AD-AL137 982 UBSERVHTIUNS OF ¥YLF TRANSMITTER-INDUCED DEPLETIONS OF 171 .

NNER ZONE ELECTRON. . {Ur RERGSFACE CORP EL SEGUNDO CR N
¥ SFHCE SCIENCES LAB H L YAMFOLA B9 DEC 83
UNCLASSIFIED TR-8884(49468-85)-4 SL-TR-53-89 F/G 8/14

Fiien

pric




e N A AR et
RSEEL SR LS SR U,

1.0 wli& ha
———— ™ 3.2
" —_—— E & “é
= u
|||| ) £ iR
IL2s e pie
= = I==

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

. n PR




YAXX. }
® & w2

€
Y
24e s ALY

B D IR il |
Sa Tty

ladiC e
et e

~

il f AL are ot oS k]
D MU RN -

(=

Observations of VLF Transmitter-lnducgd
Depletions of Inner Zone Electrons

A.L. VAMPOLA
Space Sciences Laboratory
Laboratory Operations
The Aerospace Corporation
El Segundo, California 90245

9 December 1983

APPROVED FOR PUBLIC RELEASE;

DISTRIBUTION UNLIMITED

Prepared for
SPACE DIVISION

AIR FORCE SYSTEMS COMMAND

Los Ang¢les Air Force Station

P.O. Box 9296), Worldway Postal Center

Los Angeles, California 90009

84 02 1%

001

DT\G

(‘4'\
Ti
%@ '

. FEBL T 1“84




report's findings or conclusions.

stimulation of ideas.

Gary M. Rowe, Captain, USAF
Project Officer

This report was submitted by The Aerospace Corporation, El1 Segundo, CA
90245, under Contract No. F04701-83-C-0084 with the Space Division, P.O. Box
92960, Worldway Postal Center, Los Angeles, CA 90009. It was revie%;d and
approved for The Aerospace Corporation by H. R. Rugge, Director, Space
Sciences Laboratory. Captain Gary M. Rowe, SD/YCM, was the project officer
for the Mission-Oriented Investigation and Experimentation (MOIE) program.

- This report has been reviewed by the Public Affairs Office (PAS) and is
releasable to the National Technical Information Service (NTIS). At NTIS, {t
will be available to the general public, including foreign nationals.

This technical report has been reviewed and is approved for publication.

Publication of this report does not constitute Alr Force approval of the

It is published only for the exchange and

Mo

Jgpeph Hess, GM-15, Director
st Coast Office, Air Force
Space Technology Center




DML I IR~y _w—:'ﬂ‘

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVY ACCESSIO o.? CIPIENT'S CATALOG NUMBER "
SD-TR-83-89 Ab -A\3 F? z&
4. TITLE (and Subtitle) v " |'s. TYPE OF REPORT & PERIOD COVERED

OBSERVATIONS OF VLF TRANSMITTER-INDUCED
DEPLETIONS OF INNER ZONE ELECTRONS

6. PERFORMING ORG. REPORY NUMBER

<
— 4(4940-05)~4
7. AUTHOR(s) 8. CONTRACT OR GRANT WUMBER(a)

A. L, Vampola
¥04701-83-C-0084

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. : 22"” ELEME T PR OJ!ECT TASK

The Aerospace Corporation
El Segundo, California 90245

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Space Division - 9 December 1983

Los Angeles Air Force Station 13. NUMBER OF PAGES

Los An%g]gﬁ. California 90009 20 [
4. MONITORING AGENCY NAME & ADDRESS(!! different from Controlling Otfice) | 15. SECURITY CLASS. (of thie report)
T8a. Dtc A mncn‘non/oowuanAomc

6. DISTRIBUTION STATEMENT (of thie Report)
Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverae side if necessary and identify by block mumber)
‘ Electron precipitation

' Wave-particle interaction

Inner zone electrons

20. ABSTRACT (Continue en reverse side if necessary and identify by block mumber)

[~ Precipitation spikes of electrons, in which the energy spread of the peak is
narrow (less than 50 keV) and the peak energy is a strong function of the
location in L, have been observed in the region 1.5 < L < 2.0 and have been
- ascribed to interactions between waves from high power VLF transmitters on
the ground and the precipitated electrons:(Vampola and Kuck, 1978; Imhof et
al., 1981). “Instrumentation on the S3-2 satellite (polar orbit, 240 km and
1557 km perigee and apogee) included a large geometric factor electron

