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A NIGHT-TIME MEASUREMENT OF OZONE ABOVE 40 KM 

by 
E d i t h  I .  Reed and Reuben Scoln ik  

Goddard Space F l i g h t  Center  
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  

Greenbel t ,  Maryland 

33630 ABSTRACT 

The ozone d i s t r i b u t i o n  between 40 and 70 km 

w a s  measured near  midnight ,  May 27,  1960, from 

Wallops I s l a n d ,  V i r g i n i a  by means of photometers 

s e n s i t i v e  t o  t h e  u l t r a v i o l e t  a i rg low a t  wavelengths 

between 2400 and 2900 A. Be low 60 k m ,  t h e  d e n s i t i e s  

are w i t h i n  a f a c t o r  of t w o  of t h e  daytime photo- 

chemical equ i l ib r ium,  as r e p r e s e n t e d  by Johnson 's  

l a t e  a f t e rnoon  measurement of June 1 4 ,  1949. Above 

60 km, t h e  ozone d e n s i t y  inc reased  w i t h  a l t i t u d e ,  

w i t h  i ts maximum i n c r e a s e ,  a f a c t o r  of 6 over t h e  

' :- 

. I  
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INTRODUCTION 

A t  h igh a l t i t u d e s ,  above t h e  p r i n c i p a l  ozone maximum, 

ozone concen t r a t ion  as a func t ion  of a l t i t u d e  should be 

governed p r i n c i p a l l y  by t h e  presence o r  absence of s u n l i g h t ,  

and vary  i n  a p r e d i c t a b l e  manner from day t o  n i g h t  and 
a b  

from season  t o  season [Chapman, 19301. 

measurement of the  dayt ime p r o f i l e  w a s  a r e s u l t  of s t u d i e s  

The first d i r e c t  

of t h e  sun conducted by t h e  Naval Research Laboratory on 

a V-2 rocke t  i n  1949, Ozone d e n s i t i e s  up t o  70 k m  w e r e  

deduced from s o l a r  s p e c t r a  and were c o n s i s t e n t  w i t h  computed 

photoequi l ibr ium p r o f i l e s  [Johnson, e t  a1 , 19521. Chapman 

a l s o  suggested t ha t  a t  high a l t i t u d e s ,  above t h e  ozone 

-- 

maximum and below the atomic oxygen m a x i m u m ,  ozone would 

i n c r e a s e  a t  n i g h t  as a r e s u l t  of a r e a c t i o n  between atomic 

and molecular  oxygen. Several  have t r e a t e d  t h i s  problem 

numer ica l ly ,  inc luding  Nicole t  [1957] , Bar th  [1961],  G t s c h  

[ 19611 , Paetzo ld  [ 1961 1 ,  Wallace [ 19621, and Hunt [ 1964 ] , 
bu t  w i t h  varying r e s u l t s ,  depending on t h e  set of r e a c t i o n s ,  

r e a c t i o n  rates, and i n i t i a l  concent ra t ions  which were 

chosen. O f  p a r t i c u l a r  d i f f i c u l t y  is t h e  computation of the 

effects of minor c o n s t i t u e n t s  such as hydrogen,ni t rogen 

ox ides ,  and the  hydroxyl r a d i c a l .  

Ground based measurements of ozone conten t  a t  these 

a l t i t u d e s  have not  been s a t i s f a c t o r y .  Measurements of 

t o t a l  ozone con ten t  are not  p a r t i c u l a r l y  h e l p f u l  s i n c e  
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v a r i a t i o n s  i n  the ozone con ten t  below 30 km due t o  a i r  

movements are comparable t o  t h e  expec ted  n i g h t  t i m e  

i n c r e a s e  a t  h igher  a l t i t u d e s .  However, t h e  d iscovery  of 

the u l t r a v i o l e t  a i rg low and a gene ra l  improvement i n  t h e  

techniques of u l t r a v i o l e t  photometry made a n i g h t  t i m e  

measurement of ozone f e a s i b l e .  

