1th the 1973 data and those collected during the subsequent field

e x ) l c - r i m ent s . The research re su l  ts c o v e r i n g  the t i m e  period f i r

31 -J a n u a r y  197 1 to  30 S e p t emb e r  1975 a i-c t h e  p r i n c i p a l s u b j e c t  a t  t h i s

repI  a r t  . I)e t a  i is ( I t  t he  v a r i o u s  s t u d i e s  conduc ted u n d e r  t h i s  p r o j e c t

h ; ,  c- been published i n  t h e  j u l  l o w i n g  j o u r n a l  a r t i c l e s :

• ‘Fsun oda , R . ‘I’. , 8. I . Presne  11 , and 0 . 1~ . I c-ad r ib ra  nd , ‘‘ R a d a r
Aur ora 1 — h a c h o  C h ar a c t c ’r i  st  ics as Sc ’etr by a 39~~— M t t /  Phased—
S x - r a y  Radii r ()pe r a t ed  a t  Homer , ,\ 1 aska , ‘‘ .1 . Geoph ys . lIes
79 , p. 1 7( 114 , 197 I .

• Wang , ‘F . N . C . and 0. I . Tsunoda , ‘‘ en a Crossed F i e l d  i w o —
S t  ream Plasma I n s t a b i l i t y  in  t h e  Au rora  1 P l a s m a , ’’ .1 . (ieophys
l I e s , ,  80 , p. 2172 , 1975.

• Hunsucke r , 0. 0. , G. J . Rom ick , W . L. Ecklund , H. A . Greenwald ,
B. 13. Balsley , and H . ‘F . Tsunoda , “Structure and Dynamics of
Ion iz a t  ion and Aurora I L u m i n o s i t y  D u r i n g  t h e  A u r o r a l  1- yen t s
of M a r c I a  16 , 1972 , n e a r  C h a t a n i k a , Al aska ,” Radio Sci. 12.
p. 813 , 1975.
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• ‘I’ slii)Oda , H. T. , ‘‘1-icc t i~i c F it ’ id Measu nea t-nt s Abo a a I i a a d a  r

Scat ten ing \olume Producing ‘D i f f use ’ Au t o  ra  1 1 ‘ t i o a  ~

* 
J . ( ;eophys . lies . , 80, p. 1297, 1975.

• ‘l’sunoda , II .  ‘I’ . , Do lup l er \c ’ l oc i ty M aps  of t t i c  l i i i  I i~~i- H a a f a a  i’

Au no i - a  ,
“ 

. (Jeoph y s . lic .~~ , 81 , in p ress , 1976.

• ‘I’ sunod a , H. T. and H. I . l1 resncl 1, ‘‘ On a Threshold  1- led n c
Field Associated wi lb the : 198— Mll z D i f f u s e  R a d a r  A u r o r a , ’’

-1 . Geophy s . lies. , 81, p. 88, 1976.

• ‘Fs unoda , H. ‘F . , H . I . l’ resnei 1 , an d ‘1’ • A . Pu teinra , “The Spat ia 1
l lc l a ti o nsh i l) Between t i i c  E v e n i n g  R a d a r  Aurora  and F ield~
A l i g n e d  C u r r e n t s , ” .1. Geophys. lies., 81 , i i i  press , 1976.

• Tsunoda , Ii . ‘F . H . I .  I’r csne l l , V . Eamide , and S. — 1 . Akasofu ,
Rela tionshil) of R a d a r  Aurora , V isual Aurora , and Auroral

Elect ro~ cts in the I- vening Scctor ,” subm itted to .J. Geophys. lies.

1976.

Papers in preparation include :

• Wang, T. N . C. and H. ‘F . Tsunoda , “The Effec ts of Field—

Al igned Gradients on the Two—Stream Instability in an

A u r o r a l  P l a s m a . ”

• Brekke , A ., H. T. Tsunoda , and 2. .J . Baron , “On the Azimuthal

Dependence of Slant Range I)oppler Shift .”

Because m os t of the research results have appeared or will appear in the

open literature , we present only a summary of the resul t s. The resul ts

of ~he data analys is are presented in Section II . A description of

fir- i d experiments (in particular , suppor t of the l)NA ICECAP ‘7-1 rocket

program ) and any additions , imp rovements , or modifications to the radar

system are descr ibed in Section III. ‘l’he results of theoretical studies

evalua ting the ion—cyclotron instability as a possible source of auroral

clu tter are  presented in Section IV . A discuss ion of the results is

presented in Secti’m V. And final l y , conclusions and recommendation s

for further studies are presented in Section V i .
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II DATA A1~ALYSIS

In the study (If auroral—c lutter—producing mechanisms , we have found

t h a t  the  problem is most  effectively approached by seeking both “micro—

scale” and “macroscale” relationships . By microscale , we refer to the

local conditions within the radar scattering volume that seem to deter-

mine the behavior of auroral clutter . In particular , we were most inter-

ested in plasma parameters such as the electric field , current density ,

elec t ron dens ity, etc . within the radar scattering volume , and their

relationship to auroral clutter characteristics. And by macroscale ,

we refer to the large—scale auroral and magnetospheric conditions that

appear to be associated with the spatial distribution of auroral clutter .

En par t icular , we were mno s f  interested in relating the spatial distri—

bti t ion [ the convection electric field , particle precipitation , auroral

el i- ct i ’o j e ts , field—ali gned currents , visual aurora , etc., to the spatial

d i s t r i b u t ion of au r o r a l clutter . Furthermore , by comparing the macro—

scale relationships with microscale relationshi ps , we were able to

derive a consistent phenomenology from which we can more intelligently

interpret the aurora l clutter characteristics , particularly under complex

and dynamic conditions.

A . Microscale Relationsh ips

Comprehensive mnicroscale studies of aurora l clutter characteristics

were m ade possible by the installation of the incoherent-scatter radar
3

at Chatanika , Alaska. The locations of the Homer and Chatanika radars

are shown on a map of Alaska in Figure 1. Chatanika is situa ted directly

beneath the central region scanned by the Homer radar (show~i by a pie-

6
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- I s h ap e d  su t ’ t I I I ’ )  . ( a ( 1 1 5 ( q u ( l i t  l v , tit i’ i n c o l i e i - e t u t  — scat ten i ’ad a r  can be used

t o  mon i t  - a m ’ lu p1 asi a pa name tens wi th i n  a n d/ o n  in  t h e  v id i n  i i  V ( I f  t lii-

i o i t - r  a d a  r sea t 1 t n  i tg \ a  I i  an t-

li t t L i s t  d l lor d l  i nn  I i’d S t  t i d i - ’  us Ing I lie t w a  I i ’ada i’s was  c o n d u c t  c d  in

11) 72 a id  the l’esu its wi-re pubi i shj ed  in a I h a t  au i ka r a c la  r 1 1001 i t - j a  i t

II 7
and  suhsc ’que-u t lv as 1 WIa j o u r n a l  pa pers. l i i i -  a l a l n ’ a a c t i  I ak en  in  i D a  I

st  i a d v  was  t o  com p a r e  the  au i ’or al  c i  U t  i t t-  c - h a i - ac I t - i - i s  t i c - s  ~‘; I th t h e  c- I c-c t  i i i -

I i t -id vc-c t Iu - and ix eut i - al w i n d  dl (-tc-rtn ined I i’oia (‘hatanika r a d a r  n c - a s u i ’ e - —
5 , 1)

Ii~e - i i t  s • 1 l i t -  I irs t si gni F icant result was t h e  finding that dii fuse

-I 10
aurora 1 c l o t  I t - - i’ Was n ot  Pr~~

(11Iced by pr ll a a’v l )iil smul waves 41-ac-ra t 5 ( 1

11 , 12
by the B u t o - i ; a n — I ” a rh -v t W o — s  1 mu -a m in stabi l i t  v • h owe ve r  , the c - It t -I i ic-

I i e 1(1 St i’ s - l i l a  t h  was f o u n d  t o  be l a r g e  enough so t h a  I l i i i -  t w o — s t  i -c -a l -

ins t a b i l i t V was  a H i t  m a t  ~ vt . In o t h i t - i ’  words wh iii I i !  Viii’’ , p1 asnia W i v  C D

Wu - ? t a m ’ t s t l a  I , I hi t - v w e -mt not responsible f o x ’  t h e  back sc~a t t e m ’  a b s e m - v e d

1 ~vcr  the  az itnu th sec t, or scanned by the Homer m ’ a ; I a  r • 1-’ i on  the ana 1 vs is

( i i  t h u t -  l iopp le a - spt-c t ia of aurora I cli i  t I u - r , we concluded thta t d i i  aasa -

au i - a (i - al ci Ut  I c r  m ay  be a s sa a c  a ted w ith seconda i v  1) iaS~~a w av e s  ~ t’i xa ,’ i - a  t e d

Di- t i c -  s an e  instability. , \ i i  alterna ti v e  inte rpr etation is t h a t  Ihesu-

13
-at-c a~ la i- wa ~e-s c ou ld  be produ ced Dv I he g r a d  ien I—drift iris t a b i  I i t

dr  1- - 5 i Dv t he i~r ili a i-v t w a  a — t a t t e a m  p l a s m a  waves . The i n t e r a c t  ion Dc- i ~ c-c-ui

t I e  twa ’ u r a s l a h i l  i t  ies , wh ich is a c c o u n t e d  for in t i l t ’  quasi—linear p l a s m a

13
i n s t a b i  I i V~~~ - ‘D i l l  , W I L S firs t pi’I)p osedl Dy S ud a n  u - I  al . and a ppl icd I a

i - I
t l i t -  a a m a  m’ , i  1 I C - a l t - I ,  ri - Dv 14 a - eei iwa lii . The jil t t r a c t  ion was s ug14es t e d  Dv

t h e  ohs t  l’ ve ’sj I ) a a l a l d ’ i ’  \-elI )di t \’ Iltidi i t s  apparent ( h ( ’ j ) ( ’ I 1 ( i t i I F (  on the m i - a l e

‘ m a d s -  a l  I W(-~ I a  I hi t -  i - ada m t j t - a i : t  an(I  the d i m e - c - I ion  of  c u r r e n t  f l o w . F ’i n a l l i - - ,

t he a n a l y s i s  ‘ , f i awc - d t h a t  the aaccurl’ (’nce of auroral chi t Icr at 398 ~th Iz

t a i g l i l  he assa c ia i t - a I  w i ID ii t h i ’ a ha ld t ’ l t ’ c ’ i n c  t o l d  S I I ’ ( ’ u I 1 4 t h i  o f  a p h u r o x i —

u-i y I i i  nV/rn

‘l’ he 0551  Dl. re l a t i o n s h  i p  he ’  wc’ - m a  ionospheric -lect n c ’  I icicl st i’ I - i ~ . ml)

a i d  t h e  a u c u  i i ’ I - f l (  I - a I cli I I use au lau ra I cI ut i t - I ’  w a s  c i i  firmed and I a i ’ t ’ s ( - m i  I t ’ d

I - d 

8

— — 

p 
~~ 

~~~~~~ it,- - - -.
- 

~~~~~ ~~~t~-



in liii- m i ’ s - v i n c i s  P i ’ a a i ’ d ’ t 609 1 - m a i l  R e p o r t  and iii a ~ma pt- r Dy ‘I’ su i ioel i i  and

‘ in - s u e - I l .  W i t h  t h a t ’  :IHS—1 i11, phas(DI—a m’ra v ractai’ , dil1usc’ aui’ot’al clutter

— was  t o u n d  I I  o em _ t i n  o \ (  
~
‘ C h a u i  anika \¼hi dnc -vs’i - the meaSured i o t ( a ( S p h C r i C I

t i c - t I l i e  I i t -  I d  S t  mn’mig th s’xct-t’ de’d a n o m i n a l  Va hit’ of 30 mV/n i . Wh en t h e

t i s  c t l ’ i c’ I i t - I l l  s t  r e n g t h i  avas h-ss  (h a r t  that value , a la  l’a ( i ’ I (  I ci Ut  I t - i ’ was

i i ’ , !  1 ( b ) - i a a’vt’cI , ,‘e- ta a ntl It ss ( I f  t h i s -  e l e c t  ru n  d t - n s  i ty . Thu  t h r e s h o l d  v a l u e

is c u i - ~i 5 t e i i t s i t u  i b i s  a c t  a v a t  1 ( 1 1 1  ( a t  t h e  t ’, V a I — S t i ’ C ’ a f l i  instal)ili I as the

(l ’ il :aitl ’V & I i i v i n g I t t - D a t a  i S ! .

13 . V a t  r n- i  ( a  I .  a -  I a a  I t O l l ”

i n -  firs t m t - ’ ~u i t s  a , l t h i -  kind .15 i’ _ - n b t a i t i s ’ d  th rough  a n a l y s i s  o f

(hi- Spring 1 t ) 73  da (a and u t -  I ’  I m ’ t  e d  in  I in  ‘~~
‘
~~

- 
~

‘ in u s  Final r e p o r t  and in a

— — Iii
pa per on I he I i rs  t p h a s e d— a  m - m a y  n ada i- r ’ t - su i t s  . I t  showed iDa I. au  rural

c l u t  It- i’ cli sp i aVt’al 0 C’’ (1)5 i s i t - a t  I l i Ol’  ph i ’  I I a ( 14\  b ased ott s p a t  ia 1 dis tribu 11011

of t h e  a o l i o s a h i e n i c  ‘- l e ct r i c  f i t - l e t  an d  t h i e  1- — m ’ -g ion eh-c- t ron dens  i t i -  . flit-

a c q u i r e m e n t  (If D o t b  an  c- Iec t i’ i c field and an e l e c t r o n  d e a i s i  t v c l a r i fi e d

the hith erto puiiling relationship between auroral clutter and l i e -  vistial

im u r o l ’ a a  . ‘IThc’ d l i  I l u s t -  au ro r a l c l u t te r  t h a t  o c c a s i o n a l ly  ( ‘X i ( ’ i l ( t s  a a V e i  s e v e r -

a l  h u n d i e ( l s  1) 1 k i l o m e t e r s  in l a t i t u d e  was  f o u n d  in  the  e v e - r i  in g  sc-ctor  to

Ds - l o cal  Cd u - q u a  t o r w a  id  01 the  0(51  equa  l a I r w a  rd t sua 1 arc . 1h is  a -c -s o  1 t

is a p p a r e n t  lv due t o  (1) su b t h i - -s~io l d  e l e c t r i c  I it-id strengths associated

w i th a t - l I ons of i n t e n s e  precipitation , anal ‘on t 2 )  th e- ~a D ~~ t - i m ’ t -  ( a  si g n i —

f i c - a n t  p a r t  i c - i s ’ pitt - ipitation in r e g i o n s  p o l e w a r d  a l t  t h e  c u t  l u s t - auroi’a l

clii t t e l ’  and  c l i s i  a n t  I rotia the leuca  t ions of the v iSt l i l  1 a r c s .