PORM
00, o e, 1013 UNCLASSIFIED

e ———
SECUR|TY CLASSIFICATION OF THIS PAGE (When Dats Entered)




%1*,2,\,1

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)
19. KEY WORDS (Continued )

L BRI S

\J 20. ABSTRACT (Continued)

Pi)spectrometer which, due to the characteristics of the instrument and orbit,
routinely observed these precipitation spikes. Additionally, on numerous
occasions when these spikes were observed at low altitude, a significant
depletion of electrons at the same energies was observed high on the field
line. These depletions indicate that the loss rate of electrons due to VLF
transmitters is significant and usually exceeds the rate at which radial
diffusion is refilling those field lines. Electrons with energies between
36 and 317 keV in the region 1.9 < L < 1.6 were observed to have lifetimes
limited to a few days by interactions with waves from VLF transmitters.

Thus the outer edge of the inner zone is defined by this wave-particle
process.

1\

\

LA hhRh  UUCAARAN AOJITESY S SR RUL R R

UN ED
SECURITY CLASSIFICATION OF THIS PASE(When Data Bntered)

N AR

- C T A e W N,
.'_.“.;‘:.'.1\4 T I TR B Y A e




b

Y
g ’ l.

PREFACE

.
“-‘o‘-'

L

The data processing, reduction, and analysis portions of this study were
supported by the National Science Foundation Grant ATM 77-28187.

Sy
b

v
o

o 8, 4

=3
P
40

./nT




. - - Ly e VLTI - A 'y e e, e e

CONTENTS

PREFACE..l...Q....................!l.....ll.........'.....ll.....l.l.....
I. IMRODUCTION.............‘0.0...‘......'................‘.....I.O
II. DATA BASE.I.'.".....O....Cl0.l...Ol....C.'.000........0....0.'..

III' DATA......l...........'....l.............'..Q.O.C...l...'l...‘...

Iv. DISCUSSION.....'..l............................C............'.‘OO

RHERENCES'..‘................‘....C.......l.........O............D....C.

13

21
23




AL AT FA I o R AC A L R TR

FIGURES

Dy, for the large magnetic storm on Day 86, 1976,
ané the period following.ieeeeeeososssssssosrnovosnssossensnnsssssense

$3-2 data for Day 86, 1976.ccccceciccesacescsnoosssssonsnsnsscsscnss
Data similar to Fig. 2 for Day B7, 1976ccccecscesncsssovsnnsscnnnsns
Data similar to Fig. 2 for Day 90, 1976..cccvievsccccnssncscocosssns
Data similar to Fig. 2 for Day 91, 1976..cccecvesneccccesssccaccsns
Electron fluxes in the notch normalized to

Day 87, 1976, data..--.--.......--..-.........---.......-.----.....

-
Effective electron lifetimes for the notches
shown in Figs. 2 through S5..cccevceccsrccasssssoscscssssssseascenss

10

12

15

16

17

1R

19

e




s ‘el

A,

NG

-
BV
.

B

I. INTRODUCTION

The interaction of waves and particles in the magnetosphere is a topic of
growing interest. One facet of the problem is the interaction between mag-
netospheric electrons and VLF waves from ground-based sources, principally
high~powered VLF transmitters (Vampola and Kuck, 1978; Vampola, 1977; Koons et
al., 1981; Imhof et al., 198l) and power-line harmonics (Helliwell et al.,
1975). Vampola and Kuck (1978) used pitch—angle distributions of electrons in
the drift loss cone to determine the longitude at which the electrons were
precipitated into the loss cone [see Luhmann and Vampola (1977) for details of
the tracing procedure]. The westernmost location coincided with the location
of the high-power VLF transmitter, UMS, operating at a frequency of 16.2 kHz.
The energy-vs-L dependence of the electron precipitation agreed with the
assumption of a cyclotron interaction near the equator between the waves from
the transmitter and the particles at the observed energy. Koons et al. (1981)
extended the analysis of the data set by obtaining synoptic records of world-
wide VLF transmissions and comparing them with the precipitation events. They
were able to (1) determine which transmission periods from individual stations
were responsible for particular electron precipitation events with specific
energy structures, (2) identify two specific stations, UMS and NWC, as being
responsible for inner zone electron precipitation, and (3) determine several
of the interaction parameters under the assumption of a standard plasma den-
sity model. The calculations indicated a relatively low signal strength,

