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SECTION |

INTRODUCTION AND SUMMARY

bl il

This report summarizes work done under Contract NOnr 3560(00) during the
period 1 Mav 1966 through 31 July 1967, Section 2 contains a brief des-
eription ¢f four experiments which are complete, or nearly complate, but
have not yet been reported, Abstiacts of reports and papers published
during the raport period are presented in Section 3.
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wIRK NOT REPORTED

SHAPES OF THE EXTREME WINGS OF CO2 ABSORPTION LINES

“

Data obtained previcusly on the absovption by CO, in the regions above
the heads of the L.4 ., 2.7 ., and 4.3 . bands hdve been analyzed, We
have found from these data that the extreme wings ¢of collision-broadened
CO, lines absorb much less than would be expected from Lorentz shaped
lines, The absorption in the wings is also gquite different for the
different broadening gases studied, CO._, NZ’ 0,, 4, He, and H,. The
shapes are different in different apecgral reg%ons and vary wilth tempera-
ture in a manner which ~annot be explained by existing theories. All the
figures have been drawn and a rough draft of the text of a paper has been
completed,
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ABSORPTION BY H,O BETWEEN 0.8 AND 1 MICRON

b

Measurements have been made on the absorption in the 0,8 -~ 1l micron region
by H.,0 samples with paths up to m¢re than cne kilometer,
irtended to supplement those inm a previous report (U-370s).

These data are
The previous
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data were particularly useful in dateurmining band and line strengths,
while the racent results are valuable in determining line widthe and in
calculating the absorption ovar 10n3 atmoepheric paths, The relative

~broadening of H,0 lines by f 3 and CO was also investigated., . ..
vee

Nearly all the data have been ana and a raport has baeen startaed,

ABSORPTION BY HZO AND CH“

Mesdurenents on N.,O samples covering wide ranges of prassuras »nd gbaorber
thicknhesses have been made between 1.3 and 2,5 microns and fror & to 9
ticrons. The strengths of thea major bands and the halfewidths >f several
ltnes have beer determined. Several spectral curves have alse been aob-
t.ined for CHQ absorption over extremely long atmespheric pathe, The
reduction and analysis of these data are approximately 80% complete,

ABSORPTION BY HZO IN THE &-1Z MICRON WINDOW

The 30 meter multiple-pass absorption celi has been employed to measure
the attenuation by H,0 in the 8«12 wmicren atmoepheric windew., Thare is
considerable attenuaéion by the "continuum” which arises from the extreme
wings of llres whose centers oucur on either #ide of this region. The
attenuation =f 10.6 u larer radiation by H,O is as great as, or greater
than, the attenuation by CO,, Our preliminary results indicate that most
#f the continuum absorption is due to self-bruadened H,0 lines, even
though the N, presrure may be cne hundred times as great as the H,0
pressure. Therefcre, the H. O attenuation coefficient is approximately
proportional to the H.O preSsure, making the sttanuation proportionel to
the square of the HZO‘pressure. It {s apparent that the usual band models
emploved in other spectral regions would not be applicable, Most of the
wmeasurements will be repeated since thay are difficult to make and are
subject to considerable error,

SECTION 3
ABSTRACTS OF REPORTS AND PAPERS

. a - -1 ] - oo
absorption by H,0 Between 30+3-1-+,4280 cnm (0,69=1,38 Microns), by

Darrell E. Burch and Davic A. Cryvaak,

The absorption by water '"ipor in six spectral regions within 504514455 cm -1

(1.98-0,69 _) has been {nvestigated. Samples at high pressures are pre-

B S

T DTS DE NS S PETSUIURPIFDY FRURRPRITIPI TR 10T SrvRram P e

PER VI SIOT TS FUAT RIS OUL N SN

e




fented to provide data from which line strengths and band strangths cah

be determined, while aamples at lowar pressures provide information from
which lina widtha can be found., Transmission fpectra are shown along

with extensive tables of transmittance, i{nte¢grated absorp:ancs, and
integrgted TbEOEption coefficient, The integrated nblotptiogt coefficients
in em™t gm™' cm¢ were found to be as follows:  5045-%670 em™ %, 3,16

T 0,18 x 10%; 66407700 emd, 2,54 = 0.13 x 10%; 8560-5930 gty 1,66

£ 0,08 » 107; 9940e11,620 cm*}, 895 T 50; 11,795-12,76% ex b, 57.2 * 2.7;
and 11,255-16,48% ¢m™*, 56,1 - 2,8, (key words - H20, infrared, absorption,
and bard strength)

