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This research program was i n i t i a t e d  i n  1961, under Contract 

NASW-1474 with two s c i e n t i f i c  object ives.  F i r s t l y ,  i t  was desired t o  

conduct a  simple and inexpensive f l i g h t  demonstration of two instruments, 

developed a t  t h i s  laboratory,  fo r  the  detec t ion of f luxes  of energetic 

(1-10 kev) n e u t r a l  hydrogen atoms postulated t o  e x i s t  i n  the  interplane- 

t a ry  medium. Secondly, i t  was desired tha t  these  measurements would pro- 

v ide  not j u s t  an instrumental t e s t ,  but s i g n i f i c a n t  s c i e n t i f i c  informertion. 

Because an aurora1 experiment admirably s a t i s f i e d  both object ives,  these 

neu t ra l  hydrogen detec tors  were incorporated i n t o  a comprehensive Nike- 

tomhawk rocket payload. The f i r s t  rocket,  NASA 18:33CE wae successfully 

launched i n t o  a post  breakup aurora from Ft ,  Churchil l ,  Mmitoba, Canada 

on 25 Apri l  1968. The r e s u l t s  have been repor ted  by Bemzet~in e* stZ. 

[1969a] and Wm aYbd Bems$e.in 619901. 

Because t h e  data  from t h i s  f i r a t  f l i g h t  had only been cursor i ly  

analyzed a t  the  t i m e  the  work eupported under the  present  contrac t ,  NASW- 

1819,was proposed, i t  was planned t h a t  the  payload f o r  t h i e  f l i g h t  would 

consis t  of the  i n e t r m e n t  spares from the  f i r s t  f l i g h t ,  However, fu r the r  

analyeie of the  data  indicated  eaveral  s ign i f i can t  r e s u l t 8  b,neluding: 

1. The data  ind ica t id  a non-Poisson d i e t r i b u t i o n  i n  the ti- of 

ar rkval  of hydrogen atome a t  the de tec to r ,  

2 ,  The l a t e r a l  s p a t i a l  extant  of the hydregaa f o m r  wae much Leee 

than ceblcuArted by Daogdson [It3651 %or the a2 tAtudr ranga a t  

whish the  obcervatisng weze made, 
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3 ,  Measuremcants of the  dispersion i n  a r r i v a l  times of hydrogen 

atoms of d i f f e r e n t  energies a t  the detaccs i  indieatad t h a t  

p a r t i c l e  accelera t ian  er prec ip i t a t ion  ion t ro1  groceeees 

acted a t  d i r tansea  (1000 km from t h e  rocket.  

4. The hydrogen p rec ip i t a t ion  showed a nsn-ieotropic p i t ch  angle 

d i s t r ibu t ion .  

Because of the  bas ic  s igni f icance  of these  observations, i t  was 

decided t o  construct  a new payload wi th  improved da ta  handling capab i l i ty  

and grea te r  coverage of p a r t i c l e  p rec ip i t a t ion  including p i t ch  m g l e  mea- 

surements. This payload was successfully launched i n t o  an aurora l  breakup 

17 Apri l  1969 and yielded s i m i f i c a n t  evidence f o r  t h e  presence of dlli- 

second f luc tua t ions  i n  p rec ip i t a ted  hydrogen and e lec t ron fluxes. 

Because p rec ip i t a t ing  1-10 kev protons w % l l  have already achieved 

o r  nearly achieved sun. equilibrium dietrgbutfon ii t h e  varioua charge s t a t e s  

4- (B , W , H-) a t  Tontahawk apogee a l t i t u d e s ,  it  i o  naceeeary t o  perform aiarml- 

C taneous measurements of the  B and NO f luxes  a t  higher a l t i t u d e s  i n  order t o  

determine which i s  the  primary species  . Consequently , two, small 8' - H+ 
, 

energy spectrometer8 were b u f l t  f o r  f l i g h t  on two Javel in  rockets  assigned 

t o  the  University of Cal i fornia  a t  Berkeley, These f l i g h t 8  wre or ig ina l ly  

scheduled f o r  ea r ly  1959, but  because of a v a r i e t y  of problems, t h e  f l i g h t s  

did not occur u n t i l  1 3  Feb, 1970 and 3 Apri l  1998 from Ft .  Churchil l ,  Un- 

fortunately,  fhs  g r e r m t  analyeis sf tha  data  indicatae  t h a t  nef ther  instru-  

meat parformed ea t%sfac ror i ly  during thsea f $ i & t r .  



A. Tomahawk P l i g h t  

1, Instrumentat ion 

The p a r t i c l e  d e t e c t o r s  included (1) an energy independent detec- 

C t o r  [ W a c  and Bernstein, 19671 f o r  t h e  t o t a l  e n e r g e t i c  hydrogen (H' + H + 

H-) f l ux ,  (2) an energy spectrometer be em stein e t  aZ,, l969bl f o r  ener- 

g e t i c  HO atoms, (3)  an energy spectrometer  f o r  e n e r g e t i c  protons,  (4) an 

energy spectrometer f o r  e n e r g e t i c  e l e c t r o n s ,  (5) a f ixed  energy d e t e c t o r  

f o r  protons p a r a l l e l  t o  t h e  s p i n  a x i s ,  and (6) a f i xed  energy d e t e c t o r  f o r  

protons perpendicular  t o  t he  s p i n  a x i s ,  The important c h a r a c t e r i s t i c s  of 

t h e s e  instruments ,  t oge the r  w i th  t h e i r  t y p i c a l  observed counting r a t e s  a r e  

shown i n  Table 1. A l l  t h e  energy spectrometers  were b a s i c a l l y  of t he  swept 

s i n g l e  channel va r i e ty .  The sweep rate was l O O  Hz, and permit ted t h e  de- 

t e r n i n a t i o n  of an energy spectrum every 10 msec dur ing  per iods  of high count 

r a t e s ,  Sca l ing  c i r c u i t e ,  r a t h e r  t h m  t h e  capac i to r  s t o r a g e  ueed i n  t h e  

previous f l i g h t ,  were employed f o r  a l l  de t ec to r s .  