16
l it se’corub !ii I ei’ J ( a n t  at ion is su p p o r te d  in an ‘t h~~’r St ( i d \ -  comparing

t h e  s p a t i a l  d i s t r i b u t io n s  of aurora l clutter , auroral el se - I rojets and

V i S O ~I l  au rora . I ’ h i t -  e a s t w a r d  e le c t ro ,le t ( a s  d e t e n t  i i i e d  by a m e r i d i a n  c ha i n

of m I a a a l ’ a t ( - t - a m m ( - I s ’ r m - a ) was f ound I ’ (  be colli e - ai l ed w i t h  t i n -  d i f f u s e  a ur or a l

i - l o i t e r .  I n  f a c t , t h e  b ou n d ar l i - s  of (If I h iss - a il i’ oral l c l u t t e r  could  be

used I a ,  a l t - I  j f l c  b o t m n d a m ’ i s ’ s  ( I I  t h e  t- as Iwa rd t ’ it - c - t  l’ o t t ’ t  . These r e s u l t s  a l e

~~~~~~~~~ ~~~~~~~~~~~~~~
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17 18
(‘((mis istent s-i th the I in d i n g s  of ( a i ’ e- , - m i w a a l d  et a l  . I or 50 MHz , (hat the

m- an 14 e— i n t e g r a l  ed backseat t er amp litude is of tcm, linearl y proportional to

I he- horizontal perturbation component ‘~ (u_ all) ’ -4- (aaI)Y of the geomagnetic

I it - id . The’ o c ’C i i m ’ l ’ e ne e  a d  the eastwa rd electroje- t (and diffuse ’ auroral

ci ut I ci’ ) in a a-co i ll) equa torwa rd of the disc i-c te visual aurora is con—

scst e-n t with the bo’c’sence ot lan-ic’ electric fields in regions of diffuse
19

p a r t i c l e ’  p a - t - c - i l u l t a t i on .

lit the ’ 1110 rn i ng sector , both di f’fusc and structured complex aurora 1

clutter were asm-u (Iciated with the regions containing visual aurora . The

d i f  lerence in the spatial correlation of auroral clutter with visual

iutlrl )ra implies that the electric field strength is not depressed! or small

w i t h i n  v isual form s that occur in the morning sector. Auroral arc models

t h a t  allow polarization fields to exist within arcs and in which the

se-stward electric h eld drives a Pedersen cut-rent appeal- to be consistent
20

w i t h  (lie d a t a .

21
I n  a n o t h e r  s t u d y ,  we f o u n d  tha t. t he  d i f f u s e  a u r o r a l  c l u t t e r  in

the  e ven i n g  sec tor , which  was found  to be co l loca t ed  w i t h  t h e  e a s t w a r d

ci ect rije t , was also collocated with th~ region containing downwa rd field—

aligned currents. The field—aligned currents were detected by a vcct (un

ma 14 rm t ’taIlIIe-t er onboard the Navy/APL TRIAl) satellite. The collocation of

field—aligned Currents with auroral clutter suggests tha t plasma insta—

b ilit it-s driven by such currents must be considered as possible contri-

butors to (he production of auroral clutter. For this reason , a

tlit- ’i r e t h cal stud y of the ion—cyclotron instability was initiated . The

f i r - s t  r e s u l t s  of t h a t  study are presented in Section IV.

The r e l a t i o n s h i p s  discussed above can be ui-ed to interpret wha t is

now believed to be a typica l evening—sector case under moderately

d i s t urbed  conditions. An example is shown in Figure 2 . The 40
0 

azimuth

sector typically scanned by the Homer radar is seen to contain the two
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4..

U
basic I V I ( t ’ S  1) 1  a t i i ’ o i ’ a i l c’ i u t t t - i’ , t h e  c l i i  t i i ~~e- hand (Jill ), and t h e  d i s c r e t e’

a i-c (ll ,\) . 
1 .10 

V i s u a l  a r c s  sc -a led I non a l l — s k v — c a u r i e ra ( ,\St ) I ( h a ( t o o n a p hs

I auka _ - mi ai t I a i ’ t  \ t i k on  ar id Cl iatanika am - s shown as s,il id limit’s . (I\ third ,

f a i n t  t ’ i — t i a i i , u i ’ c s t - c i t  in  the ’ t a p p e r -  h a l t  of th c- ‘ ( m l  Y u k o n  ~-\ S( ’ p h i o t o o m - a p h

W~) S no t  sc’aI .,-d D t - c a a i i m - u t ’  t h e - i n ’  w a s  no c o r r e s p o nd i n g  aiuro a ’al clut Let- leatu m-e- .

i i i  acid it i on  , ID.,- I (((it-Ward boo tida r-y of wha I is be 1 ieved I I I  be the diffuse
‘)~ ) 03

auu ma  na ‘ has all SI )  Deci seal c-cl and shown as a da sh ed limit- .

The l ii)  i s  - i € - t - m i  t i  e x t e nd  I i ’ ( Itam j u s t  n o r t h  a i l  1 a a l k e - e - t n a  ( and  lim i (c-cl

by m a g n e t i c  a s p e c t s e- i t sit i v i t i - )  t o  a l m o s t d i r e c t l y  l iv e-n h - a l l ’ ! Y u k o n . Tile-

1)13 a l t  ala i - i l  b i l u n c i a r - y  is a s s u m ed , in  this cast- , I 0 cOrre Sl )O l i( i  1( 1  the

p o l e - w a rd boundai-y  ( I t  t h e  weak  d i f F u s t -  echoes t h a t  is c o i n c i d e n t  w i t h  the

P() 1C’~’~l r ( l e - i i ~~t -  o f  I D.,- d i f f u s e  v i s u a l  a ur -o r a  . I I  t h i s  is the case , t h e

t w o  ~- ‘ -oial  a r c s  and the  DA , w h i c h  is s i t u a t e d  be tween them , m u s t  be

in u beelded s i thin the DB.

The morp hology is consistent with that found from scanning I)hOtO—

22 23
m e t e r  data I a u k e - m i  fr on i  t h e  1515—2 s a t e l l  i t e.  The d i s c r e t e  a ur o r a l

arcs are imbeddect w i t h i n  but  n e a r  the  p o l e w a r d  b o u n d a r y  of t h e  region of

c l i f  f u s e ’  p a r t  i d e  p r e c i p i t a t i o n . Flit- 1)13 co r re sponds  to a region of

enhanced e l e c t r i c  f i e l d  s t r e n g t h , diffuse particle precipitation , down-

s-a rch field—aligned current flow , and the eastward electrojet. The DB

is u o d t u l a t e - d l  near  i t s  polewa rd boundary  due to a cor responding  m o d u l a t i o n

in the  e l e c t r i c  f i e l d  produced by intense localized particle precipitation

as soc i a t ed  w i I h m  t he  v i s u a l  a r c s .  The DB poleward bounda ry is therefore

pr i)dt aced Dv the  absence of s i g n i f i c a n t  p a r t ic l e  p r e c i p i t a t i o n  polewa rd of

t u e  d i f f u s e  aurora . t’pwa rd field—aligned c u r r e n t s  were found t o  be
16 ‘~-l

a ssoc ia ted  w i t h  the  d i scre te  visual arcs . ‘
~~~
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C

I I I  I-’I1~l II I X I a F Ii l l tI~ i l i -~

1 . I i 1 ( , \ I  ‘ 7 1

I S a  a I a c i d  I l i p S  a’, s -  I t -  t ; a a i ( h ( -  I ( a  ~a a t  ic ipa I i- iii t h i-  h i N , \  1(1- ( ‘~‘sI ‘7 lÀ

ara c h 7 11) a ‘ w ’ k t - t  p m ’’a Dm ’a m ’ as. Thi s l h o m ; a c ’ z ’  r a da r ’  was opt-ra te-cl bet— -- a s - t a  l- ’ eb—

1-wa I-v 13 and! \ lar c h 2 ctt i i- i r ig the- ‘7 LI 1 _ a ( ‘Fa s t l a u n c h e s  J i ’ a i ~ I hi’ Poke i I l a t

i” i ck t , ’t  r a n _ a t -  an ( i  ii ~~ l ‘ ‘ ( ‘ C I )  ,l~~i ’i l a i  arid 19 , the- I l I a d  Pe’i’iocl of the ‘7 1 1 1

i’a (e’kd- i pi -a _ at - a at i . (‘(‘‘c i t - i , clue t o 1( 1 1 — l i n e  C a ( l r , I R i h e - i  difficulties , no a u i - a ) a - a l

clot I t- i ’ da ta ‘a l ( ’ l ’ 5 ’  - i i I l t -c  t e a l  during tt i - (i r e ’ s  u l  the- 1(’l- C~ U ‘ 7-113 a - o c l<-I

l a u n c h e s . À ppi ’a t-.a im a a a t e - l v  10 hours of dr i ta t ( e r — m a p  d a t a  Wem ’ - col h-ctc-d

( l u r i n g  th at ’ L m o  h e l d  ( I p e ’ r - l I t i c ) f l S . In the follow ing subsections , we’

presen t a b r i e f  Sutaml-ai 1- of t h e  ( ( a  wue- a l a u h i A  F ( I a  La (‘(11cc ted dun- a r a ~i the I I m a c-

Pe r- i ods a i-ound I lie- it .l- U,-U’ 7 1,-I rocket 1 aunchies

1 . 1 I February 197-1——Black lIt-ant and U te Tomahawk

~\ B lack  B r a n t  rocke t (Al 8 .1)00— - I) carry jag Inst a - ti m- r e-n t a a t l i i i  l a )

mn e a su  m’ s- 1k spect ra d u r i n g  q u i e t  conch I i o m a s  was l a u n c h e d  froni  l’ oke ’r l ” l a t

a t  1007 VT. T h i r t y — S e v e n  minute s Ia t e r , a t ’ te— ’lan ,uahaw k rocL et  was a l , so

la u nch ed , ca r ry  j ag  in s t r u n t e n t a  Lion to d e t e r m i n e  t h e  neu t ra l a I m l a s p h e r i c

d e n s i t y  and t e m p e r a t u r e , a l so  d u r i n g  q u i e t  c m d i t  ions . The georaiagnet ic

aand au ru ra l  coai d it  ions d u r i ng  t h i s  ( in c  per iod  w e - i’ .,- re 1 at i c c l v  cl ii ic- I ,

w a t h  I he (‘ i i  l i e g e  l l —com np one n t on ly  a b o u t  I I ) \  a Doi ’e- the-  q n i t -  I — I m a t  l eve l

Any v i s u a l  a u ror a l  a c t i v i t y  (h a t  na a iy  b a a  vt ’ been ( i c e - u ’ Cha t a n  ika was obscured

by c louds .

A u r o r a  1 c l u t t e r  was i i  i-s t seen a a-ounch I~~~~~ UT appu- ox t m m u a  t ely

300 Lean n o r t h e a s t  of  C h a t a n i k a . The echoes were r e l a t i v e l y  l i m i te d  in

both l at  1 t u d a m m a a l and l o n g i t u d i n a l  ex ten t , in  c o n t r a s t  to t h e  broad

13
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I , I t )  
- -

(Ii I I l i s s- — IFuil d (1)11) s i g n a l  lil a - s - s t h a t  are of tc’mi s e e - m m  d u m i i i g  Lb i s  t im e

at  l ’ i a  i f  ta m a le- u a l i t  , a c  i 1 ii a a u r l ) I - a  1 ci)ndt  a t i a ( t i 5  (se-c- I i gu a c- 2 )  . By I tie

t i m~ e- of  tha t - I’ ac ke- t I a t l f l C l t  , I h a e - 1)13 had moved w i thi mi 200 km m i i i i -  ( h i  ol

C h a t  an i ka ( a n d  (hi I c-c - I I i  a v e - i -  F o r t  Ytakon ) , but had  a iso weakened . An

a a ui u’ a i ’ a i l  clii i I t  F m a p  I .iken a m -  ‘ i i a a ih two aaa inta t i-s a f t c - a ’  l a u n c h  is sltl)Wfl in

F igu i t  ~3 . I b i t -  l i i !  is ~c-t-a i t ‘ be- p
~ 
tch y but c ain be shown I )  be mO le a i m -

l e s s  ai l I O i I t ’ ( l  a l aim ig a c ( I m i s t  a n t  a ,a ~~ ai (- t ic I — s h e l l . Ih i e- 1)13 can he’ se-c-ta , by

e - xL i - c a s i n g  am l i t t i t ’  ulaua i g in a ti o n , I a i  h a -  b i f u r c a t e d . Tha t  is , th e-re

aa p p s ’ a u  rs to  be a i t o  lofl with in (lie 1313 w h e r e  ito aunonal ci ca t ter is obse i-i- eah .

