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ABSTRACT

A Study of Ultraviolet Emissions From the
Oxides of Carbon in the Mesosphere and
Shuttle Environment
by
Robert P. Tomic, Master of Science
Utah State University, 1985
Committee Chairman: Dr. Marsha R. Torr - N

Major Professor: Dr. Gene L. Wooldridge ‘
Department: Biometeorology _?’*3(*)}

_‘L, L? e i
L5 This 4s—d>study1to determine if carbon oxide (Cd, Cét} €02+)

u]traviolet<€U¥f9emissions in the mesosphere are observable)thus

presenting an alternate method of determining the concentrations

of these species. By developing photochemical models for Cét}aqd Y
’CUE+ it is shown that the concentration levels of Co:"‘\andj\'(:()‘;r,:fgv‘e\> S
not adequate to produce UV b>nd emissions bright enough to be

detectable by spectrometric instruments. For CO, actual measure-
ments of the concentrations were used in conjunction with g-factors

to predict volume emission rates. These predictions indicate that

only the CO fourth positive bands will be bright enough to measure

by optical techniques.

Mesospheric ultraviolet spectra obtained by the Imaging

Spectrometric Observatory (ISO) on the Spacelab 1 Mission

(Novémber 28-Decémber 7, 1983)Care examined for the presence of
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» the CO fourth positive bands and several bands are identified which
are believed to be CO fourth positive. The CO fourth positive 1-6
band is used to calculate a density height profile for mesospheric
CO. These calculations are in close agreement with measurements by
others for mesospheric CO. This band system Gﬁe§7pr0vidgja viable
method for measuring CO in the 80 km to 110 km altitude region.

A seconéigggzctive bimthe study, is to investigate whether carbon
oxide emissions are found in the induced shuttle environment. CG; is
one of the major products of shuttle engine exhaust and carbon
materials are found to undergo significant mass loss on orbit.

While several molecular band-1like features are found in the data,
these appear to be‘igtgrmittent and at times have the characteristics
an- may

of point sources, Fheseuﬁeatures"ﬁay therefore’be due to
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particulates or stars rather than exhaust plumes. (Ktjvf v ,
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INTRODUCTION

Studies of carbon oxide (CO, CO C0+, C02+) ultraviolet (UV)

29
emissions in airglow have been used extensively to study
atmospheres on planets such as Mars (Conway, 1981; Fox and
Dalgarno, 1979; Barth et al., 1971), Venus (Durrance, 1981) and
comets (Feldman, 1978; Festou et al., 1982; Donn et al., 1974;
Feldman and Brusil, 1976). In this study, an attempt was made to
determine if carbon oxide UV emission could be detected in the
earth's atmospheric dayglow and the shuttle's induced glow. If
detectable, this will be the first case in which carbon oxide UV
emissions from mesospheric dayglow have ever been remotely measured.
This is very important because it will be an excellent tool to aid
in the study of mesospheric physical processes.

For the purpose of this paper, the mesosphere is the region of
the atmosphere ranging in altitude from 88 km to 116 km. Figure 1
shows where the mesosphere lies in relation to the other atmospheric
layers (thermosphere, stratosphere and troposphere) and which portion
of the solar spectra is absorbed out in the mesosphere (2000 to
3000 K). This includes most of the E region of the ionosphere which

is dominated by the ions NO* and 0 More measurements of this

2 -
region will aid in understanding the transport processes, photo-
chemistry and ionospheric phenomena such as sporadic E.

By comparison with the thermosphere, relatively little is

actually known about mesospheric processes because it is a very
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difficult portion of the atmosphere from which to collect data.
Until recently, the collection of data was done primarily with
rockets. This resulted in a scattered picture of processes by
which the mesosphere operates physically. In 1983 mesospheric
carbon oxides were measured by an infrared instrument on board
Spacelab 1 (Lippens et al., 1984). The purpose of measuring carbon
oxides is to gain a greater understanding of the physical and
chemical processes which drive the mesosphere. This includes the
carbon oxide rotational and vibrational population distribution,
photochemistry, mesospheric temperature and solar and magnetospheric
energy flux (Torr and Torr, 1984).

In order to examine the data for mesospheric carbon oxide
emissions (in the UV) it is important to first predict theoretically
where these lines will occur, and how bright the emissions should
be. Because brightness is a function of species concentration
(shown later) a photochemical model is developed which determines
concentration levels for both CO+ and C02+ (assuming photochemical
equilibrium). For CO and CO2 this assumption does not hold true
(Hays and Olivero, 1970). Therefore, actual measurements (taken on
Spacelab I) will be used in place of predicted concentrations.
These concentration values are then used to predict how bright
several of the carbon oxide bands should be. The second step
involves locating where these emission lines occur. This was done
using a synthetic spectral model. Once estimated brightness values
and band locations are known, the final step can be taken, which

involves the comparison of the actual data (band brightness and
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Tocation) to the predicted band brightness and locations. This
same process is used when studying carbon oxide UV emission bands
associated with shuttle induced glow. This induced glow is the
measurement of extraneous signals whose origin seems uncertain at
this time (Murad, 1985). There are three suggested causes for

production of this glow, which include aeronomical processes, plasma

effects, and gaseous contaminants from the shuttle.
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INSTRUMENTATION AND DATA REDUCTION

Data obtained for this thesis were measured by the Imaging
Spectrometric Observatory (ISO) on board Spacelab I from 28 November
to 7 December 1983. The ISO was built to measure emission features
in the ultraviolet, visible and near infrared (300 to 12,700 R).

This is achieved through "five spectrometers operating in parallel"
each having "a focal plane detector which is optimized for a partic-
ular region of the full spectral range" (Torr and Torr, 1984, p. 169).
Each spectrometer measures approximately equal portions of the
spectrum from the 300 K to 12,700 K range with a spectral resolution
of 3 to 6 R (Torr et al., 1982). See Figure 2 for a diagram of

the ISO and its ray path description. The focal-plane detectors
consist of a "two dimensional device array" which measures UV

spectral emission (via grating steps) in one dimension and spatial
information in the other dimension (Torr and Torr, 1984, p. 169).