I n  1957, t h e  Naval Research Laboratory f l e w  an u l t r a -  

v i o l e t  photometer w i t h  a response  f r o m  2600 t o  2900 A ,  and 

d i d  observe an  u l t r a v i o l e t  a i rg low layer cen te red  a t  101 

k m  [Tousey, 19581. T h i s  had been p r e d i c t e d  from l a b o r a t o r y  

observa t ions  which showed t h a t  t h e  Herzberg bands of molecular  

oxygen, t he  v i s i b l e  end of which had been observed i n  t h e  

a i rg low [Chamberlain, 19551, ex tend  t o  2563 A i n  t h e  u l t r a -  

v i o l e t  [Broida and Gaydon, 19541. But because an unknown 

amount of t h e  observed a i rg low could  be due t o  an  01 l i n e  

a t  2972 A ,  where t h e  f i l t e r  t r ansmiss ion  is still  10% of 

its maximum; t h e  ozone d e n s i t y  could  no t  be determined 

unambiguously. 

I n  May 1960, Goddard Space F l i g h t  Center f lew a number 

of u l t r a v i o l e t  photometers,  i n c l u d i n g  some whose f i l t e r s  

were centered  a t  2620 A and narrow enough so t h a t  the  

abso rp t ion  cross s e c t i o n  of ozone v a r i e d  by only  50% over 

t h e  bandwidth of the f i l t e r .  These d a t a ,  when i n t e r p r e t e d  

w i t h  t h e  a i d  of an airglow spectrum ob ta ined  by T. S techer  

(of GSFC), provide  an ozone d e n s i t y  p r o f i l e  between 40 and 

70 k m .  

' i  

.- c 
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INSTRUMENTATION 

NASA Aerobee 4.05, one of a series of payloads 

designed fo r  s te l lar  photometry [Boggess, 19611, conta ined  

three p a i r s  of p h o t o e l e c t r i c  photometers,  each p a i r  mounted 

120 degrees a p a r t  around t h e  rocke t  a x i s  (See F igu re  1) 

look ing  o u t  a t  three d i f f e r e n t  angles  t o  t h a t  axis :  

nominal ly ,  75O, 90°, and 1 0 5 O .  One photometer of each 

p a i r  w a s  s e n s i t i v e  t o  l i g h t  i n  t h e  s p e c t r a l  r eg ion  cen te red  

near  2620 A ,  w h i l e  t h e  response of t h e  o t h e r  w a s  cen te red  

near  2260 A ,  but w i t h  t h e i r  o p t i c a l  axes  p a r a l l e l .  Each 

p a i r  w a s  mounted on a removable door ,  which ,  when i n s t a l l e d ,  

became an i n t e g r a l  p a r t  of the rocket s k i n .  S ince  t h e  

p r i n c i p a l  purpose of t h i s  ins t rumenta t ion  w a s  u l t r a v i o l e t  

s tar  spec t roscopy ,  2620 A photometers w e r e  p r e f e r r e d  t o  

t h e  2680 A ones ( t o  reduce  ambiguity i n  t h e  i n t e r p r e t a t i o n  

of s te l lar  d a t a  due t o  t h e  s t r o n g  magnesium double t  a t  

2800 A ) .  However, t o  correlate the d a t a  f r o m  t h i s  f l i g h t  

w i t h  t h a t  of earlier f l i g h t s ,  one 2680 A photometer w a s  

inc luded .  

photometers ,  and also looked a t  90° w i t h  r e s p e c t  t o  t h e  

r o c k e t  a x i s .  

Th i s  w a s  mounted on t h e  door con ta in ing  t h e  90° 

The o p t i c a l  system of each photometer w a s  s i m i l a r  

and is shown i n  F igu re  2. Calcium f l u o r i d e  w a s  used for 

a l l  l e n s e s  i n  t he  2260 A u n i t s ;  q u a r t z  fo r  those  i n  t he  

2620 and 2680 A photometers. 

width of between 4 t o  5O. 