The n e u t r a l  hydrogen and pro ton  spectrometers  were combined i n t o  a 

s i n g l e  instrument ,  The n e u t r a l  channel cons is ted  of a e o l l i n a t o r ,  a set 

0% d e f l e c t i o n  p l a t e s  t o  renove i n c i d e n t  charged p a r t i c l e s  wi th  energy (10 

kev, a 2 pm c m 2  carbon f o i l  i n  which a f r a c t i o n  of t he  inc iden t  n e u t r a l  

beam was s t r i p p e d  and a channel t ron d e t e c t o r  mounted l I I O a  from t h e  en t rance  

ape r tu re .  The proton c h m e e l  cons i s t ed  of a c e l l i n a t o r  on ly  and a channel- 

t r o n  d e t e c t o r  mounted 180' from t h e  en t rance  aperture, The angular Bepara- 



tdon between the  two channels was %60°, Laboratory ca l ib ra t ions  showed 

tha t  cross  ta lk ,  defined a s  the  r a t i o  of the  detected counts i n  the un- 

i r r a d i a t e d  channel t o  those In  the  i r r a d i a t e d  channel, was always <loe3; 

t h i s  was considered acceptable f o r  these  experiments. 

The proton detec tors  could not  d i s t ingu i sh  between protons and 

accelerated ambient ions. However, the  e f f i c i e n c i e s  of both the  HO 

spectrometer and t h e  t o t a l  H de tec tor  decreased rapidly  with increasing 

atomic number of the  inc ident  p a r t i c l e  because of increased s c a t t e r i n g  i n  

the  carbon f o i l .  These detec tors  therefore  provided a s ign i f i can t  d is -  

cr imination between p rec ip i t a ted  hydrogen and accelerated ambient p a r t i c l e s .  

I n  addi t ion  t o  t h e  p a r t i c l e  experiments, t h e  payload contained an 

a c  and dc e l e c t r i c  f i e l d  experiment, a two a x i s  aspect  magnetometer, an  

H photometer, and a s e n s i t i v e  boom mounted 2 ax i s  f l u x  gate  magnetometer B 
f o r  t h e  measurement of l o c a l  ionasphark  current.systems aeeociated with 

the  aurora. The l a s t  two experimaents were eupplied under support by t h e  

TRW Independent Research and Developnaent Prograan. The data  from these  

two exper imnte  w i l l  not  be discuesed fu r the r  s ince  the  photometer experi- 

ment was apparently uneucceseful and the  ana lys i s  of the  magnetometer ex- 

periment data  has not been completed, 

The a c  and dc e l e c t r i c ' f i e l d  experiment wae approximately i d e n t i c a l  

t o  t h a t  flown on the  f i r s t  Tomahawk f l i g h t  and was deecribed in d a t a a l  i n  

the  Final Report f o r  Contract NbSV-1474 [l968] and by B&m@teCn e t  a$. 

[1969c], The signif  i s a n t  modgf &cattone included a new boom design, and 

the  modlficat%an of the  dc channel respswee t o  gravida a linear rather 



than logari thmic output range. The aspect  mgnetometer was i d e n t i c a l  

t o  t h a t  flown on the  f i r s t  rocket; a complete descr ip t ion  i s  a l s o  found 

i n  the  Final  Report f o r  Contract NASW-1474 [1968]. 
' 

The rocket  was launched 17 Apri l  1969 a t  0057:30 l o c a l  time 

(0657:30 UT) from Ft .  Churchil l .  Beginning about sunset ,  there  was some 

ind ica t ion  of aurora l  a c t i v i t y ,  A t  Q0500 UT, t he re  was observable ac t iv-  

i t y  t o  the  south appearing a s  a r c s ,  A t  0600 UT, t he re  was major a c t i v i t y  

on the  southern horizon; breakup a c t i v i t y  was apparently present  there .  

Subsequently, the re  was a period of very d i f f u s e  patchy type aurora which 

began t o  show a c t i v e l y  near  the  zenith.  A t  launch, t h e  patches had formed 

i n t o  a corona display.  There was a magnetic bay and a brightening of the  

aurora. Several  minutes a f t e r  completion of the  f l i g h t ,  an extremely b r igh t  

( t h e  estimated i n t e n s i t y  of 55778 was 5-0-100 RR) and narrow a r c  developed 

i n  t h e  zeni th  with a near ly  north-south alignment, This a r c  appeared 

homogeneous. Then t h e  a r c  d imed  and a c t i v i t y  diminished, During the  

b r igh t  a rc ,  the re  was o t i l l  evidence of t h e  o r i g i n a l  coronal d isplay  which 

had s h i f t e d  t o  the  north,  

The launch occurred some th ree  minutes a f t e r  the  magnetic f i e l d  

had reached i t s  maximum depression of 150 gama.  The peak 5577A observed 

from t h e  ground was ~ 1 4  KR. A t  times during the  f l i g h t ,  the  63008 inten- 

city was comparable t o  tha t  of 55778; f t  reached a maximum i n t e n s i t y  of 6.3 

KR. There was 9 db 30 Me riogretele a b ~ o r p t i o n  i n  the  breakup everat, A 



PCA event  occurred some f i v e  m d  one ha l f  days  before  t h i s  f l i g h t ,  a 

second event may have poss ib ly  occurred f o u r  days p r i o r  t o  the  f l i g h t ,  

On the  day of t he  f l i g h t ,  t h e r e  was only a very s l i g h t  fnd lca t ion  of t h e  

PCA and i t  i s  f e l t  t h a t  t h e  d a t a  repor ted  below were no t  inf luenced by any 

s o l a r  cosmic rays .  

Both t h e  t o t a l  p r e c i p i t a t e d  hydrogen and e l e c t r o n  f luxes ,  based 

9 -2 -1 on f i v e  second averages of t h e  counts ,  ranged from lo8 - 10 cm s e c  

- 1 str  . The energy s p e c t r a ,  shorn i n  Figure 1, f i t t e d  w e l l  t o  a power l a w ,  

E - ~ ,  r ep re sen ta t ion  wi th  n = 3.5 - + 0.4 f o r  hydrogen and n - 1.2 - + 0.6 f o r  

e l ec t rons ,  where t h e  - + i n d i c a t e s  temporal v a r i a t i o n s  no t  t h e  experimental 

e r r o r .  A w e l l  def ined  peak was no t  observed In  t h e  e l e c t r o n  spectrum, 

The f l u x  and energy spectrum of the  tataX p r e c i p i t a t e d  hydrogen derived 

from both t h e  n e u t r a l  and proton spectrometers  are i n  good a g r e m e n t ,  a f t e r  

t h e  raw counting d a t a  a r e  cor rec ted  by (1) t h e  appropr i a t e  e f f i c i e n c y  and 

geometr ical  f a c t o r s  (Table 2 )  and (2)  t h e  ex t r apo la t ed  hydrogen equi l ibr ium 

f r a c t i o n s  i n  molecular n l to rgen  given by Bemstain e& aZ, [1969e]. 

