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FUV-Visible Photometric Imaging of Aurorae

W.K. TOBISKA,! 2 G.R/GLADSTONE,13 S. CHAKRABARTL! 4 M.G. SHEPHERD, 6

J.C. McCoNNELL,? R. LINK,!1 3 G. SCHMIDTKE,? AND G. StASEK8

Photometric images of 130.4-, 337.1-, 391.4-, and 557.7-nm auroral airglow emissions are pre-
sented for November 16, 1980, and December 9, 1981. Unique observations and new data reduction
techniques allow 360° imaging of the local auroral emissions on both days and a view of spatial and
temporal variability. The 1980 aurorae, one nonpulsating and one pulsating, are located in the
moming sector. We find that the 1980 diffuse, nonpulsating aurora was located < 75 km from the
rocket in a northern location with respect to the rocket and was produced by electrons with a char-
acteristic energy of 200-300 eV. The pulsating aurora was located > 75 km in a western location
and was produced by electrons with a characteristic energy of 2-3 keV. Both the near (northern)
and far (western) aurorae had motion and size characteristics consistent with northeasterly drift
rates of 200-500 m s'! and 30-50 km in size, respectively. The 1981 flight observed a stable arc in
the evening sector. The arc was produced by electrons with a characteristic energy of 1-3 keV and
had a probable 1/e width of approximately 75 km. For both flights, the 557.7/391.4 and 337.1/391.4

ratios were approximately constant.

INTRODUCTION

The flight of the E-2 payload during the Energy Budget
Campaign (EBC) in 1980, which included the EF-11 spec-
tometer/photometer, and the reflight of the spectrome-
ter/photometer experiment a year later in 1981 provided
detailed information on the spatial, temporal, and spectral
characteristics of diffuse and stable arc aurorae, respec-
tively. The EBC, as summarized by Offermann [1985],
studied the structure and variability of the upper atmo-
sphere due to indirect solar energy inputs. Seid! et al.
{1983] and Schmidtke et al. [1985] describe the two rocket
flights and the EF-11 instrument in detail.

Briefly, the EF-11 instrument package consisted of spec-
trometer and photometer units. Nine detectors scanned
wavelength ranges in two spectrometers from 50- to 240-
nm with 1-nm resolution and from 105- to 640-nm with 3-
nm resolution. Niné additional photometer channels ob-
served discrete emissions from the extreme ultraviolet
(EUV) 1o the visible part of the electromagnetic spectrum.
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The photometer fields of view for channels 6 through 9

(130.4-, 337.1-, 391.4-, and 557.7-nm, respectively) used in

this study were 4°.6 horizontal and 4°.7 vertical (i.e., along

the rocket axis) or approximately 9°x10°, The photometer

(halfwidth) passband of channel 6 (130.4-nm) was 17.5-nm

with < 1% transmission at 121.6-nm, of channel 7 (337.1-

nm) was 9.0-nm, of channel 8 (391.4-nm) was 7.8-nm, and

of channel 9 (557.7-nm) was 3.7-nm. In both flights, the
rockets were stabilized nearly vertically and the instruments
sensed horizontally, with the spectrometer and photometer

units viewing 180° apart. This instrument configuration,

combined with the ~2.5 Hz spin frequency of each rocket,

allowed a 360° view as a function of altitude in the auroral

region above the launch facilities at Kiruna, Sweden (67.9

N, 21.1 E) for both flights. The first flight was on

November 16, 1980 (EBC payload E-2, Salvo B, 0312 UT,

hereinafter referred to as flight 1) and the other was on

December 9, 1981 (2125 UT, hereinafter referred to as

flight 2). ‘

The 20-spin averaged height profiles of the 130.4- 337.1-,
391.4-, and 557.7-nm photometer-measured emissions, the
spectrometer observations from 100- to 640-nm for both
flights, and a preliminary overview of the data are pre-
sented by Seidl et al. [1983] and by Schmidtke et ai. [1985].
Shepherd et al. (unpublished manuscript, 1993) have pre-
sented a detailed analysis of the sources of the 557.7-nm
emission observed during flight 1. The current work pre-
sents a detailed look at the FUV-VIS photometer data along
with a preliminary morphological study of temporal and
spatial distribution of the observed aurorae of flights 1 and
2,

EF-11 INSTRUMENT DATA REDUCTION

Photometric data for both flights of the EF-11 instrument
were processed to provide spatial and temporal information
of the auroral features during flight 1 and the stable arc au-
rora during flight 2. Photometers of the EF-11 instrument
recorded the emissions at 83.4-, 98.9-, 120.0-, 168.8-,
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215.0-, 130.4-, 337.1-, 391.4-, and 557.7-nm at a rate of
one data point every 4 ms or about 100 measurements per
spin. Photometer data for the first five emissions are not
presented here due to low signal-to-noise ratios. A rather
unique feature of the experiment was that the rocket spin
axis was stabilized in the vertical direction with the instru-
ment field of view perpendicular to the spin axis. This con-
trasts with the more traditional auroral viewing geometry
parallel to the rocket spin axis. The resulting horizontal
view of the instrument made possible a spatial mapping of
the local auroral emissions over 360° relative azimuth with
a time resolution of the rocket spin rate.

