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ALTITUDE-DEPENDENT ATMOSPHERIC ABSORPTION OF DF. HF,
AND IODINE LASER RADIAG.ON

I. INTRODUCTION

The Applied Optics Branch of NRL's Optical Sciences Divisicn fias been actively involved for the
past ten years or so with the accurate characterization of the atmospheri: effects on laser propagation.
Previous work has centered on measuremeats of Helium-Neon at 0.6328 um, Nd-YAG at 1.06 um,
Deuierium-Fluoride (DF) at 3.5-4.2 um, CO at 4.9-5.4 um, and CO, at 9-11 um. These lascrs operate
in spectral regions where absorption by aimospheric gases is relatively weak, the so-catled atmospheric
windows. The DF laser has shown to be of great interest for Naval use at sea lavel, primarily due to
the smail molecular extinction at 3.5-4.2 um, relative to the other windows, and diw: 10 the high optical
power available from the DF chemical reaction.

The DF molecule is formed in excited vibration-rotation states (¥'.J’) when deuterivm and
fluorine combine. The emitted radiation leading 10 lasing results during the relaxation o' —p’-1, J' —
J-1. The laser line P,(8), for example. results from the transition y: 2~ 1, J: 8 — 7.

Even more energy per kg of fucl is available in the reaction using normal hydroger. and fluorine
to form HF, with the resulting em.ission centered near 3.8um/ V2 = 2.7ism. Unfortunately, for aimos-
pheric propagaiion, this spectral region is dominated by absorption due to the a.raospheric waler vapor.
H,0 »; fundamentat vibratinn centered at 2.7 um. Where DF laser propagaiion ai sea leve! will typicully
lose 1-10% of its output per km of path (depending strongly on which particular line we consider), the
corresponding HF laser output w:t! typically lose 1-10% of its output per merer of path, again depending
strongly on which laser line we considér. Hence, even though HF yields about twice the power of DF
per kg of fuel, the HF atmospheric absorption at sea leve! is about 1000 times that of DF.

The concentration of atmospheric water vapor decreases with altitudé much more rapidly than
viber atmospheric gases, due to the decreasing temperature. The possibility thus exists that profitable
use may be made of a platform-mounted HF laser if the upper altitude H,0O absorption is small enough.
The obvious questior is, "what is small enough®? This is left to future study, buc what this work
addresses is:

(1) accurateiy calculate HF and DF laser line absorption for a typical atmiosphere for 0-15 km
altitude.

(2) include s large set of HF and DF laser line frequencics (62 and 104 raspectively) such
that lines not normally excited in cw laser devices may never-the-less be examined for
chsorption.

(3) fully describe and document the data bases employed in the calculations, both absorption
line frequencies and laser emission frequencies

e e e ey .
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(4) compare the results with availuble wcasurements and calculations.

in Chapter 2 we bricfly describe the line-by-fine method for high resofution transmittance caleula-
tions (generic BITRAN). We list the pertinent ossumptions in the NRL code. We detail the origin
and accuracy of the faser line frequencies.

T« results for 62 HF and 104 DF frequencies are presented, ot cach of 16 favers, in tabular form
in A,. "ices Cand ). Both the absorption cocflicient & (hm™! units) und the transmiiance T = o~4
for a v kilometer path L arc listed. Severa! important lings are compared with previous work, and
several plots of & vs altitude are presented in Chapter 3.

Chapter & describes the effect of considering the variation in the line-ta-line output power sonectral
distribution -hich occurs in multiline devices. 7 apter 5 discusses some important future work needed
to extend and ¢pply the results presented heie.

This study presents littie that is new as far as analytic methods of calculation, and much credit is
due to prev:-us work as aoted in the References. We do however, give some new resuits:

(1) altitude deper.dent absorption profiles using up-to-date absorption line parameters.

(2) use of many aew HF and DF line frequencies, principally applicable to outputs of modern
pulsed devices. ' .

(3) a review of spectrel vulput distributions and their effect on propagation.

We hope that the current-ness and broad scope. will make the results useful to a large number of
..5¢fs in the HEL oropagation community.

1. ABSORPTION CALCULATION METHODOL:)GY
A. Review of the HITRAN Method o
The absorption coefficient & (») at frequency v is the sz.am of contributions from absorption lines

centered at all other frequencies »'. We emnloy the usual assumption of a Loreatz hineshape for
infrared transitions at atmospheric pressure: . )

. 1 Syu .
) - e— —— . . 1)
. PL“’) " (v- vl)) + 72

Where S is the in: - -atert line absorption strength (em™!/raolecule/cm- v is the pr'cssurc-dcpcndcn{
HWHM linewidth. and G:—") is the spectral separation of the line center (') from the frequency of
interest (v). The opticai wensity of absoihing mol~cules is given by u. the product of }hc numher dgn-
sity (motccules/cm®) and the path length (cm). As described in detai! in the ma‘.cnul Jecompanying
the AFGL 2bsorption line Atlas (1.2, S, v, ¢', and E” 1 he lower statc cnergy which affects the tem-
perature dependence) are all species (i) and frequency () dependent.  The optical thickacss, . abso
depends an spesies via the atmaspheric corc ntraiivn. Assuming a homogencous pith the net absorp-
tion cocfficient at frequency v is given by:

. 1 N SlYu”:
ki (v) = ¢ — (9]
* . § 2:‘ LA U L X W L
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The pressure-dependent linewidth y,, is given by:

Yo = Y‘ Paim Y3

3

50

where b, s the sclf-to-foreign broadening ratio (5.0 is assumed for water vapor). Details of the

broadening mechanisms and assumed cocflicients will not be repeated here, and the reader 1s referred
to the refercences for specifics.

In practice the jsum in Eq. (2} is truncated to include only lines within a reusonable separation
from the frequency ». The NAL HITRAN program uses + 20 cm™! for the bound on (v—s'). The
truncation ¢rror for a line of unit strength and typical (sca-level? y of 0.07 em~! is less than 0.02%
maximum and the truncation error decrrases rapidly with decreasing pressure. Neverthcless the cumu-
tative effect irn the fur wings of 13,0 lincs is probably respensible for the continuum absorption of #,0
and we discuss this important effect shortly. We also point out that the assumption of linearity implicit
in the summstion n (2} aver the same specics does not strictly apply. The non-Lorentzian appearance
of absorption wnit. in 1re Ghygen bands at 60 and 120 GHz, and in the CO, band head at 4.18 um ma

"be a manisfestation ot ¢ following effect: superposition dnes not sitictly hold when enecgy level spac-

ing is less than a pressure broadenced line-width (3). We mention this topic because the speciral region
of interest in the present study encompasses both the 4.2 um €O, band and the dense H,0 band a 2.7
pm. A previous study required super-Lorentz lineshapes to obtain curve-fits to pressure dependent,
single frequency measurements at 2.7 um {4-6). We choose to defer further discussion of this interest-
ing pheacmena untit more experimental data is availadle, and we point out that the results presented
here were computed using the usual Loremiz (and Voigt) lineshape.

The aimospheric pressure (sea-level) line-width varies from abcut 0.03 to @ 10 cm™! ¢2pending on
species. At reduced pressures the coilision frequency is negligible compared to the Dooper shift fre.
quency spread yp given by:

IP o358 x 1077 VTTW (4

For temperatures encountered in this siudy the Doppler widths vary from 0.0016 cm~! for CO, at 15
km altitude to 0.0063 cm~' for CH, at sca fcvel. The purc-Doppler lineshape applies for pressures less

than about 10 tarr:
kplv) = Q [ ""” v~ u';*} Su 5)

The assumed atmospheric profile employ= a pressure variation of 769 10 98 torr for 0 to 15 km
altitude. At 98 torr total pressure the Doppler and Lorentz half widths are within an order of magra-
tude sitice the Loreniz width decreases with pressure. The proper way 1o combine the two cﬂ‘ccts is
using the Voigt lineshape (7) which is the convolution of the two:

ind
k; (v} = in2 -—--—--—- (6)
i Ty f- ¥ T+ (._”z .
where
A Jin2
Yn
3
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The NRL HITRAN Program uses the Voigt routine from the AFGL progiam FASCODE (8). Standard
assumptions (1) regarding temperature effects on linewidth, molecular number density, and use of the
Burch water vapor continuum arc made.” The usual H,o scif-10-foreign broadening ratio of 5 is used
with no line-to-line variation.

The DF lases spectral region also requires coasideration of the N, continuum, due to collision-
induced absorption. This effect depends on the number of N, molecules present, and on the collision
rate. hence as the square of the nitrogen partial pressure. The N, continuum is centered near 2330
cm™!, within the CO, »; band, but extends both above and below the CO, feature. At 4.215 um the N,
continuum absorption, at sca level, is about 0.10 km™', and decreases 1o less than 0.001 km™' at the
high frequency end of the DF region.

We point out that the program FASCODE (Fast Aimospheric Signature “ode) from AFGL is
specifically designed for varying lineshape altitude dependence, path refraction. fadiance contributions,
and many additiona! subtle features not required in the present study.

B. Laser Line Frequencies

We have primarily used the HF and DF laser line frequencies of Sergupta, Das and Rao (9),
which can probably be assumed accurate to 0.001 cm™'. About 1/3 of the laser frequencies reported
here were not accessible 1o the OSU group. For these we used Wilkens' (10) values calculated from
published Dunham coefficients and isotopic relations. These are accurate to about 0.02 cm™'.

C. Assumed Atmospheric Profile

Table 1 and Figs. 1-3 summurize the abitude profile we huve used for total pressure, water vapor
partiat pressure (50% relative humidity), and temperature. This is the same profile used by the WSMR
study {4-6), and we chose to use the same profile 50 we could compare our results with the results they
present for seven HF lines, Resulis for some HF lines and many DF lines were presented in the 1978
AFGL LASER report (11), for 2 aititudes, but these are based on results calculated using the 1978 tape
and prior to the new HF and DF laser line frequencies. Our results use the 1980 tape and the rccent
laser frequencies.

We have not treated the important subject of acrnsol scattering, and the interested reader can find
useful material in the LASER documentation. .

118 RESULTS AND DISCUSSION

HF and DF Luaser absorption tahl2g are presented in tabular form in the Appendices, Previous
work has centered on caleulaton of 7 HE absorption coefficients and compunison with measurements
(4-6). and calcuilation of several HE 4nd many DF lines with the 1962 US St ndard Atmosphere (11
As discussed previously. we chose tive S(% relative humidity atmosphere profile so we could compare

our results with the seven HF lines in the ASL work. This comparison s madg in Table {1
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Table | —~ Assumed 50% Relative Humidity Altitude Profile

Alitude  Temp Total H,0
{km) (°C)  Pressure  Pressuce
(torr) (torr)
0 21 760.0 9.325
1 17 676.6 7.265
2 12 601.7 5.260
3 6 5327 3.507
4 0 471.2 2.290
5 -6 415.6 1.383
6 -12 365.4 0.816
7 -18 3196 0.470
8 -25 27191 0.238
9 -3 243.1 0.130
10 .38 2108 0.0605
it -44 1823 0.0305
12 51 156.8 0.0132
13 -57 134.3 G.0061
i4 57 1148 0.0061
15 -57 97.5 0.0061
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Tablc 11. HF.Lusér Linc Absorption Coetlicients, Comparison of this Study and Ref. (4)

y . .
HF Linec  Ref 0 km Skm 10k.n 1S km v {em™")
. P (&) NRL 19km ' L0km'' 42E-2km™' 3LI1E3km™' 3788370

() 9.5 09 . 30 E-2 1.5E-3 37882253

! P,(6) NRL 99 - 13.1 0.63 6.7E-2  3693.4130

11 4 130 16 0.75 8.5E-2 3693.4226

P, () NRL 26 31 0.26 36 E-2  3644.1430

@39 5.0 0.50 8E-2 3644.1454

: P,(5) NRL 43 5.4 ' 0.66 0.21 3577.4970

[1 @ . 45 5.0 0.70 0.30 3577.5002

P,(6) NRL 30 .23 5.3 E-2 S8E-3  3531.1705

. @ 36 25 6.0 E-2 75E3  3531.1747
,

P,(7)  NRL 41 0.31 8E-3 6 E-4  3483.6515

r" . @) 4.7 0.35 9E-3 9E-4 3483.6522

' P,(8) NRL 049 39E-2 1 E-3 2E4  3434.9949

@ 045 - 38 E-2 1 E-3 2E-4  3434.9994

The agreement is generally within [5%, with the NRL values equal to or.less than the ASL
values. It is difficult to draw conclusions bused on oniy these seven HF lines, but tne numbers
presented in this study can probably be uscd with 15% error bars confidently. The experimental work
performed ut ASL concluded that the self-to-forcign broadening ratio for H,O absorption half-widths
was variable in the range of 5-8. Since very few, if any, laser lines ace exactly coincident with H,0
absorption. tines, the linc broadening effect they propose would lead to an average increase in the wing
absorption. Hence we would, on the average, expect their values to be somewhat higher than ours,
since we used a self-to-forcign ratio of 5§ exclusively.

P r

e

f Figures 4-6 are plots cf absorption cocfficient vs altitude for HF P, (8), Py (7), and P (7). using
the data presented in the previous section. The fall-off of absorption with altitude generally follows the

) H,0 partial pressuic altitude profile, but we point out that the line shape narrows with altitude increase.
The Doppler component of the Voigt lineshape narrows with decreasing temperature, as does the
Lorentz component. ‘The high density of H,0 lines in the HF region precludes the usc of a simgle
single-tinc model. Hence studies of HF absorption at the complete range of humiditics will require a
large number of linc-by-line computations We would expect. for 20% accuracy, that polynomial
expressions for HF absorption could be' developed, as has been done suceessfully in the past for other
monchromatic absorption cocfficients (12, 13, and-reference’s cited hercinl.. One cxample of such a

N polynomial expression is given in equation (7) below:

hm A, + Ay T+ AP+ A TP %))
AP TP A A, T A-TP
+_I\‘T3P.‘

———— .

The mine constanis Ay. ... Agare generated with a fitting routine from @ set of HITRAN results at vari-
ous temperatures T, and partial pressuies P
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Another conclusion obvious from Figures 4-6 is that the very high HF absorption at sea level
becomes quite modest above 6 km or so. Of course acrosol scattering for very long paths will also con-
tribute. but clearly the HF {aser water vapor absorption problem diminishes quite rapidly with altitude.

1V. OUTPUT POWER SPECTRAL DISTRIBUTION

The spectral distribution of atmospheric absorption lines is indeed complicated. A point ofien
overiooked, however, is that the output power spectrum from multiline {asers is also complex. We
tend to focus attention on singte-line absorption phenomena when it is the net absorption we wish to
minimize. We can represent this by -

Kory = 2/; X, (8)

where f; is the power {raction emitted into the ith laser line, and &, is thc atmospheric absorption
coefficient of that line. In the DF laser region this multiline analysis is very imporiant due to the CO,
band head absorption feature at 2396 cm™'. The stmospheric absorption changes by about five orders
of magnitude over a narrow spectral region of a few wavenumbers. Significant absorption in this region
can lead to deleterious non-linear phemonena such as thermal blooming.

Table 11l preseats some sample spectral distributions. The observed distribution depends strongly
on fuel flow rates, puised vs cw operation, and opticl coating spectral propesties, to name just some of
the variables. The Lumonics device 15 2 commercially available pulsed device operating on SF, fuel and
is slectric discharge initiaied. The other DF devices are’all combustion driven chemical iasers. Table
IV gives the data for the Lumcnics HF device. Statc-of-the-art e-beam pulsed DF lasers have been
observed to emit as far cut as 5 um (14). This was the motivation for carrying out the calculations in
CH. 3 to such high quanium numbers.

Table V presenis the results of applying Eyn. (8} to the DF and' HF spectral istributioas f
presented in Tables HI and IV. The absorption coeflicients &, are from Chapter 3. The computer pro-
gram DFPOWR was written 1o handle these ¢ «nputations.




Table 111,
Qutput Power Spectral Distributioas from Several DF Lasers

DI Line  Lumonics (15} MIRACL (16) BDL (17)  NACL (18) NRL {19)

P, (5 0.2% 73
P, (6} 0.9 - 0.7 3.0
P, (D 2.1 2.1 33
P, (8) 32 7 5.5 0.5 Y
P, (9 3.7 3t 1.0 33 3.6
P, (10) 3¢ 16 6.9 6.9 2.7
P, (11) 3.7 4 5.8
P, (i2) 8.5
P, (3) 1.4 4.
P, (4) 3.0 6.5
Py (5) 4i ' 8.0
P, (6) 6.9 28 9.2
P, (D) 46 43 9.8
P, (8) 9.2 " 18.6 3.1 9.8
Py (9) 76 8 124 9.4 14
P, (10) 57 7 6.2 15.9 5.9
P, (1) 34 ! 0.7 15.1 47
P, (12) 0.2 ! 174 1.8
P, (3) 23 .

P, (&) 34
P (S) 39 1.8

- P (6) 50 2.1 21
P, (7. 5.5 3 9.7 3.6
Py (8) 6.2 4 10.3 6.2 33
P, 9) 5.0 6 4l 5.4 1.8
P; (10) 3.7 ] 21 22 1.5
P, (11) 21
Py (12) 0.2

'!;able IV. A Pulsed HF Laser Output Power Spectral Distrioution (15).

P, (&) 08% P (&) 97
P () 0.0 P i1 161
P (6) 40 P, (8) 145
P D 160 FO 16
P, (8) 161 P,(3) 04
PO 20 P @ e
P,(3) 04 P () 32
P @ 16 P (6) 3.2
P (5 13 . P 12
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Table V — Power-Weighted Absorption Coeflicients

Lumonics-DF MIRACL BDL NACL NRL Lumonics-HF

Okm 0466 km™" 0461 0408 0476 0406 18.75
Skm 0099 .0108 0106 0122 .0083 2.423
10km .0025 0037 0033 0035 .0021 0.2874
ISkm .0025 0017 0011 0010 .0006 0.0645

With the exception of the HF device, the power weighted coeflicients are remarkable close to one
another. This is primarily due to the fact that the laser power distributions considered here did not
include any lines Yeyond 2400 cm™' in the dense CO, region. From 2400 10 2800 cm™! the H,O con-
tinuum and N, continuum are compe.itively flat and tend to smooth out the line-to-line variaions
when an entire output spectrum is computed. The rather modcst absorption of HF at the upper altitude
is apparent in the last column of Table V. Again, this is due to the rapidly diminishing H,O concentra-
tion with altitude.

We expect future results of output power spectra from pulsed DF lusers will be available so a
similar analysis can be performed in the critical long wavelength region.

V. FUTURE WORK

This study was undertaken to oblain long-wavelength absorption coefficients, to examine altitude
dependence, and to consider output power spectral variations. As a result of this work we have
discovered several interesting areas which might be leoked into.

1. Repeat the altituce dependence calcuiatinns for the 1962 U.S. Standard Atmospaere for 0
to 100 km, a5 was done in the LASER report (11). include aerosol extinction.

2. Acquire some spectral data on pulsed DF output distribution. The dramatic increase in
absorpticn beyond 2400 cm™' needs to be examined for a real device output.

3.  Develop polynomial midels, as in Eq. (77, so systems-studies can b2 undertaken with rea-
sonable computer time expunse. Include altitude as a varigble.

4. Examine the self-to-foreign broadening ratio of the water vapor halfwidth in the HF
region. The ASL work pointed out a variation of § to &, tut this was based on data taken
with a fixed-line frequency laser. A lineshape study with the tunable laser, such as a'color
center device of a tunable dinde. would contribute valuab!e data on this important prob-
lem.

ACKNOWLEDGMENTS

The atmospheric absorpuon computation capability utilized in these calculatiaas s the result of
several vears' interaction by several co-workers. Program TRANSPLOT by G. w. Trusty (20) witized
the early Beaedict and Calfec H,0 tabulations. S. T. Hanley wiote much of the current software by
adapting TRANSPLOT into TRANRK and TRANTB. which read the 1976 and 1978 AFGL Atlas cdi-
tions. K. M. Maught improved the graphics package with SIIKMH and wrote several tape-handling
routines,

1




[

R R

[ appreciate the technizal comments of Dr. S. Searles and Dr. G. Hart, and K. Winters® work in

- assembling the manuscript.

This work was :s'upponcd by the Navy fulsed Chemical Laser Program.,

. REFERENCES

R.A. McClatchey etal., "AFCRL Aumospheric Absuiption Line Parameters Compilation,”
AFCRL-TR-33-0096; AFCRL-ERP-434 (1973},

L.S. Rothmzis, "AFGL Atmospheric Absorption Line Parameters Compilation: 1980 Version,”
Applied Optics 20, 791-95 (1981).

S.A. Clough, F.X. Kneizys, R. Davies, Gi. Gamache, and R. Tipping, "Theoretical Line Shape for
H;0 Vapor. Application to the Continuum®, in A/mospheric Water Vapor, edited by A. Deepak,
T.D. Wilkerson, and L.H. Ruhnke, Academic Press, N.Y. (1980), p. 25-46. Also AFGL-TR-81-
0285.

W.R. Watkins, R.L. Speliicy, K.O. White, B.Z. Snjka, and L.R. Bower, "Water Vapor Absorption
Coeflicients at HF Laser Wavelengths (2.64-2.93 um), *Applied Optics 18, 1582-89 (1979).

W.R. Watkins, R.L. Spellicy, K.O. White, B.Z. Sojka, and L.R. Bower, "Wter Vapor Absorption
Coefficients at :{F Laser Wavelengths, Part 1: Atmospheric Conditions Corresponu:nyg to Altitudes

"Up 10 7 km.,” Awmospheric Sciences Laboratory, White Sands Missile Range, NM.

FRADCOM/ASL-TR 007-Pe-1 (1978).

R.L. Spetlicy, LJ Crow, and K.Q. White, "Water Vapor Absorption Coefficients at HF Laser
Wavelengths, Part II: Development of the Measurement System and Measurements at Simulated
Altitudes to 10 km", A:imospheric Sciences Laboretory, White Sands Missile Range NM.
ERADCOM/ASL-TR-0099 (1981).

C. Young, "Calculation of the Absorption Coeflicient For Lines With Combined Doppler and
Lorentz Broadening,” J. Quant. Specirosc. Radiat. Transfe: §, 549.52 (1965).

S.A. Clough, r.X. Knei'zys; L.S. Rothman. and W.0, Gallery, "Atmospheric Spectral Transmit-

tance anu Radiance: FASCODIB", SPIE Vol. 277 Atmospheric Transmission, 152-166 /1981).

U.K. Sengupta, P.K. Das, and K.N. Rao, "Infrared Laser Spectra of HF and DF, J. Mol. Spec-
trosc. 16, 322-324 (1979).

R.L. Wilkins, "Vibration-Rotation Bznds of HF and DF." The Aerospace Corporation Report
SAMSO~TR-77-I?_8'(W77).

R.A, McCiachey and A.P. D'Agati, "Atmospheric Transmission of Laser Radiation: Computer
Code LASER,” AFGL-TR-78-0029, AFGL-ERP-622 (1978).

‘D.R. Woods. W. Flowers, R.E. Meredith, T.W. Tuer, and J.P. Walker, "DF Lascr Propagation
Analysis”, Science Applications Inc., Report SAi-77-001-AA. (1977).

'K. Tomiyama, J.H. Pierluissi, and R.B. Gomez, "Atmospheric Model for Laser Transmission in
the Infrared.” SPIE Proc. Vol 277, Aimospheric Transmission, 136-140 (1981).

12




4

i8.

19.

20.

T2l

Dr. R. Hoffiand, Ir., The Acrospace Corp., Private Communication .
Lumonics Inc., Kanata, Ontario, Canada, “Multigas Lasers” Sales Brochure IEL--69400 Feb 1981.
MIRACL test data of March 16, 1981, kindly supplied by Dr. 1. Strejack, NAVSEA-PMS/405.