By positioning the shuttle's instrumentation in the proper
orientation, a vertical height profile of UV emissions in the day
and nightglow can be collected. The dayglow measurements were
obtained by orienting "the entrance slit perpendicular to the 1imb
of the earth" (Torr and Torr, 1984, p. 169). The ISO's field of view of
0.65° allows a 16 km vertical height profile (with a 2 km resolution)
to be observed (Torr et al., 1982). The measurements for shuttle

glow were taken on the night side of the orbit. The shuttle was
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~¥: oriented so that the ISO pointed at a tangent ray height of

i 90 km.

s . .
fx:% The data collected was recorded on magnetic tape by a micro-
;.Zb processing computer on board Spacelab I. Processing this data
:i; involved four steps. The first step required the use of a

:Q:. program developed on the PDP 11/60 and PDP 11/34 computer at Utah
55; State University. This program, called SPY, has the capability to
. extract the data in two formats. The data can be either in one

A £ dimension centered at the tangent ray height or in eight segments
3;5 (ever}"two kilometers) centered at the tangent ray height. This
(%r results in a height profile which extends eight kilometers above
;115 and below the tangent ray height. Because the sensor contains
g}é background noise, an instrument background measurement is taken
:"' before the ISO shutters are opened for observations. This is then
:E? subtracted from the data using a prepackaged program at the ISO
?\5 Laboratory at Utah State University (CAL 2). The third step

:)_ involves cleaning the data by removal of telemetry noise spikes
:_5; and aligning each section of the spectra to the other. With the
‘jig spectra fairly well cleaned, the data must be converted from

.;?' counts to radiance. A calibrated sensitivity file is used to do
?5} this conversion. Figure 3 shows an example of the final output
Zﬁgf form for the one dimension data extraction technique.
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SYNTHETIC SPECTRAL MODEL

To study the data collected on Spacelab I for carbon oxide
UV emissions, it is necessary to know the expected location of each
band. This requires a large number of calculations which consider
the contribution from each of the atomic and rotational lines to
the spectrum. Therefore, it is advantageous to utilize a computer
model which can do this.

The model used in this paper titled "Line by Line Calculation

of Spectra From Diatomic Molescules and Atoms Assuming a Voigt Line

Profile" was developed by Arnold, Whiting and Lyle (1969, p. 1).

The program produces a spectrum by accounting for

the contribution of each rotational and atomic line

considered. The integrated intensity of each line

is distributed in the spectrum by an approximate

Voigt profile. (Whiting et al., 1969, p. 1)
According to Arnold et al. (1969, p. 783), using the Voigt line
profile is "accurate to within 3 percent or less." Another
important aspect of this model is the capability to incorporate
instrument sensitivity. This allows modeled output to actually
appear as it would when measured by an instrument with specific
sensitivity characteristics (grating spectrometer, radiometer,
etc.). For more information reference Arnold et al. (1969) and
Whiting et al. (1969).

This model only considers atoms and diatomic molecules,

therefore only CO and CO+ emission bands were modeled. The
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gfgj input variables which can affect the CO and co* emission band
‘,; ’ calculations are: |
{ﬁég 1. rotational, vibrational and electron temperatures;
\:T: 2. species concentration;
;;; 3. instrument sensitivity; and
3 4. population distribution which can be modified to consider
ggg vibrational distribution.
& Figures 4 through 8 show the brighter calculated emission lines for
? ! the following CO and CO* UV bands: B
‘:Eﬁ CO0: Fourth Positive Bands (Fig. 4)
v Cameron Bands (Fig. 5)
;:EE Hopfield-Birge Bands (Fig. 6)
Etit co: First Negative Bands (Fig. 7)
- Comet Tail Bands (Fig. 8)
;25? In these figures, a thermal distribution of the vibrational and
|§?ﬁ rotational states has been assumed. The actual atmospheric
» excitation mechanisms might well result in different population

distributions. These bands were utilized because they reside in
the portion of the spectrum the ISO can observe, and all of the
e necessary molecular constants had been calculated or measured.
GRS These plots are then used to aid in identifying actual lines in

the next and final step of analyzing the ISO data.

o 5..\ Lae 3 LA R 'f." NG R DS N R Sy '-._'.. ‘). Tt e L L LA LN L N L NN et et e PRSI L, )
LDl o T oo R N AN . O AN SR L e "’*“ﬁl’i&‘

» [Ra)




WETOTPITRvrenY T T N T O T N T T O O T T T O LW T M T T O v W W TN~ N LA~ T W W

11

)
*3
Kn,
;1 0 < ™ N - o>
: - T
' © 3
\ = > o
4 - - Q .
L * g -
o E
% - T = - 2
o 2 —_———10 % 2
% - 1R < &
4 - m &
. 2 w S
r - = _ﬁs 1 <=5
[ e =]
% T~ _ -_— T =
o —— - ——— o U) o
& = " = = 4 O 5 o °
< - T == 5 a3
S— 4 I S
: = — w -~ S
. . o - z % ,2_
» - ——— T
. ™ o =02
o —
o — =l — - 8 w =
o "o —t —_— ) - O 2
=—o © ’ O3
- _ T ‘i - =
o = = >
.- C »n
ne—c:ﬁ o
e - 4 O .
b3 q- <
s - @
.- g
T L g 1 1 ES
o5 N o @ © < o o -
3 = = S S 3 S

i ALISNILNI

K AT, i g d ‘ ‘ T AL O M L s Y ANt T e e M Y GO U o MR A S A e
‘5!::“&4'-‘.«‘.';':'!a:‘o‘l‘:\,..’l. ".:q o £ X Ay & ‘. 2ol e "(\J." AN INY IR AT ‘.u"'.‘;\i? "Q} v \..\' A y

indChd il 3



12

T TwT Ty

*Spueq uouadwe) () padnpouad A|{eI113Yjuks *g aunby 4
SANVE NOH3IWVO OO
(V) HLD3T13AVYM

0092 0/0) 24 00z2 0002 008l
A _ﬂ ! J _ | 4_ Y 1 0

ALISN3LNI




-
-
A

.
L}
.
r
>

*spueq mm..._m-v:t_ox_, 0J padnpoud A eI113YJuks 9 auanby 4 ..M

- SANVS 39HIg a13I14dOH 0D 2

(V) HLD3ITIAYM

0022 0012 0002 006! oos! 00Ll  009I H

T [ 4£ — L T T o .“m.

- 4 oo s

m _ -4 oo .,,

4 P
p iy
| n 4 sio i
m _ :

: Z

w - . +4 020" = he

_ |
; A N
M w620 5 i

“ T | .a_; e os0 i
| o e
N - o

] - | S ei 4 s¢o o

“ € 3| Hs b
- | - ovo 2%

b N_m v .\.M

¢ L1 2| 1 1 L 1 1 SHO' o

e
-".-i“h'

QW“A-

-,’lu
%0
22
-
%
O a0
2]
]

-
<,
W

- ¢ X ow oy x . » w R v 3 ot I BRI S e o e Ay : o, o - . - - -
o -, L. 'y - %~ - Sl SRR RN 5ty G-ty ey MRt v Ly g S Gl ol e e ) RSN SRS N 2K o atw Y%
Wy TS Sneahnes W E Y. WASATINY. NN ISEEOW. ) M aﬁrL,n.-...)..\.rO., w2 QL. L S TS

'y
-



b~ «-
i <

*spueq aApjebay ysJa14 402 padnpoud A||ed119Yy1uhs 7 3unby 4
SANVYE 3AILVO3N 1SHId +OO
(V) HLOITIAVYM
00,74 00c¢e 0002

14

008<¢

;ﬁ ! 4/ z 1

=

og

il

- . .
R > o T

Gar 1 \, -

o A A

S’

oY N TR

ALISNILNI

»

BPG ) | AN W

Pl Gl G

LR
)

.-y
L]

Iy
S

-

N

..,

SRS

.

