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.&3STRACT 

The a n a l y s i s  o f  d a t a  f rom b o t h  2 5 2  1968 and i Y G 9  NASA Air'L*;r:?.e 

E i r p c d i t i o n s  ha.$ c o v e r e d  tbt? g e n e r a l  a r e a s  o f  s y c - c t r a l  v a r i a b i l i t y  of' 

b o t h  a u r o r a  and a.j r g 1 . o ~ ~ ~  en r i s s ions  i n  a v i d e  r a n g e  o f  l s t i t u d e s  ai;ii 

l o n g i t c d e s ,  Ml~ch o f  "LIE a n a l y s i s  i s  s t j - l l  i s ~ c o m p l e t e  2nd u n d e r  :;::rr<j. 

bret some t r e n d s  seem no l r e~ ;o r thy ,  i, e ,  , 
-E- 

a) The r a t i o  o f  A4278 1J /A5577 [ O L ]  seeizs t o  b e  c o n s t a n t  across 
2 

a t  leas t  o n e  d i s c r e t e  a u r o r a l  form,  

b )  The X.5001-A5006 N TI e m i s s i o n s  a p p e a r  ~s b e  d u e  t o  d i r e r x  

d i s s o c i a t i o n  i o n i z a t i o n  and e x c i t a t i o n  of  N 
2 ' 

c )  The mid-day s e c t o r  o f  t h e  a u r o r a l  o v a l  ar,d p o l a r  c a p  shows 

z o n e s  o f  e l e c t r o n  p r e c i p i t a t i o n  ( a s  deduced f rom t h e  XG300/X4278 

r a t i o s  w i t h  l a t i t u d e )  

1) -'3 kev i n  the o v a l  a s s o c i a t e d  witl-1 ?,,6300/X4278 r a t i o s  2 :I 

2 )  <i kc.v i n  t i i e  ~ l zagne rosphe re  c u s p  r e g i o n  a s s o c i a t e d  with 

X6300;iAiiS r 3 t i o s  > 10 

3)  discret-.c+ ear.;:i,~-sun a l i g v e d  a u r o r a s  over a < 1 liev backgrc?al~c; 

ir- th.e p o l a r  cap ,  

d )  The bounda ry  be tween  the o v z l  J E ~  p o l a r  c a p  on t h e  d a y s i d e  i s  

i n t e r p r e t e d  :s t h e  bounda ry  bet'1~7een open and c l o s e d  fie1y.d 1i1.e~ ,, 

e )  The bounda ry  r e g i o n  seen on t h e  ~ i g h t  s i d e  w h e r e  t h e  X6300/?~1%78 

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

bounda ry  be tween  t h e  open and c l o s e d  f i e l d  l i n e s  o n  the ni_gi~i:..;idc. 

f )  The d i s c r e t e  e a r t h - s u n  a l i g n e d  a u r o r a s  s e e n  i n  t h e  open i i s l d  l i n ? .  

p o l a r  c a p  region on the day  s i d e  have a  s i m i l a r  app2.aranc.c LO son" 

r a y e d  a u r o r a s  s e e n  on ';he x;right s i d e  b o t h  i n  terms o f  cl:ari?c:-eri.stj.C 

p a r t i c l e  e n e r g y  s p e c t r a  a s  :$ell a s  visual a p p e a r a n c e ,  and th i : :  rnz:~~ 



imply ?hat t h e  aci:f-- leration o f  aurora l .  p a r t i c l e s  Lor tlles2 t y j i e  

d i s c r c t e  arcs  i s  n o t  in t h e  tail regi01-i but: is a ne;-lr--t:;i)-::il 

phenol:lnna. 

g )  The c l a ~ : i f r i c a t i o n  of  problems i ,n a u s o r a l  con j  ilgscy , i ~ . o : ~ t ~ i i ~ r ~ ~  

lati t u d c  l i r n i t  of p u l s a t i n g  aurora, and o t h e r  rr~orpholoi;i c a l  

effects n a y  be  explained.  by t h e  d e t e r m i n a t i o n  o f  t h e  i.ns~i:a~-xr.lc.l;s.~~i~~:~~~s 

n i g h t  t i n e  l a t i t u d e  of t h e  borindary betr.;ceri open and c.i.oscd fic1.r: 

l i n e s ,  

11) Airglow OX neasnre:;.,ents sh.ow no apprec ia -b le  change w l ' t h  iat i t l : t i- ;  

o r  l o n g i t u d e  b u t  do sho\-s~ d i u r n a l  changes ,  





Fi.g, 1 Developme~-~.t ~f a naru3w z e n i t h a l  a u r o r a l  a.1-c a s  seen on 

a l l - s l iy  calxera exposure:; t a k e n  every 1 0  seconds s t a r t i r i g  

a t  0636 UT Plal:c5. 3, 1368 -when t h e  NASA (Jor~vair  990 was a h  

dp l a t i t u d e  68. G o ,  

F i g .  2 a) I r i t e i~s i t ly  versus z e n i t h  ang l e  i n  the wa.iiel.eurgirhs 

b )  I n t e n s i t y  of X5501-5006 N 11 and A5577 [OL] p l o t t e d  

4- 
a g a i u s t  TIIC i n t e n s i t y  o f  A4278 (3 ) from F i g ,  2-a. 

2 

F i g ,  3 O r i g i n a l  d a t a  shov ing  t l ie  photo~lielrri-c o b s e r v a t i o n  o f  

t h e  a u r o r a  i 1 l u s " i a t e d  i n  the a l l - s k y  camera pho tograph ,  

The weak entLssions of HB (X4861-) 2.~3 N 'iI/?,5001-5006 g i v e  

d e f l e c t i o n s  ;n g a i n  I and 2 o n l y ,  The s t r o n g e r  emissions 

010.5577) an(: ? -  ( L ' ~ 2 7 0 )  appear  on gains 3 and 4 a l s o .  2 

The s i z e  of  t h e  cl_e..zr window a p e r t u r e  i;hro.u.gli whicl? t h e  

photometc?: obse rved  i s  i n d i c a t e d  d i r e c t l y  b e 2 . o ~  t h e  A.SC 

phocogrsph,  The a r rows  on t h e  4SS photograph i n d i c a t e  t h e  

d i r e c t i o n  of t b -  photometer  s c a n ,  

F i g ,  4 Z e n i t h  intensities i n  a r b i t r a r y  u n i t s  f o r  t h e  4 e~lnissrions 1% 

3- 
X5577, A6303 [ 0 1 ] ,  A4861 HB and A4278 (N ) on F l i g h t  1 2 ,  

2 

F i g ,  5 Z e n i t h  i n t l c n s i t i e s  i n  a r b i t r a r y  u n i t s  f o r  t h e  4 eini.ssions I S  

4- 
A5577$ A6300 [01]  , XL861 (Tla) a ~ ~ d  >,4278 (K ) 011 F l i g h t  j 3 ,  

2 

Dec, 1 4  UT, 1968. 



P? E.:" 

F f g ,  6 Co:il?i)site plLc,szg~nph o f  ~-iie a i l - s k y  carnerrt ar?d scai?nj..ng .L 7 A t: 

p h o t o n e t e r  d a t a  f o r  the r n L d d ~ ~  p o l a r  cap a u r o r a  on F l i g h t  

1-3 a t  073340 UT Dec, 1 4 ,  1959* 

Fig, 7 ConnLposite ::liotograpli of the. all.-s1s.y c a n ~ e r a  and s c a n n i n g  .! 6 

p h o t o r ~ e t e r  data for t h e  midday polai^ cap a u r o r a  on 

F i i g l z ~  1 3  st 08].230 UT Dee+ 14, 1969. 

F f g ,  8 Composite photograph of t h e  a l l - sky  camera and scann ing  1.7 

p h o t o r ~ ~ e t e r  C ~ J L  a  f o r  t h e  mjdda.; p o l a r  can a u r o r a  on 

F l i g h t  1 3  a t  051430 UT Dee* 1 4 ,  1369. 

Fig. 9 Fl i .g ! i tpa tb  and o r r i e i l t a t ion  of p c l a r  cap a u r o r a  on  

F l i g h t  13,  Dec. 1 4  UT, 1 9 6 9 ,  

F i g .  LO O b s e r v a ~ i o n  geozllctry from t h e  a i r c r a f t  of t h e  a u r o r a  

s e e n  <n Flg, 7 .  

Fig. 11 I n t e n s i t y  vs a a l - t i t u d e  p r o g i i e s  f o r  v a r i o n b  a u r o ~ - s l  

e l ~ ~ i s s i o n s  i n  t h e  a u r o r a l  a r c  shown i n  vlg, 7.  

F tg ,  1 2  I n t c r ~ s i - i g  v a r i a t f o m  t l i t h  g e o g r a p l ~ i c  l a i i ~ u d e  o f  

v a r i o r ~ s  ailrglow i r ~ i r a r c d  e m i s s i o n s ,  

F i g ,  1 3  I n t e n s i t y  \ ? a r i a  t i o n  v i t h  geograph ic  l o n g i t u d e  o f  v a r j  u t i s  2 8 

a i r g l o w  i n f r a r e d  emicc ions ,  

Fi g, 1 4  I n t c n s i  t j~ v a r i a i i o n  w i t h  geograph ic  l o n g i t u d e  of v a r i o u s  7 u 

a u r o r a l  e m i s s i o n s  and a i r g l o w  i n f r a r e d  e m i z s i o n s ,  

F i g ,  1 5  Tenpora l  v a l - i a t i o n  of some a i r g l o w  in£ r a r e d  e m i s s i o n s  

on Flight 11, Dec, 11 UT, 19G9, 



Pagc 

Fig, 1-6 Temporal v a r i a t i o n  c;f s:iifie a u r c r a i  emissioss ant:? a:ij-gl.(;i*j 3 1 

infrared :rni~sicils o n  Flig; i l :  1.1, 3ec,  il UT, 1969, 

F i g .  17 "' ie~:ipo~:al variation of sorne airg3.m in£ rared e~r~iss5-ons 

on  FLiglir: 1-4,  Dee. 16 UT, 1959, 



L I S T  OF TL!BLES 

i O p s r a t i o n a l  resum6 of the 2 3 6 8  h i r b o r ~ ~ e  J :xpedi t ion 

7 - --I Qpera t ionnL r e s u n 6  of the 1959 Airborne  Exyediticn 

I T 1  Average OK and O zenith intensities and ranges  
2 

IV iiverage a ~ r o r a l  background intensities and ranges  



II.U'TRCD!:C'TION 

D u r i r z ~  t h e  ?.968 h'i?SA A t r l ~ c r o i l  h ~ ~ . r o r r . * l  Expedl t i -on ,  t h e  Ceopf-iysf.cn.l. 

