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1. Introduction

EXCEDE III (Excitation by Electron Deposition) is an atmospheric energy deposition
sounding rocket experiment that was launched on 27 April 1990 from White Sands Missile
Range. The sounding rocket was configured as a separable payload. The "mother" payload
module contained an electron accelerator and associated instrumentation while the "daughter"
module contained the majority of sensors. Included as part of the EXCEDE III daughter payload
were two Ebert-Fastie spectrometers and corresponding boresighted photometers operating at
3914 A. A boresighted photometer was mounted on each spectrometer and was designed to have
an identical field of view to that of the spectrometer. The two spectrometers scanned the
spectral regions between 1800 and 3300 A and 3000 and 8000 A, respectively. The purpose of
these instruments was to obtain profiles of the radiative processes of the excited atmosphere in
the UV and visible region at a fixed angular distance along the beam from the accelerator
module.

The configuration of the experiment and instrument complement have been described by
Rappaport et al. [1993]. A schematic of the EXCEDE III flight configuration depicting the
field-of-view of the spectrometers and the overall flight profile is shown in Figure 1. Each
respective FOV is a slit that was oriented across the beam and was designed to be significantly
wider than the beam diameter.

EXCEDE 1II is the fourth artificial aurora/atmospheric fluorescence sounding rocket
experiment in a series that began in 1974. The first flight, PRECEDE, was launched at White
Sands Missile Range on October 17, 1974 carrying a 2.5 kV, 0.8 A electron accelerator [O’Neil
etal., 1978a]. An electron beam was emitted beginning at 95 km on the upleg of the trajectory
and through apogee at 120 km and down to 80 km on the downleg. During the second flight,
EXCEDE II Test, the vehicle was spun at 1.9 Hz and deposited electrons in all directions as it
rotated. The electron accelerators provided up to 10 A of current at 3 kV in the altitude range
of 106 to 135 km [O’Neil et al., 1978a]. Neither of these flights carried optical spectrometers.

EXCEDE SPECTRAL, flown on 18 October, 1979, injected 7 A of 3 keV electrons at
altitudes similar to those in the previous two flights [O’Neil et al., 1978b; Lee et al., 1985] and
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was the first experiment in this series to measure UV and visible spectra. It carried two Ebert-
Fastie spectrometers on board with spectral ranges similar to those flown on the EXCEDE III
payload. The EXCEDE SPECTRAL spectrometers did not contain any foreoptics, had FOVs
of 12° X 12°, and had no corresponding boresight photometers for normalization. The electron
accelerator and sensors both operated from the same platform, and as a result of their proximity,
acquired spectra that were contaminated by outgassed water vapor from the skin of the sounding
rocket.

The mother-daughter configuration used for the EXCEDE III flight successfully avoided
any spectral contamination caused by outgassing. The EXCEDE III sounding rocket experiment
also is distinguished from the earlier experiments by having emitted the largest amount of power

(~45 kW) into the atmosphere.
2. Equipment

Two Ebert-Fastie spectrometers were included in the daughter payload and measured the
optical signatures from electron impact excited regions of the atmosphere. The UV spectrometer
scanned the spectral region from 1300 to 3300 A although the spectral response was cut off at
1800 A because of inadequate purging of O, in the payload; the visible spectrometer scanned the
region between 3000 and 8000 A. Both spectrometers contained additional foreoptics to reduce
the fields-of-view to a long slit in order to make measurements of a thin slice of the beani ata
fixed angular distance from the accelerator. This field-of-view was duplicated by an associated
3914 A boresighted photometer and used to provide normalization of the beam intensity.

Figure 2 shows a schematic drawing of the spectrometers. Both spectrometers were made
by Research Instruments Inc. (RSI) of Cockeysville, Md. (Model 16-251). Light incident on
the entrance slit was reflected from a spherical mirror having a 1/4 meter focal length and
focused onto a flat grating that rotated. The dispersed light was reflected back onto the spherical
mirror and out the exit slit where it was detected with a photomultiplier tube.

The dynamic range of the instrument was expanded by a factor of ~ 100 by periodically
placing a neutral density filter in front of the entrance slit. During the flight the ND filter was
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rotated into position during every other scan of the spectrometer. The filter wheel holding the
neutral density glass also held order sorting filters designed to block the wavelengths caused by
higher order dispersions.