)

« “" -"* \-".-

‘.}*.'

o ¥ o "
’\\(\
P (]

o w
-‘,.f“-

ol
.

T (T
",&)‘-)ﬁ



15

*Spupq |[!®] 7I8W0) 400 pasnpoad A}|ed)1ayjuls °g aunby 4
SANVYS8 STiVL LINO0D ...oo
(V) HLOIIIAVM

ol 60

80

L0

G0 v0

! T

>
>

A
———

T

ALISN3LNI




LAl e Sad Lol tag sl d Gk ol s s ek Gk fah S0 AAN AR 4 & 'S als ata At are aoh el ars SYELYA"aci-adiialf  las o BRC oAt ata oba o Wt obat A Ratallat Gaeu paw s pat Aat '.'1

16

PHOTOCHEMISTRY AND BRIGHTNESS CALCULATIONS

In order to predict theoretical intensity profiles for carbon
oxide UV emission there is a need to understand the carbon oxide

photochemical processes. The photochemical processes control how
+
)

some of the carbon oxides (CO+, co distribute themselves with

2
altitude (Hays and QOlivero, 1970). The other carbon oxides (CO, COZ)
distribute themselves via transport processes in the mesosphere
(Lippens et al., 1984). As will be shown, the concentration
profiles with height of C0+, co +, €0 and CO2 are needed to

calculate the vertical carbon oxide intensity profiles.

The techniques used to determine the height profiles for CO

and CO2 are quite different from those used to find- height profiles
for 0% and C02+. The reason for this is the unknown physical
processes which control mesospheric CO+ and C02+. It is common
for a first theoretical prediction to assume photochemical
equilibrium for unknown constituents (CO+ and C02+). However,
for mesospheric CO and CO2 this assumption is not true according to
Hays and Olivero (1970).

Even though CO and CO2 are not in photochemical equilibrium
a height profile of each constituent is needed. The best
approach appears to be the use of actual data collected by an
infrared grille spectrometer which was flow aboard Spacelab [ along

with the IS0. Therefore, the CO and CO2 concentration profiles

are taken from the findings of Lippens et al. (1984).
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;i The calculation of CO* and C02+ height profiles is performed
3; : under the assumption of photochemical equilibrium. Through an

5‘ _ extensive literature search the author collected known photochemical
7 equations involving co’ and C02+ for the earth's atmosphere (M. Torr,
f} 1985) and the martian atmosphere (M. Torr, 1985; Fox and Dalgarno, 1979;
'é Yung et al., 1971). Many of the photochemical equations were not

%{ considered for the following possible reasons:

' 1. One or more of the constituents used in the photochemical
s equation is not present in the earth's mesosphere.
?é 2. The photochemical process was endothermic.

¢ 3. The concentration of one or more of the constituents in the
;2 photochemical equation was extremely small compared to larger
_i atmospheric components used in the other considered photochemical
g' equations.
4. The reaction rate coefficient was small enough that the

i contribution from the chemical process in question is quite small.

¥ After applying these steps for the sources and sinks of co* and
‘;{ C02+,the following photochemical equations and rate coefficients

'i‘ were used for height profile calculations:
g‘ co’ Sources N2+ +C0 N, + co’ 7.4 x 107! cm3sec™?
P Sinks cot +0 - 0"+ co 1.4 x 10710 cm3sec™?
} co* +co, » €0," + €O 1.1 x 107 cm3sec”!
e co," Sources  N," + 0, > €O," + N, 9 x 1070 cm3sec”
S Sinks co," + 0, » c0, + 0,5 5 x 107 cmasec”!
%, Using the assumption of photochemical equilibrium allows the sources
§ and sinks to be equated to each other. With this in mind the
i
o
a

Y Y \"\ g S e T T T T T T i T U T R IR TN
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§§ following equation can be derived:
4.

co [N2+][C0] 7.4x10"3) cmasec! = [co*]ro] 1.4x10710 cmasec?

+ [C0+][C02] 1.1x1072 em3sec™?

T; C02+ [N2+][C02] 9x10710 cm3sec”! = [C02+][02] 5x10711 cm3sec™!
iﬁ where [X] represents the concentration of X. The solution for [C0+]
:"

g and [C02+] involves simple algebraic manipulations. The end results
X are shown below:

;5‘ R [N,*1[c0] 7.4x107M

R (co’j = 10 =

o (0] 1.4x10 + [COZ] 1.1x10

- IN,*10c0,] 9x10710

- +4 _ 2 2

~: [C0,1 = =5

! [0,] 5x10

o

When available, the standard atmospheric density height

AN

SKE profiles were used in the photochemical models described above. When
?;3 they were not available, measurements were used. The height profiles
;, used in the calculation for CO* and C02+ are shown in Table 1. The
 2§ results for cot and C02+ using the developed photochemical models

;é are given in Table 2. By comparison to the other ions (02+ and N0+)
;; present in this region of the atmosphere (Figure 9), both CO and COZ+
;5 are insignificant. The concentrations for N0+ (104cm'3) and 02+

C: (3x103cm'3) are much larger than C02+ (<1 cm'3) and co* (<1 cm°3).

As will be shown briefly, the concentration values of co* and C02+

X N__XY A
X

are quite small and will not be large enough to produce observable

¥

.b

R UV emissions for the ISO to detect.

?‘ Intensity profile calculations predict t-> "probability that
:

3

kY
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Table 1. Concentration height profiles for N2+, c0, 0, and COZ’
Concentration (cm3sec”
Height
(km) —[n,71(P1) [col(P2) [c0,1(P2)
70 100 3x10° 6x1011
75 100 1.7x10° 2.8x10t!
80 100 8.2x108 1.2x101!
85 100 5x108 5x1010
90 100 4.5x108 1.8x1010
95 100 4.5x108 4.5x10°
100 100 2.3x108 2.5x10%

(P1) D. Torr (1985) .
(P1) Lippens et al. (1984)
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Table 2. Calculation concentration height profiles for CO+ and C02+.

Concentration (cm3sec_1)

Height (km) co’ C02+
70 0.03 1
75 0.04 1
80 0.04 0.7
85 0.05 0.45
90 0.05 0.32
95 0.04 0.09
100 0.02 0.06

R o S A T S o 4 B e D R S T e A LA
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Figure 9. Concentration levels for ions from 90 to 1020 km (D. Torr
1985).
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p
}\- an atom or molecule will resonantly scatter a solar photon of
§
. wavelength A into 4m Sr in unit time," called a g factor according
Ll Y
:I& . to Donn et al. (1974). The form of g factor used for calculation
2
:}- in this paper is taken from Barth (1965) and is given as follows:
=
" =xF (v e2/mc?) A, f q W
- g ov' ov' 'xn Govt Fyrye
:ﬁ and
’.. g'l n = g ) n f ? f Ov
v'y v'v" XN N T qOV'

o
qi. where F = solar flux, e = electron charge, m = electron mass, ¢ =
- ~
Jﬁ speed of light, q = Frank-Condon factor, W = albedo for single-
(n&
(' scattering of the fluorescent band, V'V" = fluorescent band in
' l
" emission, OV' absorption band in the lowest vibrational level of
[f the ground electronic state, f = oscillator strength and FXN = the
A

, band oscillation strength for the electronic transition from

\l

:j ground state X to excited state N.

