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of the overtone radiation emission difficult. 
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lower limit to the detectable N.> transfer rate to CO.    Karthshinc set the nighttii^c lower limit. 
Nr) transfer rate measurements are marginal at the predicted N., vibrational temperature. 
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ABSTRACT 

This papt-r evaluau-s tlM UM ofgMMlia CO WlMMi M hi^h altitudes to 

dotermim- the atmospheric N, vibrationai temperature.   Since vibrational 

tMfBr transfer from N, to CO lea.ls to CO infrared emiss.on in the 1.7-micron 

fundamental band and 1'. }-m,cron overtone band. CO infrared mtensity measure- 

ments mitfht be used to obuun Ufl vil)ratiünal temperature. 

One result of these predictions is that CO emission intensity in the 2.4-micron 

band will be low due to radiation coolm« of the first CO vibration level.    The 

second CO vibrat.on level (the main 2. 1-m.cron source) can be populated by cither 

one or two collisions with vibrationally excited N.,.    The two-collision process 

populates the first and then the second CO vibrational level.   The transfer to the 

second level in two-collision processes .s suppressed du.- to 4.7-micron radiation 

from the first level.    Kxcitation of the second level is predominantly bv the weaker 

simile-step process invoiv.n, a two-v.bratiun quantum transler from N„ to CO 

The slow rate- lor the two-nuautum iranshr process makes obsenat.on"ol the 

overtone radiation emission difficult. 

BmiMlOB m the  .. T-m.cn.n band ,s not alUvU-d by ra.l.aUon coolUm,    Powever 

tor a .round-based platlorm.   KT-nucron rad.at.on .s severelv attenuated bv the 

atmosp/KTe.   S.nce tins attenuation become. Begllgibte above- about 12 km    an air- 

!»«• Platform should be used m mak.. obse-ru. Hons of the  ..T-m.cron rad.atmn. 

This experiment would he severelv limited by additional CO emission that is 

excited by other sources, particularly sun and earthshine.    Emission due to sunslvne 

sets the daytime lower limit to the detectable N„ transfer rate to CO.    Earthshine 

sets the nighttime lower limit.    N, transfer rate measurerants an- marKinal at the 

predicted N,, vibrate nal tem|)eraturc. 
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SKCTION 1 

INTRODUCTION 

A variety of gaseous releases at hiuh ailitudes have been used to furnish 

information about the atmosphere,    fot cxampk', the coneentration of some 

atmospherie constituents,   •    electric fields," '    and wind patterns"* have been 

determined.    It has been sug^stcd  '    that a gaseous CO release could be used 

to measure the N'   vibrational temixrature in the upper atmosphere.   Vibrationally 

excited nitrogen could provide a substantial source of latent energy, and its magni- 

tude, therefore, is of considerable interest.   N'    vibrational excitation could be 

of importance in K-layer chemistry.   Figure 1 shows nitrogen vibratio ltlI •empera- 
a 

ture measurements made by O'Ncil     using rocket-borne electron-beam 
■ 

probes.   Theoretical calculations of Hreig, Hrennan and M' Neal are also shown. 

The measured nitrogen vibrational tMnptnttm is near the maximum theoretical 

curve.   In a Ct) release, the Ct) would become excited in collisions with vibrationally 

excited atmospheric N'.   Observations could be made of the fundamental at 4.7 

microns and of the overtone at 2. 1 microns. 

In this report, the CO emission is calculated as a function of the nitrogen 

vibrational temperature.    The major aifference between laboratory measurements 

of CO 2.4-micron emission and the predictions tor high-altitude atmospheric 

releases, at much lower pressures, is the severe collision-limiting effect.    For 
-4 example, at 110 km, the pressure is approximately 10     torr and the CO infrared 

lifetime is much shorter than the collisional transter times.    It is predicted that 

the 2.4-microii emission «ill be reduced by s-veral orders ol magnitude from the 

equilibrium level. 