Lnsi : i . tute ,  scpporCc6 by NASA Gran t  XGK 02-001.-041, o p e r a t e d  a scanl?:i:lg 

p h o t o r ~ c t e r  on'board "LIE Ek ' iSh  CV 930 airc.-:: '-" D a t a  was ac -qu i r ed  on 3.1 

o f  th . e  1.2 f l igh",  on which  t h e  ins t r~ ,ur .en t  was onboard  t h e  a i r c r a f t .  A 

p re I imin8 . ry  i n s p e c t i o n  o f  t h e  d a t a  i n d i c a t e d  t h a t  a d e t a j - l e d  ana lys i s  

.. .~ of  t-.he 2 a t a  tbras w a i r a n t e d  s o  a d d i t i o i - ~ a l  f u ~ d s  w e r e  r e q u e s t e d  and p;?uti,-!!.y 

p r o v i d c d  ~?.nder a s u p p l e ~ e ~ t  t o  NASA F r a ! ~ t  KTGR 02-001-048, i n  Sep-i-e~aber 

1969 .  Sooii zfcer thdt d a t e  t h e  1969  NASA Ai rbo r l r e  A i l ro ra l  E~peditri.o:j 

r- occur red .  (December, 1 9 6 9 ) '  l l 7 . e  Geo;~l~ys! c.al. 1 n s t i t u l . e  a g a i n  opera tcc i  ,a 

s c a n n i n g  photorne ter  on 1 5  f l i g l i t s  funded  u n d e r  NASA G r a n t s  NGR 02--00:i.-058 

and NGR 02-001-060. Prelirnin;. ,ry a n a l y s i s  and  d a t a  r e d u c t i o n  f rom the 

1969 a i r b o r n e  exped i . t i on  was i n c l u d e d  u n d e r  tlze a n a l y s i s  f u n d i n g  f o r  

t h e  1968  e x ? e d i t i o ~ ~  .i;ilth t h e  u n d e r s t a n d i n g  t h a t  Eu.it-.Sre?: f u n d i n g  t ,~or i ld  

become avai1abl .e  f o r  t h e  com;?leted a n a l y s i s  o f  t h e  d a t a  froin bo t l l  a l r b o r i i e  

exped5 . i : i . o~~ .  IJnfortunate3.y , s u c h  a c o n t i 1 1 u a t i u 7  o f  f u n d i n g  I- as 01.il.y 

r e c e n t l y  ?-jr- 'rnmil a v a l : i a b l e  d u e  t o  T!A.SA b u d g e t  I i m i t a t i o n s  and consc : c~nea t ly  

much. a n a l y s i s  o f  t h e  d a t a  f rom t h e  two e x p e d i t i o n s  i s  s t i l l  i n  a n  ~ ~ i n c o n p l e t ~ c ~  

fo rm,  E e c a u s e  o f  more pronounced s c i e n t i f i c  i n t e r e s t ,  a n a l y s i s  of  da ta  

f r o m  t h e  I 9 6 9  expecli.t ion has - taken p r e c e d e n c e  o v e r  tl-rzt f rom t h e  1.968 

e . % p c d i t i o n ,  

Some of  th.e r e s u l t s  w e r e  d i s c u s s e d  i n  t h e  S p r i n g  1970  AGU n2ecti11g 

(Romicli, 197Ga; l3ro1.m~ 1970)  and e labora t .e .d  f u r t h e r  i n  t h e  F a l l  1910 AGU 

meetin.g (Romick, 1 9 7 0 b ) ,  I n  a d c l i t i o n ,  t h i  s g r a n t  has a l s o  p r o v i d e i .  some 

s u p p o r t  f o r  the 013 a i r g l o w  anol.yi;i.s r e p o r t e d  i n  the I f a s t e r ' s  ;I:csii. ( t o  

be a ~ ~ a r d c d  i n  t h e  s u l m e r  o f  1971)  o f  R, Henderson (1-971) on data.  2 c . q i ~ i r c d  

fro11 thc 1.969 ei;pcditi.oiz, Pu!rl ic; . t ioi~ of  the mi.dday a.nroral.  observi-ilrior?:r 



i s  i n  y r o g r e s s  (Konick az?d U~.::i~ve, 1.97.1.) , This  f i n a l .  r e p o r t  : - i i m l , ~ . r i  zc: 

t h o s e  d , ~ t a  t h a t  l-iave b ~ c n  reduccid and a j?a ly red  f rom l?otll t h e  1.968 a ~ c :  191?:.! 

NASA a i r b o r n e  espediti ons . 

The Geophysical  I n s t i t u t e  opeza ted  a f o u r  f i l t e r  m e r i d i a n  t y p e  scai71-1i ni: 

p h o t o n e t e r  onbozrd CV 990 a i r c r a f t  on L l  of  1 2  f l i g h t s  (Tab le  I), The 

instrna?c:~.t  had a la f i e l d  of x7 ie t7  a ~ i d  a  c l .ear  scann ing  f i e l d  o u t  of cne o f  

t h e  t o p  ~ ~ ~ i n d o w s  from n p p r o ~ i r n a i ~ e l y  10' t o  one s i d e  of t h e  geograp!i.i c z@1:-i-;l~, 

tii G O n  oil t h e  o t h e r  s i d e  il-I a  d i r e c t i o n  perpe:zd-r.cular t o  t h e  fl-iglii: pa:!? 

of t h e  a i r c r a ? t ,  T h e  d a t a  were  recorded  on sevzn  FM t r a c k s  of a n  onboard  

TLZS.4-1.4 b a c k  cape r c c o r d e r  a s  w c l l  as on 35 r a n  f i l m .  

One of t h e  s p e c i f i c  problerns a t r a c k e d  oil "cis e x p e d i t i o ~ l  w a s  'Lili? s k u l y  

-1- 
of t h e  relative i n t e n s i t y  of the A4278 ( N p ) r  A5577 [OL] and Ai001-i3Cb liT 171 

emiss ions  a c r o s s  t h e  h o r i z o n t a l  ~ j i d t h  c f a  narrow a u r o r a l  a r c ,  

The o r i g i n 2 1  p l a n  w a s  t o  l o o k  a t  t h e  r a t i o  o f  t h e s e  e m i s s i o n s  in 

vaviotls  b r i g l ~ t n e s s  a;;.d -c:.idth a r c s  in o r d e r  t o  d e t e r m i n e  t h e  frequel-icy r X , r  

.the narrow cone of i L5577  cmissiorr no ted  by Romiri: and Eelon ( 1 9 6 7 ) j  

Nurcray (i.9G7' ar;c! o t h e r s  and  whether  i t  o c c u r s  i n  any p a r t i c u l a r  p11a . s~  

of t h e  subseorm, T h i s  w i l l  h o p e f u l l y  rhcd l i g h t  on the possib3.e e~:crEi-a,tri.oc 

mechanism f o r  t h e  A5577 [OI] emissioil .  The K 11 emissions a t  A50!?1.--5006 

t o  a f i r s t  o r d e r  approxina1:ion shoul-d be  d i r e c c l p  p ropor t iona j .  t o  the 

4 
1 emiss ion  and w i l l ,  among o t h e r  u s e s ,  i n d i c a t e  whether  t h e  h o r i r ~ ~ ~ c a l  

2 

i o n i z a t i o n  p r o f i l e  ~ i i t h i n  t h e  a r c  can be  assuacd  c o n s t a n t  i n  a l l   ion^ cr  

a l l  he j -gh t s ,  Th i s  i s ,  of c o u r s e ,  impor tan t  i n  t h e  i n i e r ? r e t a t i o n  c T  1 1 : i  

xcan ing  of t h e  A5577 and A4278 r a t i o .  



T11e sequence o f  ASC (~:'I.i-si.:~i caners) pl~oto~;rapl-;s  i n  Fi .g ,  i i i 'itis"i;-:i: c 

a ~ t - i l i t l i  a r c  sel .ccrcd f o r  t h i s  s t u d y  a n d  i t s  chariges d ~ l r i r l g  thr o.i.::. 

Y;:-tr..?een 0636 UT an.2 0637 :J'T i~larch 3 ,  1.968, An i~ i -ease .  in-irp:'i~:i.g;~!:i"~>t~ C)!' ;.;I 

<if rile 1 9 6 8  tlata revea led  nz.ly a f e v  c.ases x~rhei-e a r c s  were s t a 5 l e  g - i i ) i ~ . ~ : -  L C  

a l l o w  t i le d e t a i - l e d  rir-ivc~stigztian clE t h e  r e l a v i v e  em,j.ssions even tlic;i;~i; ~ - - ~ c  

p'.~oto.l-et*-ic data -for a l l .  . three e m i s s i o l ~ s  were accluired ~ ~ r i t l l i ~ ~  two setari:i,:: 

o r  less, Tile pho t i?metr ic  iiatrz sho1~11 i n  Fig. 2 (a) i s  ~i p l o ~  of in.i;cn?-;l t \ j  

z7ersu.s z e n i t h  a n g l e  for one s e t  of  s c a m  taken i r ~  a 2 seco??d i l n t e r v a l  s t i ~ r r l i i n  C? 

a t  063640 UT on ?!arch 3 ,  1368.  Tilc ra ; io  obtaii7:eL; from these dai-r-: ( i ; ' iy ; ,  2(5)) 

f o r  X4275!i,5577 i s  l / 5 . 5  and XL-275'/X5rJi21-5006 i s  l.3!1. a i ~ d  w i t h i n  irhc ;Ici::c<a.;. 

of "ibi-s y a r t i c v : i a r  s c a n  i s  rcesonab ly  c .nns ta r~c  Qver "cbe for:n, !iort:cvcr, 

cont i .nuat i .on of t h c  a n a l y s i s  i.s o b v i o u s l y  needed t o  d e t e r m i n e  .~ihetlier t i i i ?  