The f i e l d  of view had a t o t a l  
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I s o l a t i o n  of t h e  2600 A r e g i o n  w a s  achieved by 

combining two m i l l i m e t e r s  of 0.05% lead-doped KC1:KBr 

(1:l) c rys t a l  w i t h  Cation-X i n  t h i n  sheets  of po lyvinyl  

a l coho l  [Ch i lds ,  19611. Three m i l l i m e t e r s  of n i c k e l  s u l f a t e  

hexahydrate provided a sha rp  c u t o f f  f o r  longe r  wavelengths;  

one Corning #7-54 and one Corning 9-54 f i l t e r  sharpened t h e  

shorter wavelength c u t o f f .  A t y p i c a l  f i l t e r  had a t r a n s -  

mi t tance  of 0.18, an e f f e c t i v e  wavelength of 2620 A and a 

200 A bandwidth. 

The 2700 A f i l t e r  c o n s i s t e d  of three Corning 7-54 

f i l t e r s ,  one sheet of Cation-X and 5 m i l l i m e t e r s  of n i c k e l  

s u l f a t e  hexahydrate. I t  had an e f f e c t i v e  wavelength of 

2680 A ,  a t r ansmi t t ance  of 0.16, and a bandwidth of 320 A .  

The r e l a t i v e  s p e c t r a l  response  of t h e  f i l t e rs  ( s e e  

F igure  4)  w a s  measured by C. C h i l d s ,  former ly  of t h i s  

l a b o r a t o r y ,  w i t h  a r e c o r d i n g  spec t rophotometer ,  C a r y  Model 

#14, w i t h  an  a n a l y t i c a l  accuracy of & of 1% f o r  r e l a t i v e  

s p e c t r a l  t r ansmiss ion ,  a wavelength c a l i b r a t i o n  of 4A, and 

a r e s o l v i n g  power of 1 A .  Over t h e  wavelength r e g i o n s  covered 

by each f i l t e r ,  t h e  p h o t o m u l t i p l i e r  w a s  assumed t o  have a 

cons t an t  s e n s i t i v i t y  and t h e  l e n s e s  a c o n s t a n t  t r a n s m i s s i v i t y .  

The r e l a t i v e  response of t h e  photometers w a s  determined by 

use  Of t he  2537 A l i n e ,  t o  which a l l  three types  of photo- 

meters respond w i t h  an e a s i l y  measured s i g n a l .  
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3 A photometer used RCA's  well-known 1P28 as 

a d e t e c t o r ;  a l l  others used EMI's #6256B, an end-on fused  

s i l i ca  window m u l t i p l i e r  w i t h  cesium antimonide photo- 

cathode.  A solenoid-operated s h u t t e r  between t h e  f i e l d  

s t o p  and m u l t i p l i e r  gave o p t i c a l  zero s i g n a l s  s e v e r a l  t i m e s  

dur ing  the  f l i g h t .  The 1P28 and 6256B's were opera ted  a t  

1000 and 1200 v o l t s  r e s p e c t i v e l y ;  each detector had its 

own s o l i d  s ta te  DC t o  DC i n v e r t e r  power source  w i t h  a 

r e s i s t o r  d i v i d e r  network a t  the base of each m u l t i p l i e r .  

