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~ i m u l  taneous measurements o f  the n i g h t  a i rg low  OH !8,3) band 

and 01 5577 8 have been made a t  Cachoeira Paul i s t a  (22.7'~, 45,2 OW) 

dur ing  June-August 1976. Cor re la t ions  between the nocturnal v a r i a t i o n s  

o f  these cmissions and a l s o  w i t h  t he  0 H  r o t a t i o n a l  temperaturearepre- 

sented. I t  i s  found tha t  OH (8,3) i s  co r re la ted  w i t h  t h e  r o t a t i o n a l  

temperature but  w i t h  a t ime l a g  o f  about 1 hour. The v a r  i a t  i o n s  o f  

5577 a lead the OH (8,3) by about 2 t o  3 h o ~ r s .  The r o t a t i o n a l  tempe- 

r a t u r e  co- var ies w i t h  5577 8, r a t h e r  t t i a n  O H  (8,3j and there  i s  

no s i g n i f i c a n t  t ime lag .  Based on the c o r r e l a t i o n  study, the nocturnal  

v a r i a t i o n s  o f  the two emissions can be explained by the  atmospheric 

dens i ty  pe r tu rba t i on  caused by so lar  t i d e s  and interna1 g r a v i t y  waves. 

As luminescências atmosfér icas da banda 0~(8,3) e da l i n h a  

01 5577 8 em Cachoeira Pacil i s t a  (22.7'~, 4 5 . ~ ~ ~ )  foram medidas simul- 

tâneamente durante os meses de junho e agosto de 1976. São apresenta- 

das as correlações en t re  as var iações noturnas das i n t e n s i d a d e s  das 

duas emi ss&s e a temperatura ro tac  iof ial , deduzida atv-ar& da medida 

de OH. Os resul tados mostram uma boa cor re lação en t re  a intensidade de 

OH e a temperatura ro tac iona l ,  porém, com aproximadamente 1 hora de a- 

t raso.  As variações de 5577 8 estão adiantadas em relação a OH (8,3) em 

2 a 3 horas. As variações de temperatura ro tac iona l  estão niais bem co r-  

relacionadas com 5577 8 do que som O~(8,3) e não há a t raso de tempo 

s i g n i f i c a n t e .  Com base neste estudo de correlação,  as variações das e- 
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mento C i e n t i f  i c o  9 Tecnológico - FKDCT", Brazi  ! , under Contract FINEP 
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missões podem ser  exp l i cadas  p e l a  per tu rbação  na densidade a t m o s f é r i c a  

causada por marés s o l a r e s  e ondas de g rav idade  i n t e r n a s  na a l t a  atmos- 

fe ra .  

1. INTRODUCTION 

Hydroxy l  bands (0.4 - 4.5 m) and t h e  oxygen green l i n e  01 

5577 8 a r e  the  most in tense  emiss ions  i n  the  upper mesosphere and l o -  

wer t h e r m s p h e r e .  As b o t h  t h e  emiss ions depend on  t h e  a tomic  oxygen 

d e n s i t y  and i t s  v a r i a t i o n s ,  s imul taneous measurements o f  these two e- 

m iss ions  wi l l te o f  i n t e r e s t  t o  h e l p  e l u c i d a t i n g  t h e  photochemical and dy- 

namical processes o c c u r r i n g  i n  t h e  e m i t t i n g  r e g i o n .  

The a l t i t u d e  o f  t h e  5577 8 emiss ion peak i s  i n  t h e  r e g i o n  o f  

about 90 t o  100 Km which corresponds t o  tl-ie a l t i t u d e  where t h e  peak 

d e n s i t y  o f  a tomic oxygen i s  loca ted .  The 5577 8 emiss ion  l a y e r  i s a b o u t  

10 Km t h i c k .  The OH emiss ion comes f rom t h e  a1 t i t u d e  o f  abou t  80 t o  90 

Km i n  which t h e  peak o f  ozone p r o d u c t i o n  i s  l o c a t e d ,  and i s  about  10 t o  

15 Km t h i c k .  Because o f  t h i s  d i f f e r e n c e  o f  emiss ion a l t i t u d e ,  a  s tudy 

o f  t h e  c o r r e l a t i o n  between t h e  v a r i a t i o n  oF b o t h  t h e  emiss ions should 

be u s e f u l  t o  s tudy  time-dependent dynamical processes, sl-ich as v e r t i -  

c a l  t r a n s p o r t  o f  a tomic  oxygen by t u r b u l e n c e  and t i d a l  and g r a v i t y  wa- 

ve p ropaga t ion .  