s c a t t e r  obse rved  i n .  F t g .  2  i s  due -io t h e  random n o i s e  o r  ~~~het'iler i t :  i s  

due t o  ac tua l -  c.hai?pres i.n the signal d a e  t o  a h o r i z o ~ t z l  o r  s l t i t u d z :  i l ~ ; ~ c . ; i - -  - ,- 
dence  of t h e s e  i-at-lc-., Tlze d a t a  r e d u c t i o n  t o  date :;as covered 60 I.:?divf : k ~ ; ~ i  

s c a n s  f o r  t h i s  p a r t i c u l a ~ :  a u r o r a l  form and s p e c i f i c  co?aclus ions  n;?.;lc,!: 3::::.11: 

t h e  completed 2n; i lys is  o f  n o r c  than t h e  one s c a n  d e p i c t e u  i n  F i g ,  2 ,  Sol.c, 

+ 
hoi~lever,  t1sa.c t h e  A4278 (N3)/X500i-5006 (N 11) r-7*Lio OE 1 3  obt; i ined i t !  T:.i.g. 2 - 
i s  very c l o s e  t o  the. r a t i o  (14.5)  o b t a i n e d  thr,?ug'r, the l a b o r a t o r y  oezsuri.r ...$ 11 ess 

-k 
of t h e  ratio of the t o t a l  exai ss ioi l  c r o s G  s e c t i o n s  oE t h e  A3914 (R2 j !>.5C):,L -5'390 

-i- 3- 
(N I T )  l i n e s  (assuming A3914 (X,)/X4278 (K ) = 3) r e p o r t e d  by S r i ~ a s t a v ~ ~  

L 2 

(1969) .  This c l o s e n e s s  inpl ies  that aL1 of t h e  observed N II i n  tbr ,:i,sc 

was c r e ~ ~ ~ e i l  by d i r e c t  d i s s o c j a t i v e  i o n i z a t i o n  and e x c i t a r i o n  of 1\? C > I Z I - L Y O K  
2  

-4- >k 
impact, i..e,, N2 Jr c i- 11 -1- IJ + 21 ,  

OiEler incl iv jdual  auroral .  Eorns such as  indicc?Led. i n  Fig. 3 a r c  ;?Iso 

peesc.n.t i n  t h e  f i ig1:t  d a t a  a n d  sl-iould bc a n a ? y s e d  b e f o r e  d e l i n i t e  c/-) i iLL, l  ( :: 

can b e  p l ~ b l i s l l e d .  



Tab 1.e 3. 

Opcr at. ional Resu1a6 

1-968 (VT) U1' Time Mode of p "  u A ,,2 .I d 
Date 

----,---.-.. 
FLigizr; K G ,  ---- orr Of F- -- Oneratj. 011 - .L 

of !'.Lc. t - 

Fc'ncuary 21 1 [I 09313 1100 Scanning 1/2 rps 1 3  

F c ' t > r u a q  22 

February 23 

E'cbrrrary 25 

Februaxy 26 

February 27 

." 
ii'ebrixary 29 

Mar c?-L 3 

PZarch 4 

Mar cl-i 6 

Flarc11 8 

March 9 

Scanning i/2 r p s  

S c a l c n l ~ ~ g  ij2 rps 

Scanning 1/2 rps 

Sc,naiug I. r p s  

Scanning 1 r p s  

Scanni-ilg up t o  4 rpc? 

Zenith 5577 on ly  

Scanning 1 rps 

Scanning 1 r p s  

Scannfng 1 / 2  rps 

C'crntinuoirs dac:. T:as a c q u i r e d  r~itllin the timcs ind jca tcd .  cxccpt for cl-,orl: 
reriacis d ~ r i n g  the  changing of t h e  magne~.ic t a p e .  



NASA 

Fight Number 2/ 
3 March /968 

Geographic 
North 

- *  

- 
7 ,  Development of a narrow zenithal auraral are as seen on all-sky camera exposures t 

- -. . - every 10 saconds starting at 0636 UT  arch' f , 1968 when the NASA Convrir 990 was at 
dp l a t i t u d e  68.6". 



-+ 
,. 2 a) Intensity versus zenith angle in the cravelengths h5001-5006 (N IT), A6278  (h2) and 

1,5577 [ (71]  a i  0636L0 TJT ?larch 3 ,  3 968. 
b) Intensity of X5001-59OG I< I1 and A5577 [Or] plotted against tl-le i n t r n s i i : '  c?f 

-k A1176 (X2) fro111 r i g .  2-2. 



I969 i<r4iSr? AT?dC)R::E EXP.C!ZLTION 

T11r. G t  o : , h y s i c ~ ~ i  I ~ s t  i t u t e  of t h e  U n i t  ?rsi t) 35 A' aslca o p c r l + c \ ~ i  3?: c - '1): 

f i l t e r  s c n ~ l n i n g  phot-on cLer 0111 t h e  1969  NASA a u r o r a l  a i r i ~ r i n e  c - 1 ..c! - 1 1  17, 

T11e i n s t  r al?e-ilt iJas o p e r a t e d  under  LWO NASA C r d n t ~  di-videa between au cor c, .LI 2 

a i r g 1 o . i ~  s tuc l i es  . TI:e a r r r o ~ a l .  t x p e r i r l ~ e n t  ( ~ l n d e r  KAStl Grant  02-001 -0G0) ,>,lr 

d i r e c t e d  Lo~+arcls tile a c q u i s i t i o r c  of two i i inds of i n f o r m a t i o n ,  T l ~ e  F i r c t  

4- 
conccrncd s c u d i e s  on t h e  e ~ ~ h ~ ~ n c c n l c n r  oT tllc N I lgG sys tem th rough  r ix-onant  

2  - 

s c a t t e r i n g  of s r r n l i g h t ,  The second concerned tlze l l o r i z o n t a l  d i s t r i b < t  

w i t h j n  discrete  z u r o r a l  forms of t h e  A5577 01 emiss ion  r e l a t i v e  t o  ' ha t  

of i he  i'jl; liiil bands under s ~ q ~ l i t  and midday c o n d i t i o n s .  
i. 

L i t t l e  d a t a  c11 s u n l i t  a u r o r a  were  o b t a i n e d  bu t  t h c  o b s e r ~ ~ a t i o n o  of 

rliddny a u r o r a  a r e  of spec- ia l  i n t e r e s t  due t o  t h e  p a u c i t y  of i n f o r m a t i o n  

a v a i l a b l e  r e g a r d i n g  t h e i r  s p e c t r a l  c l z a r a c t e r i s t i c s ,  r e l a t i v e  c i n i s s i o ~ ~  

h e i g h t  va1- ia t ion snd  g c n e r a l  h e i g h t  r angz ,  

The a j r g l o v  c-:;?crimen: 11n6er NASA GranL 02-001--058 had a s  iCs s ~ ~ - i r * , ~ - - \  

g o a l  t h e  s t u d y  of t h e  geographical d i s t r i b u t i o n  o f  t h e  emiss ion  in t .e i ls iLi>c,  

of t h e  hydroxyl  (07:) a - ~ d  r e l a t e d  a i r g l o ~ ~ r  emiss ion  f e a t u r e s ,  pa r t i c r rEar i  y 

a t  h i g h  1 - a t i t u d c a .  T'nL~se d a t a  v e r e  t o  b e  ~ n a l y s e d  t o  d e t e r m i n e  the  - - e l c ; t i ~ , c  

importance of a tmospher ic  dynamical  p r o c e s s e s  i n c l u d i n g  t h o s e  of a  n ~ t ~ o r o - "  

l o g i c a l  o r i g i n  a s  w e l l  a s  p o s s i b l e  v a r i a t i ~ n s  from t h e  b a s i c  hydroge51- 

ozone re&c"iom e x c i t a t i o n  mechanjsln, III a d d i t i ~ ~ i ,  t h e  o c c u r r e n c e  o i  

sudden i ~ ~ c r e a s e s  i n  t h e  i n t e n s i t y  of t h e  013 enl iss ions  due t o  t h e  p r c ~ ~ 2 e ~ ~ c e  

01 a c t i v e  a u r o r a  was t o  b e  v e r i f i e d  and f i r m l y  e s t a b l i s h e d ,  

The i n i t i a l  ferry f l i g h t  o f  t h e  e x p e d i e i o n  t o  F t .  C lzurch i l l ,  C,iiiatla, 

o c c u r r e d  on Noveixber 2 4 ,  1969 and t h e  r e t u r n  f e r r y  f l i g l l t  tcoli  p l a c e  3.1 

Deceinber 1 8 ,  1969. Table T I  i s  d resum; of t h e  d a t a  f l f - g h t s  c a r r i e d  o u t  

between t h o s e  d a t e s  and i r l d i c a t c s  t h e  ncJe of o p e r a t i o n  of t h e  scc? l~ :~~~i : ;  



27 FEE 1968 
0643 U.T. 

80" Z 80° Z 

I I I I I I I I I I I ~  I I I I I I I I  I I l l  
500 

- 5000 

d - ~  0 GAIN -3 
0 GAlN -4 

L - 0 GAIN -I 
0 GAlN -2  

Fig. 3 Original  da ta  showirg t h e  photometric observation of t h e  aurora  i l l u s t r a t e d  i n  t h e  
al l-sky camera photograph. The weak emissions of HB (X4861) and N II/X5001-5006- 

l e c t i o n s  on gain  1 and 2 o Q .  The s t ronger  emissions OI(X5577) and 
I ) appear on gains  3 and 4 -&&-&& - 1% of 'the c l e a r  window a p e f a f e  - which t h e  photometer observed. cared d i r e c t l y  below t h e  AS0 

. I  
$FW@ 

The arrows on t h e  ASC photograph indicate" the &%3:ection of t h e  photometer scan. 



photon~c.tll-.r and t h e  v a r i o u s  w~vt-!.lengt:hs monri.tored 2s a funcr j .~: ;  of tij;?;; 

d ~ r i ~ o  o e a c l ~  fL ig l l r ,  

rv i Lrle seme t y p e  of s c a n n i n g  photometer  was used on t h e  1969 

- . r .  c h a t  was used d u r i n g  t h e  1.958 e x p e d i c l o n  excep t  f o r  e l e c t r o n i c  rnoalr  ii-:;tion:.;, 

From a knowledge of t h e  o p e r a t i o n a l  c b . a r a c t e r i s t i c s  o f  t h e  h a s i r  

o p t i c a l  system when used a t  shar i re r  wavel.engths f o r  o t h e r  t y p e s  o f  c~i.:~~j:al. 