The Ebert-Fastie spectrometer design was chosen because of its compactness, simplicity,
stability, and spectral resolution [Fastie, 1952a; Fastie, 1952b; Samson, 1967]. This design was
originally invented by Eberr [1889], and was rediscovered by Fastie who was responsible for
additional refinements. A significant refinement was the use of curved slits at the entrance and
exit apertures which resulted in the removal of astigmatism and better spectral resolution when
long slits are used.

Table 1 is a list of characteristics of the UV and Visible Spectrometers.

Table 1: Specifications for UV and Visible Ebert-Fastie Spectrometers

Type: uv Visible

Focal Length: 1/4 Meter 1/4 Meter

Wavelength Range: 1300 to 3300 A 3000 to 8000 A

Spectral Resolution: 6 A (FWHM) 13.2 A (FWHM)

Slit Width: 0.036 cm 0.035 cm

Slit Length: 2.86 cm 2.54 cm

Field of View (incl. ~0.075° X 6° ~0.083° x 6°

foreoptics)

AQ: 4.45 X 107 cm?-sr 3.85 X 103 cm?-sr

Grating: 2400 I/mm blazed at 2400 A; | 1200 I/mm blazed at 5000 A;
Al and Al/MgF, coating Al and SiO, coating

Spectral Scan Rate: 2.1 Seconds 2.6 Seconds

Data Sampling Rate: 750 Samples/Seconds 750 Samples/Seconds

3. Post-Flight Calibration

Post-flight calibrations were performed on the spectrometers and boresighted photometers.

Specifically, the wavelength calibrations for the two spectrometers used in the analysis were
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reworked using in-flight data and more detailed measurements of the nonlinearity of the

photomultiplier tubes were made.

3.1 Wavelength Calibration. The wavelength calibrations for the spectrometers were obtained
using in-flight data. Previously, the wavelength was calibrated against the output of the an
incremental encoder that registered the position of the spectral grating. This encoder was
mechanically attached to the rotating axis of the spectral grating via a timing chain. It was
determined that much better accuracy could be obtained if the sample number in the spectrum
was used as an index in place of the encoder value. The improved accuracy is the result of
better mechanical rigidity, however, jitter in the position of the grating of typically one sample
is still evidenced (e.g. Plate 4).

The encoder information was used to determine the start of the a spectral scan. However,
for mechanical reasons the start can be determined only to within a few samples and each scan
must be registered to an arbitrary reference scan. This was done by choosing several well
defined spectral features in each scan and adjusting the start of the scan until the wavelengths

of the spectral features were in agreement with those of the reference scan.

3.2 Nonlinearity. The nonlinearity of the photomultiplier (PMT) counts as a function of
incident photons was remeasured for the two photometers and the UV spectrometer.
Unfortunately, the visible spectrometer was not able to be remeasured due to a failure of the
PMT. The new measurements resulted in more data points on the non-linearity curve at high

count rates and hence a better mapping of the region just before saturation occurs.
4. Boresight Photometers
A boresighted photometer measuring the N, *(1N) 0-0 band at 3914 A [Rieder et al., 1993]

was part of each spectrometer package and was designed to provide normalization against

changes in the beam intensity for the spectral scans. Each photometer was mounted on the same




platform as its respective spectrometer and was designed with overlapping fields-of-view. Both
photometers used narrow band filters centered at 3914 A, each having a width of 14.4 + 1 A
(FWHM).

The fields-of-view for each instrument are (2.72 + 0.22) X 10 cm?-sr and (1.89 + 0.3)
X 102 cm?-sr for the UV and Visible photometers, respectively. A mapping of the field-of-view
for the UV boresight photometer is shown in Figure 3. This FOV is characteristic of those seen
for the UV and Visible spectrometers and the other boresight photometer. The ridge crest has
been smoothed to remove spurious spikes introduced from the computer graphics interpolation
scheme.

The calibration was applied to the two data sets and their respective intensities are shown
in Figures 4a and 4b as a function of time. The two plots are in good agreement with each other
and provide the temporal history of the beam. The data are presented here in a form that can
be used to normalize the spectrometer. Because the field-of-views are the same for the
photometer and its respective spectrometer, the two instruments are exposed to the same
geometric efficiencies and may be divided into each other. The fields-of-view are long slits that
are underfilled by the beam for most of the flight. The profiles shown in Figure 4 have not been
corrected for this geometry and therefore cannot be treated as a measurement of the energy
deposition per unit length of the beam.