T h i s  k i n d  o f  s tudy ,  however, has been a t tempted  by o n l y  a  few 

groups o f  researchers .  Rao and Kul k a r n i  (1971)' have m e n t  i o n e d  t h a t  

t h e r e  was no obvious r e l a t i o n s h i p  between t h e  5577 8 and OH emiss ions,  

showing s c a t t e r e d  p o s i t i v e  and n e g a t i v e  c o r r e l a t i c n  c o e f f i c i e n t s .  I n  a  

p rev íous  paper (Takahashi ed aZ., 1 9 7 7 ) ~ ,  we found a  low c o r r e  

a l though  t h e  emiss ions showed s i m i l a r  t rends ,  i n c r e a s i n g  t h e i r  

s i t i e s  a f t e r  m i d n i g h t .  

I n  t h i s  paper we examine t h e  r e l a t i o n s h i p  between t h e  

s ions  i n  more d e t a i l ,  i n c l u d i n g  t h e  c o r r e l a t i o n  between t h e  n o c t  

a t i o n  

n ten-  

emis- 

urna1 

v a r i a t i o n s ,  t h e  t i m e  l a g  and t h e  amp l i tudes  o f  t h e  v a r i a t i o n s .  The r o-  

t a t  i o n a l  temperature (herea f  t e r  r e f e r r e d  as  ROT) c o u l d  be deduced f rom 

t h e  measurement o f  t h e  i n t e n s i t y  r a t i o  o f  t h e  Q (K-K t rans i t i ons ,whe-  



r e  K i s  the r o t a t i o n a l  quantum number) and R (&+ I ) -  K t r a n s i t i o n s )  

branches o f  the  0 ~ ( 8 , 3 )  band. Th is  temperature, approximatel y equal t o  

the  ambient gas k i n e t i c  temperature, i s  a l s o  included i n  the present 

study . 

2.OBSERVATIONS AND RESULTS 

Measurements o f  the 5577 8 and 0 ~ ( 8 , 3 )  band emissions have 

been made a t  Cachoeira Paul i s t a  (22.7'5, 45.2'~) s ince 1973. Some re-  

sul  t s  o f  these observat ions have been publ ished elsewhere (Teixei  ra  e t  

aZ., 1 9 7 5 ) ~ .  This study i s  based on measurements made from June t o  Au- 

gust 1976, and i s  r e s t r i c t e d  t o  n igh ts  i n  which a t  l e a s t  6 hours o f  

continuous observat ions were obtained.  

I n  Fig.1 nocturnal  v a r i a t i o n s  o f  5577 8, 0 ~ ( 8 , 3 )  and ROT a r e  

shown f o r  8 n igh ts  i n  June and J u l y  1976. I t  i s  d i f f i c u l t  t o  see any 

general c h a r a c t e r i s t i c  i n  the v a r i a t i o n s  observed on i nd i v i dua l  n igh ts .  

Assuming t h a t  the minor const i tuents  (0, 03, H, OH, HOn,  e tc . )  i n  the 

em i t t i ng  layer  a re  i n  photochemical equ i l i b r i um and t h a t  there i s  no 

dynamical disturbance, the atomic oxygen dens i ty  above 90 Km remains 

constant (Shimazaki and La i rd ,  1 9 7 1 ) ~ ,  so tha t  the 5577 8 i n t e n s i t y  

should not  change. The 0 ~ ( 8 , 3 )  i n t e n s i t y  should decrease monotonical ly  

because o f  a loss  o f  atomic oxygen below 85 Km (Moreel s, 1977)'. 