Each pho tomul t ip l i e r  output w a s  ampl i f ied  t o  t h e  zero 

t o  f i v e  v o l t  range r equ i r ed  by t h e  t e l e m e t r y  s y s t e m  wi th  what 

w a s  e s s e n t i a l l y  an impedance converter .  Designed by 

G. Baker of t h i s  l a b o r a t o r y ,  t h e  conver te r -ampl i f ie r  had 

an e l ec t rome te r  tube (5886) input  s t a g e  and ended w i t h  an 

emitter f o l l o w e r ,  w i t h  an o v e r a l l  vo l t age  ga in  of 2.5 f o r  

s m a l l  s i g n a l s .  I t  w a s  purposely non-l inear  i n  order t o  

extend t h e  dynamic range. A t y p i c a l  c a l i b r a t i o n  curve is 

shown i n  Figure 3. The output  vo l t age  went d i r e c t l y  t o  

a p u l s e  p o s i t i o n  modulation te lemetry t r a n s m i t t e r  which 

r e l a y e d  t h e  d a t a  t o  the ground r e c e i v i n g  equipment. 

BASIC DATA 
, - .  

. . 
Aerobee-Hi NASA 4.05 w a s  launched a t  0030 EST on 

May 27, 1960 from Wallops I s l a n d ,  V i rg in i a  (37O50' N ,  75O 

29' W) . The veh ic l e  performance w a s  normal: p ropuls ion  

ended a t  52.4 sec after launch a t  an a l t i t u d e  of 36.6 km 
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w i t h  a v e r t i c a l  v e l o c i t y  of 1.84 km/sec and a h o r i z o n t a l  

v e l o c i t y  of .260 km/sec a t  a n  azimuth of 1 1 1 O .  The r o c k e t  

spun about its l o n g i t u d i n a l  a x i s  a t  a ra te  of 2.16 r p s  and 

soon en te red  a p r e c e s s i o n  cone of 5.7O ha l f  a n g l e ,  whose 

a x i s  was 15.6O from z e n i t h  a t  an azimuth of 96O: w i t h  a 

per iod  of 75 sec. Aspect du r ing  t h e  a s c e n t  and f r e e - f a l l  

p o r t i o n s  of t h e  f l i g h t  w a s  determined f r o m  a combination 

of da t a  from magnetometers, t r a j e c t o r y  in fo rma t ion ,  and 

horizon and  s t a r  data from t h e  photometers.  Down-leg 

aspec t  could not  be determined w i t h  u s e f u l  accuracy below 

t h e  f ree-fal l  r eg ion .  A peak a l t i t u d e  of 215.3 f 0.2 km 

w a s  reached 249.4 seconds a f te r  launch.  Telemetry ceased 

a t  468 sec; no recovery  of i n s t rumen ta t ion  w a s  a t tempted.  

I n  F igu re  5 is a sample o f  t h e  t e l e m e t r y  r e c o r d  from 

t w o  of t he  photometers fo r  a p e r i o d  corresponding t o  three 

r e v o l u t i o n s  of t h e  v e h i c l e ,  w h i l e  t h e  a i rg low l a y e r  is 

sti l l  above the  rocket. S ince  these photometers are n e a r l y  

perpendicular  t o  t h e  rocket a x i s ,  t h e  z e n i t h  ang le  of t h e  

photometer a x i s  changes from a minimum (76O f o r  t he  t i m e  

i n  Figure 5) as t h e  photometer p o i n t s  skywards, through 

90° as it scans  the  ho r i zon ,  and t o  a maximum of looo as 

it  p o i n t s  earthward. Ozone is r e l a t i v e l y  opaque around 

2600 A ,  and t h e  a i rglow i n  F igure  5 can be seen  only when 

t h e  z e n i t h  ang le  of t h e  photometer is n e a r  a minimum. 
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The ozone is r e l a t i v e l y  t r anspa ren t  t o  t h e  l i g h t  passed by 

t h e  2260 A f i l t e r ,  and t h e  br ighten ing  of t h e  a i rglow a t  

t h e  hor izons  can be clearly seen.  (The l i g h t  is probably 

of wavelengths longer  than  2700 A ,  passed through t h e  long 

wavelength t a i l  of t h e  2260 A f i l ter . )  The southern  

horizon appears  wider because it  is merged w i t h  s e v e r a l  

b r i g h t  stars i n  t h e  Milky Way. A s  t h e  v e h i c l e  increased 

i n  a l t i t u d e ,  t he  s i g n a l  from t h e  2620 A photometer resembled 

