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ROCKET RELEASE OF TRIETHYL BORON 

By Jerome Pressman 
GCA Corporat ion 

SUMMARY 

This r e p o r t  d e s c r i b e s  a n  experiment i n  which two r o c k e t s ,  each c a r r y i n g  
a compound payload c o n s i s t i n g  of a c a n i s t e r  of t r i e t h y l  boron (TEB) and a 
55772 photometer were used t o  probe t h e  atomic oxygen region.  One was f i r e d  
a t  t w i l i g h t  February 21, 1968 and one du r ing  t h e  n i g h t  of February 26, 1968, 

The n igh t t ime  f l i g h t  r e p o r t e d  a p r o f i l e  of t h e  55772 emission which had 
a s h a r p e r  lower boundary, a more r a p i d  decrease wi th  h e i g h t  and thus  a much 
sma l l e r  half-width than  previous s i m i l a r  a l t i t u d e  p r o f i l e  measurements. The 
d i f f e r e n c e s  a r e  so  g r e a t  t h a t  t h e  new measurements r e q u i r e  v e r i f i c a t i o n  
even though they more c l o s e l y  resemble t h e  t h e o r e t i c a l l y  expected p r o f i l e .  
No  TEB chemiluminescence was observed. This i s  due e i t h e r  t o  a malfunct ion 
of t h e  r e l e a s e  mechanism o r  a c t u a l  l ack  of chemiluminescence i n  c o n t r a d i c t i o n  
with l a  bora t o r y  da t a  . 

The t w i l i g h t  t r a i l  gave a f luo rescence  a t  l e a s t  a s  b r i g h t  a s  t h a t  of 
TMA. 

t i o n  u n l i k e  t h e  o t h e r  t r a n s i t i o n s  a s s igned  t o  t h e  X - A s t a t e s .  

A new BO2 band, n o t  observed i n  previoug t w i l i g h t  spec rum was recorded. 
The band i s  a t  4072.2g and a s s igned  t o  the  X TI% - B 2,1?, 0 0 - 080 t r a n s i -  
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I. INTRODUCTION 

This r e p o r t  d e s c r i b e s  a n  experiment i n  which two rocke t s  c a r r y i n g  a 
compound payload c o n s i s t i n g  of a c a n i s t e r  of T r i e t h y l  Boron (TEB) and a 
5577g photometer were used t o  probe t h e  atomic oxygen region.  
f i r e d  a t  t w i l i g h t  on February 2 1 ,  1968 and one du r ing  t h e  n i g h t  of 
February 26, 1968. I n  a n  e a r l i e r  phase a rocke t  w a s  f i r e d  on t h e  n i g h t  
of March 30, 1967 bu t  a t e l e m e t r y  f a i l u r e  prevented a s u c c e s s f u l  f l i g h t .  
I n  t h e  February 2 1 ,  1968 f l i g h t ,  t h e  TEB t w i l i g h t  release w a s  s u c c e s s f u l  
but  t h e  photometer malfunctioned. I n  t h e  subsequent n i g h t  launching 
t h e  photometer w a s  s u c c e s s f u l ,  bu t  t h e r e  w a s  no i n d i c a t i o n  of TEB chemi- 
luminescence. 

One w a s  

P re l imina ry  a n a l y s i s  of t h e  d a t a  i n d i c a t e s  t h a t  t h e  photometer des ign  
w a s  s u f f i c i e n t l y  unique so t h a t  a very s h a r p  lower edge of t h e  557743 (oxygen 
green l i n e )  e m i t t i n g  r e g i o n  was measured i n  accord with theory.  The TEB 
t w i l i g h t  t r a i l  appeared a t  l e a s t  a s  b r i g h t  a s  t h a t  of TMA and succ s s f u l  
w i  d measureme ts  were made. X II0g - 
r e l e a s e  spectrum. 

5 In  t h e  s p e c t r a  a new band of t h e  
B ’Y’, 080 - 0 % 0 t r a n s i t i o n  of BO2 was observed f o r  t h e  f i r s t  t i m e  i n  a 

The gene ra l  n a t u r e  of t h e  program and the  conceptual  design and t h e  
experimental  p l an  is contained i n  Sec t ion  I1 while  Sec t ion  I11 inc ludes  
t h e  o r i g i n a l  experimental  design ( p r i o r  t o  t h e  March 30, 1967 f i r i n g ) .  
I n  S e c t i o n  I V  i s  given a summary of t he  p o s t - f i r i n g  d i agnos i s  of t h a t  
launch while  i n  Sec t ion  V i s  given a d e s c r i p t i o n  of t h e  payload r e d e s i g n  
and f a b r i c a t i o n  f o r  t he  two subsequent f l i g h t s .  F i n a l l y  i n  Sec t ion  V I  is 
fu rn i shed  d e t a i l s  of t h e  r o c k e t  f i r i n g  d a t a  and conclusions t h e r e t o  of t h e  
February 1968 launches. These conclusions a r e  based on a p re l imina ry  
a n a l y s i s .  The night- t ime r e l e a s e  of TEB i s  f o r  t h e  purpose of o b t a i n i n g  
improved da ta  of winds, t u r b u l e n c e - l i k e  s t r u c t u r e ,  and r e l a t i v e  concentra-  
t i o n  of atomic oxygen. Such d a t a  a r e  of i n h e r e n t  va lue  i n  extending our  
knowledge of space and t i m e  v a r i a t i o n  of such v a r i a b l e s .  The number of such 
measurements i s  a s  y e t  q u i t e  l i m i t e d .  TEB was s e l e c t e d  on the  b a s i s  of 
l a b o r a t o r y  measurements (see below) as having weight advantage over “MA. 

2 



11. OUTLINE OF PROGRAM 

A. Conceptual Design 

1. - This experiment involved t h e  f i r i n g  of t w o  Nike Ap 

c o n s i s t i n g  of a c a n i s t e r  of t r i e t h y l b o r o n  (TEB) and a narrow- 
rocke t s  , i g h t  and one a t  t w i l i g h t .  Each rocke t  conta ined  a com- 
bined pay 
band spec ia l -purpose  photometer designed t o  look upward f o r  measuring t h e  
atomic oxygen emission a t  5577x. Inc lus ion  of t h e  photometer permits  ( to  
some e x t e n t )  a c r o s s  c o r r e l a t i o n  of t h i s  a i rg low wi th  t h e  c mica1 r e l e a s e  
luminosi ty .  
included a 55778 photometer a s  we l l  a s  a F a s t i e  spec t rometer  f o r  measuring 
t h e  chemical r e l e a s e  s p e c t r a .  

I n  a d d i t i o n  t o  four  camera s i t e s ,  t he  ground equipment a l s o  

The two rocke t  experiments u s ing  t h e  Nike Apache, one a t  n i g h t  and one 
a t  t w i l i g h t ,  r ep resen ted  a m u l t i p l e  measurement experiment possess ing  inne r  
c o r r e l a t i o n  because of t h e  s imultaneous measurement of s e v e r a l  v a r i a b l e s  
and proposing t o  e l u c i d a t e  some of t h e  major p r o p e r t i e s  of t h e  s t a t e  of t h e  
upper atmosphere from approximately 80 t o  140 km. The n ight t ime experiment 
has  f o r  i t s  aim t h e  measurement of 55778 on the  way up and r e l e a s e  of TEB 
in  a t r a i l  on t h e  way down. In  t h i s  p a r t i c u l a r  arrangement,  t h e  photometer 
can  make measurements of t h e  normal 55778 emission unpol lu ted  by t h e  TEB 
chemiluminescence o r  f luorescence .  Fu r the r ,  no r i s k  was seen  of t h e  TEB 
c o a t i n g  o r  d a m  ng t h e  o p t i c a l  ins t ruments .  

The measurement of t h e  v e r t i c a l  d i s t r i b u t i o n  of 5577R i s  a b a s i c  one 
of i n t r i n s i c  va lue  i n  i t s e l f .  Such measurements do n o t  e x i s t  i n  s a t i s -  
f a c t o r y  number and q u a l i t y ,  so  t h a t  t h e  space  and t ime v a r i a t i o n  of t h e  
v e r t i c a l  d i s t r i b u t i o n  of 55778 i n  t h e  upper atmosphere i s  no t  d e f i n i t i v e l y  
demarcated a t  t h i s  t i m e .  Consequently,  t h e  mechanism of t h i s  emission is  
not  w e l l  e s t a b l i s h e d .  

The n ight t ime r e l e a s e  of TEB was intended t o  provide improved d a t a  
of winds, t u rbu lence - l ike  s t r u c t u r e  and r e l a t i v e  concen t r a t ion  of atomic 
oxygen. 
of the  space  and t i m e  v a r i a t i o n  of t h e s e  v a r i a b l e s  s i n c e  t h e  number of such 
measurements is a s  y e t  q u i t e  l imi t ed .  TEB was s e l e c t e d  on t h e  b a s i s  of 
l a b o r a t o r y  measurements ( see  below) a s  having weight advantages over  TMA. 

Fu r the r ,  a c r o s s  c o r r e l a t i o n  was roposed t o  be made of t h e  v e r t i c a l  

Such da ta  a r e  of i n t r i n s i c  va lue  i n  f u r t h e r  ex tending  our  knowledge 

v a r i a t i o n  of t h e  i n t e n s i t y  of t h e  5577 P emiss ion  and t h e  TEB (or a t e r n a t e )  
luminod i t ch a cross c o r r e l a t i o n  would be advantageous to e l u c i -  
d a t i n g  t h e  mechanism of both emissions al though p r imar i ly  i t  is  t h e  organo- 
m e t a l l i c  emission which s t a n d s  i n  g r e a t e r  need of c l a r i f i c a t i o n .  

3 



The twilight flight had an identical payload measuring 557711 on the 
way up and releasing the TEB (or alternate) on the way down. The measure- 
ment of 557711 during twilight is again of value. Since little twilight 
enhancement is expected theoretically the measurement should give us an 
indication of the variation of atomic oxygen during the night in the altitude 
from 80-120 km. The organometallic release had as its subsidiary purpose 
that of obtaining measurements (with a Fastie Spectrometer) of the band 
structure in order to ascertain its utility in making temperature measure- 
ments. 

Additionally, measurement of wind, diffusion at upper levels and 
turbulence-like structure of the lower levels were proposed. The use of 
a different chemical compound with different thermochemical and reactive 
properties it was considered should enable a clearer determination of 
whether the "turbulence" observed is an atmospheric property or is due to 
chemical reaction with the contaminant. Again these are measurements of 
intrinsic value in terms of their fitting into and extending the current 
incomplete picture of the upper atmosphere. Photometric and spectrometric 
measurements in comparison with the nighttime measurements were to be 
made to determine the extent possible the chemiluminescent and fluorescent 
contribution to the twilight luminosity. If possible, the relative atomic 
oxygen concentration at twilight and at night were to be deduced from the 
observation. 

It was intended that comparisons be made between the rocket twilight 
luminous TEB trail (or chemiluminescent portion thereof) and the rocket 
5 5 7 7 g  emission at twilight so as to elucidate the respective mechanisms. 
The ground 55776: photometer was also to serve as a calibration check on 
the rocket photometer and a l s o  on the down leg todetermine the extent 
to which any 55776: enhancement occur on the release of TEB. 

2. Technqlogisal Purposes. - The use of TEB was considered to offer 
a possible alternative to Trimethyl Aluminum (TMA). The lighter payloads 
as indicated by laboratory experiments it was considered might find appli- 
cation in the NASA and international rocket programs of wind, diffusion, 
and turbulence measurements in the upper atmosphere. Improved chemical 
compounds should facilitate combined payloads because of weight saving 
and also because of longer duration trails should render measurements 
more precise. 

3 .  Spectroscopic Discussion. - Trimethyl aluminum in the upper 
atmosphere has been used to study winds, diffusion, and upper atmospheric 
temperature. Initial data obtained in the laboratory indicated that the 
intensity of the glow produced during the gas phase reaction of atomic 
oxygen and triethyl boron is more chemiluminous than that of atomic oxygen 
and trimethyl aluminum. The same photometric and spectrographic system 
can be used for the study of luminous trails produced by the release of 
triethyl boron in the upper atmosphere. There are summarized here, the 
previous observations of the trimethyl aluminum trails. 