Figure 2 shows a two second p e r i s d  0% data from t h e  two f ixed  

energy proton d e t e c t o r s  and two energy channels of t h e  e l e c t r a n  spectrometer .  

The rocket  a l t i t u d e  was approximately 160 kn a t  t h i s  t ime, I n  t h i a  graph, 

t h e  proton f l u x e s  have no t  been cor rec ted  t o  t he  t a p  of t h e  atmosphere, 

Readily apparent  a r e  eevesa l  sabrupt i nc reases  s f  about a f a c t o r  of 2-4 

i n  the proton count rate aseoc ia ted  with larger deereaees i n  the detec ted  

e l e c t r o n  r a t e ,  A t  apgraximetsfy t h e  same t imes,  a%P t h e  e l a c t r o n  chamefe  

showed abrldpt decreases ,  and a l l  channels of t h e  proton spectrometer and t h e  



t o t a l  hydrogen de t ec to r  showed inc reases ,  Because sf  t he  very low count- 

i n g  r a t e  of t he  WO spectrometer ,  an i d e n t i f i c a t i o n  of an impuls ively in-  

creased counting r a t e  is  l e s s  c e r t a i n .  There  d i d  no t  appear ts be any 

s i g n i f i c a n t  change i n  t he  energy spectrum of e i t h e r  e l ec t rons  o r  hydrogen 

during t h e  presence of t h e s e  impulsive events ,  a l though t h e r e  may be  a 

s l i g h t  tendency i n  5 s e c  average s p e c t r a  f o r  t h e  n e u t r a l  and e l e c t r o n  

s p e c t r a  t o  s o f t e n  dur ing  b u r s t  per iods whi le  t h e  proton s p e c t r a  remain 

f ixed  . 

I n  a l l  t h e  impulsive enhancements we have s tud ied  t h e  e l e c t r o n  

f luxes  have decreased. However, i t  should be  noted t h a t  because of s a tu ra -  

t i o n  e f f e c t s  a t  high count r a t e s  i n  channeltron d e t e c t o r s ,  an inc rease  i n  

i n c i d e n t  f l u x  can r e s u l t  i n  an  observed decreased counting r a t e *  Since t h e  

average e l e c t r o n  counting r a t e s  were generally h igh ,  i t  was thus  poss ib l e  t h a t  

t h e  observed e l e c t r o n  decreases  were a c t u a l l y  l a r g e  e l e c t r o n  enhancements, I n  

e i t h e r  case,  t h e  irnpulsive cha rac t e r  sf these eve i t s  remains v a l i d .  

Figure 3 shows one p r e t a n  bur s t  on an expanded time scale, In 

genera l ,  t h e  c h a r a c t e r i s t i c s  of such pro ton  b u r s t s  are (1) the  time re- 

qui red  t o  obtain t h e  maximum proton c o w $  ra te  was ( 4  meec, (2)  t h e  pro- 

ton  decay t i m e  was u s u a l l y  somewhat Longer ( ~ 3 9  msec) b u t  sometimes was 

a s  long as sweral tenthe o f  a second, (3)  t h e  proton  energy opeetrm re- 

mains nearly umaehanged dur ing  the  b u r s t ,  Because each electron energy 

channel was sampled only once every 18 msec, i t  i s  asre difficult t o  

accurately deternine the t i m e  required f o r  t h e  s%ectran deczaaee, but the 

time appears t o  b e  2x0 msec, "Ile electron recovery t i m e  was araazajrlly some- 

what longer than t h e  typical 36 uroec proton decay sims, 



We have c a r e f u l l y  considered the  p o s s i b i l i t y  t h a t  t h e  descr ibed 

phenomena could be  t h e  r e s u l t  of payload malfunction r a t h e r  than events 

which can be a t t r i b u t e d  t o  t h e  au r s r e .  A t  presen t ,  w e  h m e  concluded 

t h a t  these  events  were n o t  spur ious  because v e h i c l e  generated no i se  could 

no t  account f o r  t h e  fol lowing observat ions:  

1. Although t h e  count rates i n  t h e  va r ious  hydrogen d e t e c t o r s  

va r i ed  over  3 orde r s  of magnitude, t h e  b u r s t  enhanccaments f o r  

each of t h e s e  instruments  represented  t h e  same r e l a t i v e  in-  

c r ease  i n  each d e t e c t o r ' s  count r a t e .  Secondly, t h e  t o t a l  

hydrogen f l u x e s  der ived  from t h e  pro ton  and from both n e u t r a l  

d e t e c t o r s  were i n  agreement d e s p i t e  t he  l a r g e  v a r i a t i o n s  i n  

e f f i c i e n c i e s  and geometr ical  f a c t o r s .  

2, The f i x e d  energy proton d e t e c t o r  pointed r a d i a l l y  t o  t h e  

v e h i c l e  s p i n  a x i s  showed t h e  expecteq l a r g e  modulation i n  

count r a t e  a t  t h e  s p i n  frequency, A muck sma l l e r  @pin modtl- 

l a t i o n  was seen of i ' the  hydrogen d e t e c t o r s  p a r a l l e l  t o  t h e  

s p i n  a x i s ,  This  l a t t e r  modulation can b e  caused by a s l i g h t  

misalignment between t h e  d e t e c t o r  and t h e  aagulaz nmentum 

vec to r  of t h e  veh fc l e  and i s  i n d i c a t i v e  of a nsa-heotropic 

p i t c h  angle  d i e t r i b u t i o n ,  

3 ,  Occasional ly t h e r e  wae no c o r r e l a t i o n  between bure t8  observed 

wi th  t h e  r a d i a l  p ro ton  d e t e c t o r  and t h e  fornard  looking iwstru- 



4 .  The high vo l t age  monitor showed no important v a r i a t i o n  dur- 

ing t h e  repor ted  observa t ions .  

5. The energy spectrum of n e i t h e r  t h e  protons nor t h e  e l ec t rons  

changed appreciably dur ing  t h e  b u r s t s .  

6 .  The b u r s t s  were cha rac t e r i zed  by an inc rease  i n  hydrogen 

f l u x  assoc ia ted  wi th  an apparent  decrease i n  e l e c t r o n  f l u x .  

Spurious n o i s e  counts  would always r e s u l t  i n  increased  count 

r a t e s .  

7, An abrupt  change i n  t h e  composition of t h e  e n e r g e t i c  p a r t i c l e  

f l u x  i n c i d e n t  on t h e  antenna elements of t h e  E f i e l d  experi-  

ment would r e s u l t  i n  t h e  observed s a t u r a t e d  s i g n a l s .  