J.A. Dowling, K.M. Haught, R.F. Horton, G.L. Trusty, J.A. Curcio, T.H. Cosden, S.T. Hanley, -
C.0. Gott, and W.L. Agambar, "Atmospheric Extinction Measurements at Nd-YAG and DF Laser
Wavelengths Performed in Conjunction With the JAN Propagation Tests, june-Sept. 1975%, NRL
Report 8058, 1978, p. 79.

NACL test data of March 1981, kindly supplied by Dr. E.A. Phillips, Science Applications Inc.,
Arlington, Virginia.

J.A. Dowling, R.F. Horton, G.L. Trusty, T.H. Cosden, K.M. Haught, J.A. Curcio, G.O. Gott,
S.T. Hanley, P.B. Ulrich, and W.L. Agambar, “Atmospheric Transmission Measurement Program
and Field Test Plan®, NRL Report 8059, 1977, p. 29.

G.L. Trusty, "Laser Propagation Investigation,” Final Report 2819-5, Ohio Statc University Elec-
troscience Laboratory Conteact F33615-69-C-1307 (1973).

E.B. Turner, R.A. Chodzko, and R.W.F. Gross, "An Annular lodine Laser Facility," The
Acrospace Corporation Report SAMSO-TR-77-108 (1977). ‘

13

-V‘W"'K—Av ?i:- ,'\;
S
ST R 4




[

W9

Appendix A
IODINE LASER LINE FREQUENCIES

The lodine chemical laser, which operates ot 1.315 pm.. is an attractive candidate for upper atmo-
sphere use. The spectral output is an electronic transition split into six closely spaced (hyper-fine) com-
poncnts. We have employed the frequencies given in a receat Aerospace Corp. report (21).

Table A-i — lodine Laser Frequencies and Intensities

LINE FREQUENCY ‘m PCWER

2-3 7602.81 ¢m™! 13
2-2 7602.87 15
2-1 7602.90 13
3-4 7603.30 38
3.3 7603.44 17
3.2 7603.51 4
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. . Appendix B
JIODINE ALT!TUDE DEPENDENT ABSORPTION

Table B-1 preseats HITRAN results, for the sante moded atmosphere discussed in Chapier 2, for
the lodine laser frequencies at 1.351 um. In this spectral region there is nn <aaiinuum absorption. and
clearly the transmittance is very high. Since the wavelength is sheut 2.3 times shorter than DE, acrosol
scattering is likely to be (2.3)* or about 63 umes worse than at DI wavelengths. The cifects of acrosol
scattering at these altitudes wouid be a good topic 1o consider in a follow-cn study.

Table B-1 lodine Laser Absorption Cocfficients (km™! units)
51 Relative Humidity Model

Altitude 2-3 22 2-1 3-4 3-3 3.2
Okm 1LOYE-t 1L26E1  1.58E-l 3.87E-2 3.71E-2  3.82E-2
| T74E-2 9.32E-2  LIBE-l  267E-2 257E-2  2.64E-2
2 S.09E-2 6.45E-2 8.25E-2 L.7IG-2 164F.) ) AQE.2
3 JO6E-2  4.14E-2  5.29E-2 1.00E-2 O63E-3 9.89E-3
4 1.80E-2 - 2.64E-2 3.33E-2 5.76E-3 S.S4E-3  5.68E-3

] 9.86E-3 1.56E-2 1.94E-2 306E3 294E-3 3.0lE-3

6

7

8

9

S23E-3  9.21E-3  LIIE-2 1.59E-3  1.52E-3  1.S6E-3
2.70E-3 - S5.41E-3 6.22E-3 80:Z-4 168E-4 787E-4
1.22E-3 '2.83E-3 3.07E-3 3.59E-4 343E-4 3.S0E-4 -
6.00E-4. 1.62E-3 1.64E-3 L7SE-4 [1.65E-4 [.69E-4

10 2.55E-4 B8.10E-4 763E-4 T44E-5 6DIE-5 17.03E-S

i 1L.19E-4 4.45E-4 391E-4 3.52E-5 3.18E-5 3.22E-5

. S.ISE-5 2.16E-4 1.83E-4 LSE-S 13°E-5 LME-S

13 2.53E-5 ).ISE-4 9.62E-5 B8.0IE-6 6.38E-6 6.30E-6

14 205E-5 1.18E-4 B.29E-5 6.I8E-6 S.17E-6 S.13E-6

1§ 1.65E-5 1.23E-4 T7.16E-S 5.06E-6 4.18E-¢ 4.16E-6
15
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LASER

LINE

P01.02
PO1-03
P01-04
pot-os
P01-06

PO1-07
P01-08
PoL-09
PO1-10
POL-11

Po1-12
PO1-13
Pol-14
POL-15
P02-02

P02-03
P02-04
PG2-05
P0Z-06
762.07

P02.28
F02-09
P02-10
P02-11

POZ-12

P02-13
P03-03
P03-04
P03-05
P03-00

PO3-67
P03-08

P03-09

P03-10
PO3-11

Appendix C

HF ABSORPTION TABLES

vhm ALTITUDE

9.325 TORR H20 (IN 760 TORR AT 21.0 DEG. C)
WAVENUMBER

(l/cm)

3877.860
3833.810
3788.370
3741 600
3693.413

3644.143
3593.706
3542.159
3489.560
3435.965

3s81.432
3326.018
3269.781
J212.172
3708.783

3666.356
3622.5M7
35717.497
3531470
3483.652

3434995
3384.256
133¢.490
3282.754
3230.101

3176.588
3503.612
3461.430
© 331799
3373.334

3327.508
3280.570
3232.574
3183 575
3133624

16

EXTINCTION TRANSMITTANCE

(Vkm)

2.45E 01
8.08E 0}
1.92E 00
2.39E 02
2.93E 0}

2.57E Ot
1.21E 01
6.70E 00
1.67E 00
5.90E 00

3.51E-01
1.27E 01
5.37E-01
J.0SE 00
 2.UE 02

2.712E 01
8.48F. 0!
4.29E01
3.04E 01
4.09E ¢

4.89E-01
5.SSE00
1.77E 01
3.99E 00
LITEOY

7.86E-01
SSTE 0}
5.C4E 01
1.34E 00
1.6SE-01

1 SGE-O1
2.37TE00
3.76E 00
4.73E-01
6.28E 06

AT 1000 M.
0000
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LASER

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

HF
HF
HF
ilF
HF
HF
HE

LINE

P03-12

P03-13
P04-03
PO4-C4
PO4-05

P04-06
POALT

" PO4-08.
P00y . |
PO6-2D .

#0411 -

PO4-12
0413

P0S-04
P0S-0S

" 0km ALTITUDE
9.325 TORK Hz0 (IN 760 TORR AT 21.0 DEG. C.) (Cont’d)

WAVENUMBER EXTINCTION TRANSMITTANCE

{i/cm)

3082.776 -

Jo3tr.082
3344.946
3304.335

. "3262.474

3219.420

- 3175.228

. 3129951

" . 3083.649

3036.351

298R.124
2919.006
2889.039
3189.783

. 3150685

3110.367
3068.320
3026.272
2982.592

T 2937.889

"749 437

(1/km?

1.01E 01
191E W
1.29E-01
J.6IE.01
2.04E 00

" 1LOIE02

6.13E-01
342E-01
5.99E-01
9.25€E-01

1L4E00 .

497E-02

'1LI9E-02

1.80E-01
1.30E-01

9.92E 00
4.95E-01
1.80E 00
S.74E-00
3.3%E-01

6.91E-02
4.99E-01
6.13E-02
1.91E-02
1.02E-01
1.63E-02

1.94E-02-

AT 1000 M.

0.000
0.000
0579
0.697
0.130

0.000
0.542
0.711
0.549
0.396

0.288
0.951
0.986
04835
0.33s

0000
0.610
0.165
0.563
0713

6933
0.607
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LASER

Hr
Hr
HE

HF¥
HF
HF
HE
Hy¥

HF
HF
eolF
H¥
Hr

HF
HF
HF

Lkm ALTITUDE
7.265 TORR H2O (N 677 TGRR AT 7.0 DEG.C)
LINE WAVENUMBER  EXTINCTION  TRANSMITTAMNCY

(1/cm) (H/km) AT 1000 M.
rMi-02 3877 860 1L.79E o1 0001
P01-02 3833 810 5.77E 01 0.000
POL.04 3788 370 S.87 E 00 0.003
PO1-05 3141.600 1.70% 02 €.000
POL-06 3693.413 7.52E 0@ 0.009
PO1-07 J644.143 i86E01 . 0.000
Pot-08 3593.706 SOSE 0 0.000
P01-09 3542189 4.66L 00 0.009
P01-10 3489.560 LISE 00 0316
Pol-11 3435.955 4.59E 00 0.010
PO1-12 3381.432 241E.01 0.736
PO1-15 3326.018 1L.02E O 0000
POl 14 3269.781 3.74E-01 0.688
POL-IS 3212.778 ©, 1SIE01 0.472
P02-02 3708.783 } 44E 02 0.000
P02-03 3666.356 1.92E 01 0.000
P02-04 362251 1.01E 0} 0.000
P02-05 35717.497 JEN 0.000
P02-06 3531.170 2.11E 01 0.000
P02-07 1443 652 281E00 0.060
P02-08 3434.995 3.42E-01 0.711
P02-09 3385.256 393E 00 0.020
P02-10 3334.490 1.23E 0l 0.000
P02-i1 3282.754 2.835E 00 0.0s8
P02-12 323010 8.67E 00 0.000
P02-13 3176.588 5.64E-01 0.569
P33.03 3503.612 4.19¢ 0i 0.000
P03-04 2461.440 3.30E 01 0.000
P03-05 341799 1.28E 00 0.218
P03-06 3373.334 1.12E-01 0.894
-P03-07 3327 508 1.10E Qi 0900
P03-08 -+ 3280.570 1.720. 60 0..79
P03-09 3232.574 INEM £.066
PO3-10 3183.575 3.38E-08 0.713
PO3-H1 e 4 60F 00 0.010
Po3.12 3082 776 7408 00 0003
Pa3.13 3631 033} S 62E 00 €004
P04-03 3344 946 & 73602 0916
18
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LASER

HF
HF
HF

HF

LINE

P04-04
P04-05
P04-06
PO4-07
P04-28

P04-09
PO4-10

PO4-11 .

Po4-12
PO4-13

P05-03
P0S-0¢
PCS-0S
P05-06
POs-07

P05-08
POsS-09
P06-04
P06-05
£06-06

P06-07
P06-08
P06-09
Po6-10

1 km ALTITUDE
1.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

{i/cm)

3304.335
3262474
3219.420
3175228
3129.951

3083.640
3036.351
2988.124
2939.006
2889.039

3189.783
3150.685
3110367
3068.880
302¢.2712

2982.592
2937.389
2999 %11
2%901.081
2921.320

2880.451
2818.307
2194.710
2749.487

19

(1/km)

2.55E-01
1.60F. 00
8.73E 01
4.42E-01
2.42E-01

4.24E-01
6.48E-01
8.60E-9!
3.75E-02
1.06E-02

1.30E-01
1.27E-01
791E00
3.61E-01
1.29€ 00

4.02E-01
2.67E-01
4.81E-02
3.43E-01
5.17€-02

1.41E-02
7.45E-02
1.31E-02
1.73£-02

AT 1000 M.

0.775
0.203
0.009
0.643
. 0.785

0.654
C.523
0.423
0.963
0989

0878
0.881

¢.000
0.697-
0.276

0.66%
0.765
0.952
0.710
0.950

0986
0928
0.987
0.952




2km ALTITUDE
5.260 TORR H20 (IN 602 TORR AT 120 DEG. C))
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(1/¢cm) (1/km) AT 1000 ™.
HF PUL.02 3877.860 1.23E 01 0.000
HF P01-03 3833.810 J.84E 0! 0.600
HF P0O1-04 3788.370 4.10F 00 0.017
HF P01-95 3741.600 1.13E 02 0.00C
HF PGL-U6 J693.413 SIIEN 0.000
HF PG1-07 T 3644.143 1.26E 0} 0.000
HF ?01-08 3593.706 3.28E 01 0.000
HF P01-09 3542159 JOIE 00 0.049
HF pPo1-10 3489.560 7.33E-0} 0.480
HF - ?201-11 3435965 . 3.23E00 0.040
HF POL-12 3381.432 1.52E-0! 0.359
HF P01-13 3326.01% 1.54E 00 0.001
HF 20l-14 3269.781 2.41E-01 0.786
HF PO1-15 3212.778 5.0SE-0t 0.604
HF $02-02 3708.783 9.77E 0} 0.000
HF P02-03 3666.356 1.26E 01 . 0.000
HF P02-04 3622.577 S.TE 01 0.000
HF P02-05 3571.497 2.14E 0] 0.000
HF P02-06 3534170 1.34E 01 0.000
HF P02-07 . 3483.652 1.78E 00 0.168
HF P02.08 3434995 2.20E-01 0.803
HF P02:-09 3385.256 2.58C 20 0.076
HF P02-10 3334.490 1.19E 00 0.000
HF P02-11 3282.754 1.88E 00 0.153
HF PO2-12 3230.101 6.00E 00 0.002
HF P02-13 3176.588 3.79E-01 0.685
HF P03-03 3503.612 2.718E 01 0.000
HF P03-04 3461.440 2.65E 01 0.000
HF P03-05 341799 8.27E-.01 0.437
HF P03-06 3373.334 7.08E-02 0.932
HF £03-07 . 3327.508 1.35E 00 0.001
HF P03-08 3280.570 1.16E 00 0.313
HF - P03-0% 3232.574 1.83E 920 0.160
HF P03-10 3183.575 2.26E-01 0.798
HF P03-1} 3133.624 3.13E00 0.044
20




LASER

LINE |

P03-12
P03-13
P04-03
P04-04
P04.05

Po4 26
PGe-07
P04-08
P04-09
PN4-10

PO4-11
P04-12
P04-13
P05-03
10504

P05-05
P05-06
P05-07
P0S-08
P05-09

P06-04
P06-05
P06-06
P06-07
P06-08
?06-09
P06-10

2 km: ALYITUDE
5.260 TORR 120 (IN 602 TORR AT 12.0 DEG. C.) (Cont’a)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cr)

3082.776
Jeci.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129.951
3083.640
3036.351

2988.124
2939.006
2889.039
3189.783
3150.685

3ti0.367
3068.380
3026.272
2982.592
2937.889

2999911
2961.081
2921.220
2880.451
2838.307
2794.710
2749.487

2

(1/km)

5.00E 00
3.72E. 00
S.41E-02
1.67E-0}
1.14E 00

T.01E0]
2.98E-01
L.61E-01
2.80E-01
4.22E-01

5.50E-01
2.72E-02
7.76E-03
8.67E-02
8.27E-02

5.79E 00

247E-01

8.55E-0!
2.60E-01
2.09E-0Y

3.25E-02
2.16E-01
4.21E-02
9.95E-03
5.00E-02
1.03E-02
1.,63E-02

AT 1000 M.

0.007
0.024
0.947
0.846
0.318

0.000
0.742
0.852
0.756
0.656

-0.577
0.973
0.992




. 3 km ALTITUDE
3.507 TORR H20 (IN 533 TORR AT 6.0 DEG. C.)
LASER LINE  WAVENUMBER EXTINCTION TRANSMITTANCE

(Hemi. (t/km) AT iGOO M.
- -HF P01-02 3877860 1.77E 00 0.000
-HF P01-03 3833.810 2.36E 01 0.00C
HF PO1-04 3788.370 2.66E 00 0.070
HF P0i-05, - 3741.600 6.89E 01 0.000
HF . PO0i-06 3693.413 JAIE 01 .0.000
HF P01-07 3644.143 8.05E 00 0.000
HF P01-08 3593.706 1.96E 01 0.600
HF P01-09 1542.159 1.79E 00 0.167
HF P01-10 3489.560 4.27E-01 0.653
HF Pol-11  3435.965 2.03E 00 0.131
HF PO1-12 - 3381.432 3.81E-02 0.916
HF Po1-13 3326.012 5.03E 00 0.007
HF PO1-14 3269.781 1.42E-01 0.368
HF POt-15 3n2as 3.14E-01 0.731
HF PO:-02 3708.781 6.14E 01 0.000
HF P02-03 3666.356 7.65E 00 0.000
HF P02-04 3622.577 4.01F 01 0.000
HF P02-05 3577.497 1.38€ 01 0.000
HF P02-06 3531170 1.72E 00 0.000
HF P02-07 3483.652 1.04E 00 0.354
HF P02-08 3434.995 1.29E-01 0.879
HF 202-09 3385.256 1.5SE 00 0.212
HF P02-10 3334.490 445E00 - 0012
HF Po2-11 5282.754 1.14E 00 0.321
HF - 202-12 3230.101 3.32E 00 0.022
HF PO2-13 ° 3176.588 2.36E-01 0.790
HF Pg3-03 3503.612 i.69E 01 0.000
HF P03-04 3461.440 1.68E 01 0.000
HF P03-05 3417.996 4.39E-01 0.613
HF P01-06 3373.3:4 4.08E-02 0.960
! HF P03-07 3321.598 4.43E 00 0.012
HF -~ P03-08 3280.570 1.22E-01 0.486
. HF P03-09 3232574 LI3EGD 0.322
1 - HF P03-10 3183.575 1.40E-01 0.870
] HF P03-11 3133.624 1.9SE 0C 0.142

! _ . 2
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LASER

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

LINE

PO3-12
P03-13
P04-03
P04-04
P04-05

P04-06
PG4-07
P04-08
F04-09
P04-10

PO4-11
. P04-12
P04-13
P0s-03
P0S-04

P0s5-05
P05-06
£05-07
P05-08
P0S-09

P06-04
P06-05
P06-06
P06-07
P06-08
P06-09
Po6-10

3 km ALTITUDE .
3.507 TORR H20 (iN 533 TORR AT 6.0 DEG. C.) (Cont'd)
WAVENUMBER  EXTINCTION TRANSMITTANCE

(1/emi

3082.775
3031.083
3344.946
3304.335
3262.474

32i9.420
3175.228
3951
30835.640
3036.351

2988.124
2939.006
12889.039
3189.783
3150.685

3t10.367
3068.88.
3026.272
2982.592
2937.889

2999911

2961.081°

2921.320
2880.451
2838.307
2794.710
. 2749.487

23

(17km) -

3.09E 00
2.26E 00
J.04E-02
9.95E-02
T.44E-M

SA8E01

1.88E-01
9.86E-02
1.71E-01
2.52E-0;

3.23c-01
1.91E-02
5.49E-03
5.26E-02
4.99E-02

3.8¢E 00 -

1.58E-01
5.25E-0t
1.54E.01
1.62E-01

2.05E-02
1.24E-01
3.37€-02
6.78E-03
3.07E-02
795E-03
1.50E-02

AT 1000 M.~

0.046
0.105
© 0.970
D.905
0475

0.000
0.829
0.906
0.343 -
0.

0.724
0981
0.99s
0.949
0.951

2.021
0.85%
0.592
0.857
0.851

0.980
0.883 -
0.967
.0.9%3
0.970
0.992
0.985




LASER

HF
HF
HF
HF
HF

LINE

P01-02
P01-03
PO1-04
P01-0S
P0Ot-06

P01-07
PO1-08
P01-09
P01-10
po1-11

PO1-12
PO1-13
PO1-14
POL-15
P02-02

P02-03
P02-04
P02-05
P02-06
P02-07

P02.08
P02-09
P02-10
PO2-11
PO2-12

P02-13
P03-03
P03.04
P03-05
P03-06

P03-07
P03-08
P03-09
P03-10
P03-11

4 km ALTITUDE
2.290 TORR H20 (IN 471 TORR AT 0.0 DEG. C))

WAVENUMBER EXTINCTION TRANSMITTANCE

{l/cm)

3877.860
3833.810
3788.370
3741.600
3693.413

3644.143
3593.706
3542.159
3489.560
3435.965

3381.432
3326.018
3269.781
32127178
3708.783

3666.356
3622.577
3577497
3531170
2483.652

3434.995
3385.256
3334.490
3282.754
3230.101

3176.588
3503.612
3461.440
3417996
3373.334

3327.508
3280.570
3232.574
3183.575
3131.624

(1/km)

4.84E 00
1.42E 01
1.70E 00
A12E 01
2.21E 01

S.HE00
1.16E 01
1.05E 00
2.44E.01
1.24E 00

4.99E-02

3.26E 00 .

8.21E.02
1.92E-0!
JSIE0

4.56E 00
J.74E 01
$.81E 00
4.35E 00
$.92E-01

7.40E-02
9.12E-01
247E 00
6.71E-0t
237E00

1.44E-01
1.01E 01
1.04E 01
2.83E-0!
2.30E-02

2.58E 00
4.29E-C1
6.39E-01
8.48E-02
1.19E 00

24

AT 1000 M.
0.008




LASER

LINE

P03-12
P03-13
P04-03

P04-05

P06-10

4 km ALTITUDE
2.290 TORR H20 (IN 471 TORR AT 0.0 DEG. C.) (Cont'd)

(t/em) .
3082.77%

©3031.083

3344.946
3304.335
3262.475

3219.420
3175.228
3129951
3083.640
3035.351

2988.124
2939.006
2889.039
3189.783
3150.685

3110.367
3068.8230
3026.272
2982.592
2937.889

2999.911
2961.081
2921.326
2880.451
2838.307
2794.710
2749.487

{1/km)

1.85E 00
1.34E 00
1.67E-02
5.81E-02
4.68E-01

INEN
1.17E01
5.96E-02
1.03E-01
1.48E-01

1.37E-01
L.3SE-02
3.95E-03
3.11E-02
2.96E-02

249E 00
9.94E-02
3.16E-01
9.07E-02
1.26E-0t

1.30E-02
7.03E-02
2.78E-02

4.72E-03-

1.84E-02
6.18E-03

1.39E-02

. 25

WAVENUMBER EXTINCTION TRANSMITTANCE .

AT 1000 M.

0.157
0.261
0.983
0.944
0.626

0.000
0.8%0
0.942
0.902
0.862

0.829
0.987
0.996
0.969
0.971

0.083
0.908
0.729
0.913
0.882

0.987
0.932
0973
0.995
0.982
0.994
0.986




“w.