B

- Values of g' and q are provided by Barth (1965). Using the
;9 formulas discussed above to calculate g:
i

A [}
i Lo gy = Vv Sov
3 J ov'

%" . Therefore oscillator strengths (fov.) are needed to complete the
,ﬁi emission rate factor calculation for each of the carbon oxide UV
fn emission bands.

7,
§ When the oscillator strength (fov.) was not found in the
W
§$ literature, the Einstein coefficient (A) was used to calculate the
fﬁ oscillator strength. This calculation is very simple and needs to
o
>,

i

0
-

-’
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be done from measurements of transition probabilities, according

to Joshi et al. (1966). They found the proper equation to be:

R 3

f =1.5 x 10 AVlvll

ov' vive

.- with A in um and A in sec™! .
Using Equation 1, Tables 3 and 4 show AV'V" if used, fOV"
g' and the g factors which were calculated for the CO fourth
positive and Cameron bands. Tables 5 and 6 show the constants
h. used to calculate the g factors for the 0" comet tail and first
v negative bands. There are no known ultra-violet emissions by C02.
For C02+ the author could find only one band system emitted in the
3 ultraviolet, the Fox Duffendack and Barken Bands (Pearse and Gaydon,
: 1984). However, an extensive literature search failed to find
. all of the constants necessary to calculate the emission rate factor.

[ To calculate vertical brightness, the following equation is

T

po -

used (M. Torr, 1985):

6

Brightness = [X] H g 1.0 x 10”° Rayleighs

X X LY

with [X] the concentration of CO' or C02+, in cm3sec™, H the

scale height in cm, g = the emission rate factor in photons/sec
and the conversion factor from photons/cm2sec to Rayleighs. Using

this equation, the concentration calculations or measurements and

e 8 8 Nor A,

the g factor calculation we obtain brightenss values with respect
i to height. See Table 8 for the CO Cameron and Table 7 for the
b fourth positive bands brightness predictions. Table 9 provides the
brightness calculations for the c0" comet tail and Table 10 the

first negative bands.

v & 8 a Xl

;:g"i\- R
‘v X 0‘?'!‘! A. N

e

Y \-' '.'l‘\‘r-.‘_? e 0 "'--',.;\" .," \."L‘\.. ,.;:;J;. )\ CALRLY LR AL T AL AL ‘s .‘:‘- s ! ::

! A
~ ST RN

Ral



-----

IR

‘.o 4 24
3
1)
&
’ . Table 3. g factor calculation for CO Fourth Positive bands.
R
% vy for: x1073 q g'yryn Gy
- (Hessen and Dressler, 1965) (photons/sec) (photons/sec)
A
5 00 9.0 1.13x107! 5.38x10" 4.28x1078
o 01 20.1 2.61x107! 1.12x10°%  8.63x1078
02 21.2 2.85x10"] 1.1x107° 8.18x10°8
o 03 14.1 1.96x107] 6.85x10™’ 4.93x10°8
b3 04 6.7 9.6x102 301107 2.1x1078
o 05 2.4 3.55x10%  9.97x10®  6.7x107°
£ 06 20.2 2.16x10"! 2.17x1078 2.03x10”/
5 11 14.0 1.55x10"! 1.41x107% 1.3x10"7
P 12 0.3 3.05x1073 2.51x1078 2.5x1072
11% 13 6.5 7.64x10"2 5.66x10™ 4.8x10°%
" 14 15.8 1.93x107! 1.29x1076 1.1x10”’
o 15 19.7 1.86x10°} 1.11x1078 1.2x10”7
o 16 8.2 1.08x10"} 5.81x10”/ 4.4x1078
» 17 3.3 4.45x10™2 2.13x1077 1.6x1078
8 20 22.6 2.3x107, 1.9x107 1.9x107/
o 21 1.2 1.22x1072 9.14x1078 9.0x10™7
> 22 8.3 9.01x102  6.13x1077  5.7x107
i 23 10.3 1.16x10"} 7.14x10"7 6.3x1078
e 2 4 0.4 5.08x10™3 2.82x1078 2.2x10”°
g 25 4.8 5.72x10"2 2.86x1077 2.4x1078
& 2 6 13.2 1.65x107L 7.41x1077 5.9x1078
\ﬁ 27 12.9 1.67x10"] 6.71x10"/ 5.2x10°8
- 2 8 7.4 9.96x10°2  3.58x1077  2.7x1078
34 29 3.0 4.13x1072 1.32x1077 9.6x107°
E. V' = upper vibrational state
:,'?L‘ V" = lower vibrational state
A
e
:
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[+
o §
}‘
%;ﬂ Table 4. g factor calculation for CO Cameron bands.
]
N, tyn |
8¢ v'y AV'Vfl fyryn q g g
' (sec *) (photon/sec) (photon/sec)
(James, 1971)
W)
9 - - -
o 00 255 1.63x1077  2.66x1070  5.72x10°%  3.5x10710
s 01 272 1.91x107  3.78x1071  7.1x107%  3.6x10710
3 02 122 9.43x10°  2.ax10!  3.91x107%  1.5x10710
09 03 31.2 2.66x1078  8.95x1072  1.26x10°%  3.7x1071!
R 04 4.92 4.63x1077  2.2x107%  2.67x10"°  5.6x107 12
p 05 0.44 4.6x10°10  3.79x107%  3.93x107% 4.8x10713
y 06 0.03 3.40x10°11  a4.68x107%  4.13x10”7  3.1x10714
§ 07 <0.01 Lax107t a.20x107° 30151078 9.7x1071°
g 10 335 1.99x10~7  3.10x10°!  4.01x107%  3.1x10710
" 11 11.8 7.722x107°  2.88x1072  3.89x10™° 1.0x10"}!
¥ 12 94.1 6.74x10°°  1.03x107!  1.22x107%  s.0x107M!
e 13 146 1.15x1077  2.65x107  2.72x107%  1.2x10710
( 14 67.5 5.84x10°8  1.92x10°!  1.7x10°%  s5.2x1071!
K 15 15.4 1.47x10°8  7.24x107%  5.53x10™° 1.1x10"M!
e 16 2.16 2.3x10"0  1.71x107%  1.12x107° 1.s5x10°12
A 17 0.19 2.25x10710  2.72x107%  1.51x107®  1.2x10713
L 18 0.03 3.97x10°10 3.04x107  1.43x1077  1.9x1074
L/ - - -
X 19 <0.01 1.49x10711  2.43x107°  9.59x10"  5.9x107%°
;
3
)
{:
g
v
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Table 5. g factor calculation for co* Comet Tail bands.
vy Fyoyo q g’ 9
' (Jain and Sahni, 1966) (photon/sec) (photon/sec)
: 00 1.56x107° 4.2x10°°  4.82x10°°  1.8x107"
A 01 a.34x107% 1.49x10°0  1.22x10°!  3.6x107t
" 02 4.56x10"% 2.46x10"1  1.38x101  2.6x1074
5 03 2.07x1074 2.49x1071  9.11x102  8.0x107°
¢ 04 2.45x10" 1.74x10°0  3.91x107%  5.5x107
! 05 4.55¢10°° 13107l 3.eex107! 1.4x1073
2 11 6.73x10': 1.91x10;1 4.27x1o'i l.leo'Z
' 12 2.15x10° 8.3x10" 1.31x10° 3.4x10°
| 13 2.38x10"’ 0 0 0
p: 14 4.89x107° 8.4x1072  5.84x107%  3.4x107°
. 15 7.8x1078 1.83x10°)  7.7x1072 3.3x1070
: 20 6.84x10™% 1.66x10°0  5.83x1071  2.4x10°
g 21 3.85x1074 9.9x10°2  2.59x10"  1.0x1073
& 2 2 8.26x10'i 2.0x10’31 3.8x10'31 1.7x10-i
‘ 2 3 2.44x10° 1.04x10°1  1.39x10° 3.3x10°
ﬁ 2 4 1.11x10': 8.9x10’24 8.01x10'i 8.5x10'3
25 6.84x10" 10.0x10°%  5.76x10° 3.9x10°
] 30 7.05x10”4 1.8x10°l s.72a0”l 2.2x1073
K 31 5.64x10™> 1.5x10°2  3.62x102  1.4x107
# 32 2.72x1074 7.1x1072  1.2mx10”l 4.9x107?
8 33 2.13x1074 7.2x10°2  9.31x10°%  2.8x107%
- 34 5.46x1075 2.0x107%  1.8x107° 4.9x10°6
J 40 5.59x10™% 1.59x10")  3.5x107! 1.2x1073
& 41 1.93x107 5.0x1073  6.8x1073 3.3x107°
o 42 3.87x107% 9.6x10°%  1.23x10"}  s5.0x107%
: 43 3.55x107° 10.0x10°%  9.49x107*  3.4x107®

