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PREFACE

The Defense Nuclear Agency is conducting a High A ltitt~ e Effects

Sin~lation Program (}~A IS )  in order to provide informa t ion for the develop-
ment and testing of predic t ive  c omputer codes which are used to assess the
opera t ion of various I)epartment of Defense radar , coa inications , opt ical
and infrared systems in nuc l ear disturbed environments. Under the HAES

program there are ..Irl ’u’. interrelated ;-ro~:r.Imc including fi eld mea sure-
men t !‘r :r. o::.~

~ ie of  e’~~e me~~uremeIit i r ~~f rarr s is IUCA I’ (Infrared Chemistry

1 ~periment5 - Coord in.tted Aurora l Program) wh ich is a coordin.~ted f ie ld

~ie~ sureaeflt program to studs ion i zation and excitat ion mechanisms and

chemical processr~ producing infrared em iss ions in the upper atmosphere

~hi ring .iuror.i i e~~e n t s . Th is  rc;~ort  d i s cu s ses  th e results o~ data obtained

during the flig ht . 1 rui it i — i us t rumcnt eJ ro. - k e t  s i n to  an ro ra from the Peker

Fl.~t Research Range in A las ka . Th~ r~~. . k c t  Nayloads contained instruments

to  measure ;~r e c i p i t a t i n g  ;\i re ic i u ’ .. ‘.istb l c m d  infrared emissions , el ectron

and ion dcns ., mu d ion and neut ra l compos~ t ion. In addit ion there were
numerous ground ~ . m - , - .I i nst  rur.rnt -. including the Chatanika Incoherent

Scatter Lidar • all — sky  mud t e l ev i s i n i  cameras , scanning ;~hot r~et e r - ,

u . m d  ~~~~ t t  ers • m t  erfrrort-ts. rc . ma gnetometer s , m i ‘ -o nd es . riometers and a

part ia l  reflec t ion sounder . The emphas is in th is  report NiH he on the

~re~ i ; ;~~m (1ng ~‘ m u t m e I e  measurements made by an ele~ trost atic analyzer and

a s cm nti ll :. t o r detector flown on the ro~~~ e t s .

~ w i s h  t o  acknowledge and thank various p arti cic ipants in the program

fo r  thc~r assi .t .mn e and for valuable discu ssions of the data . These

include r. A . 1. Stair . “r. James Diw ick , y!r. John Sand oc k , Mr. Phi ll i p
Doyle , Mr. Robert ~klne rnev and ~tr . .lohn ~otelIv of AFC~L; Mr. l~i lli am

;rmcth ’ r , Mr. Dennis f melo rev . Mr. Paul Pruneau , Mr. Brian Sullivan and

Mr . Leo Power of Boston College . Dr. William Reid>’ and Mr. Orr Shepherd .

• Mr. -\ l - e r t  liur d and Mr. will iam Sheehan of V isid ’nc , and Dr. Kay Baker ,

Mr. (an )Iowlett and Mr. David Burt of Utah State t l ni ve r sm t v .

A spec Nil thanks to Mrs. Ca ro l l o l e y  of Bo.ton College for her computer

system and programming contribut ions and to ~ls. Mary K e ll y for typing this

report.
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1 .0 IN I R o I S P i r I O ~

This final repo z~ covers the ana lys is  of data taken by rocket flig hts

in to  disturbed ionospheric c o nda t  ions (e.g.. auroras) and includes the

calcul ation ot product ion rates , optical emission rates and a compariso n
1 iock e t— bon~c and g ro mzmd-ha .eI  obser~ at ions .

ihe measurement s discussed here inc l ude the e m i e ’ r g e t ic electron pre—

a p i  tat ion mini sured by e I ed rostat  mc ana1v:er~ . and Sd an t ill .itors flown

on ~~ kets into ‘. a sj b le  auroras . tal cu l at tons .t the ;‘ ro ’ . lmzm t ion rate , the
-.~ ilumc ~~a s s a o n  rate of va r ious  t r a ns i t  ions as ~e l  1 as the electron density

are rude and compared w i t h  roc ket borne and ground -based measurement s .

the d. mt a we re ’ t a ken a s part ot  DNA Ir~ ect ICECAP . The iah te c t  av e

- ‘I the lC l t  ~i’ program a s to  a n’ .  e’-t agate t he vi r iou’. mechanisms or the
prodak t ion of  short (1 n .m) and l o n g  (t’ -.30 ..m) wave l  e n i t  h infrared
cmiss ions an aurora . Ac part Ol  t h a  s progra m m m r i t ’ m m ’ -  multi — instrument ed
rocke ts  have  been I munched into aurora t o  rw ms ure n he e lme rg~ Input , the
ion I :.m I t o r i . mud he opt m c m l  and in fra red cmi s s  t i n s produc ed .

2 0  INS TRI ’ I  N I A T I u iN

The inst rta~e nt s  for ;-art i d e  dd e.. ‘ ion include an e l e c t r o s t a t i c  analy: r
(N- s’ to  measure the dm ffer ’-~- t m i 1  i n t e n s i ty  Ol e le ’ . t r o ns  w ith  energies

3 t o  30 ke~ . a s c a n t  j U a n  - r  d e t e c t o r  to measure the to ta l
i-art i d e  energy i -r d c  runs w i t h  e nem ~~~ m :re .Iter t han -1 kc~ and protons
gr ea te r  than 30 ke~ . and part m d c  counters for nme a~~mlr ing the flux of

elect rons w i t h  energ ies greater 1 . .~~~ . -L~ and MS k eV .

2 .  I 1 I e c t r o s t m t i c -~naI.  :cr j l ~~-‘ 
-
~

The electr o st a tic analv :er was desi gned to mea sure the differential

inten s i t y of electrons with energies from 3 to 30 keV w i t h  an energy resolu-

t ion of 10%. The •inaly :er u t a l i ~ ed two concentric rlat~ ’- tha t were an the

Inf rared chemi t ry ixpe rmmc nts - Coo rdinated Aurora l Program

____________________________— -~~~ ——5-- — -~~ .—.——---——— ~~~~~‘—_-~~.—.---‘-—--- -~~ —



I
‘hi p e  ot s pherica l oc t . mrr  - . h i t ~~; a ~~m r v i ng  pot ‘ i.i l app aed betwe en them

I r~~ - t elect rams Ot a spe’.l tic — - o -  L i  , dep eIiJmmi ~ on the vo l t  age

i t  ..ee: the pl at Cs t he - i t  - p 1 a t  i-  ha’; gm -: ~ ;d~-J and t I m  u t t e r -  p l a t  e had
i 1~~s a

~~
- 

~~ - i m I  appl1~~d ~ • m~ u a c h m~~n -  mnc tx~nen t I i l lY  She ’ lmt l u - - :

a u’ - it 3 e~ ‘ o r It vol a It a t ime ;~ n : ‘f ¶~m ml lii so - rids - The

sw ee p  was r e t ’ e a !  . e \ ’ .- f V  0.5 sec ond s . Thi s vu l t : ige  w a s  c) . m , ; t -d w i th  a 1 kll.

squa rt - w a ’.e o ro dtm 1 mt 0 ; n o n  r i  nisnim i t  eJ w- .m th i’ ugh t - an a I 
-
. .: et 

•

pl .ites. Iii , ’ t r a n s m i t t e d  ci d t ro r , - ; m ,t r’. : -
- t~~d b y a CaF , il .)  scin t il1 :;r ~~r

wu ich w a s  opt ical lv coupl ed ~
- I MR ;‘4 I— I ) phot omu l ipi ion - -\ ‘hin

t l;ir:;r ;m:;- c - -~~t ing (. I 000X) w a s  applied t ’ .- the cc 01 the sc~ ’ut i ; 1 a t . r  I-

pr r \en l t  s I r . — l m . ~ I ron ~~~i rmg t he  Phi ’ to rmmml t  i ; - i r e r . A ‘ t e : m t m a i  of

ab -nt 3 ‘.V w a s  a :y l  med - he c O l t  mug c mc~ icr t c t i e  t ransmltted Ci ~~ ‘. tons —

and - : 0 - - - - - a.; t h e  response a t  I a n t  i i t t  t o  I w r  enen .
- t’l c - re In s.

A t e r - - r i t u r t ’  ci irtmpe nm s mt eJ l.i~: . a r m t hmic m- :~- l t t i e r  w m t  F -a narrow h.mn t~i - n SS

t i l t .r . w h ich w a c  ‘ imed to  he I RlI~ p l a t e  ~i d m ; i  t i - n i  t rm- 1. ;unc v , mea s ure d

t he ; u - t onu l t a p i ac r  C a r l - : : , Flie a nimplaf i e r  output w a s  :~~ ‘ . t  m t ; ’ . - i., i n n t e ~~r . a t t :

( (11 ‘ m- - -m: t inrc a ; r )  and tc lc r ;c t red :‘. a gro&~id stat ion The swum ; .

mc ’ .  c i  e r n  - - and .1 1 r high I a , and al l  law vo l  L a  ge

powe r sup;ni 1’.’ ’ m c I  the ti - rIer t re w e m ”  r w . n a t - r e  I d ; n n r ; g  the lights.

The d i f f e r e n t  m a !  ic:e ;m 5it ~ . (cru sec- ;r- Fc ~) of ~ 1cc ’ ronS of
encrg’. I w .ms ci cmai  i t - Id  r : - -r ‘ - - - r . ’- cud p : r.i t m p lme r cum - r& r- t I tuu r - ’~~:h

‘- he e’~;i1 t ion

d l  
_______

dl

w i r e  S m t I c i t  10 ‘f the ‘h i t  ipl l~ r - ; t  ~ - - — H r - i ~ t - - t he r : t  n of

e’n erg~ ‘.t e;’o s i t  ion in he s c  m t  a I a t  - r m c I  I~ a s the lvcra ge no a se Jet  era n ned

from t he cur: - lil a ml 1: end of t am sm. cep.

The .ab~o late value of S w i —  o b t a i n e d  h~ measurir.g the response o a

i n l i b -  ‘ ed i - p a r t ic le sourc e and mul t ip lying t h u s  by the r a t i o  m l

elect n - n  0 1 lphi part i d e  sC l  : t  i 11 ition e f f i c iency  at a 1; xed ml~~’. t rot

c n er ~ v . The e lec t ro n ~iergy dependence  of S was caIcm ; 1ate ~d using the \-Ra y

data at  \ tke n (11 et . al. t 1~~’ )  . Th i s  was ‘.ai h~cc~mjen tlv checked w i t h  an

- 

- ‘ n t  - , I) . l~. • B. I. Seron . T. ~mnicay and H. R . ul liger . 111 1  i ca : - -
‘,a :j .  Sc i . ,  ~~ - l .  I l-s, l9b7 .

2 

~~~~~~~~~~~~ ~~~- ~~~~~~~~~~~~~~
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~~ cc l  ron I-carl - . ca l  a brat  ion .

k i the anlit ’ renm t enorg~ irsia l i t  a ‘.ini of the p1 at es ~~-! . measured wi th

ant electron beam over t he  ente rpy rou ge from .1 to 15 keV and is in agreement

wi th in °~- of the .a lue t alc -a l fled from the d I mont ’ . i - i r i s  of t lie p lates.

~~~~. is the ge’ .’me’t n c ft - t - r  ( . 09 cm 2 --s r ) ca lculated from th e area 01

the -. m o w i n g  .mpe rt ma re (3 cm2) and the ;mngulu r response it , i / 2 0 c l~~
0
~i

a me’.a - - n  red w i t h  .ini el C c t  rota beam.

K.0 is  the t r.mc t iou d mean energ-. ot the el ect ruin s hac~.s c a t t e red by

the scant a 1 lato r - - rn :1 a s - -~ 1 - -I ) ~~ and P’1 is he tr a ct ion f the

inc i d enmt e lm ’ . .  t rora s had cc i tt ered jPal 1 aw l  • I 9-F’ )

! r i - u- res e nts the urr e r - :\ acquired by t h e  elect n - : - due to the potent i ;a l

appl ied t o  the’ aluminium ‘. ‘ m l  r ug  on the Sci nt i l l a t - -n and t
~ 

a s  t he :t vc rogm

enmn ~~v 1- - s t  per i nc ident  e l e c t r i - n n  in the al~maanum coOt ang , c alcul ated from

tsar s d  al  uma nuam th icknes s .

