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S u n r i s e  E- Reg ion E n h a n c e m e n t s  From

Aurora lly Inc rease d NO: Theory

I, I\iIUIlH l Il(I\

N i ’ r i c  , - x i ’ I c -  is a !: i f l i - V , Nut important , r t cn f .3t itul’flt of ike atnuc.5 pherI’ up to

:,;it i r - - x i ? ’  ‘ - Iv l iii km . Thi ~il i ’ j i t i t ’ u — ga c mI rc  m ,n t r i l i c i t e  t I, i i~/ c m f l t ’  dt ’ t r’ut ’ t ion  in

‘ m : c ’ - ; m l c ’ nc . Ii; I t i c ’  I . -ne~~i c ‘ V i , t he  prc’ -i ent ‘mul c ie c t , \( I funm t m i t t  In s t ’v e n m i l

I: I t  T i i r ! n I i I  ‘ f ; m ’, t r l I t -  i. — r - .’ .’ i c i n , the r i le c c f  nit r i m  c mx i i .  15 cct nf incd mainly

‘ - ‘ r i ’ . ’ - r ’ ing ( I ,, it ,n.3 Ifl f i - \ )  4
* 

~~ ~~ — ‘I he t ’  t WI ) ii ri -i 4 c r - I  - I ti (’ f t  I V i f  of ’  loflic -, pta - If’ —,

‘‘ I ‘mpm r : i - I i — I ’ . I : iv t ’ r- i  whic h r rm : i v  con ’ mi- i t p r i m a r il y c f  metallic t i n - i.

:1’ i - .~ t i -  Nt ‘ m - V m v . ’ r  l ,r l r m n m i . c  l f V Ii i t’ t l lptm n t lit’ mean f ’ e c t , f V f b i n m t t n o f l  c i , , ’  lii-

i ,  r: ,’m i ’ m  ‘ f t  I — r - .’~’i ’ - r m , l i i ’ r im - I  in an c~verwheIr i i ing ~~mc , ‘mince the d1 - i c m c - i : t t i v , -

n . m  , r - l l i m . i V t rl r ; c t t ’ - . i f  ‘ f i c ’ m c  ~c . - i - i e  u n I v  diffe r by a fac ’tc ,r c f  tw o . Nit r ic  m i x idi-

to. a r ’  - - n ’  c~~r i  f i t - an t  rt c le  c t  n i g ht 
1 and tw ilight. 2 however,  s ince  this gas is

I’ - f l t / 4 - i t  I ‘.- 
‘m - l a n  l m v m t r m  ,>~,‘n I V i l m I c O  alpha rad ial  i ’ri , l i I .ycc , w hich is pr esent ill n ight

im i t  t a f t  ~‘ t  t og  t - f f l . m  m , and li,’i :cct -,,’ mi t  tw i l i ght  the direct -molar ill ~~ ~ilic~t c m n - i

l ’ l c — l l ’ . m o - ri.’ ! r - : , t t -  tn t’  il,’ I i m w , - r ’  I- — r e g ion in t - u m n t n - : c - m t  Icc radiat ion wh ich ionizes I

an d .N ) .

(11. ’ ,- . - iv~d f t mr publicat itin 15 Sept er i t l c , r 1977)

1. N i t - t I”! M, ( 1 9 1 ; . )  l c m r l c i . 3 p lo’r ic 1) Ftmt (’ . ’mei ’m and nitric oxide, J. Geophys. Res .
7( 1 : * , I 4  1-70 1 .