3 my, was sufficient to precipitate the electrons. Such signal strengths
are observed by satellites. Ray tracing techniques predicted an oblique
interaction angle (61° with respect to the local field line) and an inter-
action within 15° of the magnetic equator. Imhof et al. (198l) presented the
regsults of a similar study in which satellite measurements of precipitating
electrons were compared with data from another satellite in which waves of
the appropriate frequency were observed in the magnetosphere beyond the

ionosphere.
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In his paper, Vampola (1977) suggested that the interactions between man-
made waves and electrons might be a significant factor in the development of
the slot in the electron belts. In that scenario, the waves from the ground-
based sources would interact with the electrons relatively low on the field
line, producing an enlarged loss cone. The enlarged loss cone (and hence
greater anisotropy in the distribution) would perhaps produce additional
pitch-angle scattering of particles nearer the equator through an instability
(Kennel and Petschek, 1966). The reason for specifying an interaction low on
the field line (as opposed to the equatorial interaction utilized in the
inner-zone analysis) was a requirement for frequency matching between the
waves and the doppler-shifted cyclotron motion. Conditions could be met for
the higher energy electrons only at relatively high B, hence low on the field
line at the higher L value of the slot region.

Vampola (1977) also suggested that the inner zone electron environment
might be even more severe than that observed following the Starfish enhance-
ment were it not for the loss of these more energetic electrons as they
undergo radial diffusion through the slot rerion. While we will not be able
to test that hypothesis in this study, we will be able to address a related
subject. In this report, we will examine the relative rates of pitch-angle
diffusion versus radial diffusion for electrons in the interval 2 > L > 1.5.
The result is that pitch-angle diffusion lifetimes due to interactions with
the VLF waves are much shorter than the radial diffusion rate. Thus, the
outer edge of the inner zone is controlled by, and is probably the result of,

interactions with waves from ground-based VLF transmitters.
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II. DATA BASE

The data base being used in this study comes from a magnetic electron
spectrometer on the USAF Space Test Program S3-2 satellite. The S3-2 was a
relatively low altitude vehicle, 240 to 1557 km altitude, polar orbiting and
spin-stabilized, with the spin vector nominally perpendicular to the orbit
plane. Instruments viewed normal to the spin vector. Thus, complete pitch-
angle distributions which included the local loss cones were usually
obtained. For the L region of interest, the data were obtained reasonably
close to the equator where the interactions between the waves and the elec-
trons presumably are occurring. Values of B/Bo for the location of obser-
vation varied from about 1.4 to 3, with the higher values at higher L. The
data are, however, quite suitable for addressing the question of pitch-angle
versus radial diffusion (i.e., stable trapping lifetimes). This is probably
the first time that data have been presented that show the erosion of electron
fluxes in the inner zone due to these wave-particle interactions. (For a
change, we are showing and studying the hole instead of the material from the
hole!)

For the purposes of this report, we will be using data obtained
immediately after a major magnetic storm which occurred on 26 March 1976.
Beall et al. (1967) showed that large fluxes of low energy electrons,
€ 0.5 MeV, are added to the inner zone by large magnetic storms. Electrons of
higher energy are also added, but fluxes are much smaller and more difficult )
to detect (Vampola, 1972). During such large storms, the radial diffusion
rate is much enhanced and electrons survive traversal through the slot region.
The storm of 26 March 1976 presents us with a new population of electrons
which we may observe until a second storm on 1 April 1976 again adds a large
new population. Storms as large as these are rare, occurring at an average
rate of once or twice per year over a solar cycle. Figure 1l is a plot of Dst
at 8-hour intervals. The double arrow denotes the times of data shown on
Figure 2. Arrows at later times show periods represented by the data of
Figures 3 through 6. After the second storm (denoted Day 92 on Figure 1),
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large fluxes of electrons are added to the inner zone and the sequence of

plots is terminated.