The intensity profile for the 3914 A emission follows the atmospheric density. The lowest
intensities being at apogee where the density is smallest and increasing in intensity at lower
altitudes. Other prominent features in the profile are two lower intensity pulses between 205
and 218 seconds. These two pulses have been confirmed by other independent measurements
to result from a reduction in the accelerator output. Other artifacts such as electrical load faults
from the electron accelerator (e.g. t = 151 seconds) and beam power oscillations caused by
interference from the attitude control system [Rieder et al., 1993] are also seen.

A running average over nine samples (12 ms) was applied to the data to reduce the
fluctuations from counting statistics. In addition, data from both of the boresighted photometers
become saturated at the lower altitudes and cannot be used to normalize their respective
spectrometers. A comparison of these data with comparable data from the EXCEDE III X-ray
experiment [Rappaport et al., 1993], indicate that the X-ray data set can be used in place of the

7
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saturated optical data set for normalizing the beam intensity. The X-ray data have been scaled
and substituted for the optical data when the latter is in saturation in order to reclaim the low-
altitude spectral scans. The times when X-ray data are used are denoted in the figure by a
dotted line. The UV boresight data set required substitution of X-rat data for only one pulse at
142 seconds (pulse 4 - maximum dose); these data were used to normalize UV spectral scan
numbers 5, 6, and 7. The Visible boresight photometer utilizes X-ray data at 142, 149, and 262
seconds (beam pulses 4, 5, and 21); these data correspond to Visible spectrometer scan numbers

4 through 8 and 48 through 49.

5. Analysis and Results

5.1 Presentation of Data. The data are presented in several forms. Plates 1 and 2 are
spectrograms of the entire UV and Visible data sets and are intended to provide an overview of
the data to the reader. The wavelength and intensity (telemetry voltage to counting rate)
calibrations have been applied to the data; however, background subtraction and normalization
with respect to the beam intensity have not been performed.

Figures 7a and 7b are line plots showing typical spectral scans afer any backgrounds have
been subtracted off and the spectra have been normalized with respect to the beam intensity
using the boresight photometer data sets.

Plates 3 and 4 are spectrograms of the unattenuated spectral scans only and have been
designed to provide a direct comparison of scans at different altitudes. These spectrograms have
been constructed from line plots similar to those shown in Figures 7a and b. The background
has been subtracted and the spectra have been normalized with respect to the beam intensit y as
determined by the boresight photometers. Each spectral scan has been normalized to the N,*
(IN) 0-1 band at 4278 A.

5.2 UV Spectrometer. A total of 27 scans contain usable data and, of those scans, 14 complete

scans are available. Table 2 is a list of the time and corresponding altitude of the start of each

scan along with the portion of the scan having spectral information. A visual display of this

11
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Table 2: EXCEDE III UV Spectrometer Scans

Scan Start  Altitude Wavelength

No. Time (sec)

O 00 ~IONWUN AWM=

L LW LW WRNMNDNDNNDNDNDNDND = = e e e et ek ek ek
PAWNOROVLONNOANMPE WD, OWOLONOANUNPE, W RO

132.935
135.160
137.386
139.610
141.834
144.059
146.283
148.507
150.731
152.956
155.182
157.407
159.631
161.856
164.082
166.306
168.528
170.752
172.978
175.203
177.428
179.654
181.877
184.104
186.328
188.552
190.776
193.001
195.225
197.449
199.674
201.900
204.125
206.350

(km)

96.772

98.056

99.293
100.482
101.624
102.721
103.769
104.771
105.727
106.635
107.498
108.313
109.081
109.802
110.477
111.104
111.684
112.218
112.705
113.145
113.539
113.886
114.185
114.438
114.644
114.803
114.916
114.981
115.000
114.972
114.897
114.775
114.606
114.390

Range (A)

2900 - 3200

1800 - 3200
1800 - 2470
3000 - 3200
1800 - 2850

1800 - 3200

180(; - 3200
180(; - 3200
180(3 - 1950
180(3 - 3200
250(; - 3200
180(; - 2760

1800 - 3200

1800 - 3200

1800 - 3200

14

Scan Start  Altitude Wavelength

No.