and nirgllow s t~r ic l ies ,  a decisi .on was made t o  u s e  pulse- count:^.?^ sig.i:al 

detection t e c h n i q u e s .  112. o r d e r  t o  r e t a i n  f l e x i b i l i t y  under  n. v a r i e t y  

puss i .b le  o b s e r ~ v a t i o ~ i a l  cc,nditi.ons, ar?d a l s o  t o  i n t e r f a c e  s ~ n o o t h l y  crii:h t ! ? e  

e x i s t i n g  a n a l o g  r e c o r d i n g  i.nstrumc2.,;tati~i-~, t h e  raw p n l s e  d a t a  were ~:I:I!I.~Y:Lc'c; 

t o  ana log  voi"cgpl_ l e v e i b  .. Tiles? I J ~ I  c t h e n  passed i n t o  f o u r  sepa l21  e 

alnpl i - l ierc  t l i a t  r e s u l t e d  i n  f o u r  sepai.a"c decades  of s i g n a l  level-  r ~ h i c ?  

we-ce avai lah!  e  s i m u l t a n e o u s l y ,  r a n g i n g  from 0 - 2C0 c p s  t o  0 - 2CC,OC)T,  c i  s 

117  pera at ion,, lwlse p i l e - u p  c c c u r r c d  ar appro;:imatcl y 40,030 cps  . li  dl 

r n u l t i p o l c  s w i L ~ 1 ;  ],laced a l o a d  r e s i s t o r  c h a i L ~  2-1-oss t h e  anode of t f ie<c  

s a n e  f o u r  a i a r l i f i e r s  i f  ai lalog d e t e c t i o n  were  d e s i r e d  o v e r  t he  r a r g e  01 

l f7  t o  10-'' anpcros f u l l  s c a l e .  T h i s  f e e t - ~ r r  w a s  used s u c c c s s f a i l y  Lor 

a s h o r t  l i e r iod  d u r l ~ : g  a  day--to-night t -3-ansi t ional  f l i g h t  wh ich  occurrcL 

d u r i n g  passage  from F ' t .  C h u r c h i l l  t o  BodqJ, Narkmy, 

The remain ing  m o d i f i c a t i o n s  minor ,  c o n s i s t i n g  f o r  t h e  ~ o s t  ,:a7 c 

of  i n s t a l l i l i g  a  lo r e s o l u t i o n  s' a f t  encod@r assembly on t h e  op t i c , ~ l  f ( e  Id  

of view scar~rzing sys tem,  reprogramming t h e  f i l t e r  whceE movement c i -1  czll t r - 

f o r  p o s i t i v e  f i - l t e r  i d e n t i f  i c a t i o n  and s top-mot ion movement, and g encri- 1 

c o n s t r u c t i o n  f o r  a i r c r a f t  mounting.  The f i e l d  of view was C,5' a r i c l  I ? L ?  

scanned th rough  a t o p  w i i l d o ~ ~  of the  a j r c r a f t  having a  c l e a r  f i e l d  of  =-LC J 

from 10° t o  one s i d e  of t h e  geograph jc  z e n i t h  t o  50° on t h e  o t h e r  sli!i? 

pcrycndicu1;:r Lo t h e  flig111. p a t h  of t 'ho a i r c r a l t ,  





ma.i.1~ emph:-:;,.ri;; i n  t:hc a l - la lys is  of  th.e a u r o r a l  d a t a   fro^ L . ! i e  !.%'I!? 

expedi- t ion 1x3s ~ C C I ?  cor?cerned t c t th  t h e  twn f l . igh  r.s v:~hir.l~ covered r;! e r;?or-: 

s e c t o r  o f  t h e  a u r o ~ r a l  0 ~ 3 1 ,  T:IO i n t e r c s t l i n g  f e a t u r e s  v?l-!Fch ?:ere ~ l i ~ c ~ : i i ~ : ' .  

C 
0x1 these  f l i - g h t s  were (1)  tile Ilig!: h6300[OX] t o  %4278(N,) ra t i .05  i":;ici.~ 

i n d i c a t e  tkie prezcrice of ve ry  soL t  i n c i d w t  p a r t i c l e s  and ( 2 )  t l i n  r i , : ( , i * - b - i i > i ~  

of d i s c r e t e  s t n b l e  aurora l .  arcs which a r e  nl . igncd a lmos t  i n  tile :!t!:~(.i:.i:ia 

of t h e  suri (Ronicli a.nr! Rrowz~, 3.971). These have a sirni1a.r descri1:t i n n  i:o 

t h o s e  r e p o r t e d  by Gusra f sson  (1967) ,  

F i g s ,  4 and El show p l o t s  of th.c z e n i t h  i n t e i l s i t y ;  abtairzed 1-1.-om e z c h  

sky s c a n ,  ve rs t l s  l a t i t u d e  ( o r  t ime)  f o r  Fl ighi-  No; 1.2 on Ceccr~l>er -1.3, 9 6 9  

ar1d F I i g h t N o ,  1 3  on Deceri~bcr 1 4 ,  1969, I n d i c a t e d  011 each f i g u r e  $ s  ?..he 

approxi-mate positio17. of t h e  a u r o r z i  o v a l  d u r i n g  t h e  f l i . g l ~ t ,  T11.e magnetic 

activity cinri.ng b o t h  of ~ h e s c  f l i g h t s  1~7tis very lox,.,  lT 1 on Deci:~~l;iir 1.3, 
P 

1.969 and I< % (!-.I, on December 3.4, 1969,  The maxi.io?.;iil i . n t e n s i f y  (X557.7) i.f 
P  

t h e  a u r o r a  a t  t h e  z e n i t h  reached  a.pproximatel.y 3 kli w i t h  o f f  -zenil-li .i,ni:c:i:- 

s i t i e s  going 2s hig:i as 1 5  kR, One fea tu rc .  n o t i c c a b l e  on b o t h  fl,,gincc, fr: 

4- t h e  r e l a t i v e l y  l a r g e  s i g n a l  i n  X5577[OI] acd 44278(N ) which dec.rc.,shd as 
2 

t h e  £1-irl-lt: p a t h  c r ~ s s c d  t h e  a t r r o r a l  o v a l ,  111 c o n t r a s t ,  t h e  T6300 61 s i g l  31 

i n c r e a s e d  a c r o s s  t h e  o v a 1  i n t o  the p o l a r  cap ,  A11 of t h e  d i s c r c t c  a?*r,jl-s 

obserzrecl o c c u r r e d  pol.e.ry.ard o r  a t  t h e  poleward edge of t l ie  oval  011 bo-1- 

4- 
f l i g h t s ,  The h i g h  A6300[OL] t o  X4278(N ) r a t i o s  observed a r e  c k a l - a c r c r i s ~ i c  

2  

of s o f t  p a r t i c l e  p r e c i p i r a t i o n  i:tii ch  l o s ? s  most of it-s energy a t  ? l 3 g h  

a l t i t u d e  (j1.50 Icn) v h e r e  n o t  on1.y i s  A6300 01 o n l y  p 2 r t i a i i y  quenc!-i:'d 

l>ut t h e  0 t o  N r a t i o  i s  h i g h .  Thrls t h e s e  f l j _ g ? l t s  appcar  t o  ind ic -~ :c :  2 
2  

r e l a t j v c l y  h a r d  (> 3  kev) uniform par t ic3 .e  f l u x  p r e c i p i t a t i n g  e ~ , u ~ 1 t  ( ~ r ~ i c d  - 



; 4 Zenitil int:eiisities i n  arbitrary u n i t s  f o r  tile 4 emiss iol is  h 5 5 7 7 ,  A6300 [011, Aib6J TTC 
and A4273 (::$ on l:li::?lt 12, DFC. 13 UT 1961. 



;, 5 Zen i t h  i.n"icnsii:Les rill a r i ~ : : l . i : ~ ~ - y  ,. L L unii:rr; .for "i-ic? 4 c:ll.issic;irs ?,5577, X63C0 i O i : l  a $ 

and 1 4 2 7 8  (;:$) on. Y I i g h t  1-3 Dee* I./{ El '  2.969 
1.. 



and  i n r o  t h e  posT*iion of tr11e s ta t r i . s t i ca l .  a ~ ~ r o r a ? .  o v a l ,  prodr;i:i.ng a 

r e l a t i v e l y  unriforin glow or wml broad a r c s ,  On tile yolciirard s i d e  z 

soft l  part:ic?!e f1.u:: (< i. kev) a p p e a r s ,  x:i;:~ich i n c r e a s e s  as one prore:.ds "- 

a t  l . e a s t p a r t i a . l i y  towards  t1:e p o l a r  cap ,  I n  a d d j - t i o n ,  dTscre; -e  

a u r o r a l  fcrms .which a p p e a r  KO have t y p h c a l  c l ~ a r r a c t e r i s t i  e n e r g i e s  

( 2  lcevj appear  w i t h i n  t h e  more un i fo rm soft- p a r t i c l e  p r e c i p i t a t i o n . ,  

Th i s  d e s c r i p t i o n  nlatches v e r y  w e l l  t h e  p a r t i c l e  data o b t a i n c d  i n  thc 

same reglion by l i o f f ~ a n  a.nd Berko (1-970) and i le ik lc i la  and r;,Tinrzingh;i::> 

(1971).  Some of t h e s e  d i s c r e t e  a r c s  observed c n  Fligl-it No, 1 3 ,  Deccn??c!: 

1 4 ,  1963, a r e  s!iov:r~ i n  F i g u r e s  6 ,  7  azd 8> w?IFc!I a r e  composi te  ~ I I o ' c ~ ~ ~ T . P ; ~ , ~ s  

of  all-sky camera da.ta as.d photometer  data t a k e n  of t h e s e  d i s c r e t e  a . r c s ,  

F i g u r e  9  i s  a  map of t h e  a r c  o r i e n t a t i o n  and p o s i t i o n  of t h e  o b s e r v a t i o n u  

al .or~g t h e  f l i g h t p a t h ,  F i g u r e  1 0  sho-i,?s t h e  o b s e r v a t i o n  g e o n e t r y  f o r  one 

viev (0812;30 UT) of  t h e  s t a b l e  a r c s ,  F i g u r e  11 g i v e s  t h e  L e s t  f i t .  of  

t h e  observed i n t - r j s i t y  v e r s u s  z e n i t h  a n g l e  d a t a  t n  t h e  h e l g h t  v a r i c i i i c r L  

f o r  t h e s e  a r c s .  T h i s  d a t a  i l i d i c a t e s  t h a t  t h e s e  rayed  a r c s  a r e  prodriccd 

by inc ider r t  p a r t i c l e  spectl-p- which,  based  orl sn e x p o n e n t i a l  spectre;, 

have  charactes:isr , ic e n e r g i e s  n e a r  2 kev and a r e  t l ~ ~ s  v e r y  s i m i l a r  L U  

t h e  same t y p e  a u r o r a l  a r c  observed  i n  t h e  e v c , ~ i n g  o r  midn igh t  s e c t o r  of 

t h e  a u r o r a l  o v a l .  The o n l y  d i f f e r e ~ z c e  i s  t h e  o r i e n t x t i o n  of t h e s e  P r c s  

w i i h  r e s p e c t  t o  t h e  T.,-shell c o n f i g u r a t i o n  s i n c e ,  a s  s e e n  i n  F i g ,  9 ,  they 

l i e  a l m o s t  a l  ong g e o n a g n c t i c  l o n g i t u d e  l i r , e s  and i n  t h e  d i r e c t x o n  of t'i.2 

s u n ,  IJinningham (1970) and Winningham and HeikkF1.a ( i971)  I?ave d i s c u ~ s ~ d  

t h e  pe~~eLraLLon of :he magnetosheath  plasma t o  1011 a l t i t u d e s  d u r i n g  lilr? 