4 



The n igh t t ime  and t w i l i g h t  release of t r i m e t h y l  aluminum w a s  f i r s t  
r epor t ed  by Rosenberg, e t  a1 (Ref. 1, 2 ) .  The n igh t t ime  release w a s  
i n i t i a t e d  around 94 km. The t r a i l  w a s  v i s i b l e  t o  naked eye and could be 
photographed up t o  1000 seconds a f t e r  t h e  release. 
photographed with a f / 2 . 5  and 175-mm f o c a l  l eng th  camera on a Royal-X Pan 
f i l m  wi th  an exposure t i m e  of 5 seconds.  Approximately 8 x molecules 
of TMA were r e l e a s e d ,  of which about  2 x 1024 were a v a i l a b l e  i n  t h e  vapor 
phase and rest were f rozen .  These numbers are quoted f o r  TMA s i n c e  similar 
( a c t u a l l y  somewhat b e t t e r )  s t a t i s t i c s  are a p p l i c a b l e  t o  TEB. 

The t r a i l  could be 

Twi l igh t  r e l e a s e  w a s  observed between 95 k m  and 150 km w i t h  a release 
rate  of 20 grams p e r  1-km a l t i t u d e .  The s o l a r  ho r i zon  a t  t h e  t i m e  of 
release w a s  a t  110 km. The t w i l i g h t  spectrum of A l O  w a s  recorded wi th  a 
s l i t l e s s  g r a t i n g  spectrograph of a p e r t u r e  f/0.87 and 76-mm f o c a l  l eng th ,  
w i t h  a g r a t i n g  of 1800 line/mm. The exposure t i m e  r equ i r ed  wi th  a RXP 
f i l m  w a s  30 seconds. 

For t h e  experiment u s i n g  TEB, t h e  d e c i s i o n  r ega rd ing  t h e  f i l m  and 
t h e  spectrograph c h a r a c t e r i s t i c s  depends on t h e  s p e c t r a l  d i s t r i b u t i o n  
of t h e  chemiluminous glow and on t h e  band systems of BO expected t o  
f l u o r e s c e  du r ing  t h e  t w i l i g h t  release. These are d i scussed  below. 

The spectrum of t h e  chemiluminescence produced du r ing  t h e  r e a c t i o n  
of t r i e t h y l  boron and atomic oxygen has  been p r e v i o u s l y  s tud ied  (Ref. 3)  
and i s  shown i n  F igu re  1. For comparison, t h e  spectral  d i s t r i b u t i o n  of 
t h e  chemiluminescence produced du r ing  t h e  r e a c t i o n  of some o t h e r  organo- 
metall ic’compounds has  a l s o  been included i n  F igu re  1. 

The wavelength of t h e  bands of t h e  BO-band system which are expected 
i n  t h e  spectrum of t h e  i l l umina ted  t w i l i g h t  release of t r i e t h y l  boron i s  
c o l l e c t e d  i n  Table 1 (Ref. 4 ) .  

It  can be seen  from F igure  1 t h a t  t h e  chemiluminous i n t e n s i t y  peaks 
From s p e c t r o s c o p i c  d a t a ,  i t  i s  known t h a t  t h e  0 t o  0 band around 44008. 

of t h e  alpha-system of BO (Table 1) i s  around 4250a. 
photometric and spec t rog raph ic  system should have t h e  peak s e n s i t i v i t y  
around 4300a. The l i g h t  g a t h e r i n g  power of both systems should be t h e  
same as t h a t  used i n  TMA release obse rva t ions  s i n c e  both t h e  chemilumines- 
c e n t  and f l u o r e s c e n t  e f f i c i e n c i e s  of TEB are s i m i l a r  t o  t hose  of TMA. 

Therefore ,  t h e  

B. Experimental P l an  

This  s e c t i o n  o u t l i n e s  eng inee r ing  and f i e l d  ope ra t ions .  D e t a i l s  of 
t h e  photometer des ign  are fu rn i shed  i n  Sec t ion  II1.A w i t h  t h e  b a s i c  exper-  
imen ta l  des igns  s t a t e d  i n  t h i s  s e c t i o n .  Payload d e s i g n  d e t a i l s  ( e l e c t r o n i c  
p l u s  chemical payload) are fu rn i shed  in  S e c t i o n  1 I I . B ;  f i e l d  o b s e r v a t i o n  
i n  S e c t i o n  V I .  
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TABLE 1 

2 2 a-SYSTEM (A IT - X C) OF BO (Ref. 4) 

Trans i t  ion I 
Visua 1 Trans it ion  h I 

Visua 1 h 
(v f y v  11) (8 1 Estimate (8 1 Estimate (v ' vff) 

6165.4 

6159.7 

5551.5 

5547.5 

5513.0 

5043.5 

5040.1 

5011.6 

4746.9 

4744.0 

4718.7 

4715.5 

4615.4 

4612.7 

4588.8 

4585.7 

4365.9 

4363.4 

4341.9 

4339.4 

425G. 4 

5 

5 

8 

7 

5 

6 

9 

4 

8 

8 

5 

5 

10 

10 

8 

7 

8 

10 

8 

8 

5 

OJ401 4247.9 

4227.5 

4145.5 

4143.4 

4124.1 

4037.4 

4035.5 

4017.1 

4015.0 

3950.5 

3848.7 

3847.0 

3829.9 

3828.0 

3679.1 

3677.8 

3662.3 

3660.6 

4 

4 

7 

6 

4 

8 

7 

6 

5 

4 

10 

9 

8 

6 

10 

8 

6 

5 
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1. Engineeri'ng and Field Phase. - Two rocket payloads were prepared 
and assembled for firing. The payloads consist of dispensers for releasing 
TEB (similar to those used for TMA) and narrow band photometers for measur- 
ing the 5577g emission. 

used to insure release. Appropriate telemetry is installed. A 5577a 
ground photometer, cameras, and Fastie-Ebert spectrometer were scheduled 
for field use. The ground photometer was operated by Dr. E.  Manring of 
North Carolina State Teacher's College. The spectrometer was operated by 
Mr. 3 .  Meriwether, Jr., under the direction of Mr. Fastie, University of 
Mary land I 

Aspect is determined by a magnetometer and the 
the 51377g signal. Adequate timers and release indicators are 

In the field phase, two Nike Apache rockets with TEB and photometer 
payloads were to be fired; one under nighttime conditions and the other 
during appropriate twilight conditions. 

The proposed program for ground observations of a trail of triethyl 
boron is very similar to the standard program which is used on trails of 
trimethyl aluminum. The program consists of two types of observations for 
which adequate field personnel were provided. 

8 



111. ORIGINAL EXPERIMENTAL DESIGN 

A .  Photometer 

1. Photometer Requirements. - The photometer located i n  t h e  nose 
of t h e  Apache measures v e r t i c a l  i n t e g r a t e d  oxygen emission (5577a) as t h e  
payload rises through t h e  a l t i t u d e  region.  
a l t i t u d e  d i s t r i b u t i o n  of t h e  oxygen emission can be obtained and c o r r e -  
l a t e d  wi th  t h e  glow of TEB when i t  is  r e l e a s e d  on t h e  down t r a i l .  To 
make t h e s e  measurements, t h e  photometer m i s t  be capable  of measuring a 
maximum of 400 Rayleighs when it i s  below t h e  lower l i m i t  of t h e  emission 
l a y e r  -79 kms and o b t a i n  a t  least 10 measurements as it passes through 
t h e  oxygen l a y e r  approximately 30 km t h i c k .  Since i t s  i n t e g r a t e d  s i g n a l  
as measured from t h e  ground has shown v a r i a t i o n  from 60 t o  500 Rayleighs,  
i t  is  es t ima ted  t h a t  a dynamic range of 5 t o  500 Rayleighs i s  r equ i r ed  
f o r  a s u c c e s s f u l  experiment.  The d e s i g n  problem, t h e r e f o r e ,  i s  one of 
op t imiz ing  t h e  fo l lowing  d e s i g n  f a c t o r s :  (1) l a r g e s t  a p e r t u r e  c o n s i s t e n t  
w i t h  Apache payload, ( 2 )  l a r g e s t  f i e ld -o f -v i ew c o n s i s t e n t  w i th  the o p t i c a l  
pass band, (3)  narrowest o p t i c a l  pass band a v a i l a b l e  i n  a n  i n t e r f e r e n c e  
f i l t e r ,  and ( 4 )  minimum da rk  c u r r e n t  a t  maximum g a i n  i n  a pho tomul t ip l i e r  
tube.  I t  i s  be l i eved  t h a t  t h e  photometer des ign ,  Table 2 ,  r e p r e s e n t s  t h e  
l i m i t  of t h e  s t a t e - o f - t h e - a r t  f o r  t h i s  r o c k e t  payload. The low l e v e l  
c a p a b i l i t y  requirement i s  a r e s u l t  of t h e  desire t o  measure those  s i g n a l s  
nea r  t h e  top  of t h e  oxygen l a y e r  w i t h  a reasonable  s i g n a l  t o  n o i s e  r a t i o .  
From a t y p i c a l  f l i g h t  p r o f i l e ,  F igu re  2 ,  it is  apparent  t h a t  t h e r e  w i l l  
be on ly  2 5  seconds a v a i l a b l e  f o r  t h e s e  measurements beginning wi th  t h e  
nose cone e j e c t i o n  and ending a t  an  a l t i t u d e  of 110 km. Also shown on 
t h e  f i g u r e  i s  a n  i n t e g r a t e d  se t  of measurements beginning wi th  a 200 
Rayleigh s i g n a l .  For t h i s  example, t h e  f l i g h t  through t h e  l a y e r  would 
last  approximately 13 seconds. With an  instrument  c a p a b i l i t y  of one d a t a  
p o i n t  pe r  second t h e r e  w i l l  be approximately 13 p o i n t s  t o  d e f i n e  t h e  curve 
from 90 km t o  110 km, providing measurement can be made t o  a l e v e l  of 10 
Rayleighs.  Should t h e  i n i t i a l  i n t e g r a t e d  s i g n a l  b e  lower, t h e  number of 
s i g n i f i c a n t  d a t a  p o i n t s  w i l l  be reduced accordingly.  

From t h e s e  measurements an  

a. Signal-to-Noise Rat io .  - The s i g n a l - t o - n o i s e  r a t i o  of t h e  
instrument  i s  given by t h e  equa t ion :  

e .Jt 
S - S _ -  

"Je,.Gb 

where 8, i s  t h e  photocathode e l e c t r o n s  p e r  second produced by t h e  s i g n a l ,  
t i s  t h e  t i m e  c o n s t a n t  of t h e  instrument  i n  seconds,  and 6b i s  t h e  photo- 
cathode e l e c t r o n s  p e r  second produced by t h e  background. I n  t e r m s  of t h e  
instrument  parameters 
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TABLE 2 

SPECIFICATION FOR ROCKET PHOTOMETER 

Ape r t u r  e 

Focal  l eng th  

O p t i c a l  bandwidth (at 5577g) 

F i e  Id -of -view 

B a f f l i n g  

Photocathode 

Time cons t an t  of e l e c t r o n i c s  

ou tpu t  

Wavelength scanning ( t y p i c a l  a t  
55772) 

Rocket v e h i c l e  

S e n s i t i v i t y  ( t y p i c a l  a t  55772) 

Weight 

Power 

S i z e  

2 .5O-inches diameter  

6 inches 

1 /2  width:  4.52 

1/100 width:  9.Og 

5O t o t a l  angle  

Sunl ight  reduced by more than 10 
f o r  angles  g r e a t e r  than  15 degrees  
from o p t i c  a x i s  

S-20 s u r f a c e  

1/20 second 

3 channels wi th  r e l a t i v e  ga ins  of 1, 
10, 100 and -10 percent  over lap  con- 
d i t i o n e d  t o  read between 0 t o  5 
v o l t s  

a d j u s t a b l e  tilt, 82 wi th  6 degrees  
tilt angle  1/2-sec d u r a t i o n  on each 
p o s i t i o n  

5 

Nike Apache 

10 Rayleigh s i g n a l  i n  200 Rayleigh/X 
background 

Threshold s i g n a l  -10 Rayleigh (dark 
c u r r e n t  l i m i t e d )  

12 pounds 

0.5 w a t t s  a t  2 8  v o l t s  (without h e a t e r s )  

6- inches diameter  by 16-inches long 
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Figure 2 .  Typical f l ight  profile and integrated 5577g emission. 
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where R = 

A =  

c =  
T =  

k =  

h =  

c =  

t =  

E =  

w = 

h =  

?2 
A T i Z k h c  t 

R h c - J - E T W X  

s i g n a l  s t r e n g t h  (Rayleighs) 

instrument a p e r t u r e  (31.65 c m  ) 

f i e ld -o f -v i ew - s t e r a d i a n s  (5.96 x s te r )  

t r ansmiss ion  (0.2 ) 

photocathode quantum e f f i c i e n c y  0.09 

Plancks cons t an t  6.625 x e r g  sec 

speed  of l i g h t  3 x 10" cm/sec 

time cons t an t  ( s e c )  i / 2 0  s e c  

background r ad iance  (ergs/cm2 -sec s t e r  8) 
bandwidth of t he  i n t e r f  ercnce f i l t e r  (a> 
wavelength of i n t e r e s t  5.577 x 10 cm 