2. Swider , W . (1!1h t) A tudv of the nighttime ionosphere and its reaction rates ,
J. (.e it p lcv  - i.  lIes . 70:4i) ~t ! 1— 4 8 7 3 .
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• - V _ i c f II — I i )  i k I V ,
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, we n. 1. . c , 0, m m , 0, “. 1) , 1 Ii . ii , ~~.
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, ~‘ - J c— r - i’;ilR ,’m l up ‘ - ‘ a  i c  1 . 1  m l ’ t a m ,  r i ’ - ~,r 100— 1 10 k : . m

‘ t - ’ r m ~ - m 91’ - i f e t fo r i-ri” -1 - f r - m - r t ’ : c ’ s r m  Iran. :i i’m t m - t m  ~
‘ ‘ m l  f ’ .’, - ,  n e a r  150 km I ’ -  ~d :;.~ - , ’

‘i f :c r i i- i r ’  -f  S near 190 - 110 4 : 0 .  I l i m w c vt~~’, it i s  lu~ flc, m i m i ’ar l -, c e r t a i n  that the t i c  I U —

t h c s  : u f i - i i. ,r 1c i i i c n  i fi re l p l l r m m l c f ’ i r c t c  -. i V I ’ ,’ hi ghi-n i o I t i :e r l t r V i t i , n  NH la’ ,  -

rirl m l u , i m l i t e ’ t I \  ha -i’ ri l i r i. i 5 * ’ - t , if r i-ut -v t  m ’ r m i , i ’ lv  I I V : ’ l t t ’ ’ l  spat ial  ‘v t ,  r u t , in c ’t , : i l j im ,r i .-, ima

I t c  tN t ’ m i f  - ‘ ‘ r -  ica l  .-m ’,’ r iitn ’’ r\ a- .-iUfTled in s lit’ i i  lliiu, l t r i t i i . m m  — . N*’’,’,. .r d l * .’ lc ’~ -i . ~~~ ~~t t .’ — , - m u :

f t f ,’ i-’  f l l : c : ,-c l’ a m-p I : ‘n in I- ’ i Lr t m- ’
-’ . 10a — ’~O’l fu r’ i- m i . , ’ 3 , and in I- iguta’ .-i 11 — 1  I I

Ic n m , -it ’ ‘I.

f . Ru- ic - Im , 1 W ., and  l !rt r ’ !h , (‘ .A .  ( 197 ) $ r iN ’ l hj t c ’  t i m t ’ m i - ,cmr’eniie nts c f  ni tr ic c ix i d e
t o  t b, polar r* ’g i i m r i , 3. Gct.dphys . Hi m. 80::>7 l l c _ 3 7 2  1.

~t r ’ m l’i’l , I) . F. , ~~o un g ,  ‘I’. II. , Meler , N. H. , (‘ .uf f ~’y, T. P. , and A u , A.  Vi
( 1 9 7 4 )  The nighttime ii ri mphere: 1-: —reg ion arid lower F—i’eg ion,
J. (le i{e,-t. 711 :217 1- 3178 .
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.1. II I ~~ ( I

In an’~- m n i - i s~ , ‘ ,v. ’ pt’ c ’ ~ c m ’ - i e  t ha t  iniv.’ - m t i ) ’ m c t  c t ,  t I  r i ic n i r i t i i ’ c . r r i l  h , i ~iu l i l t  110th ’ l , ’ V l ’ l

— m m n c l , ’ and c m i ’  (‘ l im itan i ka l i nc t ’k .-it ’a t t e r ’  c i r i t t i  nit  o ight , anti • i c m t -  i : i l l ’ ,  ;ct -oj n,r ’ l  a’ r m , : c v

m. - l d  u - e ful i ni f ,i r rl u; i t i i ’ rl in m - , ’ g m i r c l - m  i i’  N) )  e f l i u n i r i c  ‘ ‘ f l u P O l - .. A t  r ico H , If  m n r i v  f e  c l i i —

fic ’uht I - ‘Ii c l  I c c  m m : c t  - hct a ( ‘ ( V I a f t _ i c  iv Vi i  gu t  t i m  a , -  I- , — rI ‘91 1 mn ‘I c it’ i~~, i l l  i / 1 t i t  un ( 1