It i s  poss ib l e  t o  e s t ima te  t h e  ex t en t  of t h e  s p a t i a l  reg ion  i n  

which t h e  enhanced hydrogen f l u x e s  were. generated by cons ider ing  t h e  tem- 

p o r a l  behavior of t h e  va r ious  pro ton  de t ec to r s .  

1, The observed maximum delay  of ~ 0 . 1  eec between t h e  a x i a l  5 

kev f ixed  pro ton  d e t e c t o r  and t h e  0.28 kev channel of t h e  

proton spectrometer  i n d i c a t e s  a maximum genera t ion  d i s t a n c e  

2 ,  Because of i ts  20% reso lu%ion,  t h e  f ixed  5 kev proton 

d e t e c t o r s  responded t o  p a r t i c l e s  s f  energy between 4.5 - 5 , s  

kev, The sbeekved ewhaneement r i s e  t iwe  s f  Q4 msas thus  in-. 

p l i e s  a genera t ion  dietawse s f  440 be 



It should be noted t h a t  most hydrogen p a r t i c l e s  have cycled between t h e  

n e u t r a l  and charged s t a t e  w i th in  a few k i lometers  of t h e  rocke t .  

The two i d e n t i c a l  energy (5 kev) f ixed  proton d e t e c t o r s ,  one 

viewing p a r a l l e l  t o  t h e  rocket  s p i n  a x i s  ( a x i a l ) ,  t h e  o the r  viewing per- 

pendicular  t o  t h e  s p i n  a x i s  ( r a d i a l )  provide our  i n f o m a t i o n  about t h e  

proton p i t c h  angle  d i s t r i b u t i o n .  The counting r a t e s  observed wi th  t h e  

r a d i a l  d e t e c t o r  were always a f a c t o r  of 2 t o  4 g r e a t e r  than those  observed 

wi th  t h e  a x i a l  d e t e c t o r  i n d i c a t i n g  a l a r g e r  f l u x  a t  angles  near  90' t o  t h e  

f i e l d  l i n e .  These observa t ions  a r e  cons i s t en t  wi th  those  descr ibed  by 

Chase [1970]. The small  s p i n  modulation observed wi th  t h e  a x i a l  d e t e c t o r  

i s  a t t r i b u t e d  t o  a s l i g h t  misalignment of t he  instrument co l l ima to r  wi th  

r e spec t  t o  t h e  s p i n  a x i s ,  and, a s  has  been noted t h i s  modulation is  a l s o  

i n d i c a t i v e  of a non-isotropic  p i t c h  a n g l e ' d i s t r i b u t i o n .  

A s  t h e  v e h i c l e  spun, t h e  r a d i a l  proton d e t e c t o r  measured t h e  

p i t c h  ang le  d i s t r i b u t i o n  of protons about t h e  90' po in t .  A s  t h e  v e h i c l e  

precessed,  t h e  p i t c h  angle  range explored by t h i s  d e t e c t o r  changed from 

a minimum range of 85 - 95' up t o  a maximuru range of 75 - 105'. I n  our 

a n a l y s i s  of t he  p i t c h  ang le  d a t a ,  c a r e  was taken bo e e l e c t  po r t ions  of 

t h e  record i n  which t h e  descr ibed  bu re t  a c t i v i t y  was not  p re sen t ,  A t  

t h e  h igher  a l t i t u d e s  ( ~ ~ 2 0 0  km) t h e  f l u x  observed by t h e  r a d i a l  d e t e c t o r  

from t h e  downward heniephere wae colaparable t o  o r  g r e a t e r  than  t h a t  from 

t h e  upper h a i s p h e r e ,  A t  lower a l t i t u d e 8  rke  damward f l u x  was doninant.  



A most i n t e r e s t i n g  f e a t u r e  of t h e  d a t a  was t h e  pronounced p i t c h  

angle  asymmetry observed during some s p i n  cycles, This i s  clearly shown 

i n  Figure 4 which shows t h e  change i n  t h i s  ease-west as-ymmerry during 

s e v e r a l  success ive  s p i n  cyc les .  The l i m i t a t i o n s  inherent  i n  a 2 a x i s  

aspec t  magnetometer prevent  an i d e n t i f i c a t i o n  of e a s t  and w e s t  f o r  t h i s  

rocket  because i t  was launched nea r ly  p a r a l l e l  t o  t h e  f i e l d  l i n e s .  An 

a n a l y s i s  of t hose  cyc l e s  i n  which t h i s  asymmetry i s  evident ,  shows t h a t  

t h e  f l uxes  from one d i r e c t i o n  were usua l ly  l a r g e r ,  Var ia t ions  i n  t h e  

angular  d i s t r i b u t i o n  of protons were very  ev ident  on success ive  cyc l e s ,  

The slow s p i n  r a t e  of ~0.7 sec-I l i m i t s  t h e  temporal r e s o l u t i o n  wi th  

which r ap id  f l u c t u a t i o n s  of p i t c h  ang le  c h a r a c t e r i s t i c s  can be  s tud ied ,  

I n  genera l ,  t h e  b u r s t  r e p e t i t i o n  r a t e  appeared t o  range between 

0.25 and 2 sec-l a t  .lower a l t i t u d e s ;  above 200 km, t h e  r e p e t i t i o n  r a t e  

increased  t o  3 - 4 sec-l .  l a  Figure  5, t h e  t imes of accurrence (and 

t h e r e f o r e  t h e  a l t i t u d e )  versue t h e  tangles of t h e  r a d i a l  d e t e c t o r  w i th  

r e spec t  t o  t h e  f i e l d  l i n e s  a r e  p l o t t e d .  The a l t i t u d e  dependence of t h e  

recurrence r a t e  i e  c l e g r l y  seen,  There i s  n s  sbivoue dependace  of b u r e t  

occurrence on t h e  up-down o r l e n t a t i o n  of the d e t e c t o r .  This  r e s u l t  ap- 

pea r s  t o  b e  c o n s i s t e n t  wi th  our p r i o r  codclueion t h a t  t h e  reg ion  s f  ac- 

c e l e r a t i o n  o r  p r e c i p i t a t i o n  c o n t r o l  is  loca t ed  Bn cloee proximity t o  t he  

rocket ,  On t h e  o t h e r  hand, a' s t a t i s t i c a l  ana lya ie  shows t h a t  t h e  b u r s t  

occurred w i t h  a d e f i n i t e  eaet-weet preference .  Evan though we a r e  un- 

a b l e  t o  d e t e ~ m i n e  whether t he  preference  van from t h e  weet or: t h e  e a s t ,  