The observed var i a t  ions, however, a re  more compl icated.  I t 

can be seen tha t  shor t  per iod  ( less than 6 hours) wavel ike v a r i a t i o n s  

a re  superposed on the v a r i a t i o n  o f  the longer per iod .  Comparing the 

va r i a t i ons  o f  the three parameters, 5577 8, O~(8,3)  and ROT, i t  should 

be noted tha t :  

OH(8,3 

v a r i a t  

1 . I n  general , the var i a t  ion o f  5577 8 i s  anti-phased wi t h  

) , no t  on l  y Sri tne  case o f  shor t  per iod,  bu t  a l s o  f o r  long per iod  

ions ( ~ u l  y 25 and 23, respect ive l  y )  . 

2. RQT co-varies w i t h  5577 ra ther  than w i t h  O ~ ( 8 , j ) .  This 

i s  most c l e a r l y  observaòle on June 19, Ju l y  23 and J u l y  24. 

I n  order t o  examine the r e l a t i o n s h i p  between the three para- 



LOCAL TIME 
Fig.1 - Nocturnal v a r i a t i o n  o f  5577 8. ( f u l i  l i n e ) ,  O H ( 8 , 3 )  (broken l i n e )  

and QH rotat ional  temperature (dotted l ine) on some selected nights.  

meters i n  more d e t a i l ,  we have ca l cu la ted  c ross- cor re la t ion  c o e f f  i- 

c i e n t s  f o r  var ious t ime s h i f t s .  I n  Fig.2 we show the c o r r e l a t i o n ,  f o r  

t ime s h i f t s  up t o  about 3  hours, between 0 ~ ( 8 , 3 )  and 5577 8,  OH (8,3) 

and ROT and ROT and 5577 8. Cor re la t i on  curves a r e  shown f o r  3 i n d i v i -  

dual n igh ts  and f o r  a l l  18 n i y h t s  taken c o n j o i n t l y .  For each o f  the 3 
O 

n igh ts  shown, the 0 ~ ( 8 , 3 )  lags ROT and 5577 A .  On June 19, the th ree 

c o r r e l a t i o n  c o e f f i c i e n t s  a re  p o s i t i v e  a t  t ime l a g  zero, bu t  maximum 

values occur a f t e r  4 0  minutes and 80 minutes f o r  OH/ROT and 0H/5577 8 
respect ive ly .  On Ju l y  25, the  c o r r e l a t i o n  c o e f f i c i e n t  f o r  zero t ime 

s h i f t  i s  negat ive f o r  0H/5577 8 ,  whereas a f t e r  2h 4Omin. the va lue 

reachec. a  p o s i t i v e  maximum. 



Jn order t o  show the general t rend,  the conjo in t  c o . r e l a t i o n  

i s  a l s o  shown i n  F i g . 2 .  I t  may be seen t h a t :  

0.4 

o 
-0.4 

-0.8 

1 .  ROT leads 0 ~ ( 8 , 3 )  by about 1 hour, 

-... ....e:.=<.:?.----- .e... 
- 

......... - - -- 6.- - ........... - - 
I 
I - I 2 3- - 

- TI ME LAG IN HOURS - 
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3 .  There i s  no s i g n i f  i c a n t  t ime l a g  between ROT and 5577 8. 

Fig.2 - V a r i a t i o n  of  the c o r r e l a t i o n  coeff i c i e n t s  between o ~ ( 8 . 3 )  and 5577 
8 ( f u l l  l i n e ) ,  OH(8,3) and OH rotat ional  temperature (broken l i n e )  and OH 

rotat ional  temperature and 5577 8 (dotted l ine) wi th  time s h i f t s .  



I t i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  phase l a g  between O ~ ( 8 , 3 )  and 5577 

8 r e s u l t s  i n  a small  n e g a t i v e  c o r r e l a t i o n  f o r  ze ro  t i m e  s h i f t .  I t  i s  

presumably f o r  t h i s  reason t h a t  Rao and K u l k a r n i  (1971)' observed no 

s i g n i f i c a n t  c o r r e l a t i o n  between these parameters. 

The f a c t  t h d t  5577 8 leads O ~ ( 8 , 3 )  m igh t  be exp la ined  by a 

downward t r a n s p o r t  o f  a tomic oxygen due t o  an inc rease  o f  tu rbu lence .  