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Time (sec)

208.576
210.798
213.024
215.248
217.472
219.698
221.921
224.146
226.372
228.598
230.821
233.045
235.269
237.494
239.719
241.944
244.168
246.393
248.619
250.843
253.068
255.293
257.518
259.742
262.071
264.191
266.416
268.641
270.865
273.092
275.316
2717.540
279.764

(km)

114.128
113.819
113.463
113.060
112.610
112.114
111.570
110.980
110.343
109.659
108.928
108.151
107.327
106.455
105.537
104.572
103.560
102.501
101.395
100.243
99.044
97.798
96.505
95.166
93.713
92.346
90.865
89.338
87.764
86.142
84.475
82.761
81.000

Range (A)

180(; - 1840
180(; - 3200
240(; - 3200
180(5 - 2680

1800 - 3200

1800 - 3200

1800 - 3200

1800 - 3200
2320 - 3200
1800 - 2590

1800 - 2200

2500 - 3200




information is shown in Figure 5. Each spectral scan is represented on the figure as a square.
The darkened fraction of a square indicates the portion of the scan having spectral data.

The UV spectrometer data set for the entire flight is shown in Plate 1. The UV data set
has been calibrated and is plotted as a function of wavelength. The scan number is plotted along
the y-axis and is commensurate with the mission elapsed time.

No spectral information is seen below 1800 A although the UV spectrometer was designed
to operate down to wavelengths as short as 1300 A. This unexpected spectral attenuation is
likely due to inadequate purging of the payload and absorption of these shorter wavelengths by
oxygen. We have calculated the amount of O, needed to attenuate the wavelength response at
1800 A and find it is consistent with measurements of the pressure inside the payload during the
flight.

The dark portions between scans represent times when the electron beam was turned off.
The duty cycle of the beam was not synchronized with the spectrometer scan rate and
consequently the beat frequency of the two periods is seen.

Every other scan contains very little signal implying that the signal strengths were not
strong enough to operate within the dynamic range of the attenuated scans. Therefore, the
spectral scans with the neutral density filter in place contain almost no useful information and
only the unattenuated UV spectral scans provide significant spectral data.

A series of spectral emissions appear relatively close together below ~2200 A. Other well
defined spectral features are also observed and appear to get wider and spaced farther apart as
longer wavelengths are approached. Relatively bright emissions are seen above ~2800 A.

Scans with the beam turned off have been studied to examine background levels from the
UV spectrometer. The corresponding signals are found to be negligible, therefore, no

background corrections are required.
5.3 Catalog. The UV spectrometer data set has been cataloged and is presented in Appendix

B. Page one of the appendix is a list of the time, altitude, and spectral range for each scan that

was previously shown in Table 2. The odd numbered scans were obtained with the neutral

15
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density filter in place. These attenuated scans contain no signal or background and while they
are included in the list they have not been included in this catalog. Blank scans obtained with
the beam turned off were also not included.

All scans appearing in the appendix have been normalized to the UV boresight photometer
data set and are plotted with a linear intensity scale. Each UV spectral scan has been normalized
to the nearest visible spectral scan using the N,(2P) 1-0 emission at 3159 A which both scans
have in common. This ultimately relates the UV spectrum to the N,*(1N) 0-1 band at 4278 A,

where the band intensity has been defined to be equal to one.

5.4 Visible Spectrometer. The Visible spectrometer data set contains a total of 53 scans, and
of those scans 10 complete unattenuated scans are available. Table 3 is a list of the start times
of usable scans, the altitudes at the start of these scans, and their respective wavelength ranges.
A graphic display of this spectral scan information is presented in Figure 6. The darkened
fraction of each square represents the portion of the spectral scan containing useful data.

The Visible spectrometer was used to make measurements between 3000 and 8000 A which
overlap with the UV spectral data over the range 3000 to 3300 A. The Visible spectrometer
data set for the entire flight is shown in Plate 2. The calibration has been applied to the raw
data and these data are plotted against their respective wavelengths. The scan number is plotted
along the y-axis and is proportional to the mission elapsed time. Again the darkest portions of
the scans represent times when the electron beam was turned off. The beam cycle period was
not synchronized with the spectrometer scan cycle and consequently there is a beat frequency
between the two periods. Half of the scans have been attenuated with a neutral density filter;
these scans appear as the gray areas sandwiched between the blue (higher intensity) strips.

