
a
A0 1060 252 A~~ F~R~~ ~~°‘f l~~~ ~~~ ~~~~~ ~~~ F/S I/I- DISSOCIATION DRIVEN DIURNAL OSCILLATTONSeCU )

NAY 78 S P ZIIS~~RNAN . T a KENFSE A
UNCLASSIFIED AFt—Th—78—0139

END

2_78

I



Dissodation Dnven Dwrn~
i~ I~~~~.J~~~ M~RMAN

May .777 ~~~~~~~~~~~~~~~~~~~~

C3  

~~~~9~7~~~7
Approv .d for publ ic rsi.cs.; distribution unhimit.dj

AERONOMY DIVISION PROJECT 6690
AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MASSACHUSETTS O173~

AIR FORCE SYSTEMS COMMAND, USAF fl
lqV

qoc~ 59& 
4$

78 10 12 056



-- 4

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

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

FOR THE COMMM~DER

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

Scientist

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



lind a ~sif i___________ __________________
5ECUTI~~Y CLASS IFI’ ~ ON GT T k ~~ r 4 0  ~Wh,y D t r .  P n i r r e d )

REPORT DOCUMENTATION PAGE
O PORT NUMA hJ / 2 GOVT C!~. IGN N O .  P1 ~0 N ~~~~ ‘. A L ~~~~~~~~~ i 4 0 0

t i  G L-T I~ ~~ 8-013~~
r i r E (.n.i S , , b g u I - 

— 
5,  1 - C r  p ’r . - ro  & P 4 4

~~~~~~~~~ i ~~~~~ t ) i~1~ i l ~ ?J \ J  ‘ c : i a r t j I A •  l at  a .

~~~~~~~~~~~~ / ~~~~~~~~~~~~
I - i l l ’  ‘! _, _ ~~~~~

7 011 Tvr T . . 
~~ ‘ - . or ~~. I

~~ . 1 .

I . J .  . ‘ :~~~i~~i / ~ / j

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
A i r  ~~ r ce  Geo h y s i r -  L o h o : t ~~~, ’ ( J . t.~~ 

A P E O  I 1 1 0 1 2 M M ’

!:Ir~a c ( r n  Af ~. 66900702
01731

I C Q P ~~~ P0 LL p .  rice 2 f l Y ’  & t l  ? 1 I t 2 P ~ . . .  - 2 - P  I’’ D / r4  
- - -

i\~~r i - ’ I r c ( ( I 2 p h v . -a~.s J : 1 - ~- r a t a ry ( I L! ; )  
~~~~

Fi ,~n~ eorr , i i -  
~

‘: ~~~ ~~~~~~~ 
—

~~~~~~~ I~~ ~~~~~ 
~~~~~~~~~~~~~~~~ 

I

tj nc l: , 1 i i I i
0 1 

—

.CiIFO~J1. ~

--- - ~~-~~~~~-.-~~~-- - .~~.-- - . - .

p , ‘ . ~~1 I  f 4

A pr o~~I i /  lee  publ ic  -1 -: se , d i at r i h u t i on  ‘ i i  ; a i t

‘ D i ’ P O l I O tI ATOMFI I T ‘~~f P .I,,frtyl 0 n 1 , , , !  IT F l I , r k  20, 11 Ii F e . - ,  (r yy F e y - ,

5 S U P PL  EMtn O P T  4 ,01  -

9 Y E  y tORUS ( Co n l i n i j e  on ‘everf l  t ide  II ne.’....ry nd i d e n t i f y  I,y O I l  “i n, hr

Turbu l ence
Density
Turbulen t  diffusion
Mesosp here
Thermosphere  

________ _____ -- .- —
20 T~~*C I (ContinuA _. ad. if n.rnnry td l d • n h i f y  fly 1 ’ ‘0 n I m t O D

The use of a~~ ne -dimen sional  model a t m o s p her e  ca l cu la t ion  incorporat ing
dissocia t ion of 02 and ionized species dem onst r a te s  that  (l iSSO Ciati Ofl , t h r o u g h
the  product ion  of ; t u , , i i i ’  oxygen , can d r ive  t h e  v t ’ r t i r a l  t he rmosphere anti
upper  mesosphere into d i u r n a l  oscillat ions.  It is f u r t h e r  ( l e m on s t r I i t l ’ l tha t
neu t r a l  mesospheric  and lower thermospher ic  tu rbu lence , th rough  its control
of a tomic  oxygen f low , can e iuse large a m p l i tude  va r i a t i ons  of’ these
ua ( 11121 txons.