L% "

1§ - ,‘,
% SaBATILYAY

A '1'.;4_~" \’._"'_;; -,f:ﬂ' -1 }.‘- "_5,::;. -}'-": ‘-_(.3 J," '31 K

WS A



3R
I : 27
3
5
§ .,
‘Io
§ \J
LY
B Table 6. g factor calculation for co* First Negative bands.
0T
!‘ )t
::‘\. yrye fvivll q : gl g
4
-'j::.;- (Joshi et al. (1966) (photon/sec) (photon/sec)
R
‘» »
. 00 0.0088 5.31x107  7.84x1073  1.2x107
(e 01 0.0062 3.3x107 4320107 gx107°
37 02 0.0021 Loax107!  1.14x1070 2.3x107
g 03 0.0005 2.14x1072  2.0x0™%  4.7x107°
Cx 04 0.0001 3.38x1073  2.68x107°  7.9x107
W 10 0.0048 313107 2.0x107 3.1x107
X 11 0.0010 5.65x107%  3.14x10°%  5.6x107°
e 12 0.0054 3.a8x10”!  1.s3x1073 2.8x107°
13 0.0045 2.17x107  8.95x107%  1.8x107°
2 14 0.0017 7.49x1072  2.6x107%  5.9x107°
& 20 0.0016 Lo’ 1160 17xa0®
o 2 1 0.0041 2.58x1071  2.33x107*  3.7x1078
) 22 0.0003 1.76x10°2  1.39x10™°  2.4x10”’
e 23 0.0028 1.46x1070  9.94x10°  1.9x107°
tex 2 4 0.0055 2.55x107  1.49x107%  3.2x107®
it
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Table 7. Brightness (R) calculations for CO Fourth Positive bands.
Height (kM)

vy 70 75 80 85 90 95 100
00 89 50 24 15 13 13 7
01 178 101 49 30 27 27 14
02 169 96 46 28 25 25 13
03 102 58 28 17 15 15
04 43 25 12 7 7
05 14 8 4 2 2 2
10 420 238 115 70 63 63 32
11 269 153 74 45 40 40 21
12 5 3 1 c.9 0.8 0.8 0.4
13 99 56 27 17 15 15 8
14 228 129 62 38 34 34 18
15 248 141 68 41 37 37 19
16 91 52 25 15 14 14 7
17 33 19 9 6 5 5 3
20 393 223 108 66 59 59 30
21 19 11 5 3 3 3 1
2 2 118 67 32 20 18 18 9
23 130 74 36 22 20 20 10
2 4 5 3 1 0.8 0.7 0.7 0.4
25 50 28 14 8 8 8 4
2 6 122 69 33 20 18 18 9
27 108 61 29 18 16 16 8
28 56 32 15 9 8 8 4
29 20 11 5 3 3 1
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Table 9. Brightness (R) calculations for c0" Comet Tail bands.

> Height (km)

! D 1 (1]

?- v'y 70 75 80 85 90 95 100
A

".\"‘.“‘ .3X10-4 - - . __ o .

.5x10”% - - - - - -

.8x107% - - - - - -

.6x107° - - - - - -

.9x107° -- - - - . -

.8x107% - - - - - N

.1x1073 - - - - - -

ax107d -- - - -- -

0 -- - - - -- -

2.4x10"° - - - - - -

2.3x10°0 - - - - - -

1.7x10°3 - - - - - -

7x10”7% - - - - - -

1.2x107° - - - - - -

2.3x107% -- - - - - -

6x107° -- - - - - N

2.7x10"7 -- - - - - -
1.5x1073 - - - - - »

1x10~% - - - . . N

3.4x10"% - - - - - -

2x107% - - - - i -

3x10°° - - - - . -

8x10™4 - - - - o N

2.3x10"° - -- - - - -

3.5x10°% - - - - - .

2.0x10°% - - - - - -

N = W W N = N

(4]

L
£ B b P W W W W W NN N NN e == O O O O O
w N = O £ W NN = O O & W MN = O O & WMN = O HH W N = O
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g« _ Table 10. Brightness (R) calculations for co* First Negative bands.

i Height (km)
P vy 70 75 80 85 90 95 100

? 3 00 8.4x10'5 -- - - - - -
l'.n' -5

01 5.6x10 -- -- -- -- - -
R 02 1.6x107°  -- - - .. - .
L) -
;:33 03 3.3x107° - -- -- - -- -
B 04 5.5x07 - -- -- -- - --
POal -5

10 2.2x10 -- -~ - - - -
T 11 3.9x108 - - - -- -- -
| .} -5
1o 12 2x10 -- -- .- -- - -

3 13 1.3x107° - -- - - - .-

14  4.1x10% - -- -- - -- --
,:g;.' 20 l.2x107% - -- -- - - -
i::;}:i 21 2.6x10°% - -- -- - -- -
”?3' 22 1x1077 - -- - -- - -
o -6
5 23 1.3x10 -- -- -- . - .
1 -6
e 24 2.2x10 -- - -- - -- .
%"
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N The theoretical brightness calculations indicate that neither
N of the CO* bands will be observable by the 1S0. For the CO bands
the best possibility for ISO appears to be the fourth positive