t h a t  from t h e  2260 A photometer,  w i t h  b r igh t  horizons,  a 

less b r i g h t  sky  toward z e n i t h ,  and a dark earth. Above the  

a i rg low l a y e r ,  t h e  s k y  w a s  dark (except  for  t h e  b r i g h t e r  

stars) and the  e a r t h  appeared l i g h t .  The no i se  i n  t h e  r eco rd  

is due p a r t l y  t o  the photomul t ip l ie r  and p a r t l y  t o  stars. 

The records were read a t  t h e  midpoint between hor izons ,  and 

analyzed t o  y i e l d  both a d i s t r i b u t i o n  of ozone w i t h  a l t i t u d e  

and t h e  volume emission of the airglow ve r sus  a l t i t u d e .  

The data obta ined  i n  t h e  reg ion  of i n t e r e s t  is shown 

i n  Figure 6 .  Data f r o m  3 of t h e  7 photometers proved t o  

be u s e f u l  for  ozone measurements. The pas s  band of t h e  

three 2260 A photometers w a s  too wide  t o  permit  an  a c c u r a t e  

de te rmina t ion  of an e f f e c t i v e  c r o s s  s e c t i o n  for  ozone; t h e  

down looking  2620 A photometer could not  see the  airglow 

w h i l e  t h e  v e h i c l e  w a s  below the  airglow l a y e r .  Data p o i n t s  

f o r  the  photometers are shown to i n d i c a t e  the scatter i n  

t h e  raw data. As would be expected, t h e  scat ter  increased  

i 
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r a p i d l y  as t h e  s i g n a l  rose i n t o  t h e  non-l inear  p o r t i o n  

of t h e  a m p l i f i e r  response  curve.  I n  a d d i t i o n  t o  the 

d a t a ,  t h e  angle  of t h e  r o c k e t ' s  l o n g i t u d i n a l  a x i s  w i t h  

r e s p e c t  t o  local  z e n i t h  is g iven .  The rocket took a 

s p i r a l  p a t h  with a 

na t ion  (52 .4  sec) u n t i l  it e n t e r e d  its r e g u l a r  p recess ion  

z e n i t h  ang le  of 8O a t  t h r u s t  t e r m i -  

cone of mot ion  a t  about 75 seconds.  

OZONE 

The ozone con ten t  of t h e  atmosphere is ob ta ined  from 

the ra te  of i n c r e a s e  of t he  a i rg low s i g n a l  as t h e  v e h i c l e  

rose, The energy observed is related t o  t h e  ozone d e n s i t y  

i n  t h e  fo l lowing  manner: 

3 where n(03) is t h e  number of ozone molecules pe r  c m  

hl and h2 are t h e  lower and upper ends of t h e  

a l t i t u d e  i n t e r v a l ,  

El and E2 are e n e r g i e s  observed a t  t he  corresponding 

a l t i t u d e s ,  
19 cm-3 n is Loschmidt 's  number, 2.687 x 10 9 

Y i s  t h e  ang le  between t h e  photometer a x i s  and 

z e n i t h ,  and 
-1 a is t h e  abso rp t ion  c o e f f i c i e n t ,  c m  , base 10. 
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T h i s  w a s  app l i ed  t o  t h e  smooth curves i n  Figure 6 a t  

one-second i n t e r v a l s .  

S ince  t h e  c r o s s  s e c t i o n  of ozone v a r i e s  apprec iab ly  

. over t he  wavelength i n t e r v a l  passed by each f i l t e r ,  some 

I -  assumption must be made concerning t h e  spectrum of the airglow. 