we do know t h a t  t h e  burets occurred p r e f e r e n t i a l l y  from the came di ree-  

tispr from which t h e  Largar %Lux@@ %a the p%$ch angle a a m e t r y  arriveds 



The da ta  from t h e  ac e l e c t r i c  f i e l d  experiment showed the  same 

la rge  amplitude s igna l s  recurring a t  the  spin  frequency seen on the  

Apri l  25, 1968 f l i g h t .  Our previous in te rp re ta t ion  ' o f  these  s igna l s  

was tha t  they were ind ica t ive  of a  vehic le  in te rac t ion  with the  environ- 

ment and t h a t  they were not c h a r a c t e r i s t i c  of na tu ra l ly  occurring f luc-  

tua t ing e l e c t r i c  f i e l d s ,  Hence w e  have not devoted a s ign i f i can t  e f f o r t  

t o  t h e  i n t e r p r e t a t i o n  of r e s u l t s  from t h i s  experiment. One very i n t e r -  

e s t i n g  r e s u l t ,  however, is  t h a t  each detected p a r t i c l e  burs t  event i s  

always accompanied by the  l a rge  a w l i t u d e  a c  experiment s ignal ;  t h e  con- 

verse  cor re la t ion  is not  v a l i d ,  We aseume tha t  t h i s  l a rge  a c  s igna l  i s  

caused by i~mpl i f i e r  overload produced by a t r ans ien t  imbalance i n  the  

p o t e n t i a l  of the  antenna elemente, Such a t r m s i e n t  p o t e n t i a l  imbalance 

could e a s i l y  be caused by the  described ilongulsive change i n  the  energet ic  

p a r t i c l e  p rec ip i t a t ion  associated with the bure t  events. 

The response of the  dc channel 'to a  steady a t a t e  e l e c t r i c  f i e l d  

and the  induced v x B/c e l e c t r i c  f i e l d  should be a sine wave a t  the  spin  

frequency, The launch azimuth was $140'; thus the  v x B / C  f i e l d  ehould 

have been $10 m i l l i v o l t s  GI. This expected s inusoidal  s igna l  was ob- 

served throughout the  f  i r e t  f l i g h t  [Bsme.t;@in s$ a$:, 1 9 6 9 ~ 1 ,  Howwer , 
there  wae no evidence whatsoever f o r  such a s igna l  on the  present  f l i g h t ,  

Consequently we conclude t h a t  t h i s  chmnel  d id  not operate s a t i s f a c t o r i l y  

probisbly becaurae of rs ma%funetion i n  the  $ep%sspta~prt sf  the antenna ale-  

mntta. 

The r e s u l t s  of our two f l i g k t e  i n to  auroral breakup eventa, car- 

r i ed  ou t  on 25 Apri l  1968 and 1 3  A p r i l  $969, have ahom edriking eowsie- 

tency and a r e  sumarized below: 



9 1. Large (10 cm-2 sec-I)  low energy (I kev) hydrogen f luxes  

were p r e c i p i t a t e d  during t h e  breakup and poet breakup phase, 

The energy p r e c i p i t a t i o n  i n  t h e  hydrogen component was com- 

parable  t o  t h a t  i n  t h e  e l e c t r o n s ,  

2 .  The measured r a t i o ,  Hf/H0, was c o n s i s t a t  wi th  t h a t  expected 

when charge exchange and s t r i p p i n g  equi l ibr ium i s  a t t a i n e d .  

3 .  The d a t a  from t h e  f i r s t  f l i g h t  were i n d i c a t i v e  of non-Poisson 

d i s t r i b u t i o n  i n  t h e  t imes of a r r i v a l  s f  hydrogen atorns a t  t h e  

de t ec to r s .  Because the  second f l i g h &  employed f ixed  energy 

ana lyzers ,  which operated cont inuously,  t h e  b u r s t  n a t u r e  of 

t he  hydrogen p r e c i p i t a t i o n  was c l e a r l y  seen i n  t h e  second 

f l i g h t ,  These hydrogen enhancements were a s soc i a t ed  wi th  

equa l ly  abrupt  decreases  i n  t h e  p r e c i p i t a t e d  e l ec t rons .  

These pro ton  b u r s t s  appeared t o  occur  wfth equal  p r o b a b i l i t y  

from above and below t h e  rocket  l oca t fon ,  hut  had an east- 

west p r e f e r e n t i a l  d i r e c t i o n  of occurrence,  

4 .  The s p a t i a l  e x t e n t s  of t h e  hydrogen f o m e  were much less than 

p red ic t ed  by Bauideon ti9651 for  the  a l t i t u d e s  a t  which t h e  

observa t ions  were made d e s p i t e  t h e  f a c t  t h a t  t h e  proton p i t c h  

ang le  d i s k r i b u t i b n  was peaked near  98'. TkPe p i t c h  angle  die-  

t r i b u t i o n  was n o t  always s ~ e t r % c a l  about 90°, bu t  a t  t%mes 

showed a  pronounced eaet-west a s p a t r y ,  



5 ,  Measurement of t h e  d i spe r s ion  i n  a r r i v a l  times of d i f f e r e n t  

energy h y d r ~ g e n  atoms o r  protons can y i e l d  va luable  informa- 

t i o n  on e i t h e r  a c c e l e r a t i o n  o r  p r e c i p i t a t i o n  processes  i f  i t  

i s  assumed t h a t  p a r t i c l e s  of a l l  energ ies  a r e  ac ted  upon i n  

t h e  same fash ion .  The d a t a  from t h e  f i r s t  f l i g h t  i nd ica t ed  

t h a t  these  processes  were a c t i v e  w i t h i n  a d i s t a n c e  of <lo00 km 

from t h e  rocket .  Because of t h e  much b e t t e r  ins t rumenta t ion  

on t h e  second f l i g h t ,  this.maximm d i s t a n c e  from t h e  rocket .  

was found t o  .be 550 he The b u r s t  a c c e l e r a t i o n  o r  p rec ip i t a -  

t i o n  processes  t h e r e f o r e  were low a l t i t u d e  phenomena. 