5 km ALTITUDE
1.383 TORR H20 (IN 416 TORR AT -6.0 DEG' C.}

26

LINE WAVENUMBER - EXTINCTION  TRANSMITTANCE
(1/em) /kee) AT 1000 M.
P01-02 3871.860 2.30E 00 0.061
P01-03 3833.810 7.93E00 - . 0.000
PO1-04 3788.370 1.01E 00 0.364
P01-05 3741.600 2.29E 01 0.000
P01-06 3693.413 ~ 13IE0 0.000
P01.07 3644.143 3.10E 00 0.045
P01-08 3593.706 6.39E 00 0.002
P01-09 3542159 $.69E-01 0.566
P01-10 3489.560 1.30E-01 0.878
POL-11 3435.965 6.93E-01° 0.500
PO1-12 3381.432 2.61E:02 0.974
POi-13 3326.018 1.93E 00 0.145
POI-14 - 3269.78! 4:38E-02 0.957
PO1-15 3212.778 . 1.08E-01 0.897
P02-02 3708.783 2.20E 01 0.000
_P02-03 3666.356 . 2.51E 60 0.081
PO2-04 3622.577 3.02E 01 0.000
P02-05 3577.497 5.42E 00 0.004
P02-06 3531.170 2.26E 00 0.104
P02-07 - 3483.652 3.13€-01 0.731
P02-08 3434.995 3.91E-C2 0.962
P02-09 3385.256¢ = - 4.95E-0l 0.610
P02-10 3334.990 1.26E 00 0.284
PO2-11 T 3282754 . 3.66E-01 0.694
P0O2-12 3230.101 1.36E 00 0.258
P0O2-13 3176.588 8.09E-02 0.922
P03-03 3503.612 5.54E 00 0.004
P03-04 3461.440 S91E 00 0.003
P03-05 3417.996 1.51E-01 0.860
P03-06 3373.334 1.20E-02 0.988
P03-07 3327.508 1.38E 00 0.253
P03-08 3280.570 2.46E-01 0.782
P03-09 3232.574 3.86E-01 0.680
P03-10 3183.575 4.77E-02 0.953
P03-11 - 3133.624 6.70E-01 0.512
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LINE

P03-12
P03-13
P04-03
P04-04
P04-05

¢

S km ALTITUDE
1.383 TORR H20 (IN 416 TORR AT -6.0 DEG. C.) (Cont'd)

(1/cm)

3082.775
3031.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129.951
3083.640
3036.351

2988.124
2939.006
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2999911
2961.081
2921.320
2880.451
2838.307
2794.710
2749.487

27

© WAVENUMBER  EXTINCTION TRANSMITTANCE

(1/kn)

1.02E 00
1.37E-01
8.57E-03
3.132-02
2.68E-01

2.M4E 0}

. 6.89E-02

3.35E-02
5.80E-02
8.02E-02

1.02E-01
9.27E-03
2.834E-03

1.69E-02

1.64E-02

1.46E 00
5.87E-02
1.76E-01
S.09E-02
9.75E-02

8.14E-03
3.69E-02
2.33E-02
3.28E-03
1.01E.02
4.78E-03
1.30E-02

AT 1000 M.

0.360
_0.478
0.991
0.969
0.765

.0.000
0.933
0.967
0.944

- 0923

0.903
0.991
0.997
0.983
0.984

0.232
0.943
0.839
" 0.950
0.907

0.992
0.964
0.977
0.997
0.9%
0.995
0.987




T -

“-‘

LASER

LINE

- P01-02

PO1-03

PO1-04°

P01-05
P01-06

PO1.07

P01-08 -

PO1-09
Po1-10
POl-11

PO1-12
POt-13
PoL-14
PO1-15

P02-02.

P02-03
P02-04
P02-0S
P02-06
P02-07

P02-08

P02-09 °

P02-10
P02-11
P02-12

P02-13
P03-03
P03-04
P03-05
P03-06

P03-07.

P03-08
P03-09
P03-10

PO3-11 |

6 km ALTITUDE"
0.816 TORR H20 (IN 365 TORR AT -12.0 DEG.C.)

WAVENUMBER . EXTINCTION TRANSMITTANCE

. {1/cm)

3871.860
. 3833.310
3788.370
3741.600
3693.413

3644.143

3593.706
- 3542.159
3489.560
3435.965

338:.432
3326.018
3269.781

212778

- 3708.783

3666.356°

3622.577
3577.491

3531.170
3483.652.

3434.995
3385.256
3334.490
3282.754
3230.101

3176.588

3503.612
3461.440

3417.996°

3373.334

3327.508

3280.570
3232.574
3183.575
(3133624

28

" 1.SSE.01 -

(1/km)

1.59E 00
4.31E 00
5.89E-01
1.24E 01

1.57E 00
- 1.88E 00

3.50E 00
3.04E-01
6.85E-02
3.73E-01

1.33E-02 -

1.10E 00

2.28E-02

S.97E-02
1.26E 01

1.36E 00

244E01

3.33E 00
1.1SE 00
1.62E-01

2.01E-02
2.62E-01
6.20E-01
1.94E-01

4.45E-02
297E00
J.25E 00
7.86E-02
6.15E-03

1.08E-01
1.34E.01
2.11E-01
2.62E-02
3.66E-01

AT 1000 M.

0.205
0.013
0.555
0.000
0.001

0.152
0.030
0.738
0.934
0.689

0.987
0.332
0977
0.942
0.000

0.257
0.000
0.034
0318
0.850

0.930
0770
0.538
0823
0470

0.956
0.051
0.039
0.924
0.994

0.453
0.874
0810
0974
0.693




6 km ALTITUDE
0.816 TORR 1120 (IN 365 TORR AT -12.0 DEG. C.) (Cont’d)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(I/em) {1/km) AT 1000 M.
HF P03-12 3082.776 $.48E-Cl 0.573
HF P03-13 3031 083 J.95E-01 0.674
HF P04-03 3344.946 " 4.34E.03 0.996
HF P04-04 3304.335 1.64E-02 0.984
HF P04-0§ 3262.474 1.48E-01 0.862
HF PO4-06 -3219.420 1.55E 01 0.000
HF P04-07 3175.228 4.04E-02 0.960
HF P04-08 3129.951 1.85E.02 0.982
HF P04 - 3083.640 < 3.23E-02 0.968
HF P04-10 3036:351 4.25E-02 0.958
HF PO4-1 L 2988.124 5.54E-02 0.946
HF P04-12 2939.006 6.62E-03 0.993
Hr P04-13 2889.039 2.09E.03 0.998
HF P0S-03 3189.733 8.93E-03 0.991
HF POS-04 3150.685 9.04E-03 0.991
HF P05-05 3110367 - 8.26E-01 0.438
HF P05-06 3058.880 J.43E.02 0.966
HF P0S-07 3026.272 9.53E.02 0.909
HF P0S-08 2982.592 291E-02 0971
HF P0S5-09 2937.889 1.55E.02 0.927
HF P06-04 2999911 - 5.23E-03 0.995
HF P06-0S . 2961.081 1.92E.02 0.981
HF P06-nN6 2921.320 2.02E-02 0.980
HF P06-07 -2880.451 2.36E-03 0.998
HF P06-08 2838.307 5.45E.03 0.995
HF  ~ P06-9 2794.710 3.NE-03 0.996

HF P06-10 2749.487 1.22E-02 0.988




-y &

LASER

HF
HF
HF
HF
HF

HF
HF
HF
HF
HE

HF

HF |

HF
HF
HF

HF
. HF
HF
HF
HE

HF
HF
HF
HF
HF

HF

HF
HF
HF

HF
Ur
HF
HF
HF

LINE

P01-02
P01.03
PO1-04
Pot-0s
POL-06

POL ¢
Pr.

P01.09
PO1-10
POI-11

Pol-12
P01-13
PO1-14
POL-15
P02.02

P02-03
P02-04
P02.05
P02-06
P02-07

P02-08
P02-09
P02-10
P02-11
P02-12

PO2-11

P03-03 -

P03-04
£03.05
P02.06

£03-07
P33-08
P03-09
£03-10
PO3-11

7km ALTITUDE
0.470 TORR H20 1IN 320 TORR AT -18.0 DEG. C)
WAVENUMBER

(t/cm)

3877.860
3%33.810
3788.370
. 3741600
3693.413

3644 143
3593.706
3542.159
3489.560
‘3435 965

3381.432
3326.018
3269.781
3212.718
3708.783

3666.356
3622.517
35717497
3531170
3483.652

3434.995
3385.256
3334490
3282.754
3230.104

3176.588
3503.612
3461.440
3317.99
3373.334

3327.508
3280.570
3232.574
3183 57s
3133.624

30

EXTINCTION TRANSMITTANCE

(1/km)

8.76E-01
2.28E 00
3.36E-01
6.63E 0O
4.29E 00

1.1SE 00
1.91E 00
1.61E-01
3.58E-02
1.94E-01

6.62E-03
6.05E-01
1.1SE-02
3.20E-02
T.14E 00

LI7E-al
1.95E 01
2.15E 00
S.67E-01
8.23E-02

1.0E-02
1.35E-01
2.95E.01
1.00E-01
4.GRE-01

2.39E-02
1.55E 00
1.13E 00
3.97€.02
3.08E-03

3.52E-01
7.12E-02
1.12E-01
1.41E-02
1 94E-th

AT 1000 M.

0.416
0.102
0.715
0.001
0.014

0.317
0.147
0.852
0.965
0.824

0.993
0.546
0.989
0.968
0.001

0.488
0.000
0.117
0.567
0.921

0.990
0.874
074
0.905
0.665

0.976
0.213
017
6.961
0.997

0703
0.931
0.894
0.786
0.823
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| 7 km ALTITUDE
‘ 0.470 TORR H20 (IN 320 TORR AT -18.0 DEG. C.) (Cont'd)

o

\ LASER  LINE  WAVENUMBER EXTINCTION TRANSMITTANCE
: (1/em) (1/km) AT 1000 M.
; HE P0O3-12 3082.776 2.85E-01 0.752
; e P03-13 3031°083 3.05E-0) 814
x HE  £04.03 3344.946 2.19E-03 0.998
\ HE  PO4-04 3304.335 8.36E-02 0.99? ~
HE  PO4-05 3262.474 7.83E-02 0.925
HF  P04-06 3219.420 5 49E 00 2,000
HE  P04-07 3175.228 2.37E-02 0977
HF . P04-08 3129.951 9.99E-03 0.990
N HE  P04-09 3083.640 1.79E-02 0.982
, HF  P04-10 3036.351 2.19E.02 - c.978
HE  PO4-11 2988.124 3.04E-02 0.970
_ HE  PO4-12 2939.006 472603 0.995
L, HE  PO4-I3 2889.039 1.56E-03 0.998
: HF  P0S-03 3189.783 4.58E-03 £.995
HF  P0S-04 3150.685 4.94E-03 0.995
HF  PDS-05 3110.367 4.50E-01 0.638
HF  P0S-06 3068.880 1.99E-02 0.930
HF  POSO7 3026.272 SOSE-02 0951
A HF ° P0S-08 2982.592 1.72E-02 0.983
; HF  P0S-09 2937.889 5.81E-02 0.944
. HE . P05-04 2999.911 3.47E-03 0997
. HFE  P06-GS 2961 081 9.93E-03 0.990
o HE  P06-06 2921.320 1.79E-02 0.982
C HF  P06-07 2880.451 1.74E-03 0.998
HF  P06-08 2828.307 2.84€-03 - 0.997
HE  P06-09 2793710 2.88E-03 0.997
HF  P96-10 2749.487 114E-02 0.989

R}




LASER

HF
HF
HF

(# HF

HF
HF
HF
HF
HF

A

e
o :
n

-~
Tz
nm

R
be ofif= o
nmn

r—y

LINE

PC1-G2
P01-03
P01-04
P01-05
P01-06

PO1-07
P01-08
P01-09
PO1-10
POL-11

P01-12
PO1-13
PO1-14
PO1-15
P02-02

P02-03
P02-04
P02-05
P02-06
P02-07

P02-03
P02-09
P02-10
P02-11
P02-12

P02-13
P03.03
P03-04
P03.05
PC3-06

P03-07
P03-08
P03-09
P03-10
P03-11

8 km ALTITUDE-
0.238 TORR H20 (IN 279 TORR AT -25.0 DEG. C.)

33877.860
3833.810
3788.370
3741.600
3693.413

3644.143
3593.706
3542.159

*3489.560

3435.965

3381.432
3326018
3269.781
3212.778
3708.783

3666.356
3622.577
3577.497
353170
3483.652

3434995
3385.256

3334.490
3282154

3230.101

3176.588
3503.612
3461.44C
3417.996
3373.334

3327.508
3280.570

3232.574

3183.575
3133.624

32

(1/km)

4.27g-0t
1.07E 00
1.69E-01
J.I9E 00
2.21E 00

6.74E-01

9.91E-01

7.75€-02
1.73E-02
8.39E-02

2.90E-03
2.33€E-01
5.13E-03
1.53E-02
3.79E 00

3.40E-01
1.STE 01
1.36E 00
2.49E-01
3.72E-02

4.49E-03
6.11E-02
1.21E-01
4.55E-02
1.96E-01

1.14E-02
1.1E-0!
8.11E-)I
1.76E-02
1.38E-03

1.SIE-0l
3.34E-02
5.24E-02

~ 6.77E-03

9.10E-02

AT 000 M.

0.652
0.342
0.344
0.041
0.199

0.510
0.371
0.925
0.983
0.920

0.997
0.754
0.995
0.985
0.023

0.742
9.000
0.256
0.730
0.963

0.996
0.941
0.88%
0.956
0.822

0.989
0.491
- 0.445
0.983
0.999

0.860
0.967
0.949
0.993
0913

WAVENUMBER  EXTINCTION TRANSMIiTANCE
(1/cm)
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4
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LASER

LINE

P03-12
P03-13
P04-03
P04-04
PO4-05

PO4-11

P04-13
P05-03
P05-04

" POS-0S
POS-06

P05-07 -

Pos-08
POS-09
P06-05

P06-07
P06-08

P06-10

8 km ALTITUDE
0.238 TORR H20 (IN 279 TORR AT -25.0 DEG-C.) (Cont'd)

(1/cm)

3082.776
3031.083
3344.946
1304.335
3262.474

3219.420
3175.228

- 3129.951

3083.640
3036.351

2988.124
2939.008
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2999.911
2961.081
2921.320
2880.451
2838.307
2794.710
2749.487

V/AVENUMBER

33

(1/km)

1.30E-01
9.43L-02
1.02E-03
3.715E-03
3.55E-02

S.06E 00
1.30E-02
4.90E-03
9.29€-03
1.01E:02

1.60E-02
3.37E-03
1.16E-03
2.06E-03
2.53E-03

2.11E-01
1.08E-02
2.38E-02
1.01E-92
4.45E-02

2.34E-03
4.80t-03
1.60E-02
1.30E-03
1.32E-03
2.22E-03
1.05E-02

EXTINCTION TRAMSMITTANCE

AT 1000 M,

0.878
0.910
0.999
0.996
0.965

0.00A
0.987
0.995
0.99!
0.990

0.984
0.997
0.999
0.998
0.997

0.809
0.989
0.97¢
0.990
0.956

0.998
0.995
0.984
0.999
0.999
0.998
0.990




9 km ALTITUDE
- 0.130 TORR H20 (IN 2945 TORR AT -31.0 DEG. C)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

g2 1arane 1 F crieir S
-

(1/em) (1/km) AT 1000 M.
HF P01-02 3877.860 2.23E-01 0.800 .
HF P01-03 3833.810 5.39€-01 0.583
HE P01-04 3788.370 9.12£-02 0913
] HF P01-05 3741.600 ' 66E 00 0.189

HF POI-06 3693 413 1.23E 00 "0.292
HF P01-07 3644.143 4.22E-01 0.656
HF P01-08 3593.706 5.69E-01 0.566
HF P01-09 3542.159 4.10E-02 0.960
HF POI-10 3489.560 9.41€.03 0.991
oF PO1-11 3435.965 3.97E-02 : 0.961
HE PUOI-12 3381.432 1.38£-03 0.999
HF POL-13 3326.018 1.42E-01 0.868
HF POI-14 3269.781 2.46E-03 0.998
HF PO1-15 3212.178 1.81E-03 0.992
HF P02-02 1708.783 2.19E 00 0.112
HF P02-03 3666.35¢ 1.74E-01 0.841
HF P02-04 3622.577 1.25E 01 0.000
HF P02-05 3577.497 9.43E-01 0.389
HF P02-06 3531.170 i.21E-01 0.886
HF P02-07 3483.652 1.83E-02 0.982
HF P02-08 3434.995 2.20E-03 - 0.998
olF P02-09 3385.256 2.98E-02 091
HF PG2-10 3324.490 5.38E-02 0.948
HF £02-11 3282.754 2.22E-02 0.978
HF P02-12 3230.101 1.00E-Ci 0.905
HF P02-13 3176.588 5.81E-03 0.994
HF P03-03 2703.612 3.51E-01 0.704 .
HF P03-04 3461.440 4.05E-01 0.667
HF P03-05 3417.996 8.43E-03 0.992
HF P03-06 3373.334 §.74E-04 0.999
13 P03-07 3327.508 6.96E-02 0.923
HF £03-08 3280.570 1.68E-02 .0.983

] < HF P03-09 3232.574 - 2.63E-02 0.974
HF P03-10 3183.575 3.49E-03 9.997
HF P0O3-11 3133.624 4.57E-02 9.955

4
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LASER

Hr
HF
H¥
H¥
HF

HF
HF
HF
tF

HF

HF
HFE
HF
HF
HF

HF
HF
HF
HF
HF

HF
HF
LiF
HF
HF
HF
HF

LINE

PO3-12
P03-13
P04-03
P04-04
P04-05

P04-06
P04-07
P04-08
P04-09
Po4-10

P0&-11
P04-12
P04-13
P05-03
P05-C4

P05-95
P0S5-06
P05-07
P05-08
P05-09

P06-04
P06-05
P06-06
P06-07
P05-08
P06-09
P06-1%

9 km ALTITUDE
"0.130 TORR H20 (IN 243 TORR AT -31.0 DEG. C.) (Cont’d)

WAVENUMBER

(1/em)

1082.776
3031.083
3344946
3304.335
3262.474

3219.420
3175.228
3129.95!
3083.640
3036.351

2988.124
2939.006
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2999.911
2961.08)
2921.320
2880.451
2838.307
2794.710
2749.487

33

EXTINCTION TRANSMITTANCE

(1/km)

6.35E-02
4.65E-02
5.47E-04
1.81E-03
1.713E-02

2.86E 00
7.74E-03
2.60E-03
5.33E-03
5.04E-03

9.55E-023
2.47E-03
8.97E-04
1.00E-03
1.44E-03

- 1.06E-Ot
6.39E-03
1.21E-02
6.76E-03
3.41E-02

1.68E-03
2.63E-03
1.45E-02
1.00E-03
6.58E-04
1.72E-03
9.69E-03

AT 1000 M.

0.938
0.955
0.999
0.998
0.983

0.058
0.992
0.997
6.995
0.995

0.990
0.958
0.999
0.999
0.999

0.899
0.954
0.988
0.993
0.966

0.998
0.997
0.986
0.99%
0.999
0.998
0.990




[y q v
RN AL INEIP IR

HF P01-02
HF P01-03
HF P0O1-04
HF S 1]
HF P01-06
HF P01-07
HF P0{-08
HF PG1-09
HF P01-10
HF Pot-11
HF P01-12
HF PO1-13
HF POi-14
HF PO1-15
HF P02-02
HF P02-03
HF P02-04
HF P02-05
HF P02-06
HF P02.67
HF P02-08
HF P02-09
HF P02-10
HF Po2-11
HF P02-12
HF P02-13
HF P03-03
HF P03-04
HF P03-05
HF P03-06
HF P03-07

F P03-08
HF P03-09
HF P03-10
HF PO3-11

10 km ALTITUBE _
0.060 TCRR H20 (IN 211 TORR AT -33.0 DEG.C) .
LASER LINES WAVENUMBER EXTINCTION TRANSMITTANCE

(I/em)

3877.86C
3833.810
3788.370
3741.600
3693.413

3644.143
3593.7C»
3542.159
3435.560
3435.965

1381.432
3326.018
3269.781
3212.778
3708.783

3666.35¢%
3622.577
3577.497
3531.170
3483.652

3434.995
3385.256
3334.490

. 3282.754
.3230.101

3176.588
3503.612
3461.440
3417.996
3373.334

3327.508
3280.570
3232574
3183.575
333.624

36

(1/km)

9.90E-02
2.33E-01
4.20E-02
1.85E-01
6.27E-01

2.55€E-01
3.22E-01
2.02E-02
4.96E-03
1.51E-02

5.70E-04
5.83E-02
1.00E-03
3.43E-03
1.22E 00

1.85E-02
9.85E 00
6.64E-01
5.27E-02
8.03E-03

9.81E-04
1.24E-02
1.98E.02
9.21E-03

4.39E-02.

2.55E-03
1.49E-01
1.73E-01
3.42E-03
2.97E-04

2.69E-02
7.21E-03
1.12E.02
1.57E-03
1.96E-02

A

T 1000 M.
0.906

. 0.792

0.959
0.456
0.534

0.775
0.725

. 0980

0.995
0.985 .

0.999
2.943
0.999
0.997
0.295

0.924
0.000
0.515
0.949
0992

0.999
0.988
0.980
0.991
0.957

0.997
0..62
0.841
0.997
1.600

0.974
0.993
0989
0.99¢
0981



LASER

HF
HF
HF
HF
HF

HF
HF
HF
HF
HF

LINE

P03-12
P03-13
P04-03
P04-04
P04-05

P04-06
P04-07
F04-08
P0s-09
PO4-10

PO4-11

P04-12
P04-13
P05-03
P05-04

P0S-05
P0S-06
P0S-07
P05-08
P05-09

P06-04
P06-05
P06-06
PU6-07
P06-08
P06-09
P06-10

10 km ALTITUCE )
0.060 TORR H20 (IN 211 TORR AT -38.0 DEG. C.) (Cont'd)

W AVENUMBER EXTINCTION TRANSMITFTANCE

(I/em)

3082.776
3031.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129.951
3083.640
3036.351

2988.124
2939.006
2889.039
3139.783
3150.685

3110.367
3068.280
3026.272
2992.592
2937.889

2999.911
2961.081
2921320
2580.451
2838.307
2794.710
2749.487

17

(1/km)

2.65E-02
1.96E-02
2.88E-04
7.47E-04
6.94E-03

1.36E 00
4.32E-03
1.24E-03
2.97E-03
2.22E.03

5.76E-03
1.81E-03
6.76E-04
4.1€E-04
7.99E-G4

4.45E-C2
3.63E-03
$.39E-93
4.55E-03
2.58E-02

1.23E-03
1.42E-03
1.30E-02
1.73E-04
2.88E-04
1.33E-03
8.80E-03

AT 1000 M.

0.974
0.981
1.000
0.999
0.993

0.257
0.996
0.999
0.997
0.998

0.994
0.998
0.999
1.000
0.999

0.956
0.996
©.995
0.995
0.975

0.999
0.999
0.987
0.999
1.000
0.999
0.991




'A‘ )

PO |

kS |

LASER

HF
HF
HF
HF
HF

11 km ALTITUDE

0.031 TORR H20 (IN 182 TORR AT -44.0 DEG. C.)

LINE

P01.02
P01.03
PO1-04

" P01-0S

P01-06

PO1-07
P01-08
PO1-09
P01-10
Pol-11

Pol-12
PoOi-13
POl-14
PoO1-15
P02.02

P02-03
PO2-04
P02-0S
PC2-06
0267

P02-08
P02-09
p02-10
P02-11
P02-12

PO2-13
P03-03
P03-04
P03-05
P03-06

P03-07
P03-08
P03-09
P03-10
P03-11

WAVENUMBER EXTINCTION TRANSMITTANCE

{(1/em) (1/km)
3877.860 4.72E-02
3833.810 1.08E-01
3788.370 2.062-02
3741.600 4.09E-01
3693.413 3.50E-01
3644.143 1.63E-01
3593.706 2.03E-01
3542.159 1.11E-02
3489.560 2.98E-03
. 3435.965 6.36E-93
3381.432 2.61E-04
3326.018 2.58E-02
3269.781 4.40E-04
3212.778 1.61E-03
3708.783 7.53E-01
3666.356 3.89E-02
3622.5717 7.70E 00
. 35717.497 5.00E-01
3531.170 2.67E-02
3483.652 3.93E-03
3434.995 S.19E.04
31385.256 5.S6E-03
3334.490 7.96E-03
3282.754 4.12E-03
3230.101 2.06E-02
3176.588 1.20E-03
3503.612 6.80E-02
3461.440 71.93E-02
3417.996 1.50E-03
3373.334 1.48E-04
3327.508 1.13E-02
3280.570 3.32E-03
3232.574 5.15E-03
3183.575 7.61E-04
3133.,24 9.08E-03

38

AT 1000 M.

