
The attitude of the vehicle was pitch 
0°, yaw 180", and roll -10". That is, the 
orbiter was flying with the bay pointing 
away from the earth, the tail forward, 
and the port wing tilted down 10" so that 
the limb was in the AEPI field of view. 
The attitude was selected so that the 
AEPI instrument could make these earth 
limb observations. 

A ground support software routine de- 
vised before the mission allowed the 
computation of the earth's magnetic field 
lines in the vicinity of the orbiter. The 
computer was tied into an image memory 
so that the position of the calculated field 
lines could be displayed on a TV moni- 
tor. This enabled us to display the appar- 
ent position of a set of magnetic field 
lines in the vicinity of the orbiter. Figure 
1B shows the computed field line plots 
corresponding to the AEPI television 
field of view 5 minutes before, during, 
and 5 minutes after the observation of 
the equatorial magnesium ions. For  each 
set, five field lines were plotted. The first 
field line was selected to go through a 
point located on the line of sight corre- 
sponding to the center of the picture, 
that is, located on the system's optic 
axis. This point is at a distance D in front 
of the optical system. For  Fig. lB ,  D was 
1400 km, which gave the best match 
between the shape of magnetic field line 
and the observed Mg' fingers. For  each 
set, the central field lines go through this 
point. The field lines were plotted as  
points at every 10 km from 100 km 
altitude up. This technique was used to 
illustrate the foreshortening of the field 
lines due to perspective effects. Besides 
the central field line, the four adjacent 
field lines in a set were selected by a 
fixed geographic latitude and longitude 
offset corresponding to a four-point 
square grid around the central field line. 

Thus we can see that the observed 
magnesium striations are parallel to the 
magnetic field line located 1400 km from 
the orbiter. The selection of the field line 
defines the altitude of the center point of 
the image, which is 180 km for this case. 

From these AEPI observations, it can 
be seen that imaging of the earth's iono- 
sphere through the presence of the natu- 
ral Mg' tracer ions is feasible. Quantita- 
tive analysis of this event and many 
other observations is in progress. 

The hand-held image-intensifier cam- 
era permitted the observation of atmo- 
spheric airglow and of the glow associat- 
ed with the shuttle. This camera could be 
operated in white light, in a filtered 
mode, o r  in a dispersion mode. In the 
dispersion mode, a diffraction grating 
was placed in front of the lens and 
the image produced was a result of dif- 
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Fig. 3.  Microdensitometer tracing of an image 
of spacecraft glow showing a structureless red 
glow. 

fraction through this objective grating. 
The airglow spectrum in Fig. 2A 

shows a zero-order image of the earth's 
airglow layer on the left and first-order 
dispersion on the right. Note that the 
spacecraft orbital maneuvering system 
(OMS) pod indicates the airglow source 
at the lower right. The first spectral 
feature is a 5577-21 emission from atomic 
oxygen and the brightest feature is a t  
7620 A.  The 7620-A feature was previ- 
ously identified (2) as  being the O2 atmo- 
spheric bands. Figure 2B shows a micro- 
densitometer tracing of the spectrum of 
Fig. 2A; the O H  components were ob- 
tained from a 200-A synthetic spectrum 
of vibrational transitions of O H  (8). 

A ram glow has been reported from 
earlier observations associated with the 
Atmospheric Explorer and Dynamic Ex- 
plorer spacecraft (9, lo) .  The spatial dis- 
tribution of the glow was observed from 
the orbiter vertical stabilizer as well as 
the OMS pod (3). Shown in Fig. 3 is a 
microdensitometer tracing of the spec- 
trum of the spacecraft glow on the verti- 
cal stabilizer. Note that this tracing 
shows none of the structure that was 
seen in the airglow spectrum of Fig. 2B. 
It was suggested earlier (11) that O H  
might be a candidate species for produc- 

ing the glow; however, it does not appear 
that O H  plays a dominant part in the 
process resulting in the glow emission on 
the orbiter stabilizer. 

The hand-held image intensifier cam- 
era was used to make many observations 
of the natural limb airglow layer. Be- 
cause of the favorable transmission char- 
acteristics of the Spacelab view ports, 
the spectral observing regions could be 
extended farther toward the infrared. 
The naturally occurring O H  Meinel 
bands were photographed in the airglow 
but were absent in similar photographs 
of the spacecraft glow. We are currently 
making a quantitative analysis of these 
types of images. 
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Isotopic Stack: Measurement of Heavy Cosmic Rays 

Abstract. A stack of plastic nuclear track detectors was exposed to heavy cosmic 
rays on the pallet of Spacelab I .  Some layers of the stack were rotated with respect 
to the main stack to determine the arrival time of the particles. After return of the 
stack the latent particle tracks are revealed by chemical etching. Under the optical 
microscope the charge, mass, energy, and impact direction of the particles can be 
deduced from the track geometry. 

