
~~‘AD AO63 •i8 AIR FORCE 6EOPHYSICS LAB HANSC OM AFB MASS FIS~~/t 
—

ICIIIC REACTIONS DEDUCED FROM ATMOSPHERE EXPLORER DATA: A SURVEY—EtC(U)
NOV 78 W SWIDER

LRICLASSIFIED AF6L—TR—78—0274 ML

_ _ _ _  

II! !!

I

N 
7’



1.0 8

~~ 
~~3 2  

11012.2

I . I :

~IIll ‘ 
.25 IIIII~•~ iIu~•~

MU ~~ RE S~~ UIIUN H S~ CHAR !
\ ( I  LIF A



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -.-~~~
---

rIlI r
.

~ 
I u-P. ~~~~~~~~~~ 

~~~~

------——
- ,— - --

~~~

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

LLY LL’~
~~ 

¶
~lonic Reactions Deduced Fro m Atmo s~h~~~)Explorer Data: A Survey,,,

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

~~~~3 Nov ~~i~a7 
_ _

_ _ _ _  

~~~~~~~fliln~
IL/I JAN 29 1979

for public reUses .; di stribution un limit .
~i 1~-~U V~~A

This r~~~rch hss bisn tund.d in part by the Difsnss NUCIS.r Agency
IDNA) undar subtask S99OAXHDO28. Work UnIt 46 sntitIsd ThsorstIcst
lnv..tig.tlons of Dlsturb.d lonosph.rsu”.

AERONOMY DIVISION PROJECT 2310
A IR FORCE GEOPHYSICS LABORA TORY
HANSCOM AFB . MASSACHUSETTS O173~

AIR FORCE SYSTEMS COMMAND, USAF

~~~~ ~— 7f

~~ 
C ,  ~~~~~~~~~ 1)

— —~~ - —:

—-—-——— -- -~~~~~~~



This report has been reviewed by the ESD Information Office (01) and is
releasable to the Nat ional Technical Information Service (NTIS).

This technical report has been reviewed and
is approved for publication.

FOR THE COMMANDE R

\~~~~~~9j ief Scientist

Qualified requestors may obtain additional copies from the
Defense Documentation Center. All others should apply to the
National Technical Information Service.

~~~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ..

~~~~~~~~~~~

,, ,  
~~~--—-  

- .~~ A -



-~--_ -~-._-._~_,-.._ -

Unclagsified
SECU RITY CLASSIF ICATION OF THIS PAGE (Wl~~I D.S. EnI.~.d)

REPORT DOCUMENTATION PAGE BEFORE COMPLETIN G FORM
I. REPORT NUMBER / 2. GOVT ACCESSION NO. 3. REC IP IENT S C A T A L O G  NUMBER

AFGL-TR-78-0274 ‘ I __________________________

4. TIT L E (nod SoblIll.) S. TYPE OF REPORT & PERIOD COVERED

IONIC REACTIONS DEDUCED FROM / Scientific. Interim.
ATMOSPHERE EXPLORER DATA : PERFORMING ORG . REPORT NUMBE R
A SURVEY ERP No. 644

7. AUTHO R(.) B. CONTRACT OR G R A N T  NUMB ER(.)

Wi lliam Swider

9. PERFORMING O R G A N I Z A T I O N  NAME AND ADDRESS 10. PROGRAM ELEMENT . PROJECT . T A S K

Air  Force Geophysics Laborat ory (LKD) A R E A  & WORK U N I T  N U M B E R S

Hanscom AFE / 62704 H/61 102F
Massachusetts 01731 2310G307
II . CONTROLLING OFFI CE NAME AND ADDRESS 12. REPORT DATE

A ir Force Geophysi cs Laborat ory (LKD) 13 November 1978
Hanscom AFB 13. NUMBER OF PAGES

Massachusett s 0173 1 23
II. MONITORING AGENCY NAME & A DDRESS( If dIffo,oo I from Cont,oll ind OffIc .)  IS. SECURITY CLASS. (of hI. c000cl )

Unclassified
15. . DE CLASSI  F ICAT ION OO W N G R A O I N G

SCHEDULE

16. D ISTRI B UTION STATEMENT (of tAb R.po,t)

Approved for public release; distribution unlimited.

7 D I S T R I B U T I O N  S T A T E M E N T  (of 15. •b.1.’.cl ,o,t.r.d In Block 20 , If dIff. re.. l from R.pocl)

lB . SUPPLEMENTARY NOTES

This research has been funded in part by the Defense Nuclear A gency
(DNA ) under subtask 599QAXHD028 , Work Unit 46 entitled “Theoretical
Investigations of Disturbed lonospheres. ”

IN KEY WOR DS (Contlno. on ,oco,.o .~d. j I n.c....ry nod l dnnt l fy  by b lo ck non,b.,)

F-region
Ion ic reac t ions
At mospher ic processes

“
~~tmosphere explorer

20. ~~~~ TRACT (Conlb no. on ,.v.r.. old. If n.c. ...ty nod Id.ntl ly by block notnb.)~

In general , ionic reaction rate coefficients deduced from Atmosphere
Explorer Satellite data are in good agreement with laboratory results. Rate
co efficients have been ascertained for a few processes which are not avail-
abl e from laboratory work. Howeve r , to date , the data base has yielded l i t t le
new information pertinent to the needs of the DNA community.

DD 
~~~~~~~~ 

1473 EDITION OF I NOV 61 IS OBSOLETE Unclassified
S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  P A G E  (9?, ,,, 0.1. Fn,.r.d~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ TT 
_ _ _

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

~~TIT n~~



F T~~~~

S E C U P T ~ j . A S 5 1 F ! C A T h O N  Q E  HI~ P A . E H~~c, 1) c t o  E~~ ( c y , , d

S E C U R I T Y  C L A S S I F I C A T I O N  OF THIS  P~~ .(‘It~I,c ,. P.1. ~~~~~~~

- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

.
~I - ~~~~~~ ~~~~~~~ ,‘ ~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.. ,—-..- -

~~
-.-—,--.—- . . ‘~ :~~~~LT ‘

~ 
‘
~~~~~ ~~

—.—-..-

~~

——-. 

~~~~~~ 

-

Contents

I . IN T E U ) D 1 CTIO\  5

2 
~~ J~ ’J~~ -

~
‘
~ A J U . l :  AT0. \ IIC OXYGEN ION S

c ; l ~ I! N D  SF A T E  ATOMIC O X Y G E N  I O N . S  8

-~~. I) tSS (  I( 1.A I  i v i :  RE ( ’o \ I B I N A T I ON  RE A CT I O N S

.1 . \ IT R()GE\ REA (’T I( )N . -; 10

F - I I  l : ( ; i (  N PRO ( ’E SSES OF I N T E R E S T  TO DN A 12

7. S t M ~~1A RI  A N D  ( ‘ONC LI S ION .S 13

A PI’[\ D IN A :  S u m m a ry  of Ion ic H a t e  ( o e f f i r i e n t .- Deduced F rom
the Atm o .~phere Explorer Sa te l l i t e - i  17

DN A  DIST H I I I U T I (  iN LIST 1

~~~~~~~~~~ V

V~E:: ~~~~~~~~~

l I T  ~
.