For t h i s  purpose,  t h e  spectrum observed by T. Stecher  ( p r i v a t e  

communication) was used,  and t h e  abso rp t ion  c o e f f i c i e n t ,  a ,  

computed f o r  each photometer where 

C Ei Ri ai 
a =  

C Ei Ri 

where Ei is t h e  energy i n  a p a r t i c u l a r  wavelength i n t e r v a l ,  i, 

Ri is t h e  corresponding r e l a t i v e  t ransmiss ion  of t h e  

f i l t e r ,  and 

a is t h e  corresponding absorp t ion  c o e f f i c i e n t .  i 

The abso rp t ion  c o e f f i c i e n t s  used were from t h e  t a b u l a t i o n  

of Inn and Tanaka [1953, 19591 which i n  t h e  r eg ion  of 

i n t e r e s t  here are about 10% higher than  those  of Vigroux 

- 

E19531 and 1 o r  2 

[1964].  

l o w e r  than those of DeMore and Raper 

The e f f e c t i v e  absorp t ion  c o e f f i c i e n t s  c a l c u l a t e d  

on t h i s  basis are: 

113.8 cm-l; and 2680 A (88.5'), 79.48 c m - l .  

2620 A (88.3'1, 114.4 cm-'; 2620 A (74.8O1, 

- -  The r e s u l t i n g  ozone dens i ty  is shown i n  F igure  7 as 

a f u n c t i o n  of a l t i t u d e .  I t  is f e l t  t h a t  t h e  s p e c t r a l  

characteristics of t h e  photometers,  t h e  airglow and the 



Page 1 2  

ozone abso rp t ion  c o e f f i c i e n t  are s u f f i c i e n t l y  w e l l  known 

such t h a t  t h e y  c o n t r i b u t e  no more than  a t o t a l  of about 

20% unce r t a in ty  t o  t h e  number d e n s i t y  of ozone. This  

would be a systematic e r r o r  which would no t  affect  t h e  

shape of t h e  curve.  

The angle  of t h e  photometers w i t h  r e s p e c t  t o  z e n i t h  

could e a s i l y  c o n t r i b u t e  an u n c e r t a i n t y  of 20% t o  both  

the a b s o l u t e  and r e l a t i v e  v a l u e s  of t he  ozone d e n s i t i e s .  

I t  is based upon magnetometer data and t h e  assumption 

tha t  a t  t h e  end of t h r u s t  t h e  r o c k e t  a x i s  was a l i g n e d  w i t h  

t h e  v e l o c i t y  v e c t o r .  

The largest source  of errof is i n  t h e  character of 

t h e  data,  wh ich  c o n t a i n s  no i se  from t h e  pho tomul t ip l i e r  

dark c u r r e n t ,  s t ray  p u l s e s ,  and stars. I t  is d i f f i c u l t  

t o  separate t h i s  from t h e  p o s s i b l e  temporal and s p a t i a l  

v a r i a t i o n s  of t h e  a i rglow i t s e l f .  A temporal v a r i a t i o n  

could be r e s p o n s i b l e  for some of t h e  shape of t h e  cu rve ,  

bu t  is is u n l i k e l y  t ha t  t h e  a i r g l o w  would vary  s u f f i c i e n t l y  

i n  t h e  16 seconds of t i m e  t h a t  t h e  ozone curve  r e p r e s e n t s ,  

t o  be r e spons ib l e  f o r  its major f e a t u r e s .  S p a t i a l  v a r i a t i o n  

is not  thought t o  be a major sou rce  of u n c e r t a i n t y  i n  t h e  

data s i n c e  t h e  numbers de r ived  from t h e  t w o  photometers 

which  were looking  a t  d i f f e r e n t  p o r t i o n s  of t h e  s k y  agree 

reasonably w e l l .  The magnitude of t h e  n o i s e - l i k e  errors 
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is apparent  from t h e  scatter of p o i n t s  about t h e  

curve  and is on t h e  order of 50%. 