Collision limiting reduevs the «'mission from the overtone radiation at high 

altitudes.    This effect (illustrated for CO in this report) would also exist for other 

infrared harmonic radiation. 
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■ECTDM 2 

THKüHY OF EXPERIMENT 

The proposed CO release experiment should determine the N., vihrational 

temperature.   To evaluate the feasibility of determining the H% vibrational 

tempeiature, sevi-ral factors must be considered. These include:   (1) CO storage 

and rapid release,   (2) the drop in CO temperature during the expanjion to low 

pressure, (3)   the interdiffusion of CO and the atmosphere, (4) vibration transfer 

processes leading to CO infrared emission,  (5) sun and earthshine excitation of CO 

emission, and ((>) atmospheric transmission.    A detailed analysis and calculation 

is beyond the scope of this study.   Our objective is to evaluate the importance of 

each of these items and to estimate the CO signal levels from the various 

excitation modes. 

During a period of up to several seconds after the release, the CO aero- 

dynamics is invoVwd with pressure and rarefaction waves and it is difficult to 

describe the CO/air interface surface and temperature distribution.   The 

temperature is required to calculate the vibrational excitation rates. Diffusion pro- 

cesses at the interface mix the air with the spherically-shaped CO cloud. Where CO 

and air mix, the dominant process is vibrational exchange between the vilnationally 

excited N« and CO.   The diffusion rate increases with altitude, while the vibration 

transfer rat" decreases with altitude.    At low altitudes, the N2/CO vibration 

transfer rate is faster than diffusion; that is, diffusion is the rate-limiting step. 

Vibrational energy transfer to CO takes place in the outer regions and there 

is no excited N« inside the shell.   On the Other hand, at high altitudes, the 

vibrational transfer rate is slower than the diffusion rate and vibrationally- 

excited N2 can diffuse to the center of the CO cloud without appreciable deactivation. 

The crossover from diffusion to vibration-transfer limiting is between 110 to 120 

km altitude for large CO releases. 

In addition to vibrational excitation in collisions with N„, CO can be excited by 

sun and earthshine  absorption in the 4.7 and 2.4-nncron bands.   Similar CO infrared 

emission spectra would follow either excitation process, radiation absorption 

4k mamma _ 
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or excitation by N^«   This severely limits the ranne of iitmospherie e«»tulitionH 

over which useful data on the N2 vibrational exritation can IK" ohtaineil. 

Since this experiment has several limitations, a detailed analysis,  including 

the CO expansion ami followed by the coupled diffusion/vibration.-il prop•■■•■. is not 

warranted.    To identify the various processes that take place and evaluati- their 

importance, 0 specific example, a low altitude release at 110 km, is chosen. 

The results are then extended to 1R0 km. 

Consider a fairly large CO release experiment: 10 kg (2 x 10^*' molecules) of 

gaseous CO at 110 km altitude.   Figure 2 shows the growth of the CO cloud as a 

function of time starting from an initial radius of approximately 0.27 km.*' After 100 

seconds, approximately the time required for the atmospheric gases to diffuse 

through the CO and reach the center of the cloud, the cloud expands to a radius of 

0.49 km.   As the atmospheric gases mix with the CO, vibrational energy exchange 

between N'   and CO occurs. 
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The concentrations of the major atmospheric constituents at 110 km are: 

[IL] = 2 x ,;)12/cnr 

[02] = 4 x lO11/^- 

re] = 3 x I01l/cm3 

(1) 

total density = ".7 x 1012/cm3 

.2« The mean temperature is 270oK.   If the 2 x 10     CO molecules are distributed 

uniformly over a cloud of 1/2 km radius, the species concentration in the cloud 

becomes 

M = 1 7 X lO12/^ 

W =■ 3 4 X «'W 
"cd ■ 4 0 X IO'W 

[o] = 2 .6 X lo"/cm3 

total density = 2 .7 X io'W 

(2) 