DD ~~~~~M
7
~ 1473 *OITIOti OF 3 Nov 6 5 I 5  O~~SOLET~ Unclas s i f i ed

S~~C U n Iy y  C L A S S I F I C A T I O N  OF T H I S  PA Ul (WT .n It.,. l I t t er e d ,

78 10
- - - -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~°



Preface

The I~~~f ’  Id a I ) f l — I I i x n r l s i ona l  ale’ 1’ ’ 1 I t r n o s p l l f I & ’ ( ‘ : l e i i l . , t i r ,  i f l r I i i ’ p) r I t L T I ~~.

IIIS~~ IO’1 1 I I I  ~‘ ( i ,, i d  ioni ze ’] , . t - j p I , ’ f l a i n~~t r , t s  t I i i I l j S S O c i l I t l I I I I . t h r o u g h  the

prod a ’t i ’ ,a el t a i l ’  i x ’ ,~~efl , 1 1 1 1  ‘ l i ’ i v t  t ] i i  V I , r t i ( 1 ; l t } i f ’ r ’ I i I I s ~~2 ] l e f ’ I , T 1 I ]  u p p er

r - ~~ I~~r) l i e r I ’  into l i a r - i l l , , 5 c ’ i i I I t t ( I t i . T .  it is f u i t ] i ~ ’ t ’ , i t ’ i i ~ , i i ~~t r i ’  t I l t t i r I l t i ’  1

r! i s I I sp h ’ r iC  ii’  I l ower  t I i I rm u s p h e r iC  t l i I ’ l i I i l I I C C . t in - ugh  its ( 1( n t r I I t  l i t  at o m ic

oxygen  f l ow , (- . 1 1  - a l r ~ I , I ;  r’~~ ’ amp l i tude  v : l ’ l I t I ’ ) i i i -  i f  t h t ’ - e  osc i l l a t io n s .

It

\~ I-

\~ ~

“. 

~~~~

\ ~~~~~~~~~~~~~~~~~~~~~

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

~1 ~
, 

_ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

“ .4- _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  ____________

Ii .  U ’ ~~~~ ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ —
- —~~~



Contents

~ • L\ f ’ l tO J  ) L (  ‘1’ 1() . \

2 . 1 1 L - 1 1 ’ I ’ S  ,- \ N h )  ( ‘ ( ) N ( I . i H1 () \ ~-~ H

.~. ( 1 2 7 4 ( 1 , 1 -d ( ) N i -  15

16

III u strat~o n s

1. ‘l l ie  D iu rna l  \ : ra t i o n  of Atomic  Oxygen  Concentra t ion for
~-~i - l i - c t ’d A l t i t u d e s  U s i ng  the T u r b u l e n t  Di f fus ion  Coef f ic ien ts
1. - h e l en  K 10

2 . ‘l ii . ’  Sa me a~ l” igure  I , Except  for Argon  I I

‘l i e ’  74:i me as F ig u re  1 , Except  for Molecu la r  Ni t rogen  11

-~~. ‘~ h~ ~ :i rTic  is  F igure  2 , Except for M a s s  l) ensi ty  12

5. 1 11( 1 Tu rbu len t  I ) j f fus ion  Coefficients  Util ized in These
(‘ ; i l c u l a t i o n s — I h ’t t rm ined  in the ALAI)l) IN I Exper iments  12

6. ‘Fiie I )/ ,“t ’  f lat io  at ‘J ’hern ospheric  A l t i t u i i - s  and C ompa red t i
the ‘i l i a i su r u n i i ’ n t s  of K o h n l e i n  et al 13

7. The \ i g h t t i r i e ’  \ . i r i . it i on  of the Integral  of t i e -  Atomic  ( i x v f , ~t ’ i i
( ‘or i c c n t r a tj o r i  ( ‘ia sh e l l i n t ’)  Where  the L imi t s  of I n t i ’~ r’ ; t l u n
A r t ’  F rom 87 to 120 km - 1:1

8. The Nigh t t ime  \ e l a t i o n  of Green Line M e a s u r e m e n t s  it
va r ious  Se l i ’ct . ’nl  ~- ; it t : s  Demonstr at in~ the Ni g ht t ime M i n i m um
Corresponding to a M i n i m u m  in f 0’ lz 15

5

-~~~~~~~~~~~ - S