, ,.~
, - ~~~ ~

~ 
t~~t~ u ’~~ ~ . I- ‘

:3 ~~ 
I

U ~~~~~~
- -—--—°

:
~~~

—
~~~~

——-•

~~~~~~

- -—-——— - . , - , - ——. .- - 

I

-

~ 

— - 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —---- -—- .-~ ~~~~~~~~ —



Ionic Reactions Deduced Fro m
Atmosp here Exp lorer Data: A Survey

I. INTROF)IiCTION

The A t m o s p here  Exp lo re r  s a t e l l i t e s  were  designed to make m e a s u r e m e n t s  of

the  a t m o s p here , p r inc ipa l ly  the 150—400 km l e g i o n , in order  to d e t e r m i n e  b e t t e r -

t h e  p h ot o rh en i i s t r y  of th i s  region . Three  sa te l l i t e s  belong to the AE series and

they  are commonl y called AE-C , A E - D  and AE - E .  Al l  three  vehicles had (have)

weig hts  of 700 ± 50 kg. They were  launched in to  low perigee hi gh eccen t r i c i ty

orb i t s  w i t h  d i f f e r e n t  i nc l i na t i ons .  A propuls ion  s Y st e m  was used to m a i n t a i n  an

el l ipt ical  orbi t  for about  1 year .  A E -C  and AE - E  were  put into c i r c u l a r  o rb i t s

near  2 50 km fol lowing t h e i r  elli p t ica l  orbi t  phase. The f i r s t  in the ser ies , A E - C

was launched into a 68° i n c l i n a t i o n  orbi t  on 13 December  1973. \ lor e  than 2 , 000

orbi ts  of data have been obtained w i t h  th i s  sa te l l i t e . The second vehicle , launched

into a polar orbit  (90 ° inc l ina t ion)  on 6 October 1975 had an abbrev ia ted  l i f e  ~s a

result  of a f a i l u r e  somewhere  in the  power sys tem.  The usefu l l i f e  ended on

2~I J anuary  197~ wi th  approx imate ly  1400 orbi ts  of da ta .  The f inal  spacec ra f t ,

A E - E , is s t i l l  op e r at i lna l .  In fact , the re  are p lans to p lace A E -E  in as hi gh an

• o r b i t  a-i possible in o rder  to  cont inue  EUV m e a s u r e m e n t s  for as long as feas ib le .

The onl y m e m b e r  of the ser ies  to be launched f rom Cape Canavera l  (on 20 N o v e m b e r
U l7~d , the  o r b i t a l  i nc l ina t ion  is about 20° for th is  s a t e l l i t e .

(H  ci’ ci ved for  p u b l i c a t i o n  7 November  1978)

C~Dl~G
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A v a r i e t y  of exper imen t s under  15 , 14 and 13 p r inc ipa l  !,V e ~~t i ~~ii to r ,5 , !‘ e sp ( ’ I ’ —

t ivel y, for A E — C , A E — D  and A E — E  ‘ ‘ e r r  i l l I w n  a I I l a r d  these  spa ’co ’ r n l t  ~~, n s f
exper imen t s  being on all th ree  v e h i c l e s . ~i i e n s  in c-n . en t s  were  taken of e l e c t ron
concent ra t ion  and t e m 3e r at o r -e , fl t e m p e r a t u r e , t o t a l  d e n s i ty , n e u t r a l  and ion
com position , pho toe lec t ron  f lux ( 0 — 3 0 0  eV) , ( ‘( i e ’iTet ic e l ec tr ons  (0 . 2 — 2 5  key) ,
n i t r i c  oxide  gamma hands , solar  F:I ’ V ( 1 7 0 — l 7 0 0 ,\ ) ,  ~e l e c f c d  ai~-ui  ‘.‘. e r i s ,s i I , n~
and va r ious  s p a c e c r a f t  o p e r a t i o n a l  I n ror ~~’ , 1 i , n . Vu i - the  r ! & ‘ t aj l s  a e  av~~i I a b I e  fl

the  A p r i l  1P 73 i s sue  of R a d i o  Sc ience w h i c h  i s  de nt -ed a dc,sc 1 ’ I ‘ I n
o v e r a l l  pr ( g i ’ a n i . ‘T u e  ‘ 12 7 3  111-per!  on A r !  tve  and Planned Spacer “ t~nd 1 .x p e r —
iment s ’’ N SSIX ’ \ VDC—A —lT ~~S, 7 3 — 0 1 , also ‘na Y he e . n Y u I ! c r I .

This - n f l -  s u m m ar i z e s  r e su l t s  d ( ’ :u I ’ l l  by t i l e  va r ious  I . 7 f l ( , i i .~ l efl~all , . 7 and
“ guest ” i~~v ’ ,~f iu a t u r s  fr om  the  ma ny  i b i t s  of - l a o  ( o l l e r t e -  :• by AE -( , fi a n d r-:.
W e  rest t i r ~ ourselves ‘o an a s , s e Y . S t n c n t  01 ‘he lu fi chen i~~tr ’; ‘‘i’ ~l l l l  _, a i l n n u . ’ i i ’ e ’ l in

23 pub l i shed  l a t e r ’ s  ‘ n~~t r -e I : ’ t i t i p  t i  A L — C  ( l a f f i  . A  2 4 t h  pape r -  is ct ~ecl a u — I ,. ‘.~n i c h
was  st i m u l a t e d  by , h~ t I I  es  not i n - .’ l i v e  the  da ta  Ii  a c t  17 ’ . Tn t- lte ( ‘ ( - U n  ~~~

. of n

t his su i ’ \ ’ *” , 
, a review of ‘Pc ’ - m a e  sublect  n~.a t t e i ’  considered here  ‘,‘, n,s r  hi  — f l I.’ f l  

-

That  (2 3- ’ ii paper  should be read ~ 1so by the i n t e r e s t e d  i - c a d e t  and  r o mp at ’ e d  ‘. ‘1:
the su rve~’ here  w h i c h  is taken f r o m  a son .ewhat  d i f f e r e n t  or i’ ,p ecf  ‘ ‘ i - .

2. MET A STABLE .~ TO MI C O \ Y G I ~\ lO\S

Dayg low r a d i a t i o n  at 73 19~ which  was  obta ined  on orb i t  4 32  of A L - C  ( f l
27 J anuary  1274 ( t h e  sa te l l i t e  being despun on t h i s  pass)  was n~ cd hv W a l k e r  et a1
to e s t i m a t e  quench ing  rates of O~ ( 2 P) w i th  0 and N 9

0~ ( 2 P) 0 products  i i )

C ) (~~P) -- N 7 -o products  2 )

a s suming  that  the theore t i ca l  qu e n c h i n g  r at e  I o n  t h i s  n i e t a s t ab l e  ion v; oh  c-id - ’ run.,

is as publ i shed .  (No  e f for t  was  p l a c e d  in to  d e f i n i n g  t ic l - c f l l ’ t i r i (  ) r ’ l ( i u c ’ t -  s . )
de te rm ined r a t e  c o e f f i c i e n t s , k , to r  the  q u e n c h i n g  of ( 1  P1 w i t h  a . ’n ’  ic ux \  qen
and mo lecu l a r  n i t r ogen  of 2 Y lO~~~

0 c .u ’7 , sec (k
1

) and 5 Y i I’i~~~~ c~n ’1 see ik ., ) .
r e s p e ct i v e l y . However , they noted tha t  s i m i l a r  ‘c’su i t  s o -c ‘car  P c I  if a i-ate

Tnr r , D. G. , and T e r r , \l . II . ( 1 P 7 8)  R evic’\ ’, ( I f  r a t e  r. e f f i c i e n t  ., i f  j
~~fl~ i- t e a r  —

• t i c in ~ c le t e rn i in e d  f r - on i  p le a  su r e r f l e n ’ ,s ma te 1 7 ’  ,5f f l w - s nh c I ’ I ’ E x p lor e r  S~ t y l  —

l i tes , Rev . Gecip hys. Space Ph ys. l h’0 7 - ’:40 .
2 . W a l k e r , ,J . ( . i . . Tor r , D O . , f l ay s , I ’ .L . , R u ~~r P  D . W . , l ) , .~~k c wi I ’ ..

3 1  (‘ ! l O ’  G . , and ( I p p e n i i c i m e t ’ , 51 . ( 1 ( 1 7 5 )  M e t n s ’ah l r 2 p ~~~~~~ O f l S  If l  ‘ i - I ’
d a y t i me t h erm o si ’Ihc rc’ , 1 . ( c p h ’ :s . l i e s . iO ( 7~ : 1 0 2 O _ l 0 2 i l .

— — . 
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coef f ic ien t  k 2 5 X io~~ cm 3 -‘sec  is adopted with no quenching by a tomic  oxygen ,

• k 1 
0. In a more  recent paper Busch et al 3 de te rmined  values of (5 . 2 ± 2. 5) )“

• i0~~
-
~ cm 3 /see for k 1 and (4. 8 ± 1.4) N lO

_ 10 
cm 3 /sec for k 2 f rom an anal ys is  of

A E -C  and D data on the 011 ( 2 P - 
2D) t r an s i t i on  at 73 19 and 7330A.

• The metastable  ion , 0
+ ( 2 P) can resonant l y charge  exchange w i t h  a tomic

ni t rogen according to Torr et al , leaving the  a tomic  oxygen product  in a l~ s t a t e

(u l t ima t e l y) ,

0 ( 2 P) N N 0 ( 15) ( 3a)

N ( 1S) + 0 (3b)

and thereb y providing a sign if icant  source of 0 ( 1S) in the aurora l  E’-region , s ince

N ( 15) + 0 N 0 ( 1~~) is near l y resonant also. They give k3 = 1. 7 X 10

cm ’1 sec . (The l a t t e r -  species decays to the  1D s ta te  whi le  e m i t t i n g  a ~577 .-\

photon. ) This conclusion was based upon an anal ysis of AE-C data  on 14 Jul y 1974

taken  tu s t  a f t e r  midn igh t  in an aurora  at F-region a l t i t udes .  It should be noted

tha t  they also found good agreement  between the i r  ion model and the measured  ions

09 ,  \O
-
~ and N 9

+ us ing  the  convent ional labora tory  resul ts  then ava i l ab le .

Oppenhe imer  et al ° e s t i m a t e d  the  fol lowing ra te  coe f f i c i en t s for  m e t a st a h i e

() ions us ing AE-C l l hs er v n t i o n s :

O ( 2 P)~~~N 9 . N , - ( )  k
4 S .0 > ’ 10~~~ (4 )

-o ~~ ( 4 S) + N 9 k 4 . 0 ~ ‘ I0~~~
o ( 5 )

+ 0 ~~ (~~S) + 0 k 1 . = 1. 8 ~ io
_ 10  

(0

O~ ( 2 D) ‘ 0 0 ( 4 S) + 0 k _ 1. 0 N l0 10 (~~)

J l o ’vever , they  did emp h a s i z e  that  these  der - ived abso lu te  i - a t e  - I n s t a n t s  may i ll

be un ique .  The r an ’  co n s t a n t s  k4 
k_  and k 1_ may  he compai ’ed  a i th  t h e  r - n tc ’

:1. Rusch , U) . W . , Tor i ’ , 0. 0. , h ay s , I ’. II. , and W a l k e r , J. C’ . 13. ( 12 7 7 )  The 011
(7 3  1 9 — 7 , 1 3 0 - \ )  davglow , J.  (3cop li v s_. Rc - i . 8 2 ( 4 1 : 7 1 9 — 7 2 1 ; .

4 . l l l r r , S I .  H.  , H o f f m a n , IT . 5 . , H a n s o n , \V . 13. , H o f f m a n , J . H. , ‘I’ ‘i i - , 0. 0.
l’ c ’t e r s I I n , \\ . K. • and W a l k e r ’ , J .  C . 0. ( 1 2 7 3 )  An aur ’ or -a l  l” — r ’ I”g l  I I I  st u d ~
u s i n g  in s i t u  ‘ ‘r e a s u r ’ c : ienO by t h e  A t n i l l s p l t e re  Ex 111 - r e r - — C Sa t e l l i t e ,
P l ane t .  ‘

~ l 1~~~
’
~ 

—~n l .  2 3 ( l 2 ) : i t f l i P _ 1 f l 7 ! 1.

5 . ( ) p n c ’ n l n ’ i l ’ I e i ’ . S I . . D n I g a r ’ n , A . , zrncl 13n1111 1r , I 1 .C .  ( 1 1 1 7 1 ,) Ion c h e m i s t r y  of
\ 2  a rid f i r e  S i an  i i i ’  r ov i  le t  f l u x  in  ‘in ’  t h e r m osp h e r e , ~~ . ; e p ~~~
8 l ( 2 2 ) : 3 7 6 2 - 3 7 ’ f l h  

- -
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coeff ic ients  k 1 and k 2 . Since the  la t t e r ’  two  c o e f f i c i e n t s  re ‘-n  I ak ’ quench ing ,

t h e  r e la t ionsh ips  k 1 ~ k 1; and k ,, ‘~ k 4 ‘ k . should  hold and , in f a c t - , do hold . How-

ever , n e i t h e r ’  set is n e c e ss a r i l y uni que as i n d i c a t e d  by t w  l , ’ ’~~I ,  f t i l l .  ‘ l I l t - C  groups 4
of au tho r s .

O r s i n i  et al , u s ing  a m u c h  more  e x t e ns i v e  d a t a  ha -e t h : ,n  e a r l i e r  t m i r e - i  had
• ava i lab le , low ered  an e a r l i e r  , ‘ -, t i ma te  of t h e  r a t e  c o e f f i c r e n ’  k _ .  T h e i r -  upper

- — 1 1  3 ‘ - ‘ — 1 1  3 .  -
l i m r t  is now a Y 10 cm / se r  t h a t  is , k - , “ 10 cm ~ t ’ - , o r  th i s f i t - I , ’

T o rn  et al 7 d e t e r m i n e d  a i - ate  c- l ’ I ’I i r ient , k 8 - !  3 ~ 2 . 3 ~ ~~~~

- 10 
~~~~ ‘ - ok  for

