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This contract is (1) t- create a discharge condition similar to
those existing in the upper atmosphere, and (2) to study the infrared
emission spectra of atomic and molecular nature which are generated
from it. The work described in this scientific report represents our
effort made during the first year of a multi-year program. Our principal
scheme of experiment is to utilize the technique of Fourier spectroscopy
for observation of the infrared emission generated in low pressure, long
pathlength flow discharge. Since an insignificant amount of information
is available in literature for the laboratory study of the infrared
discharge emission, our main effort has been concentrated to develop the
technique most adaptable to our need.

During this phase of work, we have succeeded to produce a very

stable discharge condition which is essential for the spectrometry using

1! 4+

the Fouri echnique. We believe that the problem of generating the

ssion spectra has been solved at least to our satisfaction.
The recovered spectra show a good signal-to-noise ratio with a spectral
resolution of 1.0 em ~, a figure currently achieved. The interferogram
recording scheme used in the measurement is antiquated and preventing us
from extending the maximum path difference much beyond the presently
achieved figure of 1.0 fm_l. Within the next few weeks, we will intro-
duce a new recording scheme, expecting to improve the resolution to a

o -1 . g : ,
figure of 0.1 em ~, the limit imposed by the interferometer currently

T'he scientific report which is contained in the following pages was

presented at the 1977 Fall Meeting of the Optical Society of America

held at Toronto, Canada.
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INTRODUCTION

This report covers work done in the first year of a multi-year
contract to determine the infrared spectra of atoms and molecules under
conditions similar to those existing in the upper atmosphere. Low
pressure, long pathlength electronic flow discharges are generated in
various gases and the resulting emission spectra are obtained by means
ot Fourier spectroscopy. The discharge facility and data handling
system are described.

As evidence of the capability of the overall system, sample spectra
are presented of some of the species (CO, CO,, N , NI, OI) radiating in
the 16800 to T900 cm_1 spectral region. Optimum resolution to date is
Av = .96 cm_l. This effort continues with the current objective of

increasing the resolving power of the spectra, and a substantial increase

f the flow rate of the discharge to decrease the effects of contaminants.

EXPERIMENTAL

The discharge column is contained in a steel vessel (Fig. 1) one
meter in diameter and 33 meters long. A 1Z2-meter-long polished aluminum
electrode is centrally suspended in the midsection of this tank. This
central electrode ana the tank walls form the discharge configuration.

The discharge is powered by a 10 kw variable 60 Hz supply (Fig. 2).
Due to the high power dissipation, the central electrode is water cooled.
m Y

[ypical operating conditions are 2.5 kw (V % 1000 VAC, I = 2.5 A) supplied

$ e F

to the discharge and 1 kw dissipated in the load. The discharge may be
operated in the pressure range of 200 to 600 millitorr, depending on the

™ N

gas under consideration. By variation of the pressure and load, stable

conditions can be achievea over prolonged periods of time. As

the pressure range is limited, current density is essentially the only
independent variable affecting discharge conditions.

The optical system consists of two l-meter diameter, 33-meter focal
length spherical mirrors. The mirrors are focused on one another,
resulting in three passes through the discharge column, for an equivalent

optical path of 36 meters. The resulting /33 beam is then collimated by




a KBr lens and enters the interferometer, an Tdealab IF6 that has been
moditied for use in the 1 to 6 micron region. The interferometer uses a
Cai® beamsplitter and InSb and PbS cooled detectors. Its ultimate
resolving power is near Av ¥ 0.1 em . The path difference is monitored
with a He-Ne laser.

There are two basic data handling systems presently available or
near completion. For the spectra presented in this report, the inter-
ferograms were punched on paper tape and subsequently the data was
placed on a CDC 6600 computer for the Fourier transformation and
subsequent plot. This method, while workable, is extremely time-consuming
(slow punch rate) and has some inherent limitations as to the number of
data points that may be taken (16K) and the resolution of the A/D

conversion (10 BITS). This system limits resolution to about Av ¥ .6 cm

Near completion now is the system outlined in Fig

2
e D

. Here the radiation
from the discharge column (already chopped at 120 Hz) enters the inter-
ferometer. The detector signal (interferogram) is synchronously
amplified and passed to a 12 BIT A/D convertor locked to the inter-
ferometer's laser signal. The A/D output is passed through a parallel
interface to a DEC LSI 11/03 minicomputer and stored on a floppy disk.
The interferogram is then transmitted via a serial interface and a time-
sharing system to the CDC 6600 for processing.