d a y l i n e  f r o n  d a t a  from t I ~ e  ISIS-1 s a t e l l - i t e m  The r e g i o n  a t  t h c  po!2?ard 

edge of t h e  o v a l  i n  F i g s ,  4 and 5 171zcre t h e  h0300 emiss ion  b e g i n s  to 

becor~ie cnhanccd c o i n c i d e s  w i t h  t h e  1 a t i t u d e  l i m i t  of c l o s e d  geomag~>~~-i-  i i 

f i  cl cl l i n r s  i n  t h e  d a y s i d e  magnetosphere ,  '4s s c a t c d  by IJinningl?ain ( I ?  1 " ) )  



North 

?' 

1969 NASA Auroral 
Airborne Expedition 
flight 13 
0 7 : 3 3 : 4 0  Ujr 
December 14, /969 

Zenith 
Geographic 
Coordinates 
78. 42" Latitude 
22 23" West Longit ude 

Intensify (557i: 6300 Rayleiqhs) 

osite photograph of the all-eky camera and rcetnning photometer data for the m 
cap aurora on Flight 13 at 073340 UT bec. 24, 1969. 

" ..== 



/969 NASA Auroral 
Airborne Expedif ion 
Flight N 
08:12:30 UT 
December 14,1969 

~ l g h t  Zenith -- Geographic 
Coordinates 
80.01 " Latitude 
29.76" West Longifude 

South 

\ 

J 
West . 

\North htensity ,6300 Royleighs, 
2500 2000 1500 /OOO 500 0 

= L 1 l ~ l l ~ ~ l ~ ~ ~ ~ l l l  

- 30 - 

lntensilu (4278 R4yblghs) 

' 7 Qmpoeite photograph of the all-sky c .ura  and scanning photo~eter data for the midday - 
molar c a D  aurora on Flight 13 at 081230 6JT Dec. 14, 1969. 





9 Y l i g l l ~ '  ;)af:11 and orientation of  p o l a r  cap aurora on F l i g l l t  13, Dec. 3.4 U& 2!.-:OY, 



Distance (iflometersl 

7. . rlr: 10 Obsorvaiion geometry fro111 the aircraft of the aurora seen in i'is 7, 



Pig, 11 T n t c n s i t y  v s .  a l . t i tude  profiles f o r  var ious  aurora l  e~issions in the a u r o r a l  arc  s i ~ o ~ l r i  
~ I I  Fig- 7 -  



" c h i s  bov13tlary c,i~l be  j i l e ~ i t ; f j ~ \ d  i l > ~ ~ ~ k ; l ?  rl ~F~ar ; )  dccrciabc i n  t l ~ c  f:a7, ,\ 

e t z c t r o u s  of so~t?~i?l~a' t .  ili;;%ler energ:; rb 1 0  Icev", f!e f~1rthe7" goes  0 LS 

sho;u. t h a t :  r i b o v ~  this I a t b t u J e ,  ii-ia:;es of lo-. encrgp  ( <  1 kev) el,.?$ -L  i 

are obserx-ode His d e s c r i p t i o n  f i t s  o u r  obse;-~iatioi-rs prc5;cnted i n  '"3"~. 

and 5, Earher  and Xer:<e (1271) have a l s o  cone t c  t h i s  conc3vc;i,-? 1,. 

t h e i r  r i n a i y s i s  o f  s - i ~ i l a r  d a t a .  Tltus tile d i s c r c t e  a r c s  seen i l l  rii,i: 

6, 7 and S ~r;ust o r i g i n k i e  from f i e l d  l i n e s  w e l l  above t h c  limit O F '  . i l i i  

l a s t  cl osod f i e l d  l i n e s  and come ciirect! y f r o a  Lhe t ~ i l  r e g i o n  of ne 

nagnetospi,i-lere. 

I n  t h e  a ~ l a l y s i s  of c o n j u g ~ t c  n i g h t t i m e  21i;-oral d a t a ,  i3clo11 PI. a 

(1-969) found t h a t  d e t a i 3 c d  conjugacy d c p c l d s  uCon t h e  l a t i t c d e  of LIIC 

a u r o r a  and t h e  l e\ic\l of  geomagrncti.~ a c t i v i t y ,  It i s  sugges ted  i n  I L . ~ P > P  

a n a l y s e s  that: i n  a u r o r a l  a r c s  p o l e ~ ~ a r d  of major  a c t i v i t y  t h e r e  appears 

t o  b e  poor  conjugncy p o s s i b l y  as 1.0~1 as dp l a t i t i l d e s  n e a r  69O, 

I f  t h i s  7o.i;~rr v a r i a b l e  l a t i t u d e  i s  t h e  l a ~ i t a c l e  of t h e  l i m i t  01 

closecl f i t l d  l i n e s  o-n t h e  n igh t - s ide ,  t h e n  i t  t o c  may be  characterized L.\- 

a change i n  tilt c h a r a c t e r i s t i c s  of p a r t i c l ~  f l u x  v h i c h  may b e  detc~rnil-iccl 

by t h e  cl?ange i n  t h e  background X6300/X4278 r a t i o  s i m i l a r  t o  "chat (;I:c~-;-;.l 

on t h e  d a y s i d e ,  ' indeed, t h e  s t a c i s i - i c a l  r e s u l t s  o f  E a t h e r  (1969) I - ro~ , i  

r e s u l t s  o f  t h e  1968 NLSA Airborrie E x p e d i t i o n  i n d i c a t e  a r a p i d  than: c i-c,lr 

72" i n v a r i a n t  l a t i t u d e  (approximafc  l a t i t u d e  73") f o r  t h e  X6300/X~L'ii: 

r a t i o  which i m p l i e s  t h a t  averaged o v e r  t h e  22 f l i g h r s   he l a t i t r r d e  I i r  -i 

of t h e  c l o s e d  f i e l d  l i n e s  i s  n e a r  72', T h i s  l a t i t u d e  may s h i f t  W I  ti1 

a c t i v i t y  s ince  ~ a t ~ l e r ' s  p l o t  was o b t a i n e d  oihly wlzen a l l  d a t a  were  ~ o i ~ l b i i - ~ i i .  

Thus i t  rcprese iz t s  a n  a v e r a g e  l a t i t u d e  f o r  t h e  a v e r a g e  of t h e  a c t i x r i ~ q  

which o c c u r r e d  o v e r  t.l-icse f l igh t : ;  , Sharp and Johnson (1363) ,  fronr 

s a t e l l i t e  d a t a ,  show a dj-splacemenL of t h e  peaks i l l  t h e  b a r d  and ? o f 1  



2,one:; o a  t h e  dny si dc; a l  ~ h o u g l i  ',:lie sep:~rs.i::icr~ .i<as n o t  pronounced or: ~ i - ~ z  

. - n~gnt i ; : id- ,  t1:l~y seencd ,110 be :~:bl.z kc: d e t c c t  a s o f t c n i ~ - . g  of t h e  eler:::i-ca 

specti-uill Lowards thz  p o l e ,  L t  a p p e a r s  t h a t  t h e  bounda ry  b e t w e z n  t-.hrsz 

hard t i ~ i l  s o f t  zontis :Is t h e  reg ion .  o f  the l a s t  c l .cscd  f ie1.d l i n e s  arid is 

t h e  pcii.eward l i n i t  o f  t h e  a u ~ r o r a l  o v a l .  I t  m f g r a t e s  i n  Lati tud: :  I-!i)t:i.i 

07.1 t h e  e v e n i n g  a d .  d s y s i d e  d u e  t o  the Level o f  m a g n e t i c  a c t l v i r : y ,  i *e-, 

i.t uioves equai-.on*,iard as t h e  ac t ? : . v i ty  i n c r e a s e s ,  The r e g i o n  o f  sharp 

AG3CO/)..4278 d o c s  change  i n  l a t i t u d e  as o b s e r v e d  by E a t h e r  and Mcniie 

(1971) usiz?g s t a t i s - i : i ca l .  ~ r c s u l t s  o f  t h e  1969  NASA l i i i rborne  Fxpecli.trion, 

'liere, the r e g i o n  on t h e  n i g h t s i . d e  in~-\;ed po!.-.x:.ard f rom t h a t  ind:i.cat~.r'. l;n 

t h e  l3G8 d a t a ,  T?!is mo7;?n?znt f i r s  :;rit!L: t h e  change  i n  a v e r a g e  a c t i ~ i l - i y  

be tween  t h e  two e x p e d i t i o n s ,  In a d d i t i o n ,  t h e  a c c e s s  o f  t h e  s o l a r  wind 

p a r t % c l - e s  i n t o  t h e  ciaysi.de i s  e a s i e r  t11a.n on tire n ig l? ts idc-  ( c a u s i n g  a  

h a r d e n i n g  o f  the n i . g h t t i m e  rpec.t-]-a d u e  t o  g r a d i e n t  d r i f t ) ,  t h u s  exp:i.ainir,c; t7 

c h e  l a r g e r  o b s e r v e d  L0300 01 enlnancelmsit on 'cn-? c iays idc  t h a n  on t h e  

n i g h t s i d e ,  t h e  s o f - t e r  f l r l x  in.  t h e  d a y s i d e  s o f t  r e g i o n  compared t o  tl-te 

n i . g h t t i m e  s o f t  reg: j  on and  t h e  di.f f i c l ~ l t y  2n s q a r a t i - n g  t h e  two Z O I - I ~ E :  on 

Che n i g h t s i d e .  T'iijc c o n c e p t  may a l s o  a t  l eas t  i n  p a r t  exp1ai.n t b e  pol.e~aari" 

l i m i t  o f  p u l s a t i n g  a u r o r a ?  d i s p l a y s .  