11  12 
The four main reactions transferring vibrational energy from No to CO are:    ' 

Ml) + co(o) 

N2(l) + C0(1) 

C0(1) + C0(1) 

MS) + co(o) 

N2(O) ♦ :o(i) 

N2(0) + C0(2) 

C0(0) + C0(2) 

N2(0) + C0(2) 

kl ' 

k2 = 

<3 = 

km    - 

3 x 10"14 i.m3/sec 

-14  3 
3 x 10   cm /sec 

-12  3 
3 x 10  cm /sec 

10-16 cm3/sec 

(3a) 

(3b) 

(3c) 

(3d) 



^(O). N2(l). N2(^).  CO(0), C()(l), and CO(2) indicate N2 and CO moleculi-s in 

the ground, first, and second vibration leve/.s.    For an N., vibrational tem(>eiature. 

Tv, the vibrational excitation is 

[N2(1)]/[N2(0)] i e 

[N2(2)]/[N2(0)] = e 

■3300oK/T 

-6600oK/T 

(4) 

The higher vibration levels avv not included here, as they are not InporttMt«    The 

radiation emissions at 4.7 and 2. 1 microns are 

4.7ji 
[cod)], 2 mm 

4.7 4  7 4.7 0.033 sec (5) 

■2.4ii 
[C0(2)] 

T2.4 
l2.4 

0.7 sec (6) 

These radiative transitions arc shown schematically in 1'iunrc :{.    The radiation 

lifetimes for the 4.7 and 2.4 micron bands arc D.0N and 0.7 seconds,      respectively. 

These lifetimes differ by a factor of 20 which reduces the 2.4 micron radiation as 

shown below.   The time t   to remove a substantial amount of vlbrational energy 

from the air via reaction (iJa) is 

[N2(l)] / 
dCMD] 

at ^    =     (3xl0-14)   (4  x  1011) 

83 Seconds 
(7) 

(> 
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Note that the Ng depletion time is eomparahk- to the 100 second diffusion time. 

In order to t-valuatt' the depletion   of N., vibration under tht'se conditions, a calculation 

coupling the diffusion and vibrational processi's is required.       The radial concentration 

profiles would be ^aussian instead of the square shape specified in Equation (2). 

It is estimated that the N'v vibration depletion is less than a factor of two over the 

entire cloud.    The depletion is much less at higher altitudes anJ is neglected in this 

approximate analysis. 

The kinetics for tlu'   production of Cü(l) and C()(2) are 

d[C0(l)] /  dt = k,   [N?(l)]  [C0(0)]  -    löÜU 
1      ' T4.7 

- k2  [N2(l)]  [C0(U1 - ^3  [COd)]' 

{*\ 

■ 



and 

d [C0(2)] / dt = k2 [N2(i)] [C0(1)] ♦ k3 [COfDf-. 

♦ k4 [N2(2)] [CO{0)] - k3 [CO(2)] [C0(0)1 - (9) 

. 2 rcomi   [co(2)] 
T4.7     T2.4 

The concentrations of CO(l) and C'()(2) incrcasr and roach steaüy-stato levels on the 

order of the fastest loss time, which is r. _ (t.O.i.-j second. K(|uations (H) and (9) 

can be solved easily in the steady-state approximation.    Kquation (H) becomes 

d [cod)] ss 
dt 0 - k1  [N2(l)]  [CU(0)] -  [CO(l)]u/T47 (10) 

The third and fourth terms in Kquation (t) ueiv ne^iecUd in this approximation 

since their values are less than 1',   of (he other terms in Equation (10).   The 

steady-state approximation for CO(2) is obtained from Kiiuation ((J). 

d  [C0(2)J ss 
ät~^   ~-0~~*2  [N2(l)]  [C0(1)]SS ♦ k3  [C0(l)4 + 

♦ k4  [N2(2)J  [C0(0)] - 2  [C0(2)]ss/i4i7  . 