‘ - m m br; i r i , -.” l (Ni )( iii t - ~ .rn ; c n i n c  - ‘ ‘ i t  t i ; cr u l- — lnc ;.’r pr’ochiit’c’d i m v  :c n~ ’ ;c k hint . t , ’ :c ’ l ’ , ‘‘ dni,’H,’

c f  m m . - , i p i t m c t i r 9 -1 . - u - f  m n . ‘~; ‘c in ’m i r I i t ’ — I’ a l- i ’ ’  r , o c v i i ’  niiplii - ; i f e  t h u ,  p ic t n r i - . I - a n t I - n —

a g m ~ ’d knicwh’th ’ ,’  i i  ‘ b u . ’  t c ’ s iial m n u t f  ,‘ r ’ ’ ’ ’  1 l i i.” ’  c t i t ’ - m i -i il’, :it h i m w a l t  i o n ’., i

m u , - ’ - ’ ! m t if N( i- , V i ,  lip ri’’ i-~~ - i - ‘ I fr’ fl u I ’  ,r,, c —, i m l ,  - ‘ Im ,l  n, I’ - r - [ .‘  . ( ‘ m u  t b i t -  , ~l b c  r Ii:, mi n i

t I ,c  itn iqne lm ’ m i n i l i m  r-c m,f - i t m lni r r ; i ’ I i n i t i t m n  nit - i c i t c r ’ i - . ’  ( I -  i~~i i r t -  la f,ii’ ‘ r’ i:i,::p li’) un - —

m l i m m . - s  a I c m , t I - V ’ ri ( i - ’igurc ‘ n u b  t hat wm . i , i r l  I i’  ‘b i f f i t ’ u h t  fc i r  n im i t ’ I c ’ c ’ t n ’ tcn  c ’ ’ ’ I9il if i i ’ ! l

I .  i’.’ prt dut ’ .- . It i — i  r r r I p c m r t  r iot t ’  i ’ t ’ a lc .a-  t hat a l t l , - - n l h ’ b m  iii n l r l m l m i l ’ n i t  , - n h : c r i c ’ c - ’ I

N i)  r O le  i.’m lmk , ’ lv  ii’I,’r’,’n t in Hinc pI ’  Irtirn t l i m c i’ m c m l ’ - p t c H  a r t ’ , the i t ’ r c k  va lu.’ ,

whirl, i c f  m m , i m ’ m t  in ’ * , i ’ m f lu’ lcr ~ra r i a ’ i i ’ r ’  a- h i t c h is t m  I ’ ’ -  m - c , m ’ r c ’  n i L - n i  ‘ c - r I  Ii t i m i d , —

,~ u , r c m l * ’  m - l u - i * ’ m v m i t  mu-n

\ \ m ik ; i i ’  so v t - v  ‘ i f  ‘ N c -  niglit t i n . i’ E — n t ’ 9 l i m f )  i ri di c at s - m i c ’nh m um i c - i ’ ’ h l - —i m c v i - m - .~ c r t IN,-

- - , . - ii -
a ur n’ al . , - m l , ’ m m m i i T a , I n c r ’  m u l l  ‘yen f ’ ir’ (

~ui(’l c’o nditic in .’m . Icing, fl a - il it lI~,’ i f  1 ’

:11: m - i,r’ ;.i - i  it m t.ilut , m- c ! i i ’ i - n l  t t i r ’ i ’ u -  c -n i , ’ , whi’rt’  f E  “ 1. 7 Mlii w b n t ’ m I  - m v * - r b i . ’ n u i i  r Ico - i ra

r i - I ’ ’ , I’ .- oIu- i .’ nt . ‘I lmc t - n ie , ‘ i m t t ld  1,, ’ interpreteil  a inc l i t ’ r i t i n io  an Nc - lm iv ’ ’ r

m N  ‘ - I ’ ‘- :1 1f)~~ i-ni 1
. ~u hi h u gh \ ‘ m d l Ue - i  b iuc ’ ,’ t ’  hc t ’ , ’ r i  r c ’ m u i m i ’ f , - ’ l  l’~ ‘ ‘ i , .  V i ~ i ’

g V - ’ . c t ’,m . 
H I I m , w i - ’,, - r ’ , in ml r - ’ ’ i - t ’ m u 1  -, itV ’ ’,’(’’, ‘1 mil l  the c,t lu.’r’ ui’ ,’ n i i l n i l ’ i i ’  ( N )  I ’ ;— r - ’’ 1_’i’ n aun’ i ,n ’a I

f l i j ,’ , Ha i m h , - r  a r id N n c m ’ i- i - i i 1° infe r’r ,- iI  Ni) l n m v t - r  IiI’ d1 ~~ f r ’ ’ : - ’  10 ’’  c : rc1 ’~ I c ,  c.nlv