Tha t reg i ofl all So , l (  ( ( s - a l l ’s t t )  be a i l  i gned a long an 1,—shell . ‘l’h - an rs)ra 1

clu tter cain t inued I ii iis- aa kt ’mi and was esst -m a t j a i l ly gI)ne ’ Dv 0606 t ’ T

I’cak  e-l~ c ta-on dens  i t  as - a - - nicasu i- c-al Dv the Cha ( a l i t  i ka r a d a r  wea-e-

3
typicall y l ess than 5 - 10 el/caai in the F region and no h i g h e r  than

3 25
I I )  c-I  c m - , in t h e -  F l ay e r . SinCe the returned incoherent—scatter power

W a i s  SI) s m a l l , u - c- I j a b l e  e s t i m a t e- s il  t he  elec t a ’ic field couldt not be mamade.

15
rsunoda and I ’ m ’ .,- i - a i a t - l l  showed that in adldi tion to a th resholcl

ele c t r i c  f i e l d  strength of 30 mV/rn , t here was a n m i n i m u m  e l e c t r o n  d e n s i ty

Itt-low wh ich d i i lose auro m-al clutte a - also could no t  be detected . T h a t

c’a l iie  was a few p a r t s  t imes 10
1 

el/en
3
. W h i l e  it was not established

~h ae (li e - u’ I l i t ,- in u i  i maa um ai e lee (ron d e n s i t y  rep resen ted a t r u e  “threshold ” in

t he ’  e le c t r o n  densi  t i -  or w h e t h e r  it corresponded with the s e n S i t i v i t y

t h i ’ t ’— h i a I a l  1)1 ID,- radar , the ia,s’  F— r e g i o n  elec t ron d e n s i t y  measu red  by

t he ( ha  tan i kai radii r~ imi m p l at’s t h a t  the  e l e c t r i c  f i e l d  strength could have

been o r eat e r  t h a n  30 m V/ n i . I f  t h i s  is the  case , the presence of bifur—

c a t  ed IMI over I- ’ i a - f .  Yukon may be due In (lie presence of ’ an a a u r o m - a l  arc in

the  reg ion  ol ijo radar  s-C -i l l . The aurora 1 arc corresponds in b ea t  ion to

a region 5 ) 1 I a  i c a i  I I ,t ’i l  p a r t  a t -  I t ’  p r e c i p i t a t i o n , and hence , enhanced elec t run

den s i t y .  Th e a a h s t -mac e ’  l i t  auro ra l  c l u tt e r  w i t h i n  the b i h s a m- e - ated region

cou ld  be e x p l a i n e d  by the depress ion  i i i  the  e l e c t r i c  f i e l d  ( i n  t h e  even ing

st-c tor) by the Intense f l l n l / a a t l u f l . This q u e s t i o n  can be answered by

14
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i - e l  t - r r i n g to a a ( i m  a c a i l  ( i - i  t he- i’ al I — s l ~ a n ’  1 i h i , t ’ a m r e  - a - u ’ )  t a a t a  t a k e - m i  I i’a n a  I i i i ’ I

I 0
Yukon . baais e -d oma I bat- I ind a ma g s p m - s - s t _- n m ,  d a m i  I sua m a (l (l a i et al . , t h a t  v i s u a l

a r c , i f  p i t - s e - m a t  , a s  m i h n i h a l  )a ’c ’ aite d ne-ar b it t- I a a w e ’ m ’  l a t  i t u d i n a l  h o u a n c l a i i - ~
21;

1)1 (lie - la i a i u i - g ( b i  - - ( ‘ a t I  I 11) 11 a I V

(i c- s(-e’’ (ii( I l I t - F a t  I was lamunch ed a l t  1)0 -I-I t I ’  d oming i j a i  l e - t a a _ a I i c - (  I C

c a a u a t l a  I l o t u s  t h a I  ‘t i’ i— iSt C(( I m a a l : a  the I i r s t  r ocket  l a u n c h.  Th e a aul a ’ ai ra l

(I at I, i’ l~’ ’ l i t  t jta uie i l t I  t a t  V t - m v  r e-a l -a and pat chis ’ S i ra ’c~- t h e i r  m ’ e’, a ma p l  a ui’ a um icc-

around oh in II ’ . I a c -  a u i ’ a i i ’ a i l  c lot  m t - F  Im iap c -oa - a ’csp onding t i  aI (h )i- (lXim a t c l v

w a  i tI~ i Ii I - ‘ s -s  a a  I I ~,- a’ a he ’  ~ e ’( ’~ t a c t  i’ a ( ( ’ F a e ’ t l a u n c h  is shown in Figure 1 . ‘the

i-cl a s s  a l a . a i-ound ~ ( 1() kin a t u  t h i s -  c a s t  a z i m u t h s  aaa aav be m t-a - a u a a nts ii I h ue - 1)11

s e t  a a r-uu am iel ‘ h a t  I i l - s t  m i - I-r e I l a u n c h . ‘I’he i so l a t  t(1 c cli i pa tchi er s si ,utlt

a a t  I ha  I aan cka a and .-ae- e-~- a tag lv au a gncd a 1 al a ag a n m a g m i e - t ic la t i t aait t_ - taiay be-

l t  la  t ~-d I I I  a visual arc , am I t  t i i i u i g h au I — s k a -  — c ’ a i a l a e -  i- au p h i l  a t  a i g  i - a a phs a v a  i laDle-

h a i r - (_ (ia a t a niil-aa i d iu t n o t  m ’t - v c-aa l ama y aut o-a lu c ’ t o  e-ontimtued cloud (‘ a l \ t - i ’ a a g s - .

2 .  19 I ( - I ) a ’ u a a i ’ v  1~l7 1 — — N  i k i -  I Ivc l ~ac

~\ N i k e — H y c l a c  i a ( ( ’ F a t ’ t  ( N i l  7 1 — 1 )  e ’ a i n m - v i n g  a I ’ ~ -\ chac - t r u i c r i l i s - i t - a s s

p a a \ l n a ( i  antI a l ai I i i  m ii r— sphe r e atumo slml ae --n - ic a l t - n a-a i i ~ ’ s ’ s p t - a - i m - c - t a l  was l r i u a a m c h e c l

r at l a 7  fl I -- F (m i - j u g  q u i e t  c l ) f l ( lj t i o f l S . ( a t - a n - - a g t a e - t iC r l c t i v i l V  a t  (~ ( 1 I  l e g s ’  was

low , al  though s a l t - u t ’  ( a s - m t  u t b a i l ion b c -ga in  just prioi’ to 1 a iiaac bi a t  a b o u t

2 
‘i

li 7~,(l ( ‘ I . T i u t -  aaa a ig n c - t a t - deh lee t ions can be a n l e ’ i - ( a m - t  t e d  iii t ( - u i a i 5  i t  ~‘ae

i t e - ’ , t - l -  i~- -t - ti t - a t  a ws-a a k w e s t w a r d  c tar r e n t  , l o t - a l t - i l  ~a ’ a l s ’ r u a a r d  of  C o l l t ’g e - .

‘I b i s  a a i i m t - a a l  s~’st  t a - a  w a s  l o c a l i t t - i b , s i n c e  llfl m ’ r ” i w  d id  n o t  m’c ’c -o a -d s m a h s t a n t i a l

_ a t -a  I I  a a ’ g a a - I  a t -  a c t  a c - a I v

i b u- a i i a r ’a i r a i l  c - b u t  I s - a - , S i r n i l a l r  I n  ( h o s t -  se ’s -mt du r i n g  the I in s t

i a  k~ t 1 i i a m o - h i  , I a )  i l’ a t - ( f  II  wea k 1)11 a p p r o x i ma  t e - l y  200 km fo r t  b a e - a a s  t o f

l i r i t a n i t k a i  ( a n d  d i  i - t a - i  ly  a l v i - r h ’o r - t Y u k o n ) .  Sho r t l y  h i t - f a t -  t h i s -  i - ac- t a c t

I , a a i a i i I i  ( 0 7 1 ’ :3 0  t’’r ) , the DII b i f u r c a t e d  into two l a t i t u d i n a l  se -ga - at -mat s,

I l i i s s ib l V  s l u t -  t o  t h e  ib-c ’e- lop imaent  u t  a visual arc within Ihe lIlt . (A ta i n t

16
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a u u i ’ a i u ’ r i l  u i - c  was  a,h)s(-mve’d on t h e ’  n o r t h e r n  i i o i i z a i n  ol  the (.‘hrl tanika n h —

sky —c - r i a a e l’ a a  ph o t o g r a p h  and ni l  M a  Dv a m e - r i c h  i a n — s c a n m i  i i u i ,~ 5. 1 / 7  ~~~ ( a h i a  i l a  ltIa (’ I (‘I’

25
- ‘ ( 5 -  F~ a t  (‘(I Dy ,‘t h - ( Ii I - -‘1 51 . ) ‘I’he ala i- a~~~’ a u l  c’ 1 cIt I t i ’  m a p  taken a ppn-ox i aaua (ely

t w o  , i n i i t c s  n it I t - F t he  r a i c k t - t  launch is shown in Figur-c 5. Its’ t h i s  t i m a i t - ,

i b m e c-i, - h m  - a~ -~~ h ad  w e - r u  kened , Dcci a-ta i ng  pa t chv

‘Flier e’ l e - t  Fl ) !)  d ens it ics w e m - e -  v t - I - v  low , as M e a s u r e d  Dv h ae

25
(ha tau t i ka i’adau r . I t t e -  F. — a - e-g ion  elec t r uin dens it s - was appu-ox ii:aa t c-I y

11)
1 
el c’maa , a g a i n  h e - a i v i n g  open (he possibility that (lie electric I ielcl

c li i  id  have  been gr - a a  t e a -  t h a n  30 mV/rn . ‘l iter F—re gion t,’lec t ron dermis i tv was

1 3
no g re-al t m -  t h a n  0. 7 10 s-1 / c ta a  , (le’Is- m ’a i:lu i e- d only r u t  ter -13 m i n u t e s  of

m s - g m a t  j i m .

a . 21 F’e-bx-uaa’y 197 I——13 1~ack l3aan I (1111(15

:\ Black lIt-ant i-ocke t (~\ 18 . 11 6—1 ) v. u t i t  a II I R I S  p a y l o a d  was
25

l a u n c h e d  a t  1)016:31 ) t” f d u r i n g  a c t i v e  a u r o r a l  and g e - u i m a a a g n e t  mc conditions .

t a - a I a u - I  uai aa m c l v  , du n - i  ma g this time i)cIiOd the II laM e-F ph a s e d — a  r r a y  i -ad a  r

d ev - l op e d  M a l l  t w a a  i-c’ d i f f i c u l t  ic - s a a s s a i c i a  ted w i t h  t h e  e l e c t r o n i c  s c a n n i n g .

,\ u r a a m a i  1 clea t t cm- cIa tn were , howev ea- , collected on the  139—M h z r a d a r  bea t

w i l l  n o t  1)5’ i re-sen I € - t  due t u l  d i f f i c u l t  v in  i t s  ir a t e r p x -e t a t  ion .

I . 23 I e - ij n i i a  i v  107 I — — b l a c k  f I t - a u n t  (Mt ’ LT I

A B l a c k  I t a - a m i  t a’ocke- t ( - \ l 8  .2 1 9 — 1)  , c a r r y i n g  a ~1t’I,’l’ I I)ayload to

iu b s e i ’v e-  s a p p e a — a  t m o S l )h e r i c  c he m i c a l  processes and Il l  ena i s s ions  w i t h i n  a

b n i  gh t auroral au rc was latinched at 0738 : :uo UT d u n - i n g  d i s t u r b e d  a u r o r a l
25

and ge a )aa aa gn c- tic conditions.

The chia rracte- ri st Ic 1313 radar signature s i m i l a r  to t h a t  p ,-esented

in i-’ igi ai’e ’ 2 (Sec t ion II) was se ’ s - l u  t h r o u g h i i i i t  t h i s  ( l i n e s e ct or  a round  the

l a u n c h . ‘l’he nm mrr o rnu l clut It- F rma ap I a k en  . u l i F ) I ’ a i x l a ? i n l t tj l S’ two  m i n u t e - s  n a f t t - i ’

18
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t h e  i ’ a u k t - t  launch is show-n an F’igum ’ - 0. Ibi t - mtuap lor u m uat wa us i ’ hi aa uaaae c I I ‘ ‘ a M  a
t h e -  p lu r a l — p l o t  l o n a a n u t shown in  t h e ’  I i a ’ s t  I him - i-c I a M a i a e - s  t a u  thc - i ’e - c t a n g u l a r -

s i r a n t  — v s - m ’ s u a s — r a -z n m a u i a t l i  Iou - m a i l , du e- to o n — i  a a u e -  d i i  f i c i u l t t t - s  w i t h  t h e  l u o l n i r ’ —

p h i t I n  na-a ni

‘I ’hc 1) 11 a m-a s ee - i a  In c - a - a t e-nd I i’ om a a 5( 1 kma i north if (bi ~~ t n i a t j k a  t o

nl (l I u u’ a( xi a a a r a m c -l% ’ ~l ) t )  ktai 5 ( 1 1 1t h  a l l  ( ‘h a t n i i a i k a  m h i e ’ u - e - t h e  a u a ’ a i a ’ r a l  c l u t t t - u ’  i S  ( ‘ r a t

ol I by a a n u g ta e ’ I it , a s ~ ’e ’c t s t - it s  i t  lv i t y  . l - : x n a a ,  i ama I ion  ( I I  ( h i n a t a n  j k n a  a 1 i— slav —

c a a m m I , - l ’ a  p h u u t o g a ’ n u p hs — - h m i ~~~e-d t h a t  n u b r i g h t  v i s u a l ,  au m c  waa s l o c a l  ed a l o n g  ( bu t -

l i i i  pc) I c-v :u rd bounc hn u a y  • -‘i se cond  , I a  j u l  a r c  se -g t i aen t  was  a iso se-c-ma d i  F(- (’ m l v

, a v t - F  ari d to (lii ’ We- M t ui  C h a t a n i k a a  t h a t  c o i n c i i l e a s w i t h  t h u s -  b i l  u i F C ’ a i t i u , a a  iii

the 1313 ‘ vet- Chatama ika (F  a grim ’ s- (~) . Ibi s- hi I aim-c-au 1 C i i i  was r a ( l ( a a r c nt  1 5’ p m ”  a d a a c t ’ - d

Dv Ila - dc l i t - M s  i~ in  ( I f  the (‘it-ct a ’ ic  1 ie Id Dv pa i~t i C  le la - c r c i P it n i t ion .

w t ’ s t w a u ’ i l — m  F a l \ e - I i n g  su rge passe-il oven -  C h a t a u a i k a  w i t h i n  ( lie ’ n e x t  l i v e

ni i um um c-s a l u a n g  the-  PB polewan-d boeandaav -

Ib is- Dl) is typical of tha t usual Is- observed cliii- i ta g au a - a l l I S ’  F ,  telv

activ c~ e - \ - e - m i i l m g  i c - r a Id whe n the PU is  essent  i al l y collaIc’ autc-d with (lie

t r ust wa rt elect i’a u~ e’ t and the  poi ewa i’d boundary  t-epn-esen t j ag  t h e  lower

ru t i t  cid ira a 1 D’ u u n d a a  i -y o f  t he  I h a r a n g  d i s c o n t i n u i t y  . l- ’ or t h e n i m a o r e  , the Dl)

r(’(( re-sen ts a rc-g i u uaa of downward V ie id—al i gai t-cl current flow’.