2 

-5 

Using t h e  instrument  parameters l i s c e d  i n  Table 1, t h e  (S/N) r a t i o  
f o r  t h e  expected extreme values  of s i g n a l  arid background a r e :  

5577a Radiat ion Eackground Radiance S /N 
Ray l e  i g h s  ergs/cm?-sec s te r  

2 00 
2 00 

5 
5 

I O Y 6  
10-3 
10-6 
10-3 

185.0 
119.0 
28.6 

3.95 

A s i g n a l - t o - n o i s e  of 10 i s  a reasonable  design o b j e c t i v e  f o r  t h i s  type of 
equipment. The background radiance i s  t h a t  r ad iance  observed a t  z e n i t h  from 
the  ground a t  s o l a r  dep res s ion  ang le s  of i8 and 7 degrees  r e s p e c t i v e l y .  
These values  a r e  n o t  expected t o  change apprec iab ly  as most of t h e  r a d i a -  
t i o n  t h a t  i s  seen a t  z e n i t h  from the  ground a f t e r  7 degree SDA i s  o r i g i -  
n a t i n g  a t  about t h e  oxygen l aye r  a l t i t u d e .  

b. Pho tomul t ip l i e r  Tube Se lec t ion . -  There i s  a w i d e  range of photo- 
m u l t i p l i e r  t ubes  a v a i l a b l e  t o  the des igne r .  I n  t h i s  a p p l i c a t i o n  t h e  s i z e ,  
as determined by t h e  o p t i c a l  system, i s  approximately 3/4- inch diameter .  
Of primary impor t ance ' i n  t h e  s e l e c t i o n  of t h e  photomtdltiplier tube are 
(1) t h e  environmental  s p e c i f i c a t i o n s  (because of t h e  h igh  shock and v i b r a -  
t i o n  loadings expected) ,  (2) h igh  quantum 
t h e  very low s i g n a l s  t o  be measured, and (3)  low da rk  c u r r e n t  a t  a g a i n  

e f f i c i e n c y  2 t  55772 because of 
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6 of 10 because da rk  c u r r e n t  should n o t  l i m i t  t h e  d e t e c t i o n  c a p a b i l i t y  and 
t h e r e f o r e  should be less then  t h e  background s i g n a l .  

Previous experience wi th  pho tomul t ip l i e r  tubes f o r  similar a p p l i c a -  
t i o n s  has shown t h a t  t h e  EMR tubes w i l l  m e e t  a l l  t h e  above requirements .  
Two types of t ubes ,  t h e  S-11 and S-20, were considered f o r  t h i s  a p p l i c a -  
t i o n .  I t  w a s  hoped t h a t  an  S-11 cathode would s u f f i c e  f o r  t h e  l i g h t  l e v e l s  
expected because they are much less expensive than  t h e  S-20. 
however, w a s  t h e  da rk  c u r r e n t  requirement ,  

The problem, 

For purposes of determining t h e  e l e c t r o n i c  components r equ i r ed ,  t h e  
and t h e  background 

This  is done by u s i n g  t h e  fo l lowing  expres s ions :  
photocathode e l e c t r o n s  produced by both t h e  s i g n a l  8 
8b must be c a l c u l a t e d .  

E A T W X R k  
he 

6 
* A T R k ;  eb = 

R x 10 
4 n  os = 

where a l l  t he  ternis have t h e  same meaning as be fo re .  The r e s u l t s  are 
1 i s  t e d  be low : 

e S  Ob Ant ic ipa t ed  Ant i c  i p a  t ed 

R(Ray1eighs ) 
Background Signa 1s (photocathode (photocathode 

e l e c t r o n s / s e c )  e l e c t r o n s / s e c )  Oxygen S igna l s  E(ergs/cm’ R 
s e e  s te r )  

The lowest a n t i c i p a t e d  background i s :  

3 - 10 4.77 x 10 x 1.6 x x lo6 = 7.6 x 10 amp 

6 whereas a t y p i c a l  da rk  c u r r e n t  f o r  an S - 1 1  photocathode a t  10 g a i n  i s  
2 x 10-9 amps. 

Consequently, t h e  t y p i c a l  d a r k  c u r r e n t  f o r  t h e  S-11 i s  approximately 
3 t i m e s  t h e  minimum s i g n a l  level  a l lowing  no margin f o r  minimum background 
s a f e t y  f a c t o r .  Therefore ,  t h e  S-20 tube  wi th  a lower t y p i c a l  da rk  c u r r e n t  
of 2 x 10-l’ amps a t  106 g a i n  and somewhat improved quantum e f f i c i e n c y  
must be used. 
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2. Photometer Desc r ip t ion .  - The photometer p o r t i o n  of t h i s  payload 
i s  shown i n  F igu re  3 .  It c o n s i s t s  of a l i g h t  b a f f l e ,  a t i l t i n g  i n t e r f e r e n c e  
f i l t e r ,  a c o l l e c t i n g  l e n s ,  f i e l d  s t o p ,  pho tomul t ip l i e r  t ube ,  h igh  v o l t a g e  
power supply,  a m p l i f i e r s ,  and s o l e n o i d s .  

a .  Light Baff, le.  - A f t e r  t h e  nose cone has  been r e l e a s e d ,  t h e  l i g h t  
b a f f l e s  prevent  d i r e c t  s u n l i g h t  from f a l l i n g  on the en t r ance  window, i n  
t h i s  ca se  t h e  i n t e r e f e r e n c e  f i l t e r .  
e f f e c t i v e  s h i e l d i n g  of t h e  s u n l i g h t  i s  r equ i r ed  a long  t h e  whole l eng th  of 
t h e  photometer. 

Since a t w i l i g h t  f l i g h t  i s  contemplated,  

The need f o r  s h i e l d i n g  of t h e  en t r ance  window can be shown by a com- 
p a r i s o n  of t h e  power r each ing  t h e  d e t e c t o r  from t h e  a i rg low wi th  t h a t  caused 
by window sca t te r  of d i r e c t  s u n l i g h t .  An a l lowab le  s c a t t e r i n g  f a c t o r  i s  
determined as shown below. 

The power 

- where T - 

X(b)= N 

- - s! 
A =  
2.1 = 

r each ing  t h e  d e t e c t o r  from sky s c a t t e r i n g ,  

w a t t s  

o p t i c a l  system t r ansmiss ion  ( p e r c e n t ) ,  
t h e  z e n i t h  spectral  r ad iance  due t o  s o l a r  s c a t t e r i n g  i n  t h e  
wavelength r eg ion  of i n t e r e s t  a t  t h e  a l t i t u d e  of o p e r a t i o n  
(watts/cm2 2 s t e r ) ,  
t he  s o l i d  ang le  f i e l d - o f - v i e w  of t h e  instrument  ( s t e r ) ,  
t h e  area of t h e  en t r ance  a p e r t u r e  (cm2) 
t h e  passband of t h e  m u l t i l a y e r  f i l t e r  (8 ) .  

The power reaching t h e  d e t e c t o r  from window s c a t t e r i n g  

C A LA watts . 
(w)  

P w = T N  

i s  t h e  r ad iance  
and due o t h e  s c a t t e r i n g  1 (w2 

N of t he  e n t r a n c e  window normal t o  i t s  s u r f a c e  
of i n c i d e n t  s u n l i g h t  by t h e  window. 

Now N A ( ~ )  must  be determined i n  terms o f  t h e  s p e c t r a l  s o l a r  i r r a d i a n c e  
HA(sdn) and a s c a t t e r i n g  f a c t o r  F f o r  t h e  window. 
t e r e d  downward i n t o  t h e  photometer. 

F i s  t h e  f r a c t i o n  s c a t -  

(sun)  watts 
2 

- 
NX(w> n cm s t e r  m p  

Lambert 's  l a w  is assumed t o  apply t o  t h e  s c a t t e r i n g  (Ref. 5 ) .  S u b s t i t u t i n g  
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Figure  3 .  Photometer p o r t i o n  of Apache combined payload. 
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t h e  r a t i o  of t h e s e  two power levels can be found from 

A s  a worst  o p e r a t i n g  c o n d i t i o n , t h e  b a c k g r a n d  could be allowed t o  double  
by having P,, = Ps. Then 

-5 t h e  rad iance  N,,(b) given f o r  t h e  0.5 

watts cm - s t e r  LJ . A t  70 000 f t  (21.4 km), t h e  rad iance  i s  about  

vided by lo3 s o  t h a t  

r eg ion  and 30-km a l t i t u d e  i s  9x10 
-7 -1 -1 

t h r e e  t i m e s  l a r g e r  o r  2 . 7 ~ 1 0 -  2 . I n  terms of m p ,  t h i s  va lue  would be d i -  

-7  watts 
2 = 2 . 7  x 10 

cm s t e r  . mil 

N 

1 

h value f o r  H ’  may be obtained from Handbook of Phys ics ,  J (sun)  

-4 -2 -1 
= 2 x 10 wa t t s  cm mli . H~ (sun) 

Now t h e  s c a t t e r i n g  f a c t o r  may be found, 

A s c a t t e r i n g  by t h e  window of 0.4 percen t ,  t h e r e f o r e ,  reduces t h e  
c a p a b i l i t y  of t h e  photometer t o  measure s m a l l  s i g n a l s  by two t i m e s .  A 
s c a t t e r i n g  f a c t o r  of 0.04 percen t  would be d e s i r a b l e  t o  reduce t h e  l o s s  
t o  a va lue  which would no t  i n t e r f e r e  wi th  most measurements. Such low 
va lues  are  no t  p r a c t i c a l  requirements  of an  unprotected o p t i c a l  s u r f a c e .  

The m u l t i p l e  b a f f l e s  are  t h e r e f o r e  necessary  t o  keep d i r e c t  and 
r e f l e c t e d  s u n l i g h t  from t h e  f i r s t  o p t i c a l  s u r f a c e .  

1 
An i d e a l  l i g h t  b a f f l e  is one which al lows only  those  l i g h t  r ays  of 

i n t e r e s t  t o  pass i n t o  t h e  photometer a p e r t u r e .  I t  i s  poss ib l e  t o  make a n  
i d e a l  b a f f l e  i n  t h e  fo l lowing  manner. I n t o  t h e  wal ls  of a c o n i c a l  tube  
a r e  c u t  grooves which a r e  perpendicular  t o  t h e  o p t i c a l  a x i s  of t h e  
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inst rument .  I f  t h e  dep th  of t he  grooves i s  l a r g e  i n  comparison wi th  t h e  
width,  t h e  l i g h t  e n t e r i n g  t h e  groove even a t  h igh  a n g l e s  w i l l  rebound many 
t i m e s  be fo re  be ing  r e -emi t t ed  and i f  t h e  r e f l e c t i v i t y  of t h e  s u r f a c e  i s  low, 
t h e  i n t e n s i t y  of t h e  re-emit ted l i g h t  beam w i l l  be reduced by approximately 
103 a t  each groove. 
i n  o rde r  t h a t  as l i t t l e  l i g h t  as p o s s i b l e  i s  r e f l e c t e d  from 

The edges of t h e  groove must be as sha rp  as p o s s i b l e  

A l i g h t  b a f f l e  w a s  cons t ruc t ed  such that a l i g h t  r a y  e n t e r i n g  t h e  
system a t  g r e a t e r  t han  75 degrees  t o  t h e  o p t i c  a x i s  w i l l  be r e f l e c t e d  away 
from t h e  photometer. For ang le s  between 75 and 15 degrees ,  some l i g h t  w i l l  
be r e f l e c t e d  inward. I f  t h e  r e f l e c t i v i t y  of each s u r f a c e  i s  0.01, t h e  i n -  
c i d e n t  l i g h t  beam w i l l  be  reduced by 4 o r d e r s  of magnitude by each groove 
t h a t  i t  e n t e r s .  It i s  est imated t h a t  t h e  b a f f l e  arrangement which i s  5.6- 
inches long w i l l  e f f e c t i v e l y  remove incoming s u n l i g h t  which has ang le s  
l a r g e r  t han  75 degrees  wi th  respect t o  t h e  o p t i c  a x i s  and a t t e n u a t e d  t h a t  
which is between 7 5  and 15 degrees  by a f a c t o r  of 105. 

b. Ob jec t ive  Lens. - The l ens  i s  a plano-convex l ens  w i t h  a n  f r a t i o  
of 1.63 and i s  used t o  g a t h e r  t h e  l i g h t  and d e l i v e r  i t  t o  t h e  photocathode. 
The f i e l d  s t o p  determines t h e  c i r c u l a r  f i e ld -o f -v i ew which f o r  t h i s  r a d i -  
ometer is 5-degrees t o t a l  ang le .  

c .  I n t e r f e r e n c e  F i l t e r .  - The i n t e r f e r e n c e  f i l t e r  has t h e  fo l lowing  
s p e c f i f i c a t i o n s :  

(1)  Maximum o v e r a l l  diameter:2.875 inches 

(2)  Minimum u s a b l e  aper ture:  2.500 inches 

(3) Peak wavelength a t  0-degree incidence:  55852 

( 4 )  Half width:  Not g r e a t e r  than 3g 

(5)  1/100 width:  Not g r e a t e r  than 98 - t h i s  w i l l  i n s u r e  t h a t  
t h e  f i l t e r  as used i n  t h e  f i e ld -o f -v i ew w i l l  have i t s  low wavelength 1- 
pe rcen t  t r ansmiss ion  p o i n t  a t  55792. 