1 h as m~;m1.mt ; -on , (and e t I e ,  I u v e i w  the ~ a lu~ s ‘ . 1 
~~~
. 

~~ ~b and ~ ) has
-cu : checked a l t  or ‘it ’ t . ; i ? t  w h an ml edt u beam measurement of the

I ns t :  — er: i a t - : . .  ,‘: ; t- . I- i r e  i S  good ii:r - er-u-nu t (within 2 - a t  3 ~.i
1..

t ? :e  tM  r-
~’I

The ~l : - t r : n r ’ . n t  i s  n*muz-r ed on t am - r’ .’cL-t s~ t lm;i t the cen i l e :  of the

f ie l d  of y a w  as it 15° the roc~ u l  a ,.is .

2 .2  I n e n - ~~~ :e n a ’c I t  ion I~..o it i  I lator

The energy din- - c a t i o n  sca t m l l a t is r w h i ch re- -p onds to the total energy

d e po s i t e d  by cli ’ .  t rons and proton -; — m e r  • ( ‘ r t . a u n  n ;me r g v ranges co n s i s t  S 1

.i t hin (.035”) c a n t  1 l it  ion p l -  - c  (p1 - a - t ic pi lo t  B) wh ich is viewed by

a ph it in-n ilt ip lier .  The -- ul put is then a~~ lified and telemetered to  groimd.

A thin alia1 n t~ - ‘ a t ; ra -.: (1CflA~ cnve r~ to surface — f the phosphor t o

preven t ap*ji cn t light from reaching the photomult ipl ier. This results in

a minimt~ detect ab le energy -‘f I keV for i - j o e l  rons and 30 keV for prot ons.

The in st rument has a geonet Tic factor of 0.14 cm~-sr (11 half-angle) and

is located at any m d c ‘ t  sY ’  w i th respect t o  the  rocket a s i s .

~~~St crtaglass , I . .1 .~ I’hvs . Rcv. 9S , 345 , 1 2 .

P..  Cuapt . Rend.. ~~ i , 1192 . 194 ’.

I
”

-
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3.0 1 Ii CI RtPia SlAM CALISRATIO\

i .l l-ner~v Resolut ion and AnI f:a1I .a r kc~sjwsnsm

The I sA c were cm l  ibr a ted prior to flight in a vacuum chanc i er w i t h  .an

e l e c t r o n gun’ to Jet  ermine the cnergm t e- solut ion ‘ . 1  the pla tes (—4%) • the

o me r. a l l ente r~~m resolut ion (deterr ined by the a n t c g n . a t  ing tam e i f  the air i i —

t l i t  and the ti- -a - constant of t i r e  sweep , - lot ) and rat in i  of the I u l o t e  ~o 1t.agc

- - beam ener’.: (—10%). Ihi- a n g u l a r  res la inse of t ire pl a t e s  has hi - em I 1 ( ~ icius ly

measured t ’  lie l~~° ~ - ° w i t h ,an e l ec t  a m :  he.am . the ar ea a — I  t h e -  e mit r an c(-

.a pe rt : r r e  ‘ :n--d by the- pl ~ t e S 15 2 . 9  cm and the g u i- re t  n c  f .m. .  I - r

9 . 3  s lO~~ cna -sr.

3. .1 l o w  I ne r ~~ Rc~pon c e’

I S-is w h ic h  we re f lo~~a during l~ e lCI n A l  program w e r e  rucem

.mnd s u l ’ - , u - 1- a c a l t t ’ I a t L ’tl w i t h  an e- h-’ .t r~ nn beam ;rina r il ~ t ’  a c i t e ls

dc te r~aine the low energy elec t c- ni ii- ;onse iFs - in -~tru .t 5 a 5  placed

lU .a vacuum ch .inbe: c alM ed war: ; .ini m i s - c t  n- n gun ar id e l i - c t  r i- i ts  I r u -

to (‘ .0 i s - a  were mu.a s mm red by the iS- \ .

The I - -- ’ p l a t e  . o l t ;a g e , : ‘
- po-- t  a c ce lcr ,a to r  high volta ge and the

photomult i ;- I  icr h ig h  v- - l : , a ~ c we re - t c r ni l lv  .. - m n t r i - I led,  Th e phot - n n m l t i —

p 1 icr anod e’ cur r- - : t  w a  te m~~ s i n , , - : w i t h  ama e~~~ erna l elect  rometer . 1ime ~

elec tr i c- . ~~
- - msst ng t I r ~- u : : - t L -  p lates w e r e  coll e cted tn the , il;c- r ’nir

coa t m g  on the s..- t n t a l l - a t i - r  and t rans m itted It s sh ie lded  cable to an :

,s ’e’rrya l met er .

The la n c . i r al ’ . - i  t he photomni l t  i ;’ Iier it hi gh currents w a s  ce nt  ir’neii

for ,lfli~iit’ current a less t ham m~ ’. - I 0~~ amps -

proble’ - with this t echni-;ue is the nor- her i t  cc ’ .  ondanie-m produced

by the elec t ron beam incident on the aluminum coa ting. If no bias

v i a l F-age Is up;’ ! ted to  t he coa t  i ng • the secondar ies produce a negat av e

current to the coat ing.  As  t h e  post accelerator  v o l t . m ge i s  increased ,
h-~w e - ’ .  er , the ne - is  an increase in the col I e c t  ion it  seco ndary  elect runs
produced by the beam hit t  ing the an a l y zer p int cc . t i n  is e f f e c t  ;-ni ’dnn ccs

a current wh i ch imist be subt racted from the measured current to obtain

the t rue beam current .  ih i-  measn ireumennts wer e made w i t h  I . 2 -IS .mnd ..8

k i l o vo l t s  ( t l i g h t  p o s t - a c c e l e r a t o r  vo l t ages )  applied lii the post accelerator. 

- - -~~~~~~~~~~~~~ -~
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__________

A 1 ~c\ post ac c e le ra t o r  to  it  .ige- represent  a a resonabie ~-ol tage to minimize

t hes e t u.~ e f t e c t s .

The me.isu cement t s we re made fair .ar l  on s beam cite rg IC,. and a normalized

~~~~~~ 

of cu!- t t - S  w a s  p lot ted t an r each instrument o the ra t io  of the photo-

m ultiplier curren t to the j i r n a ihi’. t of the curren t from the aluminum

~oat ing and the t o t a l  energ y  (I • L
pa )a where I is the energy of the

el ect mi -mr s t r.ansmi t t ‘.‘d l—~ t I s -  p1 .it s -s and I t i c  en:erg . acquired due tcs the
- .m cc e l e r m r ~ -r i~ ir taa..h \ . a lut’ of U ( .mnaj ea ch inst rument) ,i ‘- s t  of

- pa
cur ios  w i  - prudmh ed a sa~~ 1e or  w ) uc h a s  slw wn ~n Figure 1. A co~~o sa te

~aarvc was ‘.~‘ nn- .t naict t - i using the I ~ c . p o t  a cc ule r u at i u r curve up t i n  t, ke~
t a i l  .1 1 c i i i  m g  he ha g iw r ene rg ~‘i r t ions o $ t - ~ cu rt s- s  I - - r hig her

p, t — a . .  - u - I  ‘.‘rat -r c u l t  : a ; gs  r - - ‘.- trend the responase car ti - - - 9 ~~~-\

I n :  order to s la t ermine he- response or the t - - - t  ruament at  higher en e rgies ,

alpha m - a r t i c l c  c a i n t - t a t  t u r n  a m: , !  the r a t i o  or the -i pulse heig ht/ i’ pulse

bet g ht ‘ I -I 
(.1) w a s  used . Ii..iwe t  er . the response of he C*l - ad anti I at  or

1-elow (‘(st i . - . a s  n~ n —l  inear .and t h i s  rust  be t a ~~eri int o accou n t in deter-
mining t he response - t  t h e  ~~\ be: a.i t - : -  9 and 30 cV The enne rg~ dependenc e

i-s f the responrie 0’  t Ie - (~~l s c a t - :  a l l . ~: r t o  s-Le ~ t ronr. was ca lcu la ted  using
- i - -  ra~ data of - ‘it~ en : ml  ll9~ ” j (6) w i t  h the ‘ r o t g t  o r the elect  rons

ira ..- adent on bc sc i a i i  at  - - r u , t i nr,n:t t t n -  - -
~ hue ‘ a ’ .  k ne - - - s o t  ‘ - - i aluminum

( — I
- - n t m n : g  ( - I LOGA) at ’ . !  the resu~t s  e a r  ~. o t t ;  and t . r ~~~I .a c s  I - ’  l u - i .mter agc

energy -i f a : :  e l ec t :  t ran r ted  th roug h a : : aluminum I a l . i b m  frac t ion

or ‘he energy d i s a t  ;- , a :  i’d an an a I —~~r m u m ro i l  as  l iTres - - .i t t - Iy  (w thin —20%)
(~~) (~~).1 1 ine’ .a n ta ~ Ion - - I the ft  a - , t i  — - ‘ 1 o m  t he  non a ge ‘ ‘ i - n ci e~ t i i 1 1 5  w i t  I

e’ns -r 5’.ius fr~-r 2 .  ~‘ to ~ e\ - One can d eter m ine t I n -  fr -a ’ . tion energy

‘r ‘.‘,i t , -  ~ i .ina and “. ~~Idhaber , Brookhaven , m t  ic-inal l ab  Report
(s’-.; 84~~ ).

(5)~ , 4enefee , C. l~ Swinehart . I. ~ in ’ t~~ll, 1( II~ T ranso~ t ions on ~ud J car
Sc ienc e . \ h -~i~~. 1’O ’ ” • , l 9u ~~i .

~~. \ , t k e n . B. I - Be n-on . G. Yenican . and II. R. ull iger , Ill- I
c m  sa’.- ’  tons s-in ‘. li ar Sc ience \ S —14 , i t - ’  - V~~7 , ~~~~~

~~

‘

~~~

a - n t  — : ~~ H . , and i ‘. ~t s — rnglass , rhyc . ~-u-t . i.~ - , (-i2 0 ( 1 9 6 2 ) .

(s)~~ N. ‘~oung, .J. Appl. Phys . .~S , :~.- -i (lul:i :’).

- Ehren berg .-and .1. UranI a -; , Proc . Ph yc . Soc. I onihon Rtut ’ , 1057 ~ 1953)
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t n a m i - n u I t u J  t h n - : c ? ;  t h a i -  ,ilauninu:: h u r l  aa~ 1 - where ~ a s  the t O e

. . t is~ i t i , ,  in the i - a l , I is the a nca den t  -ie - ..t ni - nn .- ale - I- g\ and i a~ the

inc ident elect ron current , The sCi t s i t t  it  • a s t hen: 1 1 — wtie re
a a t lie ri’-- pains e o r  t he a’. ali t a I l - a t  - n t i n t~~i I ~~ ‘. ‘.‘ 1 s-’. t rons , det e r r  I ned from

the \:: 
l 1 

- -~~n ic Ic cc sj u as laSC .a nad the ra t  iii or e 1 cd t  ron to  alpha ac tnt ill at i n c

a I i cnc v I r S ~~ al  pita — and t i (s O ke\ u a- ’ . t r , - :  - ,a : id  a a t F5 a r t  -~ i i i
- I

0! t h is  r u — p o l l s ’ .’ at l o w e r  s ’ l e - , t n - in energies. Ihi’ t r . a ’ .  t i o n i  or the energy

d i ss i j - i.ated in t h e  h a i l  ( u - in’s the dead i a i  r of t his ~~
-
~~: t  r l l .~t - r as  .appro~ i —

mat s - i j  I a flea r t : -nn o! t range

H

- is  - - - t I n a ’ . ~r: oh ha’ h a i l I i ’ l n i s  t hi: dead 1 ,i~ ar in the scint il-
H I - c  and K :c the r.in ,a’e u t  e le’ .’t ra ins w i t  In energ y l~. T h e n ’~ . a I  ion

• 1 1 . 5  ~ l i 1~~~
’ I ~~ ‘~~~~“ w here - K a,’ gWca’ and I in ~‘.~\ is used t i - c  e lec t roni c

w a t h ene m - a u ’ s  l e s c  t L t ~ 1 0, 1’  ~~e - . and K • 2 .5  s to -t i 
1 he r e lec t ron

‘.-nt- m - g i e ~ g : -  t -  : t ’: a:: 10.5 ke~ .and Ies~ t h a t :  1~0 ~~~~~~~~~~~~ The e t  t a i l  va

— ran ge ~~ . w ’: :c h * ncH~les I i -  s ca nt il l - a l - c ule .aj L a t e r  w ., ’- ; t e n - m ined by
r a t c ! i :fl g t he  ~c a — u r n - t -d se f l % nt  a v i t y  Iron ti to 9 kc’~ w i t h t he  ~en’- a t a t i t y

d e t e n~~ rn~~d the - 5 o a t  ion S W 

~ 

( I  - w r u . - 

~ chosen t ~‘ a t c  the

t a t  t -  t he i m l a .  1~nu co r r~’c ;a ’ mn da ng a - r : e r g t  in the t i ::a. at l i ’ la