~~~~~~~~~~~~~ ‘

- — 

-- - - - - - - _ _ _ _ _ _



Dissociation Driven Diurnal Oscillations

I .  I~ T KODU CT I O ~

f l i t -  dy n am i c  processes taking p lace among the neutra l  species in the thermos-

p h - r e  i re  of i i i  e x t r e me l y complex nature .  The interp lay of dr iving forces  and

a tmospheric response has been considered in many theor ies  and texts (to r i t e  a

few 1  ~~ ~~‘ ~ ant i many more in the recent l i t e ra ture .  Gt~n t - r : i l l y ,  heat energy is con-

si ’l  - r e ’ ]  :is the dr iving mechanism of tides and motions in these theor ies .  In the

thermosphere , the EUV solar radiat ion below 1000 A is absorber] above 120 km and

heats t l i , ’  neu t ra l  gas th rough  ionization , dissociat ion , and recombiriat ion of the
p l a s m a . Radia t ion  at longer wavelengths  is absorbed below 120 km and again  t h e re

is the generat ion of heat energy throug h absorpt ion , d issociation , and subsequent

r ecombina ti on  of ground state and excited species4 ’ ~ that d r ives  the  a tmosphere  to

(R e c e i v e d  fo r  publication 30 Ma ,y 1978)

I .  ( i i : p r n : in . - . , i n n i  Cowling,  T. G. ( 1 9 5 2 )  The Mathema t i ca l  Theory of Non-
L n j f n n r ’ x i  Gases ,  2nd ni . ( ‘ ambr id ge Univers i ty  Press , New York .

2 . W i l k e s , M. V. (1949)  Oscilla t ions  of the Ear th ’ s Atmosphere,  Cambrid ge
IJnivers i ty  Press , New York.

3. Ha r r i s , 1., and Pr ies ter , W. (1962)  T ime-dependent  s t ruc tu re  of the upper
atmosphere , J. Atmos.  Sci. 19 :286-301.

4. L indz en , ft. W . ,  and Hiake , D . (19 70 )  Internal  Gravi ty  waves in a tmosphere with
r e a l i s t i c  dissipat ion and t empera tu re. 2, (ieoph y s.  l” luid. l)yn.  43 1

5. \. I ) l l l i n n l , M. • and M: iyr , 1-I. G. (1973 )  A numer ica l  stud y of th ree -d imens iona l
variations in the thermosphere, Ann. Geophys. 29: 1102.
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respond to this  d iurnal  s t imulus .  We would like to discuss another mechanism
that can induce atmospheric motions. It is ignored in most ca lcu la t ions  hut when
incorporated it is generally not considered separately from the heat source. It is usually
taken into account in one-dimensional  models that try to disp lay minor species and
temperature distributions and di f fus ive  motions in the lower thermosp here and
ionosphere. This mechanism is the dissociation of molecular  oxygen to produce
oxygen atoms that through their  creation and subsequent d i f fus ive  migration from
their source will force the atmosphere into motion. This effect , which in our model
exhibits a diurnal  response to the diurnal driving force , is created when there is
comp lete coupling among all species throug h collisions. Interact ions , primarily
atomic oxygen with N 2, start the molecular nitrogen into a diurnal  up and down
motion. This action continues until all species , neut ra l  and ionic , react to this
mean mass motion through collisions or through chemical interactions.