For comparison t h e  daytime ozone d i s t r i b u t i o n  as 

measured by abso rp t ion  of the  solar s p e c t r a  between 2500 

and 3400 A [Johnson, e t  a l ,  19521 is shown. The daytime 

p r o f i l e  w a s  computed u s i n g  t h e  ozone abso rp t ion  c o e f f i c i e n t s  

of Ny and Choong [1933], which i n  t h e  s p e c t r a l  r e g i o n  of 

i n t e r e s t  are 10  t o  15% higher  than  those of Inn and 

Tanaka used for  the n i g h t  t i m e  p r o f i l e .  

-- 

- 

The m o s t  important  f e a t u r e  of the  p r o f i l e  is t h e  

f a c t o r  of 6 i n c r e a s e  i n  ozone d e n s i t y  over the daytime 

p r o f i l e  above 60 km. While t h i s  may be i n  error by 50% 

or more, it is be l i eved  t h a t  t h e  shape of the  curve does 

i n d i c a t e  an i n c r e a s e  of ozone d e n s i t y  a t  n i g h t  i n  t h i s  

r e g i o n ,  and t h a t  i t  is on the  o r d e r  of a h a l f  of a magnitude. 

Techniques are be ing  developed by v a r i o u s  workers t o  

use  satel l i tes  f o r  the measurement of ozone i n  t h i s  r eg ion .  

Venkateswaran [1961], observed the  s u n l i g h t  reflected 

f r o m  Echo I as it emerged from t h e  ear th ' s  shadow, u s i n g  

v a r i o u s  wavelength p a i r s  between 4700 and 7000 A. His 

r e s u l t s  above 55 k m  are about a f a c t o r  of 15 h igher  than  

t h e  measurements by Johnson, e t  a l .  However Venkateswaran 

[1963] s ta tes  t h a t  t h i s  method probably g i v e s  too high 

-- 

v a l u e s  a t  l e v e l s  above t h e  p r i n c i p a l  ozone maximum. 
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The second type  of obse rva t ion  w a s  made a t  s u n r i s e  

and sunse t  by a s a t e l l i t e  borne radiometer w i t h  a response  

c e n t e r  a t  about 2630 A [Rawcl i f fe ,  -- e t  a l ,  19631. 

k m  h i s  da t a  are about 20% lower than  Johnson 's ,  b u t  

A t  60 

approach Johnson's data, and above 80 k m  are somewhat 

h igher  than t h e  t r e n d  of Johnson's data. 

I t  is expected t h a t  t h e  n i g h t  t i m e  v a l u e s  would be 

higher .  The magnitude of t h e  effect ,  besides depending 

on r e a c t i o n s  among t h e  v a r i o u s  oxygen species and t h i r d  

bod ies ,  depends c r i t i c a l l y  on such t h i n g s  as the  i n i t i a l  

hydrogen concen t r a t ions  chosen [Bates  and Nicole t ,  1950, 

and Wallace, 19621 and p o s s i b l e  r e a c t i o n s  invo lv ing  atomic 

n i t rogen  [Bar th ,  19611. Perhaps t h e  most r e c e n t  computation 

of ozone d e n s i t i e s  has been done by B. G. Hunt [1964] us ing  

an  atmosphere i n  which he assumes t h e  only  r e a c t i v e  

c o n s t i t u e n t  is oxygen. (The effects  of atomic n i t r o g e n  

and hydrogen would be t o  lower t h e  c a l c u l a t e d  0 and O3 

concen t r a t ions . )  Between 40 and 50 k m ,  Hunt 's  curve  fo r  

j u s t  before  s u n r i s e  c o n d i t i o n s  is as much as 30% lower than  

Johnson's daytime p r o f i l e ,  crosses it a t  53 k m ,  and reaches 

a maximum va lue  of 5 x l o l o  molecules  of o3 per c m  a t  

69 km. 