- bands. However, there could be errors in the photochemical theory
and underlying assumptions. It is therefore, wise to investigate

:; the data provided from the ISQ to see if all or any of the mentioned

s bands were actually observed.
1)
4
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:;? RESULTS
N
SN
J»:\.;»
1t:n The results from analyzing the data measured by the ISO are
. I
j;? presented below. This includes data containing mesospheric dayglow
(Qﬁi and the shuttle induced vehicle glow. The technique used to
5"?‘.
§:§§ analyze both sets of data are similar.
26 Dayglow
AE@ To determine if the ISO is observing carbon oxide emission
s ,
[AX A lines in the dayglow, several checks need to be performed. First,
oy all of the carbon oxide lines which appear to be present in the data
jtﬁ are located. Because more than one molecule can emit radiation in
A
.5 the same wavelength, it is important to check for other molecules
gg;. which could fluoresce or resonantly scatter in this same wavelength.
Qe
o If this occurs, then the contribution from each molecule to this
-t".: . . . . . .
tj. line must be determined. After carbon oxide emission lines are
Ty selected for study, they must be compared to lines which are better
D)
:?;: understood. This comparison of intensity verses height will show
Lols
ﬁ,Q if the carbon oxide emission lines are actually carbon oxide lines
1;;; or some other molecule undergoing resonance fluoresence.
{ 1!".1
ilﬁj The brighteness predictions discussed previously indicate that
i
M 1 the CO fourth positive band is the most 1ikely band the ISO could
‘;- observe. The other band intensities are not bright enough to
0
>u§ overcome the ISO's signal threshold or sky background. A signal
W~
' ¥ o
N intensity of approximately 30 R/A is needed in order for the
'}:A feature to be observable by the 1SO (Torr, Basedow, Torr, 1982)
>”
g:-ff
o
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§ in an integration period of a few seconds. Therefore, only the

."{ : CO fourth positive bands will be considered when analyzing the

;'é mesospheric dayglow data.

'ﬁzs Due to a spurious feature, possibly scattered sunlight, in all

?i‘ but two of the spectra measured by the ISO, the mesospheric dayglow

Egﬁ data is very limited. This light leak occurred in the same wave-

Eié length region where the CO fourth positive bands should be their

R brightest (1478 A to 1800 A). The intensity of the unexplained

é?f, feature was strong enough to completely dominate any CO fourth

%7‘ positive emission lines in this region. Another difficulty occurred

Egi when one of the five spectrometers (near UV) suffered from

‘;%; impaired gain due to damage incurred during integration to the

i VE shuttle. The spectrometer in question covered the wavelengths

e from 2200 R to 4100 X (Torr, Basedow, Torr, 1982). The resulting

s?}; spectrum was not obtained with sufficient sensitivity for this

f;& study. Most of the other carbon oxide bands (CO+ first negative,

b CO cameron, co* comet tail, etc.) emit within this region.

;f}ﬁ These data restrictions eliminate all but two spectra which

&: X contain mesospheric carbon oxide UV emissions. Realizing that

?b‘ this is a very limited data base, it is thought that averaging the

3;: two spectra together will create a better representation of

:i%} mesospheric dayglow. This spectrum is shown in Figure 10.

i Any CO fourth positive lines which appeared on the averaged

?ﬁ? spectrum were located and noted (Fig. 10). This was done using

Ei‘: the spectrum produced by the synthetic spectral model. A1l of

:b?: the observable Tines occur in the one through three upper

303 vibrational levels.
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However, there are several other molecules which emit in this
wavelength region. These include the NO delta, NO gamma and the

N, Lyman-Birge-Hopfield (LBH) Bands. Any lines from these

2
molecules which appear on the spectrum have been noted on Fig. 10.
Many of the N, LBH 1ines are very close to or coincide with the
CO fourth positive lines. This occurs because the molecular
structure and weight for N2 is equal to that of CO's causing
both molecules to fluoresce and resonantly scatter at approximately
the same wavelengths.

When both molecules emit at the same wavelength, it is
important to determine how much énergy is contributed by each
molecule. This allows an estimate of how strongly a line represents
a specific molecular band emission (in this case CO fourth positive).
In order to do this for a specific molecule, a comparison of relative
intensities between lines in the same vibration state but different
rotational states must be drawn. As an example, consider the 3,5
CO fourth positive, or as seen on Fig. 10, the 2,6 N2 LBH line.
The line considered for comparison for the 3,5 CO fourth positive
line is the 3,8 CO fourth positive line and for the 2,6 N2 LBH
line, a comparison is drawn with the 2,5 LBH line.

A good approximation for determining the energy contribution
to this line (3,5 CO or 2,6 N2) from each molecule is calculated
in the following manner. By comparing the Frank-Condon factors of
the two lines at the same vibrational level a ratio of their
respective intensity levels is known. The Frank-Condon factor is

the probability that a molecule will transition from one excited




-
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] level to another. Comparing the Frank-Condon factors for the

2 3,5 CO fourth positive lines, the ratio is shown to be:

% 3,5 CO fourth positive Frank-Condon factor _ ¢

,{ 3,8 CO fourth positive Frnak-Condon factor

D

3 This indicates that the 3,5 lTine should be half as bright as the
o 3,8 line. For the N, LBH Tines the ratio is as follows:

g 2,6 N2 LBH Frank-Condon factor

2,5 N2 [BA Frank-Condon factor 76

r

b

Ef Therefore, the 2,6 line should be approximately seventy-six times
L)

)

N brighter than the 2,5 N, LBH line.

q o
> Looking at Figure 10, it is apparent that only about 10 R/A
Cd

o of the 2,6 N, LBH 1ine is due to the 3,5 CO fourth positive

b emission. This is because one half of the 3,8 CO fourth positive

[~}

!% line is only about 10 R/A. The N2 LBH ratio indicates the line
?% should be much larger than the emission intensity actually is.

5

W Therefore, this line is mainly caused by the 2,6 N2 LBH line.

o This eliminates the 3,5 CO fourth positive line for further

(

§ consideration.

This process was performed on any jointly shared lines between

1 CO fourth positive and the NO delta, NO gamma and N, LBH lines.
N After this exercise, only three CO fourth positive bands were

&

" ‘ considered for further study. These lines are the CO fourth

)8 positive, 1,6 line, 3,8 and 0,6 line. As shown by Figure 10,

s

'ﬁ there are no other molecular emission 1ines near these features,
" thus making them excellent candidates for continued study.

) To be sure these three lines are CO and not some other

#
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constituent, an intensity profile must be examined. The two

‘EEEREERS

spectra that were used for this were broken into their eight height

lines. These lines and respective heights are given in Figures 11

.-

through 18 for the first spectrum considered and Figures 19

"m0 o R

-

through 26 for the second spectrum. The four lines that are

v

.Q considered are noted on all of these figures. The comparison of

?é CO will be done with the NO gamma, 4,0 1ine. The intensities

" found for the NO gamma band are similar to that used in determining

L)

:ﬁ intensities for the CO fourth positive bands. These line by line

. o

;‘ spectra will be used to develop an intensity height profile. As

S: stated before, this will permit a comparison with Lippens et al.

o

5 (1984).