(6)  E f f e c t i v e  index of r e f r a c t i o n :  1.45 

(7)  Transmission: A minimum of 35 pe rcen t  a t  peak wavelength 

(8) The f i l t e r  w i l l  be blocked t o  a wavelength of 1 micron. 

The i n t e r f e r e n c e  f i l t e r  i s  mounted i n  a c a s s e t t e  which i n  t u r n  i s  
mechanically a t t a c h e d  t o  a so leno id .  The so leno id  d r i v e s  t h e  i n t e r f e r e n c e  
f i l t e r  between two p o s i t i o n s  6-degrees apa r t .  This  a l lows t h e  photometer 
t o  "look" a t  f i r s t  background and then  background p l u s  oxygen r a d i a t i o n  
a t  0.5-second i n t e r v a l s ,  t h a t  i s ,  one d a t a  po in t  p e r  second. 

d. P r e a m p l i f i e r  Design. - The des ign  s f  t h e  p r e a m p l i f i e r  w i l l  depend 
on PMT dynamic range and information bandwidth requirements .  S c a l i n g  of 
t h e  PMT anode c u r r e n t  by means of PMT g a i n  s e t t i n g  w i l l  be determined 
p r i m a r i l y  by t h e  maximum pe rmis s ib l e  anode c u r r e n t  c o n s i s t e n t  w i th  s t a b l e  
o p e r a t i o n .  
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Ca l c u l a  t i on 

e l e c t r o n s  / sec  

7 Upper L i m i t  ( h ighes t  background p l u s  extended s i g n a l  level): 6 x 10 
photocathode e l e c t r o n s  / sec  

5 7 Dynamic Range: approximately 2 decades:  5 x 10 t o  6 x 10 photocathode 
e l e c t r o n s  / s e c  

A t  18-degree SDA 

3 Background : Calcula ted  l e v e l  - 5 x 10 photocathode e l e c t r o n s  / sec  
4 Range provided - 2 . 5  x lo3 t o  5 x 10 photocathode e l e c t r o n s / s e c  

S igna l :  
' 

Lower L i m i t  ( lowest  backgrourdand no s i g n a l )  : 2.5  x lo3 photocathode 

Calcula ted  maximum l e v e l  - lo6 photocathode e l e c t r o n s / s e c  
Extension provided - 2 .5  x lo6 photocathode e l e c t r o n s / s e c  

e l e c t r o n s  / sec  

3 Upper L i m i t  ( h ighes t  background p lus  extended s i g n a l  l e v e l ) :  2 .5  x 10 
photocathode e l e c t r o n s / s e c .  Highest  background i n s i g n i f i c a n t  
compared t o  maximum s i g n a l .  

3 6 Dynamic Range: 3 decades ; 2.5  x 10 t o  2 .5  x 10 photocathode e l e c t r o n s / s e c  

Maximum anode c u r r e n t  w i l l  t e n t a t i v e l y  be l i m i t e d  t o  4 x 10 amps f o r  -6 

reasons  of ag ing  and s t a b i l i t y  c h a r a c t e r i s t i c s .  PMT ga in  w i l l  be a d j u s t e d  
wi th  t h a t  as a l i m i t i n g  cond i t ion .  

18 (6.25 x 10 ) 

5 = 4.17 x 10 



(4.17 105)(5 x. l o 5 )  
18 Minimum anode c u r r e n t  = 

6.25 x 10 

= 3.33 x amps pk 

At 18-degree SDA 

-6 Maximum anode c u r r e n t  (given)  = 4 x 10 amps 

,4 x 10-6(6.25 x 10") Gain = 
2.5 x 106 

lo7 (2.5 lo3) 
18 Minimum anode c u r r e n t  = 

6.25 x 10 

-8 = 0.4 x 10 

-9 = 4 x 10 amps pk 

A t  t h e  p reampl i f i e r  i n p u t , a  load r e s i s t o r  va lue  w i l l  be computed t o  
s a t i s f y  bandwidth requirements .  

1 R =  L 2n(BW)C 

where BW(3 dB) = 400 cps 

C = 100 pf t y p i c a l  

P O8 - -  1 - 
-10) - 25 (6.28) (4  x l o 2 )  (10 RL - 

6 RL = 4 x 10 ohms maximum . 
Actua l ly ,  t o  o b t a i n  a margin of s a f e t y  

s c a l i n g ,  an R of PO6 ohms w a s  s e l e c t e d .  L 

Preamp input  vo l t ages  developed a c r o s s  

A t  7 -degree SDA 

e = (4 x max pk 

and a l s o  t o  opt imize subsequent  

6 R = 10 ohms are: L 

= 4.0 v o l t s  
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e = ( 3 . 3 3  1 0 - ~ ) ( 1 0 ~ )  min 

-2 
= 3 . 3 3  x 10 v o l t s  

Dynamic range: 2 decades 

A t  18-degree SDA 

e = 4.0 v o l t s  max pk 

e = ( 4  min 
-3 

= 4 x 10 v o l t s  

Dynamic range:  3 decades 

I f  t h e  p r e a m p l i f i e r  i s  of u n i t y  ga in ,  t h e  same vo l t ages  w i l l  appear a t  t h e  
p r e a m p l i f i e r  ou tpu t  f o r  s c a l i n g  t o  meet t e l eme t ry  requirements over t h e  
dynamic range. 

e.  Range Sca l ing .  - I n  o r d e r  t o  handle a maximum of 3 decades range 
t h r e e  f u l l - t i m e  t e l eme t ry  channels of b t t e r  t han  400-cps bandwidth were 
used and a f o u r t h  o r  f i f t h  channel  c a r r i e d  t h e  s i g n a l  from t h e  monitored 
h igh  vo l t age  and f i l t e r  p o s i t i o n .  

Each channel operated s imultaneously;  and cascaded such t h a t  each 
channel  handled one decade p l u s  a reasonable  ove r l ap  of range a t  both ends 
of t h a t  decade. I n  block form, t h e  s i g n a l  c i r c u i t s  are  shown as below: 

PREAMP 

1st DECADE 
CHAN I 

2nd DECADE 
CHAN 2 

3rd DECADE 
CHAN 3 

SCALING 
AMPS 
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Allowing f o r  overlapping ranges and a 0 t o  t 5 - v o l t  l i m i t i n g  t e l eme t ry  
i n p u t  requirement,  t h e  fol lowing t a b l e  of v o l t a g e  l e v e l s  were used. 

Preamp S c a l i n g  Amp o u t p u t  t o  
Inpu t  /output  Gain Telemetry 

1st decade 4 mV t o  40 mV 100 0.4 t o  4 V 

2nd decade 40 mV t o  0.4 V 10 0.4 t o  4 V 

3rd decade 0.4 V t o  4 V 1 0.4 t o  4 V 

Typ ica l  t e l eme t ry  channel  accuracy and r e s o l u t i o n  i s  1 pe rcen t  of f u l l  
s c a l e  ( 5  v o l t s )  which is 0.05 v o l t s .  I n  t h i s  des ign ,  a s c a l e  range of only 
3 .6  v o l t s  i s  used t o  a l low ove r l ap  and r e s o l u t i o n .  The r e s o l u t i o n  obtained 
w i t h i n  t h e  3 .6 -vo l t  range i s :  

-=e-- ' a o 5  ' - 1.4-percent  r e s o l u t i o n  
3 . 6  72 

a n  ove r l ap  of 0 t o  0 . 4  v o l t s  i s  reserved a t  t h e  low end which is:  

- =  0 * 4  8 pe rcen t  under range margin 
0.05 

and a n  ove r l ap  of 4 t o  5 v o l t s  i s  reserved a t  t h e  high end which i s :  

- -  - 20 percen t  over range margin . 
0.05 

3 .  P r e f l i g h t  T e s t s  

a.  Twil ight  Observat ions and P r e f l i g h t  T e s t s .  - I n  o r d e r  t o  o b t a i n  
t h e  maximum vo l t age  r ead ing  while  observing r a d i a t i o n  a t  155778 from t h e  
ground, t h e  e l e c t r i c a l  ga ins  of t h e  pho tomul t ip l i e r  t ube  and t h e  a m p l i f i e r s  
were se t  so  t h a t  t h e  instrument  was a c t u a l l y  da rk -cu r ren t  l i m i t e d .  Under 
t h e s e  c o n d i t i o n s  t h e  ou tpu t  v o l t a g e s  normalized t o  t h e  most s e n s i t i v e  
were : 

Payload Oxygen p l u s  Background Dark Current C a l i b r a t i o n  
N o .  Background 

14.283 11.0 v o l t s  4 .0  v o l t s  1.10 v o l t s  28.2 Ray le igh /vo l t  2 
14.284 4.8 v o l t s  2.0 v o l t s  0 .27 v o l t s  70 Ray le igh lvo l t  2 
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Both photometers were c a l i b r a t e d  u s i n g  a tungs t en - iod ine  (Ref. 5) source.  
The c a l i b r a t i o n  f a c t o r s  are given above. During a n i g h t  sky obse rva t ion  
p r i o r  t o  f l i g h t  t h e  photometers measured approximately 200 Rayleighs of 
atomic oxygen emission. 

The two photometers were taken t o  Goddard Space F l i g h t  Center f o r  
v i b r a t i o n  t e s t s .  
presumably due t o  poor p e n e t r a t i o n  du r ing  t h e  welding ope ra t ion .  This  
problem w a s  r e c t i f i e d  by f a s t e n i n g  t h e  p i e c e s  t o g e t h e r  w i th  No. 8-32 screws. 
Other  t han  t h i s ,  no o t h e r  mechanical o r  e l e c t r i c a l  problem could be d e t e c t e d ,  
w i t h i n  t h e  photometer s e c t i o n .  

A f t e r  these tests,  a number of welded j o i n t s  were broken, 

A copy of t h e  h o r i z o n t a l  and v e r t i c a l  checks i s  given i n  Table 3. A 
l i g h t  sou rce  mounted i n  t h e  nose t i p  provided s i g n a l s  which were monitored 
a t  t h e  t e l eme t ry  s t a t i o n .  No v a r i a t i o n  i n  t h e s e  s i g n a l s  was seen  between 
t h e  h o r i z o n t a l  and v e r t i c a l  p o s i t i o n s .  The on ly  v a r i a t i o n  of s i g n a l  s t r e n g t h  
was caused by f l o o d l i g h t s  being turned on f o r  photography. 

TABLE 3 

VERTICAL AND HORIZONTAL TESTS 

1. 

2 .  
3. 
4.  
5. 
6. 
7 .  
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
1 7 .  
18. 
19. 
20. 

In s t rumen ta t ion  on and +4.5-volt  supply 
B a t t e r i e s  No. 1 and No. 2 a t  console .  
Photometer on. 
S t a r t  Chart  Recorders,  Channels 13 t o  18 
X m t r  on a t  231.4 MHz. 
F i l t e r  on. 
F i l t e r  o f f .  
Photometer o f f .  
Photometer on. 
High vo l t age  o f f .  
High vo l t age  on. 
I n t e r n a l  power. 
F i l t e r  on. 
F i l t e r  o f f .  
E x t e r n a l  power. 
Photometer o f f .  
Photometer on. 
X m t r  o f f .  
Photometer o f f .  
Recorders o f f  . 
Ins t rumen ta t ion  o f f .  

on a t  monitor i g n i t i o n ,  

a t  2 i nches / sec .  
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B. Payload Design 

The f i r s t  model of t he  combined TEB-photometer payloads which were 
designed and f a b r i c a t e d  a r e  shown schemat i ca l ly  i n  Figure 4.  