(11) 

Substituting the expression for Cü(l)      into K(juation (11) from Kuuation (10) and 
So ' 

solving for CO(2) 
ss 

trm—m 



  i        tmmm i 

1 

[C0(2)]ss =i    t4| (k^LN^l)]2  [CO(0)jt4_7   ♦ 
(12) 

+ 4^ [N2(l)r [CO(0)f rj, ♦ k4[N2(2)] [CO(O)l)    • 

The CO radiation intensity in "ie J.7 and L'. 4 nueron hands ean be expressed in 

terms of the steady-state com entrations.    Kquations (:,) and ((i) heeome 

[C0(1)] 
1
4.7L 

ss -3300oK/T 
[4.7 

[C0(2)] 

■ ^   [N2(0)]  [C0(0)] e'J0UU ^'v (13) 

l2.4u  '        T 
2.4 

-   =07^    [N2(0)]  [C0(0)]. 

(14) 

(k1k2[N2(0)]i4>7 ♦ ^k3  [N2(0)]  [C0(0))TJ#| ♦ k4je"6600OK/Tv, 

Inserting numerical values for the eoncentrations at 110 km altitude and 100 

seconds after the release, Kquations (Vi) and (IJ) become 

I4-7u~   (3x  10-14j(l.7xl012
y)(4x  lO11)    e-3300OK/Tv 

-  9 n  v   in10    Q-3300oK/Tv    .    .        , ■ 2.0 x 10       e '   * photons/cc-sec 

(15) 

.^^M^MBMB 
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4.4W    =^ir(l.7xl0l2)(4xl0'1) 

/g x io"28 1.7 x io12 4ö + 9 x 10"28 x 3 x 10'12 x ]'7 

)   e v (16) 
-6600oK/T 

iJ2      «      ,A11 -*»   ♦ 10"ID     e x  10      x 4 x 10      302 

. 1 i      -6600oK/T 
(9.0 x 10* + 3.5 x 10^ +  1.7  x 10°)  e 

-    -6600oK/T 
2.6 x 10    e photons/cc-sec    . 

For the t-ntirc cloud of 2 x  10   ' CO inok'oulos,  tlio mton.sity becomo.s 

n      -3300oK/T 
at 4.7u:    1  x 10       e photons/sec 

?1    -6600oK/T 
at 2.4ii:    1.3 x 10     e photons/sec 

(17) 

Total radiation from a cloud illuminatinu an area of one cm" at I distance of 110km, is 

s4 7 = i4 7 (5 x io14) ihmJLLLJLlS. 
*•'        q-/ (1.1  x  10')^ 47 

■19 

'2.4 

-10    -3300OK/Tv 2 
2.8 x 10  lu e v    watts/cni 

T         ^c      ^n14^     (1.24/2.4)   1.6  x  10 I-  .   (5 x  10    )    * 1—^—7-75  
Z'* (1.1    X    lOT   47T 

-19 

_14 -6600oK/T        . 
= 7.1 x 10 ,4 e        watts/cni 

10 

(18) 
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Figures 4, 5, and ü present the (.'mission intensih vs. temperature.   Figure 4 

showr. the emission fer cm"' using Fquations (IS) aad (!<>).    Figure B shows the 

emission irom the e itire cloud using I quaticn (IT),    Figure (> gives the 

illumiimUon \w watts/cm^ at a distance of 110 km usiiig Fcjuation (IH).   \\ should 

be noted that the 4.7 micron emission is approximately five orders of magnitude 

greater than the 2. I micron overtone radiation.   This large difference is clue to 

the nonequilibrium effect. 

In equilibrium, the ratio of these two intensities becomes 

[2.4 
equi 1 

tC0(1)Un/T4.7 
LC0^Wl2.4 

20 
3000oK/T 

(19) 

which varies between 100 aid öö over the temperature range of lOOO0 to ;j()00oK. 