The data reduction was complicated as a result of unavail-
able aspect information for these two flights. The general
sequence of data reduction was as follows. The auroral im-
ages for both flights 1 and 2 were produced by first binning
the data by altitude and then sorting it into relative azimuth
angles, each covering 9°, In each altitude layer, which typi-
cally covered less than a kilometer, the relative azimuth an-
gle of maximum intensity was shifted such that the maxima
were placed at a common azimuth angle. The algorithm
was similar for both flights. The results are shown as Plate
1 for flight 1 and Plate 2 for flight 2. The upleg and down-
leg panels are shown for each of four emissions during both
flights and a detailed explanation of the plates occurs be-
low. '

Reduction of the data for flight 1 was complicated in part
by an apparent change in the rocket spin rate which ap-
peared as a nonstationary periodicity between successive
minima in the photometer count rates. In effect, the ob-

served spin rate increased uniformly from 2.5 to 2.7 Hz

during flight 1 with smaller magnitude periodic and random
spin rate fluctuations superimposed upon the secular
change. R. Grabowski (private communication, 1991) has
independently confirmed an increasing spin rate of flight 1
attitude data from 2.5 to 2.7 Hz. These nonstationary effects
were removed from the data set to obtain auroral images
combining temporal and spatial information described be-
low and to provide a view of the local auroral emissions for
comparison to ongoing modeling efforts.

Three separate phenomena can account for these apparent
spin rate variations. First, the flight 1 rocket [Offermann,
1985; Grabowski et al., 1985] moved northward with an
average velocity of 160 m s over a trajectory groundtrack
distance of 72 km during the approximate 450 s of total
flight. This rocket motion relative to an Earth reference
frame (i.e., parallax) was combined with a radar-measured
200 to 500 m s-! northward electron drift velocity (Gra-
bowski et al., 1985] assumed to be coincident with regional
auroral patch motions in an Earth reference frame. These
two motions combined to produce a unique observational
geometry of the moving auroral patches by the rocket-borne
photometers which resulted in only small apparent parallax.
To first order, the rocket and aurorae were moving in the
same direction with approximately similar velocities. Swift
[1981] noted that an eastward drift direction is typical of a
morning sector diffuse pulsating aurora located equator-
ward of the auroral emission region. His 100-1000 m s-!
range of velocities bracket the Grabowski et al. [1985]
measurements, In addition, the parallel electron beams from
150 to 230 km at the 166° and 260° angles in the 391.4-nm
observations indicate no evidence of significant distance
changes between the field lines during the flight. Hence this
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signifies no strong velocity shears between the patches nor
strong electric field gradients [Johnstone, 1978). The de-
duction is that neither rocket/aurorae relative motion taken
alone nor both motions taken together is able to reproduce
the observations during the flight without the inclusion of a
third component contributing to an apparent spin rate in-
crease. In other words, the parallax effect was not a major
contributor to the observed increase in the spin rate of flight
1 although this effect can be seen in flight 2.

Surprisingly, it seems that during flight 1 an actual in-
crease in the spin rate occurred. A rocket spin rate can be
increased by applying torque to the vehicle using a force in
the proper direction at an appropriate lever arm. In the case
of flight 1, the relative angle through which the rocket-to-
aurora line-of-sight vector changed was approximately 30°
from an initial reference point using the observed auroral
features at the start of the flight. The direction of relative
angular change of the two auroral patches was consistent
wlith rocket spinup having an angular motion of about 0.08°
sl

Assuming a Skylark rocket moment of inertia similar to
that of a small spinning spacecraft, a thruster force of ap-
proximately 0.1 N perpendicular to the spin axis or, equiva-
lently, a pressure of about 1x10* Pa at a 0.1 cm?2 vent
would be sufficient to produce this spinup. A potential
mechanism for this pressure at a vent in the rocket skin is
suggested below.