The s p l i t  nose cone i s  designed t o  provide t h e  proper  aerodynamic 
shape and t o  p r o t e c t  t h e  photometer from ram a l r  p re s su re  b l a s t  and 
h e a t i n g  e f f e c t s  a s  w e l l  a s  t o  provide a l i g h t - t i g h t  cover ing  du r ing  t h e  
i n i t i a l  p o r t i o n  of t h e  f l i g h t .  These requirements  were m e t  by machining 
the  nose cone from s e p a r a t e  c a s t i n g s  which had been thermal ly  s t a b i l i z e d  
so  t h a t  they  would n o t  warp dur ing  environmental  t e s t i n g  and p r e - f l i g h t  
handl ing.  Af t e r  f i n a l  assembly, t he  l i g h t - t i g h t n e s s  was checked and was 
found t o  be f a r  more than  adequate ,  so  much so  i n  f a c t  t h a t  t h e  i n s i d e  of 
t he  nose cone d id  n o t  have t o  be pa in t ed  b lack  a s  i s  t h e  normal r e q u i r e -  
ment f o r  a n  instrument  of t h i s  na tu re .  

A t  approximately 50 seconds a f t e r  launch a t  a n  a l t i t u d e  of about  60 
k i lome te r s ,  t he  c o n t r o l s i n  t h e  in s t rumen ta t ion  s e c t i o n  f i r e  t h e  e j e c t i o n  
mechanism which i s  loca t ed  a t  t h e  base  of t he  nose cone. This  e j e c t i o n  
mechanism r e l e a s e s  the  nose cone from t h e  top  of t h e  payload s h e l l  and 
a l lows  the  two ha lves  t o  r o t a t e  about  t he  nose t i p  and then  s e p a r a t e ,  
thus completely exposing the  photometer and a l lowing  i t  t o  opera te .  P r i o r  
t o  t h i s  o p e r a t i o n  the  photometer i s  c a l i b r a t e d  cont inuous ly  dur ing  f l i g h t  
by a smal l  l i g h t  source which i s  f a s t ened  t o  one of t h e  nose cone ha lves  
wi th in  t h e  f ie ld-of -v iew of t he  photometer. The removal of t h i s  l i g h t  
source  g ives  a n  e a s i l y  i d e n t i f i a b l e  s i g n a l  t o  the  photometer and thus  i s  a n  
i n d i c a t i o n  t h a t  t he  nose cone has  indeed been e j e c t e d .  Therefore ,  no 
s e p a r a t e  monitor i s  provided. By un la t ch ing  the  s p l i t  nose cone from t h e  
bottom and a l lowing  i t  t o  r o t a t e  about  i t s  t i p ,  t h e  r a t h e r  common phenomenon 
of v e h i c l e  slow-down i n  r o t a t i o n  i s  avoided. The a l t e r n a t i v e  technique of  
nose cone removal i s  t o  unla tch  t h e  nose cone a t  t he  top  and t o  a l low i t  t o  
r o t a t e  about  t h e  bottom. This i s  mechanical ly  s impler  t han  t h e  des ign  
chosen, however, i t  can reduce t h e  payload s p i n  by a s  much a s  50 percent  
thus reducing  i t s  gyroscopic  s t a b i l i t y  and may induce a cons ide rab le  coning 
angle .  S ince  t h e  photometer i s  making an  i n t e g r a t e d  measurement of t h e  0 
l a y e r ,  i t  i s  d e s i r e d  t o  have a s  smal l  a coning ang le  a s  p o s s i b l e ,  and 
t h e r e f o r e ,  t h e  t i p  r e l e a s e  nose cone would be unsu i t ab le .  I n  a d d i t i o n ,  it 
is  almost  impossible  to make a t i p  r e l e a s e  des ign  l i g h t - t i g h t  which would 
add f u r t h e r  complicat ions.  The r e l e a s e  mechanism employed i s  adapted from 
s i m i l a r  u n i t s  used by GCA on many o t h e r  payloads and h a s  proved t o  be  h igh ly  
r e l i a b l e .  

The in s t rumen ta t ion  s e c t i o n  con ta ins  t h e  c o n t r o l s ,  a s p e c t  s enso r ,  power 
s u p p l i e s ,  t e lemet ry  system, b a t t e r y  power s u p p l i e s  and t iming  systems. It 
was decided t h a t ,  i n  view of t h e  many i n t e r r e l a t e d  func t ions ,  t w o  complete 
redundant t iming  systems should be used. 
devices  a r e  dua l  b r idge  u n i t s ,  one b r idge  of each device i s  connected t o  
each t iming  deck, a s  shown schemat i ca l ly  i n  Figure 5, t hus  g iv ing  complete 

Inasmuch a s  a l l  oE t h e  pyro technic  
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redundance t o  each pyrotech i c  and t iming func t ion .  The t i m e r  decks a r e  
shown schemat i ca l ly  i n  Figu e 6. The t iming f u n c t i o n  is i n i t i a t e d  by a 
baroswitch which performs s ve ra1  func t ions .  On t h e  ground t h i s  baro-  
switch connects  t h e  i g n i  on b a t t e r y  t o  t h e  ground r g i n g  system, thus  
providing a p o s i t i v e  ind a t i o n  of system s a f e t y  a s  11 a s  al lowing t h e  
i g n i t i o n  b a t t e r y  t o  be c rged t o  discharged.  The i t i o n  b a t t e r y  system 
c o n s i s t s  of t h r e e  Yardney HR-1 c e l l s  which g i v e  a n 
v o l t s .  This system is used r a t h e r  than t h e  normal t" b a t t e r y  t o  comply 
with Wallops I s l a n d  Range S a f e t y  Requirements even does add some 
complexity to  t h e  system. However, t h e  a d d i t i o n a l  s a f  
which is ob ta ined  by p o s i t i v e  knowledge t h a t  t h e  i g n i t i o n  b a t t e r y  cannot 
f i r e  t he  py ro techn ics  is considered t o  be worthwhile. A t  approximately 
28 seconds a f t e r  launch the  baroswitch c l o s e s  and f i r e s  squ ib  dimple motors 
which s t a r t  t he  Raymond Model 1060 t i m e r ,  t hus  i n i t i a t i n g  t h e  t iming se- 
quence. This sequence i s  a s  fo l lows  (as  s e t  i n  t h e  f i e l d ) :  

n a l  ou tpu t  of 4.5 

T + 34 - photometer f i l t e r  i s  r e l e a s e d  

T + 50 - nose cone i s  e j e c t e d  

T + l'66- h e a t e r  i s  turned on 

T + 226- TEB i s  r e l e a s e d  

T + 400 (approx.) - impact. 

'.&e magnetometer is a magnetic a s p e c t  s e n s o r ,  Schonstead Model RAM-3 
which is  encased i n  a p r o t e c t i v e  can i s  a c o n f i g u r a t i o n  which has  been used 
many t i m e s .  The main b a t t e r y  power supply c o n s i s t s  of Yardney PM-3 ce l l s  
i n  a n  aluminum c o n t a i n e r  i n  a c o n f i g u r a t i o n  which a l s o  has  been s u c c e s s f u l l y  
flown. The t e l eme t ry  system i s  mounted on t h e  bottom two decks of t h e  
in s t rumen ta t ion  s e c t i o n  and c o n s i s t s  of s u b c a r r i e r  o s c i l l a t o r s ,  a mixer 
a m p l i f i e r ,  t r a n s m i t t e r ,  and t u r n s t i l e  antennas.  The s u b c a r r i e r  o s c i l l a t o r  
frequency assignments a r e  a s  fol lows:  

(1) Channel 19 (70 kHz, 7-1/2 pe rcen t  d e v i a t i o n )  Photometer s i g n a l  

Channel 1. 

(2) Channel 1 7  (52.5 kHz, 7-1/2 pe rcen t  d e v i a t i o n )  Photometer s i g n a l  

Channel 2. 

(3) Channel 16 (40 kHz, 7-1/2 pe rcen t  d e v i a t i o n )  Photometer s i g n a l  

Channel 3. 

( 4 )  Channel 15 (30 kHz, 7-1/2 pe rcen t  d e v i a t i o n )  Sync monitor. 

(5) Channel 14 (22 kHz, 7-1/2 pe rcen t  d e v i a t i o n )  H.V. monitor.  

(6) Channel 13 (14.5 kHz, 1 /2  pe rcen t  d e v i a t i o n )  Magnetic Aspect 

Sensor and Baroswitch Monitor. 

These same two decks a l s o  c o n t a i n  t umbi l i ca l  connector  and c o n t r o l  
r e l a y s  which a r e  ope ra t ed  from the  ground. 
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The t r i e t h y l b o r o n  module i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h e  TMA modules 
which GCA has  flown i n  t h e  p a s t .  The t r i e t h y l b o r o n  (TEB) i s  contained 
w i t h i n  a t e f l o n  b l adde r  i n s i d e  the c a n i s t e r .  This bladder  i s  f i l l e d  by 
the  TEB manufacturer a t  h i s  p l a n t  and the  c o n t a i n e r  remains s e a l e d  u n t i l  
the  moment of intended r e l e a s e  i n  f l i g h t .  A t  t h a t  t i m e  t h e  t i m e r s  i n i -  
t i a t e  exp los ive  values  which a l low t h e  TEB t o  be fo rced  from the  bladder  
under p t e s s u r e  from a n i t r o g e n  b o t t l e .  

The t o t a l  payload weight i s  68 pounds, and t h e  payload l eng th  is 67 
inches.  This combination produces a payload which is i n h e r e n t l y  s t a b l e  and 
thus  minimizes coning and aerodynamic loading on t h e  j o i n t s .  The apogee 
g i l t i t ude  w i l l  be 160 k i lome te r s  and the  t i m e  t o  apogee, 200 seconds. 

The two payloads cons t ruc t ed  i n  t h e  program were taken t o  NASAIGgddard 
f o r  environmental  t e s t i n g  on Tuesday, March 21. Telemetry was checked o u t  
on 22 March, and the  payloads sub jec t ed  t o  v i b r a t i o n  i n  a l l  t h r e e  axes on 
23  and 24 March. A f t e r  conclusion of v i b r a t i o n  t e s t i n g  t h e  payloads were 
checked f u n c t i o n a l l y  inc lud ing  blowing a nose cone and recheck of t h e  
te lemetry.  In  one case  a t imer  connector was damaged and had t o  be re- 
placed. This was of a r e l a t i v p l y  minor n a t u r e  and was c o r r e c t e d  a t  Goddard. 
Even with these  d i s c r e p a n c i e s  the  payloads were completely ope rab le  and 
showed no e l e c t r i c a l  malfunct ions.  

The payloads were taken t o  the  Wallops I s l a n d  launch s i t e  on Saturday,  
March 25, and t h c  photometer and the  rest of t h e  payloads were checked o u t  
on a cdntinuous b a s i s  from then  u n t i l  t he  day of t h e  a c t u a l  f l i g h t .  On 
Monday, March 27, t h e  payloads were made ready f o r  t h e  f l i g h t  which oc- 
cu r red  Thursday, March 30. 