Since data relatively near the equator are required for this study, data
were selected in the range of longitudes between 290° East Longitude and 25°
East Longitude since in that region the S3-2 apogee is in the stable trapping
region for values of L up to about 1.9. Figure 2 presents time plots of data
for all of the S3-2 magnetic electron spectrometer data channels—-eight
electron channels plus two background channels. Data were plotted only when
the pitch-angle was between 80° and 100°, i.e., Jperp data. The vertical
scale is logarithmic, with tick marks being one decade. Data channels are
offset by three decades for clarity. Count-rates are presented for the two
background channels amd fluxes for the electron channels. The lowest trace is
from the "bremsstrahlung” channel. This channel is sensitive to electrons
greater than 5 MeV (which penetrate through the walls of the satellite and the
chamber of the spectrometer) and to energetic protons (>60 MeV) which are
“corner-cutters” (such that the path-length through the detector is less than
about 2/3 of the thickness of the detector). The second trace from the
bottom, labeled "P+", counts the penetrating protons which pass completely
through the detector. About 96% of these penetrating protons are counted in
this channel with the remaining 47 being the “corner—cutters” mentioned
above. Counts in these two channels normally indicate that the vehicle is in
the stable trapping region of the magnetosphere, since the lifetime of the
energetic protons is very long and replenishment is very slow. Thus, counts .
in the proton channel show the vehicle is in the stable trapping region. The
eight traces above the background channels are electron channels. For these,
energy decreases toward the top of the plot. The range of the centroids of
response of the differential energy channels varies from 317 keV down to
36 keV.

11
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8 traces are electron fluxes, the ninth is a proton background
monitor, and the tenth is a bremsstrahlung monitor. The arrows
indicate an energy-dependent notch in the electron fluxes.
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In Figure 2, the “"bremsstrahlung” channel exhibits a normal response for
the two passes through the stable trapping region defined by the Pt monitor.
The first of these passes occurs during the peak (in Dg,) of the storm. The
bar labeled "1" indicates a set of high-energy electrons which were acceler-
ated by a previous storm and are diffusing radially to the inner zone. The
time-constant for diffusion for these very energetic electrons ié relatively
long (~10-3L/Day). Note that there is a strong altitude dependence on this
structure. At the same L ghell on the other side of the equator, the satel-
lite is at lower altitude and the structure is barely visible. The arrows on
the electron profiles on this pass shqw an L-dependent depletion (lower L for
higher energies) which could be the result of the wave—-particle interactions
we have been discussing or a transient notch where freshly injected/acceler-
ated electrons are merging into the slope of the outer edge of the inner zone
and are not as high in intensity. The next pass, shown at later time on this
same plot, occurs after the onset of the storm (see Figure 1). The storm
precipitates large fluxes of electrons at all energies. The bar labeled "2°
shows this precipitation at an altitude similar to the previous pass where
there were essentially no electrons observed. In the previous pass, the
electron channals showed strong erosion of the fluxes over a wide L range at
low altitude (northern latitude pass). In the second pass, there has been
significant filling of the low—altitude portion of the field lines, but there
is evidence that wave-particle interactions have been removing electrons from
: selected regions of L. The profile is probably due primarily to the fact that
.!j the fluxes had been depleted at higher altitudes and pitch-angle scattering is
“:f strongly enhanced over all L intervals and energies, thus providing a low-
altitude profile similar to the high altitude profile. The arrows on the
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second pass show that at high altitude there is no significant change, yet,
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in the inner zone. However, this second pass does show a strong addition of

‘s

_.
»
.
-

-

energetic particles in the slot region.
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Figure 3, the next day, presents smooth profiles throughout the inner
zone for all energies and also shows a significant filling of the slot
region. Superposition of Figure 3 and a similar plot from the following day
(not shown because of lack of space) shows the inner edge of the outer zone