Several bright well defined emissions are seen between 3150 and 4700 A. The most
prominent emission is the 3914 A band that is also identified as a prominent emission feature
in natural aurora. The 5577 A emission from atomic oxygen is also easily identified in this
plate. The spectrogram shows an overall enhancement in intensity at wavelengths greater than

~6000 A; this is primarily due to the N,(1P) series in conjunction with an increasing
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Table 3: EXCEDE III Visible Spectrometer Scans

Scan Start  Altitude Wavelength

No. Time (sec)

OO0 IV & W=

NRD RN DN NI BN DD bt b ek ok o ot ek et ek ek
SN OB LV R OV WNRRO

132.212
135.010
137.808
140.606
143.403
146.202
149.000
151.798
154.598
157.395
160.194
162.991
165.788
168.587
171.384
174.183
176.980
179.779
182.578
185.377
188.174
190.972
193.770
196.568
199.365
202.164
204.961

(km)

96.345

97.470

99.522

100.999
102.402
103.732
104.987
106.168
107.276
108.308
109.267
110.152
110.962
111.699
112.361
112.949
113.464
113.904
114.270
114.562
114.780
114.923
114.993
114.988
114.910
114.757
114.530

Range (A)

3500 - 6800

3000 - 8000
3000 - 5600
4700 - 8000
3000 - 8000

3000 - 8000
3000 - 6000
5180 - 8000
3000 - 8000
3000 - 3500
3000 - 8000
3000 - 6500
5600 - 8000
3000 - 8000
3000 - 3900
3000 - 8000
3000 - 6900
6000 - 8000
3000 - 8000
3000 - 4300
3500 - 8000
3000 - 7300
6400 - 8000
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Scan Start  Altitude Wavelength

No.

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Time (sec)

207.760
210.558
213.357
216.154
218.952
221.750
224.548
227.345
230.144
232.941
235.740
238.538
241.336
244.130
246.932
249.730
252.527
255.324
258.123
260.920
263.719
266.516
269.315
272.114
274.911
2717.708

(km)

114.230
113.855
113.405
112.882
112.285
111.614
110.869
110.049
109.156
108.188
107.146
106.030
104.840
103.576
102.238
100.826
99.340
97.780
96.145
94.437
92.654
90.798
88.866
86.861
84.782
82.630

Range (A)

3000 - 8000
3000 - 4700
3800 - 8000
3000 - 7800
6850 - 8000
3000 - 8000
3000 - 5150
4300 - 8000
3000 - 8000

3000 - 8000
3000 - 5600
4700 - 8000
3000 - 8000
7680 - 8000
3000 - 8000
3000 - 6100
5100 - 8000
3000 - 8000

3000 - 8000
3000 - 6400
6050 - 8000
3000 - 8000
3000 - 3800
3500 - 8000
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EXCEDE III UV SCAN No. 12 at 157.4 Sec. and 108.3 Km.
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EXCEDE III VISIBLE SCAN No. 10 at 157.4 Sec. and 108.3 Km.
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Kaplan ground state bands are denoted, however, very little strength is apparent in these spectra.
These emissions are forbidden transitions and therefore are not prompt.

A few of the strongest NOv bands located in the UV are also denoted on the figure and
appear to be weak. Two of these NOvy bands are located at 2262 and 2479 A where well
defined peaks exist. However, these peaks are better identified with the Herman-Kaplan 0-4
band at 2471 A and the N,(4P) 0-0 band at 2261 A. This is because very little strength in other
NO+ emissions is seen (e.g. NOy 0-1 at 2370 A or NOy 0-2 at 2596 A) whereas many other
Herman-Kaplan and N,(4P) series of bands are clearly identified in the data.

The N,(1P) bands and the N,*(1N) bands make up the majority of the spectrum between
3000 and 5000 A. The N,*(IN) 0-0 band at 3914 A is the largest intensity emission in the
spectrum. Other prominent bands are the N,*(1N) 0-1 band at 4278 A, and the N,(2P) 0-0 and
0-1 emissions at 3371 and 3577 A, respectively. The N,(1P) series of bands are the prominent
features from 6000 to 8000 A and appear to have larger FWHM when plotted against A.

Several atomic lines have also been identified, the most intense being the 5577 A OI line.
This is a delayed emission feature and is responsible for the characteristic green color seen in
natural aurora; another detected oxygen line is at 7774 A. Other atomic lines easily identified
are due to atomic nitrogen at 3466 A N(*P) and 5005 A NII.