• ~~~~~~~~ ~ 
a) [L35 w . ’. S. .1 ~e\ . This energy cor~~s;~- mnd - - : -  t h i  c r u t ical

energy w !m: c ’: ;i - a m corre sponds !he ; - r ac t  aca t r.tn~ en I 
a. 

as ..t ’ . t t n e ~t

by ~..,ant e r m..m - t a -n:~~1 a - -~~~’~~. The t h r es h o l d  energy i ’ s  c ;  n ‘l it e l - a

0. 7 and t H a t e  r a ~- u ’ energy of any -n - t  rat a ng ~~l a - , c - n: a a g a vera t~

‘ a

.ind t i -~ is ;ice d : det e r- inn e ‘ ha 5d .1 1 l I n t  or sen a it  a v a ‘ v tin e ion 
~~~~

a s a func t on en e r g’.

Thc c e n c i t i t y S i s thu -n calc H t n - -~~~ - s (I usin g

~he appr- ;’riat s - — , ‘ ion r -r R as a fainct ion of ena - r g - i . A :e r-- . aI ize d

- - n - S a t  n t - - k ’  - ‘ 1 .a

S ~ Si ’ s

~~ ‘ .t . i~~, ~n-ni ng .  ~t . ‘;-; - : .  I’hys. 2~~. ( l~~ l ) .

_ _ _ _ _
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w. p lott ed for each ~nat rument and sinc e th e ’ a g ree rre - I nt  i th i n 20~ a

nit a ve r ’ sa i curve w a s  used for each inst rument . This is shown in Figure 2.

The data reduct Ion eq~uIt ion us ing S t hen becomes

(I—I 1 1dJ 
________ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ — — l&) ~ (cri - s e c - s r - I a . a \

dl (.t)4 1 .i(A~. (b.. )tI .I~~ )(S
) 1. h i • Ia )  - z 10

w here I a s  t he h u t  onreal t a l _ _ i  ae r anode curren t in .mntnp u res

in a — i th e average no I se leve l deter m ined when the plate v i - l t a g e
x S app rox a r r a t  e l y  :a’ ro

1 is the elect ron energy an ke\  I t rausma It cii by l l,a t Cs
(zi O x p l at e  t~ i i t . a g e ~
is the pos t  acce ler at o r  vo lt. igi’  ap 1-l ie d I i ’ the j ’ l a t c -

-~~ a - . c ,;‘ ‘.i r r e t r a c  t a  t o r ( - i . ~ It~~
2 cm2 - ’ s r )

k is I ~ a - pa rt t a .’ le s e n s i  t iv- .t v

5 ’ a s  the na - t - t; al a :cd s e n s a t i  , a t  r u l u t t e d  an :gure ~~.

:3 -I l. iS ‘ ha ’ energy r u -  - 1 . 1  ion ot the p l a t e s

The geo metr ic f a - ’ .t o r  i s  re ’ d i a e~I b~ l.- an l i l t - c in: ’ .trument s due to a grid

w h i c h  w i ’ s  1-Li’.t ’dl ifl -~~ ~- t  t o ’ -  cut r a n ’ . e  a;  i- c t  ure and s t - u t * 1 gruitan d

;u t e n t  la l  t o  reduce the e t t c ’ . t  Or  the 1 - -- \  sweep c’f l  tH -  riu~ ket p~’t ora l  ial .

i ~:: i rs-  3 1 S . I
~~~

’ 1 ’t - I I Ft ‘.~ i ii - ‘ 1011 I - -c  t lis I ~ -\ F l  -wI: - ~n r- - - a t

1 s 21 9 — a m: which t t a  low ener K\ no na ‘.o - w a —  ca l.. nalj t  ed. The - - - arr e LSA

- reI n n is hed and flown on F - ~~i - t  ft~’i9 07-lB . in t h i s  ..:a’sc an aluminum

ci - i t  ing of IpJ’ ros a n t  Ic’ the same thickness was ruappl aed I - - t u: f:u i, a - I

t he Scant t l I a t  - r  and the  e L-  Iron beam cal  a~ - c - s I  a u- r i  w a - - ; - a r t u - r ~ -e~I. For

the rtt n~~ses i’f  co nj - . ira’son the ~- a - n i  cal  : t - t  a t  ion t a - a  t I e  ESA On Ii ~l9.07 lB
w .a c divided by 2 in  o rder t i i  ac .. . . i : mcat for the e lf a c t  of t i m  screen wh i ch
was used in f r - -nt - f  t he iper t  a re on )-~ui cIae f ICSI9. i:~ - lB l~ui n - - it  on b u i Lt

H It - I .

2 4 1  - - ccIn . m . ~~ mo n t  to the Am a— pa ! !  i d e  cal i ’ r a l  ion a - X—ray
c i in l rc r w a s  also used . - \ t t e r  ta ~ au g t n t  - account the ~- r -  r a t  io for the
i - par t  i d e  measure ment and the fluore - .- u : : t  response fara ct a i — n for

C i1 2 ( ’  . . the r a t  to of l i i i- response ~ - determined t ruer the a— pa r i d e  
-n’ to tha t calc ;i i  it Ci t t r i —  the I~~~ mea s marer ef i t  w i -  0. ~~

. Th is
a la c d r e p a n c v  a s - a po : m ’ - r :  I - - due ailcert a tn t tea in I he various norma l I ing

t i ’ .to r
~ 

employed . 

~~~~~~~~~ ~~~~~~~~~~~~ - .~ -- —-
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Figure 2.  ‘.i-rnr il ized s e r a c i t i v i t v  (S ’) vs. t o t a l
elec t ron ene rgy for t he l S ~ .
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3 .0 kI SULTS FOR R~~ Kl 1 A 18 .205-1

4. 1 I mit rod sac t ion

i-~,ac kct  - \18 .205 I w a -  l.aunched t a r n  27 March 1973 at 09:37: 45 UT ( - 2 1  :3&) MLT)

from the Poker Flat b e s c ’ r a .  ii b a n g s ’ , \ l .aska , ( geomagnetic latitud e —b 5 N ) into

.a - - n a u h~ s ta b l e .a : a r t u m - :a l  am -c . ihe rocket t r I u e c t o r y  plane made an ,a tauj e of

lb ° w i t h the rragmn et  ic meridi an pla nt  Iha- rocket a~~uugue w a —  181 km , the

range  w a s  iL- a t  .~~0 L- a mi d i t  head a horizontal  ve loc  i ty  of approximately

O. ti krr sec . The n - - -~ a t  had art at t a t a w i e cont ro l s y s t e m  w hich oriented t In e

r u c ~~~- t  ~~u ’ w : t h a n  3 or the lui..,iI ve ’ rt a c a l  fro nt— 70 second s to  a t  l eas t  375

seconds . rhe ro c ket a x a s  made .an a ngle w i t h  the magne t i c  t ie ld  t h a t  t r a r ie d

t r . .urr 9 .S ° t o  13 0 during this l- iur~~od. A t  the end - i  the f l i ght a parachut e

re ct u t& ’r-a - ‘ s  ‘- t e n t -  w a S  u i ; us ’ r a t e d and the ; - a ~ load was re5 ove red .

The roc ~e t  pay lo.a 1 inc luded a I )  in st rumcnt~- Ii measure e L - , t m o rn f lux es ,

incl ud ing t o -  di t t u ! ~s - n - t  ta l  energ\  ‘s ’. .t r a , io n and n i - a a l c m l  .. O f l a I P - t t  ion . (‘ IC..T t rO!I

,a ;n d tori dens i t i es  ~rn J ‘ r ’ - : - s ’ c n I : r-o a ’s  w e ll aS an fr zar -~I . i c a h i s , and u l t r a -

v ao l  et cml s s ions . (roaam ad based mL ’aaum - - mr ’enn t — h a m  i shed by I i  (In avers i t  - -

-~I i s k a  and .- 1t a l l — - - i k a  cameras , “- c r a d i a n  -... .a f l n im : - ‘ ‘ l ’ t - i r s - t e r - -i , s — a x i s  r~a a ~r : t- tor -

e z a ’ r - - a nd 30 ilk: : : - n t - s - ’ u - r  lo~ ata ’ ..i at Poker I l,a t and t : . Yukon and a lso a l l —

s a . -  c a — ~- ra~~. ~~i t  : 1 :  - sc -innin g H ‘omets - r s , -an t a ua ru a r a l  t e l c ’ v i s : -  Ta ‘ I

~~me . and an iono’~u’nde at lo l lege , 1 i - a . The Utah ‘~t a l e  Un a t e r s a l t  had a
0

cr~- nind t - a - -u~: t i l ’ aug r a l t  i t  :-:a ’ l - - ’- -tu- r ‘0 n t n s - a - — na r - th e -  e’ ma t - i ’- i i o n i s  :at -1 2 S-\ , a
q 0 a

53 l 2 \ . ~~~~ a nnul ( c m I - \ , a I ~~~
-
~ : Ohau ~ Iuii’ ti- v a t  Ill I- i~ and ~!- 7A , and a

-0 a t i a l  scann ing ; 1- - t - —  t e r  it 391 - IA , 5S~~~ and (,3:ha-\ , They .a l so ;- r u it tde d  1K

r id  i iitr s’t c c :- - r • 
-

_ , - 1 . t Sa,am . and 1 - . , rr • and a v lsi  ~-l a - and 1K pr a art-

a n t a - r t e r  -~~
- -

~~~
- n- - - - - -  ‘ r - i -~- t  — a -  a n - - a aro r.i i s pec t ra f~~ m ( 01 ) a . 9000A and

l~~3,m . ~t :e n i - ~~’ I - S i ~ - o f  ~~~~ : i g a r !  suppl i cil - t  I dir’s _ I ’ er - it a nte ’—f e ro nret er
0 0

and a r -~ k aug : Ite m - -  - - ‘ - -—- i t or - a t  I - t  e’r kos i’ for nae- ;a—nt - ~’—en ts  :1 S5 ”Pa , i3O(i~~ ,

-~ 
-}

~ - ~ a m: 31 9-\ ~~~ u h a t  an n - tr~ i -he re n t  - a t cr radar was u’sps- r a t  a- ti hi ~b I

t ~‘ -n - - - a Ic mea - .r-~- r r cmnr  -~ -~~ e lec t  r i:: dens a t  v and r eape ra t~~~ - . -u- ic khect l  ~I: ss i  Ic
,arni Space Cu -am pa nv provided meas::ra-— i- n t  c from an image a n t  o u s t  ft er 1 , an

ant ~- r t ~- r - -r -t  i - n , a three - a - n ~~ ;-I ‘ - ‘ - - i -n c r and a mult i c h ,-innel ; n l n e t u s m c t t ’ r .

The roc - - t I:: .1 r n r  n - f l )  a t  a aen  inc I tided ,ar- U I C C  t ro s t  at  Ic aria I v :er to mea sure
electron s w i t -  energiet fro~i -3 t o  30 keV , an energy deposit ion s c i n t a l l a t o r

hurt , ~ \ . and 1 a t  is , C .S ,  • \l t b l  - r b - - 1 -Olu i ~~. Utah ~t:a t (- Iln a t - e r s a t v .
Logan tah . o (i-ca ). 
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t~ i measui’e the t’l cc t ron energy t’ l a is ~:ra’.at o r  than 3.5 ke\  and pa r t i c l e

c - a ~: a t e t s  to  me.a -.a a r e  t h e e l e c t r o n  a l ux  c m a ’ m t e r  than 4 . 5  k . \  • 9 ke\  , 17 ke~
28 ‘- e~ . 2 ke~ iod S n  k t ’\

I here w a s  . a l - s,u .a re ta rding p-i i ti’ a a t  a . a l  , m n i a l v : c r  t a u  measure the ’  posit lye

t on den-’ i t~ • a p 1 asru a t re u lt i e m i t  y p m~~b&’ for the i-I a -
~ t ron densi t -. , and at

I a : a g :aa i  r p rol e t O  ~~t ermine e l e c t  ruin dcii-’ at i and t e m p e r a t  lire . The posi t Ice

a on and ate ut r.a I conipia s i t t  On w a S  mt’a cured w a t a a mass - pe’ c t r i am n et or a m id

i~ : t ~~~~~~~~~~~~~ _ mnca s um - d -i. iS ible  ,am a d u em a SSaorn -d  a t  :iiIlI)\ , - i t - t - .-\ , 5S(iO~~, 5577A ,
and ~ a 1 1 \  T he  a nr ra i ’ cd  e’ n r a & S S I a a ns a.a rt’ rut- .a s u rs ’i,I w i t h ,a c i r a a a i a r - v a r i a h l e
a - .: e r m i n e ’  m a 1 c t a i t  em 5: 00 t rome t r t ron, - a - - - 5. I “- , arid ~~eu dna I channel

r.a~i I~~i~~ t - t  er~ , w~ t h  one v e n t  It Ii’ a t  S.  3L~m ,mnad ijin and ‘ho 01 I a - n  SV I ron

‘he ~- e n - t  a c a l  a t ~~~. ~ .ra arid 2.