The f l i g h t  was n o t  s u c c e s s f u l ,  and t h e  information a v a i l a b l e  seems 
t o  i n d i c a t e  t h a t  t e l eme t ry  f a i l e d  and t h a t  p o s s i b l y  TEB does not  chemi- 
luminence o r  was n o t  r e l e a s e d .  A ground t e s t  of t h e  second payload was 
performed on Friday,  March 31. The payload ope ra t ed  p e r f e c t l y  i n  t h i s  
ground t e s t .  The a n a l y s i s  of t h e  f l i g h t  f a i l u r e  i s  given i n  S e c t i o n  IV.  
See Figure 7 f o r  s u c c e s s f u l  e j e c t i o n  of TEB i n  ground t e s t .  
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I V .  SUMMARY OF POST-FIRING DIAGNOSIS 
OF 30 MARCH 1967 ROCKET LAUNCH 

I n  view of t h e  f a i l u r e  of t h e  f i r s t  payload, i t  was necessary t h a t  a 
f a i l u r e  a n a l y s i s  of t h i s  payload be performed be fo re  any s i m i l a r  payloads 
were flown i n  t h e  f u t u r e .  I n  t h e  eng inee r ing  of a payload one can se t  
o u t  a cha in  of even t s  running from inpu t  of t h e  experimental  requirements 
through des ign ,  f a b r i c a t i o n ,  assembly, t e s t ,  and then  a c t u a l  f l i g h t .  I n  
a f a i l u r e  a n a l y s i s  program, each s t e p  is  t o  some e x t e n t  dependent on t h e  
r e s u l t s  of t h e  preceding s t e p  as t o  the  d i r e c t i o n  on which it w i l l  t ake .  
I n  t h i s  c a s e ,  t h i s  is e s p e c i a l l y  so  s i n c e  the  payload i n  unobtainable  f o r  
s c r u t i n y .  The information a v a i l a b l e  can  be summed up as fol lows.  F i r s t ,  
t he  t r ansmi t t ed  s i g n a l  from t h e  t e l eme t ry  system decreased markedly i n  
ou tpu t  a t  approximately NIKE burnout.  Second, t h e  nose cone came o f f  on 
schedule  as confirmed both by i n t e r n a l  d a t a  and e x t e r n a l  r a d a r  observat ion.  
T h i r d ,  no chemiluminescence w a s  seen.  Fourth,  du r ing  t h a t  s h o r t  p o r t i o n  
of t h e  f l i g h t  where s i g n a l s  from t h e  a spec t  magnetometer were readable ,  
t h e r e  does not  appear t o  be any unusual motional  e f f e c t  nor i s  t h e r e  any- 
t h i n g  unusual from t h e  r a d a r  p l o t ;  t h i s  behavior i n d i c a t e s  t h a t  no m a l -  
f u n c t i o n  of t h e  motors had occurred.  

The most obvious answer t o  the  observed l o s s  of s i g n a l  a t  N I K E  burnout 
i s  t h a t  t he  t r a n s m i t t e r  f a i l e d  s i n c e  the  f a i l u r e  mode and time are almost 
i d e n t i c a l  w i th  o t h e r  f a i l u r e s  experienced with payloads u s i n g  t h e  same type 
of t r a n s m i t t e r ,  Vector TRPT-250. I t  i s  our  understanding t h a t  t h e  d e f e c t s  
a t t r i b u t e d  t o  the  t r a n s m i t t e r  which were observed a t  t h a t  t i m e  have been 
co r rec t ed  by t h e  manufacturer.  I n  view of t h e  e f f o r t s  by t h e  manufacturer 
a f t e r  t h e  l a s t  ser ies  of f a i l u r e s ,  i t  i s  p o s s i b l e  t h a t  t h e  t r a n s m i t t e r  ope r -  
a t e d  s a t i s f a c t o r i l y ,  and t h e  f a u l t  may l i e  i n  some o t h e r  area. The f a i l u r e  
has a l r e a d y  been discussed with t h e  manufacturer who i s  conducting t e s t s .  
I f ,  of i n s t a n c e ,  t h e  harness  w i r e s  were t o  become s t r a i n e d  and experience 
a s m a l l  f r a c t u r e  such t h a t  t h e  ends were s t i l l  r e l a t i v e l y  c l o s e  t o  one 
a n o t h e r ,  t h e  s i g n a l  could s t i l l  reach the  antennas by c a p a c i t i v e  coupl ing 
a c r o s s  t h e  gap i n  t h e  wire .  This  would be equ iva len t  t o  p u t t i n g  a high 
impedance i n  series with t h e  antennas and thus  could conceivably account 
f o r  t h e  l a r g e  r educ t ion  i n  gain.  A f a i l u r e  of t h i s  n a t u r e  could occur 
anywhere between t h e  ou tpu t  of t h e  t r a n s m i t t e r  and t h e  a c t u a l  connect ion 
t o  t h e  antenna.  Therefore  i n s o f a r  as t h e  t r a n s m i t t e r  i s  concerned, f a i l u r e  
a n a l y s i s  would have t o  proceed on a t  least two l e v e l s  s imultaneously,  t h e  
f i r s t  with t h e  manufacturer of t h e  t r a n s m i t t e r  and t h e  second wi th  t h e  
arrangement and c o n s t r u c t i o n  of t h e  antenna and harness  system. 

The apparent  
more d i f f i c u l t  t o  
schedule  and t h a t  
t i m e ;  Therefore ,  
t h e r e  should have 

cause f o r  f a i l u r e  of t h e  chemical r e l e a s e  appears much 
e s t a b l i s h .  It i s  known t h a t  t h e  nose cone r e l e a s e d  on 
t h e  photometer appeared t o  be o p e r a t i n g  p rope r ly  a t  t h i s  
a t  least one t iming module w a s  o p e r a t i n g  p rope r ly ,  and 
been s u f f i c i e n t  power t o  o p e r a t e  t h e  remaining pyrotechnic  
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d e v i c e s ,  t o g e t h e r  w i th the  s u c c e s s f u l  ground tests conducted a t  NASA/Wallops, 
make i t  seem h i g h l y  u n l i k e l y  t h a t  one of t h e s e  dev ices  f a i l e d  t o  ope ra t e .  

I n  view of t h e  above it i s  f a r  more l i k e l y  t h a t  some non-pyrotechnic 
dev ice  f a i l e d  o r  t h a t  some i n t e r a c t i o n  occurred which caused t h e  f a i l u r e  
of t h e  chemical release s e c t i o n .  A p o s s i b l e  cand ida te  f o r  a d 
i s  t h e  r egu la to r -hose  combination which f e e d s  t h e  c 
t h e  c a v i t y  burrounding t h e  t e f l o h  bladder .  Tfiese r 
i t e m s  
u n i t s  which are mass produced and have been e x t e n s i v e l y  t e s t e d .  I f  t h e  
r e g u l a t o r  should f a i l ,  t h e  hose w i l l  see almost f o u r  t i m e s  t h e  r a t e d  b u r s t  
p r e s s u r e  and would f a i l  almost c o n s t a n t l y .  

o r e  do n o t  have t h e  b u i l t - i n  r e l i a b i l i t y  of t h e  pyrotechnic  
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system, however, do s h a r e  28 -vo l t  b a t t e r i e s ,  b u t  t h i s  i s  no problem when 
t h e  subsystems are sepa ra t ed  s i n c e  power s u p p l i e s  a r e  r e a d i l y  used. F i n a l l y  
t h e  nose-cone subsystem has a s e l f - c o n t a i n e d  baroswitch,  t i m e r ,  b a t t e r y  
pack and release mechanism f o r  independent c o n t r o l  and ope ra t ion .  

Component parts i n  each of t h e  subsystems are mounted i n  r ack  and 
pane l  f a s h i o n  wherever p o s s i b l e  u s i n g  a mechanical framework of ra i ls  and 
decks t o  suppor t  a l l  parts and wi r ing .  Where corona p r o t e c t i o n  i s  r equ i r ed  
under t h e  PMT and high v o l t a g e  power supply,  a n  aluminum housing is  pro- 
vided under t h e  deck t o  f a c i l i t a t e  s h i e l d i n g  and p o t t i n g .  The backup 
payload which has been r e t a i n e d  from t h e  previous tes ts  w a s  dismantled 
and reassembled on t h e  new modular frame t o  t a k e  advantage of t h e  improved 
a c c e s s i b i l i t y .  S p e c i f i c  changes and improvements i n  each subsystem w i l l  
be desc r ibed  i n  t h e  fo l lowing  s e c t i o n s .  

B. Photometer Subsystem 

The r ev i sed  f u n c t i o n a l  block diagram of t h e  photometer i s  shown i n  
F igu re  8 .  The system d e s i g n  is  b a s i c a l l y  unchanged from t h a t  desc r ibed  
i n  S e c t i o n  1 I I . A .  I n  t h i s  case, however, a n  e l e c t r o m e t e r  p r e a m p l i f i e r  
conve r t s  t h e  low l e v e l  dc PMT c u r r e n t  t o  a v o l t a g e  p r o p o r t i o n a l  t o  t h e  
magnitude of t h e  feedback r e s i s t o r  (2.2 megohms). The vo l t age  r e p r k s e n t s  ' 

t h e  f i r s t  decade of a 3-decade dynamic range of s i g n a l  ou tpu t  and is  d e s i g -  
nated Channel 1. Two s c a l i n g  a m p l i f i e r s  are  coupled t o  t h i s  o u t p u t ;  one 
sca l ed  t o  t e n  times i n p u t ,  t h e  o t h e r  t o , 1 0 0  t i m e s  i npu t  o p e r a t i n g  s imul-  
t aneous ly  wi th  Channel 1 and designated' Channels 2 and 3 r e s p e c t i v e l y .  

A l l  t h r e e  channels ,  covering t h r e e  contiguous decades independently,  
d r i v e  t h r e e  s t anda rd  low bandwidth t e l eme t ry  channels .  

C. Telemetry Subsystem 

The t e l eme t ry  subsystem c o n s i s t i n g  of t h e  vo l t age  c o n t r o l l e d  o s c i l -  
l a t o r s  (VCO's) f o r  a l l  channels ,  a s p e c t  s enso r ,  c o n t r o l  r e l a y s  and main 
b a t t e r i e s  i s  b a s i c a l l y  similar t o  the  previous model design.  Only one 
component has been changed due t o  a r e p e t i t i v e  r e l i a b i l i t y  problem. 
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The Vector t r a n s m i t t e r ,  Model TRPT-250-RAO has been r ep laced  by a 
Telemet Model 3008-A1. I n  view of r e c e n t  t e l eme t ry  f a i l u r e s  where Vector 
u n i t s  had been used, an eng inee r ing  review of t h e  t e l eme t ry  requirements 
was conducted and a d e c i s i o n  w a s  made t o  make t h e  change t o  the  Telemet 
mode 1. 

A f e w  minor w i r i n g  and r e l a y  c o n t r o l  changes were made t o  improve 
system s e r v i c i n g  f a c i l i t y  and t o  s t a n d a r d i z e  connect ions wi th  t h e  ground 
t e s t  se t  through t h e  umbi l i ca l  c a b l e .  

D .  Nose-Cone Subsystem 

This subsystem w a s  completely redesigned f o r  improved r e l i a b i l i t y  
and se l f - con ta ined  o p e r a t i o n ,  A t imer ,  s t a r t e d  by a p res su re -ac tua ted  
swi t ch  provides s u f f i c i e n t  de l ay  a f t e r  l i f t - o f f  f o r  s a f e  s e p a r a t i o n  of t h e  
nose cone h a l f  - s e c t i o n s .  

E. TEB Subsystem 

Important changes were a l s o  made t o  t h i s  subsystem. A t e s t  w a s  per-  
formed on a TEB c a n i s t o r  t o  v e r i f y  e j e c t i o n  by e l e c t r i c a l l y  o p e r a t i n g  t h e  
exp los ive  va lve .  Normal burning of t h e  e n t i r e  c o n t e n t s  was observed t o  
occur .  The photograph of Figure 7 shows t h e  burning which took p l ace  
du r ing  t h e  t e s t .  

The in s t rumen ta t ion  rack f o r  t h e  TEB s e c t i o n  w a s  changed so t h a t  i t  
i s  i d e n t i c a l  w i th  t h e  GCA s t anda rd  TMA payloads.  A l l  of t h e s e  components, 
a s sembl i e s ,  a n d  s t r u c t u r e s  have been s u c c e s s f u l l y  flown many times.  The com- 
p l e t e  independence of t h e  hazardous TEB subsystem inc reases  s a f e t y  and e€ -  
f i c i e n c y  of p r e p a r a t i o n  and launching. 
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V I .  ROCKET FIRING (21-26 FEB. 1568) DESCRIPTION, 
DATA AND CONCLUSIONS 

A. General  Desc r ip t ion  

Two combined payloads were assembled, t e s t e d  and t r anspor t ed  t o  Wallops 
I s l a n d  f o r  launch du r ing  February 1968. I t  was planned t h a t  one launch 
should occur du r ing  evening t w i l i g h t  and t h e  second a few hours  later when 
n igh t t ime  cond i t ions  p reva i l ed .  Five o t h e r  vapor t r a i l s  combined wi th  
Langmuir probes were t o  be spaced throughout t h e  remainder of t h e  n i g h t .  