1( 1 C V V  , ‘1_ Ic ,’ , b j f f j u - , m l ’ j e _  in c’4 .’ri ’ m ’ n i t ing s uf f ic ient NO ‘mi il - i i i - m ; i i n c l  Ike i i,, - m o ’

‘ rH m n m t j c  Vi -i ‘t i - c  we ll kri, a r ,  rtn’I have i - c c ’ i ’ m i t l y  ‘ t i n  ‘ ‘ m m unt i , r r r i t ed Icy I l y m u l a n  Ct ~Il.

ii - - p ’ - f m n I l v  ‘ h i  e , ,,ne ru - i l ’ -  -.1 i ncm - t ’ ; u - a ’ s  in n u i t r ’ c c -  oxii i’ , imi hI as a c u P  m m i f i i i. ’ f I f f ’ a t i t m n

o f 10 c’ ni
1
, m V u m .Iv he n h , ’ l , ’ c ’ t m i l , I,’ n t  tw i l i ght from ( ‘ha t mc r i i ka  l mr cc k .’ m c ’ r-t t t t - r  rind ‘ or

m - , r ; ’ m ~~- - m , ’ I ’ -  - b : , t ~ - i f u d i e — . I- ’igur’~ - Hi illu.—d r ’n , t i ’ -i t h i s  , i t i m n i t j m , f c  at ‘munrisi’. ‘l’bit’ ( t ’ ]

‘ m ii i ’  a n’ i-  n i b m i ’ c r l  a f~ u t m , n ’  of~~l larger than that fi n- ‘‘ m i , m r ’ r n i m , I’ m - imn i , l i t i c im i .

7 . V,n,~ ;:c~~, N. ( l f i 7 )  Quiet rin’l d I - , t c i r ’ lcr ’ I l  -, t n ’uc ’ iu i’ t ’  ri nd i - m i i ’ i r i t b c ’ r t  - c i  I i , -  rn~~l u t t c t i i t ’
i - : -n .’ t ’ n ’ rm , J. ( ; e i m 1 mhc v  m. lie— i. 72 :4 507 -4 5 17 .

I:i r lg ,  ( .A .  M.  ( l ’ c k ’ t )  The aurora arid night I- —I aver- , 3. ,‘ \ t c r i m , ,. I ‘ ‘no ’ .
27~4 2 ’ -42 R . 

- - -—

/ i p ,  I- Ht ,r’ . t , Vi . I.. , and Donahue , T. M. (1970 )  A r~ ’ m c -i -i
~ c , ’ ’  V r ’ m , r i u ’ t c ’ r

t , l i - , ,’ r-v r i t ion 1,1 N O )  in tin aurtcral arc , J. ( t u m plc v , . lie-i . 7 . i : k 3 7 I  — ‘ - . 17 1; .

10 . ~w icN ’ n ’ , \% . , and N m i n - c - r - i j , 1?. .H. (11177) Aurorai E — r ’ t ’ 9 i i c f i :  h ull i’ m - m l l p i ’ - iili( ln
and n i t r i c ’  t c x i c h ’ , Planet. .S l t m tcP  Sri. 2 t : 1O : I  — i l l ; .