1 , 2  Fnc r o -t t - : - - - - ) t  to rn Sc in t l i l l a t o r  ~a_’ c ta l t s

The gro arn~l based 1l , a t a ~~ indi c - ar e that the r - ~ ir t i n t e r c e p ted the arc

~I/2 ma’ am um t~r ag ht nnt - -.- - ~a t ahu u n a l  l i t )  ‘seauu nd ’. , a 1 m ~- r  la -~a :~~?. and h~ 120 seconds

t t :e ’  roc~-i- t w a s  p.15t the 1/2 r o t e , bra  ~:ht m n e ’ -~ point - ihe .arc moved southw’ard
- launc h and a ’ - he n u i ~ ~et a r I a - n - a ;  ted t in.’ a c m 1  Inc-  passa r ~ through-

bri ,:h ’e- - I regio n o t  the uv  • t h e center  ot t h u  a r t  rnt n~~n’d ‘s~iaithward ~e rv sl ow l y.

-\ it  er a ; - ; - r o  ‘s a - -  u ’ a l  v 110 seconds :a t~t yr I aunt  0 t - arc mo~ ed sI - iw l  -. no r t  hwa rd

a ’: t i  I 1 (,(1 sec ~u nn d’ s - The max i mum a rc mad a .anc C — a - n a  r e d  in~ t huc mer id ian cc .innn a rig
- t a r i a - t e n  s a ’ 1 st cm tk me w o r n ’ about 50-75 k i  b r a  le~ ghs a t 557 ” A .  The

-.;- t-~,a-nt5 I a , s  ro t  I-ecu cor n - ‘ed t - - r  • - s t  ~nct l i i i: or scat ter an g by molecules
and icroso l ~ an the low e r  u t m osphere . A l I sk y 1 - h iun t u n gr ap hs~ 

12) 
ta k e :  hy a l l

s~.v cameras located - a t Poker F lat . (-ort Y : a k - - :: , .and F - n c r  l u inme’ art- shown in

Figures 4 ‘
~ 5, They i n d i c a t e  t h a t  Irc um a l- i — ut 19 sc, nni dc before launch t i n

at le a s t O ut ,  ce~ onds a f t e r  launch t he  ar~ was : a a r l v  ‘ s t . ah l e ,  Figure a - show- s

a l l  - i  - : :- - t - ’ g r a phs taken at va r ious  t irx’ s w i t h  tIne energ y flux measured by

‘ I - u  scin t 11 la t n r plotted ys , t lifle - a l t e r  1 nun~ In below- . The cc anti Ilator

s;a - r .at ed a- . t he racket entered t ha- arc region at about 9t1 se’cianui s (108 nt

-and re ’tr .i ined sa tu ra t ed nut ii 123 seconds ( 1- 1 3 kin) . As the rocket moved out

- - t  t h i s  reg ion cner~:v fIns decreases l iv over lw - i orders - I  magnit~~~e In
t~ seconds ( -5 • — h o r a m i m : t t l  r inga ’  of ’ the r - L ’ t ) .

TL) Ko f .~ Y 1 . 1  ~~. ~~. # e r a w s ’t her , J r . ,  .1, ~~~. 
- -ib: ro eder , and R. 8. Sluder ,

a t a  Reduc t mon and Angora I C ha raa . t en : a t  ions for Ifi ( .~r , hN-\ Report 351 IF ,
l h - t i n r - o r r a c s  Inc. • SO — S - i (1975),

~

- -- - -  -
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4 ,3 Elec t rostat i c  Anaa l~~~e r  R e s u l t s

lire d i f fe rent  aul energy spec t ra  obtained from the ESA measurement are shown

an F igure 7 . When the instrument w a ’ . initiall y turned on at about 90 km arcing
w a s  ob’- i e r e cd ma -r the f a r - - it  few swe eps  and then every few- sweeps un t i l  appr ox i  —

mat te l - . l.~a a  sect and ’a . ihe arc ing occurred near the beginning of the plate
s - c a l  t .age ’ -- i w u c m -  ort i v wh om t h e ’ I t-A enti- a r a c e  aperture made i ts minimum angle with

Inc v e b o c  it — e~ t or , l h  is  S i  ‘- aja 1na rent I an ef f ec t  due to leakage of liquid
r i a t r i i cemn t r ~i n r  ~- -~:u: a mc. i l l ~ t- c~n1ed instruments located :a ts n v~ th e ESA on the
p.i~ 1oad , The s ; - a ’ 1 t r a  that are Plo t ted  - -ho w no indication of arcing on eit her
the dat  . a cur sweep c In.ani ne- b s

The energy a m.s measured b~ I c  sc a m a t  a l  lator a s shown in the lower curve.
The sc ant i l l a a t - nr - - 1 t u t u !  at  about S c - r u : ’ - cv~ -see - sr as t he rocket passed

v~- - g I the t e a  omn of  most a m n t e n s e  prec a p a t a t a - u r n .  The nt~~bers on the graph of
s c a m i t i  L a t o r  d,a t .a r e fe r  t o  ‘HR \ a n i o w .  d i f t e ’  rent a aa l energy spec t ra plotted in

-c - - t he’ I a c o r e ’ • a : — - ‘9it ’c t ra  a m e  pl- -t t e d  w i t h  .a reference mark on each

- ‘ - t 11~ len - S e c - s r - u  ~ 
-l

l’he t’i r - - nu ’ as a ar ’cd - - : - a - t  roa r w : t I r -~at  a r c i ng )  w - , o  mad e at 95 .5 seconds
- wh en t o o  i~ iC~~ a ’t .. is in the t a ,  - a .  - t intense prec :p.t. ~: ion . The 

-
. a b l i t - n  - ~t aud i t e s  t h n t  the : - - a kct a t e n t e d  t h i s  rc: ’ ion (- ‘1 ergJcm2 -s~’c -st

,at u i a 100 hr (8- h s~ coud- ; . The spect n a  reo.,ajned relat i ve l  y constant when
0 - . ~~a’t S.a~ in t h i s  region (9~’ 119 ‘sc cond s~~. The spectra peaked near

kcV i t - ~~! h ad a f:a ~~l w all!: h a l f  r ,axira - i l  a lsuu t  11 keV . The energies at w h i c h

‘ H - u differential anal ens -. :  i cc  were one-ha l t  t h e -  peak intensi tu w-c rc :a!’o at 11

.a: iti k cV so t ! : a t  .F/ 1~ :Q. c-c
C

t a n  in’ t h a -  ;-c riod I:; - rock e t  ui~- c n f 1 e w  the arc ~‘ i5 to 119 secon d s .a t i c

hon - 1 ground r m a c -  1- - c red w a S  , a : - ’ n a t  25 Km . The arc w: a c moving s outh

at t h a s  t ime and the first - -i ;- iu ’c t r a l r : u m - - i a rc m c n i t  was made after the rocket

w a S  in the ra- g minim i t  i nt t -nce  r- r a- ~. a p m I m i  loi n, Even though the rocket t ra jec to ry
was not exac t I t  l-cr :- e n a i a c : a i . ir to the arc it ~~uld appear tha t the width of the

arc w a s  1O:~ t. a. - u t  g rea te r  than .~R km.

-~ c the riii~~c t  ntiuiVe’ tI out of the intense pr e c ip i ta t i on region , t he snec t ral
peak shifted to lowe r energy , and bec ame narrower. The peak differential
inten~, t t v  increased by a b- i u ua t  a fac tor  of 2 a lthoug h the energy of this peak

16
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shifted front 17 ke~ t a n below 3 ke\ . On an en e r g y - i  ame p l a it  w i t h  the  flu,.

col or coded th i s w o o L !  .Ip~ie am as one s a d ~ m f ’ an ami t t-rted ‘\ ‘ -~ r u i c t u a r e ’H’~

I a gaa i c  S s how - - t he di a a - m a -mn t i a m b m a t  ens a t  — o f  the var’ a ous - iJ IC L  I n.m rmie. a -. na m eai

in the ~a r -  regiomi - The near const ancv i the - .lic~ t n a  an thi s i u - ’ a - ~ri ca l m be

c bL ’arl’ seen , flit’ t ime . a lt a t  ai de ‘and pi tch u n c le range ‘ f  each of  the spot - I  r :a

are l i s t  e~I on eac h p1 - - - I hesu - i : - a - a i  ra c a m i n a it he ~la- -.c ni bed by . a  Ma c w ~ I l a m : :

distr abu t a i m  , ~amn d t’ ’ cm n a d r a t i  a ria: ~ a x w e l  1 i.a im ii a - -1  v i  - a t  lOla ~t m~t’~ - i t  i tt  t ia d,a t a

~erv a c ca , m at ~ - l t . One c a m m fa t ‘ 1 i J . t , a  hie vo m ial  t a R  c- ,ik w i t  -i M . a c w ’ - l  1 l an

d i s t r a t u t  ~on which has a c h n , a r . a c t e rj - - :  mc tu~ ; -a - m - m t u r e  a t  about 3 k u . . This is

much h i g her t han thu - l a m r a c t  e r a  ~- iZ a - . e m nu r g -  of  .~800 a -\ wh a -. 1 w o u l d  correspond

to low en ergy pl.i~.m.a elect r - a  - h~~a m c  m o o  i- J c r a t e d liv an o l e - c t  ru s t a t  ic  ‘ - - t  c - m a t  m a d  
-

art .a modc~ suc h as tha t a i c s c r x ? - u J  by 1 n a n ~~, 
( 1 4)

The c hange an  t St iu t v a  as t Int - m a - c  kct 1 e ,mv es the arc ni - p: a i ra a s  -a howm a

an F i ga a i - e’ 9 . The ;‘ n - u~ sh if t , to  lowe r ener~~ac ’ s , n a r r o w - - and a n n a  re - a - -a - - - si a c~ a t l  -

a m a d  then at a - ~~r ’ a a s c s  as the  pe ’aa ~. tr~-~~e’ :- t i  u m n - r u ~ a e - ’ . he l- .. the i u i w c ’ r t -nae rgv bun :

o t  t Ou i S A . -Vs I ‘ .a -o ent’ rgv r uu n - ce - ~ - - low - e r a t t n  r c  lea. • t he - ope of t he high

t’ne’r ,,t t u a  1 aIpcIr - ‘ —._ a: n r e l y  a v c l y  con :- t.m nt w i t h  a slope c iri- c - 1 i u im d i m : g

t o  ,an c — t o  Ida  rig I - ac - - about 1 ~- a

The emit - r~ -. l t I .~ determined front :~~ I - - ‘a d a t a a~ :-.h iowra in 1- agurt’ 10.

The r a t  m u m  e’nergv I i a a ~ w a : :  u h- - t u t  :~in n- m- g~~- a n t ’ 
~~ — S r .  ‘I’hc’ a a - r u -a  l a x

was gre- mI en  t han 30 ergs 0n: -,e’ c -~ r r- -~~~. a l ’o i - a t  a seconds to a a f n n u m t  1 23

ccco i ndc , wh ich  c o r r e - s ; a n r a a - - t - a ho ra  - - - : - t . -i l r .a mng - - - :  32 kr - In I e — - -i t i m a na 1 m ~
s econds of t’l a:h ’ t ime (—10 ~~~~- ground r;mnge~ : i t t u  m 12 3  —e- 0 n ! - - t hu  e n - n m - v - a - .

fi i i dec rc,i sej f - a  t w- - orders if n~-tgn it  a ! a - as the i - i t Tnrura a\l awam ~ from
th i - arc region .