Th is ,  however, does n o t  exp ' la in  t h e  t i m e  l a g  between 0 ~ ( 8 , 3 )  and ROT. 

We b e l  i eve  t h a t  a more reasonable e x p l a n a t i o n  i s  t h a t  b o t h  temperature 

and d e n s i t y  a r e  modulated by t h e  downward p ropaga t ion  o f  a w a v e l i k e  

d is tu rbance .  A phase d i f f e r e n c e  between t h e  d e n s i t y  a n d  temperature 

f i e l d s  i s  p r e d i c t e d  by t ida1 t h e o r y  (~hapman and Lindzen, 1 9 7 0 ) ~ .  

3. EMISSION PROFILES OF O1 5577 A And OH(8.3) 

The general l y accepted exc i t a t  i o n  mechanism o f  t h e  5577 8 
emiss ion from t h e  lower thermosphere, suggested by Chapman ( I  931 )', i s  

t h e  three-body recombinat ion o f  a tomic oxygen. 

0 + 0 + 0 -t o( 's) + O, K, = 4.8 x 

(Fe 

f o l l o w e d  by t h e  'S - 'D t r a n s i t i o n ,  w i t h  t h e  

der  and Young, 1972)' ( I )  

E i n s t e i n  c o e f f i c i e n t  A 3 2  

o( 's)  -+ o ( ' D )  + hv (5577 8 )  A3, = I .28 sec-' (2) 

and ' S  - 3~ t r a n s i t i o n ,  w i t h  t h e  E i n s t e i n  c o e f f i c i e n t  A,, 

where K i s  t h e  r e a c t i o n  r a t e  c o e f f i c i e n t .  

B a r t h  (1964) has suggested ano ther  p o s s i b l e  e x c i  t a t i o n  by 

e l e c t r o n i c a l l y  e x c i t e d  mo lecu la r  oxygen. 



Accord i n g  t o  Donahue e t  aZ. (1 973) I a ,  t h e r e  i s no reason t o  b e l  i e v e  

t h a t  t h e  B a r t h  mechanism makes any s i g n i f i c a n t  c o n t r i b u t i o n  t o t h e 5 5 7 7  

8 emiss ion.  I n  a r e c e n t  paper, Slanger and Back (1977)" have t r i e d  t o  

show t h a t  t h e  B a r t h  mechanism does i n  f a c t  e x p l a i n  t h e  observed i n t e n -  

s i t y  and a l t i t u d e  d i s t r i b u t i o n  o f  t h e  5577 8 emiss ion,  b e t t e r  than  t h e  

Chapmari mechanism. They do t h i s ,  however, on t h e  b a s i s  o f t h e i r  r e c e n t  

r e d e t e r m i n a t i o n  o f  t h e  o v e r a l  l r a t e  c o e f f  i c i e n t  f o r  t h e  o( 's) produ- 

c i n g  r e a c t i o n  which i s  a  f a c t o r  o f  10 g r e a t e r  than  t h e  Fe lder  and 

Young's (1972) '  v a l u e .  

Quenching o f  o( 's )  by O and 02 i s  impor tan t ,  

10- l2  (Fe lder  and Young, 

1972) ' (6) 

o ( ' s )  i O 2  + O + O 2  K7 = 4.3 x 1 0- I '  (Slanger and 

Black,  1973)12 (7) 

Assurning t h a t  t h e  atornic oxygen d i s t r i b u t i o n  i s  i n  photochemical equ i -  

I i b r i u m ,  t h e  5577 8 emiss ion r a t e  i s  g i v e n  by 

where t h e  sauare o racke ts  represen t  number d e n s i t y  i n  ~ r n - ~ .  Then t h e  

z e n i t h  i n t e n s i t y  i n  Ray le ighs  i s  g iven  by 

I n  t h e  case o f  t h e  e x c i t a t i o n  o f  OH, the  hydrogen-ozone rne- 

chanism suggested by Bates and N i c o l e t  ( 1 9 5 0 ) ' ~  i s  t h e  most p rohab le  

process, 

H + 0s .+ OH* *v ;$: 9) + 02 (1 0)  