I n  a a c c ’ i i a ’d w i t h  the  above d e s ci i p t  ion , the (‘ha t ala ika ra da r

a M e , aSU re-d a n o r t h e a s t w a r d — d i a ’e s a t e c i  d e c  t a - i c  f i e l d  vector  w i t h  a s t  i - t u g  I h

of  a ; a ( a m - Ix ia - ni t c l v  131) nV/rn . 1- , — h a v~’a- e le c t ron  dem’i s i t  ic’ s w e y e  o f  t he  order
5 3

u , I  10 i-I ~ c im a

II. J ) a i f ) j ) l ( m V Cap abilit y

3 third h eld tr a p  was m ade during November 197-1 t i  i n s t a l l  a a h a r d —

w i r e d  I r a s t  — 1- ou r  icr—trans Ioa~nu (FFT ) processor for neau un—line spect rai l

d i ’ - , t I V  a I a ifls I l l  i i i  r i n r a  1 clutter. The cl)unpu ter p r o g r am t u a  iuig necessa i-v to

u i 1 l c -  l a t e  ( i t t -  ci  a (  ( e r — m a p p i n g  radar-  and to  take data in a desired I u i i m a , u

20
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was  c’ - ‘ I - a u l e ’ t c d  rind a l t - h a i g g e - i l . The p a ’, aia . m ’ ir m a i a a i t g a uts - e -a - sri m tO I l’ ~ Ce’~—~— m li e -

u’ t - i ’ & ’ a ,’ a a i ’ d c ’ t t  c - l u t  I t -u - that a u throttgh (he FF1’ I i r u ( ’ t ’~~ -’’ a r r i n d  to 1) 1 1 ( 1  I ) l ) h ) I ) l e I —

c - l a  it i t ~ D a na ~ S was a iso c u  i m a a  
~ Ic- ted . In t he P i’’(’ e’Mmr a l l  d e l  a u g  a-a i ng  t h a s

h a l  ( ( S r  1a’ a ; a l ’ rlm 1 , i t  was f ound t h a t  I h i t  h VI l a m e t - s s ’ u u ’  \a ;a ( a i  I d  n ot  c - x s - e u a t I-

t r a u l s l o u ’ i - , a- - at t h e  r eqtu i i-t ,ad i ’ a at e .  3) the t’ a a uf of Ifte 1i ~’I ui t i - I l), t h i s

1 1 a ’ a a ( ’ e ’ s~~’ a ( u ’  was i c-t u rned ho the ’  Sil l -a - m m l ’ u  Prt t - k  h a r t - i l  i t s .  -\ p p a ’ ’ ’ r a a a aa : e ’ lv

12 ha lii i’m-a i i i  c - lu  t m s - i -  Dupp l  c m -  tha t ai we i-c ’ icc ’’ i d a -al du n - a rig t In , f i e l d  I u - i p .

‘Iii Sc u I i he ul a i t a had  been i’eciurdedl Pr’ ‘I ,~’ u - iv , a eta ta  se- I c al l I s- c l cd

d u r i a a g  n u -c m iod u i t  s’U D S I ’ a a l : u  a le - i i v i t y  ( l l 2 H  t’’I’ , 2 ) )  N i u v c ’ m : a D ’r 1 0 7 - I )  was

a i  i - s m- uc - d  us n a g  s u i t  t n arc I- FT techn iqtaes . The r e - s t i l t s  a i-c shown in

I- i gui mc- 7 . l bae  u n — i  I a c  a a u u  u’ a u  m a u l  clu I tea- Dial’ is shown in (‘ I gal  a -c- 7 (a ) . Iii

om-d ,- a t a 1 a l e c ’  u a I L a a , a  g i n ,  t c- t he  la u - ge- i- c onu - a lt cr t a u er a u o i - v  a- c aqu i a - eaaa c-l i ts , u n i v  the

t l a a  t nl I F’ II - 100 km I i  1100 kita s l a n t  range - are processe d aind lil a l u l l e d  . 1 hat-

e~h e a t  I c r  m a p  does not a p p t ’ a u  I- I a u  i-eveal any conaplex echo streac (ti re that

aam jgh t be cxpc-ctcd unde r  substornu condi ( ions . A ur o r a l  c l tu t I c - F i S  M e - c - i a  t u l

( ‘x ten ( l  I rum -1St ) kin , s-hcra’e the radar echoes a t e  c d t  o f f  Dv ni na - ar c -  t ic ,us~ue-c

s c a m s  i t  a v i t v , to 1100 kin , w i - a c m - c -  t h e  c l u t t e r  appears weaker rand m a- are ’ (nil c ha ~

0
I a u  I~ ! i a u i n a i / e  c o n u p u t a t  ion tim e- , (u maly the d a t a  taken eve- a - a - - 2 an c - h r  a —

t a on -‘ ~ h -l in azin a c at it we-a c pa - aii :esse -dl - Cont a ( 1 i~~~5 o f  cons  taun t a, a i g i c1

i 1 ‘ c - I t s  s’s ‘c  t b i t - a m  h a n d — d  aawn through the m al e- a l l  I)oppl cu - —vt’ b c  it s - va 1 ua es .

I bit- rt-- -~u il is , shown in b- iguia ’e 7(b), arc  c- l ea n t a u n t- C o u a i b i l c ’x  in  \ t - l a a c l t v

slat’s- than I ha t - s an-c in cle a t ter—a rmapi . I tu de  s l a n ( c ’ c’ . l ’ b a t - mn-  n u l ) l ) e - n i u ’ s to be ito

a l h ) ~ ’ I a l i a m - a  r e l a t  i l ) n s h i p  b ue’ t w -een the  , ( l ) m - a ( - , ’ v s - d  u’ , u i l i a l  I k ) I ) ! l l t - r  v e a l a u e i I is’s rand

c lo t  I c - c a m u u j ) i i  t i l d e .

i l  l i e - c th a n  the t r u e  I th a i t t h e  d a t a  Sc- n e  i uu i le ’ ci l rccotdetl properly

1 i tt le physics t r i l l  be e xt  i-acted I m on a t b  i s  h a r t  it o  l a r  t - x n a u a i u l e .  A c t u a l

an n I ys is and ut iii ty of t h e  l)opp 1cr data wt 11 ha ye’ t o  beg in  w i t h  inure

S I , u b u l t -  ue’rjods——e.g. , those  in  wh u - ht there t-x i st s  a w c l l— b c h a v c - d n b  t e n —

noon or evening 1)11 or  stable (Ii sc n’ s-is- a rcs (f)il
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1 . —~s - n u  t h u  I oF  Plasma l ine Iiaacksca I I d - i

anal I a t - i d  t a - i p w a u s  tnau ( l e  clu t’ l u g  1 ( 1 — 1 7  ~ a u a -c - la  1075 I I I  s e am  rch I a m ’

time ’ 11055 ib le c x i s m  c a m e ’ s -  II! p lasrmua — 1 b ile Dai c’ kst’ au ( It-a’ dua-in g ut ’ria i ds if

il l t e lla— s - aeai’o a - a , 1 rie t iv i t s ’  . i’D a s S tcaslv was iii it ia It-il 1)5- ha- . ‘1 lla m a ~I i mm kci I I

I h a i r  c - u - a-a ide b a t - s t - r a m - calm I n st  a (ta l e’. Ibav ing pa r-t i cip L a l edI in au i aa ’a sph e-a -i c - h a F
27

f a t ’ , a l  l u g  • .\ a - e - l i i a ! c ’ u i t s  where p l a s u a a a — i i n c  ha a ca I~ su ,’ n u t i c r  wa s  obse - i ’~~e - u b , l i i ’ .

2inko l I ab )pi aalchcci the Na i l iu )n )r a i science I a a u i u a u 1 n u t i o ~~ W i  t im a l ) i ’ a l h l a l s a a l  , wh i ch

was  I(’ce-~ u I c d , t o  sen a n ch I or t h e  po s s i b l e  lu r e se n c e  i l l  p l a s m a — i  i m a e  b a c k —

s c n a t  t e a ’  that ma m i g h a t he a a s s o c a u r u t e’d w i t h  at l r o ra i  aCtiv i(v

I ic - 139— and 398— ’- 1li radars  a t  b h u u m ’ , e - r were a u h e a ’ a a  t ed using the 13i )— ft

m e - f i t - c t i )  r a - am - a t c n mmn m . 3 I le wle t I — l ’ a u c - k a u  a d  spec t m i i i ! ;  a n a l y z e r  was connected

t o the l 0 — l I z  I I  a l l  ‘lam e’ oh Ibu c - two m a c l a i r s . ‘l’he a n aly z e r  a l  luaw ed a s c - r a m - t b

in  I rcqu e.- a a c - v  on both s iu c ’ s i i i  the l i i i  I l ’ e ( h u ie - l i ( ’ Y aUm ’lai ’ n ul c’iu lea - echo .

- - c -n i u - s - b a t - s  ac t. - r c - mu a a a i l e  to  ~
‘ 10 ~,i l Iv  . ~\ n-m an g e- gate was ui-at - cl  t a u  al liuw only the

au a m a  a u - a ,  I c - l o t  t er into the ’ spect 1 0 1  n Ina I z e n ’

‘l’he O i ls- u - nit ii ui~ r u 1  pn ’atct _’diin’e ’ was I l l  aa a u b c e -  a sc-a rch  l I a r nu a a n , i u ’ n i l ch a t t e r

by uaianua l ly  scana i a ig the a-antenna and using the noraaanu 1 ,- \— s c a n  d i s p l a y .

31 ter a ira a-ge signal I —to—no i sc rat ju l ( i$N h a )  echo was f o u n d , ( lie rnanuam 1 is-

con t i-ui led a- au au ge g a te -  was p051 1. i u i m a c - d on the a a  aar on - a , 1 echo rind th at - s l ie d’ t rum

a a a u a u l v , e - t ’  was uas -d at both 139 and 398 MHz , aiterna lt-ly.

l ) v ~ - r aa period of s i x  clays th i s  te c hn n i q uae -  was used t u u  s ea rch  f oa-

p l a s m a — i  inc b r a c k s c r u t  t c-F at rail hours o the nigh t and d a y .  D u r i n g  the

six days , both O .iftu ,se- rind disc n-c’ t c- auronal echoes were observed with

ain p i i I tu ft-s up to - I i )  dB ‘;N la . Titese slg n a i  st rengt las correspond to some

of thc sb ronges t n i u rural cl U t  te t -  ever observed with the ilon-aer radar .

hh ow e- vt ’ r , a t  no I a m i a c  w e a e  c-e l io t -s  obsen -ved 1)1 f—channel at a frequencs (hat

rum i g h i  t CII r m-c- m-apond I I )  I l ie  pla snaa I’ re q uency . The search inc  1 ended m a l l  t on ly

the  I l a y e r  w l t l t aui-ou-al c l o t  ten present , b u t  the F la ivem’ nll )ulVc existing

a ain i’ ai r’ n i l  c l u t t e r ’ .
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I b a t  a t  a : - ’  I lye’ n ’c s u n l  1 s suigge’s I rut It-rust t WI) RUSS ibi 11 tie-s . F i r s t

I at e- r u s  - ! t -  t h a t  p la smraru — 1 h at- ba~~’ks r ’ a a I  m t - a - i .s relate-il Ii ) the , a , , a o u l l u i  a t

mat n’g s- ( h a i l a s  d c - b u a u s i l  s i b , i t  c a n  be shown through (ha l au r a i ka  radar ma , t-m a su ua - c - —

a c- u t s I b ra t - J u u a a  I s -  aa n d p am rt i c- i t -  l i t- a t  i ng ,a u-c’ eras i I y s ev e -  Faa 1 a am’ u le- rs f a l a  gui i —

i ma l e ’  l e s s  I h g , n  I hat prodtaced by ti-ac t a b - hue-au I e r  u s e d  in the  Ca  ibu c-ren t hit-rating

c- a - m i t - i  a l - I c -m a ts. , \ m ’ad se-cond , t b - a t -  l ad  t h a i t b - a c  a u t a r o t a  c on s t  i tea l c-s run

a auc’ ’ ‘ha s -i - c-i a I M III itt - ( i . e’ , bu-oadband in  I Fe - i t  u ae a uc -  a s b a r u d ’ e  ) 01 s - a r t -  l’ aga sug’gt,- m-a s

that s ideDaund g e -a l e- ‘au t j ol t  r u t  a pa i b  i cu l a a  1’ requencv——s niv , I b a t ’  P b  rls ,,ua

I t’c- dta lta -nc -v —— ib (lc- s nut (rake  p l a c e .  I n s m  c-aid , amn s- sn d e- h n u ua d g(_-lm c - u - a i  I i on , i f ’

p m ’ s - s e - a l t , m i ; m u v  h u a a e ’  a b r o a d b a n d  u l i s t a - i b i a t i o n , s i m i l r u a ((a the input cnca’a-av

d i S I  r i b u t i ’ u m m  , t h a t  i S  I l l  i f l t ( u u , - a e -  cm oiagh t i  be- de t ect ed r u t  r u i n s  p a n - t i c t a l a i -

I re-qtae ’maca -’ by a i m  aim u’ i a a u l b a c ’ I - r s c m u  t t e a  F ,aaLu a- . in t h i s  ca ru s e- , (mat c-g, u ’aa t a omi in

1 a’ c -q tuc- m ic a-i 01Cc ’ ( n u  s ice - I  1 as i n  t i - c - ) cxc i  t i t l i n g  t h e  ‘ ‘
‘ a -  f t - t - i ~ a i c a a e - v ’’ a - c t u r n s

mruv i’ c-~~e - a a1 a tIt,’~ ect aibit - si gaa au l

25
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I V TIlE ION — (\(I,I Yl IiI},N rail 1. A,NI) . \ , - , ,51 ~ lATH) 1 N — a l i b I  f I A T  IFS

1. (‘c- n e’ Fr I  1

21-4
b I c - c e - m a t l y  I) ’,\ m a g e - l a i  s lagge ’s  ted tha t the Iv çus ~- 1 1 1  sb u s - c i a- au au s s o c  i a t c ’d

29
w i t im t he- r a c laa -  ri t a a’on’ra m a a a v  puss ib I ~

‘ be cx l i 1 au u a ac ’i I Ds’ tim -as tab 1€ ion c5’C i i ) —

ruin Wa as a-i • A n e a m mu ber u )l prey ioos S l u m - k s  on t h e ’  c - i cc  t u’ ,um i eve- I l i t  ron W a v e - s

indica te’ that I ield— a 1 a g n e - u b  st  reat ai s and cia a a- en a t s can  nnake- the W a , a - c -  grow’ .