The ratio including noru'quilibrium effects    is obtained from the ratio of 

Fquations (13) and (11) 

l4.7 

nonequi1 ■4.7Ak4 / 

2k, \    3300oK/T 3300^/1 
^  (20)(600) e v (20) 

I 

The nonequilibrium radiation cooling effect reduces the overtone radiation by 

almost three orders of magnitude. 

At 110 km, the main reaction contributing to the overtone radiation is the 

single step with a two-vibr ttion-level jump, Reaction (.kl).   Thus the ratio of 

4.7^ to 2.4^ intensities remains constant with altitude above about 110 km. 

The variation of the 4.7 micron radiation emission as a function of altitude 

can be AeVtvmined with the use of Fquation (13).    The N., concentration wvth 

11 
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altitude is shown in Fi;\ire 7.   Note that it drops by a factor ol about 100 from 

110 to 150 km altitudf.    The maximum intonsity occurs uhen the CO concentration 

is comparable to the N.,, and at these conditions, the intensity varies with the 

square of the ambient density.   This drop in intensity is compensated by the 

increase in N.^ vibrational temperature.    For example, |0la| from WrK to 

1300 K increases the liactional excited state population by a factor of 4.1.    \-'ny 

a fixed number of molecules released, the optical path length is inversely pro- 

|)ortional to the cube root of the ambient density.    11 the measurements are made 

when the N., and the CO concentrations are comparable, the 4.7 micron intensity 

has the followiag scalinn law for the central portion of the cloud: 

5/3 

I 
I 
I 

I  (h) 
I   (110 km) 

N2|  at h 

at  110 km /"xpK 3300oK  .   3300oK 
W T    (110 km 

v r) (21) 

Kquation (21) is plotted in Figure 8 as a function of altitude from 110 to IM) km 

usinf; 550 K tor the average T r at 110 km and assuming unity atmospheric trans- 

mission.   The two curves use predicted maximum and minimum T    values (see 

Figure 1).   There is a drop in intensity of about an order of magnitude between 

110 and ISO km. 

CO Excttatlon b\ Absorbed Sun and Faithshine 

CO would absorb sun and earlhsme in Uie  1.7 and 12. 1  micron   bands.    An 

estinvAle of the amount of such excitation will be made and then compared to the N2 

excitation rate.    The absorbed earthshine radiation per CO molecule, I    , is Riven 

by the wavelength integral over the absorption band 

'es'2 

^band 
KXMX) cT 

(22) 

whei'e I is the emission from the eurtti and M is the absorption coefficient.   Since 

the wavelength Interval over the band is small,  Fquation('22)   can be approximated 

by Ihe equation 
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Ip, = 21   /       n(X) d^) ' 2Isn es Jband u (23) 

S0, the integral     nd intensity, is 1.0 x K)"1   and I \ lu'-'" cm Veni-moleculu 

for the 4.7 and 2. t bands, respectively.1'1 

The earthshirif intensity depends upon the tcmptiaturc ;it dir idtitudc from 

which the radiation arises, that is, from an optical depth into tlu- atmosphere. 

In the 4.7^ band, the atmosphere is opaque due to trace quantita-s ol 00 up to 

about 12 kilometers.   In this altitude ranne the temperaturo of Hu" ntmosplu-n." 

is around 230 K.   The atmosphere is transparent at 2.7^ and the emission to the 

earth's surface is used.   We shall assume an earth temperature of 27r)()K.   The 

corresponding black body emissions are | x 10"'' and S.ft s :0~H watts/cm"-^/ at 

4. 7 and 2.4 microns, respectively.   Inserting these values for I am/ S   into Kquation 

(23), the CO excitation rates per molecule become 

at 4.7        I      .  (2)(3 x  lO'5) (lO"17)^2)/ ü ^\ 
V KT    A].24 x  1.6 x  10"19 / 

-5 
= 3 x 10      photons/sec-molecule (24) 

at 2.1        I  .  .  (2)(8.5 x  10-8)(6 x lO"20)   i^M ^4 (2)(8.5 x  10-8)(6 x lO-20)   1^1  ](— 
MO4     A].; 65 l 104     AT.24 x  1.6 x IfT15 

= 6 x 10        photons/sfcc-molecule 

The fourth bracket converts micron (wavalmgth) units to cm"    (wave number) 

units, and the last bracket converts watts to photons per second. 