The theory we app ly follows fro m Chapman and Cowling, (H eference  1) and
1-li rschfelder et a16 for the equation of motion in a coupled multicomponent gas
(also see Banks and Kockart s7 ). Expressed as one-dimensional  equations in the
vertical, ther~~are the neutral  motions

~i
_ !+

~~ 
~~ 

~~! + 4~~I +-
~

_] = 

~~~~~~~ ~~~ - C.)  ( 1)

and the ion motions

kT.  1 ~ ~i 1 ~~‘e 2 ~ T 1
+ 

~: i + i~ ~
—
~

— + T ~
—
~
- + ‘rç

~‘ 2 2fl +j i ,

- C 1 2 - 2 2 ( + ~~~ ~~ . ( 2 )

sin 1+~~ . 
~ 

j

In these equations

C. is the velocity of the i th species ,

n. is the cone ,ntration of the i th species ,

n is the electron con centration,e
T is tempera ture,

k is Boltzmann ’ s co~~ t ant .

6 , Hirschfelder, J. 0., Curtiss, C. F . • and Bird , H. B. (1954)  Molecular  Theorl
of Gases and Liquids ,  John Wiley, New York.

7. Banks. P. M . ,  and Kockart s, G. (1973 )  Aeronomy,  Academic  Press , New York.
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is the collision f requency  of species i in species ~ , ~ ‘ . =

~ is the gyrofrequency of the electrons ,

1 1: the magnetic dip angle.

These equations a r e  coupled to the equation of cont inui ty

~ n.
= I” . - n . H , - (3 )

1 ~~~~~~~~~~~

and the mean mass motion (C ) is de termined from C =
0 0

where

F’ . is the rate at which species i is chemically formed ,

niH. is the rate at which species i is chemically removed,

= n C .  is the f lux of species ~

p~ is the mass densit y of species i.

The initial conditions used in these calculations are the results discussed in
l’hilbrick et a18 that disp lays a one-dimensional  model of the atmosphere using the

tempera tu re  and mass density data as well as the tu rbu len t  d i f fus ion  coeff icients
(K and 3 K) determined f rom the ALADDIN I experiments.  These Phi lb r ick  (‘t al 8

data were  then extrapolated f rom 150 km to 400 km using the di f fus ion  equ i l ib r ium

hypo thes i s ,  f u r the r  results  giving the minut iae  of the expanded ion-neu t ra l  model

synopsized fo rt  wil l  he presented in a more complete dissertation later .  F o r  this
report , we shall present only some of the salient points supporting our thesis from

the  f i f t een th  model day  when most of the ma jo r  species have arr ived at near  d iu rna l

reproducibil i ty.  These ca lcu la t ions  cover the a l t i tude region 50 to 400 km.

2. RESULT S ANt) CONCLUSIONS

T h e  results  of the ca lcula t ion  that  display the diurnal  forcing by the oxygen flow ,
that  in turn  drives the other consti tuents are  presented in Figures 1, 2. 3 , and 4.

These show the d iu rna l  var ia t ion of C) , A r , N 2, and p at specif ic  al t i tudes in the

mesosphere and thermosphere for the tu rbu len t  d i f fus ion  profile (K )  given in Fig-

ure 5. It is obvious that the diurnal  var ia t ions  of the neu t ra l  const i tuents  peak

8. Phi lbr ick , C. f t . ,  Narc i s i ,  H, S. , Good , U . E . ,  Hoffman , U. S. ,  Keneshea , T. J . ,
~lacLeod , M . A ., Z immerman, S. P . ,  and Heinisch , B. W. ( 1 9 7 3 )  The
ALADI )IN experiment-Part  II , Composition. Space Ftes. 13 :44 1-44 8 .