I t  is e x p e c t e d  that s i m i l a r  im a s t abilit it’s are also ((IsSible b on~ the ion

c ’v c l o t  ron w a u \ ’ c-S . J i ec ent  lv , a la rge , - a m o u n t  of ex p e a -i nuental evidence has

been presen ted c a u a i f  i ran i ng  t he  pu-esence of fit -id—a l ignedl curren t and

st  re- m a c a s  in the- an nu l ral region. I t  is t h e r e f o r e  i i a a p o r t an t  to i n v e s t  ig n a  I t -

p ossible- ins t a b i l i t i e s  associated with i on  c y c l o t a -o u m  w a v e s .

u ’a s -  h m a i v e -  s I  a u -ted  (I) work  on t h i s  probleni  d o m i n g  t h a t -  c t a r u e n t  con t rac t ,

but the work is no t  y et completed . At the present time- , vat-iou s form s

( I f  d i sp e u - s ion  e q u a t  ions  based on k i n e t  it t h e om - y  h a v e  been d e r i v e d , ant i

t he,- pi’ a ( ç u n i g n u t  ion cha racteristics f o r  the  ion c y c l o t r o n  w a i v e s  in a s t a b l e

Plasma hanve been d e ter m i n e d . These r e s u l t s  a t-c presented  in t i l t s  s e c t i o n .

B . I J i s b I c u - s n o n  E q u a t i o n

In ra S in a i form , co i l  is ion less  mag n etop lasnia  , the  dispel-s ion equa t ion

b r  a q u a s i — s t a t i c  wave ( E i k )  can be d e r i v e d  f ron t the V lasov and Poisson

c i h i u n u t  i l u m a s . The proced u res a u-c- as f o l l o w s :  One f i r s t  i n t e g r a t e s  the

V l a sov  equa t ion a lon g  the  orb i  • of the  p a r t  id es to obta  i n  a cha rge

express i on f o r  each spe c’ ac’s in t e rm s of the  wave f i t - i d . Then the  charge

express ion  is  s u b s t i t u t e d  i n t o  Poisson ’ s e q u a t i o n  to elinminate the wave

b a t - i d  and lii obtain an d n s p e r s n u m  equation . By assuming that only f i r s l—

order perturbations a r e  l r u i p o i - t a a n t , the  V l as ov  equation and Poisson ’s

26
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e - q o n u t  t u n a , as s t - l i  as the above de u ’i v ri t io n a p r o c c - d u n ’t ’ , can be l i n e a r i z e d .

I(v t h i s  we’ m , u t - n i i a  t i a r u b  t h e  l s - n - I l t r b i n g  w r i t e -  l ie ld  1- . a s  a I i r s t — o a ’ i l e - m ’ ( s n a a l l

lu na r - a t i t  V , and t b - a t -  pa n - t i c  Ic ’ d u s t  a ibca t i l I u m  f i n n - a c t  m on can  be- w i -i t t en  as I =

4 I s h m t ; i s- I i s  t he  s - q u u i l i b r - i u m m u  t h i , ’ - a t n ’ a b u t i i , a i , a nd  I is the  I i F s t —
(1 1 ( I  

—. 
1

o a t h , - r I tem - i ll u -bc -c l d i s t  a- ib e a  t ion - a  chine t u i  F - i m a  I b ut - in  teg n-a t ion a d th e,-

l int-a n i  ,e-d V I nusov c-qua t I on , I he in  1 t -g a - r u  I llama i a-a p c-i -f orm eci a l a  l u g  t h e  o r b i t

ot I I i e -  i n n l u c r t u r b e d  pa m - t i d e-s .

Win i le the prl) ccdea re is as the-set - ibed abov e , we’ omi t  the  l e n g t h y

a lgcbra  invol vecl in t h e  at toa 1 tier i v m a I I a n t  and s in ap ly  g i v e  t h e  l’ol l o w i n g

g - a a c - r a l  ti a r a,, of the ci i spers t i n  equa t ion :

I ) ( W , k )  1 - 
~ 

ma 
2~~ ciV V~~d\ ’~ ~k l l  ~~~ + (U

whe u c -

1- = P1 nusma 1

( t ’ r u i f  rec~uency

k Wav e-  number

th
J (X  ) = n —i i i ’d t ’ i ’  Bessel  f u n d  ion I I  I i a s t  k i n d
II

= b ’ aape’:-tua-bed pa i- t i d e’ d i s t  j- ib u t io m u func t ion

= C

n = Integer .

The s u b s c r i p t s  ‘a  ‘
~ and “j ” s t a n d  l i u r  t he  conuponents  pa r a l l e l  to and

p e r p e n c l i c in l an -  (I) t h e  s t a t i c  m a g n e t i c  f i e l d  B , a- - a-a p e c ta ve l y .  E s ta nds

fo r  s u r u a m m u i n g  a a y c r  a l l  c h a r g e d — p a r t i c l e  spec ies .

For the case-  of col i t s  Ions , t h a t ’  Bol t zn n a n  eq en a t ion nu ns t be used to

replace the  Vla sov  equation . However , the exact integra l form of the  ra te

of chamt gc of the distribution function due to the collisions is extremely

27
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I-

I - ’ ( m a I l ~ l i c r a t t  a b . _-\ u n s i a n u l  a u a a n - a l \ i m , , n a t ton i l l  l i m I t  m I t - g m - a u  f , u i , ’ : i S  k m a a u w u i  as the-

- , a ujt I , rab,ci’ ~ - that - c’ u l 1 is i o n al  m a u l  c - g r a i l m a  I itt’ Diii t / , a a l m i t a  d ’q t n r a  I i on  i s  U
i i  p l a i t e d  bu y — “ 4- n m u )  — I ] . 1 k - i t - , n~ is t ine- tiii p e - r t u a t-bt ’d pa l- I i t ]  u —

a i t - m a s  a I v , ii is I b m 1 l u - st —order It- u - I aim - lit -ui ck-ns i t  v , and is the I I s-c’ t i a ( -

t u a l  i i s j ’ u m a  1 m ’ e q u i e - a u c a  - The il~~K C u u l  I i s u u a m i  i a , i b e 1 n u l lu on s the- p a l m - I  i c - i s - s  t i

i - i l a i N  a n  a a l s a tiofl a — i n t ’ l ’  to b a t -  la uc - aa ) il e - ausi a n ’ r n t h e u —  t h uaun I I )  m i u t -  u u u u e - r —

t t a F h , e - u I  u l s - a , s i t v  Ii
) 

wh ich c ’OVa ’e s l i a l n d s  ( a  I , rind con st- a ’v ,-s I r l a ’ I i d e  ~ in

la  ( S l i t a  i i i  spat - c - .

‘ u th tia~ BGK tni>del of collisions ion ’ t - a a - I a  s u e - c’ i c - s t a k e n  in I l l  a,( ’c’ a a a i a a t ,

t u e  u l t  ri y r i t ioua u i  l i m e -  d l u s i c n ’ s i i u n t  a u r a l  ion i s  si mn i l a r  to thra l for the-

c o i l  i s  i on i t - s s  (‘ r u s e ’ . I I c- r u n  ic- sh u wn t h a t  ti - at- ge- m c’ a - m u l I i i  n nm u uI t h e

d 1’_ a t -  i-s u a u aa ch a i n  lion is again gn a t - m a  bs’ I q . ( 1 )  a I 1 c m ’  a - c p l a u c  a ma g ~~~ Dv
p

2 
~~ -

an ad  u - I  lame’ a a in ( -‘- — k II ’ — l i i Dv ( I — ,) ) , s - h a t - a - c- j  = ~~ —l -

‘Vii a It- ‘ b u t -  g t - i u e - i - a a l  loam’ ; ol thus- dispc -m ’s m u m  equation is givena rubuve-

a t  f lOW a a - a ( c s - I b  t a u  i -educe I-q . ( 1 )  f u u a ’  a nuta,ber a ) I  specifi c unpe n ’tt i r-bech

d i st  r i bo  sou I tamac I ions -

I - / ,- i’ I— Pm i f  I , I ~ a u b, t~u I j )  i t  ilrtxwel ii an 1)is t ribu I i — ,mi a -a

‘I’hc dis t n - i hi nt ion functions u u a a the elect r o nu m - a an a d ions t a k e

the  b In’ ,’ 2 2
(V j I V  )

/ \3/2 — 

2U 2

I (I) = f__ L_ \ 
t’ t (2 )

o 1 2

\2 ~~~

where the subscripls for the elec t rons and i O f l S  arc o m i t t e d  and where

I’ strands fair tb-ac thermal speed .
t
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Subs t i tutim a g F q .  ( 2 )  i n i t u u  E q .  ( 1 )  r i nul peFf a( raa ing t h e , -  i n U - g i ’ n u t i u rn s

iii a - c - I  a c a t v space yields t h e  t l i S I ) e l- S ion e q u a l  I a I,n

C -, 
~~1~a -

~ e t (~- )
2 2 p n I -

k k 2~ I + Z(,) 0 ( 3 )
2 n ’ a — ‘ / 2 k , IV
c

2 , t h
w b u c - F c -  ‘ = ( k i t’ /i.’ ) , I ( ‘ - )  = a — ( t a - t i e r -  b e s s e l f u n c t i u r n  ui t ine thi a-d

t (‘ i-a
30

k n maci , and 1 ( ) is kna awin as the p l a snia di s  pea-s ion I unc t join

= (~~—m m ~- ) - . 2 k , I’ -
C

When I hue ’ col 1 is ions are included , Eq. (3) becom es

-) -, a7(l_j — ) 
— 

c i  (A) 
~~ — 

- ,

k +  ~- k: 
P ~ 1 +  ~~~~

. Z ( ~~) = O  ( I )
e i 2 m I _ a 1 -) k I l t

- - t
c

wh e n-c in Eq. ( I )  now becomes

W — ,j~ — u na
- C
- — 

-
‘
~~ k~~U t

2.  Anisotropic
,, 

Zero—Drift M axwe llian Distributions

I n  t h i s  case t he thermal vc-i auc i t y  t a kes d i f f e r en t  comnup o nn ent

v r i l ues in - a  the  d i r e c t i o n s  parallel to  and peu - pen d icu la i n- II) th e s t a t i c

mn a u g rm c ’tic f i e l d .  The ,blaxwellian distri butions b r  the electrons rand jomas

take ti -at ’ following forun : 2 -)
V,L V

2 2
1 215j 21 111 (V )  
/ 2 

e (5)
( 2 -r )  U I I U 1

w h a t - r e ’  I I i , , ~ s t a n d s  f e a r  the thermal velocity parallel and perpendicular to

13 , l e i - S ~)(’(’ t i v ely
(I

l u u s e r l i n g  Eq .  ( 5 )  I n t o  Eq.  ( 1 )  y i e lds

-- T’
~~~~~ 

- 
-

~~~~~~~~—‘--——-----—-- - - 
~~~~~ 

n 
~‘l - ‘

~ 

----- ‘- — —------ ‘—



- 
2 

( X )  ~, — ( 1  — ~~~) ~~
C Z ki ~- - I — 

Z (  ) = 0 ( f ; )
c , a 2 ma - —~~ X 

-
‘ 2 k~ U t i

C

w het -c  X and arc  flow d e f i ne d  r s

- ii i
k b -  - cx = ~~
—

~~~
—-

~~ , -
‘c -, 2 k t 1 1

i n  t h e  l i m i t  i i i  b~~ = I ’ ll = I ’ , E q .  ( 5 )  reduces  t o  E q .  ( 2 ) .  I t

is c lean-  t h a t  E q .  ( D )  becomes i d e n t i c n u l t ’ a Eq. ( 3 ) .

F o r  the  cause  of collisions incliaded , we s i m p l y  r e p l a c e ’  i by
-) - 

p
i ( 1  — j —) , and  ,L by (1~~’ •) ~~~) , in  E q .  (~~) Il l o b t a i n  I b a c -  mae- s  d i s p e r si t a n
p

e-qunl t ion . In  cona parison as- i t in  the  disp ea’s  ion e q u a t  ion d c i -  a v s - i t  by ‘ I a u  t a r o n  is

m u nut C n- auw lo t - c l , We p~ u i n t  d) in t t h a n  I E q .  ( 1 9)  l i i  t u e  i r h int  h)t ’i a ppea 1S t a i  hit -

inci an -rect.