Plates 3 and 4 are spectrograms of all unattenuated UV and Visible spectral scans obtained,
respectively. The scans have been normalized by their associated boresight photometer data sets
on a sample by sample basis. This normalization is important for removing any temporal
perturbations in the electron beam such as the beam power oscillations caused by the Attitude
Control System.

While the UV data scans have negligible non-source background the Visible spectral scans
have significant background which must be subtracted off before dividing by the boresight
photometer data. The background was determined by examining the beam-off spectra and was
found to be the same each scan.

The spectral scans from the Visible spectrometer all have arbitrary units and were
normalized to the N,*(1N) 0-1 emission at 4278 A. The 4278 A band was used for normalizing
the other spectral features because of the quality of its measurement and because it is easily
related to the N,*(IN) 0-0 band at 3914 A. The area under the 4278 A emission band was
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defined to be equal to one; for scans where this line was not available, a normalization constant
was derived by interpolating between spectra.

The UV spectral scans are also plotted in relative intensity units and have been normalized
using the N,(2P) 1-0 band at 3157 A, a region where the UV and Visible spectra overlap. The
area under this emission band in the UV spectra was scaled to match the same emission found

in the Visible spectrometer data set; this in turn references all spectra to the 4278 A emission.

The Visible spectrum reveals numerous strong emission bands. The prompt N, IN and
2P series characterize the spectrum below 5000 A. The N,(1P) series is observed starting at
~ 6000 A; although the peak intensities are considerably less than the emissions below 5000 A,
each band is significantly broader in wavelength. The other prominent emission throughout the
flight is the 5577 A delayed emission from atomic oxygen.

The tendency for spectral features to appear broadened at longer wavelengths is largely a
consequence of the spectrometer design. The spectral scans are all measured as a function of
wavelength because the spectral grating in the spectrometer is rotated in steps of constant A.
The expression relating changes in Av to A\ is given by Av=-AN/A2. Therefore, two peaks with
the same Av, but having wavelengths differing by a factor of two, will appear to have line
widths differing by a factor of 4 when plotted as a function of wavelength.

The strongest band in every scan is the N,*(1N) 0-0 band at 3914 A. The count rates
from this emission were sufficiently high in the unattenuated spectral scans to drive the
photomultiplier tube into saturation, with the possible exception of times near apogee.
Unfortunately, a recent failure of the detector in the laboratory precluded any post flight
nonlinearity calibration to further examine the behavior of the tube near saturation. Therefore,
we must rely exclusively on the attenuated scans for measurements of the 3914 A emission band.

Normalizing all spectra to the 4278 A emission allows the comparison of band efficiencies
over the entire flight. All prompt emission bands in the UV and visible spectrum appear to be
approximately constant in intensity over all respective spectral scans implying that the emission
rate is at least approximately independent of altitude. A slight reduction in intensity is obsefved
for the delayed 5577 A line over the flight; however, the interpretation of this feature requires

further consideration of the geometry and oxygen concentrations.
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5.7 Attenuated Spectra. Plate 5 shows a condensed plot of the attenuated scans from the Visible
spectrometer after background subtraction and normalization. Although the data are noisy,
spectral emission features are seen at 3914 and 4278 A. We note that the measurements of the
3914 A emission in these spectral scans do not approach saturation.

The absolute intensities of the 4278 A band measured from the attenuated and unattenuated
scans have been compared and are in excellent agreement.

Figure 9 is a plot of the ratio of the N,*(1N) 0-0 band intensity at 3914 A to the N,*(IN)
0-1 band intensity at 4278 A over the flight using the attenuated spectral scans. The ratios
derived from data having scan numbers between 20 and 40 correspond to altitudes above ~ 110
km. The counting statistics for these scans (particularly the 4278 A emissions) are very poor
and are reflected in the large error bars. Given the large uncertainties, the ratio is consistent
with being a constant throughout the times shown in Figure 9.

The two band emissions result from the same initial molecular states but different final
states and are related to each other by their respective Einstein radiative coefficients if quenching
or branching is not significant. A ratio of 3.27 is obtained [Jones, 1974] based on the work of
Shemansky and Broadfoot [1971]1; The EXCEDE III data are consistent with a constant value of
~2.7 over the altitude range (85-115 km) of the flight.