0.954
0.898
.0.980
0.664
0.705

0.350
0.816
0.989
0.997
0.994

1.000
0.975
1.000
0.998
0.471

0.962
0.000
0.607
0.974
0.9%6

0.999
0.994
0.992
0.996
0.930

0.999
0.934
0.924
0.998
1.000

0.989
0.997
0.995
0.999
0.991




LASER

LINE

P03-12
P03-13
P04-03
P04-04
P04-05

P04-06

_ P04.07

P04-08
P04-09
P04-10

P04-11
P04-12

.P04-13

P05-03
P0S-04

P05-05
P05-06
P05-07
P05-08
P0S-09

P06-04
P06-05
P06-06
P06-07
P06-08
P06-09
P06-10

11 km ALT!TUDE

(1/cm)

3082.776
3031.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129.951
3083.640
3036.351

2988.124
2939.006
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2999.911
2961.081
2921.320
2880.451
2838.307
2794.710
2749.487

(1/km)

1.20E-02
8.97E-03
1.77E-04
3.35E-04
3.00E-03

6.86E-0!
2.59E-03
6.50E-04
1.85E-03
1.09E-03

3.86E-03
1.34E-03
5.14E-04
1.87E-04
4.96E-04

2.01E-02

2.28E-03
2.64E-03
3.26E-03
1.94E-02

9.17E-04
8.78E-04
1.16E-02
5.95E-04
1.39E-04
1.02E-03
7.90E-03

- "ﬁr‘,‘:.., ey IheiLe A
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0.031 TORR H20 (IN 182 TORR AT -44.0 DEG. C ) (Cont’d)

WAVENUMBER EXTINCTION TRANSMITTANCE
AT 1000 M.

0.988
0.991




.
11

"

LASER

LiINE

Po1-02
P01.03
P01-04
P01-05
PO1-06

P01-07
PO1-08
P01-09
PO1-10

PO1-11

PO1-12
PO1-13
Pol-14
Po1-15
P02-02

P02-03
P02-04
£02-05
P02-06
P02-07

P02-08
P02-09
PG2-10
PO2-11
P02-12

P02-13
P03-03
£03-04
P03-05
P03-06

P03-07
P03-08
P03-09
P03-10

P03-11

12 km ALTITUTE
0.013 TORR H20 (IN 157 TORR AT -51.0 DEG. C.)

(1/cm)

3877.860
3833.810
3788.370
3741.600
3693.413

3644.1403
3593.706
3542.159
3489.550

3435.965

3381.432
3326.018
3269.781
3212118
3708.783

3666.356
3622.517
3571.497
3531.170
3483.652

3434.995
3385.256
3334490
3282.754
3230.101

3176.588
3503.612
3461.440
3417.9%9
3373.334

3327.508
3280.570
3232574
3183.575
3133.624

40

(1/km)

1.91E-02
4.33E-02
8.77E-03
2.04E-01
1.91E-01

1.01E-01
1.30E-01
6.12E-03
1.84E-03

2.16E-03

LLILE-G4
9.56£-03
1.66E-04
6.57E-04
4.73E-01

1.79E-02
5.98E 00
3.84E-01
1.36E-G2
1.85E-03

2.94E-04
2.16E-03
2.67E-03
1.58E-03
8.34E-03

4.92E-04
2.72E-02
3.12E-02
5.68E-04
1.33E-05

4.00E-03
1.32E-03
2.03E-03
3.32E-04
3.64E-03

WAVENUMBER EXTINCTION TRANSMITTANCE

AT 1000 M.

0.981
0.958
0.991
0.815
0.826

0.904
0.878
0.994
0.998

0.998
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) i2 km ALTITUTE
0,013 TORR H20 (N 157 TORR AT -51.0 DEG. €.) (Cont'd)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(1/em) (1/km) AT 1C00 M.
HF P03-12 3082.776 4.72E-03 0.995
HF P03-13 3031.083 3.60E-03 0.996
HF P04-03 3344.946 1.13E-04 1.000
HF P04-04 3304.335 "1.30E-04 1.060
HF.  P04.05 3262.474 1.09E-03 0.999
HF P04-06 3219.420 2.94E-01 0.745
HF Po4-07 . 3175.228 1.48E-03 0.999
HF PN4-08 3129.951 3.23E-04 1.000
HF P04-09 3083.640 1.18E.03 0.999
.HF P04-10 " 3036.351 5.16E-04° 0.999
HF * . PO4-11 2983.124 2.68E-03 - 0997
HF P04.12° 2939.006 9.90E-04 0.999
HF P04-13 2889.039 3S8IE-04 1.000
HF P0S-03 3189.783 1.33E-0§ 1.000
HF Po5-04 3150.685 3.1SE-04 1.000
HF P0S-0S$ 3110367 7.69E-03 0.992
HF ~ P0S-06 3068.880 L4SE-03 0.999
HF P05.07 3026:272 1.21E-03 0.999
HF P0S-08 2982.592 2.34E-03 0.998
HF = P05-09 2937.889 1.44E-02 0986
HF.  P06-04 2999.911 6.91E-04 0.999
HF P06-0S§ 2961.081 S.63E-04 0.999
"HF P06-06 2921.320 1.02E-02 0.99%
HF . P06-07 2880.451 4.52E-04 1.000
HF P06-08 2838.307 6.22E-05 1.000
HF P06-09 2794.710 1.71E-04 0.999

HF P06-10 - 2749.487 6.95E-03 0.993




-~

-

ey

LASER

LINE

P01.02
P01-03
P01-04
POL-05
P01-06

Po1.07
PO1-08
P01-09
POL-10
Pot-i1

POL-12
PoO1-13
POl-14
- POL-15
P02.02

P02-03
PO2-04
$02-05
P02-06
P02-07

P02-08
P02-09
P02-10
PO2-11
P02-12

£02-13
P03-03
P03-04
P03-05
P03-06

P03-07
P03-08
P03-09
Po3-10
P03-11

13 km ALTITUDE .
0.006 TORR H20 (IN 134 TORR AT -57.0 DEG. C.) (Ccnt'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

(l/cm)

3877.860
3833.810
3788.370
3741.600
3693.413

3644.143
3593.706
3542.159
3489.560
3435.965

3381.432
3326.018
3269.781
3212178
3708.783

3666.356
3622.577
3577.497
3531.170
3483.652

3434995
3385.256
3334.490
3282.754
3230.101

3176.588
3503.612
3461.440
3417.996
3313.334

3327.508
3280.57
3232574
3183.575
3133.624

(1/km)

8.14E-03
1.85E-02
3.89E-03
1.13E-01
1.14E-01

6.45E-02
& 90E-02
3.712E-03
1.24E-03
3.04E-04

5.36E-05

3.70E-03 _

6.65E-08
2.82E-04
3.20E-01

9.14E-03
4.57E 00
3.05E-01
3.24E-03
9.95E-04

2.08C-04
8.94E-04
9.59E-04
§.42E-04
3.56E-03

2.13E-04
1.17E-02
1.30E-02
2.30E-04

4.19E-05 .

1.54E-03
5.S5E-04
8.46E-04
1.57E-04
1.55E.03

AT 1000 M.

0.992
0.982
0.996
0.893
0.892

0.938
0.915
0.996
0.999
0.99%

1.000
0996
1.000
1.000
0.726

0.991
0.010
0.137
¢ 9352
0y:9
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13 km ALTITUDE

. " 0.006 TORR H20 (IN 134 TORR AT -57.0 DEG. C.) (Cont*d)

LASER

43

6.0CE-03

LINE WAVENUMBER - EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.
Po3-12 3082.776 2.02E-03 0.998
P0O3:13, 3031.083 1.57E-03 0.998
P04-03 3344.946 7.84E-05 1.000
P04-04 3304.335 5.50E-05 1.000
- P04-05 . 3262474° 4.18E-04 1.000
P04-06 3219.420 1.34E-01 0.875
P04-07 3175.228 8.85E-04 0.999
P04-08 3129.951 1.76E-04 1.000
. P04.09 3083.640 8.01E-04 0999
_ PO4-10 3036.351 2.80E-04 1.000
PO4-11 2988.124 1.94E-03 0.998
P04-12 2939.006 1.35E-04 0.999
P04-13 2889.039 2.81E-04 1.000
P05-03 3189.783 3.11E-08 1.000
P05-04 3150.685 2.14E-04 1.000
P05-05 3110.367 3.14E-03 0.997
P05-06 3068.880 9.91E.04 0.999
P0S-07 3026.272 6.32E-04 0.999
_P05-08 2982.592 1.71E-03 0.999
~ POS-09 2937.889 1.05E-02 0.990
P06-04 2999.911 S.21E-04 0.999
P06-05 2961.081 31.87E-04 1.000
P06-06 2921.320 8.83E-03 0.9%1
P06-07 2880.451 3.40E-04 1.000
- ‘P06-08 .2838.307 3.13E-05 1.000
£06-09 2794.710 S.81E-04 0.999
P06-10 2749.487 0.994




JR—

. , 14 km ALTITUDE
[, e 0.006 TORR H20 (IN 115 TORR AT -57.0 DEG. C.)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(Wem) (1/kem) AT 1070 M.
} . HF  P01-02 377,860 7.43E-03 0.993 -
L . HF  P01-03 3833810 1.S8E-02 0.984
HF  P0I-04 3788.370 3.51E-03 0.99
(v, HE  PO1-0S 3741.600 8.73E-02 0.916
HF  P01-06 3693.413 3.78E-02 0916
HF P01 3644.143 . 434E-02 0.953
HE  PO1-08 3593.706 6.60E-02 0.936
; HE  POL-09 3542.159 2.82E-03 0.997
“ HF  POI-10 3485.560 9.39E-04 0.999
HE  POL11 3435.965 7.94E-04 0.999
C . HF  POI-12 3381432 4.29E-05 1.000
HE  POI-13 3326018 3.46E-03 0.997
- HF  POL-14 3269.781 5.68E-05 1.000
HE  POI-1S 321277 © 2.41E-04 1,000
HF - P02.02 3708783 2.40E-0l 0.787
HF  P02.03 3666.356 © 7.35E-03 0.593
: HF  P02-04 3622.577 3.38E 00 ci
[‘, HF  P020S 1577.497 2.54E-01 T
AN , HF  P02-06 3531.170 69SE03 . v
: HE  P02-07 3483.652 791E-04 NES
' HF  P02-08 3434.995 1.88E-04 1.000
HE  P02.G9 3385.256 7.60E-04" 0.999
v HF  P02-10 3334.490 8.20E-04 - 0.999
A HFE P01t 3282.754 5.SOE-04 0.999
HF  PO2-I2 3220.101 3.06E-03 . 0.997
HE  P02-13 3176.588 1.81E-04 1.000
’ HF  P03.03 3503.612 9.85E-03 0.9%
. HFE  P03-04 3461.440 1.11E-02 0989
r HF  P03.0S 3417.996 1.95E-04 1.000
CHF  P03-06 3373334 3.23E-05 1.000
- HE  P03.0 3327.508 1.31E-03 0.999
{ : HF *  P03-08 3280.570 4.75E-04 1.000
" HE  703-09 3232.574 7.30E-04 0.999
, HF  P03-10 3183.575 1.29E-04 1.000
HF  PO3-1I 3133.62¢ 1.32E-03 0.999
L. J

44
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LASER

LINE

P03-12
P03-13
P04-03
PG4-04
P04-05

14 km ALTITUDE
0.006 TORR H20 (IN 115 TORR AT -57.0 DEG. C.) (Cont’d)

WAVENUMBER EXTINCTION TRANSMITTANCE
AT 1000 M.

0.998

(1/em)

3082.776
3031.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129 951
3083.640
3036.351

2988.124
2935.006
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2939.911
2961.081
2921.320
28£0.451
2838.307
2794.710
2749.487

3s

(1/km)

1.70E-03
1.32E-03
$.99E-05
4.70E-05
3.69E-04

1.22E-01

6.34E-04
1.38E-04
5.98E-04
2.22E-4

1.44E-03
S.61E-04
2.21E-04

2.63E-05 -

1.61E-04

2.75E-03
7.45E-04
5.22E-04
1.28E-03
1.77€-03

J.83E.04
2.87E-04
1.59E-03
2.56E-04
2.51E-05
4.47E-04
5.14E-03

0.999
1.000
1.000
1.000

0.885
0.9%9
1.000
©.999
1.000

0.999
0.999
1.000




“res

15 km ALT!TUDE

o o - 0.006 TORR H20 (IN 98 TORR AT -57.0 DEG. C.)
- LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M

HFE P01 3877.860 6.68E-03 0.993
HF  P01-03 3833.810 1.34E-i2- 0.987
HF  P0I1-04 3783.370 3.13E-03 0.997
HF  .P0I-0S 3741.600 6.73E-02 0.935
HF  POI-%6 3693.413 6.74E-02 0.935
HF ~ P01-07 3644.143 3.61E-02 0.965
HF  PO1-08 3593.706 4.85E-02 0.953
HF  P0I-09 3542.159 2.12E-03 0.998
HF  POI-10 3489.560 7.07E-04 0.999
HF  POI-I1 . 3435.965 1.70E-04 0.999
HF  POI-12 3381.432 3.43E-05 1.000
HF  POI-13 3326.018 3.17E-03 . 0997
HF  201-14 3269.781 4.83E-05 1.000
HF  POI-IS 3212.778 2.04E-04 1.060
HF  P0O2-02 3708.783 1.79E-01 0.836
HF  P02-03 3666.356 - 5:87E-03 0.99%
HF  P02-04 3622.5717 2.46E 00 0.086
HF  P02-05 3577.497 2.07E-01 0.813
HF  P02-06 3531.170 5.7SE-03 . 0.9%4
HF  P02-07 3483.652 6.26E-04 0.999
HF . P02-08 3434.995 1.67E-04 1.000
HF  P02-09 3385.256 6.42E-04 - 0.999
HF  P02-10 3334.490 6.97E-04 0.999
HF  PO2-1 3282.754 4.68E-04 1.000
‘HF  PO2-12 3230.101 2.60E-03 0.997

§ : HF  PO2-13 3176.588 i.53E-04 1.000

> : HF  P03-03 3503.612 8.25E-03 0.992

‘- ' . HF  P03-04 3461.440 9.47E-03 0.991

' _ HF  P03-05 3417.9% 1.64E-04 1.000

" HF  P03-06 3373334 2.49E-05 1.000

HF.  PG3-07 3321508 . 1.12E-03 0.999
HF  P03-08 3280.570 4.04E-04 1.000

HF  P03-09 3232.574 6.26F-04 0.999

4 HF  P03-10 3133.575 1.06E-04 1.000

} . HF  P03-11 3133.624 1.12E-03 0.999

-
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LASER

LINE WAVENUMBER

P03-12
P03-13
P04-03
P04-04
P04-05

" P04-06
P04-07
P04-08
P04-09
P04-16

PO4-1,
P04-12
P04-13
P05-03
P0S-04

P0S-0s
P05-06
P05-07
P05-08
P0S-09

P06-04
P06-0S
P06-06
P05-07
P06-08
P06-09
P06-10

{5 km ALTITUDE
0.006 TORR H20 (IN 98 TORR AT -57.0 DEG. C.) (Cont’d)

(1/em)

3082.776
3031.083
3344.946
3304.335
3262.474

3219.420
3175.228
3129.951
3083.640
3036.351

2988.124
2939.005
2889.039
3189.783
3150.685

3110.367
3068.880
3026.272
2982.592
2937.889

2999.911
2961.081
2921.320
2880.451
2838.307
2794.710
2749.487

47

EXTINCTION TRANSMITTANCE

(17km)

1.42E-03
1.11E-03
4.51E-05
3.98E-05
3.21E-04

1.09E-01
5.21E-04
1.07E-04
4.43E-04
1.76E-04

1.06E-03
4.28E.04
1.71E-04
2.21E-05
1.20E-04

2.37E-03
5.57E-04
4.31E-04
9.38E-04
5.65E-03

2.78E-04
2.10E-04
6.36E-03
1.89E-04
2.00E-05
3.40E-04
4.25.-03

AT 1000 M

0.999
0.999
1.909
1.000
1.000
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: ) Appendix I
. DF ABSORP?TION TABLES

Sttt o Lo
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0 km ALTITUD®
9.325 TORR H20 (IN 760 TOKR AT 21.0 DEG.C)
LASER LINE WAVENUMBER EXTINCTICN TRANSMITTANCE

(t/em) (1/km) AT 1000 M

DF Po1-01 2884.943 1.06E-01 6.500
DF P01-02 2802.647 2.66E-02 0.97¢
DF P01-93 2839.786 3.77E-02 0.963
DF POI-04 2816.376 3.44E-02 0.966
DF Poi-03 2192.432 $.50E-02 €.947
DF P01-06 2767.967 5.57E-02 € 946
DF PC1-0! 2742.998 . 2.45E-02 0.976

DF PO1-08 27171.240 8.49E-02 0919
DF Po1-C9 2691.608 3.32E-02 0.967
DF POL-10 2665 217 3.15E-02 0.969
DF PO1-11 2638.384 2.262-01 0.7193
DF P01-12 2611 124 1.80E-02 0.£32
DF PO1-13 2582453 4.87E-02 0.952
Df Po1-14 2555.338 3.46E-02 0.966
DF PO1-15 2526.943 2.28E-02 0972
DF PO1-16 2448135 4.14E-02 0.959
DF POI-17 2468.980 6.16E-02 . 0.940
DF P02-G2 3772.440 2.06E-01 0.314
DF PO2-03 2750.084 3.33E-02 0.967
DF PO2-04 2721.304 3.50E-02 0.966
OF F12-05 2703.997 1.98E-02 0.980
DF P02.05 2680."°7 4.29E-02 0.958
DF P02.07 2655.862 6.36E-02 0.938
DF P02-08 2631.065 1.79E-02 0.982
DF P02-09 2605.804 3.55E-02 0.965
DF FG2-10 2580.093 6.57E-02 0.836
DF PO2-11 2553.948 2.06E-02 0.970
DF P02-12 2527.385 2.74E-02 0.973
" DF P02-13 2500.418 3.90E-02 0.962
g DF PO2-14 2473.065 5.85E-02 0.943

1

i DF P02:i5 2445.339 §.17E-02 §.922
DF P02-16 2417.258 9.47E-02 0.910
. DF P03-02 2682.95C 1.91E-02 0.981
DF P03-03 2662.249 2.81E-02 0.972
DF £03.04 2640975 3.78E-02 0.963



6 km ALTITUDE
9.325 TORR H20 (IN 760 TORR AT 21.0 DEG. C.) (Cont*d)
LASER LINE WAVENUMBER EXTINTION TRANSMITTANCE

i (1/cm) (l/km) . AT 10% M
‘ DF  P03-05 2617.384 1.62E-02 - 0.984
! DF  PG3-06 2594.193 2.49E-02 0.975 |
) : OF  P03-07 2570.516 5.68E-02 0.945
7 DF  P03-08 2546.367 4.94E-02 0.952
) DF  P03-09 2521.763 2.82E-02 0.972
DF  P03-10 2495.718 4.27E-02 0.958
OF  PO3-11 2471.247 T91E-02 0.924
DF  P03-12 2445.365 8.32E-02 0.920
OF  P03-13 2419.086 9.36E-02 0911
DF  P03-14 2392.427 1.71E-0! 0.843
DF  P04-0? 2597.220 2.79E-02 0.972
DF  P04-03 2576.160 2.98E-12 0.97
. . DF  P04-04 2554.548 4.13E-02 0.960
® DF  P04.05 2532.465 2.69E-02 0.973
DF  P04-06 2509.837 3.35E-02 0.967
DF  P04-07 2486.837 4.73E-02 0.954
DF  P04-08 2463334 - 7.1SE-02 0.931
) DF  ¢04-09 2439.390 8.56E-02 - 0.918
i DF  P04-10 2414.990 9.58E-02 0.909
DF  PO4-il 2390.170 4.27E-01 0.653
DF  P04-12 2364.950 4.65E 02 0.000
DF  P04-13 2339.340 9.57E 03 0.000
DF  PO4-14 2313.350 4.98E 02 0.000
v DF  P05-03 2491.620 4.80E-02 0.953
- DF  POS-04 2470.630 593802 - 0.942
DF  P0S-0S 2449140 8.49E-02 0.919
DF  P05-06 2427.170 8.32E-02 0.915 .
DF  P0S-07 2404.730 1.06E-01 0.900
b DF  P0s-08 2381.830 4.04E 01 0.000
DF  P0s-09 2358.490 1.26E 03 0.000
DF  FOS10 2334.739 2.54E 92 0.000
DF  POS-il 2312.550 2.36E &2 0.000
OF  FOS-12 2285.970 9.3E00 0.c00
hd © DF P53 - 2261000 7.16E 00 0.00!
DF  PDS-13 2235670 1.30E 09 0.212
(S
.
!
{
g
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LASER

LINE

¥06-05
PG6-06
P06-07
P06-08
P06-09

P06-10
Po6-11
P06-12
P06-13
PO6-14

PN7-05
PO7-06
P07-07
P07-08
P07-09

P07-10
PO7-11
P07-12
P08-04
P08-05

P08-06
P0s-07
P0g-08
P08-09
Fu8-10

PoR-11
Pos-12
P09-04
P09-05
P09-06

P09-07
P09.08
P09.,9
1M9-10

0 km ALTITUDE
9.325 TORR H20 (IN 760 TORR AT 21.0 DEC. C.) (Cont'd)

WAVENUMBER
(1/cm)

2367.210
2345.830
2323.9%0
2301.690
2278.960

2255.810
2232.250
2208.290
2183 960
2159.260

2286.540
2265.740
2244.470
. 2222.760
2200.630

2178.070
2.55.110
2131.9719
2226.720
2206.950

2186.700
2166.010
2144.270
2123310 |
2101.340

2078.370
2356.210
2147.460
2128.230
2108.540

2088.400
2067.830
2046.830
2025.420

S0

EXTINCTION
(1/%m)
2.87€ 02
1.02E 03
1.18E 02
1.20E Q2
1.18E 0i

7.48E 00
5.89€-01
3.49E-01
1.25E-01
3.57=-02

4.53E 00
2.35E 00
1.57E 00
4.42E-0
7.54E-0!