-

- By number integration, the area under each line can be
calculated. This results in intensity values for each of the CO

j? fourth positive lines and the NO gamma line. Figure 27 shows the
height verses averaged intensity profiles for the first spectrum
which varies in altitude from 88 to 102 km. The avekaged intensity

o

;i height profiles for the second spectrum (Fig. 28) varies in height

.j from 98 to 112 km. The CO lines in both figures display an altitude

nl

ﬁ. profile similar to that for the NO line. Therefore, it is necessary

5: to compare the [SO's meospheric CO measurements to that of Lippens

o

SO et al. (1984).

x This approach is best to determine if the ISO is observing

§

ﬁ mesospheric CO. Figure 29 shows Lippens et al. data and the

-

% values used for comparison in this paper. Realizing that Lippens
data is the vertical height profile and that the data used in this
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2%
s paper is slant path values, it is necessary to convert the ISO's
’ U
. data to vertical height-density values. According to M.Torr (1985)
o)

3 this is done by the following:

Y
e -
",\ IS] =n H n
; n =g [C0]
% ; where Isl is the slant path measured intensity, n is the volume
o,

emission rate which is equal to the g factor (g) times the

o\
;5? concentration of CO ([CO]), H is the scale height (6.9 km) and
IR
:¢§ v2nH is the geometrical correction for the ratios of slant path
10
¢ intensities to vertical intensities. Through substitution for
;; n and algebraic manipulation, the vertical concentration of CO is
J‘::n

2 calculated by: 6
" I_.{1 + 107)photons raleigh
| [co] = 2!

o gH v/2nH cmZsec
o Table 11 contains the Isl values for the CO 1-6 fourth positive

N
33 band and calculated vertical density profiles. Figure 30 shows a
-2 density versus height plot for both Lippens et al. data and the
¥
:Eg data as measured by the ISO. It is readily apparent that the ISO
¢

U
f” is measuring carbon monoxide in the mesosphere.
~. ..1
23]
e Shuttle Induced Glow
5
QE ‘ The process for examining the night IS0 data is similar to
e that used in the analysis of the mesospheric dayglow data. This
Q.; night data would have to be shuttle induced glow for any CO lines
A _
f : that were observed. There are no known excitation mechanisms
L)

which could cause CO to emit radiation in the night time mesosphere.

AL
‘ti The chemical lifetime of CO is very short and therefore it will
s.
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e
'C;

" : Table 11. Conversion of slant path intensities to vertical
= density height profiles.

e .

59;' Measured Slant Path Vertical Density Profile
o Intensities

L hoton -3

;E,u. ( Cn7sec ) (cm =)

10

Height Run 1 Run 2 Run 1 Run 2

& 88 2760 1.18x10°

e 8

3 90 1270 5.4x10

g 92 1549 6.6x10°

Y " 8

L. 94 2000 8.6x10

- 8

I 96 593 2.5x10

1)

. 98 668 219 2.9x10° 9.4x10’
L

133 100 1487 416 6.4x10° 1.8x10%
[\ 8 8
5 102 1196 607 5.1x10 2.6x10
) 104 1233 5.3x10°
. »

oy 106 213 9.1x10’
Wyl

{2 108 569 2.4x108
. 110 538 2.3x10%
o 9
‘; 112 5210 2.2x10
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yﬁ not be able to hold its energy until nightfall and then radiate.
This only leaves three possible excitation mechanisms for CO all of

which are caused by the shuttle.

552 The features present on the spectra are inconsistent in that
LN intensities vary greatly from the first spectrum (Fig. 31) to

;g the next spectrum (Fig. 32). This is not normally associated with
%; molecular emission features. It is not thought that these

- features could be due to thermal noise within the ISO. However,
§§ we can investigate the distribution source of these features

g; using the spatial information in the imaged spectra.

F; To check for thermal noise, two of the brighter lines in each
E': spectrum were broken down into the eight spatial lines. This will
'é: indicate if the line's intensity is extended or of a point source
- nature. If all of the intensity contribution for this line is

:$§ contributed in one spatial element, then the feature is due to

_}f the energy from a localized source.

r{ The two features examined in the first spectrum occur at

% 2900 Z and 3120 K and for the second spectrum occur at 2460 K and
fz 3670 R. Each of these features are shown in their eight spatial
;; Tines as follows:

&s : 2900 A Figure 33

7 | 3120 A Figure 34

;5 2460 A Figure 35

e 3670 A Figure 36

[\ Energy contributions to the 2900 K Tine are apparent in steps,

%; Figure 33-2, 3, 4, 7, 8. This is very apparent in Figure 33-2
8
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Fig. 33. Eight spatial (1-8) representations of ISO night glow
data occurring at 2900 &.

- - -

1 S vur A . e A oy e . e e o e A
) 4, 4 A \ (\ , 1&5. e ﬁ, 2% SN 4 “w : ? "\ ™ " aw -*.- . AT = v-
'5 & A AR AT SRR L ST CRAGHLAGNSAGL A ‘3 HANIN NSRRI «Aﬁﬁ : h ;e S0 e A



58

1 T ] | |
40 -
60 4
8
20 i i
40
40 -
3
1 1 1
1 ¥
7
s0 - . 20 b—+—+
>_
Lo
e A
L}E 40 T
20 } -
2
I 6
20 { }
2
0 —}
20 40
! 5
o i | 20 1 1 -
3100 3150 L
WAVELENGTH (A)
100 -
4
80 l 1
3100 3150

Fig. 34. Eight spatial (1-8) representations of ISO night glow
data occuring at 3120 A,




- Goaade 4 B Eodl L b Sl atd

s 5%
27 .

59

& - “,
ool

%
O

1 u, l

7 4 8
-‘1‘: 300 e 1 50

N

]

V1)

i’, 250 =

3 I 0

b 7
n'

~

o 200 [~ - 50 - N
e

2

‘ i

: [ 1 [l
s 150 |- - 0 T 1

\ 50
100 . -

100

INTENSITY
|
|-
' %

» 50 s

1
. 5
$ i ] i
'S 2
" 50 -
.:_: k 100 P -
w
b L
S 0
::: I ) || 50 ]
e :
:u o |
£ 2400 2500 o 1
}2 2400 2500
88 WAVELENGTH (A)
0 Fig. 35. Eight spatial (1-8) representations of ISO night glow
34 data occurring at 2460 R.
b
""
s
R

_I‘s * M i - 2 5 r RO G L 0 A O e T T ) YT .
KT Nk [ 0 0 0 / <4 LTy COLR 0 LY
Mo 'u‘~.‘3’t‘!’\‘?':‘?'o':‘t"'t‘,l‘\ !' ﬁ'.‘.-, Y S l‘:'l !’d‘!"‘,!’b‘!'t‘&bﬁ’l‘@l a :.,n' O A O PR NN PR R s .’ N ‘ X > * .:'M AN A ;Q




i'q

)
,:" 60
9
@
L
&
K
2
8

. L} I

3 100 | 8
Lo 00 |~
1y
A
%]

A

O l

J o | 1[ I 00 | | ] |
v | -
,{ 3

o
1
{-r
o > 200

T h (D l I

Z 2

" E 100 - 100

<

&

) o H ] T o  E—
" | 5

3 100 | - 100 — 7
g

:

i x
[
0 M o U
[ 3650 3750 3650 3750
N WAVELENGTH (A)

(1 Fig. 36. Eight spatial (1-8) representations of IS0 night glow
& data occurring at 3670 A.

e

'

)

‘

.