0 ( D )  N 9 . N2 ( )  ( 8)

f rom A E —C r ibs e rva t  ions.

• 3. ( R Ot ~ t) ST-Vl’ E ATOMiC O\Y(~I~N R)~~

R a t e  c o e f f i c i e n t s  i n f er r ed  f r o m  the  anal y s i s  c f  AE  da t a  are - , n o i a t i b le w i t h

laP  r a t  cr y  i -a te  c o e f f i c i e n t s  for t h e  s a m e  r e a c t  i c n s

- (k ~ C) 9 + 0 (9 )

( I  N 9 NC) ’ 
‘ 0 ( 10)

Op p e n h e i m e r ’  et al 8 and T o r r  et al ’ found tha t  t h e  l a b o r a t o r y  r a t e  c o n s t a n t , k 0,

2 10
_ l i  

(300 T) 0 ’ ~ for process ( 1’) is  cons i s t en t  w i t h  both A E  obse rva t i ons  and
, 8

• m , st -  o th e i -  l r i i o ’ r ’ a f u r ’ v  r’e sults . llo weve  r’ , O p p e n h eim e r  et al no t ed  t h a t  t h e  s c a t t e r -

-
‘ of the  A K d a t a  i s  such t h a t  a ra te  c o e f f i c i e n t  30 pe n c r - n t  s m a l l e r ’  at  900 0 K is t i i , t

10
u n r e a sonab le . In a s uh s e q ue n t  a se,s s I t l e n t - , ( p p e n h e im t ’ i  ct al used the

Or s i ni , N. , Torr , F). 0. , Tor r , SI . IT. , B n i n t o n , I I .  C’ . , Br a i -e~ L. TI . , N i e r ’ ,
A . 0. , and Walke r , J. C. G. ( 1 9 7 7 )  Q u e n c h i n g  i f  r o e t a s t a b l e  — D  c xy g e n  ions
in the  t h e r m o s p here  by a t o m i c  o xyg e n , ~~~~~~~~~~~~~~~~~~ 82 (2 9 ) :4 i i2 9 - 4 83 3 .