The absorbed sunshine per CO colecule, I    , is given by the wavelength integral 

over the absorption band 

lö 



SS )    .        .     s 
(\)ß{\)   (IX    '     I Sa (25) 

Solar flu\ outside the atmosphere is ».5 x 10     and (i.ü x 10     watts/em  -/i at 

4.7 and 2.4 microns, respectively.   Inserting tnese values lor I   into Equation (25), 

the CO excitation rates ptr molecule become 

-4 
I       -   2x10      photons/sec-molecule at 4. 7LI ss ^ 

I       -   2 x 10      photons/sec-moletule at 2.:\u ss ^ 

A direct comparison ol CO excitation by sun and earthshine to vibration transfer 

from N., are given by the ratios 

(   Isoor 'A           «b "■ i.s,, at 4.7/i 

\ 
k4 [N2] e-6M°0K/Tv 

(2Ü) 

It 2.3H- 

Numerical values for the ratios in Kquation (2()) are obtained with the use of 

Equations (2), (.i), (24) and (_:>>.   At Ho km altitude, the ratio is unity in Equation 

(26) at T 430 K for night (earthshine onl \ I for cither the 4.7 or 2.4 micron 

bands.    For davtimc conditions the ratio is unity at T M0OK aad lu00OK for the 

4.7 and 2.4 micron band^. 

The sun anil earthshine contributions to the 00 emission is presented in 

Figure B for the 4. 7ß band.    Note that the sunshine severely limits the pcopOMd 

experiment at low vibrational temperatures,    rhe best altitude for performing ihe 

release is around 120 km, but even there the experiment appears marginal for the 

predicted maximum N0 vibrational tem|)eratures. 

lit 







TA is the atmospheric transmisöion.    Figure (I jnesents the irradiance at the 

detector fora'i.'Zmr ant^iiar aperture and trom the entire cloud, nei;lectii'K 

the atmospheric absorption (i.e., tor T    = 1).   The 2.4-micron signal is small 

and would require a very sensitive detector.   On the other hand, the 4.7-mi<.,ron 

intensity could be easily detectable when T.  is near unity,    l-or Kwund-based 

platforms, the 1.7-micron radiation is severely attenuated by the atmosphere, 

as shown below. 

3.1 Atmospheric Absorption of CO Infrared Radiation 

The atmospheric absorption in the  1.7-micron band is mainly due to the 

atmospheric CO.    Most of the al)sori)tion occurs at low altitudes where the sjK'ctral 

lines are collision broadened and have a lorent/ SIUIK .     The absorption 

coeLiCient at the center ot each line becomes 

^.58 =   (S/TTIQ)   (T/2730K)1 
(2!i) 

where S is the line strength; «L, the line width at sea level,  is 0.06 cm"1; and 

T is the temperature m    K      The line strength is dependent u|)on rotational 

population and is ^iven by 

S  =4)Sn  (1.44 B /T)   (J + 1) exp  [-1.44 B J   (J +  1)/T] (30) 

B   = l.'J.'U cm      is the rotational constant;  I is the rotation quantum number; and 
_•> _ i 

6 is the mole fraction of CO.   S   is equal to 2(11   em  " atm      for the J.7 micron 

IKUKI and l.döcm     atm      for the 2. 1-micron iiand.'     Tlie absorption coefficient 

becomes 

U  ■ 

0.5Ö 

)^27W) [H^)(J +  l)-exp[-J(J+l)2.780K/Tj.  (;ji) 
^S0   V 

TÜTÜ5)j \2T^. 
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The CO concentration in the atmos|)here can vary from less than öü to moie* 

than IOQ parts per billion.    Figure 10 presents a theoretical calculation of the 

CO concentration and mixinu ratio as a function of altitude.        <p is consUml 

from sea level up to an altitude of 15 km.   Above 1") km, two effects reduce the 

CO absorption at line center:   & decreases rapidly and pi (in Equation i'^)) 

decreases due to doppler-broadening corrections. 