TN 1T e
VLOULLO

Some earlier (1974-75) spectra of the discharge column were taken

with an interferometer and data reduction system provided by Dr. Randall

1 2

Murphy of AFGL. These are low resolution spectra (10 em ~ < Av < 50 cm

)s

as the operating time of the discharge column was limited due to the fact

that the central electrode at the time was not water cooled, and the
overall spectrometric system was set up for low resolution. Fig. U4 shows
a nitrogen flow discharge spectrum in the PbS region. The molecular

; - 3 St gelle ook ;
electronic band structure ot the B'll -+ A”L system is indicated according
& u

-

to the scheme of Sawn and Renesch.l Fig. 5 indicates the spectrum of an




oxygen flow discharge. The significant features here are atomic oxygen
lines at 5549 cm-l, 5485 cm_], 3703 cm_l, 3617 om_l, and 3456 C'm-l

These have previously been identiried by Saum and Benesch.? Both the
nitrogen and oxygen spectra were compared to a black body spectrum at
JKOA”K. The spectral radiance values 10—3 to 10—5 W/cmg—ﬁk—wuvenumber
appear to be typical of the signal strengths that are encountered.

Fig. 6 shows the spectrum of a nitrogen flow discharge. The conditions

under which this spectrum was obtained were the following: The power
supplied to the discharge was ~ 2 kw, i.e., 800 VAC at 2.5 amperes, and

the pressure was 250 millitorr. It took 3 hours to take the spectrum;

however, here the limiting factor was the speed of the paper tape punch.
The flow rate was 1 £/min. The discharge acts as its own chopper (120 Hz)
and thus the powerline frequency is used as a reference for synchronous

Pt : ke Lot -1
rectif'ication. The spectral range covered is 1800 -+ 7900 cm ~, the lower
limit being the cutoff frequency of the InSb detector, while the upper

S - : . S 2 S g -1
limit 1s due to the sampling interval. Spectral resolution is Av =1 em .,

Figs. T through 30 show this spectrum in more detail in increments of
. -1 O . el = .
250 em . It should be noted that the vertical gain is not the same for

all the spectra.
As perhaps could be expected, the strongest spectral features are

caused by impurities CO, CO,, and possibly OH and NH. Electronic
<

transitions in molecular and atomic nitrogen are also observed. From

-1 : - ; . : . :
186¢ st to 2150 em the CO vibration rotation bands predominate. From
5 =] Sl =1 g . y TE L Rt
JO cm to 2365 cm the v, fundamental band of CO, is clearly defined

5 &

3
(Fig. 2). In the 2500 cm to 3500 cm-l region several band systems have
been schematically indicated. The wide spacing of the emission lines in
hese spectra (high rotational constant % 15 Cm-l) indicates vibration
rotation bands of OH and NH. We feel that higher resolving power is

desirable for complete analysis of this spectral region. Another €O,
<

£ e i 1

- = ey
"eature appears at 3700 em ~. From 3800 em to 6600 cm there are some

. g b - -1 ;
small features as yet not identified. Between 6600 and 7700 cm we again
have electronic transitions in molecular nitrogen. Also atomic nitrogen

SL W o o
is observed at T360 em = and TWhb cm .




CONCLUSTION

We have shown that during the first year of this contract we have
established a low pressure, long pathlength gaseous discharge facility
ef'fectively simulating conditions in the upper atmosphere. The infrared
radiant flux from the discharge column is sufficient to produce spectra
with good §/N. With the new data handling system, and a faster pumping
system, both under construction, we will be able to produce higher
resolving power (Av % .0 um—;) emission spectra of the atmospneric gases

with lower impurity content.

i< K.A. Saum and W.M. Benesch, Appl. Opt. 9, 195 (1970).
2. K.A. Saun and W.M. pl. Opt. 9, 1419 (1970).
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