The t’mnn -r,:~ flux r u u - : a r u ! by the scint il lator d it t a r - - by a l m u - - -- I an order

of rn.a~~r r : : r a d~- from liar a - an -r u : - t l n a  c a l o a a l u n e ~l I nta ir t !n measured IS \ ~~~~~~~~
in the region where t he -  cc in t i l l  at or is na il c :a t a r;a t e d . The I SA and the
s c i n t i l l a t o r  were cr onss - ca lih r a t ed with an a - p a r t i c l e  source pria n r l i i  f l i ght
hut ‘ a i r  w as no ~ro s - ca l  a brat a uira of t h e -  re’ ~ ; n u nm a — a ’  of the Sc In ti 11 at or to

l a w  cnc ra~v e lect rons.  It appears that in regions where the I t-~A spe c t r a

1
~~ Fra nk , I. . A. and K. 1.. Acker son , J. -a -oi phvs . Re~~. 7 n , ~ n 1 (1971).

~~~ I v a n - , D. S. • .1 . (;een phvs .  Res. . T2. 2s :~3 , 197-i .
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DIFFER ENTIAL FLUX VS. ENERGY (ROCKET 18.205-1)
—

95.5 seconds 114 km
pitch angle 47’ - 55’——— 98.6 secone~s 118 km

- patch angle 50 - 55’ 
105.3 seconds 125 km

- pitcb angle 5O ’.55

I:
_  

_ _1O~x - •— 111.5 seconds 131 km
- pitch angle 5 0.5 5 ’

115 seconds 1~~~km
~

4 - pitch angle Sl 55
1-’ 118.2 seconds 137 km

pitch angle 47’ 56’

1L~~~~~~~TI~~~~~~~~~~~~
1

ENERGY (key )
S

I i gurc’ S - I n er~,, s po t  I v.a are a cured in i f . -  aurora I arc .
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DIFFERENTIAL FLUX VS. ENERGY (ROCKET 18.205-1)
io~

— (‘)118.7 seconds 138 km
,~~~p4tth angle 48 55’

- ‘-— —- (~~,)121.8 seconds 141 km
patch angle 520 . 65, ‘. - (~,)12s.4 seconds 144 km- : ~ ,.._.~ pitch engl. 53 ’.55

.
. 

,.. — 4 128.2 seconds 146 km
— .“ —

, 
pitch angl.4V 5O’

seconds 148 km
pdch angle 360 . 38•
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ENERGY (key )

FIgure 9. Inergy cpectra measured as the rocket
l eaves the ar c reg ion .
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ind i c a t e a hj t  m:~ - s t  of the energ.~ is being deposit ~‘d by lowe r energy’ electrons
that there as severe d ms:agreement . F m - a n n e ’  lb i~ the energy f1e~ det e~~ aned

ii\ n a c a i n g  t!:n- s pec t  v.a measured iii. t h u r  1 SA and cal c~~1j t ang the rtme rg~ Il u~ that

would he mea sured by’ the sc a n i t a  1 (a t  or .ak m r i g  into , a c c o a a l u t  the energy lost in

.1 1 :~: a :aan ~ t o  I ~‘n t h. sc ~~ a 1 l .a  I ! . I here a s .a .  m o - a r t ’ i n t  wit ha i r a  .a t a c t  or of

~ .o ! - e z w c u n : this calcualt ion .anad the- ene rg i  f lux  measured by t h e ’  s c a m a t a b l a t o r .

The rema ira m m a g d isc repancy- ~~ a a 1 ~! lie d o  Ii a h a c k e r  . a l a m m ’ - a m n a a m r  foil over t he

sc int i]j  at - r h,a~n and i~ a t  ed an  t he .,an~-c a l i c i a  t ort s

ln I i~ c1rr 10 a t  - a f l  be seen t a t  ‘ !- ~~
- t- a k e t  t r av e r s e d : , i m- o g a o ma of twa-

- a l  ber - a r c s it  . a ! - - - - a t  150 ‘.o-.~~nd~ a u f  200 second s boi l  o f  w9t ic h h.a i

I usc’ 0 I - ,  
- - - t C ra l s CC S( ’ t — Sr .  1 ba r  peak - d a i C’t c -mn I a a I a: a ens ii y’

i a i f -  ,at :a l n I i ma i sa ~u i i l v  S ~~a ’. ( l i t 5 e ’ e c t  ra in- , ~ma. - s c ’ c - s r - k e ~~) an d 7

(0. -i ~ I -  e l — - :  m - - a s i c m -se ~~- -.r - ke ’ \ J .  Ih’~ e.mid ~-ie seconds the measured

d a t  e m  cm ;t iam l a ( UX  is close’ I he not -.e level - -t the I Si and the a.e d i

have a it.~~Ii a - ot i d  -

The a - - t a l t l a a .  Of - - ‘ r i ’ .S - ‘ - t : a mnc ’ d  I-~ i m i t e ~’ m a : a n g  d i t a i t i - t i a l  a nn a r g a

.~~ a: : n - - s a ~ l v  1 a ~~ elec t a ~ a r - - a ’ - a in t h e  ma m a: aur -r .m ( a ~~~~

~ec a indc) and -
~ a - - .~ ~ l0~ e lec t  r ’mis ar raa - - u - - s~~ m i  ‘ - e w.- snai l 1cr a a m  - - r - a b

h3flds r- . a - .on a ’d a~ 1 St s a ~~ia njc .a rn.a 200 — e c o z id~~ -

a , Pit ‘- .~~e I i  -- a r  hi:~~iail a

Sin0 .’ the - - t wa c Or: - ‘ i’d t n  ‘ - a - w ith in a few ia - 1- a a -.-- - of ~e-rt ice !

the p a t c h  a a , : e  coverage wa s limited . The r n ~ ket rr .a ~h -  an angle it appr oz i-

rt-. i tr i a  ti - a degrees -. - a the - - ‘ n e t  a -  Id over most - i the f i ulht SO that

‘~~~~~- ~- rt’.ac n mtc ~~a - : t  .:n- ’a. ’r~a ) l v  Ca’~ (’r~~ p at .  - an g les from 3S° a 5S w!-i a] c

~he sci nt  1 l l ~~ a a a from -i~~° to n~~’. i a  the region o f  the r~ict intense

a , t i a a s the s cm ’ ill a t r wa s a t c r . a t i - !  an d t he  I~~-~ -.: a- at r .i an  thi’. region ~ here

no evidence of  a ing w ai c o~~sc r~ ni  ) r a t e - m a  I ~ i~~ cred on! v - ,- a - h angles
be — - - 

- and 5$’. In t h a  -c v e rb 2C~ t aol range her .- w a s  no c-. adence fa i r
- - I r a ,  a t  i o t a  in the di t i e  rent a *1 a I ‘- t a -  I a w i t h  p i t a  ~a angle. Out side of

is ru~~n c -n (bet re’ 90 cc ’ . otidc and af te r  • I 5  cecond~~) the s can t  ii l a i t e i r  Is

a : t a ’ a a a te d  and p I n t  if  t he t l a n a  v s .  : n t o h  angle have been made in re g ion :—

where -he t i a s  a s  n - i  rai~~a n~ a rapid t emporal iv -: at i al  change  a n  one sp in

period . I t g u r e  12 m c  -a sa~~ le  - - a • a - -.- ; - l o t s  r ide  mt ‘ t’ and 133 second s and  

-
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ENERGY FLUX VS. PITCH ANGL E
(ROCKET 18. 205-1)

100

76-77 seconds

10.~
i 

~

~~~~~~~~~ t’ i ’
~~~~~~~~~~

,_~ -io 2 — -

~~~1oo .
C,

Lu
Z 133-134 seconds
Lu

10. 1 
~
..

io 2 I I I
40 45 50 Sb 60 65 70

PITCH ANGIt (di~ sss)

F m ~1a re 12.  ha a I : a n g l e  di ~t rm h u t  ion measured liv the sca nt  a l l  ator
an v (~r one -‘et ond a n t a - r~~a 1 c (1 1/2 c 1 in period ’.! a t
‘ t- and 133 second s .
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co~ er ing .iheiiit c a r t e  second or a l i l i r a u s  m n ~at  c i  1 1/2 s~n mna per iods. l’hcse p le i t  s

indicate th a t the t l : a s  is i - i t  m a - I - t a  a \ a F  this l imited pi t ch a  .ar igie- range’ .

I hese 1n ( c a t s  are t y p m e a l  o t l~ la i t  s made throughout the t’l i ght art reg ion s  w he ’ ra’

t bit ’ re we-re mi~a t enq~~rzi 1 a ir spa t t a l  changes in a sp in period (about 1 — second )

ftc I S-~ eLata a lso  i ia d a ~~.ate ’ s th a t  I tie - flux is i s c a t r a i l i a c  over  t ht- p i t a h i

a n gle  range t’rom 3S~ t i  550 , a lthough an t h i s  c a s e  s~nait ta i l - tempo ra l and
s p ec t r a !  chang es b n a ~~u to  he. - - u ; - a m - . t n a l  and the d at t e r e’n t t a b  i n t e n s i t y  at a

g i n, en ene rgv i a. mntea sum’ecl only- onee~ c-n. a’ r-. one—hal t~ ccc ortd

.1. 5 l a i n a e lectron I m -a i d a a c t  ion i~ i t e , i l ecat ron h a t ’ r t s a t a  and ;91I Lmi ss ion
I a a I ,a t a a - ma- -

the d i t t - r e ; i t  a - i l  m n t e n s i t a  me- . i s ma red h~ the I Si w . s  mace d to  c . a l c u l a t e  the
- - - i lS)ion—elect r - an r -d an a t ion ra t a  u’. a rag th e I e-~ ta ti a c~ l i t-  tii - - -~ a he’d ii . I~ee- . The

s p e a t r ~I atne ’ . a seaa - ed ~ t I ~-i km w a s  used to  c ,a l~~n a l a t - t he produ~ t i i m i  r,a t e- t ie- l w t h i s

. t l t m t  - ach - The s p e ct r t ~~ w a - . . i — - - a arnted t -  he i sot rop ic  ( n . e - n- t he’ 111 1 c r  hal ; - I a m i c -

.innJ w ;a s a mit n-g r.a t e-d over the n a ; - p e - r - b n . m  It p laint - I by mul t ap l v  mug b - a  in . Rees ’
co s in e - Je ’1nema de-nt case- w~a s  used snn ~ a- t 1: i~~ i s  equ a vam le nt  t i - i ra - l t c t  la in  f lux
whic h a s -t n - - a - a c  O .a- r the d - w n i w . a m a I  f a a n a a ~ .;iha - r a -~~~

’ 
- If: i - I n r eac i l ac t i on  n - a t m -  .is

1 I - a m :  t Iota - -m I t a t  ta le a s Show-TI in I a t : n a n- c- 1 3 , I t  one’ m a t  a g  r at  c - ’ - t he ; m ~~~11c t i i!l

r i t a ’ as a a a l a  I toni il a l t  a tak ia ’ f r - v  l3t~ kit bowtn Ii - ‘ ;( a-~i a t  al t  a t a : . -  and
uses I d a - r e l a r  i. a s a ’.bn a t. t h a t  0.(. e m g s / enaa —sec as equiv;i l a’n t t i  0.S k m l o r a y l t a g h s

- t a I~i - I - \  rad iat ion t one - d - t m i n s  t a - 39 1 -i -\ r.ad a a m t a n  t h a ’ would be

ve’ ,a~ c irr~i I n- a n.n rt i c ai I i - ~ j flg ; - ba t - n e t e ’ r .  -‘ compJrison it the c a l cu la ted
0

391 a -~ cmi cs u’ n an~I the Yi em~ Sc ac m r-ca i sai re ’-~ ~‘a a -
‘ ur t  r c a  1 1 ook an g photometer

a nal n at I a - -a: ot a l t i t u d e  a c  shown in Fi gure 14 .

Kel ow . i l a - : t t  110 ~- ‘ the rocket is n u t  an the region of the t n t cn~ e port i on

- -t  ihi- aurora! arc cc.  t h a t  the a . a l c u l . ta ’ d  em isc ia ’ n , ~-hich a s  based i -nt  the

. a a : r a i r a l  e lec t  ron t h a s measured an !u  arc , does not ag ree  w i t h  t ~u measurement,

Above II km the ph n t imct c - v a s  o1-nser~ an g the 391-I A cmi ssion above the ta re and

~~~~Recs . M. ,  Planet . Space Sci ., II. 1209 (19fn3).