Observations ind ica t ed  t h a t  both t h e  e l e c t r o n  and proton energy 

s p e c t r a  remain r e l a t i v e l y  unchanged from t h e  "steady s t a t e "  

condi t ion  during per iods  of b u r s t  a c t i v 8 t y .  Because of t h e  

observed power l a w  dependence of both energy spec t r a ,  t h e  

unchanged c h a r a c t e r  of .the energy spectrum was not  cons i s t en t  

w i th  t h e  i d e a  of a c c e l e r a t i o n  by a l o c a l  u n i d i r e c t i o n a l  e lec-  

t r i c  f i e l d .  S imi l a r  a c c e l e r a t i o n  by a u n i d i r e c t i o n a l  e l e c t r i c  

f i e l d  should r e s u l t  i n  a l a r g e r  enhancement f a c t o r  than decre- 

ment f a c t o r  because of t h e  power law c h a r a c t e r  of t h e  energy 

spec t r a ;  t h e  i n v e r s e  was observed, 

The i d e a  t h a t  p a r t i c l e  a c c e l e r a t i o n  o r  p r e c f p i t a t i o n  con t ro l  s ccu r s  

a t  a l t i t u d e s  l e s s  than a few t h o u ~ a n d  kilometeze i s  mot new. &me El9671, 

and Mozer and B~uetsrt [1966% and R % ~ @ P $  [I9691 "inve roached t h i s  conclua$an 



based upon observed e l e c t r o n  v e l o c i t y  d i spe r s ions  and proton and e l e c t r o n  

p i t c h  angle  d i s t r i b u t i o n s  r e spec t ive ly ,  I n  fact, only one s tudy ,  based 

upon observed e l ec t ron  v e l o c i t y  d i spe r s ions ,  has  placed t h e  l o c a t i o n  of 

t h i s  reg ion  a t  l a r g e  d i s t a n c e s ,  poss ib ly  the  equator  [Brcyant e t  aZ,, 19691. 

Because of our g r e a t e r  temporal r e so lu t ion  which a rose  p r imar i ly  because 

of our measurements on t h e  lower v e l o c i t y  protons and hydrogen, we have 

been a b l e  t o  p l ace  t h e  l o c a t i o n  of a region of a c c e l e r a t i o n  o r  con t ro l ,  

i n  t h e  lower ionosphere,  

Evans [I9671 has proposed t h a t  a beam-plasma i n s t a b i l i t y  produced 

by t h e  i n t e r a c t i o n  of t h e  r e l a t i v e l y  monoenergetic component of t he  pre- 

c i p i t a t e d  e l e c t r o n s  wi th  t h e  ionosphere could exp la in  h i s  observa t ions ,  

A s  a r e s u l t  of t h i s  i n s t a b i l i t y ,  some f r a c t i o n  of t h e  p r e c i p i t a t e d  elec-  

t r o n s  o r  ionospher ic  e l e c t r o n s  a r e  a c c e l e ~ a t e d  t o  s u b s t a n t i a l l y  higher  

energ ies .  The obsewed p e r i o d i c  behavior i n  t h e s e  h igher  energy e l e c t r o n s  

i s  a t t r i b u t e d  t o  t h e  marginal  s t a b i l i t y '  of t h e  plasma conf igura t ion  and 

t h e  r ecu r ren t  quenching of t h e  i n s t a b i l i t y .  Evans has  no t  performed any 

measurements of proton p r e c i p i t a t i o n  during such pe r iods  of a c t i v i t y .  

C lea r ly  from our  observa t ions ,  t h e  requi red  process  i s  n o t  l imi t ed  t o  

e l e c t r o n s  alone,  bu t  nnuet a l s o  severe ly  modify t h e  p r e c i p i t a t e d  hydrogen 

energy and f l u x  d i s t r i b u t i o n s .  Also, t h e r e  i s  no evidence whatsoever f o r  

a s i g n i f i c a n t  monoenergetic p r e c i p i t a t e d  e l e c t r o n  component a t  any t i m e  

during t h e  second f l i g h t ,  and the re fo re  t h e  occurrence of a beam-plasma 

i n s t a b i l i t y  sems un l ike ly .  POP these  reasons ,  we do not  be l i eve  t h a t  

t h e  mechanism proposed by Evans i e  app l i cab le  t o  the praeent  experimental 



Mozer and also Albert have invoked the exietence of a steady 

state electric field parallel to the geomagnetic field to explain their 

pitch tlngle observations, The most recent theoretical treatment for the 

generation of such an electric field is by Kennel and Kindel [1970] , 

They suggest that because of an initial preponderance of electron precip- 

itation, a charge separation electric field is created along the lines of 

force in the upper ionosphere. Because of this field, return currents 

will flow upward from the 100 km region in order to cancel the charge im- 

balance. They calculate that this return current flow will become unstable 

at altitudes above 1000 km based on typical electron precipitated fluxes, 

and ionospheric electron temperatures and densities, The resultant wave- 

particle interactions will inhibit the required current flow and therefore 

result in an anomalous or collisionless resistivity. Because of this re- 

sistivity a steady state electric field can be maintained parallel to B 

in the essentially collisionless upper donospherp. This analysis does not 

appear to be applicable to the present data for several reasons: (1) The 

experimental results are inconsistent with the existence of a unidirectional 

electric field. (2) Their present inetability criteria place the region 

of anomalous resistivity at altitudes above 1000 km which is inconsistent 

with the observed placement of the region of acceleration or precipitation 

control at much lower altitudes, (3) Their theory does not predict or 

consider the obeerved traneient or burst nature of the precipitation. ( 4 )  

It ie difficult to understand how anomalous reeistivity can lead to the 

very localized observed region of precipitation of control, 65) Their 

proposed electric field could lead to o "ramaway" acceleration of some 



f r a c t i o n  of t h e  h igher  atomic number ion  cons t i t uen t s  of t h e  ionosphere; 

t h e r e  have been no observa t ions  of t h e  OCG~ZPE"PICC of B U C ~  a runaway ac- 

c l e r a t i o n .  ( 6 )  The i n i t i a l  condi t ion  of excess e l e c t r o n  f l u x  a t  t h e  

1000 km l e v e l  is  probably not  met. 

It should be noted t h a t  a s i g n i f i c a n t  s epa ra t ion  of charge can be 

produced i n  t h e  a l t i t u d e  range 100-300 km f o r  equal  f l uxes  of hydrogen 

and e l e c t r o n s  i n  t h e  1-10 kev energy range i f  i t  i s  assumed t h a t  a l l  t h e  

p r e c i p i t a t e d  hydrogen was i n  t h e  proton s t a t e  a t  t h e  top  of t h e  atmosphere. 