5.8 Comparison of Antificial and Natural Aurora. Figures 10a-c are plots of UV and optical
spectra compiled by Jones, [1974] typical of IBC 2-3 natural aurora at altitudes between 110 and
120 km. The fundamental difference between the EXCEDE III spectra obtained and that from
a natural aurora is the absence of delayed emissions in the EXCEDE III spectra. The difference
in the temporal history of the emissions seen in the EXCEDE III data results from the
significantly shorter dosing times inherent in the design of the EXCEDE III experiment. Long
lived emissions such as the 6300 A OII emission (Figure 10c) and the N, Vegard-Kaplan
emissions between 2100 and 3400 A (Figure 10a) are clearly seen in natural aurora but are
absent from the EXCEDE III spectral scans. A comparison of prompt emissions indicate that

the two data sets have very similar prompt spectral features.
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5.9 Spectral Efficiencies. As was discussed above, all spectral scans have been normalized to
the N,*(1N) 0-1 band intensity at 4278 A which was set equal to one. The band intensity is the
area under the molecular emission or XI;0N, where L is the intensity in the jtz bin of the
transition of interest and oA is the width of the I, bin.

The denominator (i.e. the 4278 A band intensity) has already been set equal to one,
therefore, the efficiency of a particular emission is equal to the area underneath the band after
any continuum has been removed. Figures 11 and 12 are compilations of this ratio for numerous
wavelength regions. No attempt to fit individual peaks has been made.

The efficiencies derived from the Visible spectrometer data set (A >3000 A) are consistent
with constant values over the entire flight. This implies that the relative production rates of
these prompt emissions are independent of altitude.

The efficiencies for the UV spectrometer data set with the exception of the N,(2P)
emissions near 3000 A are not constant over the flight. All emissions below ~2900 A indicate
enhancements at 170 s and after 210 s. These changes can be observed by comparing the yields
at shorter wavelengths to the 3159 A emission (which is roughly constant) for the two spectra
at 157.4 s and 228.4 s (see Appendix A).

The N,~(IN) 0-0 band at 3914 A would make a better reference for determining
efficiencies than the N,*(1N) 0-1 band because of its prominence in aurora and its use as a
measure of the primary ionization and, hence, the energy deposition in the atmosphere.
However, a better experimental measure of the 0-1 band at 4278 A was obtained and it is
therefore used in place in the 3914 A band. The ratios can be related to the 3914 A band by
dividing by ~2.7, the ratio of 3914 A to 4278 A band intensities derived from the attenuated

scans discussed above.

5.10 3805/3914 Ratio. Emissions at 3805 A result from the excitation of the (0,2) second
positive band of N, denoted N,(2P) 0-2 [Borst and Imami, 1973; Burns et al., 1969]. The
excited state produced by electron impact is C* II, which has a lifetime of 50 ns [Jones, 1974]
and decays to B’ IT,. The excitation functions for the N,(2P) v’ = 0, v" transition (=2 in this
case) are typified by the (0,0) transition [Jobe et al., 1967]. The cross section threshold is ~ 11
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eV with a sharp resonance peak near 14 eV and subsequent rapid decrease with energy [Burns
et al., 1969]; hence, emissions at 3805 A are a diagnostic for the low-energy secondary
electrons produced by the primary beam electrons [Borst and Imami, 1973].

A value for the ratio of the 3805 A to 3914 A emission was obtained from the optical
spectrometer data. The ratio of the band intensity in the spectral region 3771 to 3820 A
containing the 3805 A emission to the 4278 A band was divided by the 3914/4278 A ratio
obtained from the attenuated optical spectral scans and is plotted in Figure 13. A value of
®(.085 is obtained which is in excellent agreement with the value of 1/12 found in natural

aurora [Jones, 1971].
6. Summary

A goal of the EXCEDE III atmospheric energy deposition experiment was to monitor the
spectral excitations from the energy deposition profile produced by the ~ 18 Ampere ~2.5 keV
electron beam. Two Ebert-Fastie spectrometers were used to collect UV and optical spectra
between the altitudes 82 and 115 km and over the spectral range 1800 to 8000 A. Spectral
features have been identified and efficiencies relative to the N,*(1N) 0-1 band at 4278 A have
been calculated. The measured spectra were compared with those obtained from natural aurora
and appear to differ primarily by the absence of delayed transitions. Finally, all spectra have

been presented and a data base has been prepared.
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