}}: has migrated slightly to lower L, but otherwise relatively little change has
occurred. Certainly no significant erosion has occurred in the inner zone.

g This indicates that for this period at least, either the wave-particle inter-
N actions were not occurring or the rate of radial diffusion was fast compared
to the rate of pitch-angle diffusion. Figure 4 shows a different result. By
ii' Day 90, energy-dependent precipitation spikes are visible at the start of the
[‘ plot at energies below 173 keV. The arrows show an L-dependent notch at

|

A

energies below 219 keV. Figure 5 shows a continuation of the erosion

process. On Day 92 (not shown, but see Figure 6), the notches are again

partially filled. For these data, the radial-diffusive effects are clearly

':ﬁ far stronger than the pitch-angle diffusive effects due to interactions with
%f ground-based transmitters. However, storms which add electrons to the inner
ﬁi zone are relatively rare while the wave-particle interactions occur most of

: the time. Thus, as shown by Figures 2 through 5, the ground-based trans-
mitters do have a pronounced effect on the inner zone morphology--they

3} effectively change the lifetime of particles in a selected range of L values.

Figure 6 shows the reduction in flux intensity for each energy as a
function of time after the storm. Data were normalized to the replenished
profile in Figure 3. The small numeral indicates the channel number, with "1"
being 36 keV and "8" being 317 keV. The general trend is for the high energy
n electrons to be less replenished immediately after the storm and for the loss

rate of the lower energy electrons to be greater. Since the actual loss rate

I .

,}; for any given time period depends upon a complex set of conditions (VLF trans-

;:f mitter activity, plasmaspheric conditions as a function of local time, etc.),
j§ one probably cannot make any inferences about the lack of monotonicity in the
-,

i energy response.

i;k Using the data of Figure 6, one obtains the effective lifetimes shown in
;; Figure 7. The two points for each energy represent the lower and the upper

s?ij lifetimes determined from the data. Since a very short period of time such as
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Fig. 3. Data similar to Fig. 2 for Day 87, 1976. The energy-dependent notch
has disappeared. Detail in the slot region (outside the stable
trapping region shown by the proton monitor) is due to heavy
precipitation in the slot region.
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Numerals indicate energy channel, with "1" being 36 keV and "8"
being 317 keV.

18

.~ . . . M SN
) te . CiY A o - Y ] - - . n, - ‘. S SR ot s
», 3 '

." - '.. l.. P K l-..--... <'
APORIIER SN SR



MRS Satte B S Bt Jje S BAn 46 Icky

ik TR

L Bk Bd

Lot
-

IO I A |

e g
-

ol of

L.

“tan

K gt

<

~' - b8

T ve¥x

‘9 ‘314 woaj paaTiap aie ejeq

‘S

Ysnoayy 7 -s814 UT umoys sayd30u IY3 10J SIWFISIF[ UCIIDATD 9ATIDRIIF  °/ *SBy4

00y

0SE

00E

0S¢

(A3%) AJHINI

00¢

0

n
3

|

001

05

|

]

]

|
SAV(

19

o

o “_"_\'.

R
.

LA LN

e
ralbeld

- -
alelo >

L,y




the one used in this analysis may not be representative of the average condi-
=N tions, these lower and upper limits may not bracket the long~term average

o lifetime. However, they can be used as an indication of the order of the

e magnitude of the lifetime of electrons in this energy range under the

e influence of VLF-wave pitch-angle scattering. Note that the lifetime measured
% here is a net lifetime, with particles being added by radial diffusion which
partially compensate for the particles which are lost through pitch-angle

,
.l scattering.
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IV. DISCUSSION

The flux variations shown in Figures 2 through 6 show that pitch angle
diffusion rates due to ground-based VLF transmitters (identified by the
energy—-dependent notch) exceed the radial diffusion rate in the outer edge of
the inner zone. Figure 7 shows the limits to the pitch-angle diffusion
lifetime for this time period. By observing the range in L over which pitch-
angle scattering by VLF transmitters occurs, one can evaluate the total loss
rate as electrons diffuse through this "hazard"” region into the inner zone.
The width of this region at a given energy can be determined either by using a
single event or by using the spread in L of various events at a given peak
energy [Figures 3 and 9, respectively, from Vampola and Kuck (1978)]. 1In
either case, the result is the same; an electron must diffuse about 0.15 to
0.2 L during which time it is subject to pitch angle scattering by a given

transmitter.