Experiment objectives. Experiment clei with nuclear charge equal to  o r  
1ES024 on Spacelab 1 was designed to greater than 3. The exposure of a stack 
measure the chemical composition and of nuclear track detectors on the Space- 
energy spectra of heavy cosmic-ray nu- lab pallet allows the study of different 
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particle components in the energy range 
20 to 700 MeV per nucleon. At higher 
energies the isotopic composition of the 
galactic cosmic rays can be analyzed, 
giving information on the source, accel- 
eration, and propagation of these parti- 
cles, which originated in distant stars 
and have traversed the universe for mil- 
lions of years. Below 100 MeV per nucle- 
on, particles from the radiation belt and 
the anomalous component can be detect- 
ed. The actual number of particles col- 
lected depends on the altitude and incli- 
nation of the shuttle orbit and on the 
shuttle attitudes and the solar activity 
during the mission. 

The impact time of most of the parti- 
cles can be correlated with the orbit 
position of the shuttle and thus with 
geomagnetic field parameters. By calcu- 
lating the inverse motion of these parti- 
cles we can study "geomagnetically for- 
bidden" particles and estimate ioniza- 
tion states for the required rigidity. Fig- 
ure 1 shows an example of a calculated 
trajectory in the geomagnetic field for a 
high-energy cosmic-ray particle. 

j   xis 
lnfall t ra iec tory  

1 1 Earth radius - 

Table 1. Approximate values of cutoff rigidity 
(R) and kinetic energy (Ek,,) for MI2 = 2 as a 
function of L-shell values at vertical inci- 
dence. RE = earth radii. 

Ekin 
(MeV per 
nucleon) 

Experiment design, The apparatus 
consists of a stack of nuclear track detec- 
tors. The experiment aperture is 1480 
cm2 with an almost 2~-s te rad ian  field of 
view; the depth is 7.9 g/cm2. The main 
stack consists of 140 foils of 0.3-mm- 
thick carbonate CR-39, and has a total 
thickness of 43.2 mm. Besides this main 
detector material, one layer of cellulose 
nitrate and one of polycarbonate are 
used on the top and a stack of polycar- 
bonate foils is used at  the bottom. Above 
the material at the top is a thermal shield, 

Fig. 1.  Particle trajectory for an ion of mass- Fig. 2. Image of a stopping heavy-ion track in 
to-charge ratio MIZ = 2 ion with a rigidity of plastic detectors with a plot of the cone length 
4.03 GV in the geomagnetic field (vertically versus residual range dependence (track im- 
incident at SOON, 60"E and 250 km altitude), age not to scale). 

w J  - - 
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Fig. 3. Position encoder output (P) and temperature (T1 and T2) history from 6:12:00:00 to 
7:12:00:00 MET. Two gaps in the data transmission can be seen. 

which consits of Kapton and Tedlar 
foils. A part of the stack consisting of 
eight CR-39 sheets is rotated one revolu- 
tion during the miss~on.  The correspond- 
ing track segments in the fixed and rotat- 
ed stack can be aligned after recovery 
and thus the arrival time of the individual 
particle can be deduced. 

Heavy ions stopping in o r  passing 
through the plastic sheets of the stack 
produce latent tracks, which can be re- 
vealed by chemical etching in the labora- 
tory. Further analysis can be done under 
optical and electron microscopes by 
measuring the shape and length of the 
etched cones (Fig. 2). These parameters 
strongly depend on the energy loss along 
the trajectory of the incoming particle 
(1). 

Mission operation. The experiment 
was powered at 0:12:00:00 mission 
elapsed time (MET) and operated nomi- 
nally until 7:21:30:00 MET, when the 
rotation was terminated after one com- 
plete revolution. Step commands for the 
stack movement were automatically gen- 
erated by the onboard command and 
data management system (CDMS). Orbit 
position data from the shuttle were fed to 
the CDMS and the corresponding McIl- 
wain parameter values, L, were calculat- 
ed from a simple dipolar magnetic field 
model. An accurate L-parameter history 
(L as a function of MET) was provided 
by NASA (2). When one of the threshold 
values in Table 1 was crossed (with an 
increasing or decreasing tendency), a 
step command was sent by the CDMS 
and the rotating stack moved about 
0.37" The absolute position of the rotat- 
ing stack was monitored by a 13-bit 
angular encoder with 0.0226' resolution, 
sampled once per second, and transmit- 
ted together with temperature data from 
the top and bottom of the stack via the 
trackingldata relay satellite to  the 
ground. 