1.49E-0t
1.06E-01
1.13E-0t
4.16E-01
4.94E-01

5.29E-01
6.48E-02
6.27E-01
1.14E-01
5.70E-02

$.23E-01
6.85E-02
2.65E 00
2.65E-02
3.99E-02

2.80E-01
3.925-01
1.22E 00
2.69E-01

TRANSMITTANCE
AT 1600 M

0.000




4 | km ALTITUDE
7.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.)
; LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
, g (1/emy (1/km) AT 1000 M
DF  POi-0l 2884.943 8.97E-02 0.914
" OF  P0I-02 2862.647 2.01E-02 0.980
DF  P0I-03 2839.756 3.19E-02 0.969
DF  POI-04 2816.376 2.62E-02 0.974
DF  POI-LS 2792.432 4.i0E-02 0.960
DF  P0I-06 2767.967 4.11E-02 0.96
DF  POI-07 2742.998 I 84E-02 0.982
DF  POI-08 2717.540 6.17E-02 0.940
DF  POI-09 2691.602 2.64E-02 0.974
DF  POL-1D 2665.217 2.37E-02 0.977
DF POl 2638.384 1.66E-01 0.847
DF  POI-12 2611.i24 1 33E-02 0.987
LE  POI-I3 2583.453 4.07E-02 0.960
DF  POI-14 2555.388 2.73E-02 0.973
DF  POL-IS 2526.943 2.23E-02 0978
DF  POI-16 2498.135 3.23E-02 0.968
DF  PO-17 2458.930 4.85E-02 0.953
DF  P02-02 2772.440 1.56E-01 0.856
DF . P02:0} . 2750.984 7 48E-02 0.976
DF  PO2-04 2727.304 2.60E-02 0.974
DF  P02-05 2703.997 1.46E-02 0.986
DF  902-06 2680.177 3.13E-02 0.969
DF  P02-07 2655.862 4.62E-02 0.955
DF  P02-08 2631.065 1.34E-02 0.987
DF  P02-09 2605.804 2.58E-02 0.975
DF  P02-10 2580.093 5.79E-02 0.944
DF  P02-11 2553.948 2.40E-02 0.976
DF  P02-12 2521385 2.13E.02 0.979
- DF  P02-13 2500.418 3 0SE-02 0.576
- : DF  PO2-14 2473.065 4.62E-02 0.955
DF  P02.15 245,339 6.47E-02 0.937
DF,  P0L-i6 2417258 7 51E-G2 0.928
DF  P.3% 2683.950 1.45E-G2 0.986
DF  P03-03 2662.249 2.05E-02 0.980
CF  P03.04 2640.075 2.91£-02 0.23.1
. DF  P03-05 2617.384 1.21E-0z 0.983
3 DF  P03-06 - 2594.193 1.85E-02 0.982
E o DF  P03-07 2576.516 4.30E-02 9.953
, DF  P03-08 2546.367 404E-02 & 900
DF  P03-09 2521.763 2.18E.02 0.978
5!
-
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e

LINE

P03-10
P03-11
P03-12
P03-13
P03-14

P04-02
P04-43
PO4-04

1 km ALTITUDE
7.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

(1/cm)’

2496.718
2471.247
2445.365
2419.086
2392.427

2597.220

2576.160
2554.548
2532.465
2509.887

2486.237
2463.334
2439.390
2414390
2350.170

2364.950
2339.340
2313.350
2491.620
2470.630

2449.140
2427.170
2404.730

2381.830

2358.49¢

2334.730
2310.550
2285.970
2261.000
2235.670

2367.210
2345.230
2323.930
2301.690
2278.960

52

(1/km)

J.32E-02
6.13E-02
6.60E-02
7.43E-02
1.31E-0!

- 2.12E-02

2.28E-02
3.398-02

*© 2.08E-02

2.61E-02

3.72E-02
S:63E-02
6.79E-02
7.60E-02
3.15E-01

" 379E02

9.21E03
4.09E 02
3.86E-02

4.68E-02-

6.7RE-02
7.08E-02
8.40E-02
3.09E 01
1.03E 03

2.05E 02
2.03E 02
7.83E 00
S.I5E 00
1.02E 00

2.29E 02
8.53E 02
9.37E°0!

1.08E 02-
9.83E 00

WAVENUMBER. EXTINCTION TRANSMITTANCE

AT 1000 M

0.967
0.941
0.936
0.928
0.877

0.979
0.977
0.967 -
0.979
0.974

0.963
0.945
0.934
0.927
0.730
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1 km ALTITUDE
7.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M
P06-10 2255.810 6.02E 00 0.002
P06-11 2232.250 4.76E-01 0.622
P06-12 2208.290 2.79E-01 0.757
P06-13 21%3.960 9.978-02 0.905
P06-14 2159.260 2.68E-02 0974
P07-05 2286.540 348E00 c.03!
P07-06 2265.740 1.89E 00 0.151
P07-07 2244470 1.34E 00 0.262
P07-08 2222.769 3.96E-01 0.673
P07-09 2200.630 6.23E-01 0.536
P07-i0 2178.670 1.23E-01 0.884
PO7.11 2155.110 7.49E.02 0.928
- pO7-12 2131.770 8.45E-02 0.919
P08-04 2226.720 3.28E-01 0.720
P08-0$ 2206.950 3.91E-01 0.676
P03-06 2185.700 3.94E-01 0.675
P03-07 2166.010 4.79E.02 0.952
P08-08 2144.870 4.59E-01 6.632
P08-09 2123.310 8.07E-02 0.922
PO8-10 <101.340 4.03E-02 0.961
PO8-11 2078.970 3.57E-01 0.700
Po8-12 2056.210 4,32E-02 0.958
P09-04 2147.460 1.99E 00 0.136
P09-U5 2128.230 1.91E.02 . 0.981
P09.06 2108.540 2.80E.02 0.972
P09-07 2083.400 1.86E-00 0.830
P09-08 2067.830 2.82E-01 0.754
P09-09 1746.830 8.40E-01 0.432
P09-10 2025.420 0.833
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LASER

PO1-0%
P01-02

PoO1-03

PO1-04

- POl-0S
© POI-06

P01.07

- PO1-08

PO1-09
Po1-10

Pol-11
POi-12
Poi-i3

_POI-14

POL-1§

P01-16
POi-i?
P02-02
P02-03
PO2-04

PN2-05
P02-06
Po2-07
P02-08

P02-09 -

PO2-10

- PO2-11

P02-12
PO2-13
P02-14

P02-15
P0O2-16
P03.02
P03-03
PG3-04

P03-05
P03-06
P03-07
P03-08
P03-09

2km ALTiTUDE
5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.)

(1/cm)

1884.943
2862.647
2839.786
2816376

2792.432

2767.967
2742.998
2712.540
2691608
26565.217

2638.384
2611.124

2583.453.

2555.388
2526.943

2498.135
2468.580

2772.440

2750.084

-+ 2721.304

2703.997
2680.177
2655.862
2631,065
2605.304

" 2580.093

2553.948
2527.385

T 270418

2423.065

2445.33%
2417.258
2683.950
2662.249
£640.075

2617.384
2594.193
2570.516
2546.367

2521.763

54

{(1/km)

7.42E-02
1.45E-02
2.56E-02
1.38E-02

2.92E-02

2.88E-02
1.31E-02
4.19E-02
2.06E-02
1.70E+:2

" LI4E-01

9.37E-03
3.35E.02
L A11E-02

1.70E-02
. 2.47E.02

3.78E-02
1.10E-01
1.74E-02
1.83E-02

1.01E-02
2.16E-02
3.16E-02
9.53E-03

* 1.18E-02

5.07E-02
1.86E-02
1.62E-02
2.34E-02
3.6GE-02

5.09E-02
5.92E-02
1.0SE-02
1.41E-02
2.10E.02

8.58E-03
1.31E-02
4.14E-02
3.26E-02
1.65E-02

LINE WAVENUMBER EXTINCTION TRANSMITTANCE

AT 1000 M.

0.929
0.986
0.975
0.981
09

0972
0.987
0.959
0.980
0.983

0.892
0.991
0.967
0.979
0.983

0.976
0.963
0.896
0.983
0.982
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LASER

LINE

P03-10
PO3-11
P03-12
P03-13
P03-14

P04-02
P04.03
P04-04
P04.05
P04-06

P06-05
P06-06
P06-07
P06-08
P06-09

2 km ALTITUDE
5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.) (Cont'd)

(i/cm)

2496.718
2471.247
2445.365
2419.086
2392.427

2597.220
2576.160
2554.548
2532.465
2509.887

24385.837
2463.334
2439.390
24149%
2390.170

© 2364.950

2339.340
2313.350
2491.620
2470.630

2449.140
2421170
2404.730
2381.830
2358.490

2334.730
2310.550
2285.970
2261.000
2235.670

2367.210
2345.830
2323.9%
2301.690
2278.960

€1/km)

2.53E-02
4.64E-02
5.19E-02
5.85E-02
9.91E-02

1.55E-02
1.69E-02
2.75E-02
1.57E-02
2.00E-02

2.895-02
4.35E-02
5.34E-02
5.99E-02
2.27E-0§

3.07E 02
8.81E 03
3.30E 02
3.08E-02
3.65E-02

5.35E-02
5.57E-02
6.63E 02
2.32E01
8.42E 02

1.65€E 02
1.70E 02
6.27E 00
4.59E 60
1.83E-01

1.82E 02
7.13E 02

73SEOQL

9.48E 01
_8.06F 00

§5

WAVENUMBER EXTINCTION TRANSMITTANCE

AT 1000 M.

0.975
0.955
0.949
0.943
0.906

0.985
0.983
0.973
0.984
0.980

0.972
0.957
0.948
0.942
0.797




AN

LASER

LINE

P06-10
PO6-11
P0S-12
P06-13
" P06-14

P07-05
P07-G6
P07.07
P07-08
P07-09

Po7-10
PO7-11
P07-12
P08-04
P08-05

P08-06
P08.07
P08-08
P08-09
P08-10

PO8-11
P08-12
P09-04
P09-05
P09-06

2km ALTITUDE
5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.) (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm)

2255.810
2232.250
2208.290
2183.960
2159.260

2286.540
2265.740
2244.470
2222.760
2200.630

2178.070
2155.110
2131.770
2226.720
2206.950

2186.700
2166.010
2144.870
2123.310
2101300

2078.970 -

2056.210
2147.460
2128.230
2108.540

2088.400
2067.230
2046.830
2025.420

- 58

(1/km)

4.79E 00
3.81E-01
2.21E-0¢
1.83E-02
1.95E.02

2.63E 00
1.SIE 00
1.13E 00
3.53E-01
5.10E-0t

9.98E-02
4.94E-02
6.42E-02
2.54E-01
3.05€E-01

2.86E-01
J41E-02
3.03E-01
5.32E-02
2.70E-02

2.28E.0!
2.95E-02
1.3SE0D
1.34E-02
1.87E-02

1.13E-Q1
1.36E-01
$.26E-01
1.14E-01

AT 1000 M.

0.008
0.683
0.801 .
0.925
0.981

0.072
0.220
0.323
0.702
0.601

0.905
0.552
0.941
0.776
-0.13?

0.751
G.966
0.739
0.248
0.973

0.796
0.9
0.260

- 0,987 -
0.982

0.893
0.830
0.591
6.892
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LASER

DF
DF
DF
DF
DF

3 km ALTITUDE

3.507 TOXR H20 (IN 533 TORR AT 6.0 DEG. C.)

LINE WAVENUMBER EXTINCTION TRANSMITTAKCE

PO1-C1
POL-02
P01-03
POL-0+
P01-05

P01-06
P01-07
PO 08
POL-09
POL-10

POL-11
POt-12
POi-13
Pol-14
POtL-15

POL-16
PoOi-17
P02-02
P02.03
PU2-04

P02-05
PG2.06
P02-0?
P02-08
P02-09

PO2-10
P02-11
P02-12
P02.13
P02-14

P02-15
P02-16
P03-02
P03-03
P03-04

P03.05
P03-06
P03-07
P03.08
P03-09

{l/cmi

2884.943
2852.647
2839.78¢6
2816.376
2792.432

2767.867
2742.998
2M7.540
2691.608
2665:217

2638.384
2611.124
2582.453
2555.388
2526.943

2498 135
2468.980
2772.440
2750.084
2127304

2703.997
2080.177
2655.862
2631.065
2605.804

2580 093
2553.948
25217.385
2500418
2473.065

2445.339
2417 258
2683.950
2662.249
2640.075

2617.384
2594.193
2570.516
2546.367
2521.763

(1/km) AT 1000 M.
6£.00E-02 0.942
1.01E-02 0.990
1.92E-02 0.981
1.27E-02 0.987
1.98E-02 0.980
1.90E-02 2931
8.90E-03 0.991
2.63E-02 0.574
1.59E-G2 0.984
1.17E-02 0.988
1.15E-02 0.931
6.27E-03 0.994
2.71E-02 0.973
1.60E-02 5.984
1.26E-02 0.987
1.86E-02 0982
2.91E-02 0.971
1.15E-02 €.931

" LISE-02 0.9%9

1.21E-02 0.988
6.63E-03 0.993
1.39E-02 0.986
2.01E-02 0.980
6.48E-03 0.954
1.15E-02 0.989
4.40E-02 0.957
1.41E-02 0.986
1.20E-02 0.988
1.77€-.02 0.982
2.77E.02 0973
3.95€-02 0.961
4.61E-02 0.955
1.30E-03 0.993
9.11E-03 0.991
1.41E-02 0.986
S.81E-02 0.594
8.83E-02 0.991
3.50E-02 0956
2.60E-02 0.974
i.22E-02 0.988
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_ LASER

LINE

P03-10
PO3-11
P03-12
P03-13
P03-14

P04-02
P04-03
P04-04
P04-05
P04-06

P04-07
P0O4-08
P04-09
PO4-10
PO4-11

P04-12
PO4-13
P04-1¢
P03-03
P0S-04

POS-05
P0S-06
P05-07
P0S-08

P05-09

P0S-10
POS-11
P0S-12
POS-13
POS-14

P05-0S
P06-06
P06-07
P06-08
P06-09

3 km ALTITUDE
3.507 TORR H20 {IN 533 TORR AT 6.0 DEG. C.) (Cont'd)
WAVENUMBER ° EXTINCTION TRANSMITTANCE

(1/e¢m)

2496.718
2471.247
2445.365
2419.086
2392427

2591.220
2576.160
2554.548
2532.465
2509.887

2486.337
2463.334
2439.390
2414.990
2390.170

2364.950
2339.340
2313.350

. 2491.620
2470.630

2449.140
2421.170
2404.730
2381.830
- 2358.490

2334.730
2310.550
2285.970
2261.000
2235.670

2361.210
2345.830
2323.990
2301.690
2278.960

58

(§/km)

1.90E-02
3.45E-02
4.03E-02
4.56E-02
1.40E-02

1.09E-02

* 1.23E-02

2.20E-02

1.1SE-02

1.50E-02

2.21E-02
3.31E-02
4.15€-02
4.67E-02
1.59E-01

2.47E 02
8.35E 03
2.59€ 02
2.44E-02

- 2.81E-02

4.18E-02
4.35E-02
5.18E-02
1.69E 01
6.82E 02

1.32E 02
1.38E 02
4.97E 00,
3.62E 00
$.87E-01

1.43E 02
S9IE oo
5.68E 01
8.14E 01
6.48E 00

AT 10CC M.

0.981
0.966
0.960
0.955
0.929

0.989
0.988
0.978
0.989
0.985

€.978
0.967
0.959
0.954
0.853
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LASER

LINE

" PO6-I0

P06-11
p06-12
PO6-13
P64

P07-05
P07-06
PO7-97
P07-08
P07.09

P07-10
PO7-11
P0?-12
P08-04
P08-05

P08-06
P08-07
P08-08
P08-09
Pis 0

POs-11
P08-12
P09-04
P09-05
. P09-06

P09-07
P09-08
P09-09
P09-10

3 km ALTITUDE
3.507 TORR H20 (IN 533 TORR AT 6.0 DEG. C.) (Cont'd)

WAVENUMBER EX/INCTION TRANSMITTANCE,

{1/¢cm)

2255.810
2232.256
2208.29¢
2183.960
2159.260

2286.540
2265.740
2244.470
2222.760
2200.630

2178.070
2155.110
2131.770
2126.720
2206.950

" 2186.700
2166.010
2144.270
2123.310
2101.340

2078.97C
2056.210
2147.460
2128.230
2108.540

2088.400
2667 830
2046.830
2025.420

59

(1/km)

3.I5E00
3.02E-01
1.75E-0i
6.05E-02
1.40E-02

1.95E 00
1.20E 00
9.40E-01

. 3.12E-01

4.11E-01

7.88E-02
3.05E-02
4.37E-02
1.92E-01
2.35E-01

2.07E-01
2.36E-02
1.78E-01
3.28E-02
1.712E-02

1.38€-01
1.4E-02
8.14E-01
9.30E-03
1.20E-02

6.34E-02
1.12E-01
2,94E-01
6.47E-02

AT 1000 M.

0.024
0.739
0.840
0.941
0.985

0.142
0.301
0.391
0.732
0.663

0.924
0.970
- 0.957
0.825
0.791

0.813
0.977
0.837
0.968
0.983

0.871
0.981
0.443
0.9%
0.988

1.939
0.894
0.745
0.937
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4 km ALTITUDE .
o - 2.290 TORR H20 (IN 471 TORR AT 0.0 DEG..C)
LASER LINE WAVENUMBER EXTINCTICN TRANSMITTANCE
: {1/em) (Vkm) . AT 1000 M.
DF P00l 2884.943 4.89E-02 . 0.952
DF  POL.02 2862.647- 1.17E-03 0.993
DF  P01-03 2839.786 1.42E-02 0.986
DF  P0i.04 2816.376 8.54E-03 0.991
DF  P0!-05 2792.432 1.35E-02 0.987
DF  POI-06 2767.567 1.25-02 0.988
DF  P0L.07 2742.998 6.01E-03 0.994
DF  PO0I-08 2717.540 1.62E-02 0.984
DF  POI-09 2691.608 1.27E-02 0.987
DF  POI-i0 2065.2i7 8.01E-03 0.992
DF  POL.11 2638.384 4.39E-02 . 0.957
DF  POl-12 2611.124 4.18E-03 0.996
DF  POI-13 2583.453 2.20E.02 0.978 -
DF  POl-14 2555.388 1.21E-02 0.988
DF  POL-IS 2526.943 9.37€-03 0.991
DF  POI-16 2498.135 1.41E-02 0.986
DF  POL.17 2468.980 2.25E-02 0.978
DF  P02-02 2772.440 4.58E.02 0.955
CF  P02-03 2750.084 7.51E-03 0.593
DF  P02-04 2727.304 1.96E-03 0.992
. DF  P02-05 2703.997 4.29E-03 0.996
! DF  P02-06 2680.177 3.89E-03 0.991
. DF  PO2-07 2655.862 1.26E-02 0.987
<. DF  P02-08 2631.065 4.41E-03 0.996
' ' DF  P02.09 2605.804 7.49E-03 0.993
DF  P02-10 2580.093 3.82E-02 . 0962
DF  P02-11 2553.948 1.07E-02 . 0.989
) DF  P02-12 2521.385 - 8.97E-03 0.991
DF  P02-13 2500.418 1.34E-02 0.987
DF  P02-14 2473.065 2.14E-02 0.979
DF  PO2-15 2445.339 3.08E-02 0.970
- DF P02-16 2417.25¢ J61E.02- 0.965
- : DF  P03-02 - 2683.950 5.13E.03 0.995
DF  P03.03 2662.249 S.81E-03 0.994
DF Pe3-04 2640.975 9.31E-03 0.991
DF P03-05 2617.384 392E-03° .0.996
Or  P03-06 2594.193 5.97E-03 0.994
} o DF - P03.07 2570.516 298E-02 0.971
DF  P03.08 2546.367 2.07E-02 0.98¢ .
DF  P03.09 2521.763 S.12E-03 © - 0.991
60
-
L
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LASER

LINE

P03-10
P03-11
103-12
P03-13
P03-14

P04-02
P04-03
P04-04
P04-05
P04-06

P04-07
P04-08
P04-09
ro4-10
P04-11

P04-12
P04-13
P04-14
P05-03
P05-04

P05-05
P05-06
P05-07
P05-08
P05-09

Pa5-10
| SUBHY
P05-12
P0s-13
<L)

‘P06-05
P06-06
P06-07
P06-08
P(6-09

4 km ALTITUDE
2.290 TORK H20 (IN 471 TORR AT 0.0 DEG. C.} (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm)

2496.718
2471.247
2445.365
2419.086
2392427

2597.220
2576.150
2554.548
2532.465
2509.887

2486.837
2463.334
2439.3%0
2414.990
2330.179

2364.950
2339.340
2313.350
249i.620
2470.630

2449.140
2421.170
2404.730
2381.830
2358.490

2334.730
2310.550
2285970
2261.000
2235.670

2367.210
2345.830
2323.990
2301.690
- 2278.960

€l

(1/km)

1.44E-02
2.60E-02
3.14E-02
3.S7E-02
5.56E-02

7.72E-03
8.97E.03
1.76E-02
8.34E-03
1.13E-92

1.70%-02
2.53E-02
J.24E-02
3.66E-02
1.12E.01

1.97E 02
7.83E03
2.02E 02
1.95E-02
2.17E-62

3.27€-02
3.40E-02
4.06E-02
1.22E 01
5.50E 02

1.05E 02
WIIE 2
3.94E 00
2.84E 00
4.45E-01

LI3E 02
4.88E 02
4.27E 01
6.94E 01
5.19E 00

AT 1000 M.

0.986
0.974
0.96%9
0.965
0.946

0.992
0.991
0.983
0.9M
0.989

0.983
0.97s
0.968
0.964
0.894




Vv

4 km ALTITUDE

4

ey
<

h;v - 2.290 TORR H20 (IN 471 TORR AT 0.0 DEG. C.) (Cont'd)
e LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
: (1/cm) 17km) AT 1000 M.
DF P0s-10 2255.810 2.92E 00 - 0.054
4 DF P06-11 2232.250 2.39E-01 T . 0.787
v DF P06-12 2208.290 {.38E-Q1 ] 0.81
‘ DF PGo-13 2182950 4.67E.02 0.954
1 DF P0s-14 2159.260 1.02E-02. 0.990
DF P07-05 2286.540 1.45€ 00 0.234
DF P07-06 2265.740 9. 53€-01 0.386
o) DF P07-07 2240470 ’ 1, 15E-01 0.461
¢ DF P07-03 2222.760 2.75E-01 0.766
DF P07-09 2200.630 3.29E-01 . 0,79
DF P07-10 2178070 6.17E-62 0.940
. DF Po7-11 21585.110 1.91E-02 ’ 0.981
® DF P07-12 2131.770 3.22E-02 0.968
DF POS-0x 2226.720 1.45E-01 0.865
DF P08-05 2206.950 1.83E-01 0.833
DF P08-0$ 2186.700 1.54E-01 0.858
DF ~08-07 2166.010 1.68E-02 0.963
v Dr P08-08 2144.870 L.OIE-0I 0.9504
: DF P08-09 2123.310 2.06E-02 0.980
DF P08-10 2101.340 1.12E-02 0.989
DF PO8-11 2078.376 8.47E-02 c919
DF P08-12 2056.210 1.30E-02 0.987
v DF P09-04 2147.460 4.13E-01 0.623
‘ DF P09-05 2128.230 6.66E-03 0.993
DF P09-06 2108.540 7.91E-03 0.992
br PG9-07 2088.400 3.53E-02 0.965
DF P09-08 2067.830 A ASE-02 0.936
v DF P0Y-09 2046.830: L.60E-U1 0.852
DF P09-10 2025.420 3.61E-02 0.965
L 4
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4 5 «<m ALTITUDE
i . 1.383 TOGRR H20 (IN 415 TORR AT -6.0 DEG. C.)
LASER  LINE  WAVENUMBER EXTINCTION TRANSMITTANCE
: (Hem) (/% AT 1000 M.
3 DF  PO1-0! 2884.943 3 96E-02 0.961
DF PO1-02 2862.647 5.05E-03 0.995
DF  P01-03 2339.724 4.85F-03 0.992
DF  POi-04 2816.376 5.51E-03 0.995
DF  POI-0S 2192.432 € 87E-03 0.991
DF  P0I-06 2761.967 7.83E-03 0.992
DF 01-07 2742.998 5.87E-03 0.996
. DF  P01-08 2717.540 9.27E-03 0.99i
/ DF  P01-09 2691.608 1.048-92 6.9%
DF  POL-I0 2565.217 5.33E-03 0.995
DF  POi-ll 2638.384 2.49E-02 0.975
DF  POI-12 2611.124 2.67E-03 0.997
DF  POI-13 1583.453 1.76E-02 C.983
DF  POL-M4 2555.388 9.13E-03 0.991
DF  PGI-IS 2526.943 6.89E-03 0.993
DF  POl-16 2498.135 1.06E-02 0.989
DF  POI-17 2468.980 1.72E-02 0.983
DF  PO2-02 2772.440 2.13E-02 0.973
DF 2-03 2750.084 4.63E-03 v.995
DF  PO2-04 2727.304 4.96E-03 0.9%;
OF P02-05 2703.997 2.60E-03 0.997
DF  P02-06 2680.177 5.34E-03 0.995
DF  P02-07 2655.862 7.46E-03 0.993
DF  F02-08 2631.065 291E-02 0.997
DF  P02-09 2605.804 4.69E-03 0.995
DF  Pr2-i0 £580.093 3.29E-02 0.968 .
DF  PO2-1! 2553.948 8.07E-03 0.992
DF  PO2-12 2527.385 6.(2E-03 0.993
DF  PW-3 2500.418 1.01E-02 0.99% .
DF  Po2-14 2473.065 1.64E-02 0.984
DF  PO2-IS 2447339 I BEN 0.976
DF  PO2-16 211 3% 2818 %™ 0.972
DF  P03-02 2683.950 3.53E-03 0.996
DF  P03-03 2662.249 3.48E-03 0.997
DF  P03-04 2640.075 5.712E-03 0.994
: DF P03-05 2617 384 2.55E-03 0.997
{ DF P03-05 2594.193 3.92F-03 0 396
F oo DF  P03.07 £570.516 2.52€-02 0.475
: DF P03-08 2546.367 1.64E-02 0.584
DF P03-09 2521.763 6.70E-03 0993
63
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LINE

P03-10
PO3-11
P03-12
P03-13
P03-14

P04%-02
104-03
P04-04
P04-05
P04-06

P04-07
F04-08
P04-09
PO4-i0
PO4-11

Pi4-12
P04-13
PO4-14
P05-03
F05-04

P05-05
P05-06
P05-07
P05-08
P05-09

Pos-10
POS-11
P5-12
P05-13
205-14

P06-05
P06-06
P06-07
F06-08
P06-09

Skm ALTITUDE
1.333 TORR H20 (IN 416 TORR AT -6.0 DEG. C.) {(Cont’a)

WAVEHNUMBER  EXTINCTION

(l/en))

2496.718
2471.247
2445.365
2419.086
2392.427

2591.220
2576.160
2554.548
2532.465
250¢°.887

2486.837
2463.334
2439.390
2314.990
2390.170

2354.950
2339.343
2313.350
2491.620
2470.530

2449.140
2427.170
2404.73C
218:.830
2358.4%0

2334.730
2510.550
2285.970
2261.000
2235.670

2367.210
2345.830
2323.950
2301.690
2278.96G

64

{l/km)

1.0RE-02
§.95E-02
2.43E-02
2.77E-02
4.17E-02

5.39E-03
6.43E-02

L40E-92 .