3 . 1-’ i e l d — A l a g n e d  l ) r i f t  ~1 n u x w t - l I t n u u a s

Lct 1’ be t h e  d r i f t  v e l o c i t y  a l o n g  B the -  d i s t r i b o t i o u m  b u d  ion
(1 II

is given Dv

— 
[vI ÷ (V i b  — U

d
)]

:1/2 21,’

= (_j -~
) 

e (7)

and t h e  d i s p e r s i o n  c qu a t i i ) n  [Eq .  (3 ) ’] becomes

-) — A  -e I ( A )
-, -, ,

~ nk ~~ k 1 —$~ - 
1 + z ( : )  = 0 (8)

e , u — A’ -
- 2 k ,~I ’

30



whc’ n c -  i F — k 
~ d ’ th€-  i) o h a p le r—sh  i f  t e d  f i e q u a e m i c y  , and

—

C

- . 2 k - i
t

S i m i l a a r l v  , i t  V i in h - q .  ( 5 )  is aep laced by \‘ — 

d ’ tine corre s ponding

c h i s p c r s i o m a  equal  iou - a i s  again  g iven by E q.  (6 ) , w i t h  ~- a -eplaced by

a- ’ = ia — k i l t
d

-I . Ambient P lasma Pl t a s  a h- ’ i c l d — A l i gned St ream

l~ - t  I) ( I  , k )  = 0 be the d i spe r s ion  e q u a t i o n  for  the  amb ien t
p

p , l a s n t a —— i  - c’ . , let  1 ) ( i ’ , k )  i-ep a -esen t the l e f t — h a n d  side of any d i spc r s i onn

e q o a t i u a u n  in the p r e v i o u s  S c - C t i O f l S . I f  we let  D ( a I ,k )  be tine dispe m-sio un

junction clue Ia ) the s t rea n t , the overall dispersion equation of t h t e

sy s t e n i  is then g i v e n  by

i) ( ‘ , k )  + D ( i , k )  = 0 - ( 9 )
P S

To d e r i v e  the expression D ( L , k ) , wc- assume that tine d i s t r i —

but  i a u f l  o f  the  St n- e ar , t akes  the form :

I ( V )  = f~~(V j )  8 (V — U ~ ( 1 0)
S S

when - c U is the strea t ma v e l o c i ty  along B - S u b s t i t u t i n g  Eq .  ( 1 0 )  t u n t o
5 0

the i n t e g r a l of F q .  ( 1 )  y i e l d s

I ra 2 1
D ( i i  k )  = 

2 

~ 
( S 

— 
k I ( 1 1 )

s s ma — - ‘s U_~ — n i  1 W~~k 1~t ’ —n 2
S S 5 S

where W = s t r e na m p lasma frequency , (carrying the sign of charge ) =

gy rofi -ed h uency of the pa r t i c l e s  in the s t r eam , and I~ and 1
2 

ru m-c g iven by

2 d fj  
-

~~ 22’  a J (~ ) — dV 1 1 , = 2 - -  J (X ) f~~V jdV j  ( 1 2 )
1 n S dVj, 2 - n s

0 0
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as ba t a ’s- = k ,1 ’. a / -
S S

‘ a m ’  I b i s -  c a n — m t 0 1 a l m iu am a (c a m e i’ g I i t  SI  a c-ar ia ma long th t ’ I a s - m c i  I i m a e ’ , 1 t a k e s  ti -ac ’
S

l o t-ia ,

I = -5 (V , ) (V — 1’ ) ( 13 )
S 2 \ j  b

l n t  g a _ a t  iota il I , I m a  h - q .  ( 1 2 )  a s  t h a t - n  s t r r i i g h t l o m - v r u t - c l . 1- qu a t n on  ( 1 1)

c a I n a t  a’ s - s lut -cd  I l l  t h e  format :

- I  _ )  _ ,

k 1~
” k i
S S

p ( - u , k )  = + ( 1 1 )
2 2 2(u _ k  a t ) (— k  :I ~~ 

) —

b I ) S

C . 1I) fl  Cy c  lot a-oia Wave-s

I na t h i s  si-c - I ion we- c -x : i m , ,  i m m e ’  the’ p i-opa gau t joan characte- u- a s I i c - s  a u h  u omm

c - v u ’  b u t  m a u l  , s a u v , - s  in a stable- p l a s m a  - Fo r t i a i s  p in rpose  ‘cc- r~s s a a a a i c ’  t h a t  t h a t -

s - l e c t r a u u s  a nr i t i  a a , m n s  e x h i b i t  n - an m s a ) t r l ) h ) i c , s t a t i o n r n -v  ~] a x w e - l l i a n  d i s t r i —

1)0 1 u ‘ ‘ a m  • a u u u i l  as- s ins ,- the-  cfls lea r s  ion eqoa t iomn given by Eq - ( 3 )  or l- .q . ( I

1.  ( a u  1 i s i t , n l —is (nist-

ii taut- cal-u 1)1 flu c u b  I is i a a i u i — m  , the  d i m-i p c r 3 i o n  s - q u i a i t i o n  i s  give-n

b u \  i - 1 .  ( . 1 ) .  I - ‘ a - I bis- asu )l rumpus- , s t a t  l a u a i r , u - v  y n i x w c l l  in n  p l a sm n a , the as- a a a - c -

— c ’ , n i t a i m a c - u l  i n  Iii,- d i s b u t -r i-mio n n - a l a i a , t a a u m a  c o n s i s t  of ma o i n s t a b i l a t  i c- s .

f l u  -~~a rulru v b~ —~ u bu 1 .- d Ie -al l u  T n i n d a n u c l a mp i n g .  In  I he’ 1 inea a  n ’ e - g a l a a n -  , i ,an a clau

i l n a r a  ~i F~~ a m-’ p a ’ ’ ~ u a m l  a m a u i  I t in im a uZ ( ) - ( b a a, S I  a u n u b s  b u t t -  I I i . -  i m a i a g  m a ry  p a r t  -
h- i t  I b u t  waa. - f lr’ a ,~ amI g a u I ing  a n t  a I~ a a  ~t -  angl e’ w i t h  u - s l u t - s t b o  13 ( k a ;  beconacs

s m a l l  b , I m , a / , (~ ) i s  t h e n  m uch sinaI  I c - u  I h a n u m u  Re ” / - ( .  ) , an d the  w a v e - s  a n-c s u b —

s t a n t  t a i l b y  l a - c e- o f  Lnnnc lau d a m p i n g . In but- r t-r a amu i nuler of t h i s  —-c - c - I ion we

s h a l l  d i - acu ass t h u c  t i - a r e - c  car -u ’s :  k u  = ( I ; k 1 0;  ama - ash  k~ / 0 , k~ / 0 , and

k,j - k
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n u . k 1 , ( I

I- a r  t i t u s  5 u S e - , l I m e -  p a ’ a i l a a u g a t  m i n i - a  cli i - c -c - I ion is e x a c t ly  per—

!ut’n (h a c lal a m to B (k , B ) . m a  the fol lowing , wt usc- the subscripts ‘
,- ‘‘

I I  I)

anul ‘ i ’’ to ie’sigmui l e- t h u s -  pa raiaat-tc ’r s l u a n ’  the’ is-c’ t n-ons anti iofls , re-Spect—

i a e - i~’ . S o l a i n g  I a n ’ i u > n  c ’vc l aa t m ’ a u u m w a a e - s , se- n u s s i u a a a t -  t h a t

A m T
& - e e-

— -
~~~~ 1 ( 1 5 )

/ . m , T
1 1 1

‘via it -ba v i e - i d a ”  the- a a i l b l a a a x  l u au t ion

- ra

I ( ‘ ) e -x p  — A r,
~ ( 1  — A ) —s--—-— ( 16)

an s- n - un
2 n :

t ’ s i m a g  F q s . (15) n m amcb ( 1 6 )  ace - can a p pa -o x i n u a l e -  I - q .  ( 3 )  b u y  t he l u a i ’ m a :

0 ) ‘)

2 a a ’ 1 ( A )
h ue ’  h ) i  n

I — - - — ‘- - - CX I )  — A = 0 . ( 1 7)
2 2 ru - i 2 2 /

— L a, — ( i u  ) j
c e -  Cl

t h 2 2
F’or t hu e ma iota c-v t - l u l l  a’ ~ra harmon it wa v t , I ( n - 

) I q ( 1 7 )  v m e -  ids
(,~1

-, -_) ‘ -I

- 
2 m n -1- i,~~ i (A  )

2 2 pa , cc an a
b (~~~~

i 
- 
) + C X I )  — A’

C l  -~ / 1

ci

-) -, 2
w it c u ’ s - -

~t~ 
- J -  + i an d  m w 

- 
- ---‘ ala < ( n ’  ) ) 1  

-tn ge cc c - i  c i

i q s a a t i o n  ( 1 8)  cain Dc - p l o t t e d  I I I  y i - l d  I b a c -  d i s g cu ’ s io n  c ’ u i r v e ’ s — — i c’ . , p l o t s

i f  I a t -  n - s u a s  k j , b u m ’  c - r i c h - a  ma r i n d  I bu c c i t  h - ac- u- p 1 nas sa u In a’ ,u r aa e- I s - a ’ s  . F roni the ~~~~

y e -  n - s o s — k ,1 1) 101 — , tin e’ b)hau s., a’.- i t -  i t y  - u ‘k ~ c n u m u  be de t e rata i n a ed ‘I’ wl 1 1 alma i t  a ng

n u gr ~r~~x inu a I ions C a i n  be aa . , u i l c ’  t o  si  lai p ] i I v h - a j .  ( 1 9 )
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A pprox i n u a n t km m u I : A’ 1 ~~
-
~
‘ I . I n  the  Case a 1 plan Se ye’ b C  1 1 

~

rurucia large titan -a tite i (nun ther tmaa  1 speed I ’ , or  asa a c - b ema g th n u uch lam -ge-a - tha a ma

Ibis ion La n - I - ar an i sf ius , we h a t e ’  A ~ — I . Equa t ion (18)  ca in be a p p i - o x i u m m a  ted

by

2 2 2 a u — I

(mu~~~~~) + 
It i

p~~~ce 

~~~~~ 

- 

~ 
i)(~~) ] 

• ( l ~ b )

-‘. ~~~ mx i m a aa  I jot-a 2 : ‘
~
‘
~~ 1 • b e - a t -  ru-a i ng tIn e,- 1 ita i it nag cause-

discussed  a u h u i ’ a ’ t- , as s-  list’ I ( x )  ( e x p  x ) /  2 t x . E q i a a t  a u n t  ( 18)  cat -a  t h e m  b-
n

a p p a - u n x i m a t e d  by

-, -, -)

2 
= (ma i )  + 

~ 1 dC 

~ 
( 2 0 )

b. k 1 = 0

F’on’ the  case’ of wa v e- propagation exactly aloma g the s t a t i c

raua gn n eltc field , th u dispersion equation , Eq. (3), redinCes t a u

2 2

k - 
~ [i + Z ’(~~ ) ]  - 

~~ [1 + ‘‘ Y~ 
= 0 (2 1)

w h er e  Z ’( ) ~7 , y  )/a~~~

It is sc-c-ma that the c ’ y c l u m t  n-on frequencies have’ disnuppeared

It - ira the (lisp e a-Sie)n equation. ‘b lu e- solutions u I  Eq. (21) a n e  s i m a u p l y  t i a c

1 u ) r t g i  I u c l i n a l  p l n i s a u a n u  waves , w h i c h  b t - g c - m u c r r u  t e a into plasnaa OSC a l m a  I ion when

‘b e’ = ‘ I n  = 0 . S i n c e  ti-a c a t a u n u g i n a r y  pa l- t i i !  Z a s  q u n i l c -  l a r g e , t hes e  p l a sma

waves are subjccl lii sta-u)ng Landau d a m u u p i n g .
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c k m ~ I ) , k / 0 , a n t I  k , -- ‘
~ k

I n n  t h a i 5 Cii 55’ , ‘IC  c’ h as ith ’u than I i lium cyc lot rum waves  pa - ugh —

gna t s- w i t h  1~ i~~ ’ e -  r u n g i c  w i t h  r e - u - m i l e - C t  L u  B • S i r - a c e  k is s m a l l , and
C’

ru a ’ c- a - u s  h a g n - c - u I c  n- t h a n  inn i t  v - Tin u ns  t he  La in dau  c l anu p ing can a g n u  ia -a Ix-

a u c- gle-ctt-u f . . \ t t -r ‘— ( (r ae’ a n l u r e - b u m n u , t h c  c h i s i u c a - sion  c-qunuti on can be reduced I i

-, -, 2 ‘
~s ann c 2n J (~ )

pc 2 a+: P a  mm t
1 — — s i n  ~ - - e-xg (— ‘- ) -= 0 (22)

2 2 m u l  2 2 2  - - i
— a —n a

pc ci

where e is polar anagbe betweeut 13 and k.
I,

t h
For n i on cvcl a utron a harmonic waves , E q .  ( 2 2 )  y i e l d s

~~ -, -, 2
2 n u , u~~ s i n  e i ( A )

2 2 2  [11 cc- n 1
= ~ + 

2 2 2 A 
exp ( —  A )  (2 3 )

a l a s i n  0 -u
PC cc

where aa aL - 
-( L < (n + 1) ~~‘ -

Ct  ci

The a s y mp o t  ic fortius lot- A’ , -
~~‘ 1 and A >> 1 are similar to that for the

1 1

case o f k u = 0, with the factor sian ~ n a u l t i p l yi i t g “in and W ascc- pe
i nd i ca t ed  in l-~q. (~~2 ) .