The effect of atmospheric attenuation on the 1.7 micron radiation is illus- 

trated in FiRurc 11.   The attenuation affectinn ground and aircraft observations is 

plotted as a function of the rotation quantum number, .1.   Also shown are the CO 

emission spectra at 110,  ISO, and 100 kUometers, at temperatures ol 250°, 500, 

and 70()oK, respectively.   The areas under the emission curves are normalized 

to unity.    The 4,7 micron CO emission from the cloud can be  obtCAvH  foom AM 

aJACMit   abOVi  '2 b-i with essentially the ligMÜ levels shown in Figures I and b, 

since atmospheric attenuation is less than a factor of :{. 

;{.2 Signal-to-Noise Ratio for Airl)orne Optical System 

An aircraft-based optical system could have the following parameters: 

20 cm diameter collection optics, detector sensitivity I)* = 10     cm-watt    -sec        , 

detector area = 1 mm", and the system solid angles of 10     and 10     steradian. 
-11 2 

For these parameters, the NFFÜ ol the optical system is 1 x 10       watts/cm". 

A comparison of the system noise to the predicted CO radiation intensity at the 

observer is indicated   in Figure B; note the levels for signal-to-noise ratio of 

unity.    Measurements of the N., vibrational lempcrature are marginal because of the 

significant sun and eaithshine. 
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SECTION  1 

SUMMAMV 

1 

I 

i 

In this paper,  10 -kUognm P>l—Bog Of ptmmu 00 at altitudt-s aljove HO km 

were COMlderad and the CO infrared cnussion fron tlie cloud was calculated.   CO 

vibrational excitation requires mixinu with the amhient N., and V-V transfer from 

the vibrationally excited Nj.   Since the .V vibrational temiterature is uncertain, 

it was left as a parameter. 

Radiation in the 2. 1 micron overtone1 band is suppressed due to collision- 

limitiiiK effects m die luo-step pn.'ce.ss ^ansferrinn N„ vibrational ener^' to the 

first and then te the second CO vibrational level.    Hadiation losses Irom the first 

level are se larfli that it is extremelv Hifficuit to populate the second levei.    Thus, 

the second level is predoniinantlv exciud i.y thi' weaker tuo-quantum transfer trom 

Observation of l.7-micron radiation cannot be made by ground-based systems 

because Of atmospheric attenuation.    Ilnuever, airborne-optical svstems above 

approximately 12 km can observe I. 7-microii radiation,  and tkU   (5   tfcf  vicixi'Mu 

tO mtMUM   CO  intlVUd ZmUiion. Present day optical systems have sufficient 

sensitivity to make the   neasurcmem.s.    The major limitation to this experiment 

is the excitation of CO emission by sun and carthshinc   CO excitation by N, vibration 

must be larger than excitation by rndiatlon; this determines the minimum N   vibra- 

tional temperature that can be measured. 

\\ hi'e this report treated eollision-limitinu effects lor CO releases,  in parti- 

cular, this general etleet IK.Ids for all overtone radiation at hitfh altitudes. 

Collision-limiting occurs when the collision transfer rate is much slower than the 

radiative rate of the tundamental band.    For example, molrrules like CO, CO.,, and 

and NO whose overtone radiations are in the 2- to M-micron region have a very low 

emission, while molecules such as !!,,(),  IIP, OH,  and other hydrouen-eontaininu 

molecules which have tundamental band radiation in this region are not affected by 

radiation coollng. 
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