~~~~Berge r . e t - J.. S. M. Se l t - a- r and L Macda , .3. At mo s . Terr , Phys.. 32 .
10l~., 

j a t i ,

~I~~I g m r n - . -\ , , 1. 1). l ,at im e r . and . 1 . ~ ~ic(~ - mikea , Planet . Space S e a . ,  15 ,
I if t 5  I ~f i  

—
‘

(1~ - ( cankt ’ v , .J . ~ . , J. ~t ko m a lses - , Ii J. R u m s . Pl a net . Spac e Sd . I~~ .

a l3~’2 a I 9 ~- )
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Pa uru  a s  agreement w i t h in  am t a - . m r  ot t w a . ‘I’h a c i’- -- I  ig lat by g r c . a t c - r t han the

a f i co l a at e ca l  i lnr .a t ion ac c ia r ic iii the I ~a:\ wh ich as about ‘Si)’ i ha ’ produc t ion
n- at e - t~~n may- a l so  he cased ta n C a i i a a i , . t e  t he  elect r a - ma i t - u a - - a t ~ ra t n - i ::: the c~1uit lola

q a It
c i t  &‘

w he re a - - a a. t int e I i ii n.e re c a n m: a t i  a mi, i t  t - . n m  r i  u , Sw a tc r -~~~ has I ~n ani d an(‘it 
— —

empi r ic a l  t~n n -r . a i a i n . m  the a - t I - c t  lye  reac c i m t i a n a i t t o n  rzt t t -  w h ich  a s  a. - - 3 s 10
- e l fMba 

‘.iac -~~t- I i ~ t n e  I u’: t u n- a t  ire ama ° k .  - \ i a  l i c E  lita c c .a l c d  ,at ed the ci  Cc I n- al ma

c -rap e - r m t : a a - ,a lc n .e - lb~n ~~~~- a l s a m n it t i , c  Ufl I), COd C
t _  

‘ “ and t t : a  anu , m s a a rt ’ d e l e c t ron
spec t ra . Reluw l ii  ~~ t t h u  C IRA model t t-m pun- . i t a a r e  la i r  aaU ” ’a a . a S  a a a t e i  a r t  t he’

ca lcul.i t lOfl - i

ftc pos i t  I . e  a ’ an l e n s m t > :ne ,a - a m - ~ d i a- . the rt’ La rdimng ~
- - t i  a t  t ab  ana l-a :c r

- a ha i S t’ a 1t i . i  1 - i i a, u I c a  t m - -m a dens it - ama  t t a t -  a !  - I aadu rain ge ’ of a n a t  c - r e - - - t ) a

P1 t t c . l  ama I k-an - c- IS _ a i a i n i g  w i t h  1 l e  aj i ll - t a. a_ a  Ic. l,a t t a !  I n - : ’  the 1’’r - dah I

-
• ~anc c I - - - i t  d a d  n t - - I  - a a t e - r  t he’ ‘ao - t a n t i - m i - -c -  n a - a - i o n of ’ the ; aaan’ o raj

-
- t 110 k - ” - , t at - ca lc a i m l i d  d e n s i t a  would m n . a t he’ ex pec t ed a - - d a : t a t  w i t :

I fat - mea - - a : . - - - c - :  t s  In t’l - a . t h i - - a i l t t t -~~:e’ . \ t ’ . - n . e  t h is a l t  it di t I n t  C O lclil , i t i Ofl ”

-I p~rt’C a t h in ‘ - - ;mc ’ c’ a i r a c  ~ ~- I h a- ran a sn n - - I - -

~..0 RI - a ~-

5 . 1  In ’ - t - :  t a - n :

Roe~ - - t  ~l,S .1 I 9— i wa ’s !aa.mched a --n 3 - ~~i- r P 1 ,mt i~es&’;arch Range it (Y’ :38:S(i  In’

i-a im e’ I m a a. ar . 25 . i~~~~ - i n i -  r t — -  I m n atch t i  t a r  we’ re- t . - a ma t -n se auror a l arc s

moving t - - ,: a a ton . ;ard wh aca l a  merged an’  i t -  ar c  ,-tnd - -- t a ra : 1 aaac in.e ’ pobua.aa r ! . \t

l aaa : - h i s m aen~ t - a r w a s  l c ’ c :a t c d  -: - n t h  1 P iker  I- l.at and wam — mov i ng  po l ew ard

a t  1 -‘2 . Sec fo r ‘he I : r — t  ‘ .0 scc c’nd~~, - n.f t  c- n ~ Ca - -nd - t he - a r t  moved e e p u a t o r—

war~! and a ~~~
- r-  - k i t  ~ivc ra  I ew- I i i -  are r ~‘ - abou t 1 taO t a  ISO ‘~cconds . -\ t~t e r  210 second s

• \a-a te ’ ‘~~ a t  the v a l n a . - - - ot electron ti- - ;-i - r m t l a r a -  in a n i - t . .~l are too l .i r g- ~~~~.
1’
~~Swid a- n - , ~~~. . 1 . \ tm o c , ierr. Phy~ . 5-i , l t a l S  ~~~~~~~

i t  - 
-\rc her - D. H,  , a c~ to n R e — a - a  n-~ I (o r ~~nra I ion , Pr i  a l t -  (Tom~~ifl I cat ion.

~~~ ~rche - r . P. H. and P. ~~ . Tarr , \ i a m i - r  a ~ a v m a l a t  m i n i  St w l i c c , Ii\ \  5~~i . 1  , t hA I  ~
Report ‘.o _ f- . MR C— R— 1S2 , ~~: s s m u n  be - s e a r c h co rp i a r aa t a - -m a : l~1 I .

Ta r r , I’ . W . , P.  II . m . a a u~ r , \ . C. tjt tc r h .ac -k • Stud t es a-t I A t a m a n r a l - i naul ai t ion ,
ta\A 529 ”f . 12 2 , ~I a s s  ton Res earch - -r~ • 19’7T

- _ S t
Tarr P. ~~ . and P. II -\rcher . Au rora ! ‘-sm i t u la t mon Studies Ian Suj~1-mort of
I t I  (\P and I~~( I  H , a\~ . ~~C—R—2I  I , Mi ssion ResearcT: ( or po ra t ion . I ~a ’Th.
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the , t a -  - t  g.m iii i’ e’n.- e-rs ed ~l a i’ec t ion m s .m west wzi rd st a n - a u  developed , and n& vcd pol c ’wa rd

and .m ;n1acar ed t a  broaden. The arc caught up w a t  h the ri~ac b e t  ‘and t roii .il iaaca t

Ii —c ’conid a. t o  300 seconds t h~’ reg ion ot  most a ru t  c ’ ia ’ -e prec ap i t Ut i O f l  w a s  agaa an
rate- a t a m e d  by t he’ rod k et  Inst r’u laaac - ni ,a i on. For the rema i nader - - !  t i t t -  fl a gta t the
a ra_ ’ a _ t i n t  m nued t a  :a i o . t -  1x 1c ’ wam n ’ it and w a s  nor th of the r~ c k t ’ t .  Thus t i a c  r o a _ k m - t

ana~le na ne.i - t aa r r ’ m ats  n .e -n  t he  same arc t w - a c e a t t i r i ng  l iii- Ii igha t I- igta n’ e- 1i  s hows 
—

a l l - s k ~ ;- h i l .- g r , a p ins pvc;n .a re’d by Pr . ~ c ’ t s k v  o t  I taat a -ra:a-t n ies ~~~~ inn w hich the

inotion ~- I t Ine .mrc .1 y a t r t o c a s  I t ines t~ d ear ly -. i h a e r~~-d

0
\ ‘c a p ill a - i t t - i t ,  at t ,a t neia.a t  20(~ ~~t ot 55 A rad iat ion w a s  rna,- a a a . t a red l i- -a: the

ground a t  110 sec s .ini,) , am u. ’t lit ’ n’ peak iii 2 St I  ~~~ w ,a a. inte l c a a ie -d  at a l’a n t ;  t 290 seconds
-

- t dam e ’ to t int - v ta , - w a i t a -~ a . i a iv I iw j n I C r t a . i t c  nawasn.am ’t-d .mIc . ma a t he magnet ic t a e l d

I a n n a ,- ania n. I-a r up t a n  t w i c e ’ t h i s  a l l U e . The peak 5S ’ -\ ra d i a n t r a  measured liv t ta t -

‘ate ’ r m a a l i t  - - c , a n n u au g ~
- 

- - - ‘a - ut  ur w a s  w m l  h u m  ,a l a  I of  - a — a -  n~ - a- a t  - I y 2 of 1 5 KR

t a t F a : - . - - ~:n!’ aa t  ia _ m a  of a he t i  i a : i : t  - Ground ~-~i’- -J m ea -. :a m ’ t ’rrt-n t :- iaa .idc- h~ Ut a h ‘- t a t e

L~~t v c ’ rs i t v  shot,  at : aa , a sa ~~ ii i t  1~i 2 \  a m a t a -n a s a y  -I f r i-an ;  lO t )  It ’ 2t~ during the
(2 5 )

a I a g ht

- 

~:ch iaccaa r n-c ’ .i J ust pr :- ’ r  to (- 01) . aa e ~~at m a t -  bay o hs e ’ i v e ’ d  at Ia m r t  ~tikon and

th e p I . a n n e t a a a -  t a t d e -~~, ~ ; Oat!  t he t a t - i l  index ~. w i - a c -  - - - t b  - I .  du ring the f l i g h t  -

h~ ckt ’t a~x gee w .ia.  l~~ k~- , the  hora : - : ‘ al range w a —  00 km and the hon . i n i - a l

vv loc a~
- - w a -  - a .t 0.2~~ 

- sec . The pLa nt ’ a the !~a m i - a a ant  made an ma g le

oa 1( ° w i t h  t a t - a . : :  t i c  ~ic - n id m.un ~
- tane a mi d t i n .- r oc ’ -  a a s i s  wa- oriented w a a i n

in; , m t t  it  a l . - a_-on t m’c I an- be a aI~ - ait .2
0 a r  t h e  : ena th .

Rock - a A b S . 2 L ~- 1  w a s  a - - - ’_ c n : t m a l l v  a m - - I , j , l a t  c it t i n. - roc ket  ~n a a l oad - - a  - \ IS , 2 0 5 — 1

and c ouar a m a r m ed - j c ; m1I~ t l n ~ s taT r t n t  ‘~~~: a - ’ - t  m ain w a t -  only :an a m a i - m  i aana g c ’ . in

f a l t e r  w : i n . e - l t - : a~- t h - . rha ~ I ~ wa s loc a a . - l t -L- ’ and th e -  y a c n ’ t  a I I .a f o r  t a t  55° to

the r o d k e ’t t a s i s and the a t t i t n a i t e t o n t r a - a l s y - s t e ra  along w a t t  a magnetic aspect

sc nse nr  we re -  used t n  a l t - t e n t - i n c  t h a , - m ’ ~’1-c - ca of I l - a  i n - - I: i- - t - ~ and t h e - m r

a t  ion w a t t :  r es p ec t  t a t  the r a ~- ma ( ’ t  I t  t i c Id a_ l ur ing the f l t~~!it .

~~~ E o f — k y , 1. 1, , J. P. Meniwether . Jr. . ,J . P., Sch roeder . R. B. Sluder , Data
Reduction and Aurora 1 ( baa r:~ t cr I -‘ at r c’nc for 1( 1 CA l’ , - - ‘n ’. 3 51 1 1 , Photornet r ic~
Inc . (197 5 ) .  

- - - -

(25) Re 11 . P.  J . . editor , b r a - a man a!  ‘-ta1ip ort Pi t a in Suj iport - - Rla c k  Brant IS 1 -

a 
I i i  1’ht • Utah S ta te  Un I ver s i t  n. • I I~~T4 I • 

-

— -l
- — -— - —— —--- -~~~~~---- --- - — -~~~~-——-- --~-~ - — -~~~~ ~~~~~~~~~~~~~



- —
~~
-

~~~~~~~~ 
-

~
-- - -  

~~~
- -

~~ 
— — - -

~
-

~ 
— - —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

h~
;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

L

I 

-~~~~ -



5 .2  Lner’~~ beposit ion Sc t nt m !1 ;iton ’ Result s

All- sk y photograp hs t aken at three t i mes during th e’ fl i ght and the energy

flux tac’j~~iii’e’d liv the s c m n t m l l ~ito r are sh~~~’m in I ugure 17 . The scinti ll a tor data

s h o w s  the two r e g l a in a s of i nt e ns e precip i tat ion near 170 seconds and near 285

second s which occurred as the n’a , a c k e t  P~~’°-s~’ ~ through the arc reg ion twice , once

,a-’ t h e  a rc  moved southw ard and the r a _ a c k e’t northward and aga in as t t aa _ arc moved

rap idly i.- a r t  hward ttra d passed  the i- a a cke . t . The al l  - sk >- photographs at I ‘O , 252 and

255 seconds indicate the m a t - i t  I n w a r d  mot i -ma of a sing l e ,mrc. The rocket was south

ot t hi’ .arc be t a _ - r e ’ 1 55 sec onds and at ’ter 315 s e c a i r a a t s . w la a Ic from 185 seconds to

2in3 sec , - a nmc! s t he rocket w .as on the’ n- - n t h  side ’ of ’ the arc . ‘Ihe pea k 1ntcns it~
mea su red by a - b c  s c a n t  il la tta - i r was .ats n Ut 120 e rgs /c m -sec-s r  for both t raversals

ot t he a r c  - It  t ine e l e c t  ron f I on. Is s, at raa ~
m ic on. c- i- the downward hemi s p her e