6.23E-02
8.47E-03

1.29&-02
1.92E-02
2.51E-02
2.84E-02
1.86E-02

1.56E 02
7.26E 03
1.55E 02
1.56E-02
1.67E-02

2.538-02
2.64E-02
3.17E.02
8.74E 00
441E02

8.31E 01
8.73E 0}
JIE00
2.21E00
3.38€-01

8.822E 01
399E O
3.34E G+
5.86E 01
4.13E 00

TRANSMITTANCE
AT 1000 M.

0.989
0.981
0.976
0.973
0.95¢

0.995
0.9%4
0.086
0.994
0.992

0.987
¢.981
0.975
0.972
0.924

0.500
0.%0
0.000
¢.985
0.983

0.975
0.974
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LASER  LINE
DF  P06-10
DF ~  PO6-11
DF  P06-12
DF  PO6-13
DF  PO6-14
DF  P0T-0S
DF  DPOT-06
DF  P07-07
DF  POT-08
DF  ‘PO7-09
DF  PO7-10
DF  POT-11
DF  POT-I2
DF  PG3-04
DF  PO8-0S
CF  PO8-06
DF  P08-07
DF  P0s-08
DF  P08-09
DF  P0s-10
DF  P0s-1I
DF  P08-t2
DF  P09-03
DF  P09.0S
DF  P09-06
OF  P09-07
DF  P09.08
DF  P09-09
DF  P09-10

S km ALTITUDE
1.383 TORR H20 (IN 416 TORR AT -6.0 DEG. C.) (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm)

2255.810
2232250
2208.290
2183.960
2159.260

2286.540
2265.740
2244470
2222.760
2200.630

2173.079
2155.110
2131.770
2226.720
2206.950

2186.700
2166.010
2i44.870
2123.319
2101.340

2073.970
2086.210
2147.460
2128.230
2108:540

2088.400
2067.830
2046.830
2025.420

65

(17km)

2.26E 00
1.89E-01
1.09€-01
3.59E-02
1.51E-03

1.08E 00
1.52E-01
6.33E-01
241E-0!
2.62E-01

4.76E-02
1.20E-02
2.41E-C2
1.09€-0t

1.43E-01

1.16E-01
1.21E-02
5.27E-02
1.29E-02
1.27E-03

5.22E-02
8.69E-03
2.51E-01
4.86E-03
5.31E-03

.892-02
" 16E-02
1.97E-02
1.86E-02

AT 1600 M.

0.105
0.828
0.897
0.965
0.993

0.341
0.471
0.531
0.786
0.770

0.954
0.98%
0.97¢
0.8%
0.866

0.890
0.988
0.949
0.987 .
0.993

0.949
G.991
0.778
9.9%5
0.995

0.981
0.963
0.923
-0.582
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LASER LINE
DF Po1-01
DF POL-02
DF POL-03
DF P01-04
DF P01-05
DF P01-06
DF P01-07
DF P01.08
DF P01-09
DF P01-10
DF PoO1-11
DF PC:-12
DF POL-13
DF PO1-14
DF POL-15
DF PO1-16
DF P01-17
DF P02-02
DF P02-03
DF P02-04
DF P02-05
DF P02-06
DF P02-y7
DF P02-08
DF P02-09
DF P02-10
DF P02-11
DF P02-12
DF P02-13
DF P02-14
DF PO2-1°
DF P02-16
DF P03-02
DF P03-03
DF P03-04
DF P03 05
DF P03-06
DF P03-07
DF P03-08
DF P03-09

6 km ALTITUDE
0.816 TORR H20 (IN 365 TORR AT -12.0 DEG. C.)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm)

2884.943
2862.647
2839.786
2816.376
2792.432

2761.967
2742.998
2717.546
2691.608
2665.217

2638.384
2611.124
2583.453
2555.388
2526.943

2498.135
2468.980
2772.440
2750.084
2721.304

2703.997
2680.177
2655.862
2631.065
2605.704

' 2580.093
2553.948
2527.385
2500.418
2473.065

2445.339
2417.258
2683.950
2662.249
2640.075

2617.384
2594.193
2570.516
2546.367
2521.763

€6

(1/km)

J.23E-02
3.66E-03
6.73E-03
3.61E-03
5.90E-03

5.00E-03
2.49E-03
S5.20E-03
8.80E-03
3.59E-03

1.38E-02
1.72E-03
1.41E-02
6.92E-03
5.09E-03

7.98E-93
1.33E-02

1.60E-02,

2.83E-03
3.08E-03

1.57E-03
3.19E.03
4.39E-03
1.94E-03
2.98E-03

2.82E-02
6.11E-03
4.92E-03
7.64E-03
1.26E-02

1.84E-02
2.18E-02
2.51E-03
2,07E-03
3.45E-03

1 67E-03
2.60E-03
2.13E-2
1.29€E-02
4.96E-03

AT 1000 M.

0.968
0.996
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. 6 &km ALTITUDE
, i . " 0.816 TORR H20 (IN 365 TORR AT -12.0 DEG. C.) (Cont'd} )
v LASER LINE  WAVENUMBER EXTINCTIGN TRANSMITTANCE .
. (1/cm) (1/km) AT 1000 M. ;
DF P03-10 2496.718 8.18E-03 0.992 i
: " DF P03-11 2471.247 1.48E-02 0.985
| DF P03-12 2445.365 1.88E-02 0.921
) DF P03-13 2419.086 2.16E-02 0.979 t
DF PO3-14 2392.427 3.14E-02 0.969 '
DF  P04-02 © 2597.220 3.82E-03 0.996
. DF . P04.03 2576.160 4.74E-03 0.995
| DF P04.04 2554.548 i.11E-02 0.989
DF P04-0S 2532.465 4.59E-M 0.995
DF ° P04-06 2509.887 - 6.37E-03 0.994
DF P04-07 2486.837 9.89E-03 0.990
DF P04-08 2463.334 1.47E-02 0.985
, DF P04-09 2439.390 1.94E.02 0.981
DE P04-10 2414.990 2.21E-02 0.978
DF P04-11 2390.170 5.S3E-02 0.946
DF P04-12 2364.950 1.23E02° © 0,000
DF P04-13 2339.340 6.63E 03 0.000
DF PO4-14 2313.350 1.17E 02 0.000
DF PUS-03 2491.620 1.2SE-02 0.988
DF POS-04 - 2470.630 1.28€-02 0.987
DF P05-05 2449.140 1.97E-02 0.981
DF PUS-06 2427.170 2.0SE-02 0.980
DF P05-07 2404.730 2.47E-02 0.976
DF P05-08 2381.830 6.17E 00 0.002
DF P05-09 2358.490 3.51E 02 0.000
DF . PO0S-10 2334.730 6.52E 01 0.000
DF P0S-11 2310.550 6.75E 2 0.000
DF POS-12. 2285.970 2.45E 00 0.087
DF POS-13 2261.600 1.71E 00 0.181
DF P0S-14 2235.670 2.58E-01 0.773
DF - P06-05 2367.210 6.85E01 . 0.000
DF P06-06 2345.836 3.24E 02 0.00G
DF ~  P06-07 2323.990 2.53E 01 0.000
DF P06-08 2301.690 A4.91E 01 0.000
DF P06-09 2278.960 3.26E 00 0.038 -
67
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LASER

LINE

P06-10
PO6-11
PO&.t"
POS .
P06-14

P07.05
P07-06
P07-07
P07-08
P07-09

P07-10
PO7-11
P07-12
P08-04
P08-05

P08-06
P08.07
P08.08
P08-09
P08-10

PO8-11
POS-12

6 km ALTITUDE
0.816 TORR H20 (IN 365 TORR AT -12.0 DEG. C.) (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/em)

2255.810
2222.250
2208.290
2183.960
2159.260

2286.540
2265.740
2244.470
2222.760
2200.630

2178.070
2155.110
2131.770
2226.720
2206.950

2186.700
2166.010
2144.870
2123.310
2101.340

2078.970
2056.210
2147.460
2128.230
2108.540

2088.400
2067.830
2046.830
2(,25.420

63

(1/km)

1.13E 00
1.48E-01
8.52E-02
2.75E-02
5.57E-03

7.98E-01
5.91E-01
5.09E-01
2.11E-01
2.06E-01

3.62E-02
1.81E-G3

* 1.85E-02

8.20E-02
1.13E-01

8.92E-02
8.87E-03
2.66E-02
8.52E-03

_ 4.92E-03

3.35E-02
5.98E-03
1.28E-01
3.65E-03
3.72E-03

$.05E-02

21SE02,

3.84E-02
9 32E.03

AT 1000 M.

0.178
0.863 -
0918
0.973
0.994

0.450
0.554
0.601
0.810
0.814

0.964
0.992
0.982
0921
0.843

0915
0.991
0.974
0.992
0.995

0.967
0.994
0.880
0.996
0.996

0.990
0.979
0.962
0.991
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" LASER

LINE

poi-01
P01.02
P01.03
PO1-04

PO1.05 .

P01-06
P01-07
PO1-08
P01-09
PoO1-10

POL-11
POL-12
PO1-13
POl-14
POL-15

P01-16
PoOI-17
P02.02
P02.03
14204

P02-05
P02-06
P02-07
£02-08
P02-09

P02-10
P02-11
P02-12
P02-13
PG2-14

PG2-15
P02-16
P03-02

P03-03.

P03-04

P03-05
P03-06
P03.07
P03-08
P33-09

7 km ALTITUDE
0.470' TORR H20 (IN 320 TORR AT -18.0 DEG. C.)

WAVENUMBER  EXTINCTION  TRANSMITTANCE

(1/cm)

. 2884.943
+2862.647
2839.786
2816.376
2792.432

2767.967
2742.998
2717.540
2691.608
2655.217

2638.384
T 2611.124
2583.453
2555.388
25826.943

2498.135
2468.980
2772.440
2750.084
2727.304

2703.997
2680.177
2655.862
2631.065
2605.804

2580.093
2553.948
2527.385
2500.418
2473.065

2445.339
2417.258
2683.950
2662.249
2640.075

2617.384
2594.193
.2570.516
2546.367
2521.763

69

{(I/km)

2.65E-02
2.71E-03
4.53E-03
2.41E-03
3.99E-03

3.27E-03
1.61E.03
2.86E-03
7.74E-03
2.44E-03

7.43E-03
1.12E-03
1.11E-02
5.25E-03
3.78E-03

6.05E-03
1.02E-02
9.30E-03
1.13E-03
1.91E-03

9.32E-04
1.90E-03
2.60E-03
1.31E-03
1.94E-03

2.38E-02
4.63E-03
3 69%-03
5.80E-03
9.65E-03

1.42E-02
1.69E-02
1.86E-03
1.22E-03
2.05E-03

1.10E-03
1.75E-03
1.78E-02
1.O1E-02
3.6°C-03

AT 1000 M.

0.974
0.997
0.995
0.998
0.9%

0.997
0.998
0.997
0.992
0.998

0.993
0.999
0.989
0.995
0.996

0.994
6.990 .
0.991
0.998
0.998

0.999
0.998
- 0.997
0.999
0.998

0.977
0.995
0.996
0994
0.990

.986
0.983
0.998
0.999
0.998

0.999
0.998
0.982
0990
0.996

.
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! . 7 km ALTITUDE

g o " 0.470 TORR H20 (IN 320 TORR AT -18.0 DEG. C.) (Cont’d)
3 .
LASER  LINE  WAVENUMBER EXTINCTION TRANSMITTANCE
(1/em) (1/km) AT 1000 M.
DF PO3-10 . 2496.718 6,20E-03 . 0.9%
DF PO3-11 2471.247 1.13E-02 0.989
DF PO3-12 2445.365 1.45E-02 0.986
DF PO3-13 2419.086 1.6TE-02 0.983
DF PO3-14- 2392.427 2.36E-02 0977
DF P04-02 97.220 2.74E-03 0.997
DF P04-03 2576.160 3.45E-03 0.997
DF PO4-04 2554.548 8.74E-03 0.991
DF P04-05 2532.465 3.39E-03 0.997
DF P0O4-06 2509.887 4.81E-03 0.995
DF P04.07 2486.837 7.56E-03 0.992
DF £04.08 2463.334 1L.13E-02 0.989
DF P0O4-09 ©2439.390 1.S0E-02 0.9%5
DF . PO4-10 2414.990 1.72E-02 0.983
DF PO4-11 . 2390170 3.89E-02 0.962
DF POS-12 " 2364.950 9.53E 0l 0.0
DF PO4-13 2339.340 $.95E 03 0.000
DF PO4-14 2313.350 8 69E 0l 0.000
DF P05.03 2491620 - 1.0IE-02- . 0.990
DF P0S-04 2470.630 9.87E-03 0.990
DF P05-0S 2449.140_ 1.52E-02 0985
DF P05-06 2427.170 1.59E-02 0.934
DF P05-07 2404 730 1.92E-02 0.98%
: _ DF P05-08 2381.830 429E00 . 0.014
‘ DF P0S-09 2358.490 - 2.76E 02 0.000
; DF P0S-10 2334.730 5.07E 01 0.000
[ DF POS-11 2310.550 5.69E 01 0.000
. DF P0S-12 2285.970 191E0) 0.148
, DF POS-13 2261.000 1.31E 90 0271
. DF POS-14 . 2235670 1.96E-01 0.822-
L .
DF P06-05 2367.210 5.26E 08 0.000
or P06-06 2345.830 2.60E 02 0 000
| - DF P06-07 2323990 . 1.89E0I 0.000
L DF P06-08 2301.690 4.05E Ol 0.000
DF P06-09 2278.960 2.55E 00 0.078
L J
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LASER

DF
DF
DF

LINE

P06-10
Po6-11
P06-12
Po6-13
Po6-14

P07-05
P07-06
P07-07
£07-08
P07-09

P07-10
PO7-11
P07-12
P08-04
P08-0§

P08-06
P08-07
P08-08
P08-09
P08-10

P08-11
P08-12
P09-04
P09-0§
P09-06

P09-07
P09-08
P09-09
P09-10

7 km ALTITUDE
0.470 TORR H20 (IN 320 TORR AT -18.0 DEG. C.) (Cont*d)

WAVENUMBER  EXTINTTION TRANSMITTANCE
AT 1000 M.

(1/cm)
2255.810
2232.250
2208.290
2183.960
2159.260

2286.540

2265.7

2244 470
2222.760
2200.630

2178.079
2155.110
213i.770

2226.120 -

2206.950

2186.700
2166.010
2144.870
2123.310
2101.340

2078.970
2056.210
2147.460
2128.23¢
2108.540

2088.400
2067.83)
2046.830
2025.420

n

(17km)

1.30E 01
1.I4E-0¢
6.63E-02
2.09E-02
4.14E-03

5.88E-0}
4.59E-01
4.04E-01
1.82E-01
1.60E-01

2.70E-02
5.32E-03
1.43E-02
6.10E-02
2.91E-02

0.88E.02

- 6.61E-03

1.31E-02
5.97E-03
3.47E-03

2.23E-02
4.20E-03
6.31E-02

2.77E-03 -

2.72E-03

6.18E-03
1.26E-02
1.79E-02
4.56E-03

0.2712
0.892
0.936
6979
9.996

0.555
0.632
0.668
0.833
0.852

0.973
0.995
0.986
0.941
0.915

0.934
€.993
0.987
0.994
0.997

0.978
0.996
0.939
0.997
0.997

0.994
0.937
0.982
0.995




Tk 8 km ALTITUDE

28 0.238 TORR H20 N 279 TORR AT -25.0 DEG. L)
LASER LINE WAVENUMBER  EXTINCTION TP ANSMITTANCE
(Hem) (1/Am} AT 1000M.
OF P01-0} 2884.943 2.16E-02 09719
DF PO1-02 2862.647 . 2.04E-03 0.998
DF P01-03 2839.786 2.74E-03 0997
DF PO1-04 2816.376 1.60E-03 0.998
DF P01-0S 2792.432 2.69E.03 0.997
CF PG1-00 2767.967 2.12E-03 0.998
DF PO1-07 2742.998 1.02E-02 9.999
DF r01-08 2717.540 1.42E-03 0.999
D¥ £01-09 2691.608 6.95E-03 0.993
DF. PO1-10 2665.217 1.63E-03 0.998
DF POt-11 2638.384 3.60E-03 0.996
DF PO1-12 2611.124 1.17E-C4 0.999
DF #01-13 2583.453 8.72E-03 0.991
DF POL-14 2555.388 4.00E-03 0.996
DF POL-i$ 2526.943 2.81E-03 0.997
DF POl-16 - 2498.135 4.61E-03 0.995
DF PO1-17 2468.980 7.88E-03 0.992
DF P02-02 2772.440 S.04E-03 0.995
DF P02-03 2750.084 1.01E-03 0.999
DF P02-04 2727.304 1.14E-03 0.999
DF P02-0S 2703.997 S.19E-04 0.999
DF P02-06 2680.t77 - 1.08E-03 0.999
DF P02-07 2655.862 1.48E-03 0.999
DF P02-08 2631.065 8.78E-04 0.999
DF P02-09 2605.804 1.25E-03 0999
DF P02-10 2580.093 1.98E-02 0.980
DF P02-11 2553.948 351E-02 0.996
° . ’ DF P02-12 2527.385 2.78E-03 0.997
3 DF P02-1) 2500.418 4.42E-03 0.995
DF P02-14 2413.065 1.43E-03 0.993
DF P02-15 2445.339 1.10E-02 0.98¢
: DF P02-16 2417.258 1.32E-02 0.987
- or P03-02 2683.950 1.40E-03 0.999
§ DF P03-03 2662.249 6.84E-04 0.999
DF P03-04 2640.075 1.13E-03 0.999
F DF P03-05 2617.384 7.22E-04 0.999
DF P03-06 2594.193 1.16E-03 0.999
- DF P03-07 2570.516 1.48E-02 0.383
{ DF P03-08 2546 367 7 94E-03 0.992
DF P03-09 . 2521.763 2.76E-03 0.997 -
2
3 -.




LASER

DF
DF
DF
DF
DF

LINE

P03-10
P0O3-11
P03-12
P03-13
P03-14

F04-02
P04-03
P04-04
P04-05
PO4-CS

P04-07
P04-08
P04-0%
P04-10
Po4-1}

POL-12

PO4-13

P04-14
P05-03
P05-04

P0S-05
P05-06
P05-07
P05-08
P05-09

P0s-10
P0S-11
P0S-12
PD5-13
P05-14

" P06-05
- P0b-06

P06-07
P06-08
P06-09

8 km ALTITUDE

WAVENUMBER

{1/¢m)

2496.113
2471.247
2445.365
2419.086
2392427

2597.220
2576.160
2554.548
2532.465
2509.887

2486.837
23453.334

. 2439390

2414.990
2390.170

2364.950
2339.340
2313.350
2491.620
2470.630

2449.140
2427170
2404.730
2381.830
2358.490

2334.130
2310.550
2285.970
2261.000
2235.670

2367.210
2345.830
2323.990
2301.690
2278.960

{1/km)

4.73E-03
8.74E-03
1.12E-G2
1.30E-02
1.786.0

1.96£-03
2.59E.03
6.90E-03
2.52E-03
3.65€E-02

S.81E-v.
8.57E.03

1.16E-02

1.34E-02
2.72E.02

732 o0
. $.27E 03

6.28E 01
8.23E-03
1.62E-03

1.18E-02
1.24E-02
1.50E-02
2.90E 00

“2.17E 02

3.93E°01
3.70E 0!
1.49E 60
9.91E-01
1.50E-01

4.03E0)
2.08E 02
1.40E 01
3.22E 01

1.96E 00

0.238 TORR H20 N 279 TORR AT -25.0 DEG: C.) (Cont’d)

EXTINCTION TRANSMITTANCE
AT 1000M.