7 . Tor r , U) . 13. , and Or s i n i , N.  ( 1 0 7 7 )  C h a r g e  exchan ge  of ‘t t e t a s t a b l e  D oxygen
ions wi th  N , in t he  t h e r m o s p h e r e , P l a n e t - .  Space Sri . 25( 1 2) : 1 l7 1  — 1 1 7 9 .

8. O p p e n h e i m e r , Si . , Dalgarno , A.  , and I i r i n t ’r , 11. C’ . ( 1 17 0 )  S ioleeu lar  oxygen
a b u n da n c e s  in the t h e r n i o sp h e  ta f r o m  A t m o s p h e r e  l :xp l i - e r—C ion composi-
t i on  m e a su r e m e n t s , 3. Genp hvs. H es .  8 l (2 ’3 ) : 4 0 7 8-4 6 i 1 4 ,

9 . T o r r , I) . 13. , Tor r , Si . H. , W a l k e r , J.  (‘ . 0. , “ T i e r , A.  0. , Br-ace , K . i i . , and
Br ’in ton , I I .  C. ( 1970) l l e c o mb i n a t i o n  of 

~~ 
‘ in t h e  ‘-n ’  sp h er e , 3. Geop h ys

H e s . 8 1( 3 1 ) 0 3 7 8 — 5 3 8 0 .

10 . (‘)p p e n h e im e r , SI .  , C r i s t a n t -  i n i d t ’ - i , K . H. , E l r’l ’~ — 1 ) 1  s -ke n , K. , \“ ir t o r , G. A.
and D a lg a r no , A.  ( 1 9 77) li ii p 1 n i ’ i r e t ’ t i , ,t  1” ; - -  r the  t h e r m l . ,p her ’e  f r o n t
A t n t i , sp here  Exp l o r e r — C ’  iv t ’ : i  ~i( ‘t n o n ’ s , 3. C eop hv.s . Re - i .  82 (3 3) : 3 4 8 3 — 3 4  92.
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l abora tory  ra te  coef f ic ien t . k 9, w i thou t  c’omr ’nent , in r eaching good agreement

betwee n thei r  ion cheri~i st r v  model and the AE data.  Torr et al~~ ascer ta ined  a

rate coefficien t , k 10, of 1 . 2 ~ i0~~
2 (T.  :300) ’O . 8 cm 3 fsec  for i i -  ce,, ,s (10) l I v e r

a tempera ture range of 500-l200 °K. This result  was based upon ev e r  5300 simul-

taneous ion and neu t ra l  concent ra t ion  and t e m p e r a t u re  points  as r t - r ’ , - r ’ i i i ’ i by ~A E - C .

This value is in excellent agreement wi th  the l a b o r a t o r y  d ata  of ‘he NOAA Boulde r

group. Oppenheimer r” al ’° emp loyed a t e r i ip e r a t u r e  independent  r ate r o e f f i c i e n t ,

6 N ~~~~~ cm 3/sec for reaction ( 10) because the  p rev ious ly  c- i ted AE  ar i d

l abora tory  work  suggest  only a ver slc w va r i a t i on  of th is  ra te  r o e f f i r i e n t  a i t h

t empera ture  between (100 and l000 °K .
Some do ubl y charged ator ’ni c oxygen ion ,s are  produced in the daytir ’n e t h e n r i i o -

- 12 -
sphere. Br -erg et al found tha t  the  r ’na to r  loss process  is

+ C) O~ - O~ (11 )

- - ‘ - -11 3w i t h  a ra te  coef f ic ien t , k 11’ of 1 - 10 cr ii , e - ,

4. DISSOCIATIVE RECO MBI ~~AT I O N REAC TR)NS

The p r i n c i pal m o l e c u l a r  i n s  , i f  I re -  F — r e g ion are N O + 
and 02

+ ions.  H o w e v e r ,

t h e r e  alsc, is in t e r e s t  in  N 9 ions l s ’e a r r s e  t h ey  a r e  the  m a j o r  i n i t i a l  I n s  in t h e  low

T” — r e g ion and the i r ’  c h e m i s t r y  is pe r ’t inen t  tI  N and No and hence NO ions .

Tor r  ‘ al 4 app lied d i s~~ocia t i \ - e  r e c o m b i n a  ion i a t e s  for

( I , I’  . ( 1  ‘ 0 ( 1 2 )

N 0 ( 13)

N ,, e . \ N ( 1 4 )

as !!~~’ Ie~U t - P 1 1 1-; ’ ~~l * -  i b o t ,l i i r g  u r ’ ’ - u p  and found ‘hem s u i ’ab le h r  A 1. — C ’ I” _ r ’c - c i l n

, i ~r ’ , ,r a l  ‘a a n a l ’ - f l i — . I I ’ ’, t e v t ’ r ’ , S i r r  i t  al 1 l a t e r  de t e , -mined  f i r a ’ ‘ i r e  l I i s ~~ . - n l a ’ I v t ’

11 . l ’ o - r , SI .  I : . , 5’ . — S l a u n t ’ ’’ , 3 . 1 ’ . , and Torr , 1) . 1; . ( 1977 )  ‘l ie a ’ ’’ c o e f f i ’ r , ’ n ’
‘ ‘ i  ~~- i )  N - i - a ’’ I’ ll In ‘ l i t ’  i on , , s p l i ’ r - ,’ , .1 . ( ;t ’ .ill ’:\ — . 1 - — . 82 ( 2 2 ) :

12 . l1~~’i g , I - .. I ., 1 ,r r , 51.1K , I ’ - r r , I) . 13. , I l a n — o n , W .H . , ! l . f h ’ ’, o t l , 3 . ! ! . ,
\~ a I k e r , 1 , 1 . 1. , ~nd N u t - , A . O .  ( 1 1 7 7 )  1) 119k c h a r m ’ ’  I a ’’,mw . x v C t ’ f l  - 05

i n  ‘ I  ‘ ‘ ‘ i r a ’ ’  ‘~~phe e I , I 9 r o t , , c h e n t i ,~t r y , J . ( - -p hv s .  I T t ’ -. 1I2t 7 ) : l 0 0 8 — l f l l 2 .
11 . I - o r - , IL’ . , I i i ’ , S I . H . , \ \ a l k e r— , J . C. ( ., fl r’ o’,’ , T~. II . , I - P i n -n , P . C

l i t — .  ‘ . , W . 1; . , H o f f m an , 3 .1!. , N i e r , ,A . ( I S , i f l i  ( ip p e r i h e i m e r , 51. 11 7 ’ .)
h i ’ - ’ ‘ ‘  I i n  ‘ i n  c i f  \~ - ‘ in ‘he  ‘n o phe r e , ( ;eo p hv .~~ H es.  l , et t .  ~( 4 ) : 2 0 ! ’ - 2 l 2 .
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r ’ecr ,rnb ina t io n  ‘ale for NO ions a t e  c i  c ’iv followed r e s u l t s  p u b l i s h e d  by a
14

group at J ILA . Oppenheimer  et al reached the sari ’ie conclusion . T orr  c- ’ a1~
also have assei ” e’I tha t  the d is s o c i a t i v e  recombina t ion  rate  for  

~~2 
- ( e ns best  i t -  -

the J IL A  l abo ra to ry  r e s u l t s  of th i s  s a m e  pair  of ex p e r ’ i n i e n t a l r s t — .