2 . I - m i t e  C o l l i s i o n s

When tine effects ol  coil  i~~ions cannot  be negiec te em , t h e  ion

cyclotron waves are subject to c o l l i s i o n a l  d a n u p i n g .  The d i spe r s ion

e cb u a t i o n  l or  ion i  c y c l o t r o n  modes propagating perpendicular to B is now
0

given by

2 -~W ( 1  — ,I~ ) 2 n u . ( 1  — j ’ -.- - ) I ( A  )
I)(( ’i , k )  = 1 —  

2 n a b  - -  A’ 
ex~~( _ X 1)

— 0 ( 2 1 )
( i , _ i _  ) — W ( - i _ j ~ - ) ~~( n a  

- ) 1
C CC 1 ci
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a a u l t -  I - s -: — ‘ - a — - , 
-

5 -  (_ - a i

l a m  c a l  C li i r i t C I la c Ca i l l  is j a m a l  1 ciaiua ~) i n t g  u - a u  m c- we-  a u - u I  e - t h a i  t I h t c ’  a n  a (paga I im)n

f , u c ’ t , u i  cx li 1 ( 1 1  — I c ’  x )  i s  U s e - i l . ‘b ’i aus , m i a m i ( t a k i m a g  positive- va u l ue ) is

b i t e I s’a ~~I l a a a ’ n u 1  d n i u - a a u i m m g  a - a l t .  h u u a -  t i - a c  c- r u s t  - a  a t  weak dn uura ~’ang , b aa a Ca lm Ix-

c a l - a n i a teci Dv

I a 
( 1 ,  k )

(2 5)a- U s - l i  ( ‘ , k

m a  ) a l t  s a u l  b c - I  I ( I , k )  = (1

I s a ra g Eqs . ( ’ ,,~ b ) nu mash (25) amci omau i I ~. i t g s a c -  n i l  gem ra we- obt a i m - a  t h e , -  I a )  l i a i s e  lag

t in
a’e’sca it S fun ’ the- c a  l i t  Si  t ) n n t  1 i b n i f l . I l  i flg u - a 1€- f a i n ’  ti 1 1  fl c-a - c - l u  t rota ha i’m- a u im m it

w n ia t - ~~~~ , IO 0:

-) -, 2 2~.
-. - ( —

‘ 
‘- 2na ) ( 1  + l i t  i~ - )

1 1 ( - a  1
b a i u a = t 2 1~ )0 0 ‘1 ‘ .1

2aa i 
- (tin 1, — 1)

ci i

a u u u a b r
e a

flu I
1 - ( - - ÷ - t i m ~~~~~~~~ )~ A ,

pc e- a 1 C l  1
In , ’ = (27)I -, 2 -, 2 1

~a m n ’
~
’ 

- 
u .  n - ~ - (4tn - 

a 
- 

— m~ - ) 2 1 ( A  ) e-x !u ( —  v )
pa  Ce- d l  i c i  i n a t

0 ‘~ 2 ~whe a - c- ~ i~ / - , nai ad whe ~‘ - a l a  a ‘
~~-~‘ a s  ass a n ma a c d  , a i n t d  W ‘

~~ rn Th,a 
-c a  1 lii ’  5- C’ ci

1 5  al S c-(I

h - u m t ’  t he  c ar l Sc- of k a / 0 , b u t  s m a l l  , it can b it - siiown thai t t i - a c

dam tm i ng a- i c - I raa I - is a l gal am - a g a y e-ma by Eqs . (26 ) nat - ash (27) , si  na c- e t i - a c ’  te rm m u

involvin g sin & a s  a b s e n t  i t t  the Use m ) f  the  a p p a-o x  iuu ua l l ion i, mm i

:~
“
~~~~



I) . Fu ~ I un-c \‘a u i- ic

I n  a l l  S iou S  - - ( - ( - I t l m n m s ’,vc b t n u v e  am - e ’ i - m c m i t t - m f  ru miiuua ,Dc,-t’ of a~c ’a a c- n - a a1 f a O ~~a L 5

u l  t I m e ’  sl i  spc - u - s a l a n qu a i l iunn iuaa s lc - r t i - a c  a - a u r a (h i s  p l a s a u m a  s - a  u aad  I I , iu ns . F I n’  t hae

crass- a m !  a S I  a b l e ’  p l a s m a , b l u e -  sh aspe i’si luu a e ’ (b mu n u I jolt imn is Dc- cnn s l ) l a ’ ( - ( l  b a u m ’  t i - ac

jam a m—c vt Im ~~ r’ a m a ha na l a m  j c’ as , , a s - s - -a hu e -ia ti - a c- I i n  a I C  c mu ii is a (nt - as, ~a n-e i n m c i u d e c b

m ime bormai ta l ri s ob t b t e _u c a u l  1 i s i m ) i n n n b dr lr ’ap i uu g i r a t e  I ma’ I bi t is,n c y c i o ti -o n

Iu , , m ’ m au , u aa ic waive- S h~u a e- ~n l ~~a i  l i e- c-am u l s - a ’ i ve,-t l .

- is t u e  m c x l  S I C  m a e  sh aoca lc l  c’ ’ u a u s a i l t - t -  se ’a -e, ’ ra l models  ol i a n s t a t b i c -

p l a s a m u a n  t h e  aua’u un ’ a l aegi l u aa , n u m t c i  i r u a e - s t  i g r u t e  t he  i n s t a b i l i t i e s  of the ,’

ion c - vc l a a t roma waves . W i t h  -au-id w i t h o u t  c ( m l l i s i o u n s , t i n e  onsel  ( t i a t - e s h ou d )

c’ a u a d i a  i u I l l S  f - ui’ in stabil it y and the  f o r m a u c a i r a s ol  t ime gn ’ a uav t h ra te , -  shou ld

Dc,- ( I c r - a - a y e - I l .

I t  is e -X I u e ’( - t e d  t h a t  t h e -  ,b l ) y c ’ — a l , c ’ a u l  i u u a , c , ’ s b  q u a n t i t i e s  i l  t h i s -  ic -an

cvc l  u t  a o u m  s H a- s’s au -c’ C l o Se l y  n - c i a  t ed  t u u  tI’nc I i c - i d — a l  a gm - ac-c l  s t  a’ c,-: u l - . as  a im - ad

c i at -r e m a t s  - Thins , l l u c , - s e  u -e su l  Is can - a  be eased not on ly to c-xp l r u i n  t i -ac I)Iqu~u1e- r

si lL- ct ra ml a u- a -o r a l  c lo t  tea- , b eat  n a l so  as a di r agnu us t i t -  t od) 1 t a m  l a m e - n u S t a re

t l m e  t i c - i d — a l i g n e d  c o n- r e n t s .
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V bul’ - (i :’-, a ’i I N

It as d c-r u ’ I ronu the a- c s u l t l a  p r-Csent€-dI in t h i s  n - c - I ) u m r t  t h a t  a~ r c - a u t

u-u t i’iuh- s haa- c- been tata ti c dea i - a ng the- b l a S t  2 or - 3 y e - n a  m - ’-- I owui rd rum - a m a n - a d e - r —

a-a l n inth ing a l  m m l i  i l  ira I —c’ I Ut t c,al ’ I)a’odlinC I iou - a  a a s - e b m n u  m u slat s . W i t h  t ine-  i n s t - a l  —

lan  t b u n t  I m f b o t h - a  t i - ac  ) t -4 —l q b7  phased —a n r u’ a u v  t ad aa  a t  hb omauc i a’ ansi tb - a c- i a m - o b m e - i - u - a m t —

S C i h  t t e r  i-adam’ n i l  C h a t  an ika  , i t  b ecnun ie  POSS i h l c -  I or t ime f i r s t  I imi u c- t o

(‘ a a m  1 1 n t i ou s  lv  a ,  mm i t or t i - a c ’  p lasmaua pa r ama ue t e rs  w i t h  u n  a a-ada i’ scat tc-n i rag

a i 1 a r c  - p au , e t e nc  i a - a g  no  i-ora l c l u t t e r .  The conub iuned  t ase o f  t h e  t so I r a d a  n ’s

I ’  m g c ’ t ac  r W a  t h  t ) t h e r  a u r o x - a  1 / m t i a gn c -t o s ph e r i c  m n e a su a - c m a m e - n t s  has  nm ade  i t

pa)ssih)le t o  - v a i u a t e  e x i s t i n g  p l a s m a  i n s t a b i l i t y  mode l s  as c an d i d a t c -

sc ’ru t I c -  r u n g  rmne - c ha r uma isnuu s an-ad t a m  el eteumu i nc  auro a au 1 clea t t er  c h a a a c  t e a i s t  ics

that limos t be explained by a ny  s u c ce -s s l ea l t heo ry

b e -c- c -am I re-sea its ~b iu iavc ’el that t ine  Benneniani—F ’a rley two—s t aeanm ia-as tab ila t y

a s  s t i l l  a p r i m e , -  c a n d i d a te  as t h e  ssxnrce of au r o r ai  c l u t t e r . ilow savc , - i - ,

i l  is  now c i t - a i r t h n a t  wi-a i l e  the -  t w o — s t  re- ruIn  p r i m a r y  w aa - e- s aam a l v in I n - a c t  ij e’

t h a t -  s ir  ia’ i ng  I orce- , a m u m a  l i ’ n l l  ‘ 1 s a l t  c - a ’  is  a ppa rem - a t ly not  p rodinced Dv d i  rec

han ck s ca  t Icr  f a a  mm- t hess’ i r -r -c -gu 1 a , c i t  i t s  F t  idence for  t lie ta - l u — s  I m ’ u a n u a a

i n s t a b i l i ty  a ns  the- p r a u a a s -  ( b r a v i n g  soua -c( -  i s :  ( 1 )  t i -ac e x i s t e n c e  u t  a
15

t hr c ’sho ld  c - I s - c - l i - i c  I ie ld  st  r c -n ’ngth ol  10 tmu V 1 m a m nnnd  ( 2 )  Dopp lci  ve loc  i Iv

c h n n r r u c t e r ~~s t  i cs  nis u _ e l i - a t e_ si Ii) IIu ~ io n — an c o o s t  i~ - spce-d , t h e  magnetic

7 :12 I; 7
r u s t l e - C t  a n r a g l e ’ , an d t h e -  cu i- n-cnt  d i i- e c t i o n .

The g m d i  tin t —s i a - i  I t i n s  t ab  a I at v a 1 so a-cil ia i n s  a can - a d  t ( hal t e , h o we-y e a~

~~~
‘ a m a  n - a  1 V t in  t -ough i t  s ro le  a n t  t i -a c p i-~ deic t ion - u I  scconda i_ V p l a s m a  wa a-c ’s -

I t t  i t s  l i n a c - a r f u n - l a  t h i s  i a a s t a b i l i t v  a p p e a r s  i m a c a n p a b l e  of prod in cing

s c at  e s i te s  rm- c e-u - as am r ’ I I )  e xp la  a n  au rora  I c l e a t  b e - i -  uubs -a’s’t’ti am t f i -c -qu en c  ic-s

as i n n g l u  as 3 G I l , . ‘rhe o n l y  model t h a t  n n l l o w s  I m u i ’  I l - a s -  g e n e r a t i o n  i i i  s m a l l —
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su e- gradieu t —drift a ru vc- S a s . s t n l l  not C O l a m i ) l e ’ t t ’ l v  s a t i s f a c t - u n ’ y . 1u-+

di scussesb by Tsunoda 
c~ th c- a l ) m a  V e - l o c i  t y  c- i  I c ’ct s Ihat raI)I)eat in a i h s e - i - v e - ( I

tk m p p  it’ t ’ — a ’ e - I  a l e  i t  t - (Ia t a  c an n o t  be r u s - c - u i u a n t e d  f or  Dv t l  is t it t - ui a’y - Fsu n ’ t hi c - n - ai a - i rc

ti - ac- mac - ce -si-i a n-v am sssal, u p t  t h a n  t han  t w a t t -  s t  cc-pen ing does not  - I t - c l a n ’  nu I~~ - I’S i l l
7

b i e a k  uluawim r u t  large I~ 
m imima a-v wav e -n mu au ui ) e -  ms -

The q in e s t i o n  of w h e t h e r  the  i o n — c y c l u a t r o n  u n s t a b il i t v  n u i gh t p l ay

a C- l i e ’  i n  t he - i)ro (luct ion of a u r o r a l  c l u t t e r  or at l e a s t  cmnm t a - ib t t t e’ 11 )

the- modificat i lum a u I  the observed echo characteristics rcm lua ins to be

im v e sti gnuted . The discoveu’y thtat the diffu se- aurora l clutter (1)13 ) f-)und

in -a the evening sector is collocated with  downward field—aligned currents

s u g g e s t s  t i -ac  p o s s i b i l i t y  t h a t  i o n — c y c l o t r o n  waves  may  be present .

h owever , t h e  fact that nuost of  the downwa rd field— aligned currents in

t h e  I)B r -egion arc  pr ob a b l y  c a r ri e d  by u p w a r d — m o v i n g  t it cn - i iua l  e l e c t r o n s  inn

time F n - egi u n mm n a n n y mt c,’ga te this suggestion . There does remain the possibili ty

t h a t  v i s u a l  atnroi -a n - anti d i s c r e t e  a u r or a l  c l u t t e r  are assoc ia ted  w i t h  iota —

cyclo trota waves.

The deternu i n aat llut t 1) 1 i u a i e ’ r oscale  and u tuac rosca l e  r e l a t i o n s h i p s  (see

n~e-cl ion I I )  has also con verted t h e  backscatter- radar into a valuable

di agnos  t i c t o o l  I m i  r au u - o r a l  an - a d um u a g n ct o s p h e r i c  research .