11. I l r r l d n rl , i - . , St ni(’kland , I). J . , JulIenne, 1’ . “N , coi l  Str’t ,hlt’ , D. I”. ( 197c , )
A l IT ’ ,rr i l  N( i ?, J. Geophys. lIes. 81:470 ,5- 47 1,11.
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\~~ ‘‘ l u c i a  r , , , t  o r - ’’  , ‘nit . ’ ’ l n , i c ’ ,’ — a o l — i - I  pi’ ic i n l e -  l..’’ ’ u t i i  , i -  a~ ’ 1 , 1  1 ’ ’ ’
~
’ - ni i l i V I l  I i- r , n i r c h ,  —

5111  i~oiil’ I I c . -  p , .  I, r ; , b i l i - , I ’ cc i ’  , - > n i i f , i ~
i 1 ,-  i -m i t n t ’ ,- t  m l t ’ u - n , v  cii ilit’ I i- ’ g l m , l i  i-i l i l a - I ’ , to Ic’-

I’’  i - t i m i ’ I m ,  ‘ I n n i c i i t  Ic ’ ,- S l im l i  m , h i c ’ — I  - I’’ui’thc r - i r t c c r - . - I c t ( ’ s u r i ~~.- l  i m l i t i t c i l i t i l ’ Iu ’rii  c’s p i t - —

sc inr i rihl\ i i’  r i m o i ’ c -  i l i ff i i  ult I c c  d i i -u i - i ’ i n i i inate  fi’orn n l l i r i l c o l  ‘ l : , v t , c t i t -  I. — i a - g io n  N,- h u ,v t ’ i t

in i m c r i l i , i n — i to r-ot n i ’ i s .  i c t g ht i i i i it ’  ‘ ,r ’c uinstr ini -cs .

Ill ef f e c t — m l i : l v  Ii,’ ~c i  rn tere -,i . ‘I lie n i t n ’ i i -  i , c i ’ h . ’  Ac -  I _ y tem , n’ nc ’ h f r i t , ’

n u t  i, . -1 0 r ,m , It -i 1 c m  r m c i l i m , t e - ,  c t  4 _ I ~4f l i  (A L  I) w l , c c ’ Iu c ’ m , f ’ n ’ s ’  p~ifld ’ m niL, .  to  the

(101 — Pill’ l and w ’ iv.’ I ’ ’ n )V f  I~ i f  ( i i,,. The po- i - i u l d I ,  sudden pr’ ’ . I m m r c t ’ n m - I ’  i i f  l}ie NO
4 .3 0f l l  lnr i ni r l  : 1  unri- ie  ,Iio” t i  •he ,m ’ n i ’za t ion  of aur’ c , r ’a I nc I I - I ’ ’ : c r -  \ ( I t ’ n l i a n c t ’ n c . ’ n t - ,

l iv ‘ lie m f , n - , ~ c I - i m ’ I r , r’ l I l y ,  h o’ ’  m u st  f l i t  Ii.’ c’ c,nfu E’d wi t h ( (‘-1 . ‘ n i j  — ,icir l ’m r,t t i m , ’

III ‘xr c i’e li ’ni~~f l,. ‘F It.’ natural ( r i t t r o ra l l v—cac i t ’ i I )  v a n i n c t i ’ - n - , i f  Nc - r.nd NI, ’ at

-;tm~ - c - i s ’  n i t  imrgl i a l t i t ud ps  - c ci i ’] Ii.’ dete rm iner] , a ug g ’ ’ m t e i l  Nv t h i  - ptt ;i.’ r’ , f m ,  - r : u

a r i l i r - - mp n i n l l 4 ’  I m ’ n t m , , -  oml e r ’  ( ‘hatan ika l ,ac kscat te r  data .  ‘i her’ .’ ll,a’,’ lit’ t ’ n imug h -Un-

r i,’  i , - r i ’ - , ,ni’ l s i r  (‘ l ,at r inika data (the latt .’r ‘ mt cc r ’ e d nct  ,St~in fc ,rcl lIt’ , c ’ rc r c h  In’mt i t ut . ’ )

prea’n i ’ Iv  rc ’ , ’ nc i lah le  which c ’ , i s t ld  y ield ( ‘ tc n. - i i I i , ’ f ’ r l l m l , ’  infc ir ’ n tu r i t i t cn  n the v a r i m c t i , , n

c f  \( i ’ a r m ’ I  N~~ at that  l l ar t l c’ i l t ar  aur,iral data ‘ m i t e . We plan t o  inv i’ - i t i p ’nite  thi s

~c c i ~~— ui l’ ih i tv ,
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