OH* (v L 9) -+ OH (v=O) + Chv (11) 



Chemical quenching by atomic oxygen i s  a rnain loss process o f  OH, 

OH* + 0 + 0 2  + H  KI2 =4 .0x10 - l1  cm3sec-I (Wilson,1972)"' 

(12) 

I n  the processes (10) t o  (121, hydrogen ac ts  as a c a t a l y s t  

f o r  the  des t ruc t i on  o f  ozone, so tha t  the product ion o f  OH* i s  r e l a -  

ted t o  the dens i t y  o f  ozone. The product ion o f  ozone depends on the 

atomic oxygen concentrat ion as fo l lows:  

1 5  
(~enson  and Axworthy, 1965) (13)  

where M i s  a t h i  r d  body (N, o r  02 )  and T i s  the atmospheric temperatu- 

re. i f  the main loss  process o f  ozone i s  the reac t i on  

a l t i t u d e  of 80 km, the ozone dens i t y  i n  photochemical 

given as 

(1 @ aroiind the 

equ i l  ib r ium i s  

Another poss ib le  mechanism t o  produce the exc i ted  OH i s  a 

react  ion o f  hydroperoxyl w i t h  atomic oxygen (Nicolet ,  1970) 16, 

The energy released by  the reac t ton  (151 i s  su f f  i c i e n t  t o  e x c i t e  the  

OH o n l y  t o  the v i b r a t i o n a l  leve1 equal t o  o r  less  than 6. 

C o l l i s i o n a l  quenching by O 2  and N2 w i l l  be important on the  

lower s ide  of the e m i t t i n g  layer ,  

(1 6: 

OH* + N2 -+ OH + N2 K17 = 3 . 6 ~ 1 0 - l 5  cm3sec-1 ( ~ o r l e y  e t  al., 1972) l7 

(17) 

The OH(8,3) band emission ra te ,  then, consider ing  the cascading t r a n s i -  

t i o n  from u = 9 t o  v < 8, i s  



Where Avlvu represents the  E ins te in  t r a n s i t i o n  probabi 1 i t y  f rom the 

v ib ra t i ona l  l eve l  v '  t o  v", 

Bu represents the r a t e  o f  new e x c i t a t i o n  o f  the  leve l  v ,  Ba = 0.29, 

8, = 0.54 

and ri1 = x,, [O] + X,, [oJ + X,, [NJ : the quenching fac to r .  

Then the! z e n i t h  i n t e n s i t y  o f  OH(8,3) i s  given i n  Rayleighs by 

The ca lcu la ted 5577 8 and OH(8,3) emission p ro f  i les  are  shown 

i n  Fig.3. The appropr iate atomic oxigen dens i ty  p r o f i l e  wastakenfrom 

Fukuyama's ( 1 9 7 4 ) ' ~  model f o r  30O~.  02 and N p  dens i ty  p r o f  i l es a r e  

from Banks and Kockarts (1973) '~ .  The 5577 8 emission has a  peak a t  

around 92 Km, a  w id th  o f  about 10  Km and t o t a l  zen i th  i n t e n s i t y  o f  170 

Rayleighs. On the other hand, the 0Hi8,3) emission has a  peak a t  84 h, 

i s  about 8 Km t h i c k  and the zen i th  i n t e n s i t y  i s  570 Rayleighs. The e- 
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VOLUME EMISSION RATE, PHOTONS CM SEC 

Fig .3  - Calculated profiles of  the volume emission rates of 5577 8 and OH 
( 8 . 3 ) .  

m i  ss ion peaks o f  5577 8 and 0 ~ ( 8 , 3 )  correspond t o  the  peaks o f  the a'to- 

mic oxygen dens i ty  and the ozone product ion ra te ,  respect ive ly ,as  men- 

t ioned prev ious ly .  60th the p r o f i l e s  and i n t e n s i t i e s  o f  the 5577 8 and 

0 ~ ( 8 , 3 )  a re  cons is ten t  w i t h  the r e s u l t s  o f  rocket  measurements (Rogers 

e t  aZ, 1973) ' O  and ground based observat ions (Takahashi e t  .zZ, 1977) '. 