The E2 rocket carried an infrared grating spectrometer
[Offermann, 1985] in addition to the spectrometers de-
scribed above. Grossman et al. [1981] describe the opera-
tion of the infrared instrument which contained a 10 liter
liquid helium tank (filled with approximately 1/2 kg of he-
lium (K.U. Grossman, private communication, 1992)).
Cooling of the infrared instrument to 4.3 K was obtained by
liquid helium evaporation which was subsequently ex-
bausted to a radiation shield near the skin of the rocket. if
approximately 10% of the helium was released during the
flight (K.U. Grossman, private communication, 1992) with
a mass flow of 5x10-2g s'! through vent(s) in the rocket
skin totaling 0.1 cm?2, then gas particle exit velocities on the
order of 5 m s-! would have produced an exit pressure of
1x10* Pa. These are reasonable values for considering he-
lium venting as a candidate to produce the increasing rocket
spin rate.

K.U. Grossman (private communication, 1992) noted that
the rocket in flight 1 also had an active attitude control
system used to keep the rocket vertically stabilized. Thus it
is highly probable that the measured increase in the spin
rate occurred as a combined result of both the helium vent-
ing and an active attitude control system,

This heuristic argument utilizing rocket trajectory, abso-
lute aurora drift, and rocket helium venting/attitude control,
accounts for the observational geometry of both aurorae
relative to the flight 1 rocket and can satisfy additional
physical constraints for the distance to the two auroral fea-
tures which are discussed below. The flight 2 rocket had a
nearly constant spin rate of about 2.8 Hz with a negligible
secular increase in spin rate during the course of the flight.

FLIGHT 1 AURORAE CHARACTERISTICS

The images, summarized in Table 1 for both flights, pro-
vide a remarkable wealth of information. The important de-
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TABLE 1. EF-11 FUV-VISIBLE AURORAE CHARACTERISTICS
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Flight 1 Flight 1 Flight 2
November 16, 1980  November 16, 1980  December 9, 1981
U.T. 0312 U.T. 0312 U.T. 2125
Auroral features nonpulsating pulsating nonpulsating
diffuse diffuse arc
carly morning sector  early morning sector  evening sector
13 s period
812 s duration
northward drift northward drift stable, no drift
Relative azimuth angle
(brightest emissions) 120° 2, 166° P 260°b 90° — 180°
Distance to aurora <75 km >75km 60 f—108km
Aurora location © north west east — west (curtain)
Primary electron
characteristic energy 200 —300eV 100 — 500 ¢ eV 09 fkev 1o
2—3¢keV 2—38keV
Peak emission intensity
of polynomial fit J
130.4 3fe 2fg 14—17f8h 13 __17f8i
337.1 3fg 538 4fh 3fi 3ghi
391.44 2fs — )
391.4¢ 16 £ 238 25fgh 23 fgi ) _
557.7 26f,328 35f,418 35—36fsh 29fi 4081
Peak emission altitude
of polynomial fit K
130.4 >21of>19os >140f>2108 155 fhi 124 ghi
337.1 106 £8 96 £,103 8 121 fh 117 i, 108 ghi
39144d 2167 f,>1778
391.4¢ 1018 108f 103 8 126 fh ,119 fi 107 ghi
557.7 110 fg 113%, 105 ¢ 132 fh; 123 fi 108 ghi

Both flights launched from Kiruna, Sweden (67.9 N, 21.1 E).
a Opucally thick emission only (OI 130.4).

b Optically thin emission only (N, 337.1, Nz 3914, 0 557.7).
€ Relative to the rocket in an Eanh-centcred reference frame.

Softer electron population (with pronounced pulsations).
© Harder electron population (with ambiguous pulsations).

fUpleg.
& Downleg.

Easterly arc segment,
1 Westerly arc segment.

in kllo-Raylenghs, a quartic polynomial fit through the data at the relative azimuth angle of maximum peak

emission produced this value.

In kilometers; a quartic polynomial fit through the data at the relative azimuth angle of maximum peak

emission produced this value.

tails of Table 1 are discussed in this and the following sec-
tion.

For flight 1, Plate 1 shows images of auroral emissions
apparently excited by two separate streams of precipitating
electrons. For each of four emissions, 1304 337.1, 3914,
and 557.7-nm, the upleg and downleg flight segments are
shown in the left and right panels, respectively. The altitude
scale is linear in time while the relative azimuth angle scale
covers a 360° view from the rocket from an arbitrary start-
ing position. Emission intensities in kilo-Rayleighs are

given by color according to the color bar at the right of each
set of emissions. White horizontal lines in each panel indi-
cate no data were taken during these altitude (or time) inter-
vals. Major features common to all panels are the vertical
columns of emission up to 230 km at particular azimuth
angles, the "pulsating” features in the 337.1-, 391.4-, and
557.7-nm emissions between 150 and 230 km near 260°
relative azimuth angle, and the peak intensities between
100 and 140 km altitude for these three emissions. Each
pulsation segment on the upleg has a small positive slope