)

e s

' ., ). : ,Q' .-'v;l PN AT NN A -‘ -'.. LS. TY, v-‘ AT
e, -'\‘- O, 0N, ?i‘f'k“.‘iz‘th‘w.h?*c Al ohr"‘l &i‘h‘n -n.phn' a oinl!’l‘ﬂ.‘llbh " .l. .S

AN T,
Gl ALY

) o> ] [ ARSI )
Lt AN AR st A A

"Ry



T T

b 61

P

.Q_'

b which shows a spike which appears to be noise on the telemetry.

.3

- [}

. For the 3120 A feature, Figure 34-2, 3, 4, 5, 7, and 8 shows

F~—]

f{: the signal in varying intensities but does not display any thermal
-‘.‘ o

L noise spikes. The 2460 A feature which occurs on the second

spectrum (Fig. 32) has energy inputs from Figure 35-2, 3, 4, 5, 7
and 8. Again, there is no indication of a noise spike. The final

emission line considered (36/0 A) displays a signal in Figure

36-2, 3, 4, 5, and 6 with a telemetry noise spike as shown on

part 4.

R Y

e

Only two of the features examined above contain noise spikes

[the 2900 A feature in spectrum one (Fig. 31) and the 3670 A Tine

in spectrum two (Fig. 32).] Although this partially explains

" |
el .
PRERE NN
RN

1S o

i these two features, it does not account for the 3120 A line

o

“ (spectrum one) and the 2460 A line (spectrum two). In fact these
P

f{l telemetry noise spikes do not contribute 100 percent of the

[ :' o o

- intensity needed to produce the 2900 A and 3670 A lines. However,
7) because the signals which are measurable are not clearly present in
-;\,:

P all eight height lines, it is unlikely that they all represent
3

{,;- molecular or atomic emissions. It has been suggested that these
i lines are produced by several mechanisms such as cosmic radiation,
fi high energy electrons/protons hitting the detector, a star being:
- _‘*

:ﬁ observed over the limb of the earth or particulates in the field

o .

= of view (M. Torr, 1985). A still, low light photograph taken on the
4.“0

S Spacelab I flight with the ISO supports the possibility of

'A§ particulates in the field of view of the instrument (see Figure 37).
ﬁﬁ These particulates could cross only a few of the ISO's spatial

N
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h- Figure 37. Still low light photograph taken on board Spacelab I
" which shows particulates streaming over shuttle
‘; instrumentation.
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KL elements. Thus explaining many of the features which were shown on
) ' Figures 33, 34, 35 and 36, and were only detectable on a few of
the spatial elements of the spectra. Whether either, or all of

\ these is correct needs to be determined, which is beyond the scope
of this thesis. Because these features do not appear due to

%; molecular emission, further data analysis is not necessary.
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§
i; CONCLUSIONS AND RECOMMENDATIONS
"
; Conclusions
;; This study attempted to determine if the ISO could measure
i; carbon oxide UV emission in both the dayglow (mesosphere) and
2 shuttle induced glow. Through brighteness predictions and photo-
7 chemical modeling, only one carbon oxide band (CO fourth positive)
ﬁ was found to be intense enough to be measurable by the ISO. After
S‘ comparing all of the CO fourth positive lines (which appeared on
_E the spectrum) to the NO gamma, NO delta, and N2 LBH bands, only
E three remained which were considered pure CO fourth positive lines.
' The three lines were then broken down into intensity height
f profiles. These height profiles were compared to a brighter line
. (produced by the NO gamma 4,0 line). Because this was not
) conclusive the measured intensity values for the ISO were converted
E to vertical density height profiles and compared to CO measurements
': taken in the infrared (Lippens et al., 1984). The graphs on
i Figure 33 show that the ISO is measuring CO in the mesosphere.
‘2 : The night data collected by the shuttle initially appeared
Z to have some very strong features. However, on closer inspection
g of the data, there appeared to be differences in intensities
.ﬁ between the two separate spectra. This is possibly an indication
ﬁ of thermal noise. To check for this, two bright features (from

N each spectrum) were broken down into their height lines. If there
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was thermal noise, it would only be present on one spatial line
because of the physical distance the thermal photon covers when it
hits the detector. Two of the studied lines did show thermal noise.
However, both the lines which showed thermal noise and the two
which did not show thermal noise, had signals on four or five of
the lines. This is not thermal noise and cannot be a molecular
emission feature. It has been suggested that these signals are
caused by cosmic radiation, high energy electron/protons impinging
on the IS0 detector, possibly a star being observed over the 1limb
of the earth or most 1i;é1y particulates passing in the field of
view of the ISO. Regardless of this, it currently cannot be
determined if the ISO is measuring carbon oxide emission induced

by the shuttle.

Recommendations

Two major problems with the analysis of the mesospheric data
occurred with the data collection and sensitivity level of the
IS0. The first problem resulted when one of the spectrometers was
damaged and collected noise. There were problems with a spurious
signal which overpowered the portion of the spectrum where the
brightest CO fourth positive bands occurred. The second problem
resulted from the ISO's signal to noise sensitivity requiring
bright band emissions which the CO and c0* bands could not produce.
The first recommendation is to collect much more data which
would include the spectral range from 2200 K to 4100 K and attempt
to compensate for the spurious signal which overpowered the

brightest of the CO fourth positive bands. The second recommendation

, =% ”n -y - . ; B AL SV Ve
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?‘ s

'ﬁa requires the ISO's sensitivity threshold to be dropped from 30 R/A

[+
to 10 R/A. This would allow many more carbon oxide lines to be
observed increasing the possibility that several more carbon oxide
lines could be remotely measured in the mesosphere, thus increasing

. our understanding of mesospheric process (both physical and

[<s
L chemical).
e
aif To study the shuttle induced glow, first an understanding of
7
the unexplained features which appear on both spectra must be
;gﬁ investigated. Any or all of the causes for these features should

be eliminated or compensated for. This includes cleaning up the
shuttle environment so that particulates and exhaust contaminants
¢ will not interfer with scientific optical instrumentation.

L Collecting more data examples and compensating for stars which

appear in the ISQ's field of view would be very helpful. Further
:k instrument cooling and shielding could help eliminate thermal noise

J] and noise caused by energetic electron/proton penetration. Then

AL
) perhaps some carbon oxide features could be measured.
L/
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