4. DYNAMICAL EFFECTS IN THE EMISSIQN LAYERS 

Only a few s tud ies  have been mace on the e f f e c t  o f  atmosphe- 

r i c  motions on the a.irg1ow i n  the  lower thermosphere. The e f f e c t  o f  
I 

the v e r t i c a l  wind on the 5577 8 emission has been s t u d i t d  by Tohmatsu 

and Nagata (1963) . Gadsden and Marovic? (1 969)22 have examined the  

case o f  pressure wave propagation. The e f f e c t  o f  eddy d i f f u s i o n  o n t h e  

OH emission has been studied by Moreels et aZ. (1977): who showed tha t  



an increase o f  the OH i n t e n s i t y ,  o f  the r i g h t  order o f  magnitude t o  

exp la in  the post-midnight maximum f requen t l y  observed i n  OH, canbeob- 

ta ined by an increase o f  the eddy d i f f u s i o n  c o e f f i c i e n t  by a  f a c t o r  o f  

10. 

l n  t h i s  study we have examined the  i n t e n s i t y  v a r i a t i o n o f  the 

5577 8 and 0 ~ ( 8 , 3 )  emission when a  wavel i k e  dens i ty  v a r i a t i o n  propaga- 

tes through the emission layers .  This k i nd  o f  per t t i rba t ion  can be ex- 

pected t o  r e s u l t  from the propagation o f  g r a v i t y  waves and t l d a l  os- 

c i l l a t i o n s .  The f r a c t i o n a l  pe r tu rba t i on  i n  the dens i ty ,  a t  he ight  Z 

and a t  t ime t, can be w r i t t e n ,  when the phase propagates downwards, 

where T  arid A  represent the per iod  and v e r t i c a l  wavelength o f  the wave 

respec t i ve l y  H i s  the  atmospheric scale he ight .  The exponential fac-  

t o r  i n  the r i g h t  hand s ide  o f  the expressions represents an increase 

o f  ampl i t ude  w i  t h  he ight .  6 n ( ~ ~ )  represents the ampl i tude o f  the  per-  

t u rba t i on  a t  he ight  2,. I n  our c a l c u l a t i o n  we have used a  value o f  0.04 

f o r  t h i s  parameter a t  80 km, based on ca l cu la t i ons  f o r  the  theo re t i ca l  

so lar  semi-diurna1 t i d e  a t  our l a t i t u d e  ( ~ a t i s t a ,  1976 ) '~ .  

I n  Fig.4a., the t ime dependent i n t e n s i t y  v a r i a t i o n s  areshown 

f o r  the case o f  T  = 12 hours and A  = 60 km, represent ing the so lar  se- 

mi-diurna1 t i d a l  o s c i l l a t i o n .  The e f f e c t  o f  a  shor t  wavelength ( A  = 20 

h )  and a  short  per iod (T  = 6 hours) such as might be produced by a  

g r a v i t y  wiive, i s  shown i n  F ig .  46. The i n t e r r e l a t i o n s h i p  between ver-  

t i c a l  w a v e l e r ~ t h  and the amplitude of the a i rg low  v a r i a t i o n s  i s  shown 

i n  F ig .  5. The v a r i a t i o n s  o f  the in tegra ted emission i n t e n s i t y i s  small 

when the wavelength i s  less than o r  o f  the order  o f  the w id th  o f  the 

em i t t i ng  region.  As a  r e s u l t  o f  t h i s ,  the pe r tu rba t i on  i n  OH a re  grea- 

t e r  than those i n  5577 8 f o r  very shoi t wavelength, because of the nar-  

rower emi t t i n g  region.  For wavelengths greater  than 17 Km the 5577 8 
v a r i a t i o n  i s  greater  than the OH. This i s  mainly a  r e s u l t  o f  the ex- 

ponent ia l  growth o f  the  wave ampl i tude w i t h  he ight ,  together w i t h  the 

d i f f e rence  o f  10 Km i n  the he ight  o f  emission. 