The t y p i c a l  lul l  m n’ph ol og i t - a l  f e a t  u i~s-S that can be ext n-ac ted f’ i-onn the

at aroral clutter were presented in Section II (see Figure 2). Reg i oma s of

enhanced eR-cl ric h i e-Id s and S i g n i f i c a n t  electron density are mamap p ed

by t he  a u r o r a l c l i n t  ter . Both I)opp ler  and a m p l a t u d l c  c h a r a c t c - r n s t  i t - s  o f

;n u r - o r n n  I c lu t  I cr  appea r- c apabi  (‘ of p r o v i d i m a g  q u a n t  i t a t  lye  i mu ! - in - ra n I ion

regarding the electric h eld and F—region current s lc ams n t v .

A direc t a p p l I t - n u t Ion of these nnorphologica 1 fea lures is t a m  I c - S t

the N R1~/ 1)NA Au i - o r a l  codes. The capabilities of the litamer (609) ansi

Cha ta n i k a  (617 )  r ada r s  have beer -a extended so t h a t  tht’y are ab l e  t a m  m o n i t a m r

n e a r l y n n ll  of the Ionospheric plasma pa rameters that arc the i n p u t  and
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l ) a n t l ) L n t u I  t h m t  ~~f b I  INS Ai n t ’ o rn ~1 s- u i b -~~ . I l i e  a u m u i y  ks- V pai r a n u m e t e r  ~ o t  p r e s e n t ly

l aac  n u s u a n i n b i c  l iv  n h u t -  gn - u e n n s l — b a s c - u l  i n u d n n —  a s  I ac I ic’l d—a l igned ctn r r-€-n t , w h i c h

is a~~ m n i t a u i s - i I  by a a c e - I a n ’  m a a a u g l m t - t a u u a I c - u ’ m a n  t h u s -  N a a t v  ‘I ’Rh\l )  s a t e l l i t e .  (mi t

i c -ru s t 15511 ‘ - I l u c - a  s a t e l l i t e - a - - a nt- ruble to  t n - a m a  a m I t  s a t a a i l a a -  m i a c - n u s t a r - e m e n t s — —

1, 5 15 — 2  u n s f  u ht - m i i n  I - l u ’ t’ t- ~ I— 2 .

b l u e ’  u m - i n u c i p a l cmt n t p u t s  m u !  th e ,- , \ u u i ’ - l t -~ u I  cu x i c  a re- t h e , -  n u a g n a i t e a d e  a-and

s u r u t i a n i v nu n - i a t a i m n a  - m l  (1) tine ,- I l m l l l l S p h e r i c  s le -c tm’ ic lie-id , (2) ti e- electro—

s - I  c - l u - n - c - m m  I s , anti (3) the  m e ’ t e l ec t  n c  c u r n - e n t  f l u i w  p a r a l l e l  to t h e

H I  a m a - n u g m m c  l i t -  f i e l d  I inc (field—ali gned current) . The 617 and 609 radaa-s

s , a a a  u r a c a u s l a a ’ e -  t ine  i u u m a s ) S b ) h e ’r i C  e l e c t ri c  I i c - i d  and s,- l e c t a - i u j e t  c u r r e n t s  as a

I manic t i a , m m  i f  lan t i t  Lidlc - . St t h e  Pi’eSeflt t ime i t  is no t  pos s ib le  1 c m  a n a c r u s u r e

I ac but —an i a gums-il c-ma a-n- c-i -a t a i th the  g ro t and—ba ScsI sy s t claus

‘l ine- pa - i  aic ipa  1 r u m l e -  of the Houau er rada C in such -a  a coon-cl n n n a  ted exper  I —

m a t  a s  n I I  i n s  a-a t ed  i n F igu a - c-  8. The that aumaika radan- nucasinrenuen l 5 are

a c ’ a l c m , a l i ~ m ’ e -’ -- t n ’ i c t e d  t o  t i - ac  i ’c-g ion in n  a u m  n e a r  the local  geonnagn e t  ic

i ,  m a u l  i a n  - I l a m  ~~1 ane  i n  w h i c h  c h a t  am a r e  gru  l b - at ’ m c d  by a s a t e l l i t e  u r u  r e l y

i f  c - a c  u - , i s  ‘ a i i n c i d € - n t  w i t h  the  C h a t a u n i ka ,m a c-r id ian . C o n n s e q u e n tly , t h e

I s e a m — t I  t u a p t-ams ion-al ( l a t i t u d e , lorn g i  t u d e )  m a p p i n g  c a p a b i  I t of the 609 u -adar

is th e t-S sCma I i a l  l i n k  between the 617 r a d a r  and TRIAl )  meas in rem aue n ts . The

seams i t  i vit a ’ u I t h e  i hm m u uur  r ada r  to reg ions  ‘ m l  enhanced electric field

S t  r en g u h u s  and c i c c tr oj e t  c u r r e n t s  can be used to  m a p  these regions ,

a l l o w i n g  r i c c s a r r u t t ’ Sb uau t irul (and t e m i a o u - a l )  c - x t r a p c ) i n n t i l m u u  b etween th e  - - m imi c ’ s

of I l ie ‘FR IA!) pass al - ad the  Cha t a n  i ka i-ada r m m _ c - _ u ~~u u  n e a t - m u  1 s . N u i  IC In  F’ i g t u  re 8

t h a t by utilization of the mechanica l Stt-e rang c , ,~~a b i 1 i I y  of  t h e  Ru m mi er
m )

randa n’ in add i t  ion to  i t s  -10 e l ec t  run ic scan , t he  l u m n t g  a t  u d a  l a n a i  covea-age

can  be s i g n i f i c a n t l y  extended .

In the- course of  the  reported aurora l c’lut u-r s todi a s , ,~t I  rated

s t u d i e s  have  shown t h a t  aurora ! c l u t t e r  is p r o b a b ly  i -a ol  l i n u i t e d  onl y I t )

:~athe auroral i- r-egion . ~tt and Farley  recen ’n t i v  tic-vel oped a plasma
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i n m s l a u b i  1 i I v  u a u o tk ’ I t h a t  p a - e d i c t s  t h e -  ge utenat nu )na u I  fi e ,-ld— a l igned i rregu—

l am a a  t a t - s  t n - a  that- a ur o r -n a  1 b- n-eg in -a . ‘the- i n s t a bi l i t y  is ba sed oan an a n i s o—

t r I l l  am ,a onm Vt toe i t  y si is tr ibu t - i uu mm brought a-about by charge—exchange processes

in t h e  F’ l e g  ion . ‘the ,- si n - i v i n g  ft ,r ce  is again a lai r-ge’ electric I ie ld

- Lu mV r u m ) .  t h a t ’  dim - ac u m a ’ c’ n- y m i f  this instability is a prinue example-

i l l i n s t  n - na t i n g  oua -  -~ t i l l  r a t h e r  muuea g c- r u n d e a - s t a n d i n g  of e l e c t r i c  f i e l d

e f f s - c - t s  ant I  p l a n s n n a  n n a s t a b i l i t i e s .

F lu e -  i i - a - e g e n l a r i t  i c-s  associa tes i  w i t h  t h i s  i mn s t a b i l  i t y  h a v e  appa r e n t ly

g a u l l e -  t n n d e ’t e c t t - s l  by mos t  at n r c r a l  b a c k s c a t  t e r  r a d a r s  due to i t s  f i e l d —

a l i g n e d  c’ha n ’unc’ t c -r ist ics . Because of t in e gcotaueta-y u l  the  geonmagnetic

I i c - I m b  r u t high lai t itucles , it as vi r tu nn l l v impossible for ground—based

r.ada rs t m v it’w t h e  I m e g  a on i n - a  d i r e c t  ions  nc-a r l y penpend icu 1 ar to the

li e - IsI lu m r c - a — , hi - - a c-a-c r , t he  u - c -  a s  e - x ue- r ira-c-rn t a l  evidence t h a t  seems t o

con ! i n n , i t s  c x i  Ic- r u u,a - I~ -adabran d e t a I . iuiade aurm )u -a l n-ada r m e a s u r e —

ra e - m u  i s a t  I u - s - t i  u t ’muc ’ ac - s  m i t  1 (11 a n n a ( I  su un ~ h t / that showed echoes u i t a m  an

a l t  i i  u u m l e -  ob 1GI )  k u s m u , wh i t-h was the maximum heigin l at which

- , a ’ t  h n -  u g l m m u n i  I n t v wnns an t - l u i ~ -‘ s - m b  - S -~~I - ( ’ u (much , non—au i -o r a l  r ada r -  observa t ion
35

wrus ia n u d e  a n t  106 .1 ‘- It ,  f r o m S t z n n l a m r d , C a l i f o n ’ n i a a _ i nu r i n g  pe a’iods of

h i gh n i a g m i t - l i t -  r u e - I i t a t \  a l i t - n  l a s -  a u u m u m a ’ r u l  ima ’ a n l  s h i f t ed  t u m  l ow l a t i t u d e s ,

I nt-Id—al igneci s- c -lu mt - a -  a t -  n ’ s -  a m h t s s - r v e ’ d  to a l t i t u d e s  as in igh as 300 kr m u -

Ala ln-iuug b u tint- nfl—s I n l b i  l i  Iv  pt ’ u m l l u l 5 ( - ( l  h v  l I t  t aind F’aa -l ey  d ie-s not  pr-esb it -F

backsca t t cr  a n s  i m i a  ans  106 Miii , the  I m b s t - a ’ v n t i u n n  c lea a - l v  denuons t r a t e s

t h a t  F — r e g i o n  a u r o r a!  c l u t t e r  does indeed occur .
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V I CtiNC I L ’ S I ( iN S AN I) l{l (’t )M,’uIFNI)A’I’ I ()N S

We h a vt shown that act r u r a l  1—c l cit te r—produc i n g  mecha n i snuus can be

e f f e c t i v e - l v  s t cn d i ed t h r o u g h  c oor d i n a t e d  f i e l d  e x per i m e n t s  t a t i l i z i r a g the,-

Bonier 609 rada r , the Chatanika 6 17 r a d a r , a n n a d  o t h e r  suppor -ting mn easu r -c’ —

men ts . Most of the r e s u l t s  a m h ) t a i n e d  t u >  d a t e  p e r ta i n e d  t a  c l a f f t a s c  an u t- m r nm l

clin t ten. The choice of ti -ac d i ffuse auror a l c l u t t e r  t m ~~’ the,- a n n i t  n a i l

st u d y  was bases! on Its well—behaved spa t ial and! t cmau u u m m nu l ch a a i ra c r c - m i s t  ac- — -

I n  cont  a- r u s t , the discrete anta roral clut t e a  is cha n - a l - t c r a  ic-cl  b~’ a l I - - me-

ctna up lt’x am -a d dynamic behavior , o f t e n  assoc i a t ed w i  t i n  r i t a  u’ a l u - ~ I l  s a a b — I  a mn’ u a

act in t~

We have-  shown t h a t  d i f f u s e  a u -a - o r a l  c l u t t e r  is c ina i ~am e ’ t e - r a i e d  by an

t h t - c sh o l c l  e l ec t  u - i c  b i c ld  s t  a-ength  I if 30 m a u i / a n . I) i  f f t a s c -  an ti r u i n - a n  1 c - i  t n t  t cr

wa ns a iso shown 1 - u  be t a i l  l oca ted  w i t h  n-e- g it) 11S I l l  d i f  I c isc -  p a a t  ac  I t -  ~mc - e - a —

ua t a t  i u i n  annd u u  au  u oral  elect  ro ,je t f l m mw  - Ft  a de , ’mtc e-  was a I a - u  i i ’ s-se ll t a - si t -

indica te that the anp l i tude is prm)babl v pmop ort boan an I I I  I b i s -  cit n - i - c - i t t

m l c - m a s  i t  v , a n  a u m u a n n e a -  S i !  l i a r  t I m  t h a t  u u b s e - r v c ( i  at 5( 1 Mlii. b~’ ( a  m e - c - m a m a  I d  e t
17 ,18

Both arnu p l I t t n d l e  and Dopp ler  cha a-acter  is t i c s  we t-c f o u n d  to be

g c - m m c - r n u l h y  c’I(n u slS t e ’n it w i t h  t he  prod u c t i o n  m m l  I i c - t s l — a u l i g n a e - s I  i n - ! ’ cg u i a n i t i u-a
13

by a p 1 a s - a m  a m u s t  ab i  1 a l v  nuu,ch el not m u m  l i k e  t h a t  p resent e-d by Suda n ni et a I

‘I’hs’ ii i a - c r e t e  aun - a m m ru 1 c l u t t e r  re tmnain s to  be c h a r a c t t - n i  it’d . W i t h  t he

lIi, a u- ~(-m l— ;u m m a l v  rnu tla n’ , a t  a i l l  be I u u m s s i b l e  f o r  the- f i n - s t  t i m i u c t I m  c h a r a c t e r i z e

t h e ’  d i s c  ret a - an ii a’’ m rn I c l  o i l  e r , in bo th a m a i p  i i  t ude  and i)opp 1c r .  ‘Fh~

clea t t -r’ — ui- m ch u e n tag aaa eci a ant ai sm associated with the discrete ecinoes are

lie-i n c - v a - a l  to lit - s i m i l a r  1 m m the field—aligned nuclea r clutter observed due

t ’ m ijt’tam aummt i /an t a ui nu

43
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Tiac u ac-w tb u c ’ m u r m ’ l i cal. m ’vI d Ience that fielc i—a ligned F—reg i on clutter

c-an he- c,-xp cct e-d wh a t -n e l e c t r i c  fi m’l d  streng ths of t i u cu order of 31) naV ‘m

or g r e a t m - r  cx i  si  opens a n m ’w  an ’ i -a  of study pert inent to clent l er envi ron—

mt -m a ts . Th e t b a m s u r u - t  i c-a l  r e s u l t s  appear to he  suppor~~-’l by a t  lm’ nst two U
past experimental stu ntbi es conducted by Stanford Research Instit ute .

Finally , advantage shou lsh be taken of tin e Homer ansi Chatanika

ra ciars t o  I t - a - I  tiac NRL - DNA A tn rora i codes . A discussion on iaow t h e

Homer and Cinatanika radars could hue- utilized to t m-St the NRL /DNA

Aurora l c-sid es was presented in Se-ct ion V .
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