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at  1-100 hr . a ph a s ’ t i m e  i n  : t r e o r l l  w i t h  t Ie ’ r i - ~ - t -  t i t lv  t - t - p o r t n - d f a t :  ( i f ESI~~)-4 .
m i - t i , the  i - n i i t : f ) . i r i . o n I i i  f u r  t i t i ’  ( 2 / 7 4 2 r I  i i i  i i 250 k in  i i -  1gm ’ ’ 6 )  t h , - t m m o n st r : i t , ’s  fair ’
i g r t - t - i t i t ’ r i t  i t t  i z o p l i t u n f e  m d  i ’x c e l l e nt  a g re e m e n t  in i i i : i -~e l o t  w e m ’ t i  t I i t - t u i ’ ~ un ’ 1  ex pt ’ r i  —

t e n t .  In the ’  t n i ’ S t , s l ti i u - t ’ t ’ , On t he  ot l i t i - ic e’] , t h et a’ is a r e v er s a l  in t i , - phase of 0
as compi l e’] w i t h  t h i : i t  in the  t h i e r o t u sp h er e , p i r t m c u l a r l y observed a r o u n d  t he  9 5 — k m

peak.  I Ii ’ re the m a x i m  t i m  ocr urs  at 0200 f i r , in  p hase wi th  t h e  m a x i m u m  of the

no r the rn  h e m i s p he re  i t t  i ti l a t i tude  green I in o’ m d i  su rem ents ( h ” i g u r e  7) 10 where  the

r e l a t i v e  model  v a r i a t i o n  in 0 is 15 percen t ,  si t a iL  r to t h a t  de te rmined  f rom green
line (0 , 5577 A) va r ia t ions,

95 -

- ATOMIC OXYGEN ~~ 
-

— 
K 

—I I  ~~—
---- ---- -~~~

125

I 0~~ 200 

—

260 
-

10~ 
•-= 300 

-
360

- 400

I I 1 1 1 1 1  I i i
14 16 18 20 22 24 2 4 6 8 10 12

LOCAL TIME (hr)

h ” i g u r e  1. The I ) iu r n a l  V a r i : mt i , n  of Atomic o xygen
Concentrat ion for ~t ’h ’ct t ’d  Al t i tudes  I dog the T u r —
hulent  I ) j f f u s i o n  ( o , ’f f i c i e n t a  I ,abeled K. Not e the
r e v e r s e  l , t ’ i i :m v i t , r  of the concentra t ion at 95 km
compa red i t ,  t ha t  of 105 km

9. Kohn le in , ‘A .  • ‘I’r ink s , 11, , and Volland , II. ( 1 9 7 5 )  The I )  and N 2 density ratio
in the  thermosphere derived f rom ESI-(O-4 data , ~ pace Hes. l5 . 2 ; ,7 -29 1.

10. hj r ent on , J .  (;.  , i n t l  S i l ve rman , S. \‘I . (1970)  A stud y of the d iurna l  variat ion of
thr  5577 A 01 airglow ( ‘mission at selected IGY stations , Planet. Space Sci.
18:641-653.
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l i _ g u m - n ’ 7. The N i g l i t t i m i n ’ \ r - i : u t i o n  i f  the In t e g r a l
o f the  A t o m i c  ( i x y g u  ‘n ( ‘na- u ’m i t r : , t  ion (da sh  e n]  l ine)
W h e r e  t u e  l im i t s  rut In t e g ra t ion  A r e  F rom 85 to
120 k m .  ‘I i i , -  g round based green  l ine  (5577 A)
, m , u a s n i r , ’ m n u - n t s  ( s t , l i ’I  l i n e )  at  Sac  peak (Hren ton
and S i l v u ’ r r m , a n )  ~~ : u r i -  t t n i i p :u r d  to 0 co lumn
n f e n s i t v  ( 1  ( ) i d z) wi th  got > ] ag r e e m e n t

-] ( m u  i m n u - : i n  rmi : h s s  m , ’ , t m n , n , ‘h ’ f i n e ’I  pr - u ’ v i t u u s L , fo l lows  the above p i c tu re , i p - .var’ nI

d u r i n g  the ‘ i i  ~:s n ci a t i t t r i  i n t e r v a l, m a x i m i z i n g  it the t i m e  of the peak of t im ’ t h e rmos—
]> l I ’ - i - i C  l n - m i s m t ,  - ‘ t - i ; t i o m i s , ri’vt r -~;ing  a f ter  ‘ m i ~~u ’ t  n il a c h i ev i n g  max imum downward