The inc iden t  pro ton  f l u x  w i l l  be  90% neu t r a l i zed  between 200 and 300 km by 

charge exchange whereas t h e  e l e c t r o n s  cont inue t o  t h e  100 km region. The 

consequences of t h i s  low a l t i t u d e  charge sepa ra t ion  r m a i n  t o  b e  considered, 

b u t  they could inf luence  both t h e  observed l i m i t e d  proton spreading and t h e  

pene t r a t ion  of pro tons  t o  low a l t i t u d e s ,  However, t h e  r e s u l t s  from our  

r ecen t  s o l a r  e c l i p s e  J a v e l i n  f l i g h t  [Wax and Bernstek,  1930bl suggest  t h a t  

t h e  p r e c i p i t a t e d  hydrogen f l u x  may be i n  t h e  n e u t r a l  r a t h e r  than t h e  proton 

s t a t e  a t  t h e  top  of t h e  atmosphere, Pa t h i s  case ,  t h e  charge sepa ra t ion  

p a t t e r n  would b e  siimilar t o  t h a t  suggested by Kennel and Kindel f o r  pre- 

dominant e l e c t r o n  p r e c i p i t a t i o n ,  bu t  wi th  t h e  two d i e t i n c t  region8 of 

nega t ive  charge; one a t  200-300 lan where t h e  hydrogen is s t r i p p e d  and 

another  a t  100 km where t h e  e l e c t r o n s  a r e  stopped, 

On t h e  f i r s t  f l i g h t ,  t h e  rocke t  f o r t u i t o u s l y  passed through a f o m  

boundary. Both t h e  measurement8 of n e u t r a l  hydrogen and e l e c t r o n s  22 kev 

gave t h e  erne  Poeat ion of t h e  form boundary; the electrows 92 kev extended 

severaf  kikometers galeward, This  sharply defined hydrogen bstmdary was 

not i n  agreement with Dauidsonte [I9651 predic ted  epseading of a psecipF- 



t a t e d  proton be- because sf t h e  repeated charge exchange and s t r i p p i n g  

r eac t ions  which occur during the  t ransi t  of hydrogen through t h e  atmosphere, 

Because t h e  hydrogen and proton d e t e c t o r s  were a l l  a l igned  p a r a l l e l  t o  t h e  

sp in  a x i s ,  l i t t l e  meaningful i n f o m a t i o n  about t h e  hydrogen p i t c h  ang le  d i s -  

t r i b u t i o n  w a s  obtained on t h e  f i r s t  f l i g h t ,  Therefore,  we propose t h a t  t h e  

sharp hydrogen boundary could be explained by e i ther  an inc iden t  hydrogen 

p i t c h  ang le  d i s t r i b u t i o n  more sharp ly  peaked p a r a l l e l  t o  t he  magnetic f i e l d  

o r  a much lower dens i ty  of t h e  upper atmosphere than had been assumed by 

Davidson. Unfortunately a form boundary was not obsemed on t h e  second f l i g h t ;  

however, t h e  p r e c i p i t a t e d  hydrogen p i t c h  angle d i s t r i b u t i o n  always ap- 

peared peaked nea r ly  perpendicular  rather than parallel  to t h e  magnetic 

f i e l d .  These r e s u l t s  a r e  i n  agreement w i t h  measurements repor ted  by 

Chase [ l990]  dur ing  s e v e r a l  a u r o r a l  breakup eveate, I f  we aeeume t h a t  

t h i s  an iso t ropy  i s  c h a r a c t e r i s t i c  of hydrogen p r e c i p i t a t i o n  during t h e  

breakup, and t h a t  i t  wgis a l s o  preaent  dur ing  I;lae,firs% f l i g h t ,  i t  seems 

l i k e l y  t h a t  t h e  observed hydrogen boundary indicates t h e  reduced d e n s i t y  

of t h e  upper atnosphere,  This  conclusion i s  co~xeietant w i t h  t h e  observed 

pene t r a t ion  of low energy (1-10 kev) hydrogen t o  the  100 h a % t i t u d e  range. 

There i s  a t h i r d ,  unexplored p o s s i b i l i t y  which might make uee of ac- 

e l e c t r i c  and magnetic f i e l d e  i n  order  ts both energize and conf ine  t h e  

proton beam, 

The observed v a r i a b i l i t y  i n  the  p f t c h  angle  d i e t r i b u t i o a  and more 

particularly in t h e  apparent east-weBt a B x p a t z y  i s  consistent  with con- 

cept t h a t  the lower ianoeghere i e  an extremely act ive aed%bl~~e The imps@%- 



t i o n  of t h e  east-west asymmetry from a source a t  high a l t i t u d e s  appears 

un l ike ly ;  a low a l t i t u d e  modif icat ion of t h e  p r e c i p i t a t i o n  by l o c a l  f luc-  

t u a t i n g  e l e c t r i c  and magnetic is  more reasonable.  Clear ly  t h e  e n t i r e  

a r e a  of low a l t i t u d e  a u r o r a l  phenomena r equ i r e s  f u r t h e r  experimental and 

t h e o r e t i c a l  study. 

B. Auroral J a v e l i n  Proton and Neut ra l  Spectrometer 

Resul t s  

These instruments  were flown on rockets  8:55 UE and 8:56 UE from 

F t .  Churchi l l ,  Thei r  design was i d e n t i c a l  t o  t h e  one flown on t h e  Tomahawk 

except  f o r  a d i f f e r e n t  h igh  vo l t age  sweep, I n  t h i s  case  t h e  sweep cycled 

once a second. 

The f i r s t  rocke t  waa launched i n t o  weak a c t i v i t y .  There was a 

boom deployment problem wi th  another  experiment yhich  caused t h e  rocket  

t o  t m b l e ;  t h e  d a t a  a r e  t h e r e f o r e  no t  complete because of many telemetry 

drop-outg. There was an apparent malfunct ion of our spectrometers  s i n c e  

almost a l l  t h e  recorded count& secured s h u l t a n e o u s l y  i n  both t h e  proton 

and n e u t r a l  count ing channels; t h e  ins tan taneous  r a t e s  i n  each channel 

were thus  equal ,  We be l i eve  t h e  d a t a  a r e  prob&Ly t h e  sum of t h e  counting 

rates f o r  bo th  channels becebuse another  experiment had a s i m i l a r  malfunc- 

t i o n  an t h e  second f l i g h t ,  There a r e  two p o s s i b l e  causes f o r  t h i s  s u d n g  

of counta,  The f i r s t  is  t h a t  t h e r e  was c rose  talk between our  discrim- 

i n a t o r s ;  t h e  eecond is t h a t  t h e r e  was a ma%funct%ow of t he  Berkeley pu l se  

code modulator u n i t ,  The count Patea were sa low throughout t h e  f l i g h t  



t h a t  no da ta  concerning burs t  phenomena o r  atmospheric a t tenuat ion  of 

the  hydrogen beam can be obtained, Because of the  l a r g e  n w t r a l  e f f i c -  

iency f a c t o r ,  the  major port ion of the  obsemed counts were probably 

protons, One concludes t h a t  t h e  proton f l u x  a t  k i l o v o l t  energies was 

3 4 on the  order  of 10 t o  10  throughout most of the  f l i g h t .  This is  con- 

s i s t e n t  with the  low proton f luxes  observed by o ther  instruments on the  

rocket.  