For longer wavelengths greater  than about 100 Km, the in ten-  

s i t y  v a r i a t i o n s  reach t h e i r  maximum o f  70% i n  the case o f  5577 8 and 
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w i t h  d i f f e r e n t  v e r t i c a l  w a v e l e ~ g t h s  ( h ) .  



30% f o r  the O~(8 ,3 )  (assuming an 8% peak t o  peak v a r i a t i o n  i n  atmos- 

pher ic dtonsity a t  80 h). These r e l a t i v e  amplitudes a re  i n  agreement 

w i t h  the observed v a r i a t i o n .  When we l l  co r re la ted  va r i a t i ons  o f  shor t  

per iod arid thus presumably o f  shor t  v e r t i c a l  wavelength, a re  observed, 

the amplitude o f  the OH o s c i l l a t i o n  i s  equal t o  o r  greater  than t h a t  

o f  the 5577 8. An example o f  t h i s  may be found i n  F ig .  1 ,  f o r J u l y 2 5 ,  

19@. This again i s  i n  agreement w i t h  the r e s u l t s  o f  the  model ca lcu-  

l a t  ions. 

I t  would appear, then, t h a t  a major p a r t  o f  the nocturnal  

va r i a t i ons  observed i n  the 5577 8 and OH emissions can be explained on 

the basis the downwards phase propagation o f  atmospheric dens i t y  per- 

tu rbat ions .  The longer per iod  (more than 6 hours) f l uc tua t i ons  appear 

t o  correspond t c  so lar  t i d a l  o s c i l i a t i o n s ,  and the shor ter  per iods t o  

i n te rna l  g r a v i t y  waves. 

5. CONCLUSIONS 

On the basis o f  18 n igh ts  o f  observations we f i n d  tha t :  

1 .  The c o r r e l a t i o n  c o e f f i c i e n t  between 0 ~ ( 8 , 3 )  and 5577 8 f o r  zero t i -  

me s h i f t  i s  - 0.14. A maximum p o s i t i v e  c o r r e l a t i o n  o f  0.29 i sobse r -  

vedfor  the  5577 8 i n t e n s i t y  taken 2.5 hours before the  OH. 

2. A maxiinum c o r r e l a t i o n  o f  0.60 i s  obtained between ROT and OH (8,3), 
w i t h  ROT leading OH by 1 hour. 

3. A maxirnum c o r r e l a t i o n  o f  0.50 i s  found between ROT and 5577 8 f o r  

zero t ime s h i f t .  On some occasions simultaneous sudden increases i n  

the two parameters have been observed. 

4. The t ime l a g  between the 5577 8 and OH i n tens i  t y  v a r i a t i o n s  can be 

explair ied by the downward propagation o f  a wavel i ke .pe r tu rba t i on  i n  

the atniospheric densi t y .  The r e l a t i v e  ampl i tudes o f  the long per iod  

va r i a t i ons  are  i n  agreement w i t h  the pe r tu rba t i on  being caused by 

the so la r  semi-diurna1 t i d e .  The downward phase propagationobserved 

i n  the shor ter  per iod  o s c i l l a t i o n s  i s  cons is ten t  w i t h  t h e i r  being 

caused by i n te rna l  g r a v i t y  waves produced i n  the lower atmosphere. 



I n  a u r  model c a l c u l a t i c n  we have assumrd t h a t  photochemical 

e q u i l i b r i u v  would be ma io ta ined  i n  the presence o f  a tmospher ic  d e n s i t y  

p e r t i i r b a t i o n s .  Th is  cissumptions should be exarninea more closely, when 

t h e  d is tu rbances  a r e  l a r g e  ano r a p i d  compared t o  t h e  t i m e  cons tan ts  o f  

t h a  chemical r e a c t i o n  processes. 

The a i r ç l o w  data used here  were o b t a i n e d  a t  the  INPE Meteo- 

r o l o g i c a !  Observatory a t  Cachoeira P a u l i s t a .  The a u t h o r s  w i s h  t o  thank 

t h e  s t a f f  o f  t h e  observa to ry  f o r  t h e i r  h e l p  i n  making t h e  observst ions.  
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