It: i - s  ~.inal d corres po nd to tnt  ene r gv al c- ;iOS i t  ion ,at about 50 ergJcm —s e ’ c and t a

- , 5 0 1  ‘a n- ,a -l a umcc’ of a u n t  31 KR ( r u a l - -s u red along the’ f i e ld  l ine) . ‘the si de

I- ~ aug t i - I  cc ’ maae’,ast ar t’ ,t a m peak n adj aince ~ f about 310 kI t  on upleg pa_ -a rt IOfl of

the tram - u~ t o n -  . A I t  bough t tat ’ pea k m ad i :ance o 1 the 1ahi it ome t a r w aS T i a - t  measured

at t - :  — a m e  a- ame ,a the p a n t  mc I c  data , a t  does india - ate h e ;Ippro . autate

m n te ’ a : s m t y -  ot  t h e aurora, In the f i r  -a p.m s--s t h m , ia a -h l i t -  arc r cgaa ~n ti:., aurora l

.ir~ w a —  mon. a ra g an the oppost m e d i r e c t i o n  a n -ar the rocket - w}a a Ic in the second

a r - an . - t ’ r s a l  the .arc and F - - c ~~ ut w . ,- r c  mov ing in the :— ,ame direc t mon. P . a t hout

knowing t h a ,’ ve loc m a - v  on the .aurora l ar t’ ti ne’ Ca in on ly com ic l ude t h a t  the w i d th

~- a f  t l:u arc  in the f n r s t  t r a a % e r — ..-m I a~ ‘ a t - at e - i than about 5 k m .

r i
~i . — I Icc t n- - a l i t  \m aa ~~- :t ’n st -- -. n al t s

lim e I i  ft - : ra : n t a , r I  spe d n a an -nia ms ured m m -. a r j ous i r s - - , dur ing the f l i ght are

shown in I a gum- n - IS . along w i th am pl a i t 01 the ener gy f lux measured ha the
sca t i l l  i t -  r. The t a m e s  i t  w hich the s p e c t r a a  w r i t -  measured m c  indicated on

t he enc rg~ t lux c ur y e.  SI-ic - c t  ram 1 through ta , a u ia t  spa _- ct ra I t hrough ta ’ were
inca ‘oa red ‘rn the - - - t at ha ~ a a _ l a -  im ’ the a a~ whi lc ‘-h e’d t ra 10 th roug h I ‘ and 10 ’

thr o ug h 12 ’ we ’ re measu red on t ht ’  n - i  a h  s id i- . - -spe et rat 7 . 8 and 9 and “
, B

’

and 0 ’ wvrc ohscrv~ d as -h e n - - i. k. - t  c ros- .’d ‘ a - mtm~z m i e t m c  f i e l d  l a n e s  along
w in ic h t he  a r c  w a s  loc a ’ - - aa . The s ; . ’ d t  ra were ’ chosen so t hat the impr mme d
numbered s p~- t  ra on ‘he ii n ’ - t c r - - a — - - h a g  ot the - a m -  wa -a u ld c rrcspond to the same

- t  rue ’ a n t I a - - a ’ures o ‘he a r a -  as t h~ prime d num be red s p e c t r a  on the second
- r - ) 5 % a n g  a the at a - - ‘ a l t hough the sp ect ra  north and - - n a t h of the arc and
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in the arc region are considerably different from each other , there is a

remark able consist ency of the spec t ra measured at corresponding locat ions on

eac h a_’ ro s s i I a g  o f  t he arc . Each unprimed numbered spectrtam is  close to it s

primed counterpart spectrum in c h a 1- ac - and in tensity  and in m t - s  location re ” l a t i ’me

to t he center of the arc , a l t hough t ha_’~ are measured up to 4 1/ 2 m i nutes

• ap.art .

The spectra measured on the — -ut herra ed ge o f h it ’ arc ,are rel at i n . e 1~
i : a r i , as ~imo wn by spectr a 1 and 1~~, am i d from 3 to 30 ke( arc approximately

1 in shape at h a r m  e - folding valu e fair --Jne ’ct runt 1) c f  appro x amate ly

6. 5 ~~~~ An. one an~ -~~e’s c lo s er  t o  the center of t ime ’ arc the spectra develop

a peak ( 2  ,mnd 2’) wh ich a.hift s t a - a  la i g her e-rn-rgy (about 15 ~- e ’ a i  - at 3 and 3’ .
hen - c a s  Ii It le c h aa ’ ngt ’ a n  peak ant  e’ Im s a l a  from s ped rum 2 t i n 3 a lt . ,1 in t h a i  s

m a , ’ a on an i nn er r  ed a . ’ a  st I l ic  lure’ w on t I d he oh - a c e - rved .,a ra an a eni -r g~ - t ame p lot
with the ~a a t e ’ r a % a t y  co l - - r  ,,odcd , In r cg~ o1a 4 ( -1 ‘ a there i- s an abrupt dec rease
in the a _ ’ n ae r~~n. 1 1 : ~~ ~t n- nih a - a a a t 0 ,5 ergs /cm~ - s c c - - s r l  and t he pea k d i f fe ren t ia l

mi ten ’. a a- v -a ba i t t  “ t o  li -we r energacs (~.c ic -nw - S k. - \  - w i t h  an appro x i mate ly
c- a _ n- at - a nt-nt  a l fa l l  .it f  w i t h energy’ hera -a n d the peak rnc rg ~ a- - folding va l ue of
_ 3 .5 kt -\~ - Spe- t i - t a r n  5 ( 5 )  rnae ,astare j as .aiic ~~~~~ t a _ aw - ar.j t iac cenat e r of th e
arc shows the pt’ -mk a - - n v a n ,~ to hig her energi es a ,aboaat IT - ~ a_’\ - i a ’ j t  (for spectrum

5) the d m t y a ’ r a ’ na ia l i a n t c n s n r -, a m  3 ke \  t s  only a l a - n u t * L a c t o r  of  2 le ss  than

the measured p e a k  d i f fe ren t ia l  i n t en s i t y . Beyond the pa- .ak , the differential

na - a r a ’ t a c i t - - l~ - i~r. - a — ~- - - t ’ .; i:n i - : :t i , il l v  w i t h  an c-folding value .if -2 , 6 keV , As
the rocket moved a nt - a — the center of the arc , the energy f luc in c reas ed rapidly ’
and the peak d i t t a _ - r u m a t  a~a 1  i n t en s i t y  ~~ and 1 i )  s haft ed h a  highe r energ ies
( 2 6  ~.e ’ a - The J i t f c n a ’ a i t i a l  £ n t e n s a t v  it S ke’a a s  only a factor of 3 less

h a n a  a - h a t  mt -na ‘ai red at the peak for s pec t i t  6 and 6 - 
w~i m c h are ma a_ - ,a rly’ the

same). The lower e’m n erg -. porti on ot sp eet r -aa’- (3 1’ mi e a r ly ’  i - a t a,’mit t e al to the

a m - a -  cam a. at v measured bel t’s  Il- c pea k of spec t rum 5. It w i - a m  Id appea r tha t as

t h e  peak  moves t a - a  h i k ha_ ’r energy , th e  di f ferent ia l  in tens i t y -  at lo~~ r ener gi es
a - en ~a _ - m t n s  e c s n ’nt i d l y -  unchanged. Spectra “

. S’and O’and corre s pond ing
an d 9 ’ were measured in the region of most intense prec ip itat ion . Spectrum 7

- - amn d a t  nea r ly  n - l e n t  m a_~a I counterpart ~ show t hat the peak has moved to

higher energies . he-a’ ond 30 keV I the upper energy- limi t of the instru ment)

while that low energ~’ ;a art of the spectraJi Is nearly unchanged fr om
spec t rum 6 for energies l e s s  th an the peaL Be low about ~~5 kc’V
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~i c t ~~ 7 and both sKo w- the d af f e rt ’na t a a l a nt e n saty inc reasing with decreasing

energy. From 6 keV to  28 keV there a a. aim ap~aro~ imat ely - exponent ial increase
in the di t ie i- ca -nt a a1 intens it a wi th  a rm e— folding va lue of ataout 17 kca - \ , arid

the intensi tv  increases by about a f a c t o r  c i t  .~ from 2M t a _ - a  ~ U keV . The s pa_ act raa

nnc’ a s n a r c d  in the ce nter  o f the afe saturated the ampl i f ier  at higher energies
f e a r t ’ a _ - a t i a t r a v e ’i~-a ,ti s ut the are  and it appe-~a r ’ S that there w a S  an appreciable

ci ccl ron t i n t s  bey-ond 30 K c\ so t hm. a a- a c ompi e tc  desc ript ion of the spec t ra a ~
ma - a -h poss i b le ,  (hiow esa_ ’r , a- ha t ’ I ‘ -A appears t o  have measured atw a ct of the energy flux

as w i l l  he — c e - I n  la t e r . )  ‘- pec t rum  S a —  shown t i  o n l y  2~ keV because the

amp i m a  icr - - - a m  u raa t c d hut spect rum 8 ’ - w l a a  l~ t c  the san a c’ shape’ as spec tna 8~

a s  low er  in t e n t -  a t y -  liv , t a c t - a u r  o t  ~ and i t  ma. —h - a - a wn to 30 ke\ . The peak

i r m a- he - a pe - c a- r,a a m - a p e - a r - - t o  he h a - y a a n d  t lie’’ e a _ n e  rgv limits . li m e ma-a n.ura-d a t a t  en a’ it

ch.a:a.~e’c hr l a _ --.’~ th ,a m m ,t f i a t a i  O h  lw - a_ - a , t aet se ’ t-n 3 and 10 ke~ I-o r spe c ruir 8 and

~ a -t ~~(cr 3 and 30 key fo r  spec t m-um 8 ’ . The in te n s i t ~ o h s pectrum t~~ a s  about

a a - m a  t o r  of .~ gre a te r  tha n t h a t  - — ; - a e — c t r u m  7 a t  the lower c’ne ’rgaes but for

- - ; -n ’ a t ra_~ S a t  is a l - ia - a nt at -a of 4 ~: r n - a t a-t t han t h a t ’  m nten si t~ of spec t rum 7

1a - a l l  mc. t - smn r e d energies . Spec ia  9 and 9’ were r a - m - a a a r e ’ d  at the nort hern edge

cal  t a  arc and t hey- ha t  h ~na i a a i t t - am peak in t au d i  ff erc ’ ra t aa l  t t n a -  um m- - a t  y between
lv m maa h 2 ka - ~ (t ht- ampl a f i e r  ha-s t t a a r a t a _ - d  an t h is  r c a - g a - a m a a~ad were rel a t i a - e ly

f i t  l e t  h a - e a t  S and l am 
~~ t -\  . Below 10 ke ’~ -s e c t  rat S and 9 a r e  nearly the same

while s pec n- i~r 9~~ is at f a c t o r  of 2 greater  than a. ’ o e e - r this energ y range . Spectr a

10 and 10’ w e r e  mea - - r a ’-a~ on t he n- ti - r t h  side of the  arc . a - he  sh e’ d rat are quite
c i m i ~ar and -h - s that t he’ pe;a~ ham - a moved a - a  a low er t I n t  r~a - a (-i Ta ke Vn with a

r. sharp m U - ‘ a -  beyond t h e  p a _ - i k e raerg ~ c- — f o l d i n g  v a a l amc -a - a -  - .1 ke~~ and
.a t a . ,  t i it ~ n a f  3 change an a t  a - s  ~t y t r ana S keV a- the peak energ y - . Further

mea— anremmie nts on the nort h s ide of  the ai r., s ha -a~ that t m  t o t  am i energy fl ux

dec r c a  se a_ i as a - Li m e ’ ~m ( di t h e ’  r e - ma t a .a I a f l t  en c n t v c h i (ted I n -  l o w e r  cncr~v