111 a d d i t i o n ,  t h e  c o n j u g a t e  s t u d i e s  ( E e l o n  e t  a l . ,  19G9) and  t h e  

r e s u l t s  o f  t h e  NASA f l i g h t s  (Ea t l l e r ,  1 9 6 9 ;  E a t h e r  and plendc, 1971)  i ~ p i y  

t h a t  t h e  a u r o r a s  i n  the o v a l  are on c l o s e d  f i e l d  l i n e s  and are  n o t  

a s s o c i a t e d  di.rect3.y w i t h  m a g n e t o s p h e r i c  t a i l  p l a sma ,  Such a c o n c l u s i o n  

i s  c o n t r a r y  t o  t h e  r i . n t e r p r e t a t i o n  o f  sate:Lli"L d a t a  by Zm~lda et 31, (IS70)' 

P e r h a p s ,  alt110rrgl-i so::~ex.;lhat pre i l ia ture  a t  trhi.s s t a g e  i n  t h e  a-i~a:i ysis, 

t h e  f a c t  t ha t :  the. c l i s c r e ~ e  a r c s  o b s e r v e d  i.n t h e  d a y s i d e  h a v e  tile s;!::le 

appearance  and  p r c c i y i t a c i n g  ene rgy  spec.tra a s  o t h e r  s i m i l a r  arc:; seen 

0~1 t - , ~  n i g h t s i d e  imyjlj.es tli;2t 'tic7 all h:%vc the  same acce:Lerat-ioi?. 



tat1 rcgi-or?, Thcs  one c;<!?i+ct.s sivori.:bs.r a u r o r a  even on .the n-i..gil-i-.side 

bot11 above arid b:.low the 3.k-citing cl.osec'. field lii:-s, bixt o n l y  i:;l?oc.c 

belox,? net?cl b e  c l o s e  t o  conjvga:re :in t h e  Soirt t i~erl  TIcrnisphere, Ob-\:?'o.iisly, 

f u r t ' n c r  vorlc ncecls t o  be  done -Lo s l ! h s t a ~ r t i a . t e  t h e s e  i d e a s ,  but i f  tili?;'. 

a r c  t r u e ,  the h 6 3 0 0 / X 4 2 7 S  r a t i o  a s  a i u x c t i o n  of L a t i t u d e  may al.1.oi.j 

t h e  d e t c r m i n a t i . o ~ i  of t h e  pi:si t ion of the boiindary be tveen  the open 

and c l o s e d  f i e l ; !  iLnes  a t  any t i m e  and a t  any degree  of a c t i v i t y ,  

AlRGLOi:' STUDIES 

lliglr L a t i t u d e  Oil and 0 I r l t e n s i t i e s  2 

The averagc  i n t e n s i t i e s  of tI.e (6-2), (7-3),  ( 8 - 4 )  hydrosyl  baiiiqs 

and t h e  0 (@--I) atnosphe1:ic band dur ing  low a u r o r a l  a c t i v i t y  a t  1at:'it:lcres 2 

48-b0N,  58,5°N 2nd 7L.G0N a re  sunmLarized in Table  111, In order 

d e t e r m i n e  time.: of LOW auTo1-RI. ? L ~ t i . ~ i t y ,  t h e  a u r o r a S  ernissioins 2,4278 

4 
(I?' 11u'C) anu iiA66l ( i B )  X:TC-CE! moni to red ,  Tire pc~_lnts chosen f o r  2 

c a l - c u l a t i o n  of t h ?  a v e r a g c  i n ~ c n s i t i e s  found iLl  Tab lc  I11 were takcn  f r r m  

a i r c r a f t  f l i g h t s  qn n i g h t s  when t h e  g e n e r a l  i n t e n s i t y  levels  of A4278 z n d  

A4b61 were lo.i.7, I n  p a r t i c u l a r ,  the p o i n t s  were chosen a t  t i m e s  when there  

laere no b r i g h t  d i s c r e t e  iixrroras a t  t h e  z e n i t h .  T11e a v e r a g e  a u r o r a l  

background a s  ncaaured  by A4278  and h48Gl f o r  the t h r e e  latitudes are 

given i n  T a b l e  L i r e  

L a t i i u d e  V a r i a t i o n s  

. " 'Idhe11 t h e s e  average  values were pl..ott.ed a s  a  2unction.  of geographic 

latitude, as i n  P i g ,  1.2, i t  appearcrd ~ r _  f i r s t  c h a t  there ~ ; l s  2 i-;lirrlir t, 



T?t -Lc  ILL 

tlx-?;cagr?. GFI and 0 Zeni th  Ifi-erisitles Ranges 
2 

Gcogz a . p i ~ i c  Average Ila 1-1 g t~ (3 F 
Lati.?-:tide K~xi . ss ion  Trr;nsitj.oil \davclength (A) Zntensr i t j r  JI?~:LI::;~.c i.-::; 



Average Rann;; 12 -. :jf 

Emission lu'aveleagth (A) I n t e n s i t y  I~ a t .  4- C711 -L . > . L ~ J  .: 



:, 12 l n t c n s j - t y  vririatioon w i t h  geographic  l a t i t u d e  of var ious  ai  rg l  ow i n f r a r e d  cr;; s s ; o n i .  



ri-Lr ?n.i:itiidez xceri: 05OCi ],?, 0041. 1.T and. 38!!;5 Erj' f o r  46,6"l\ i ,  5G,5°?; z?;ij 

71 , 6"P: ~ r ~ ; s ~ ~ c c t i . ~ , ~ i ~ L ~ ,  d i i l r n a l  irlvi?..st:i.gatio~,i; of  Nei:.i:l?eir (1.9.5.5) a"; 

l.orr l n c i  t:vtdes an6 t11c.l c ~ l r r e n t  j.rlvcct.igatioii a t  h i g h  l a t i t :udes  r'!cs~r.i!,::d 

in "ibis ;report  ssrrggest tha t  t h e  5 3 . ~ ~ 2  t y p e  of te:s?pora:l ? , d ~ a v i o r  oci-_.iirs 

i n  Iso.i:h rc.gions.  S i n c e  tl:e average lat- i t i ldi .na1 i c t e i ~ s r l t y  v a l u e s  covc~:eti 

a rather l a r g e  diuy:ial. p e r i o d ,  t1:c atrerzige d i u r n a l  v a r i a t i o n s  'iJere 

coi:lpareil \ ~ ~ i t b  t h e  d e u i a t 2 0 n s  found  ir, F i g .  1 2 ,  TEie cl-icinges slrc;';.fi <L;I. 

F i g ,  1.2 easi.1.y f i t  i.1-!to t h e  i . n r e n s i t j .  ranges found f o r  th .e  d-irrrnai. 

varicitim., T h e r e f o r e  t h e  e x i s t e n c e  o f  a. i . , i g ~ ~ i f i c ~ a n t l l a t i . t - z ~ d e  e f f e c , t  

i s  do:ibted f o r  clie r a n g e  of lati.::c"de fron: 48,S0N t o  71.6"W durirrg 

December, P1os.t of  t h e  s y s  tenat+-c  i . n v e s t i g a t l o n s  o t  t h e  ef f e c t s  of 

l a t i t u d e  on OH have t a k e n  p l a c e  i n  the ra;:ge from 4.0°N t o  50°N (H~.:rill-!a:-a, 

1963;  Koda.ma, 1963)  , t h u s  t h e  above coi~cl. .usion s t a n d s  a lmos t  al.orie, 

S l ~ e f o v  (1969) p r c s c n t s  a g raph  i rzd ica t lng  1 i t t l . e  o r  no 1ati.tucIe ~a i - i . : i t i~ i l  

i n  t h e  r a n g e  froill 4 ' 3 O N  ti) 6 5 O N  i n  iToverri5e.r and a s l i g h t  i n c r e a s e  fn 

i v r t e n s i t y  ~ \ r i t l ?  1-ati tr lde i n  lieceri!ber, I n  o r d e r  t o  make X i s  g r a p h ,  Slhefov 

11a.s t o  assume t h a t  L5e OH e m i s s i o n s  i n  t h e  Northern a i ~ d  Southern  Xi - :n . i~ j ' l r f  ?s  

a r e  s i m i l a r  i n  b ~ l x i v i o r ,  lie zuakes thi . s  assumpti.on i:l the f a c e  of e-he 

growing i .npor tance of hor izo~i ta l . .  t r a n s p o r t  p r o c e s s e s  and che \-liorlc o f  'i,lclki: 

(1967) i n d i c a t i n g  Char t h e  upper  a tmosp l - s r i c  c i rcu l . a t iom systems f o r  r h e  

Nortl~eirn and Southern  Hcmisphel-es a r e  di.f f e r e n t ,  A"LmicEdle latr i t-ade 

Barhi-er (1957) foulzd a s1i.gh.t i n c r e a s e  i n  01-1 i ~ l t c n s i t y  wl'.th incre;i::ing 

l a t i t r l c J e  whi1.e N O X O L ~  (1964) obse~:.\ied a d e c r r a s e .  Shefov (1969) fi: . :nl?.y 

concluded t h a t ,  s i n c e  l a t i - t u d i n a l .  v a r i a t i o n s  seein t o  change f r o r : ~  i - l ~ - i t i ~ .  

t o  moui:h, a1.L of t71c t y p e s  of v a r i a t i o n s  ment.i.oned 2bov.e xilight Ge :>5.~eri:ed, 







Lo1lg.j. (3 var.i.a t i o i l s  

S i n c e  almosi- no d t i t a  a rc  a v a i i i i b l e  oil I.ongii.uclir?xl. ~iaria.:lo:?:;, FI:s 

I3 a ~ d  34 are unsiqur:, Yigure 1 3  slio.;~~s a p o r t i o n  of  Flight No* 1;. frcm 

F t ,  C h u r c l ~ : i l l ,  Canada t o  i"io.314, Nor:,:u?y, T:lc graphed portion o f  t h e  .Cl?.gl!! 

i s  e n t i r e !  y ~ , s i t l ; ~ i l l  t i l .~ ,?  ~3 !.ar cap  r e g i o n  \ ~ i t h i r ? _  a l a t i t u d i n a l  rangi: of 

0 ,  5E0 ,  D e s p i t e  the 33' change 3.n loi-ig.i.trrdc, t h e  a v e r a g e  OH a r ~ d  0 :Ievc1 i- 
2 