m e ] h ]  i t m m ’ l u -  A the  t f l i i e  the  a l t i tude  i n v : i  r i a n t , i t t u m i c  oxy g e n  p e: mk ut 95 km m a x i m i z es .
‘ f ’ f t t - s , -  t ’ -s ni l t s  combine  to f o r m  the p i t - t a r t ’  i n i t i : ,  IL  - A t ” ]  wherein  t h e  s ol ar ’

d i s s~~t : j  ‘ t i n e f l u x p r o v i d u ’ s  t i e -  d r i v i n g  m , i e c l r i n i s m  to .~ t - t  t he  - t m , , ’  ~p h u ’ m ’ e into d iu rna l
os c i l l a ti o n  i ’ m t h n n i u t  : i ’ l r h t i , u n : u l  fore , ’ : -> . ‘ I i i > -  u i i i p l i t i t ’ h u ’  of t h i s  p t a - S a b re h ir e r - , l n - t u ’ i ’ —

mined in t h i s  ca lcula t ion du e  t ’ u  n h i - -; — i n , ,  , t i a i , is : m p p m ’ t n x i m i h . l t e L  10 p cr c u - n t  of t i m ,

13



solar t her m a l  d r i v i i g  for : i - , peaking  nt 130 k m .  The : b , , v m ’ : c t i en  being a c ] i i cv , d

p i ’imar i lv  th ro u g h t h e  in teract ion of t ie -  n t x v g e n  a toms with t l l  other : itn iospher ic
species. If this  p i c t u r e  is correct , then  a v:u ri t t i on  of the  turbop a mi sc  or t u r b u l e n t
intensi t ies  s ( i 1 u u l d  h av e  a s ign i f i c a n t  n-f in -ct upon the  ‘ii urnal  oscill:,t i , mi of the atmos-
phere .

This we sha l l  show is the  case ‘o I l o w i n ~ K e n e s h i t ’ , ,  and Z immerman 1 who ha - .u -

‘ f , - ~- m , , r i a t r  n t i d that the f lax  of a tomic  oxygen n ’ x h i h i t ~ a strong d i u r n a l  ‘, : i r i a b i l i t v
l i en  the t ar h up a  I _ is ,- IS n e ar  or lower  t h a n  95 km.  h owever.  v h ic ’ i ~ the  tu  i’!’upa use

w:is r a i se d  te 1 12  krr , t h e i r  resul ts  demonst r : it ~ - -I  t h a t  the h i i i r n : i l  ~- a i ’ i : i bj l i (  -

disappears , and only h u w u w : rd motion of hi p revai l s . If the above is cori ’ n ’ u t , then
th e  dr iv ing  n ech , in i s m  of the d iu rna l  osci l la t ions  hypothesized here wi l l  be m i n i m i z e d
or disappear  comp letel y when we i n c r e as e  the t u r b u l e n t  d i f f u s i o n  coef f i c ien t  a n d/ o r

ra i se  the turbopause.  With  th i s  in mind , ‘~~e now e x a m i n e  the  resu l t s  for r a l cu l :m-
tions using turbulent  d i f fus ion  coefficients  a factor  of 3 la rger  than those shown in
Fi gu re  5. In essence , using 3K has the effect  of both rais ing the  tu rbopause  and
increasing the tu rbu len t  intensit . The data examined , hut  not disp layed here , is

that of modal day 21.  and al though d iu rna l  r ep roduc ib i l i ty  has not vet been , i c ]u ieve d ,
nonetheless, the resu l t s  using 3K are ex t r emely  d i f ferent  f rom those using K. I h ~
d iurna l  oscil lations using 3K are  much  smaller , in dei”J p m - a c t i c a l l v  non-exis tent  and
while the  ph a se  of the th ermospheric oscillat~ nS a re  the  same as those i~~ing K ,
the  me-sespher ie  variations of 0 are  now reversed. This puts the mesospheric an d
thc- rmospher ic  density var ia t ions  in phase so that the : i t o i u : i c  oxygen peak now maxi-
miz > ’s at 1400 hours. This then would cause the nighttime variation of green line