A l l  prelaunch checks were completed on schedule  and t h e  evening t w i -  
l i g h t  payload was launched on NASA 14.284 CA a t  1817 EST on 2 1  Feb. 1968. 
The rocket  performed w e l l ,  a t t a i n i n g  t h e  p red ic t ed  a l t i t u d e  of s l i g h t l y  
over  15 km dur ing  a s t a b l e  f l i g h t .  Telemetry and nose-cone s e p a r a t i o n  were 
as p red ic t ed  and a t r a i l  of TEB was ejected from near  t h e  peak of t h e  t ra-  
j e c t o r y  t o  below 90 km. The t r a i l  was b r i g h t  and green  i n  c o l o r  as compared 
t o  t h e  b l u e  v i s u a l  appearance of TMA dur ing  t w i l i g h t .  Good t r i a n g u l a t i o n  
photographs were obta ined  from a measurement of upper winds and spectral  
obse rva t ions  wi th  a spectrophotometer  were made i n  o rde r  t o  assess t h e  va lue  
of such obse rva t ions  f o r  t h e  de t e rmina t ion  of temperature  of t h e  n e u t r a l  
atmosphere. The t r a i l  d id  n o t  have t h e  b r i g h t ,  whi te  appearance around 
100 km which i s  c h a r a c t e r i s t i c  of TMA t r a i l .  See F igure  9.  

The only  unsuccessfu l  p o r t i o n  of t h e  f l i g h t  involved t h e  a i rg low 
photometer.  A background s i g n a l  of unexpected l a r g e  magnitude occurred 
throughout  t h e  reg ion  where measurements were d e s i r e d .  A small amount of 
h igh  vo l t age  breakdown w a s  observed i n  t h i s  ins t rument  a t  lower a l t i t u d e s ,  
bu t  t h i s  e f f e c t  had decayed w e l l  be fo re  t h e  measurement reg ion .  The h igh  
background s i g n a l  d i d  n o t  have t h e  c h a r a c t e r  of vo l t age  breakdown and may 
have been due t o  a glow i n  the  bow shock ahead of t h e  photometer. I n  any 
even t ,  s i n c e  t h e  cause  w a s  no t  a s c e r t a i n e d  a t  t h a t  t i m e ,  t h e  second 
launching was postponed t o  a l low f u r t h e r  i n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  
of vo l t age  breakdown w i t h i n  t h e  photometer. 

A l l  p r e f l i g h t  t es t s  on t h e  second instrument  were accomplished on 
schedule  a s  had been done wi th  t h e  f i r s t .  I t  w a s  surmised t h a t  t h e  photo- 
tube  housing might be r e s t r i c t i n g  t h e  outf low of  a i r  d u r i n g  a s c e n t  t o  
such a degree t h a t  t h e  normal a rc-over  r eg ion  w a s  g r e a t l y  extended.  This  
housing was designed t o  prevent  l i g h t  leaks  t o  t h e  phototube and a l s o  t o  
a i d  i n  temperature  s t a b i l i z a t i o n  of t h e  i n t e r f e r e n c e  f i l t e r .  I n  o rde r  t o  
i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  t h e  e n t i r e  photometer was p l a c e d  i n  a b e l l  
j a r  vacuum system a t  Nal lops I s l a n d  and pumped down a t  va r ious  rates.  The 
r e s u l t s  v e r i f i e d  previous  t es t s  and f l i g h t  exper ience ,  i . e .  a nominal 
amount of d i scha rge  occurred but  subsided quick ly .  This  procedure w a s  
repeated a f t e r  t h e  phototube housing w a s  vented wi th  holes  s t r a t e g i c a l l y  
placed t o  main ta in  l i g h t  proof i n t e g r i t y  of t h e  system. The r e s u l t s  were 
t h e  same as be fo re .  The t e s t s  gave no evidence t o  suspec t  d i f f i c u l t i e s  i n  
f l i g h t ;  however, similar r e s u l t s  had been p rev ious ly  obta ined  on t h e  f i r s t  
i n s  t rume n t . 
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Figure 9. Trail of t w i l i g h t  TEB release. 
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It w a s  decided t h a t  t h e  problem could be avoided i n  t h e  second f l i g h t  
by t u r n i n g  t h e  high vo l t age  o f f  while  t r a v e r s i n g  t h e  c r i t i c a l  a l t i t u d e  
range and then  back on be fo re  t h e  r eg ion  of obse rva t ion  w a s  reached. Only 
s l i g h t  mod i f i ca t ions  were requfred i n  o rde r  t o  have t h e  baroswitch t u r n  
t h e  high vo l t age  o f f  a t  a n  a l t i t u d e  of 50,000 f e e t  and t o  add a s i m p l e  
e l e c t r o n i c  timer t o  t u r n  i t  back on a f t e r  t h e  c r i t i c a l  r eg ion  w a s  passed. 
The s o l u t i o n  allowed t h e  o p e r a t i o n  of t h e  instrument  t o  be monitored 
throughout powered f l i g h t  t o  a s s u r e  t h a t  no damage occurred.  The t i m e r  
used the  same c i r c u i t  and components as employed i n  t h e  n o s e - t i p  r e l e a s e  
and thus  was a p r e t e s t e d  u n i t .  The i n d i c a t e d  mod i f i ca t ions  were made and 
a p p r o p r i a t e  t e s t s  were performed i n  t h e  vacuum system. The r e s u l t s  were 
as expected;  t h e  baroswitch disconnected t h e  high vo l t age  j u s t  as t h e  d i s -  
charge w a s  beginning t o  be n o t i c e a b l e .  

The second payload was flown on NASA 14.350 CA which w a s  launched a t  
2010 EST on 26 February 1968. Again t h e  r o c k e t ,  t e l eme t ry  and n o s e - t i p  
e j e c t i o n  performed as p r e d i c t e d .  The h igh  vo l t age  w a s  turned o f f  by t h e  
baroswitch as t h e  high vo l t age  d i scha rge  w a s  beginning and w a s  turned on 
29 seconds l a t e r  a t  65 km by t h e  preset  t imer .  The photometer w a s  oper- 
a t i n g  and a c c u r a t e l y  recorded t h e  a l t i t u d e  v a r i a t i o n  of t h e  55772 r a d i a t i o n  
while  pas s ing  throughthe r eg ion  of emission.  S i m i l a r  r eco rd ings  were ob- 
t a i n e d  on t h e  downward p o r t i o n  of t h e  t r a j e c t o r y ,  b u t  t h e s e  r e q u i r e  c o r r e c t i o n s  
f o r  r o c k e t  aspect. However, a h igh  l e v e l  s i g n a l  was a g a i n  observed on t h i s  
f l i g h t  which a l s o  had t h e  c h a r a c t e r i s t i c s  of a glow r a t h e r  t han  a vo l t age  
breakdown. I f  t h i s  glow indeed o r i g i n a t e s  i n  t h e  bow shock of a h igh  
v e l o c i t y  r o c k e t , i t  would a p p e a r  t h a t  a major mod i f i ca t ion  i n  experimental  
procedure i s  r equ i r ed .  

During t h e  f l i g h t  t h e  sky w a s  c l e a r  over a l l  Observat ion s i tes ,  bu t  
no chemiluminescent t r a i l  w a s  observed v i s u a l l y ,  pho tograph ica l ly ,  o r  photo- 
m e t r i c a l l y .  This  lack of observable  emission sugges t s  t h a t  e i t h e r  TEB does 
n o t  produce an  observable  chemiluminescent glow a t  n i g h t  o r  t h a t  t h e  TEB 
f a i l e d  t o  be e j e c t e d  from the  r o c k e t .  Although t h e r e  w a s  no recorded 
monitor of t h e  e j e c t i o n  mechanism, t h e  l a t t e r  p o s s i b i l i t y  appears  t o  be 
u n l i k e l y  on t h e  b a s i s  of t h e  fol lowing arguments. During t h e  p a s t  t h r e e  
yea r s  over two-dozen TMA t ra i ls  have been produced wi th  an i d e n t i c a l  
e j e c t i o n  system wherein no f a i l u r e s  occurred.  No t r a i l  from TEB w a s  ob- 
served on t h i s  f l i g h t  and none w a s  observed du r ing  t h e  n i g h t  of 30 March 
1967. The f a i l u r e  o f  t h e  system t o  e ject  only TEB a t  n i g h t  when it suc -  
c e s s f u l y  e j e c t e d  i t  dur ing  t w i l i g h t  and has  performed s u c c e s s f u l l y  on 
dozens of TMA releases is h i g h l y  improbable. This  s t a t i s t i c a l  conc lus ion  
i s  v e r i f i e d  by t h e  p rev ious ly  c i t e d  obse rva t ion  t h a t  t h e  t w i l i g h t  TEB t r a i l  
d id  n o t  show t h e  b r i g h t  photochemical emission (around 100 km) t h a t  i s  
always p r e s e n t  on TMA t ra i l s .  From t h i s  obse rva t ion  a lone ,  i t  could be 
expected t h a t  emission from TEB would n o t  be b r i g h t  i n  t h a t  r eg ion  a t  
n i g h t  and it must be assumed t h a t  it w a s  no t .  
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B. Photometer Data 

The photometer began r eco rd ing  the  55776: a i rg low r a d i a t i o n  as soon 
~ 

as t h e  h igh  vo l t age  w a s  turned on. The h igh  v o l t a g e  power supply and 
photometer had s t a b i l i z e d  on ou tpu t  channel 3 by T + 73 s e c  which c o r r e -  
sponds t o  a n  a l t i t u d e  of 82 km. 
r a d i a t i o n  w a s  being recorded and continued a t  t h e  same level  u n t i l  a n  
a l t i t u d e  of 91 km when t h e  recorded l e v e l  began t o  drop sha rp ly  as t h e  
r o c k e t  passed through t h e  e m i t t i n g  r eg ion .  The photometer response i s  
shown i n  F igu re  10. The photometer had p rev ious ly  been c a l i b r a t e d  i n  t h e  
l a b o r a t o r y  wi th  a s t anda rd  lamp;  on the  b a s i s  of t h i s  c a l i b r a t i o n ,  t h e  
maximum s i g n a l  recorded was 100 _+ 30 Rayleighs.  This  i s  a low l e v e l  f o r  
t h e  (01) a i rg low;  however, a g e n e r a l l y  low l e v e l  had been recorded wi th  
a ground-based instrument  f o r  a per iod of s e v e r a l  days p r i o r  t o  t h i s  
f l i g h t  by D r .  E .  R. Manring a t  North Caro l ina  S t a t e  U n i v e r s i t y ,  Rayleigh, 
North Caro l ina .  Unfortunately,  D r .  Manring’s observing s i t e  w a s  completely 
covered by clouds d u r i n g  t h e  n i g h t  of t h i s  p a r t i c u l a r  f i r i n g  so t h a t  no 
d i r e c t  c o r r e l a t i o n  w a s  a v a i l a b l e .  

A t  t h a t  t i m e  a c o n s t a n t  l e v e l  of 55776: 

The recorded a l t i t u d e  p r o f i l e  of t h e  55772 emission i s  as p red ic t ed  
f o r  a forward looking photometer t r a v e l i n g  upward through t h e  l a y e r .  An 
e s s e a t i a l l y  c o n s t a n t  b r i g h t n e s s  was recorded u n t i l  t he  lower boundary of 
t h e  l a y e r  w a s  reached and then  decreased p r o p o r t i o n a l l y  t o  t h e  a l t i t u d e  
p r o f i l e  of t h e  emission. 

The photometer continued t o  o p e r a t e  throughout t h e  f l i g h t  and t h e  
e j e c t i o n  of TEB had no appa ren t  e f f e c t .  Th i s  l ack  of i n t e r f e r e n c e  from 
t h e  TEB may be due  t o  t h e  f a c t  that t h e r e  w a s  no s i g n i f i c a n t  glow produced 
a t  n i g h t .  The passage through t h e  a i rg low l a y e r  w a s  recorded on t h e  down- 
ward  p o r t i o n  o f  t h e  t r a j e c t o r y  a l s o .  Unfo r tuna te ly ,  t h e  rocke t  tumbled 
and overturned while  t r a v e r s i n g  t h e  l a y e r ,  which a c t i o n  complicated t h e  
i n t e r p r e t a t i o n  of t h e  down-leg r eco rds .  The o r i e n t a t i o n  of t h e  o p t i c a l  
a x i s  w a s  determined from t h e  magnetometer r eco rds  and t h e  recorded b r i g h t -  
nes s  values  were d iv ided  by t h e  cos ine  of t he  z e n i t h  ang le  t o  normalize 
them t o  the  z e n i t h  d i r e c t i o n .  The r e s u l t s  are shown by t h e  c i r c l e s  i n  
F i g u r e  10. Th i s  procedure i s  of course less a c c u r a t e  t h a t  t h e  d i r e c t  
measurement obtained on the way up, b u t  t h e  e r r o r  appears  t o  be p r i m a r i l y  
i n  t h e  u n c e r t a i n t y  of t he  h e i g h t s  of t h e  maximum b r i g h t n e s s  and of t h e  
bottom of t h e  l a y e r .  The a l t i t u d e  p r o f i l e  and sha rp  bottom edge of t h e  
l a y e r  are a c c u r a t e l y  v e r i f i e d .  