0.995
0.991
0.989
0.987
0.982

0.998
0.997
0.993
0.997
0.95¢

0.994
0.991
0.988
0.987
0.973

0.000
0.000
0.000
0.992
€.992

0.988
0.988
0.985
0.055
0.000

0.000
0.000
0.226
0.371
0.361

0.000
0.000
0.000

+ 0.000
0,142




8 km ALTITUDE
0.238 TORR H20 (IN 279 TORR AT -25.0 DEG. C.) (Cont'd)
LASER  LINE  WAVENUMBER EXTINCTION TRANSMITTANCE
, (1/cm) (1/km) AT 1000M.
' DF £06-10 2255.810 9.71E-01 0.3719
DF PO6-11 2232.25¢ . 8.85E.02 0.915
DF POG-12 2208.290 5.15E-02 0.950
DF P06-13 2183.960 1.56E-02 0.985
DF P06-14 2159.260 3.06E-03 0.997
DF P07-05 2286.540 4.32E-01 0.649
DF P07-06 2265.740 3.55E-01 0.701
DF P07-07 2244.470 3.1SE-01 0.730
DF P07-08 2222.760 1.5E-01 0.856
DF £07-09 2200.630 1.23E-0 0884
. DF P07-10 2178.070 1.97E-02 0.980
DF PO7-11 2155.110 3.70E-03 0.996
DF P07-12 2131.770 1.12E-02 0.989
DF PC8-04 2226.720 4.52E-02 0.956
DF P08-05 2206.950 6.98E-02 - 0933
DF P08-06 2186.700 5.28E-02 - 0.949
DF P08-07 2166.010 497E.23 0.995
DF P08-08 2144.870 5.78E-03 9.994
DF P08-09 2123.310 4.38E-03 0.996
DF PO8-10 2101.340 2.49E-03 0.598
DF POS-11 2078.970 1.51E-02 0.985
DF P08-12 2056.210 2.99E-03 6.997
DF P09-04 2147.460 2.70E-02 6.973
DF P09-05 2128.230 2.138-03 0.998
DF P09-06 2108.540 206E-03 0.998
DF P9-07 2088.400 3.84E-03 0396
DF £09-08 2067.830 7.45E-03 0.993
DF - P09.09 2046.830 7.25E-03 0.973
DF £09-10 2025.420 1.96E-03 0.998
e
4
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: _ : 9 km ALTITUDE
0.130 TORR H20 (IN 243 TORR AT -31.0 DEG. C.)
LASER  LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm) {1/km) AT 1000 M.
DF . P01-0 2884943 LTIEQ 0.982
DF ©  PBI02 2862.647 1.58E-"3 0.998
DF P0I-03 2839.786 1.79E-03 0.998
DF  POI-O4 2816.376 1.15€-03 0.999
DF  POLOS 2192432 1.91E-03 0.998
DF  P0I06 - 2767.96 1.S1E-03 0998
DF  POI..7 2142.998 6.78E-04 - 0.999
DF  POI-08 2717.540 7.6GE-04 0.999
DF  POI-09 2691.608 . 6.41E-03 0.994
DF  POi-10 2665.217 LI6E-03 . 0.999
TDE POI-N 2632.384 1.88E-03 0.998
DFE  POI-12 2611.124 4.88E-04 1.000
DF  POI-13 2583.453 6.82E-03 0.993
DF  POI-14 2555.388 3.07E-03 0.997
DE  POI-IS. © 2526.943 2.12E-03 0.998
DF  POL-16 2498.135 3.54E-03 0.996
OF  POI-17 2468.980 6.09E-03' 0.994
DF  PO2-0 2772440 2.97E-03 0.997
DF  P02-03 2750.084 6.30E-04 0.999
DF  P02-04 2727.304, 1.24E-04 0.999
DF  P02-05 2703.997 3,10E-04 1.000
OF  P02-06 2680.177 6.58E-04 0.999
DF  P02-07 2655.852 9.30E-04 0.999
DF  P02-08 2631.065 6.21E-04 0.999
DF  P02-09 2605.804 © 8.68E-04. 0.999
DF  P02.10 2580 093 1.63E-02 0.584
DF POl 2553.948 2.69E-03 0.997
DF  PO2-12 2527.385 12E-03 6.498
DF  PO2-13 2500.418 37003 0997
. DF  P02-14 2473.065 5.7¢.-03 0.994
DF  P02.15 2445.339 8.53E-03 0.992
DF  PO2-16 . 2417.258 1.03E-02 0.990
DF  P03.02 2683950 - LI3E-03 0.999
DF  Pu3-03 2662.249 4.13F-04 1.000
DF P304, 2646.075 6.69E-04 0.999
DE  P03.05 2617 384 S.04E-04 0.999
: DF  P03.06 2594 193 8 11604 0999
ko DE  P03.07 2570.516 1.21E-02 0 988
; DF  P03.08 2546 267 6.21E-03 0994
3 DE - P03.09 2521762 2 G9E-03 0998
' 78
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LASER

DF
DF
DF
D'.‘
DF

DF
DF
DF
DF
DF

LINE

P03-10
F0O3-11
P03-12
PO3-12
PO3-14

P04-02
P04-03
P04-04
P04-15
T04-06

P04-0?
P04-08
P04-09
PO4-10
PO4-11

P04-12
PO4-1)
POS-14
P0S-03
P0S-04

P0S-05
POS-06
P05-07
205-08
P05-09

PUS-10
PO5S-11
P0O5-12
POs-13
POS-14

P06-05
POS-I
P0-37
P06-08
P36-09

9 &m ALTITUDE
0.130 TORR H20 (IN 243 TORK AT -31 0 DEG. C) {Cont’d)
EXTINCTION TRANSMITTANCL

WAVENUMBER

(1/em)

2496 NE
2471297
2445.365
2419 086
239z2.427

2597.220
2576 160
2554 548
2532465
2509.587

2486.837
2463 334
2439.390
2414390
2390.170

2364.95C
2339.340
2313.350
%:91.620
247u.630

2449.140
2427.170
2404 730
2381.830
2158.490

2334.7130
2310.550
2285.970
2261 000
1235670

2367 210
7345 830
2323 990
232! 6%
22178 960

(1ivm)

3 64E.-03
6.80E-03
8.64E-03
1.01E-02
1.ISE-n2

1.44£-03
1.95E-93
5.42E-03
1.90E-03
2.79E-03

447E-03
6.70£-03
9.025.03
1.04E-02
1.95E-02

S.59E 0
4.58E 03
4.54E 01
6.74E-03
5.89E-03

$.10F-03
9.64E-03
1.16E-02
1.97E 00
1.7CF 02

JNEQ
2.68E 01
1.16E 00
¥ 48E.01
1. 14E-01

J06E 01
165E 02
1 03E O1
257E01
1 SIE 00

AT 1000 M.

0.99¢
09%
0.991
0.990
0.987

0.999
0998
0.995
0.998
0.997

0.996
0.993
0.991
0.996
0.981

0.000
0.000
0.00v
0.9%2
0994

0.992
0.990
0.958
0.139
0.000

0 000
0.090
0314
J 474
0.822

< 000
000
du00
¢ 200
(1]
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9km A T'TUDE
0.130 TORR H2O (IN 243 TOw Y AT -31.C DEG. C.) (Cont’d)
LAZER LINE WAVENUMBER  FATINCTION TRANSMITTANCE

(1/cm) (1/km) AT 1000 M.
DF P06-10 2255.810 L.21E-08 0.486
DF P06-11 2232.250 ©.80E-02 0934
DF P06-12 1208.290 3.97€-02 0.961
DF P06-13 2183.960 L.17E-02 0.938
DF P06-14 2159.260 2.28E.03 0.998
DF G705 2286.540 3.20E-01 0.726
oF P37-06 2265.749 2.74E-01 0.760
DF PO7.07 2244470 2.44E-01 0.783
DF P07-08 2222.760 1.32E-01 0.876
DF P07-09 2200.630 9.44E-02 0310
DF P07-10 2178.070 1.43E-02 0.986
DF PO7-11t 2155.510 2.72E-03 0997
DF PO7-12 2t131.770 8 247.03 0.991
DF P08-04 2226.720 L ] 0.967
DF P08-0¢ 2216.950 54 M 0.947
DF P08-06 2186.700 40 EZ 0.960
OF P08-07 2166.01C 3.78C.03 0.996
DF P08-08 2144.870 2.92E-03 0997
OF P08-09 2123.310 347E-03 0.997
DF P08-10 2101.340 1.39E-03 0.998
OF PUB-11 2078.970 1.06E-02 0.989
DF PO8-12 2056.210 2.18E-03 0.998
DF P09-04 2147.460 1 27E-02 0.987
OF Pg9-05 2128.230 1.66E-03 0998
DF P09-06 2108.540 1.64E-03 0998
DF P09-07 2088.400 2.78E-03 0.997
DF P09-08 2067.830 4.34E-03 0995
DF P09-09 2046.8%0 3.27E-03 0.997

OF PUS-10 2025.420 9.16L-04 0.99%
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LASER

DF
DF
DF
DF
DF

DF
DF
DF
DF
DF

DF
OF
DF
DF
DF

OF
DF
DF
DF
DF

DF
DF
DF
DF
DF

OF
D
DF
DF
DF

DF
LF
DF
DrF
DF

Dt
13
OF
Df
D

LINE

POL-0t
PO1-02
POL-03
201-04
P01:05

PO1-06
F01-97
PO!1-0K
PGI-09
POi-10

Pot-1t
POi-12
POI-{3
PO:-14
P01-15

POl-16
PGt-17
P02-02
P02-03
P02 04

P02.0S
PO, -06
P52-.07
P02-08
P02-09

P02-10
PO2-11
PO2-12
P02-13
P02-i4

P02-15
PO2-16
P03.02
P03.03
PO3-04

PO3.05
P3-C6
PO3.07
£03-03
PO3-09

10 ks ALTITUDE
0.960 TORR H20 (IN 211 TORR AT -38.0 DEG. C.)
WAVENUMBER

{1/cm)

2884.943
2862.647
2839.786
2816.376
2792 432

2767.967
2742.998
2N71.5%0
2631.608
2665.217

2618.384
2611.124
2583.453
2555.388
2526.943

2498.135
2463.980
212440
2750 084
2727.304

2703.997
2680.177
2655 862
2631.065
2605 804

2550 093
2553.948
2527.385
2540 418
2473 065

2435 339
2317 258
2683 950
2662 249
2640 075

2017 334
2594 193
2570 516
2836 367
D B 3

78

EXTINCTION
(1/km)

1.44E-02
1.23E-03
1.03%-03
8.33E-C4
1.36E-03

1.08E-02
4.44E-04
3.66E-04
S §1E-03
8.03E-G4

8.32E-04
3.30E-04
S 27E-03
2.36E-02
1.60E.03

2.12E-03
4.71E-03
{.67E-03
I BIE-04
4.36E-04

1.73E-04
3.89E-04
5 86E-04
4.37€-04
6.04E-04

1 31E-02
2.05E-03
1.62E.03
2 €0E-03
441E.03

6 6GL.-03
7197603
9 23E-04
2 .04
3 76¢ .04

V04
$oll-0d
9 88E.03
482t
| “OLk.03

TRANSMITTANCE
AT 1000 M.

0.986
0.999
0.999
0.999
0.999

0.999
1.000
0.999

0.987
0.993
0.998
¢ 997
0 996

993
G992
0999
1 Q00
i 009

S 3]
) 999
0 o)
HELA
3 99%
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;. 10 km ALTITUDE
0.060 TORR H20 (IN 211 TORR AT -38.0 DEG. C.1 (Cont’d)
LASER LINE  WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.
D P03-10 2496.718 2.80E-03 0.597
DF P03l 2471.247 5.30E-03 0.995
DF  P03-12 2445.365 6.67E-03 0.993
DF  P0O3-13 2419.086 7.88E-03 0.992
DF  PO3-14 2392.427 1.03E-02 0.9%0
DF  P04.02 2597.220 1.04E-03 0999
DF P30} 2576.160 1.47E-03 0.9%9
DF  P04-04 2554.545 4.24E-03 0.956
DF  P04.0S 2532.465 1.43E-03 0.959
DF  P04-06 2509.887 2.14E-03 0.998
DF  P04-07 2486 817 3.44E-03 0.997
DF  P04.08 2463.334 5.18E-03 0.99¢
DF  P03-09 2439.390 6.99E-03 0.993
DF  POs-10 2414.990 8.09E-03 0.992
DF  PO4-11 2390.170 1.38E-02 0.986
DF  P04-12 2364 950 4.20E 01 0.000
DF  PO4-13 233y 340 391E 03 0.000
DF  PO4-14 2313.350 3.17E 01 0.000
DF  05.03 2991620 5.49E-03 0.995
DF  POS-Gs 2470630 4.55E-03 0.9
DF  P05-05 2449.140 7.03E-03 0993
DF  P05-06 2427170 749E03 - 099
DF  P05-07 2404.730 9.04E-03 0.991
DF  P05.08 2381.830 1.29E 00 0.274
DF  P05-09 2353.490 1.32E 02 0 006
DF  905-10 2334.730 231E 01 0.000
- DF  P05-11 2310.550 1.86E 01 0.000

DF  P0S5-12 2285.970 8.97E-01 0465
DF  POS-13 2261.000 5.S7E-01 0.573
DF  POS-14 2235.670 8.67E-02 0917
DF  P06-0S 2367 210 23E0 0000
OF P06 2345 830 1.ME 02 0 200
DF  P06-07 2323.990 745E 00 2001
DF  P06-08 2301 690 1 96E 0 0.600
DF  P06-09 2278 960 1 14E 00 0 320
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1o hm ATHEL Dt

v- 0060 TORR H20 (N 218 TORR AT =320 DEG C 1 (Cant'd)
LASER LING WAVESNTMBER  ENTINCTION FRANSMIEITANCE
. (/e t1/hm? AT 1000\
DF Pa6.in 2333 %10 36t o} sy
DF POb-11 20 S 9t 0949
v DF PiYk.12 2205 290 YOS 0974
g DF Prie.13 2183 960 RS0} 0992
DF P 3 2159 dant | 641 .03 0 998
DF POT.08 2256 340 2335t 0 790
DF PO7-06 2263 740 209t .o 0 K12
DF PUT-07 N840 i 86t.0§ 081
!’ DF PG7-08 2222 760  HOE- ) 8Y%
DF P7-09 2200 630 T13E.402 093}
DF P0O7-10 2178070 1 OLE-02 0 9%)
i DF PQ7-11 2155.110 2.MNE-D3 ) 998
. ° DF PO7-12 2131 7170 6.93E.03 0993
DF PO8-04 2226 720 2.48%.-02 0.975
DF £08-03 2206.950 421E.02 0.959
DF PO3-06 2186.700 3 O9E-02 0.970
DF P08-07 2166.010 2 88E.03 0997
v DF P038-08 2134870 1 43E.03 0999
. DF - P08-09 2123 310 283E-93 0997
DF PO8-10 2101 330 1.44E-03 0999
D¢ POs-11 2078 970 7 48E.03 0.993
DF PO8.12 2056 210 t S9E.03 0.998
s DF P09.04 2147 160 - 5.33E.03 0995
= DF P09-05 "2128.230 1 28E-03 0999
DF P09-06 2108.540 1 33E-03 0999
DF ™M9.07 088 400 2.13E-03 0998
DF P19.uR 2067 830 3 39E.03 0997
- Dt P09-GY 2046 830 1 32E.03 0
DF P0O9-10 W28 320 J6T7F.03 |
!
L
L J

=



Best

LASER

DF
DF
DF
DE
DF

DF
DF
DF
DF
DF

DF
D

DF
DF
DF

DF
DF
DK
DE
DF

DF
DF
. DF
DE
DE

DF
DF
DF
DE
DI

DF
DE
DE
Ny
<L

DI
D
Dr
{1

1

LINE

Pol-01
POL-02
PO1-03
POL-04
P01-05

P01-06
PO1-07
P01-08
PO1-09
POL-10

POL-11
PO1-12
POL-13
POi-14
PO1-15

POL-16
POL-1T
P0n2.02
Pl
004

PO2-05
PO2-06
P02.07

POSOY

PO2.0Y

P02-10
Po2-11
ro2-12
o213
PO

PO2-15

" PO2-l6e

PO3an
PHT.oy

Paion
P00 G
(ARSI
"M G
P39

Il km ALTITUDE
0.031 TORR H2O (IN 182 TORR AT -44.0 DEG. C.)
EXTINCTION TRANSMITTANCE

WAVENUMBER

(1/¢m)

2884943
2862.647
2839.786
2816.376
2792.432

2767.967
2742.998
2717.540
2691.608
2665.217

2638384

Qolt.124 -

258145}
2555.38%
226 94)

2498135
2468 Y81
27724540
2750084
2727 304

213,997
Jon 177
2033 402
2031068
Jo0s. 804

2580,093
2533.948
2827.385
500418
EFANIIN

244139

KRR RERAY |
ML AT
Yo 210

R

In7 i%d
IS4 IS
REOET I I

:‘ In "

201766

pvailable COPY

81

(Hkm)

1LI9E

02

9.60E-04
6.45E-04
6 37F.04
1.O1E-03

8.34E
J.OSE

.04
04

LOSE-4
5.461:-03

5.74E

4576
2356
406k
} SOE

-04

-04
04
03
-0}

F21E-03

2.09E-03

YndE
1.04E

03
03

247K
29114

105k,
T 40E
4.1
RLITE
141K

1LOSE-

04

IR

02

1.57€.03

1258
200
(IRTIN

Sk
6 hE-
Togu

(IR

0}
03
03

NS

UK

-
B

04
A1

A

g

IR U

359104
SO an
EEARIR
RIRATIRR
1.2TE0)3

AT 1000M..
(0 9%8 ¥
0.999
0,999
0,999
0 999

0.999
1.000
1.0060
01995

1 0.999

1.000
1000
“.996
0).998
0.999

0.998
0.996
0,999
1000
l',()()()

1.000
1.000
1 0hn
1410
1,000

01990
0.998
0999
1,998
N7

14998
[ RLLEY
0 .gon®
1 060
1 g

Cyaan
HERD L
oy
0996 "
0,999



el

LASER

DF
DF
DF
DF
DF

DF
DF
DF
DF
D¥

DF
DF
DF
DF
DF

DF
191}

Ling

P03-10
P03-11
P03-12
P03-13
P03-14

P04-02
P04-03
P0O4-04
P04-05
P04-06

P04-07
P04-G8
P04-09
£04-10
P04-11

P04.12
P04-13
P04-14
P05-03
POS-04

P05-05
P0S-04
P05-07
P05-08
P0S-09

P05-10
POS-11
POS-12
POS-1,
POS-14

P06-05
P06.06
P06-1)7
["0A.0%
P69

11 km ALTITUDE
0621 TORR H20 (IN 182 TORR AT -44.0 DEG. C.) (Cont’d)

(l/cm)

2496.718
2471.247
2345.365
2419.086
2392.427

2591.220
2576.160
2554.548
2532.465
2509.887

2486.837
2463.334
2439.390
2414.990
2390.170

2364.950
2339.340
2313.350
2491.620
2470.630

2449.140
24271170
2404.730
2381.830
2358.490

2334730
2310.550
2285 970
2261 000
2255670

2367210
2345 830
2323 990
ARUT U]
AR RTTNT

82

(4/km)

2.15E-03
4.12E-03
S.13E-03
6.09E-03
7.77E-03

7.66E-04
1.1{E-03
3.29E-03
1.08E-03
1.64E-03

2.65E-03
3.98E-03
5.39€-03
6.25E-03
1.00E-02

JIdEN
3.27E 03
2.22E 0}
4.48E-03
3.50E-03

S5.41E-03
5 78E-03
6.98E-03
8 53E-01
1 OLE 02

1.75E€ 01
1 298 01
6 91E-01
4 13E-01
6 SAE.

113001
1 02E 02
S ISE 00
1 <0f o}
$.65E-01

WAVENUMBER EXTINCTION TRANSMITTANCE
AT 1000M.

0.998
0.996
0.995
0.994
0992

0.999
0.999
0997
0.999
0.998

0.997
0.996
0.995
0.994
0990

0.0%
0.00¢
0000
0.996
0.997

0.995
0994
0993
0426
0 000

0.000
O ano
501
0 651
(TR
) O
060
[

LLIS ]
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1 km ALTITUDE
0.031 TORR H20 (IN 182 TORR AT -44.0 DEG. C.) (Cont’d)
LASER LINE WAVENUMBER  EXTINCTION TRANSMITTAN(.E

(i/em) (1/km) AT 1()00'\1

DF P06-10 2255.810 3.83E-01 0.682

DF P06-11 2232.259 3.93E-02 0.961

e DF¥ P06-12 2208.290 2.326-02 0.977

{ DF P06-13 2183.960 6.24E.03 0.994

DF P06-14 2159.260 1.26E-03 - 0.999

DF P07-05 2286.540 1.74E-01 . 0.840

DF P07-06 2265.740 1.59E-01 T 0883

L) DF P07-07 2244.470 1.40E-01 " 0.870

] DF POT-08 2222760 9.15E-02 0.913

DF P07-09 2200.630 5.35E-02 0.948

DF P07-10 2178.070 7.17E-03 "0.993

DF POT-11 2155.110 1.50E-03 . 0.999

o oF PO7-12 2131.770 S.42E-03 - 0.995

» DF PO8-04 2226.720 1.84E-02 0.982

DF P08-05 2206.950 3.23E-02 0.968

DF POR-06 2186.700 2.33E-02 0.977

DF P08-07 2166.019 2.19€-03 0.998

X DF P08-08 2144.870 8.52E-04 0.999

- DF P08-09 2123.310 2.38€-03 0.998
DF POR-10 2101.340 1.12E-03 0.999 |

DF PO8-11 2078970 5.34E-03 0.995

DF PO8-12 2056.210 1.17E-03 0.999

o DF P09-04 2147.460 2.61E-03 0.997 .

o DF P09-05 T 2128.230 9.91E-04 0.999

NF P09-06 2108.540 1.13E-G3 0.9%9

DF £09-97 2088.400 1.77E-03 0.998

: DF P09-08 2067.830 2.48E-03 0.998

. DF P09-09 2046.830 6.22E-04 0.99

R ) DF £09-10 2025.420 1.62E-04 _ 1.000
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12 km ALTITUDE
0.013 TORR H20 (IN 157 TORR AT -51.0 DEG. C)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

H/em) (1/km) AT 1000 M.
DF PO1-01 2884.943 9.53E-03 0.991
DF ° P0OI1.02 2862.647 7.48E-04 0.999
DF roi-03 2839.786 3.67E-04 1.000
DF Po1-04 2816.376 4.99E-04 1.000
DF P01-05 2792.432 7.45E.04 0.999
DF £01-06 2167.987 6.44E-04 ~.999
DF £61-07 2742.998 209E-04 1.600
DF 0108 2717.540 9.74E-05 1.000
DFE | POIO9 2691.608 S.08E-03 0.995
DF POL-10 2665.217 4.06E-04 ! 1.000
DF POL-1t 2638.384 2.28E-04 1.000
DF POi-12 2611.124 1.68E-04 §.000
DF PO1-13 2583.453 3.09E-03 0.937
DF POI-14 2555.388 1.I8E-03 0.999
DF POl-1S . 2526.943 9.12E-04 0.999
DF POi-16 2498.135 1.60E-03 0.998
DF rPoL-17 2468.980 2.78E-03 0.997
DF -  P02.02 .2772.440 "6.46F-04 0.999
DF r02-03 2750.084 1.60E-04 1.200
DF M02.04 2721.304 1.88E-04 1.000
D¢ P02-0S 2703.997 6.27E-05 1.000
DF P02-06 2680.177 1.59E-.C4 1.000
DE P02.07 2655.862 2.95E-04 1.000
. DF P02-08 2631.065 Z2.33E-04 {.000
DF P02-(9 2605.804 3.23E-04 1.000
DF F02-10 2580.09) 844 0.992
DF PO2-11 2553.948 1.19€-03 0.999
DF PO2-32 2527.385 9.64E-04 0.999
DF £02-13 2500.418 1.53£-03 ’ 0.998
Dk P14 2473 065 2.60E-03 1,997
DF PO2-15 2445339 391k} 0996
DF PO2-16 2417.258 4 T8L-00 WS
DE PO3-02 2683.930 6 77E-04 (1 99y
D POx-03 662249 9 .08 1 60
DI PO3-04 2640 073 32004 I 000
DI PO3-08 2617.384 9 4708 1 o
DE PO5-086 2594 19} P 13E-0d 1
DI PO3-07 2570 546 2 O9E-03 0997
DF PO3-08 2336.367 1193 HID DD
Dk PO3 09 2521 76} 69804 1 000

8
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; ) . 12 km ALTITUDE

& 0013 TORR H20 (IN 157 TORR AT -51.0 DEG. C.) (Cont’d)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cta) {(1/ker) AT 1000 M.