- t i - a Ii and II ’ show that the ; e a ~. i n t e ns i t y  
~~~~~~~ not changing app rec i ably

a t - — t a . - peak moved a - - - l o wer ener gy a w l a m c h  a s  c : i a r a m a _ t t - r a - - a c  or an m a n - r e d  “% ‘“

fl an - na - n~a- \ - a- t ate p I - a t )  and an a ~am~i - b  e ’x ic i ra ( ’ m ia l fall —off beyond the peak

e n e r g y  w i t h  an c - t a - a Id ing  energy of a l-a. - amn t  1 kc \ . The pe ak d i f fe rential i n tens i t y
c h t - -a - :  t o  i - a w a r  e r ac rg iec  and e - n -n t  a a m i l ~ the ; - e a k  w a c  below the lowe r energy -
l m m L t  (- 3 kc~~- of a - h a -  instrumen t as sho wn in - - p c ~ tra 11 and 1 2 .  The fall off

w i a -  ha energ~ t e r n - n j  the ;-e.m ~ ma y’ be c h a r a c t c r a  :ed a n t h a t -  -a a c e  by an exponentia l .

with mn e — t - - i : a a n ~ value of ail-o m it 0.5 ~~~~~~ which i s  some~~iat 1e~~ t han observed

for 5:— ’ - - a - rat 10(10 ’) ana t  11 (1 1  ‘~~~ .
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I t  appears that ctwnges in the spec t ra  observed as the rocket moved am c~~ S5

the arc region are  p r im a r i l y  spa t ia l  since the corresponding spectra measured

~,tt equivalent t o t a l  energy i m o s e l s )  ar m the two cross i ngs of the arc tare quite

s im i la r , and various f ea t u r e a’ appea r a - c m  be consiste ’r nt across  the ar~
- , The slope

O h  the ’ ~jic ct na beyond the pc- a k aa h i l a ea t r to  he harder t e - f o l d i n g  - - 3  to b keVI on
the south side v - a t  a - tie’ arc a- harm on the nort h side te -foldin g -.0.5- I ke\i . On

h-aot  ha s ide s o f  t h at ’ a re t he spect r a a:aa _-as ur ed n e a r  the are rd at a ve’ly f lat ( w i t  him
,a f ,a~ a- or of I to  3) t r a n a ~’. t h a t ’  j u s t  - a - nt’ a - sa _ ar a ’d e rm e ’ a g ’ -a (~~ 

3 ke\ to a- he peak . The
peak mt-a c- -a t o  higher energ y w ith l i t t l e  c !n ingc’ in d a f t e r a ’ r a t  n a l  i n t e n s i t y  as the

uric- n a - a _-a v e-n t a iwa r ~b the c e n t e r  a- the ,a a- e fro m a _ - i t  ac - n a- m e l t , w h a a  in is cl aaa ra ., a - e r a  ‘—I mc

o t an i n m a e ’ r t e ’d ’ ’\ ’ ’  (as ~ t - - - c ’r~ c’d on an energy- — a- a rmy p l o t) .  The bas ic  st raa. , t t i re-

and t a t , a l t- na e - rg~ of that ’ a re seems Ii - have’ rem ained : a p ; - r - a - a .sama t t ’ ly t hat same in
t l a i ~ t w a - a  a - a  t m a s a e r - - i a i s  1 the art sti ach ocen arred a l - i - n a t  2 n a mm i te a t es  a a j a ; I y t .  Hat - ,anc

at ppa_ ’J n- - t~~ haive a na~ire limi t .,‘ .,~ a’~i,mt mat 1 e ~t unit n o - a  a- la o h  t h e  r a _ ’ g a o m  - r  r - ~~ 
c-m -rgy

t i a s  a— compared s a t : -  t he -  region sca ma t h oh t h u  $ -t - a t ~ • c a t  t i s  mae -a lie ata ~rt i fact
dat a’ to a- lao - -a m a - nm ot ’ a a - m  a n  - -

h at’ t~~ H etaa.-rg) 1a _ n’,~~t e’aI ~a c - ~ been d t 1 ~~ ni t t J t a m  t h e  diff erentia l t - ma . -n - g.

spec n - a  measured by a- he I a--’-\ , and is -nhown - as a funct ion o r time in I agure 10 .

HitS b a - c l  c a n - - a . :  mc at ’.ni ruj i nn t he f i n - a t  e n - n a — a c i n g  a- t Ime a r - a  is about 10(1 c - a :’--

cm ” — sec —~ r and i~~ about a - ’ . t . , t  a - n a t  m-e - , a - s a t r ed tar I la t ’  - ; e a m t i i l a t - a -r .a l t hio a ag f m the’

co~~ile ’ a - c  spc -~~t r~a were not measured h - i  a- - i -  ‘— \  due- t - t a - a - c -  h ig h energy cut a- a-

( 3(1 ke\ .mn~h the u - it  - a n .m t ion a- t ama ; a- i a - a t - n t a -  hig h 11 max - In t l a m -  s c . ,  onn -,(

- a t ¶ h n - aa rc a - he a- -m ,. a- e-ne rg. measured by t h -  I ‘- a ’. is less  than fro” - a- in

a - t r - a -  crossing wh a l e ’ a - L u  s e a n t  a l l  ,‘ i s  . a - - - - n t  the same for l’oth .ar~ tra v er ca ic .

i h i c  i n d i c a t e ’ s  t h a t  a ~T n - t t u r  j - ai -a rT ion of the a - a l a !  energy - ic ’~~n t s : t t ’ ci i s not bein g

-- -~‘ai’- a a~ ’- - ( by a - -  - -- \  in the second e r o - s -.ing t a i s  com pa red w i t h  the a- a r c t  c r o s c n n g~
- j ,u t ine a t o r c ann e ’ n m t ione d a - f l e d -- . I i gore’ 1 - a -  ~how~ the result of calcu l.tt ing

a - h a’ cane ’ ra~ f a _ ax h a t  s- a a- j  he ‘-a. - a - a a n l  n’ aj by th e scant  ii a t  -r as a re-sea l a- of the

n ’TIt ’ r. a lost in n t he alma n ma m t mmar ‘ - - a ;  I c o v e r i n g  t h e  Sc int l l i m I t - a r and assuming for the

incide nt -a - -a t ram , t ime  spe’. I rat measured by the elect r e t  .it ac analyzer. h gure 21

a c 3 p1 ~ t of ‘ a C a n t  ii i t t  - a r  i a - a t  a t a ’ the same 5
~~am h e.  The ener ga f lu x calculated

from t In - .- ! ‘~~\ ( a t  a a g r e e s  w i th in  a factor of 1 - 3 with t h a t ’  data measured h~

a- ha ’ c a m a t  ii Iator .
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Fht t a _ t a i l flux ca lcu la ted t rom that ’ measured I S A spect ra is shown in I i gure

.~I. S i n c e part of the t - a t , t l flux sa t — not measured by t he iSA n e a r  the center

or the ~a r c , the’ peak f lux of the auro ra I arc i s  greater than t h e  measu red peak

f i a t s  .,af about i~~~~
l 0  e it c t rorls /t’m -see -s r .  The structure of t il e

t o t a l e’nt ’rgv ,an.,l t o t a a l flux p lo ts  at re- very s imilar except that a r m a r c ’gml a n w here

a- lit ’ e m mt - r - g v  f l a x  m -  chang i n g , the rat io ut the energy fluxes is greater than the

corresponding elht nagc - a - n iii t i m e ’ number ( lust ’ s , a .t’. , a change in enta rg~ flux

cor re s t - a ei nada - a t o  ,a c ln tm m ga - in the t’nR’rg,y di st ribut a-on of  t he e lect run s as sel l  a-is

-i e hamngt ’ iii the t a it i l  nat i rn -a l-aer of  e l e c t  ruim a— . Ira addit ion at  should he noted that

he ene r,a - - a ia-er attn a t  f l u x  is about a - a f , t c t m - a r  of t~~~ hi gher south of the arc and

in the’ ce ’ rit t ’ r on t he are t han at  a - i  north ’  c it  t he- arc , whi ch a n d a c a t e a -  a m softer

aipec trna :a - a - nort h of  t h u  ire t a - n a ; ;  in the ,tre or sout h of i t .

5. . 1 a-~a t~~h \n g 1 e Di -it r a h a t a ii

The r a n  .,e’ oh p
~ a- c a- . tng les c o s t ’  red h- a s the I — -‘i ex t  t-im de’d ira -a nn about 35 0 

~o
SS~ ia - nd t h a _  e ’ 4 n n :t ’ - a~ a_ - ra-d h-ar a- he S t ’ an t  i 1 la- i t or w a s  t reim - a - : -  0 to 55 ° . The ro~- k e t

a t t i t u d e  cona m l  s y s tem ma a a - ; a - a a n u - a i  t h a s  range throughout the fi a i h t  (dur ing the
:-a c- r a nt! o h t ba - c - -‘w.m setre’mayna - s - a-- a mm cc ’ the t i  c u t  run flux 5at  not me’a ic u red at
d i t r e r c ’nt ‘ ‘ a l a _ h  , a m n ’ i e ’ — s t r a - a a l t , t m - c i t a s l - a  - on l y - t l a o - - c ’ regions of t h a t -  fl ia:ht where
t he t - a ’ t , a l t l a ; x  n - - -.t an e d -‘ -a sa - a t  n a h l y  con - - l a n a- for a spin period could be u-it’d t i - a

c a - el y the patch aing l c di St r i  ba a - a t  ion . I n the reg ions  i - a r  whic h th is  condit ion w a s
a- am a - n — a -  cd a - he da t a  -- hm~~ a - a - it t ime - p i td m  ang l e  di’- n ribution s am a-- isotropic over

the r ,amgc- from a l - a c - na t 3~ ° a - -  a - , ‘u a - a m a - a -p h e of the scant  a 1 l at o r  pa tch ang l e -
di st r i-tat a - a m -a ! , a t .i t t  1 75 cc~ -a -a nm d s a- a - nd l. ~ - ae~ ontls is show- n in I ;  gur e .a -3. 1 inc data
m d i.. a t e -  an t - - o b r  u u ;  p i tt — h a n a a - i e  d n - t  n- a bu t  io ta w i t h i n  th e  spa t ia l  and/or tempora l
f l u e t - - aa.at a - ofl-’ a r t - a- ta g c l a r a  na g t a - u  i - a c - r i - a - ac !  of the me a-i mnuna-ment

~‘ 3  i o n - a - Ia- ., a - r i . ,  Proeit ac - t  mon Rate arid I lect ra n i  1)ensi tv ( a l e - a - a l a - ta- a u ra s

The pra-ad uc t  a ura rate has he—en ca lcu lated w i t h  the assumpt ion of an i sot ropic
p a t c h  - t r a g i c  d a ’ - t r a h u t ion as i s shown at t~~ t imes during the f l i ght  in  F i g u r e

. -1 . The production m a t e s  w - re- a based on measurements of the spectra made at

— 95 second s ( 1 , a - 0 ka) and i ” o secs (183 km) . In the latter case the peak
a nten s at y - s - as ma -a t  mea -s m i reti due to saturat ion i- a t the instrumen t and the

4 1
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a- ENERGY FLUX VS. PITCH ANGLE
(ROCKET 18.219-1)

a- 174-ll5 isconds

j

10 —

IL

z
‘U

-

127,6 to 128 isconds

0

1 1 1 1
40 45 50 56 60 65 70

PITCH ANGLE (deyees)

Figure .3 . P i t c h  angle di s t ri b uti o n measured by the
sc in t j l l , t t u r  at l - i  and 128 seconds.
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di ffer ential intensity was assumed to be equa l to the saturated value in

or der to calculate the product ion rate. The total energy mea sured by the
sc i nt i l lator is consistent ly a factor of 2 to 3 lower than that calculated
fro . the spec t ra measured by the ESA in regions where a co~~ 1ete spec t rum
a s measured ,

Si nce the sc i nt i l l ator was al a - ma - a -st an order of ma gnitude lower than the
energy f lux measured by the ESA for rocke t flight 18 .205-1 , wherea s t he ion

S 0

dens ity and 3914A radiation calculated from the iSA spectra differed by less

than a factor o f two from their measured va l ues it appea rs that there is a
problem w ith the absolute cal ibration of the sc i nt i l l a tor .

At 170 secon ds the energy flux calculated fro m the ESA spectra is about

twice t hat measured by the sc intil la tor , which indicates tha t differential

intensi ty of t he spectra at saturation was not greatly diffe rent from its
saturated value. This impl ies that the calculated production rate at 170

second s should he within at factor of two of the actua l produc t ion rate.

From the ion-electron product ion rate one can com pute the electron de nsAt ~’
using N s g/l where g is the production rate , the electron density- and

ci is the e f fect ive recombination coeff ic ient ~~ 3 x 10~~ (~~
-
~~~~~ ) 

and I is

the t emperature a n  
0

KJ ~~~~~
t )

. The resu lt is  plotted in Figure 25 along w i t h

the ~~s i t ive  dens i ty measured by the reta rding p o tential analy :er from 90 to

120 km. The ex c el l t -’nt agreement between a-he two curves indicates that the

incident elec tron spec tra are not changing appreciably from about 75 to 95
seconds. and tha t the calibr ation of the two instruments is within their

expected accuracy.

~~~~Sw id er , W . ,  ,t . Atm os . Te r r. Phys. , 34 , 161 5 (1972),
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