Previous similar obse rva t ions  by o t h e r s  ( R e f .  4 )  had not  produced t h e  
v e r t i c a l  p r o f i l e  shown i n  Figure 10. 
(Ref. 6 )  i s  given i n  Table 4 .  The t o t a l  d a t a  show t h a t  on t h e  average t h e  
peak 55776: i n t e s i t y  occurred 13 km above t h e  lower boundary of t h e  l a y e r .  
According t o  Greer and Best (Ref. 6 ) ,  i n  t h e s e  c a s e s ,  t h e  r e s u l t i n g  smooth, 
rounded bottom edge of t h e  l a y e r  which extends t o  below 80 km is  probably 
n o t  real  bu t  i s  due t o  in s t rumen ta l  e f f e c t s .  They o f f e r  two p o s s i b l e  
exp lana t ions ;  f i r s t ,  t h e  u n c e r t a i n t i e s  a s s o c i a t e d  wi th  removing t h e  

A compilat ion of such measuremdts  
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TABLE 4 

1. Berg et al. Nov., White-Sands 41°12/N 3Z024/N 92.5 70 105 10 100 
1955 New Mexico 

2. Koomen et al. Dec., White-Sands, 41°12/N 3Z024/N 96 80 115 11 20 
1955 New Mexico 
Data re-examined by Packer 

3. Heppner et al. July, White-Sands, 41°12/N 3Z024/N 97 90 118 7 30 
1956 New Mexico 

4. Tousey March, White-Sands 41°12/N 3Z024'N 98 85 107 14 18 
1957 New Mexico 
Data re-examined by Packer 

5 .  Cooper et al. Nov., White-Sands, 41°12/N 41°12/N 96 78 120 14 18 
1959 New Mexico 

6. Huruhata et a l .  Oct., Michikawa, 28OO/N 39'34/N 98 89 113 7.5 
1961 Japan 

7. Tarasova Sept. , Mid-Latitude, N N 90 82 110 6 
1960 U.S.S.R. 

8. O'Brien et al. July, Wallops Island, 48O30/N 37'50/N 94.5 82 105 5.8 61 
1964 Virginia 

9 .  Huruhata et al. March, Kagoshima 
1965 Japan 

10. Gulledge et al. Oct., White-Sands, 41°12/N 32'24% 245 
1965 New Mexiao 

7t  

4lo21/S 30°58/S 94.5 85 110 6.5 64 11. Greer & Best Oct., Woomera, 
1965 S. Australia 

Feb., W.I. 
1968 

91 91 100 3.5 3 

95 82 111 9.4 Average heights (not including * ) 
- 
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background emission through a r e l a t i v e l y  broad f i l t e r  by comparison wi th  
ano the r  such f i l t e r  i n  a d i f f e r e n t  s p e c t r a l  reg ion  and secondly,  p o s s i b l e  
contaminat icn  of t h e  o p t i c s  which d i s a p p e a r s  la ter  and could be i n t e r -  
p r e t e d  as an inc rease  i n  b r igh tness .  The photometer used he re  overcomes 
bo th  of t h e s e  d i f f i c u l t i e s .  F i r s t ,  t he  f i l t e r  i s  very  narrow and t h e  
t i l t i n g  procedure a l lows  ready comparison between t h e  5577g s i g n a l  and t h a t  
which o b t a i n s  only a few angstroms removed. I n  a d d i t i o n ,  t h e  en t r ance  
o p t i c s  was p ro tec t ed  by t h e  nose cone u n t i l  approximately 65 km and i t s  
ope ra t ion  throughout powered f l i g h t  was observed t o  be proper  from t h e  
response t o  a pulsed c a l i b r a t i o n  source.  

O f  course  the  r e s u l t s  of one f l i g h t  do n o t  j u s t i f y  unl imi ted  con- 
c l u s i o n s  o r  s e r i o u s  c r i t i c i s m  of previous measurements but  t h e  s i m i l a r i t y  
of t h e  recorded p r o f i l e  t o  t h a t  expected on a t h e o r e t i c a l  b a s i s  i n d i c a t e s  
t h e  mer i t s  of t h e  o s c i l l a t i n g  narrow band f i l t e r  technique and sugges ts  
t h a t  t h i s  and poss ib ly  o t h e r  measurements can be repeated wi th  t h e  improved 
f i l t e r s  . 

C.  Spec t roscopic  Data and Discuss ion  

Through t h e  ope ra t ion  of a Fas t i e -Eber t  ground spec t romete r , s eve ra l  
t w i l i g h t  t r a i l  TER s p e c t r a  were obta ined  a t  T + 5 and T f 10 minutes.  They 
a r e  given i n  F igures  11 and 12 r e s p e c t i v e l y  while  t h e  c a l i b r a t i o n  curve  i s  
given i n  Figure 13. The wavelengths of some of t h e  more prominant f e a t u r e s  
are  given i n  Table  5. The symbol ''d" i s  t h e  displacement  f o r  use  i n  t h e  
d i s p e r s i o n  equa t ion  g iven  i n  F igure  13. 

Hoffman e t  a1 (Ref. 7 )  have g iven  a low r e s o l u t i o n  emission spectrum 
o f3a  su  l i t  TER r e l e a s e  (See F igure  1 4 ) .  
A -2 - '5 t r a n s i t i o n  of boron oxide but  was somewhat confus ing  because 
they were unc lea r  as t o  which oxide of boron was r e spons ib l e .  Subsequently,  
I f i l l i k a n  (Ref. 8 )  gave a d i f f e r e n t  assignment - t h a t  of t h e  BO2 b o r i c  oxide 
" f l u c t u a t i o n  bands" (see Table 6 ) .  

The i r  assignment was t o  t h e  

A pre l iminary  and t e n t a t i v e  assignment has been made of t h e  four  
prominent f e a t u r e s  of t h e  spectrum taken  a t  T + 10 minutes .  Such an  
assignment i s  d i f f i c u l t  because of t h e  over lap  of t h e  second and t h i r d  
o r d e r  and because of t h e  gap i n  wavelengths between 4754E and 5826.6E 
between the second and t h i r d  o rde r .  I n  Table  7 are g iven  t h e  €our  major 
f e a t u r c s  des igna ted  A ,  B ,  C .  D whose assignment is d i scussed  below. 

A and E are  a sc r ibed  t o  second o rde r  a 5826.6 and 5848.12 r e s p e c t i v e l y .  
They a r e  ass igned  t o  t h e  BO2 X 211 - A 211, 0 0 - 180 band system. The C peak, 
a sc r ibed  t o  the  t h i r d - o r d e r  s p e c t r a ,  has  a wavelength of 4072.2g. 
assignment i s  t o  t h e  X 080 
t o  t h e  t h i r d  o rde r  has a wavelength of 4467.0a. 

3 0 0 
S -Eo - A 'nu, 000 - 100 band system. 

The 

It i s  ass igned  t o  t h e  

2 IT - B 080 *L* t r a n s i t i o n .  The D peak a sc r ibed  
0% 

A l l  of t h e  assignments  are based  
0 
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Figure 11. Twilight TEB spectrum at T + 5 minutes. 
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Figure 12. T w i l i g h t  TEB spectra at  T + 10 minutes. 
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Figure 13. Calibration spectra of spectrometer. 
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TABLE 5 

SOME PROMINENT FEATURE OF THE TEB 
TWILIGHT EMISSION SPECTRA 

d (mm) h Second Order X Third Order 

(mm) (8, (8) 
2.4 

6.5 

7.6 

11.0 

15.0 

18.7 

26.0 

27.5 

31.0 

34.0 

35.5 

37.0 

38.0 

55.5 

56.2 

58.0 

61.5 

66.0 

73.0 

83.5 

126.0 

180.5 rt 0.2 mm 

5542 

5562 

5568 

5585 

5606 

5626 

5662 

5670 

5687 

5702 

57 10 

57 18 

5723 

58 10 

5813 

5823 

5840 

5862 

5897 

5948 

6152 

6404 rt 1g 

3694 

3708 

3711 

37 24  

37 37 

3751 

3775 

37 80 

3792 

3802 

3807 

3812 

3815 

3874 

3876 

388 2 

3893 

3908 

3931 

3965 

4101 

4269 -i- 18 
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Figure  14. Spectrum obtained from t h e  s u n l i t  
release of t r i e t h y l  boron a t  he igh t  
between 90 km and 178 km. (Ref. 7) 
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TABLE 6 

(Taken  f r o m  R e f ,  8) 

EMISSION MAXIMA FROM ABSORPTION MAXIMA FOR 
UPPER ATMOSPHERE RELEASE BO2 I N  FLAMES 

6,200 

5,795 

6,200 

5,790 

5 , 465 5 ,470 

5,170 5,180 
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TABLE 7 

MAJOR FEATURES OF TWILIGHT SPECTRUM 
OF TRIETHYL BORON RELEASE 

Code of Wavelength (8) 
d (mm) 

1st Order 2nd Order 3rd Order Prominent Feature 

56.5 11653.3 5826 6 3884 4 

60.5 11696.2 5848.1 3898.7 

108.0 12216.7 6108.3 4072.2 

D 211.0 13401.0 6700.5 4467.0 

The above fea tures  calculated from dispers ion formula 

X = ad2 + bd + c (8) 
where a = 3.608 x b = 10.348, c = 11057. 
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on t h e  a n a l y s i s  given i n  Mavrodineau (Ref. 9)  and p a r t i c u l a r l y  t h e  h igh  
r e s o l u t i o n  a n a l y s i s  of Johns (Ref. l o ) .  They are f avorab le  f l u o r e s c e n t  
t r a n s i t i o n s  beginning a t  t h e  h e a v i l  populated 080 v i b r a t i o n  l e v e l  of t h e  
groutid s ta te .  The C l i n e  a t  4072.2 if r e p r e s e n t s  a t r a n s i t i o n  no t  observed 
p rev ious ly  i n  t h e  Sandia t w i l i g h t  obse rva t ion  of TEB due t o  t h e  f a c t  t h a t  
t h e  spectrometer  t hey  used d i d  no t  extend below 4900a. 

D.  Concluding Remarks 

The fo l lowing  remarks are of a p re l imina ry  n a t u r e  pending t h e  f u l l  
a n a l y s i s  of t h e  d a t a  obtained on t h e  two r o c k e t  f l i g h t s :  

(1) The payload appears  t o  be sound and s t a b l e .  The nose release 
works w e l l  and is  an  independent s e l f - c o n t a i n e d  system. The rocket-borne 
photometer a l s o  a p p e a r s  good al though some changes are needed. It  a l s o  
o p e r a t e s  independently and thus  may be used wi th  o t h e r  experiments.  

(2) The observed p r o f i l e  of t h e  55776: emission has  a sha rpe r  lower 
boundary, a more r a p i d  dec rease  wi th  h e i g h t  and t h u s  a much smaller h a l f  
width than  previous similar a l t i t u d e  p r o f i l e  measurements. The d i f f e r e n c e s  
a r e  s o  g r e a t  t h a t  t h e  new measurements r e q u i r e  v e r i f i c a t i o n  even though 
they  more c l o s e l y  resemble t h e  expected p r o f i l e .  I f  t h e  new p r o f i l e  i s  
proven t o  be a c c u r a t e ,  measurements t o  determine seasona l  and l a t i t u d i n a l  
e f f e c t s  may be d e s i r a b l e .  P r o f i l e s  of o t h e r  a i rg low l i n e s  may a l s o  be 
ob ta ined .  

(3 )  It must be concluded on t h e  b a s i s  of t h e  evidence a v a i l a b l e  t h a t  
TEB does no t  chemiluminesce i n  t h e  upper atmosphere c o n t r a r y  t o  l abora to ry  
evidence.  The f u l l  reasons f o r  t h i s  are n o t  determined a t  t h e  p re sen t  
t i m e  . 

(4) The TEB t r a i l  appears  as b r i g h t  as TMA a t  t w i l i g h t .  The q u e s t i o n  
of temperature  de t e rmina t ion  must w a i t  u n t i l  such a t i m e  as t h e  f i n e  s t r u c -  
t u r e  has been resolved wi th  a view toward t h e  p o s s i b l e  s e p a r a t i o n  of t h e  
BO and BO emissions.  2 

(5) A new BO2 band, no t  observed i n  t h e  previous t w i l i g h t  s ectrum 

B 21?, 080 - 080 t r a n s i t i o n  u n l i k e  t h e  o t h e r  t r a n s i t i o n s  assigned t o  t h e  
X-A states.  

no% - has been observed. The band i s  a t  4072.22 and assigned t o  t h e  X P 
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