DF P03-10 2496.71¢ 6.63E-04 0.299
DF PO3-11 2471.247 1.37E-03 0.999
DF P03-12 2445.365 §.58E-03 0.998
DF P03-13 2419.086 1.89E-03 0.998
DF P03-14 2392.427 2.33E.03 0.998
DF P04-02 2597.220 2.24E-04 ) 1.000
DF P04.03 2576.160 3.46E-04 1.000
DF P04.04 2554.548 1.03E-03 0.999
DF P04-05 2532.465 3.27E.04 1.000
DF P04-06 2509.887 S.0SE-04 0.999
DF P04-07 2486.837 8.15E-04 0.999
DF P04-08 2463.334 1.23€-03 0.999
DF P04-09 2439.390 1.66E-03 0.998
DF PO4-10 2414990 '1.94E-03 0.992
DF PO4-1 1t 2390.17¢ 2.717E-03 0.997
DF PO4-12 2364.950 9.02E 00 0000
DF PO4-13 2319.340 1.24E 03 0.000
DF PO4-14 2313.350 5.48E 00 0.004
DF P0S-03 2491.620 1.89E-03 0.998
DF PUS-04 2479.630 1.08E-03 0.999
DF P0S5-05 2449.140 1.66E-03 0.998
DF P05-06 2421.170 1.79E-03 0.998
DF P05-07 2404.730 2.17E-03 0.998
DF P05-08 2381.830 1.81E-01 0.834
DF P05-09 2358.490 3.10E O! 0.000
DF P05-10 2334.730 S.16E 00 0.006
DF POS-11 2310.550 3.08E 00 0.046
DF P0S-12 2285.970 2.13E-01 0.%08
DF P05-13 2261.000 1.16E-01 0.89;
DF POS-14 2235.670 1.95€-02 0.981

p .. .

; DF P06-05 2367.210 4.94E 00 0.007
DF P06-06 2345.830 3.24E 01 0.000

b » DF P06-07 2323.990 1.44E 00 0.238
DF P06-08 2301.690 5.63E 00 0.004
DF P06-09 2218.960 2.92E-0t 0.747

L. J
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12 km ALTITUDE -
0.013 TORR H20 (IN 157 TORR AT -51.0 DEG. C.) (Cont’d)
LASER  LINE  WAVENUMBER EXTINCTION TRANSMITTANCE

(17¢m) 1/km) AT 1000 M.
DE P6-16 2255810 2.72E-01 . 0.762
DF 06-11 2232.250 297F .02 0971
DF P06-12 2208.294) 1.75¢-02 0.983
DF PO6-13 2183.960 * 4.45E-03 0.996
DF P0s-14 2159.260 9.30E-04 0.999
D¥ £07.95 2286.340 1.28E-01¢ 0.880
DE P07-06 2265.740 1.19E.01 0.388
DE P£07.07 2244470 1.03E-01 | 0.902
DF £07-08 2222.160 7.41E-02 0.929
DF £07.09 2200.630 395E-02 0 761
nr P07-10 2118.070 4.92E.03 0.995
i Po7.-41 2155.110 1.12E-03 . 0.999
L P07-12 2131.770. 4.21E.03 0.996
[¥N 508-04 2226.720 ‘ 1.36E-02 0.987
DF PO8-us 2206.950 2.42E.02 0.976
DF P£08-06 2186.700 1.73E-02 0.983
DF P08-07 2166.010 . :.65E-03 ’ 0.998
DF P08-08 2144.870 . 5.40E-04 0.999
DF P08-09 2123.310 2.02E-03 0.993
DF fus-10 2101.340 8.65E-04 0.999
DF POS-41 2078 970 3.75E-03 0.996
DF PO8-12 2050210 8.5TE-04 G.999
DF P09-04 2147.469 iJiE-02 0.999
DF P09-05 2128.230 1.61E-04 0.999
DF P09.06 2108.5:8 9.73E-04 0.999
DF P09.07 2088.400 .1.50E.03 0.998
D& POY-08 2067.830 1.8SE-03 © 0.998
DF £99-09 2046.830 2.465:.04 1.000
DE P09-10 2025.420 6.43£-05 1.000
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13 km ALTITUDE
0.006 TORR 120 (IN 134 TORR AT -57.0 DEG. C.)
LASER LINE WAVENUMBER  EXTINCTION  TRANSMITTANCE

(1/cm) (1/km) AT 1GA M.
DE POI-01 2884.943 7.545.03 0.992
DI PG1-02 W62 647 5.77E-04 0.999
DI POL-03 2839786 2.24E-04 1000
bF POL-04 10376 381E-04 1.000
DF POL-O5 2792.432 §.56E-04 0999
Dt rO1-0 2767 967 S.13E-04 0.999
DF . PH-O? 2742.998 LTE-04 1.690
D POL-08 1T S0 $.40E-05 1.000
DI POI-0Y 2691608 4.72E-03 0.995
Dk Po1-10 2665.217 2.90E-14 1000
DE Po1-11 268,384 1.28E-04 1.000
Ok POL-12 2611.124 1.23E-04 1.000
OF POL-13 2§83.453 2.35E.03 0.998
Uk POl-13 2565.328 1.04E-03 0.999
DF . PIS 2526943 6.86F-04 0.999
]2 POL-16 2498.135 1 22E-03 T 0.999
DI P61-17 2468.980 2.11E-03 0.98
D P02-02 2772.440 4.31E-04 1.000
DF P02-03 2750.084 LORE-S 3 1000
Dt PO2-04 2727.304 1.20E-04 1.000
B PO2-0§ 2703.997 3.99E.05 100
bk P02-06 2080177 CLOTE-04 1.000
Dy P02.07 2655 862 2.23E-04 1.000
NE PO2-08 2631.065 172504 © O LO00
DF PO2-09 2605 804 240804 1.000
D P2-10) 2.80.093 6.24E-03 0.994
P18 F2.01 2553.048 9.O1E-04 0.999
Dt P02-12 2527.38§ 7.40E-04 0.99¢
D P02-43 2500418 1.16E-03 0.999
e PO2-14 BXTAY 1 97E.03 0998
b PO2-15 2445 339 297603 0.997
Ok ro2-16 2417.258 6L 0.9
DE PO3-02 2693 950 5.87E-04 0,999
£ Dl PO3.OR 2662 249 6 371.05 1060
ﬁ D} fr03-04 JodD 073 9. 39108 1 000
E DI PO3-03 2617 384 1 4RE-04 1000
k - PO3-006 2593192 2 19E-04 1000
P e O PO3-07 2570.316 4 S0E-03 0998
% DF 0308 2546367 217603 0.998
¢ DE PO3-09 2521 763 G 9SE04 0,999
|
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13 km ALTITUDE
0.066 TORR 1120 (IN 134 TORR AT -57.0 DEG. C.) (Cont'd)
LASER LINE  WAVENUMBER® EXTINCTION TRANSMITTANCE:

(Vemd ~ AMWkm) AT 1000 M. -
DF P03-10 2496.718 1.25E.03 0.999
DF PO3-11 2471.47 .2.45E-03 0.998
DF P03-42 2445 365 2.98E-03 . 0.997
DF P03-13 2419.086 - 3.588-03 0.996
DF P0O3-14 2392427 - 4.42E-03 - 0.9%6
DF P02.52 £97.220 3.07E-04 1.000
OF P04.03 2576:160 6.35E-04 0.999
DF P04-04 2554.548 1.94E-03 0.998
CF P04.05 2532.465° - 6.17E-04 0999
DF P04.06 2509.887 9.52E.04 0.999
DF P04-07 2486.837 1.54E-03 0.998
DF P04-08 24463.334 2.32E-03 © 0.998
DF £04.09 2439.390 - 3.15E-03 0.997
DF P04-16 2414990 . 3.67E-03 0.99¢
DF P0O4-11 2390.170 - §.25E-03 0.995
133 P04-12 2364.950 1.68E Of 0.000
DF PO4-13 2339.340 2.15£ 03 0.000
DF Po4-14 2313.350 . {.00E 01 0.000
DF P05-03 2491.620 . 2.89E-03 0.997
DF P05 .04 2470.630 2.05E-03 0.998
DF ~.5-05 2449.140 3.15E-03 0.997
DF £05-06 2427170 3.40E-03 0.997
DF P05-07 2404.730 . 4.07E-03 0.996
DF P0s-08 - 2381.830 3.44E-01 0.704%
DF P05-09 2358.490 5.86% 01 0.000
DF P05-10 2334.530 9.78E 00 0.000
DF P0S-11 2310.556G 5.60E 00 0.003
Dy POS-12 2285.970 4.62E-01 0.669
DE POS-13 2261 000 2.19E.01 0.803
DE pP0s-14 2235.670 3.65F.02 0.964
213 PO6-05 2367.210 Q.36E 00 . 0.006G
DF P06-06 2345.830 - 6.10E 01 . 0.000
DF £06-07 2323.99%0 2:68E 00 0.068
DF P06-08 21690 7.81E 00 0.00n

DE po6-09 2278.960 4.78E-01 0.620
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LASER

LINE

£06-10
PO6-1i
P06-12
P0O6-13
P06-14

P07. 0y
£07-06
{0107
P07-C3
£07-09

P07-10
po7-11
PO?-12
P0s-04
P03-05

P08-06
P08-07
P08-08
P08-09

P68-10

. PO8-11
P08-12
P09-04
P09-05
P09-04

P09-07
P09-08
P09-09
P09-10

13 km ALTITUDE
0.006 TORR H20 (IN 134 TORR AT -57.0 DEG. C.) (Cont'd)

WAVENUMBER EXTINCTION TRANSMITTANCE

{(1/em)

2255.810
2232.250
2208.290
2183.960
2159.260

2286.540
2265.740
2244.470
2222.760
2200.630

2178.070
2155.110
2131.770
2226.720
2206.950

2186.700
2166.010
2144.870
2123.310
2101.340

2078.970
2056.210
2147.460
2128.230
2108.540

2088.400
2067.830
2046.830
2025.420

89

(1/km)

1.93E-01
2.21E-02
1.31E-02
3.16E-03
6.87€-04

9.37E-02
2.81E-02
7.54E-02
5.99E-0”
2.89E-02

3.38E-03
8.31E-04
3.22E-03
1.09E-02
1.80E-02

1.27E-02
1.24E-03
3.77E-04
1.72E-03
6.69E-04

2.63E-03
6.23E-Gs
7.78E-04
5.19E-04

8.61E-04

1.30E-83
1.39E-03
1.67E-C4
2.88E-05

AT 1000 M.

0.825
0.978
0.987
0.997
0.999

0.911
0914
0027
0.942
0.972

0.997
0.999
0.997
0.990
0.982

0.987
0.999
1.000
0.998
0.999

0.997
0.999
0.999
0.999
0.999

0.999
0.999
1.000
1.000




LASER

DF
DF
DF
DF
OF

DF
DF
DF
DF
OF

DF
DF
DF
DF
DF

DE
DF

DE
DE
D
DF
Dk

LINE

P01-01
P0t1-02
P01-03
P01-04
P01-05

P01-06
PO1-07
POi-08
91-09
PO1-10

Pot.11

POI-12

201-13
POY-14
PO1-1$§

POL-16
P01-17
P02-02
P02-03
P02-04

P02-05
P02-06
P02-97

2-08
P02-09

P02-19
PO2-11
P02-12
PG2-13
P62 14

L2 PAA]
P06
P02.02
P03-03
F03-04

PG3-05
P03-06
PO3-07
P03-03
P03-09

.;jg

N
s

14 km ALTITUDE
0.006 TORR H20 (IN 115 TORR A -57.¢ DEG. C))

(1/em)

2884.943
2862.647
2839.186
2816.376
2792.432

2761.967
2742998
2717.540
2691.608
2665.217

2638.384
2511.124
2583.453
2555.388
2526.343

2458.135
2468.980
2772.440
2750.084
2721.304

2713.99?
2680.1717
2655.862
2631.065
2605804

2580.0923
2553.948
25217.385
2500418
2473.063

2445.139
2417.258
2683.950
2662.249
2640.075

2617.384
2594.193
2570.516
2546 167
2521.763

90

(i/km)

5.79E-03
4.34E.04
2.19E-04
2.99E-04
4.13E-04

4.34E-04
1.09E-04
4.29E-05
4.44E-03
2.17E-04

1.01E-04

7.10E-05
1.81£-03
7.65E-04
$.02E-04

8.94E-04
£.SSE-03
3.28E-04

8.13E-05

9.4€E-05

3.67E-05
B.CSE-Of
1.73E-G4
1.28C-04
1.78E-04

4.71E-03
6.01E-04
5.54E.04
8.51E-04
1.44E.03

2.17E-03
2.65E-U3
5.27E-04
4.96E-05
7.12E-05

1 93E-04
290k
6.29E.03
2.86E-03
9.19E-04

WAVENUMBER EXTINCTION TRANSMITTANCE

AT 1000 M.

0.994
1.000
« 0
1.200
1.000

1.000
1.000
1.000
0.996
i.000

1.600
1.000
0.998
0.999
0.999

0.998
0997
0.9%9
1 000
1.00n

1.000
1 00
0994
0.9%97
0.999




t

g ; 14 km ALTITUDE

t [

p-s 0.006 TORR H20 (IN 115 TORR AT -57.0 DEG. C.) (Cont'd)

P LASEK LINE  WAVENUMBER EXTINCTION TRANSMITTANCE

3 (1/¢cm) (1/km) © AT 1000 M. -
5 DF r03-10 2496.718 1.65E-03 " 0.998

% DF PO3-11 2471.247 3.19E-03 0.597

2 DF PO3-12 2445.365 3.93€-03 0.99

%

3 D P03-13 2419.086 4.T0E-03 0.995
. DF P03-14 2392427 . S.88E-03 0.994
® D P04-02 2597.220 5.51E-04 0.999
% DF P0<.03 2575.160 8.43E-04 6.999
% DF PO4-04 2554.548 2.54E-03 0.997
3 DF P04-05 2532.465 8.19E-04 0.999
N DF P04-06 2509.887 1.25E-03 0.999
3

£ DF P04-07 2486.837 2.03E-03 0.993

; DF P04-08 2463334 2.06E-03 0.997

; DF P04-09 2439.390 4.14E-03 0.9%

DF P04-10 2414.990 4.82E-03 0.995

DF F04-11 2390.170 1.22E-03 0.993

DF P04-12 2364.950 2.30E 01 0 000

DF P04-13 2339.340 2.65E 03 . 0.060

DF PO4-14 2313.350 1.49E O 0.006

DF P05-03 2491.620 3.61E-03 0.99

DF POS-04 2470.630 2.69E-03 0.997

DF P0S-05 2449.140 4.15E-03 0.996

CF P05-06 2427.170 4.46E-03 0.996

DF POS-67 2404.730 5.37E-03 0.995

DF 10s-08 2381.830 5.40E-01 0.5%3

DF P05-09 2358.490 1.I5E 01 0.000

DF POS-10 2334.730 1.31E 01 0.000

DF Pos-11 2310.550 8.50E 00 0.000

D3 P0s-12 2285.970 5.30E-01 0.589

DF POS-13 2261000 3.02E-01 0.739

Dr 1os-14 223567 491E-02 0.952

DF P06-05 2367.210 L2RE 01 0.000

DF P06-06 2345.830 1.95E 01 0.000

DF P06-07 2323.990 3RIE 00 0022

D P6-08 23M 690 O8] o 0000

Di P46-09 2278 960 6 43k0] . B33

|

e

91




. Lot
®o,, eWpmmrE WD .

, o
1

TR

o
L)

Py TER T
«

TR T RS -
CAVESY s

S
i Y

LASER

DF
DF
DF
DF
DF

DF
DF
DF
DF
DF

DF
DF
D#
DF
DF

Y

LinNE

Po6-1C
P06-it
P06-12
Pa5-13
Po6-14

P07-05
P07-06
PO7-07
P07-08
P07-0%

PO7-10
P07-1)
P07-12
PO8-04
£08.05

P08-06
PG3-07
P08-08
P08-09
P08-10

POS-11
P03-12
P09-04
P09-05
P09-06

P09-07
P09-08
P09-09
P09-10

14 km ALTITUDE
0.006 TORR H2D (IN 115 TORR AT -57.0 DEG. C.) (Cont'd}

WAVENUMBER EXTINCTION TRANSMITTANCE

(1/¢m) (1/km) AT 1000 M.
2255.810 1.42E-01 0.868
2232.250 1.62E-02 0.984
2208.299 9.57E-03 0.990
2183.960 2.40E-03 0.998
2159.260 S.06E-04 0.999
2254.540 6.39E-02 0.923
2265 740 8.68E-02 0.935
2244.470 S.59E-02 0.946
2222.760 $.22E-02 0.949
2200.620 2.12E-02 0.979
2178.870 2.50E-03 0.998
2155.110 6.28E-04 0.999
2431770 2.39E-03 0.998
2226.720 7.32E-03 0.993
2200.950 1.35E-02 0.987
2186.704 9.48E-03 - 0.991
2166.010 9.14E-04 0.999
2144.870 2.79E-04 1.000
2123.310 1.45E-03 0.999
2101.340 S.19E-04 0.999
2078.970 1.94E-03 0.998
2056.210 4.58E-04 1.000
2147.460 S.97E-04 0.999
2128.230 4.35E-04 1.000
2108.540 1.82E-04 0.999
2088.400 1.13E-03 0.999
2067.830 1.03E-03 0.999
2046.830 1.27E.-04 1.000
2025.420 1.000

2.37E-05




4H

LASER

LINE

PO1-01

- P01-02

P01-03
P01-04
PO1-0§

P01-06
P0O1-07

P01-08 -

P01-09
PO1-10

POl-11
FOl-12
POL-13
Po1-14
P0i-15

POL-15
PO1-17
P02-02
P02-03
PC2-04

P02-05
P02-06
P92-07
P02-08
P02-09

P02-10
P02-11
P02-12
P02-13
P02-14

P02-15
P02-16
P03-02

.P03-03

P03-04

P03.08
03-05
P63-07
P03-08
P03-09

15 km ALTITUDE
0.006 TORT. jilu ay 98 TORR AT -57.0 DEG. C.) -

WAVENUMBER EXTINCTION

(1/cm)

2884.943
2862.647
2839.786
2816.376
2792.432

2767.967
2742.998
2717.540
2691.608
2665.217

2638.384
2611.124
2583.453
2555.388

2526.943

2498.135
2468.980
2772.440
2750.084
2727.304

2703.997
2680.177
2655.862
2631.065
2505.504

2580.093
2553.943
2527.385
2500418

2473.065 -

2445.339
2417.258
2683.950
467 Vi
2640 075

2617.384
2594.193
2570516
2346.3067
2521.763

{(1/km)

4.37E-03
3.21E-04
2.27E-04
2.32E-04
3.04E-04

3.95€-04
8.07E.05
3 39E-05
4.13E-03
1.60E-04

71.87E.05
6.66E-05
1.39E-03
5.53E-04

"3.63E-04

6.47E-04
1.12E-03
2.47E-04
6.13E-05
1.06E-05

2.35E-05
6.00E-05
1.40E-04
9.37E-0S
1.30E-04

3.48E-03
4.79E-04
4.12E-04
6.15E-04
1.O4E-03

1.57E-03
1.91E-03
4.66E-04
3 72E.058
3 J6E-05

1.18E-04
1.5SE-04
3 66E-03
1.62E-03

" 5 n9E.04

TRANSMITTANCE
AT 1000 M.

0.996
1.000
1.600
1000

53338 &

3

OO =—
§$88§
00O

- — -

§8883 388¢{.

-
§o
o4
-4

1.000
0.999
0999

0998
0.998
1.000
[.c
1.06)

1.0460
1.0600
2.996
€998
0.999




3

<

LASER

DF
DF
DF
DF
DF

D¥
DF
OF
LF
DF

DF
DF
DF
DF

DF’

DF
DF
DF
DF
DF

LINE

P03-10
P03-11
PO3-12
P03-13
P03-14

P04-02
P04-03
P04.04
PC4-05
P04-06

P04-07
P04-08
£04-09
P04-i10
P04-11

PO4-12
PO4-13
PO4-14
P0S-03
P05:04

P03-05
P0s-06
P05-07
'P0S5-08
P0S-09

PGS-10
P0S-11
PGS-12
POS-13
POS-14

PG6-05

. P06-06
.P06-07
P36-n8
P06-09

_ S km ALTITUDE
Q006 TORR 120 (N 98 TORR AT -57.% DEG. C.) (Cont'd)

WAVENUMBER

{1/cn)

2436.718
2471.247
2445.3¢5
2419.036
2392.427

2597.220
2576:100
2554.548
2532.465
2509.887

2486.837
2463.334
2439.390
2414.990
2390.170

2364.950
2339.340
313.350
2491.620
2470.630

2449.140

2427170 -

2404.730
2381.830
2358.490

2334.730
2310.550
2285970
2261 600
2235470

2367.210
2245.839
2323.990
2301.590
2278.960

EXTINCTION

(1/koy}

6.63E-04
1.37€-03
1.58E-03
1.89E-03
2.32E-02

2.24E-04
346E-04
1.03F-03
3.27E-04
5.05E-04

8.1SE-04
1.23E-G3
1.66E-03
1L.94E-03
2 17E-03

9.02E 00
1.24E 03
5.48E 00
1.85E-03
1.08E-03

1.66E-03
LT9E-03
2.17E-33
1.81€-01
JICEDQ

S.16E 09
3.08£ 00
2.13E-01
1.16E-01
1.95E-02

4.94E 00

JHEOT

1.44E 00
5.63E 00
2.92E-01

TRANSMITTANCE
AT 1000 M.
- 0.999
999
0.998
0.998
0.993

1.0%0
1.220
£.979
1.610
0.999

0.9%9
0.999
0.998
0.998
0.997

1.000
0.000
G.504
0.998
0.999

0.998
0.998
0.998
0.834
0.000

0.006
0.046
0.808
0.891
0.981

0.007
0.000
0.238
0.004
0.747




.‘
b

r

LASER

D
DF
DF
DF¥
DF

DF
DF
DF
DF
DF

*J % GOVEPMANT PAINTING OFFICE: 1982 3613347397

LINE

Po6-10
PO6-11
PO6-12
PO6-13
P06-14

" P07-0S
P07-06
P07-07

P0O7-08.

P07-09

P07-10
PO7-11
P07-12
P08-04
P08-05

P08-06
P08-07
P08-08
P08-09
Po8-10

Po8-11
P08-12
* P0Y-04
P09-05
P09-06
P09-07

P09-08
P09-09
P09-10

1S km ALTITUDE
0.006 TORR H20 (IN 98 TORR AT -57.0 DEG. C.) (Cont'd)

WAVENUMBER

(1/emy)

- 2255810

2232250

" 2208.290

2183.960
2155.260

2286.540
2265.740
2244.470
2222.760
2200.630

2178.070
2155.110
2131.770
2226.720
2206.950

2186.700
2166.010
2144.870
2123.310
2101.340

2078.970
2056.210
2147.460
2128.230
2108.540
2083.400

2061.830
2046.830
2025.420

1~}

EXTINCTION

{i/km)
1.03C-04

LITE-02°

6.92E-03
1.79E-03
3.68E-04

4.99E-02
5.03E-02
4.07E-02
4.47E-02
1.54E-02

1.82E-03
4.70E-04
1.75E-03
5.29€-03
9.93E-03

6.96E-03
6.66E-04

2.05E-04

1.22E-03
3.95E-04

1.41E-03
J.32E-04
4.54E-04
3.23E-04
1.15E-04
9.82E-94

1.53E-04.

9.62E-05
1.93E-05

TRANSMITTANCE
AT 1000 M.

0.902
0.988
0.993
0.998
1.000

0.951
0.951
0.960
0.956
0.985

0.998
1.000
0.998
0.995
0.990

0.993
0.999
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