to exhibit a min imum.  Figure  8 shows that  indeed there is data , measured in the
southern hemisp here 1° in which the nighttime intensity of green line does minimize.
Th(- mean mass velocity, while still showing a d iurnal  oscillation , is signi f icant ly
smaller in amplitude than that using K. These results, coupled to those of Keneshea
and Zimmerman~~ confirm the hypothesis set forth here that the d iurna l  variation
of the atomic oxygen flux,  and its control by turbulence  distr ibution and intensity
in the lower thermosphere and upper mesosphere indeed does add to the control of
the mass motion in the thermosphere  and into the mesosphere.

11. Keneshea , T. J . ,  and Zimmerman, S. P. (1970 )  The effect of mixing upon
• atomic and molecular oxygen in the 70- 170 km reg ion of the atmosphere,

J. Atrnos. Sci. 27:83 1-840.
_ _ _ _ _ _ _
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F’igure 8. The Nighttime Variation of Green Line Measurements
at Various Selected Sites Demonstrating the Nighttime Minimum
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3. CONCLUSIONS

We have shown that a somewhat significant driving force of thermospheric and

upper mesospheric diurnal variations is the production of atomic oxygen by photo-

dissociation and its redistribution under the control of local gradients due  to the

interaction of production, molecular diffusion , and turbulence. For the turbulent

condition that creates the turbulent  diffusion coefficient K, 12 we observe that varia-
tions of 0, N 2, Ar , and p0 follow well the measurements  of these species in the

thermosphere obtained from satellite mass spectrometer. Fur ther, the nighttime

intensity variations of the green line can be approximately reproduced in ampli tude
and phase following the 0 var ia t ions ,  tVhea the tu rbu len t  motions are intensified ,

the atomic oxygen flux is directed more into the downward direction, and thus the

upward forcing of the d iu rna l  oscillations is s ignif icant ly reduced . Also , green

line variability is slightly dampened and reversed in phase from that due to the

smaller turbulent  d i f fus iv i ty .  Fur the r , we see that  not only does turbulence  control

12. Z i m m e r m a n, S. P . ,  and Trowbridge , C. A. ( 1 9 7 3 )  The measurement  of
turbulent spectra and d i f fus ion  coefficients in the a l t i tude  region 95 to 110 km .
Space Res. 13:203-208 .
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t h e  a te, ’  Ic c n x v g e n  h o w  h m m t , h r -  ‘u g h  i n t n ’r - :-m c t i c u n s in t h e  f o r m  of u - u i ]  s L : n :’a  , oth er-
I m - r ! m r u s p : 1 - n -i e s ] e- c i t ’s  ar e  i , t d .~ce’h ate av~~c h i _ ’ c , n u n : s  na t Lon m : m i t : i  t he  t i I t . ~ i m n -i ass

d n - n a i t v  ~s ,u r c e -  - n l ’  1 l , 1 I I ’ I ,  ‘isc~l l 1 t i o ’~s. However , a more  t : n ’ : m r , n t ’ ’  ; ) m l - I u t’- - w u f l

‘n n l e r ’ i ~~- e - l  ~vj t } i  the m a :  I u a : m 2 m i  of t l a ’t ’ m a l  fo i ’ c u i m g  in a i l 2 r e r ’ - - d i r n en s i u , r e n l c a l c u i : m t j e :  -
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