~ > r ema ined  1.13 i:il::l>ged , The ai~rora:L bac1;ground "c~irongZlou",this t i m e  rr:l,:a:~-ico 

f a i . r l . y  rlsi-iforrn, as  i n d i c a t e d  on t h e  g r a p h ,  Figure I f i  i s  c o n p i l r d  :Crew a 

cor is tzn  i: l o c a l  -time s e c t i o n  o f  P l i g h t  No, 3.5, The f luctrra . t i .ons i?-L tlii? 

intei-isity are due tc the ir-icreased a u . r o r a l  i n t e n s i t y  at: irhe zenlt1.1, T'kf.~: 

part of the  f 1 i g h . t  tool: p l -ace  insLi?e tlze a u r o r a l .  o v a l ,  .!%gailz, no  p;i.r ' t ic~::, .a-~, 

pa.t . terrr was established o v e r  t h c  18 '  change  in L o n g i t u d ~ e ,  

D i u r n a l  V a r i a t i o n s  

The d i . u r n a i  v a r i - a t i o n s  c h a t  were  o b s e r v e d  f e l l  i.lzto f o u r  t y p e s ,  

8.7 .they were :  ( 1 )  a n:in:i~iiur~, a t  o r  b e f o x e  l o c a l  m i d n i g h t ?  ((2) a maximnn 

dur i izg  thc: ~ i g h t ; ,  (3) c o n s t a n t  fro111 l o c a l  midi3ig'nt t o  a b o r ~ t  0400 LT, 

fol1owc.d by  a s h a r p  d e c r e a s e  and (4) consr :an t  ti~.roug!! t h e  nj .gl l t ,  T y p e s  

(1 )  and ( 2 )  viere ol;)served niost o f t e n  w i t h  each  b e i n g  see11 as o f t e n  as t i i c  

o t h e r .  Type (3) was o b s e r v e d  once  as wa.; t y p e  (4). Al though  he c l a5mec  

no seaso r l a1  dependency ,  E lvey  (1943)  p r c  - c a t e d  exaiiiples o f  t y p e  (I) 

(miizjnrum a t  o r  b e f o r e  midni .ght )  t h a t  a l l  o c c u r r e d  i n  w i n t e r  and exanp1 .e~  

o f  a decueasi.rzg intensity t l l~ roughou t  t h e  nigllir t h a t  a.11 o c c u r r e d  in rl?c 

s p r i n g  o r  summer. Type ( 2 )  ( n a x i m m  a t  l i j g i ~ t )  was sf1211 most: f rec~c~~:~?"CL>~ 

by Rod:i-onov a ~ l d  Pavl.ova (1.949) nncl Radionov (i950), Arrnstrong (1.9.?6) 

t .ri~bike El.vey, obc;erved t y p c  ( 2 )  ir. w i n t e r ,  Iie a l s o  o b s e r v e d  t y p e  ( I : )  

(consirrmt t i ~ r o u g f i o u r  t h e  n i g h t )  , r e s u l t s  of  1 0 3  o h s e r v a ' i i o l ~ s  irb:-ii;i: 

ir.hraa;;hoi.r t t h e  ;'ear ?)y 13ert.llci 1- (1$55) a] so shoved t yge  (i) (~ni i -~i-r~i , :?  11.":) r ,  



of 4 / i 0 l C \ ' ,  observecl coir;e o f  't:!ie sane  types of d i u r n a l  clrangcs a s  one rr.pol:::-ti 

, , i n .  t h i s  paper f o r  l;:i.:_:il l a t j . t u d e s ,  Thc:rcfore, s j . i~c,e  there seems to I?:- rxo 

general l a t i r v . d e  c f f e c t  c n  t h e  i n t e n s i t v  , o:i e i t h e r  GI3 o r  O :Ln De.c::~.r!~~!~(:~r~ 
2 

ti?? d:;i:a i n d i r a r e  chat- OF? and C! bot:h o'i. I>:f-g'!l a t  1 . 0 ~  l a . t . t t u d e s  c{lrrj.rii; 2 

"Tie qt~est-ior7 of  aurora?, en.llar?ccrnents o f  CEI h a s  been d i sc l .~sseb  f o ~ r  

.. ,".,de :Ill1 some t-lle (Brov,rl-l ;a:ld Belo*, 3.969; Tsalcsex~ e t  al,, 1368), Any ~ E C ' , ' ( ' : : ~  ' 

t h e  conccn i - ra t ions  of a tomic  'i~j/orogen or ozolre 11elps produce more c x c i t c j f i  

molecul.cs of OH i lrroagh t h e  r e a c t i o n  

Orie o f  t h e  firs:: suggestions, t h a t  t h e  c o n c e n t r a t i c n  of ozone mi.g.l~t b e  

i n c r e a s e d  by i n t e n s e  a u r o r a s ,  was made by !-:arcray (1957), Alt:houg3 h i s  

a t t e n L i o n  ~ 3 5  F o ~ u s e d  s o l e l y  on t h c  emiss ion  i n t e r s i t y  e n h a n c c m c n t ~  of 

t h e  9, (711 band of ozone,  t h e  hu1.k of whlctir arf.ses from around 30 t o  35 krn 

l e v e l ,  ;lie implic<d t i o n s  f o r  h i g h e r  a l t i t u d e s  2s a p p a r ~ n ' i  , Recent!.;. 

G a t t i n g c r  (1969)  svggestecl  that inor only ozone i s  enhailccd b u t  nfikc? 

a tomic  hydrogen, t h i c h  c a u s e s  a. f u r t h e r  i n c r e a s e  i n  OH i n t e n s i t y ,  Asonic 

hydrogelz i s  s t o r e d  a s  OH a-ild I ? @  a t  i ~ i g h t ,  Tne impor tance  of atori.l.c 
2 

oxygen i s  i l l u s t r a t e d  by the t:\?o f a s t  r e a c t i o n s  ( G a t t i n g e r ,  1969) 

OH -I- 0 --3 H -t- 0 
2 

(2 > 
and 

NO2 -4- 0 -.- 011 t- 0 / ' ) 

2 i -j , 

whlc1-1 may I . i b e r a t e  atomi.~: 11.yd1:ogcn i f  t he  concent:ration of atoaitc. oxygc?~? 





16 Tcl?!pc~;ri~l variat::i-on of soi>le n.uroral.  cmi-ssions arid ~ : i r g l o ~ ~  i n f r a r e d  c r n i s s i o : ~ ~  oil J'!:i.;;l:t 3.1.. , 
Dec. 1-1 IIT, 1969. 



S i n c i  ozone i s  d i s s o c i a t e d  by i x n i i g b t  r i c h  0, ( i ; , ,g j  soleci.~:!.e:i be:.i~(y 
2 ... I? 

proiluced, t h e  aurornl .  zl~ilonceiilel~t of atoc;ic oxygen m i g h t b e  ve~:.if:lc:: b;; 

cibserving t??e irzt:o~.~si.i-y of t he  i n f r a r e d  a tmospher ic  o~;.~ge?r sys tem,  as  has 

been s~~ggoi : t r i l  by  Car-tin:-er f3 (L969), Any incrlriase i n  ozone due t o  addcd  

at:i;ilLc ox:yger? sf:o~i?.d b e  r - c f l e c t e d  by an ir?erea::;ed i n t e n s i t y  a f  ,the i?-~f ' rn~-ci ;  

atnosp'i-lr?ri..c oxygen system a t  dat:n, 

i i -uroral  Gn!~ancernenrs of OE3. 

R;ro d i f f e r e a r  t y p e s  of  enhancement:^ were observed i.n th.e c o u r s c  0:: 

t1-1~ current: i i r ~ v e s t i g a t i o ~ .  The f i r s t  type occlirs  a t  o r  :leas t h e  t;ln:-> of  

an in";ei?sc. a i r rora  and i s  c h a r a c t e r i z e d  by a  qu ick  r i s e  and f a 1 1  o f  :intc)ii- 

s i t y  w i t 1 1  t h e  corxesp~izd i i lg  aurora l .  changes ,  The second i s  a  g e n e ~ - a l  

i n c r e a s e  i n  OH i n t e n s i t y  o v e r  a  t h r e e -  o r  four--hour i n t c ? r v a l ,  D u r i ; ~ g  

t h i s  i n t e r v a l  there.  were no i n t e n s e  a u r o r a s  a t  t h e  zeni-"s~,  and t h e  

g e n e r a l  : i n t e n s i t y  ].eve1 of t h e  a u r o r a l  'background remained u~ichanjictl,  

An exaiiiple of t h e  f i r s t  t y p e  o f  enl-lancenlcnr 2.s t h e  A9350 (8-4) ba ;~d  

of 013 shown f o r  F l i g h t  No, 11 i n  F i g .  1 5  ( f l i g h t  from Ft, Church i l l . ,  Cni~ada 

t o  ~ c d d ,  Wo~:wa.y). F i g u r e  1 6  slror.;;s t h e  acroral .  a c t i v i t y  a t  t h e  same ~:";;c, 

The enl:ancerne:.lts o c c u r  a t  2148, 2200, 2206, 2217 and 2224. UT. These 

cnhancemeaizs ranged from a  f a c t o r  of 2-0 t o  n f a . c t o r  o f  3 , 0 .  T h i s  tJ7i:S 

of enhancement i s  d e f i n i t e l y  aurora1l.y a s s o c i a t e d  and might  b e  e x p l a i n e d  

by the  i n c r e a s e  i n  a tomic  oxygen a.s ind i -ca ted  by Gat t i n g e r  (1969) ,. The 

a u r o r a l  i n t e n s i t y  a s  measured by A4278 ($ lRG) was 2500 R. The A9350 
2 

ein:ission was cl:osen s i n c e  t h e  f i l t e r  p a s s  band ailowecl o n l y  a, n.eg1ligibl.e 

amount of a u r o r a l  1.7 e x c i t e d  e m i s s i o n s  t o  p a s s  through t h e  f  i l - t e r ,  Therefore, 

a l l  o f  t h e  cl?ar~gcs i n  i n t e n s i t y  !.:<:re due t o  an  enhanced Of1 s ignal- , .  (2cic.cni- 

( s p r i n g  1.971) hig1-i wavelength  r e s o l u t i o ~ ~  (5A) s p e c t r a l  measuirernents :I~i;i.i (:;ti'<+ 

tile prcseizcc of  an  as y c t  urzidenti..fli.ed arirc-iral. emi-ssion fer~i".ure .i.,il.t21in rl12 ----..- - 





l ;assbnnd c t t  cjle =50,:1. f.lJ1';@j:, 'Thus al:ro-r_.a.]. ell]-sancr.ncnts o.f GF1 i i ~ : : ~ i j  3:: 

o!;i-;er-a;lj ogs o f  : :p. er~iissioils r lear  9 350A2L 1r:a.v ke. s u b j  zcL t o  rei.r~t:cr!)rcC:!t'; . ). 