Ther’e has been cons ide r -ab l e  ro n t  r ’over ’s ~ ’ over-  ‘l~~’ d i ,~ ,-,i c i a t  ive ‘to ’ ’ a i to : ’ a

rate I’or  N ,,
+ oti s . O r - s in i  e! al 1’

~ c- l a imer i  t h a t  t h e i r  i n t e i ’ p r ’c ’f lt ’lon of ,SE Ia ’a i t - I

t i  a .sVight i t i c l ’e a - i e oh’ l i d s  ra te  c ’,, efl ’icic ’nf a. i t I ’i ‘t e mp e r a t u r e  ‘‘ . h ’i ch  i-e) ’iavi o r ’ ’,

s r r 9 r g e s l e ’ c I  t r a y  he a cor is eqU er i r t • - o f  h i g h N 9~ v r i i t ’ n t r i , n a l  ~‘;ni O t - r - ’ . ‘1 rn

aware  of an ’ ’  d i s s o r i a t i v e  r - e c ’ i t n h I i n a t i o r i  ‘ at e  ah i c h  m c i  ease,— p - i t - 1  t e n : r e i ’ r P , r ’ e
- 16 . , ‘ -ov c-r ’ ‘he r ange . 100— 1000 ‘ K. ) l 3 r ond i , in  a r t - , has ( , i h] ec ’’ €-d P - the i i  n c lu . i  I I

i r - s i n h  ct al , 10 and lie ia - i  suggested t i ~~, t p e r h a p s  an m r - t e a s E ’  i i i  ‘I i’ ‘~~f I r e

of N , ,  (1 N 4’ NO 
- 

as a i ’t ’ - rn il  i f  v ib r a t  ionall ’c e x c i t e r ]  N ., n i l  g Id a lt i ’ m’  ‘he ‘c -

su i t s  of U r s u r l i  et al . 1~ T , i r - r  and O r s i n i 1’ h a v e  c ome ’ ‘c i  ‘.0th he su~~g e - i t i c i n

t he d i s . -, o c i a t i v e  ‘i . i ’ , , - , l m i n a t i mi l ’ r i ’e ‘ ‘c N , i , m m s  as  - I i ” e m ’ m i t m e ’ i  fm-em A l .  da ta  can

he r -ec-onc i led p i t h  I i , ’ ’ I a h , , , r - a t , i  m n i e a s u x - e r n e n t . s  i f  t h e  c h a r m ’  c x ’  h o n g e ’ ‘ a te ’ i t , ’ —

tween 0 ( 1)) and N .,. p r oce Ss  (8) , is less than  1/ 4  of t h e  10- -: a ’ r ’v I t ’ r r v e t t  •- a c

c o e f f i c i e n t . This s ug ge s t i o n  seem ,s q ut L ’  r e a son a b l e  s i n c e  t h e  a l ” -  m’ ~~t , . t ’ ’ ,’ r e  -m i t

only v ent down to 0. s eV in the lah c m a t ’  1’’, s’. ‘it e m . A more  de ta i l ed  t h e r m a l

e n e r gy  s tu , iy  appears to he w a r r a n t e d .  l- ’u i ’ t h e r n r o m ’ e , T o m - r  e ’ al 18 
~1 -tm I 1( 10

process N ., 
- 

~ 0 N o ~
- N I be in e x c e l l e n t  a g t ’ c ’ e l ’ l ( ’ l i t  ~- i t  h t O ’  N C  ) A A  Br u i de

L ab o r a t r ,r v  resu l t s .

5 ITROGEN RE A CT I ON S

A l t h o u g h  i t  is a m nor  ci n s t i t u e n t  of t h e  l-’— r -egion , a tor ,  ic n i t  ‘ogen plays an

i m p o r t a nt  role  in 1’ — m -egic u’r  c h e mi s t  m’ s - , e s p e -r i a l l  i f  i t - i  ion e — t  m et a s ta b l e  — ‘o ’e

14 . O p p e n h e i m e r , SI .  , Dal ga rno , A . ,  Tr -eh ino , 1” . 13 . , B r ’ a ’ c , I . .  11. - Br i n t c rr ,
IF. C’ ., and i ’I o f f m i i a n , 3 .11. ( 1 9 7 7 )  D ay t i m e  ch e n i i s t m  v i - f  N )  f r o m  ,A t n i o ,’, —
phere  Exp l o r e r — C  m e a s u r e m e n t s , 3. Geop hvs. Hes - 82(1 1:1 11 — 1 1 4 .

15 . Ors  m i , N. , Tori’ , I ) . 0. , l 3r in to n , II .  (‘ . , Brace , C,. I I .  , h anson , Vi . 13.
I I o f f m a n , .1. II .  , and N i t -  t ’ , A .  (1 . ( 1 1 7 7 )  D e t e r -r u i n a t i o n  o f ’  he N ’) ” -t eem —

bina t ion  ra te  c o e f f i c i e n t  in t hc -  ionosp h cr -e  Geop hvs. Res. i , e t r .  4 ( 1 0 ) :
4 3 1 — 4 3 3 .

10 . I3 iondi, Si . A.  ( 1978)  Objec t ions  to l i t -  N 9 + e 
- 

dis  ~~c i a t  r y e  r -e c o m h i n a t  ion
coe f f i c i en t s  i n f e r r ed  from a n a l y s i s  i f  A t  t i l l  sp h er-e Exp l o r e r -  i:  c ’ a — u t ’ e ’ - eat -  — .

Geophvs. Res. T , e t t .  5 ( 8) : 1 i 6 l- 0 64 .

17 . Torr , D. C. , and Or’ s m u  . N . ( 1978) The e f f ec t  of N- ,  m ’c ” - ’, t ’ i t t t r t i  -ii  on ‘I i , ’
aeronomic d e t e r m i n a t i o n  of the  i-barge exc hange ~‘~~t - t -  c - - t ’  f f i c i en t  of C ” ’ 1 2 1)1
w i t h  N .), Geop hys. Res. Lett .  3 ( 8 ) :03 7_ i ; 31 ’ .

18. Tor ’ r , D. 13. , Or - s i n i , N. , To rn , S 1 . I L , Hanson , Vi . IT . , i l , t ’f f l i a r l , 3 . 1 1 . ,
W a l k e r , 1 . (‘ , 13, ( 1 9 7 7 )  D e t e r m i m  (n a t i o n  of t h e  m ’ : i t c ’  c. ’e i t ’ i c i r ’ r i f  f o r ’ ’ h t ’  N ,) 0
n ’ e a c t i r , n  in  t I m e  ionosphere , J. Geop hvs. Hes.  82( l O ) : 1  (; :T 1 _ l I ,  -1 . —

10
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( 2 D) is consid , ’r ’e i . Bu sch et al 19 concluded that  N ( 2 D) product ion f r ”m  N 9 + e,

process ( 14 ) , exceeded t h a t  from N0 + 
~ e, N 9

+ 
0, e ~ N 9 and N ± (s,. They

found the  r’ate coefl ’ic ient for

N ( 2 D) 02 N C )  ( 1  ( 15 )

to be in t i e  m’ang e 0-2.  7 ‘- l0~~’ ’ cm 3 /sec , somewhat  lower than  the  l abora to ry
- 20m e a s u r e m e n t s , but F r - edenr ck  antI Rusch  la ter  concluded that  AE-C  and A E - D

anal yses ag r e e d  w i t h  the  l abora to ry  resul ts  for th i s  process.

