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ABSTRACT

This report presents an atlas of the atmospheric spec-
tral absorption structure of a 10,1-mile sea level path when
the atmosphere contained 4.5 cm of precipitable water and
when the atmosphere contained 12 cm of precipitable water.
A neodymium glass laser spectrum is also included and
shown to emit in a spectral region which is particularly
free of atmospheric absorption.
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AN ATLAS OF THE ABSORPTION OF THE ATMOSPHERE
FROM 8512 TO 11,600A

FATFTT ITOCUETA

INTRODUCTION

This report is the third in a series of atlases of the absorption structure of the lower
atmosphere, made through moderately long air paths of 10 and 17 miles. Previous pub-
lications (1-3) have presented the absorption structure in the wavelength intervals 4400
to 5500A and 5400 to 8520A. The present work covers the interval from 8512 to 11,6004,
in which normal uncontaminated sea level atmosphere has an absorption structure which
is due primarily to water vapor. The optical path was across the Chesapeake Bay, entirely
over water, and removed from any industrial area. It is assumed that the atmosphere was
free of contaminants and that all the absorption structure observed was caused by water
vapor.

PROCEDURE

The spectra were made over a 10.1-statute-mile path across Chesapeake Bay in the
winter of 1965. The sloping light path was approximately 50 feet above the water surface
at the center of the path. Spectra were made in the wavelength interval 8500A to 11,600A
with a Baird, 1-meter, £/10 grating spectrograph. The 15,000-lines-per-inch grating was
used in the first order, with a dispersion of about 16 A/mm and a resolution of about 0.25A.
A 35-mm film was used to record the spectra and during the course of the work IM and I1Z
hypersensitized emulsions were used. The dual light source consisted of a 1000-watt pro-
jection lamp at the focus of a 60-inch searchlight mirror and a 10,000-watt Iamp at the
focus of another 60-inch mirror. These searchlights were positioned side by side on
Tilghman Island, 10.1 statute miles from the spectrograph across Chesapeake Bay. At the
spectrograph end of the optical path the light was collected by a 20 -ft, £/13 mirror and was
directed to the slit via a 90-degree image rotator which placed both of the images on the
vertical slit. Exposure times varied from 1 to 8 hours, depending on the atmospheric
transparency in this spectral region and the precipitable water content of the path. The
spectra recorded here were made on clear nights when there was no moonlight, through
4.5 and 12 cm of precipitable water, and when the visual meterological range was 20 miles
for both exposures. The temperature and relative humidity were 40°F and 43% and 56°F
and 659% for the 4.5 and 12 cm of precipitable water respectively.

ATLAS

The spectra were scanned on a Jaco Recording Microphotometer at a speed which gave
a chart dispersion of 3A per inch of original chart. For this atlas, the chart trace was
redrawn and reproduced in 34, sections (Charts 1-34) each 90A long and approximately
with one angstrom overlap between succeeding sections. The numbers on the chart sec-
tions refer to wavelengths of the absorbing lines, measured on the original densitometer
trace using charts by Minnaert (4) and Mohler (5) and tables by Babcock (6) as references.
Many of the sections show two traces; the one of higher density corresponds to 4.5 cm of
precipitable water and the one of lower density and more pronounced absorption structure
corresponds to 12.5 cm of precipitable water.
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The atlas begins at 8511.9A, which comfortably overlaps the previous atlas, which
stopped at 8524A. The most intensive absorption structure by water vapor is primarily
confined to two spectral regions, from 8900A to 9900A and from 10,800A to the end of the
trace at 11,530A. The end of the trace was determined by a lack of film sensitivity beyond
the latter region. This is shown by the last six sections of the chart of the spectrum
(Charts 35-40), taken over a short path (500 feet), containing only 1.5mm of precipitable
water, and extending out only 70A to 11,600A.

Within the resolution limits of the spectra, the absorption structure, discussed in
this atlas, is from water vapor. An indication of this is in the charts having two traces,
where one trace has a weaker absorption structure at all points because of lower precip-
itable water in the absorbing path. The weak oxygen absorption structure found in the
solar spectrum in the spectral region 10,584 to 10,719A was not detected here presumably
because of insufficient O, in the 10.1-mile path. Reference 3 indicates that a 200-km air-
path is required in order to observe these weak atmospheric oxygen absorption bands.

For optical communication and detection purposes the spectral regions of greatest
interest are the windows or regions of minimum absorption. The work of Yates and
Taylor (7), as shown in Fig. 1, indicates relatively clear spectral regions at about §900A
and 10,500A. Of greatest concern here is the relatively wide clear region at 10,6004,
which is where the neodymium glass laser emits. This is shown in Figs. 2 and 3, which
show the spectrum and densitometer trace (3rd exposure) of the neodymium glass laser
emission at 10,600A. Neodymium glass lasers are attractive for communication purposes
because of the emission in the near infrared spectral regions, where the atmospheric
scattering losses are low. However, for maximum transmission, it is also essential that
the emission be in a region of low atmospheric absorption.
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Fig. 1 - Absorption spectrum of
the atmosphere from Yates and
Taylor (Reference 7)
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Fig. 2 - Neodymium laser spectrum at various
levels of flash tube input

The spectrum of the neodymium laser was obtained on nonhypersensitized Z emul-
sion with a 3.4-meter Ebert spectrograph at a dispersion of 4.8A per mm. A fixed 50-y
slit was used for all exposures; the central 5-mm length of the slit was illuminated with
laser radiation. Flash tube current was provided by a 225-pufd capacitor bank. The four
exposures in Fig. 2 consisted of one laser shot each, the capacitor bank being charged to
a different voltage for each shot, as shown in Table 1.

Table 1
Electrical Parameters for Laser Exposures
Exposure | Supply Voltage | Flash Tube Energy Abf:;c’le‘,l?xt-:gﬁol q
Number (volts) (joules) %)
(¢]
1 1,750 345 13
2 2,000 450 43
3 2,250 570 81
4 2,250 703 124

From Fig. 3 it is seen that the neodymium glass laser emission is a series of almost
uniformly spaced lines superposed on a continuum, extending for about 140A from 10,590
to 10,730A. This spectral interval is recorded in Charts 23, 24, and 25 of the atlas, and
it is seen that for all practical purposes atmospheric absorption losses would be small
and negligible, at least for 12 cm of precipitable water.
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