The stepping frequency depended 
mainly on the correlation between the 
orbital plane and the magnetic axis. The 
highest stepping rate occurred when high 
geographic latitudes were reached close 
to  the magnetic poles under minimum 
geomagnetic cutoff. Figure 3 shows the 
temperature and stepping history from 
6:12:00:00 to 7:12:00:00 MET with the 
significant temperature rise during the 
first hot test. 

Quick-look results. The experiment 
performed nominally and returned in 
good shape. The scientific data are 
stored in latent tracks. Some sheets of 
the stack were etched and scanned. 
Tracks of cosmic rays were identified as  
well as tracks of 56Fe ions with an energy 
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Space Experiments with Particle Accelerators 

Abstract. Electron and plasma beams and neutral gas plumes were injected into 
the space environment by instruments on Spacelab 1,  and various diagnostic 
measurements including television camera observations were performed. The results 
yield information on vehicle charging and neutralization, beam-plasma interactions, 
and ionization enhancement by neutral beam injection. 

Space experiments with particle accel- 
erators (SEPAC) constituted experiment 
INS002 on Spacelab 1. The program 
included active and interactive experi- 
ments on and in the earth's upper atmo- 
sphere and magnetosphere. The purpose 
was to gain insight into the physical 
processes that take place in the envelope 
of magnetic fields and charged particles 
surrounding the earth as  well as  in mag- 
netic environments elsewhere in the uni- 
verse (1 ,  2). Significant results were ob- 
tained on (i) vehicle charging and neu- 
tralization effects, (ii) beam-plasma in- 
teractions associated with electron beam 
emissions, and (iii) ionization enhance- 
ment by neutral beam injection. 

The SEPAC experiments involved in- 
jection of electron and plasma beams and 
neutral gas clouds into the space envi- 
ronment. This was accomplished with an 
electron beam accelerator (EBA), oper- 

ating at 7.5 kV with a maximum current 
of 1.6 A and a pulse duration of 10 to 
5000 msec, a magneto-plasma dynamic 
(MPD) arcjet, which injected Ar gas at 2 
kJ per 1-msec pulse, and a neutral gas 
plume injector, which injected N2 gas at 

molecules per 100-msec pulse. In 
addition, the instrumentation included a 
monitor television camera (low-light-lev- 
el TV), a diagnostic package consisting 
of a photometer and particle and wave 
probes, and control and display hard- 
ware consisting of an interface unit, ded- 
icated experiment processor, and control 
panel. 

Before the various scientific experi- 
ments were carried out, an instrument 
performance test and MPD and EBA 
beam-firing tests were performed. The 
instruments and their operational capa- 
bilities were tested successfully. After 
this initial feasibility test was completed 
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were followed. However, a malfunction 
of the EBA occurred later in the mission, 
and operation of high-power modes of 
the EBA was not possible. Consequent- 
ly, the SEPAC experiments thereafter 
were performed with the MPD arcjet, 
neutral gas plume, diagnostic package, 
and monitor TV only. 

Vehicle charge buildup and neutraliza- 
tion. It  was observed that when the EBA 
was operated at  a power level above 
approximately 100 W the payload bay 
was so  brightly illuminated by the bom- 
barding return electrons that a definite 
beam shape was difficult to observe. The 
glow occupied a broad area above the 
EBA accelerator, suggesting that a glow 
discharge took place in the vicinity of the 
spacecraft. The charge buildup on the 
vehicle body due to EBA electron beam 
emissions was quantitatively determined 
by means of a Langmuir probe, a floating 
charge probe, and a particle energy ana- 
lyzer. The particle energy analyzer mon- 
itored the energy spectrum of returning 
electrons, the peak in the energy spec- 
trum being used to estimate the electrical 
potential due to vehicle charge buildup. 
In the very-low-power mode of EBA 
operation, the charging potential is  pro- 
portional to the EBA beam current. As 
shown in Fig. 1, however, a t  an EBA 
current above 100 mA, the vehicle 
charge potential sometimes shows a sat- 
uration effect, giving a value equal to the 
beam energy. The spread of vehicle po- 
tential is due to the different attitudes of 
the spacecraft and the variety of iono- 
spheric conditions. 

An attempt to neutralize vehicle 
charge buildup was made by injecting an 
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b Fig. 1 (left). Vehicle charging-up potential plotted against electron beam current. Closed circles 
I include data from the Langmuir probe, the float~ng charge probe, and the particle energy 

o loo 200 3;)o analyzer. Vertical lines indicate probable values, which are not determined without ambiguity. 
Beam current ( m ~ )  Fig. 2 (right). Energy spectrum of returning electrons measured by the particle energy analyzer. 
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