Rus ch  et al ’ e s t i m a t ed  a rate  coef f ic ien t  of about 1 N 1O 9 (Te 300 ) 1 2 for

the  quench ing  of N 1 2 1)) by electrc ,nns

N ( 2 D) - e • - N e . ( 11;)

T h e i r  k 1 ~ 
is about t w i c e  an old theor ’e t ica i  value of which they were apparen t l y

cmna w ar - e , s ince  it is not quoted in t h e i r  paper . Freder ick  and R u s c h 2° reached a

value fc, r k - in h arm o n~’ w i t h  the t heo re t i ca l  value .16 
~~ ‘ 19 . -Ton -n  et a1 

2 
used the h igher  k 16 value of Ru sch  et al in t he i r  anal ys is  of the

q i r c -n r - l i ing  of N ( U) ) by a t o m i c  oxygen ,

N ( 2 D) (1 N 0 ( 17)

- - - — 1 2  3 .or i h i ch  they  r eport k 17 
- 1. a — 2 . ~ v 10 cm sec . This d e t e r mu a t i o n  is

compat ib le  w i th  the iabora to m -y i-a te  cons tan t  for th i s  process which  they  quote and
“ 1 - . 2a 9dm an e f f i c i e n c v  of (0. 8 - 1. 0) ~ 30 percent  for the  production of N I D) by the

- - ‘ - , ‘ . - 20d m s ,~,o cr at i v e  i ’ecornbina t ion  of NO m a n s .  F reder ick  and Busch asce r t a ined  tha t
—13 3t h e  quench ing  m a t e  k 17 is 4 N 10 cm /sec ’ , smal le r  than  the  l abora to ry  m - e sul t

by a le ru t  a factor of 5.

The N OAA Boulder ’  Labora to ry  de ter ’min ed  a ra te  coe f f i c i en t  for

( a , + ,\ NO + C) ( 18)

1 ’ . Bus ch , U) . II’. , ,Steaa rt A.  I .  , I-Jays , P. B , , and h o f f m a n , 3. H. ( 12 7 3 )  The
N I (5200 ~~) dayglow , J. Geop h ys. Res .  80(1 0 1:2 :100—2 : 104 .

20 . Fr eder ’ ick , J . K . , and R u s e -h , D. Vi’. (1977)  On the  c h e m i s t r y  of ~ e t a — ’ :r l d e
a t o m i c  n i t rogen  in the F region deduced fror’n s i m u l t a n e - i t s  p t , ’I I i ( e  m i ’m eas—
u r e m e n ts  of the  5200A a in g l o w  and at m osp her ic  c o m p o s i t i ’n r , .J . L i - . p h y-- .
lTe ,s . 8 2 (2 5 1 : 3 5 0 9 — 3 5 1 7 .

21 . Torr , SI . H. , Burnsicl e, IT . C. , Hays , P. B. , Stc ’w ar t , A . I . , Torr , D. C. ,
W a l k e r , J. C’ . 13. ( 1 9 7 0 )  I t l e t a s t a b l e  2 D atcui ’i ic  n i t rogen  in the  m i d — l o ’i t u d e
n ’c ’u r n a l  ionosphere , J. Geop hys. Res.  8 1(4 1:531-537 .
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of 1 . 8  N ~~~~~ cm 3
~~sec , but an ~~E-C stud y by Torr  et a122 suggested tha t  k 18

could be as low as 1 N 10~~~~ cni 3
/ sec . Again , this  result is not dramat ic s ince

absolute accuracies for these two  values mus t  overlap.  For product  0 in the

s ta te , F’r ede r i ck  et a123 found a rate coeff ic ient  of 2 . 5 v 10
_ i l  

cm
3 / sec would

exp lain the vis ible  a irg iow exper imen t  ( V A E )  on A E - C  in regards to the  ob sem ’vc’d

5577 ,.\ line emission. (This implies 15-25 pe rcen t  of product  0 ‘i n  process  ( 18)

is in the 15 s ta te , depending upon which  to ta l  k 8 
value is accep ted . ) T h i s  VA I-~

24
work was f u r t h e r  a nr p lif ied by Kopp et al .

Finall y, in regards to the impor t an t  process

4 ( 1  . NC ) ~ N , 
( 11 ’ )

Torr et a! ’8 deduced a rate coefficient  f rom A E - C  data  w h i c h  ms consonant  w i t h

the  NOAA Boulder Laboratory resul t  for th i s  reaction .

6. F -REGION PROCE SSES OF INTEREST TO I ) N , -~

Six reactions are of par t i cu la r  in teres t  to D N A :

N + e  —~~N + h I ’

N + O
+N + 0 2 — N0 + 0

O + N 2 -- N O ’4’ + N

+ ~~ + O~~

The AE data  base has shed no in fo rma t ion  on the fir ’st two  processes  w h i c h  ace of

l i t t l e  impor tance  to the  non-nuclear  d i s tu rbed  F- region .  There  has been no rn fo r-

n u a t i o n  f o r t h c o m i n g  on the next two reactions e i the r . However , t i l r .’m’ e is a laborri -

t o r y  derived rate constant  for N + 
+ 02 NO + 0 and a Harvard  U n i v e r s i t y  gi - ou p ,

22. Torr , D. C. , Torr , Ill . B. , Busch , D. Vi’. , h ays , P. B. , Slauei’sberger , K. ,
\Valkec , 3. C. G. , Spencer , N. \V. , I l ed in , A. E. , Br ’inton , 11. C. , and
Theis , R .  F. (197 0)  A t o m i c  n i t rogen  dens i t ies  in the  t h e r m o s p here ,
Geop hys. R es.  Lett. 3 ( 1 ) : l - 4 .

23 . Frederick , J .  E. , Bus c h , D. W . , Vic tor , G. A. , Sharp, Vi . K .  , I I t i y s  P. B.
and Brinton , 1-1. C. (197 6)  The 0 1 (X 5 5 7 7 A )  aii’g low: Observa t ions  and
excitation mechanisms , J. Geop hys. Res .  8 1( 2 2 ) :3 92 3 - 3 9 3 0 .

24 . Kopp , 3 . P. , Freder ick , J .  K . , Ru s c h , D. W . , and \ ‘i ct o r , L. A . ( 1 l ’ 7 7 )
Morn ing  and evening behavior  of t h e  I-’ reg ion gr’een l ine  cm ’m i i s s r o t l :
Ev idence  concerning the  soui-ces of 0 ( 15) , 3. Geop l ry s.  l I es .  112 (219:
4 7 1 5 - 4 7 1 9 .
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under a contract  supported by the  DNA work unit ci ted for - this  report , i s  asscs m n l g

AE  r l at a  for the purpose of der’ iving a i-ate -u : i s t an t  (‘or the p rocess  N ’ 4 ( i

N + 0

As regards the f inal  two react ions , we have  ne t ted  t h a t  AE r esults suppc rt ‘l ie

labor’ator’v de t e rmina t ions , w h i c h  u n f o m - t t r n r a t - e l~’ do not a t t a i n  mis hi gh a t e m p e r a t u r e

as desired , DNA requir’es these pr’ oc-esses  up to as h i g h  as 4000 r , i 1, hut  the  AE

sate l l i tes  were  in orbi t  du r ing  r’ela t ivel y l a  sol a r  a c - t i - p i t y  and even for  h igh solar’

a c t i v i t y  the  m a x i m u m  exosp her ic  t e n i p e r - a t tm re  is  about 2000°K. F’e r h a p s  an assess—

nient  of AE  data  under  v e r y  di s tu i ’hed a u n t  i- al c o n d i t i o n s  a nu ld  l i t ’  of value , s ince
t e m p e r a t u r e s , and part i c ’u 1ar l~- N 9 (’ ’) t i - m m  i p e r - a t u r e s , m i gh t  he — , ii t ’w h a t  h igher -

u n d e r  such cond i t ions . I’ should l~-o t m - ‘cml , however , t h a t  in r egard  to these  t

processes St. — S l a u r i c e  and Tor’r 2 l ove d e r i v e d  f ro i r i  th e c,r ’ e t ica l  c-ens idera t ions
and lahc,ratory data , ra te  cr in s t a n t s  ‘i r- ‘‘ t h e  ‘~ i v t  ‘ ‘ i ’ ’ - ’

~ p, ’ n’m t~ r e ’ s up ‘ - ah r u t  6000°K
which  f i l m y  be of value to the DNA c o n i m n u n i t ~ ’ . ‘I ’ !mei n - dm i o t ’ ’ io ns , o l t hc iug h not ( I c —

nived fconu AE  data , were  c er t a i n l ~’ s t i i i  e m l a t t ’ d  h \  t l i e i  r’ - i - l o t - e d  i nvest  i g a t  ii , ni ~ of
the  data .