L

"Absorption by CO, Between 1200 and 28350 crn'l (3.5-5.5 Microns), by
Cavid A, Gryvnak, Richard R. Patty, Darrell E, Burch, and Earl E. Miller,

Transmission spectra in the 1800-2850 em™l reglon have been obtained for
more than 10C samples ff o, and CO, mixed with N, and A, The spectral
resclution vas 2,5 cn”*, Sample prassures varied from 0.0055 to 742 toerr
with absorber thicknesses covering the range from 0,081 to 84,400 atm hgrp
Spsctra of soveral semples atr the lowaer pressures show the effect of
Doppler broeadening., Measuraemente in the 2400-2560 em* b region provide
infor-ation about the absorption by the axtreme wings of collisicn-
broaden.d lines. Replotted transmission spectva and extensive tables of
integrated absorptance for 116 samples #te included. ({(key words - Cﬂz,
infrarea, absorption, Deppler broadening, and collision hroadening)

"Absorption by CO, Between 7125 arnd 8000 cm"l (1.25=1,40 Micrzus),” by
Darrell E, Burch, David A, Crrvmak, and Richard R, Patty,

Traiamission gspectra in the 7125-80Q00 cm'l vegion have baen obtained for
CO2 samples with absorber thicknesses as great as 2.18 x 10° atm Clerpe
Thres atsorpticvn bandr not observed previously have been idenrified;
and the strengths of sevaral bands have been determined. Tranemission
spectra and a table of integruted absorptance versus wavenumber atre
includc.) for five representative samples, (xey words = COz, infrared
absorption, and band strenzths)

"Strengths, Widths, and Shapes of the Lines of the 3. 70 Band, by
Darreil E, Burch and David A. Gryvnak.

Spectral <urves of several CO samples have been used to investigate the
3. band whose center is near £330 cm'l. The strength of the band for
the common Cl20id isotope hae been found to be 0.0130 * 0,0005 atm™!
cm” ¢m™*, An empirical equation, F_ = 1l - 0.0ll m has been derived
to aézgun: for the influence of vibrat?nn-rotntion on line strengths,

The half-widths of the self-broadened lines &t 1 arm presfsure vary ‘rom

bl
H




approximataly 0.0%0 cm-l at 1mi=1 to &.062 em™? at im|=20. The widtha &f -

self-broadened lines are 1,08 = 0,005 times &8 great as N,~broadenecd lines
at the same pressurae. The Lorentz line ahape appears to g. appropriate
for the collislon-broadensed lines within a few cn*l of their centers;

- — - -but tha extreme wings of the lices ers sub~Lorantzian., (key words - CO,
band strength, line strengths, line width, and line shapes)

"Absorption by €O, Betwesn 3100 and 4050 ¢m.1 (2,5=3,2 Microns),” by
Darreall B. Burch, David A, Gryvnak, and Richard R, Patty,

Troasmission spectra batween 3100 and 405¢ em™! have been obrained for 26
samples of CO and CO, + N . Absorber thicknessss hava varied fram
tpproximatuly 1 to 206 000 atm ¢m with pressuras from about 0,01 to

15 atm, The strengths of the more important bards, including some not
previously observed, have been determined., Spectral features due to
several other lesas-important bands have also baen identified., Replotted
transmission epectra and extensive tadbles of integrated absorptance for
several samples are included, (key words = coz, infrared, absorption,
and band strengths)

"absorption of Infrared Radiation by O, and H,0. 1I. Experimantal j
Techniquas," by Darrell E, Burch, David“A, Gry¥mak, and Richard R, Patty,

The experimental techniques used in an extenaive laboratory investigation

of the infrared absorption and emiszion by CO, and H.,O ara described.

Apparatus discussed include two multiple-pasa absorpfion cells with

base lengths of approximately one and 29 maeters, gas-handling systems,

a prism spectrometer and a grating spectreometer with their accessorias,

and a system used to digitize absorption spectra. Alsc discussed are

methods used in gas sampling, checking for possible sources of error,

and recording and analyzing the data, Detailed results and discussions -
of data are planned for subsequent papers in this seriss, (key words - B
HZO’ COZ’ abscrption cells, and spectrometer)
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