Ar~ona l  01;s ';;'~!lij~i(:e:.,!c'i~i; 

r-7 ~l-:c sec.094 t::;;:c of enk~a~zcemc-nt occur;-ed o r  J;l..i.gi:t No, 1 4  fr-o~i-1 3ciic' 

t o  Ft, C!?1i?:cl1iL1 (?'ig,, Li'!, Tile increase c a n  bc s e e n  f o r  the Oli  

X89l.j (7 -3)  ar.ld )..!j3!~5 (6-2) t . e ~ S . ~ ~ n i r ? g  L., near 0400 UT, The overal.:L :i.!:cr-c;: sc 

. . in ?<6345 ec:rssli.r: 5.3s l:y a. f a c t o r  of  2 , 7 ,  j.':,gaLn, d u r i n g  i:h,is p ~ r i c i d  o f  

i nc rease  the a u r o r a i  h a c k p r o u n ~ j  c:, w a ~  a l l n o s t  c o n s t a n t  and had  an evernee 

liil.~e?l~?.i:y oi' 20 f:, as m e a . s u r e d  b ~ .  X4273,  The c._xplanari.oi? f o r  t11:i.s ~ y p c .  

of eni?ancc!ne~.?: i s  e i t h e r  i.r, an, a s  y e t  unici;~r:.il e ; ic i te . t i .on  p r o c e s s  i!;:it 

. . c a n  b e  cir~hancc% h y  weak a rx ro ra l  prec: : .pl . ts t iori  o?- by LiLgli a l t . i t u d c  

meteorolog5.cal .  e f f e c t s ,  Iii.gEi ait i . tud.e n e u t r a l .  .i:iinds a i ~ d  c i rcul .a r5 .nn  

s y s t c m s g  as d e s c r i b e d  by iioolc (1970) and 'debt. (1967), m i g h t  be  very 

i m p o r t a n t  i n  t r a n . ; p o r t i n g  atorr,:lc oxygen,  molecuJ .ar  oxyge:?, o z o n e ,  o r  

a.ny o t h e r  c o ~ i s t i  t~:::iIi: h o r i z o i z t a l l y  and  u e r t i . c a l l y .  Under t h e  propc?-r 

t r a n s p o r t  pi-oc.csse::::, fhe conc.?:?tra"ions o f  O, 0 and O c o u l d  b e  cl~avgeci  
2 3 

in such ;i ws.y a s  t 9  p r o d u c e  an ii1crear:e.d Oli i n t r . n s j - t y .  

F u r t h c r  S t u d i e s  

F u r t h e r  i n v ~ ! s t i ~ g a f i o n s  shou1.d b e g i n  with a c o n c e r t e d  e f f o r t  i:o ::nnf.irm 

t h e  r e su l ty s  p r e s e n t e d  ]!ere on  OH i n t e n s i t y  v a r i a t i o n s  w i t h  l a t i t u d e ,  

10ilg:iLt:~de~ and l o c . n l  t . i m e ,  Il 'l~ese s t u d i . e s  s h o t i d  t o k e  p l a c e  at: h f g l i  

I . rz t i tudes  where seasona l .  e f l  ects a r e  Inore pronor:ncec! , m a k i i ~ g  t h c  ;:r^!il.uz.l 

v a r i a t  i 01-1s easier t:o d e l i n e a t e ,  Once t h e  CIW i r ~ t e n s i t y  v a r i a t i o i ? ~  I I ; I V ~  

- - , .  bccn c.l.ea.r:ly e s t a b ~ : l . s ! ~ e d ,  t h e n  tl-ie c a u s e s  o f  t h e  changes  mj.ght b e  !'(?ii-ici 

by Jyi.ng ';lie ,<,L i.at:ioris i n  tile c o i i c e n t r a t i o n  of  ::tonic oxygen drr2 i-c? 

lr. Jic~?. - .- , dliui^~!a.j sensou.a.1. o r  F~c:! l-.orolog%.cal effects, A s o l u t j  or? to ri.c 

el-!l~ancc?d seasc,:inl. e i i c c t s  m%:;ht be  fr\~unc?i I;;!. t h e  i a t i t u d i n a l .  t l a a r i ~ ; ~ r ~ ~  2 

cjf ato;r2j_c a,:~~v3 3 ,>(, q ' s  , ,,:I propo;ed 1:y Ice1 S.ogg (1.5'61) , Yo~lilg a n d  E p s t e i . i ~  (i: ,. i...; 



CISCUSSION AiPD COSCLUSION 

7 7 .ilic d a . t a  obtai~~ed on l ~ c a r d  both rhe  1968 and 2969 ;\'ASli a u r o r z l  

ex .pc"di t ions  hiwe provicied n u c ! ~  i .nfcrmai . io ;~  on th . e  de>:ails of aii,-g:loir 

and a u r o r a i .  spcctr:li li~orphoiog.;: I n  diffcir:tr~t p~~:.i:s of tire auroral. o ~ ~ l ; l  

and polt:r ::np at various locsl. r l ~ x e s ,  ri'llese ali;F,o~gh o~;iy ya;-~%.;;l.:..y 

ai.>al.)-zed, have ~hoi.;,~? t-ila~:: 

-f- 

a) some ciisc:rcii:e arcs may have a constai3.t A4278 (N,) /A5577 [@:i.; r a  (-5-0 
L 

across their horizontal width; 

b) most  o f  the h5001-A5006 N I1 a p p e n r s  to rome from d i r c c t  

di~:~~ci;;::ive j.onizntrioil and exci.tatioiz 0 2  N 
2 ; 

c) the midday sector of the auroral o;ial. 2nd p o l a r  cap shorts zones  

of e1.c-ctron pracipitztion (as deduczd flron the A6300/A4278 r a t i o s  

xzith Latitude) 

1) >3 lie\)- i.11 the oval nssocia?-.ed with A6300/X4-278 ratios 5 1. 

2) <1 kcv iil tile rnzgnctospl-iere cusp region associated. .i.ri.t.i, 

X6300/X4278 ratios > 10, and 

3) discrete earth-sun aligned auroras over a < 1 kev b~cl<groi~?d 

i n ,  the polar ca2; 

d) the demai-cation bc tvcen  tbe oval a.nd polar cap is the bouzrclar-y 

Z?elrweer~ the open and closed fictici lines; 

e) the i.nstnn iancous bac:tgrountI x 6,300 [ O L ]  /?,4278 (P?) rati-o n~i::;i x'liic;.: 
2 

t h e  dei:eum?nation of tile bozlnd:~ry herwcc;~? onc~:, 2nd cli;seci i iclcl  

I-si.r?cs on t:he night: si?@ al.: a n y  ~s:i..irc~i "Lt.n?ii or. dro ree  of ~zs~:-ic:t:.lc -- ' 

activ:i.r;y ; 



f )  soinc of tiic disc-:,ete arcs i.n, tht: j)ol.:ir c;!? z r z  ve?-); s~Lz;.:L:: 1;; 

time arid ;? l . ign more c.7.o:-;cly w.i.th t h e   in a)-d cil.ong gel.il::~i:.;~ietic.~~ 

.io~ig:ifuc?i.is; rarher than  aLoi?g L,-sliells; 

g) there a r z  disc:ret:e arcs i n  r cg icas  of precipitcz~icn assc.>::iz::c:l 

wSt11 t h e  f i e l d  l i ne s  o3rr: to the r.;c;gnetospi~eric trail p a r i i c i e s  

ancl colzseijncnt2.y ; l u r o r s i  accclexation meclianis~s may be i.l;;rc 

cl-ose1.y associa.tcd r.i.t:il the ea~:t!-i tl:ai-1 the tat1 region, :-8:;d 

11) trlic Oi l  o:'?rg:i.or\~ seems to be constant .isj.tl? lat:i-tude and ~ : i - i s i ~  

l.ongitude betr:eeri 45,5" and 71" but d ~ ~ c l , ?  becone enha~zcccl al: 

f i i i i ~ : ~  ~l-ot roecessar:ily associated v r i t l - :  p a ~ : l l c i c  orecipit:;: i.c;i-; , 

775 
A.he:::e resuS.ts ccr t  ainly j as t i f  y the overdl concept of tbcr;r. ;:i ;:iio.;-i:,? 

ex;rpc?ditians arid p o i n t  towards areas where f.ilx"iher a n a l y s e s  of tile er.:isc:i.l:;-, 

data shon?.d be pursued ss well as indicating the need for furtl~cr obi;er- 

~ ~ ? . j o n s  of certain e z ~ i s s i o n s  at different ?agj-ecs of inagncric nct:iv<c;-.;; 

and at dif f e r e c t  local times, 



ACi~<~<[)~caJii!:DG~~.jE:<TS 

I a.m p l - c i ~ s e d  to ac!alowl.e=if_ri? tile giciidance and cooperation ol' 

DI:, M, 13ader a133 :ir, L o u l c  iiaugli;:ey ai:ci tl-12 rest of the Con7:ai-r 990 

crtL.:.r,r, of tl?? ?SIIS:'i. ;i!iies Research L,-bora~ory, O f f i c e  of Ai!rborne 

Sc:ieiices, ~,~ithoui-. wliose ';"Fffori:~ the e ~ i ? e d i t i . ~ ) ~ ~ ~  v o r ~ l d  not have 

been successful, 

2. also thai.~k those at the G~topizy,c<caC 1rj.stitute ~ ~ h o  hcl.ped i-1 

tl:e.sn expnc1:i tj.ci?s: espcci  al-1.y Gr, S ,-lo Aka.sofu, Nr, ):errit= Hc:! f-Fcrlcs17, 

?4/1r, Al IlcHsi-I., 1fr. Tc'ayne Fl.icre, Nr, Grant ZaPoi.'-it, and " c h e  co~~siiii.:~~:ai?~.eihl.c: 

cffor. t  of Mr. N. C ,  ii;,?wn in i~lstr~inznt design and operation oil bi?;;ll-i? 

the a i r c r z f t  , . i s ? i  tl1o:rt which t.1-1~ data c o u l d  not have lseelz ~btainecl,~ 
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