7. SF \ I \I tR i  ~N I )  coN ( : I ,L SIo’~S

F-r ’egion react ion r-ates derived fr-oni the A t m o s p here  Exp lor’er s e r i e s  of
sa te l l i t e s  have agreed well w i th  l abora to ry  de ter -r u ined  r a t e  constants  for the  same
processes w i t h  l’eiv except ion s . This agreement  has been an i m p o r t a n t  s tep iii

va l idat ing labora tory  ra te  coe f f i c i en t s  for a tmospher ic  mode l l ing  w o r k . (The  ionic
ra te  coe f f i c i en t s  surveyed here are l isted in the  A ppendix wi th  c o m m e n t s .)  R a t e
coe f f i c i en t s  for a few reactions involving me tast ab l e  ions have been (ier ’iverl i c h i c h
a re  not available (ro om labor -ator-  work . r-’ew addi t ional  i n s i g h t s  havi- been gained
w i t h  respect to the  six F—re g ion  processes of pa r t i cu la r ’  in te res t  to the  DN A com-
m u n i t y .  However , some infor r ’na t ion  of value may  s t i l l  he f or t h c - om n i n g .

25 . St . - S i m m u r r c t ” , J. P. , and T o r i ’ , I) . 0. ( 10 78)  N m i n m ! l m e ’ r m a l  c i t  - ‘ - t ’ f f i c i e t i t —  m m
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Summary of Ionic Rate Coeff icients Deduced
From the Atmosphere Exp lorer Satellites

Ic 1N I C H I : A C T I ON S

Equa l  ic ,n
N m  - . in H a t e  (

l i t - i . Tc ’xt R e a c t i u - m m  ( i - m m ] ’1 “c i ’) ( m - ’ m m r m u ’ t i t

3 ( 1 )  ( t ( P )  + C) p r o d u c t s  (5. 2 ± 2. 513 l0~~l l  See pc - r f i c ’

~~~~~~ 
p m ’ i m m h e r e ’t

( 2 )  N9 . pr -c m d uc t s  (4 . 8  ± 1. 4)\  10 i e i , - a

4 ( Sn)  O ( 2 P) N ‘ N ‘ O( 1 5)~ -

(Sb ) . N ’ ( 1S) + of  
1 . \ 10

5 (1) O ( 2 P) N 9 N 2 
( 1 5 .0  - . 1o~~~

5 ( 3 )  - - (~~ + N,, 4 . 0  ~ l0 10

5 ( - 1  O~~~~P) 0 C) + ( I  
- 

1. 11 ~ 10~~~

7 (8) 1r ~ ( 2 D) N 2 N , ,  0 (5 ± 2 . ,3)\ l 0~~~

0 ( 7) 05 ( D) S O  (~~~~~O ~‘ 3 N lO~~~

1 - 0  \0 . 4
8, 1°) “ ( i ~ + ( 1  2 N 10~~I l  (_ l as in l a h o r a —

/ t e ’r ’i’, hut  see
a1~ o m e ) ’. 2. 3

-, , \0 . 8
10 , I l  ( l I t )  0 N , > . No ~ 0 1 . 2  v ‘300 a.s m m labora-

— 

r )  i / ‘ - m y ,  but ~t ’ c’
‘1’ 1500 K. i l s e ,  i ’ef . 25

12 ( 1 1 )  t m ’ . C )  . ( 1 ~ ( I  ~

17

— . 

~~~~~~~~~~~~~ ‘~. ~,:iTT, -‘ ‘
~~~~~ ys~~~~~



~~~-:: 
-

~~

-

~~~~~

=-‘---‘

~~~~~~~~

‘ — ‘ -_

~~~

- - -- _ ‘ _ - “—- 

~
_

~r: ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~

l( N 1(’ RF:A( ’TIoN S (Cont . I

l - q e m m i ’ i -t i
N i - . r im H a t e  Co e f f i c i e n t

R et ’ . Text  Reac t ion  (c ue 3 r eel (‘ om ’em i rent

18 ( 13 ’ )  N ,, - 0 . No \( 2 U)) 1. 4 N 10~~~ as in labora-
- 

— / T -0. 44 ti ny
N ,,

- \ 3 0 0
4’ - -10

22 (18) 09 + N . NO + (1 1 “ 10 la h m m ’ m m t i m r y
— m - t - s tml ’  is

1. 8 io- 10

9 ( 1 2 )  ( 3 9 ‘ e ( I  4 - C )  1 . 0 ’ . 10
- 

T ~
3 C

300 mn J I I , ,’\
— 1 a hm - u - mm - - m v

i i , 14 ( 13) N O
5 

+ e N ( -  4 . 2 3 10~~
/ T \

0 .85

is , 10 , ( 1 4 )  N ,,~ e . N N 1 . 8 ’ - 10 ‘ m t ,  i t i

17 T — 6 . ‘1 1- m m ’ ~ l: 1_ a h o r a —

(
~~

) t o m ” ~

N n ’e: Al l  s t - i t - c -  are L > t ’ ( i mt i i ,i - i t - i t t ’ s  _ l c f l c r ’ a l l y ,  u n l e s s  hown - - h e m  - - i c ;  , ‘\ ‘  ,‘ , m ’ m - - m m

a r’e ‘ l i e -  c jjs sco ’i at i ve  -f - , - ( , m l m l - m t m i ’ r m - n  0 m i - c  ‘, ‘ - , -i es ‘,‘;(,ere 1 :1 r c p m ’ t ‘ ‘9 l’ m ’ l m ’ t i m f l
f ‘ Ime t i c - m t na l  ~~~~~~~~ a re  mn ,“‘o’- ne ” r l  - i t  m i t e - . ~c ’ t ’ ai ’c(Sonl 3 i t t  ‘ m - \ ’ i - - t

l~~e r I ’5 on ‘ m ’ ’ ’r a l  t’ e :m , ’’ m m , t m - i  i l l ” , ‘ -13 m ’ m ~

18

~

- ‘ — 
~~~
. -  

~~
- . , .—a,~...,

__ _



DNA Distr ibut ion L ist

D e p a r t m e n t - of Defense

D i r e r  to
Defens€ ’ ’\ civan ced Resea rch  Pr’o~ects A g en m -y
14 01 Wi l son  Boulevard
Ar l ing ton  , VA 2 2 2 ) 1>

1 cy AT ’FN : T1O
1 c’y ATTN :  STO
1 cy ATTN:  N R M O

Director
Defense Communicat ions  Agent -y
8th Street  and C’ourthouse Roa d
Ar l ing ton .  V A  2 2 2 ~~4

3 i -y s  - ‘c ‘F ’~ N~ M E L ON  Off ice

I ) >  i i  nst ’  L)ot , ’umentat ion Center
Cameron  Station
A l t  xa n ( I r ’i a ,  VA 22314