The second rocket was launched in to  an a c t i v e  aurora l  breakup con- 

d i t i o n  a t  F t .  Churchill .  F i f teen  seconds a f t e r  high voltage turn on, 

there  was a sudden drop i n  the  observed counting r a t e  and u n t i l  the  rocket 

reached the  200 km l e v e l  on the  downleg of the  f l i g h t ,  t he re  a r e  p r a c t i c a l l y  

no counts obsemed by e i t h e r  channel, even though the  o the r  instrument on 

the  rocket showed extremely l a r g e  proton 'fluxee a h v e  60 kev, We bel ieve  

tha t  the  channeltron high voltage supply did not  function properly during 

t h a t  por t ion  of t h e  f l i g h t .  I n  the  periods where da ta  e x i s t ,  the  n e u t r a l  

7 -2 hydrogen f l u x  was z10 cm eec-l and the  proton f luxes  were %lo6 sec-l  

which appear@ t o  be cons is tent  with what wae sbearved by other  instmmente 

a t  t h a t  t i m e .  However, the  rocket  was no longer within the  ac t ive  aurora l  

forms, There were peaks i n  the  hydrogen spec t ra ,  but: it should be remembered 

t h a t  the  energy sweep r a t e  was only once per  second eo t h a t  i t  i s  iraposeible 

t o  say i f  these  peaks r e s u l t  from the  energy d i s t r i b u t i o n  o r  f r ~ m  f l u x  in- 

creases ,  The da ta  would be cons is tent  with e i t h e r  in te rp re ta t ion .  The spec- 

t r a  were s o f t  showing a two decade dacreoee brz t k a n a u t r a l  kydregen f lux be- 

tween 1 and 7 kev, The counting s a t e s  were not high enough t o  d ia t inguish  

i f  buret  s t r u c t u r e  wae present* 



Neither instrument was able to lrraka a measurement of the neutral 

to proton ratio as 8 function of altitude or to abseme bursts, Thus, 

we were unable to m&e the observations we wished to have made. 



Albert, Re D,, papar presented at the Conference o~-i.Electtic Fields in 

the Magnetosphere, Rice 'University, Houston Texas, 1969. 

Bernetein, W., G ,  T. Inouye, N, L. Sanders, and R. L, Wax, "Measurements 

of Precipitated 1-20 kev Protons and Electrons during an Auroral 

Breakup", J. Geoph~s. Res., 74, 3601, 1969a. 

Bernatein, W., R. L. Wax, N. L. Sanders, and G .  T. Inouye, "An Energy 

Spectrometer for Energetic (1-25 kev) Neutral Hydrogen Atoms", 

Small Rocket Instru~aentatian - North Holland Publishing 

Co., haterdarn, p. 9224, 1969b. 

Bernstein, W., G, T. Inouye, N, L, Sandere, m d  R, %, Wax, "~easurements 

of AC and DC Electric Fields in a Breakup Aurora", paper preeented 

at the Conference on Electric Fields in thesMagnetosphere, Rice 

Univereigy, Houston, Taxas, 1959~. 

Bryant, P), A,, G. M. Caurtier, and A, ID, Johnstone, 's~oduEetfon of Auroral 

Electrons at: Large Distance8 from the Earth", d .  AhospherC~ (B 

1~erregzl;rdaZ PhyiaCos, 31,  579, 1969. 

Chaee, L. M., to be publiehe$, 1970. 

Davidson, G. T, , "Expactad Spatial Dietr;tbut&oa of Low Energy Protan8 Pre- 
cipitated in the Aurora1 p one", J. &ophgea R@eoa ?O1 1061, 1965. 



Evans, B. S , ,  "A 10 cps  Per iodic i ty  i n  the  Prec ip i t a t ion  of Auroral Zone 

Electrons", J .  LFeophg~s, Rerr,, 72, 4281, 11967. 

Kennel, (2. and J, Kindel, p r iva te  communication, 1978. 

Mozer, F. S. and P. Bruston, "Observation of the  Low-Altitude Acceleration 

of Auroral Protons", J. Geophys. Res., 72, 2201, 1966. 

Wax, R. L. and W. Bernstein, "Energy Indepcandent Detector f o r  Tota l  Hydro- 

gen Fluxes i n  the  Range 1-10 kev f o r  Space and Laboratory Applications", 

Rev, Sci, in st^., 38, 1612, 1967. 

Wax, R. L,, and W, Bernstein, "~ocket: Borne Measurements of H b i a s i o n s  B 
and Energetic Hydrogen Fluxes during an Auroral Brealrup1' , J, Gffophys. 

Res., 75, 783, 1970, 

Wax, R. L.,  and W, Bernetein, "Solar Eclipae l97QW, Bul le t in  E t o  be published 

by NSF 19fOb. 



Table 2 ,   characteristic^, of the  Instruments F lom.on  the  Auroral 

Tomahawk F l igh t ,  

Figure 1. Typical d i f f e r e n t i a l  energy spect ra  of e l ec t rons  and n e u t r a l  

hydrogen observed on the  aurora l  Tomahawk. The f luxes  have 

not  been corrected t o  the  top of the  atmosphere, 

Figure 2. Display of au ro ra l  impulsive p rec ip i t a t ion  events i n  5000 ev 

r a d i a l  and a x i a l  protons and 200 and 6000 ev e lec t rons .  

Figure 3 .  A proton b u r s t  from Figure 2 a t  5000 ev i n  the  r a d i a l  and 

a x i a l  d i r ec t ions  shown on an expanded t h e  s c a l e ,  

Figure 4 ,  Response of t h e  5000 ev r a d i a l  proton detec tor  a s  a function 

of observed p i t ch  angle showdng a strqng east-west a s p e t r y  . 

which decreases with t i m e .  

Figure 5. Time of occurrence of impulsive p rec ip i t a t ion ,even t s  a s  a 

function of p i t c h  m g l e ,  Points  a r e  the  events ,  The s o i l d  

l i n e s  represent  t h e  r m g e  of p i t c h  angles covered a t  a given 

time, 
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