Radial diffusion rates for electrons in the inner zone during magnetical-
ly quiet periods are of the order of 1074 to 107 L/Day for the region 1.9 < L
< 1.5 (Tomassian et al., 1972). Hence, it takes these electrons tens to
hundreds of days to diffuse across the L region over which they are subject to
precipitation by VLF stations. Thus, it appears that electrons can get into
the inner zone only during periods when radial diffusion is much enhanced,

i.e., during magnetic storm periods.

One final consideration is the question of lifetime due to pitch-angle
scattering by VLF waves from transmitters compared to the lifetime against
scattering by naturally occurring waves. Lyons et al. (1972) calculate
lifetimes of hundreds of days for electrons in the energy and L range of this
investigation. Since the effect of the VLF transmitters is to reduce the
lifetime of the electrons to a small fraction of the radial diffusion time-
constant and the artificially-induced lifetime is short compared to calculated
natural pitch-angle lifetimes, the inevitable conclusion is that the VLF
transmitters control the shape of the outer edge of the inner zone, in fact

cause it, and prevent a large build-up of electrons in the inner zone. As was
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pointed out by Vampola (1977), no measurements of magnetospheric particles

previous to the construction of high-powered VLF transmitters exist. ‘

That paper also pointed out that precipitation data in the slot region
are inconsistent with the mechanism of Lyons et al. (1972) and may be entirely
due to other ground-based VLF transmitters. That paper, together with the
present results, indicates that the entire slot region may be an artifact of
man's activities. If satellites replace VLF transmitters for both communica-
tion and navigation, we may have a chance to observe the slot refill and
remain filled. If that happens, we will also see the inner zone become a
very enhanced region, perhaps more enhanced even than during the post-Starfish
period. We might have to continue to radiate VLF waves at high power levels

in order to protect low altitude satellites.
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LABORATORY OPERATIONS

-»

The Laboratory Operations of The Aerospace Corporation is conducting exper- !
imental and theoretical investigation. necessary for the evaluation and applica-
tion of scientific advances to new military space systems. Versatility and
flexibility have been developed to a high degree by the laboratory personnel in
dealing with the wmany problems encountered in the nation's rapidly developing
space systems. Expertise in the latest scientific developments is vital to the

. accomplishment of tasks related to these problems. The laboratories that con-
tridute to this research are:

Aerophveics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsfon chemistrv and fluid mechanics, structural mechanics, flight
dynanics; high-temperature thermomechanics, gas kinetics and radiation; research
in environmental cheaistry and contaminatfon; cv and pulsed chemical laser

development including chemical kinetics, spectroscopy, optical resonators and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport {n rocket plumes, applied laser spectroscopy, laser chemistry,
hattery electrochemistry, &pace vacuum and radiation effects on materials, lu-
brication and surface phencmena, thermionic emission, photosengitive materials
and detectors, atomic frequency standards, and bicenvironmental research and
wonitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;
communication sciences, applied electronice, semiconductor crystal and device
physics, radiometrfc fmaging; mfilimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, progras trans-~
lation, performance-sensitive system design, distridbuted architectures for
spaceborne computers, fault-tolerant computer systems, artificial intelligence,
and microelectrorics applications.

Materials Sciences Laboratory: Development of new materials: wmetal matrix
composites, polymers, and new forms of carbon; component failure analysis and
reliabilicy; fracture mechanice and stress corrosion; evaluation of materials in
space environment; materials performance in space transportation systems; anal-
yois of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation
from the atmosphere, density and composition of the upper stmposphere, aurorae
and airglow; magnetospheric physics, cosaic rays, generstion and propagation of
plasma waves in the wmagnetosphere; solar physics, infrsred astronomy; the
effects of nuclear explostons, wagnetic storms, and solar activity on the
earth's stmosphere, ionosphere, and wsgnetosphere; the effects of optical,
electromagnetic, and psrticulate radiations in space on space systems.