12 r’~~s A T F N :  TO

I,) i t  - - i ’ tf ir ’
I i .  I ’ m ’ s, S l i m ’  i , ’ m r  \ g t ’n -  y

‘Aa sl i i dm ,L t ’’ , 0. ( ‘ . 2 1 1 3 1 1 5

I c v  \ ‘ I’ [’N m  t-~’I”F l,
A l”FN I ) I ,)ST

3 - -
~~~~ ,\ ‘ F I ’N ’ i t ,- \ A I .

1 i ’y 31’ l ’N ’ 11 \ I : \ ’

-

~~~~~~~~~
- .-‘

~~~~~~~~~~

‘

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

‘ ‘ “ ‘



p”~ -=i:i: ~~T “~~~~~~~~~~~~~~~~~

- 

~~~~~~~~~ 

- 
~~~~~~~~~~~~~ =~~~~~~ =-~~~~~~~~~~ ‘

~~~~~~~~~~~~~~~~~~~~~~~
“

~~~~~~~~~~~~~~~~
‘
~~~~~ _ _ _

Department of Defense (C ontinued )

Jo int Ch iefs of Staff
Department  of Defense
Washin gton , D. C’ . 20301

1 cy ATTN : J-6

Director
National Security Agency
Fort George G. Me~~e , MD 20755

2 cys A TTN:  Technical Librar y

Under - Secretar y of Defense (Resear -h and Engineerin g)
Department of Defense
Wa shington , I) . ( ‘ . 2 0 3 i ) l

2 ‘ V 1 ~, , -\ T rN:  DDS&SS

De l) a r t m ent  ut (omi nerc i ’

U. S . D epa i ’ t r n en t  of (‘omlnerc- e
Off ice  of re ’lei ’or i i r nun i ca t i on s
In st i t u t e  foI’ l’c lci ’oii imun ie ’a t ion S~’ ieni i - s
N a t j , , n i I  F ej ee ’on irn u nj t ’at j on s and I nformation Administration
Boulder ’ - (‘0 8 1 ) 3 1 ) 3

2 i -y s  A I’ I’N : ‘A . 1” . Ut laut

Depa i ’tiruent of the A r m y

(mn inander/  Director
Atmospher ic  Sciences Laboratory
U. S. A r my  Electron ics  Command
White- Sands Missile Range , N M 88 i ) m 12

1 cy ATTN DRSEL -BL -SY-S
F .  E . Niles

Di r e - i - b r
U. S . -‘\rmy Ballistic’ Research  Laborator ies
, ‘i b t - i - d e ’e n Proving Grounds , M D  2 l i l m ) 5

1 i - v ,-\T’l’N : George E. Keller

(‘ o mi n an d e r
I ’ . 0~ A rm v  I” r t n - e i g n  Sciences and Technology Center
220 7t h  3t ‘eel , N . K .
(‘h a r l i t t c - s v i l l e , VA 22 1>0 1

1 i v  A T T N :  Robe r t  Jone is

Depa rt r ’m i e n t  of  the  Na vy

C hief  of N a v a l  O p e r a t i o n s
D e p a r t m e n t  of t h e  N a v y
Wa sh in g ton , D . C .  20 :3 50

I i v  A T T N :  NOP t ’BS
1 r y  A ’J ’T N:  NOP 01~4T 1

20 

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



Depar tment of the Navy (Continued )

Chief of Naval Research
Department of the Navy
800 North Quincy Street
Arlington , VA 2 22 17

1 cy ATTN : Code 465 , B. G. Joiner
1 cy ATTN : Code 427 , H. Mullaney

Commander
Naval Electron ic Systems Command
Department of the Navy
Washington , D.C. 20360

1 cy ATTN: PME -117
1 cy ATTN : PME -11 7T
1 cy ATTN: PME-117-21
1 cy ATTN: PME-117-21A
1 cy ATTN: P M E — 1 1 7 - 2 2

Director
Naval Ocean Systems Center
Electromagnet ic Propagation Division 3
271 Catalina Boulevard
San Diego, CA 92152

1 cy ATTN :  Code 2200, W .F. Moler
1 cy .AT TN: Code 2200 , h a n  Rothmuller
1 cy ATTN:  Code 22 00, John B ickel

Director
Naval Research Laboratory
4555 Overlook Avenue , S. W .
Washington , D.C. 20375

1 cy ATTN : Code 7700, Timothy P. Coffey
I cy ATTN: Code 7709, Wahab Au
2 c y sA T T N :  Code 7750, John Davis
1 cy ATTN : Code 2627

Commander
Naval Surface Weapons Center (White Oak)
Silver Spring, MD 20910

1 cy ATTN: Technical Library

Office of Naval Research Branch Office
1030 East Green Street
Pasadena , CA 91106

1 cy

21

- — 

‘ ‘

~~~~~~~~~~ 

~~~~~~~~~~~~~~~ _ _ _ _  _ _ _



III

Department of the Air Force

Commande r
Ai r Force Geophysica l Laboratory, AFSC
L. G. Hanscom Air Force Base , MA 01731

1 cy ATTN: OPR , James Ulwick
1 cy ATTN: LKB, W. Swider
1 cy ATTN: LKB, K. Champion

Director
Air Force Technical Applications Center
Patrick Air Force Base, FL 329 20

1 cy ATTN: TD
1 cy ATTN: HQ 1035th TCHOG/TFS

Department of Defense Contractors

General Electric Company
TEMPO - Center for Advanced Studies
816 St at e Stree t
Santa Barbara , CA 93102

1 cy ATTN : Warren S. Knapp
1 cy ATTN: DA SIA C

Lockheed Missiles and Space Com pany
3251 Hanove r Street
Palo Al t o, CA 94304

1 cy ATTN: J. B. Reagan
1 cy ATTN: W. Imhof
1 cy ATTN: Martin Walt

Mission Research Corporatio n
735 State Street
Santa Barbara , CA 93101

1 cy ATTN : M. Scheibe
1 cy ATT N: D. Sowle

Pacific-Sierra Research Corpo ration
1456 Cloverfield Boulevard
Santa Monica, CA 90404

1 cy ATTN: E. C. Field

Pennsy lvania State Univer si ty
Ionospheric Research Laboratory
College of Engineering
318 Electrical Engineering - East Wing
University Park, PA 16802

1 cv ATTN: John S. Nisbet
I cy ATTN: Les Hale
1 cv ATTN : A. .3. Ferraro
1 cy ATTN : H. S. Lee

22

— -
~~~~~~~“ ~ , ‘~‘t~~’ 

___________ _____



‘-‘ --
‘ - ~~

‘:.--. ‘-- ‘ —~~-w~ _ _ _  
‘
~~
‘ ‘  

‘
‘

R&D Associates
4640 Admiralty Way
Marina Del Rey, CA 90291

1 cy ATTN: R. Lelevier
1 cv ATTN :  F. Gilmore
1 cy A TTN:  H . Turco

The Rand Corporation
1700 Main Street
Santa M on ica , CA 90406

1 c’y A T T N :  Cu llen ‘Cra m

Professor Chalmer s F. Sechri st
155 Electrical Engineering Building
University of Illinois
Urbana , IL 61801

1 cv A T T N :  C. Sechrist

Stanford Research  I n s t i t u t e
333 Raven swood Avenue
Menlo Park , CA 24025

I cv ATTN : Allen M. Peterson
1 cv ATTN : Ray I~. Leadabrand

23

~~~L~L ~~~-T -’: 
‘ ~~~~~~~~ - ~~~~~~~~~~~ ~~~ ~

‘ “
~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~



‘~‘T~~~~~:J T T  —--: E~~~: ‘ ‘ T  ‘~~i:~~~~
’
~~~~~~~~~ 

- 

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

I’-

(

I
I
I

Print .d by
Un~t.d S,.t.s Air Force
Hons com AFB, Moss. 01731

‘I’
-- ‘:: :-~ I ’~ii

” i ~~~~~~~

‘ 

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