AIRGLOW 

. .. 
+ 

The other  p r i n c i p a l  r e s u l t  f r o m  t h e  a n a l y s i s  of data 

f r o m  these photometers is informat ion  concerning t h e  

d i s t r i b u t i o n  of t h e  a i rg low.  Volume emission can be deduced 
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f r o m  t h e  d a t a  obtained as t h e  v e h i c l e  pas ses  through 

t h e  e m i t t i n g  reg ion .  The energy c a l i b r a t i o n  of t h e  

photometers has been used i n  prepar ing  these curves ,  

(F igure  8 )  so that t h e y  do r i g h t l y  r e p r e s e n t  t h e  r e l a t i v e  

energy i n  t h e  p o r t i o n  of t h e  spectrum passed by t h e  

d i f f e r e n t  f i l ters .  Ten a r b i t r a r y  u n i t s  r e p r e s e n t  on t h e  

-1 orde r  of one photon cmm3 sec 

measured by t h e  2680 A photometer is 2.3 t i m e s  t h a t  sensed 

by t h e  2620 A photometers.  The a i rg low measured by t h e  

2260 A photometers is 0.15 t i m e s  t h a t  of t h e  2620 A 

photometers;  nea r ly  a l l  t h e  energy measured by t h e  2260 A 

photometers has come through a long wavelength t a i l  of 

t h e  f i l ters .  This  p a t t e r n  is completely c o n s i s t e n t  wi th  

per  A. The airglow as 

a spectrum of t h e  airglow horizon obta ined  by T. S techer  

w i t h  a spec t rograph  f lown a t  0030 local t i m e  on J u l y  1 9 ,  

1963. 

The 2680 A f i l t e r  w a s  similar i n  cons t ruc t ion  and 

characteristics t o  those  flown i n  March 1957 [Tousey, 19581 

and November 1959 [Friedman, 1961, Packer ,  19611. The 

a l t i t u d e  of maximum emission were 101 and 96 km r e s p e c t i v e l y ,  

compared t o  92 km f o r  t h i s  f l i g h t .  The z e n i t h  i n t e n s i t y  

f o r  t h e  1957 f l i g h t  w a s  3.4 r a y l e i g h s  per  Angstrom (Dunkelman, 

p r i v a t e  communication) and f o r  t h e  1959 f l i g h t  w a s  1.94 

r a y l e i g h  pe r  Angstrom. 

Aerobee 4.05 w a s  somewhat b r i g h t e r ,  bu t  w i t h i n  a factor of 

The  a i rglow during t h e  f l i g h t  of 

10 of these va lues .  
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The br ighter  stars and t h e  Milky Way were r e a d i l y  

noted  i n  t he  r eco rds  as t h e  photometer scanned a c r o s s  

t h e  sky.  The s i g n a l  i n  t h e  absence of obvious stars 

i n d i c a t e d  t h a t  less than  15% of t he  l i g h t  f r o m  extended 

sources  o r i g i n a t e d  above t h e  emission l a y e r  i n d i c a t e d  

i n  Figure 8 .  
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Figure 1. 

Figure 2. 

Figure 3. 

Figure 4 .  

Figure 5 .  

Figure 6 .  

Figure 7 .  

Figure 8 .  

FIGURE CAPTIONS 

Location of photometers on Aerobee 4 . 0 5 .  

Optical-electrical schematic of a photometer. 

Spectral characteristics of flight filters. 

Calibration curve for converter-amplifier. 

Sample of telemetry record showing roll modulation 

of the airglow signal. Increasing signal represents 

increasing light. 

Data from three photometers during the ascent of 

the rocket. The zenith angle is the angle between 

the longitudinal axis of the rocket and local zenith; 

the angle stated f o r  each photometer is the angle 

between the photometer's optical axis and the 

rocket's longitudinal axis. 

Altitude distribution of ozone. 

Altitude distribution of the ultraviolet emission. 
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