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Simultaneous Observations of the Westward Electrojet
and the Cross-Tail Current Sheet During Substorms

R.E. Lopez,' H. Spence, 2 and C.-I. Mengj

In this paper we present the results of a study using data from AMPTE&ME, ground stations, and DMSP F7
during substorms. We have examined 12 events during which CCE was located near the neutral sheet and
observed the disnuption of the cross-tail current. During these events there were simultaneous ground magneti
field data near to the CCE local time sector. DMSP F7 crossed the nightside aJoral oval within 40 minutes of
substorm onset at CCE during five of the events. We find that the data are consistent with a near-Earth
substormn initiation. We also find that the Tsygmeako [1987) magnetic field model requires an additional tail-
like sts during substonus, which corrsponds to an equatorward displacement of auroral zone field lines.
Assuming that the center of the electiojet is drawn from the near-Earth region, the magnitude of this
displacement is about 10 to 2*.

1.0 INTRODUCTION the boundary between the lobe and the plasma sheet, which implies
One of the most important signatures of a magnetospheric sub- that the FACs map to the distant tail. On the other hand, models

storm is the reconfiguration of the magnetotail magnetic field such as the near-Earth neutral line model [e.g., McPherron at al.,
towards a more dipolar orientation [McPherron et al., 1973], 1973] and the current disruption model [e.g., Akasofi, 1972] sug-
which is known as a dipolarization. The dipolarization of the gest that the FACs which constitute the current wedge have a
magnetic field is due to the reduction of a portion of the crostail relatively near-Earth origin.
current [L.i, 1978; Kamfisann. 1987]. That reduction has been The near-Earth (S 10 RE) region of the magnetotail beyond
interpreted in terms of the formation of a substorm current wedge geosynchronous orbit has been extensively explored by the
[e.g., McPherron et al., 1973] which diverts a portion of the current AMPTFE/CCE satellite. Among other results, it has been found that
into the ionosphere via field-aligned currents (FACs), thereby the phenomenological features of the dipolarization. and the as-
reducing the equatorial current within a longitudinally limited sec- sociated injection of energetic particles, depend critically upon the
tor. The sector encompassed by the current wedge expands longinu- position of the observing satellite relative to the neutral sheet
dinally with time [e.g., Nagai, 1982]. The current wedge closes in [Lopez et al., 1988a; 1989]. A satellite near the neutral sheet will
the ionosphere through an enhanced westward electrojet, which observe an increase in the total field magnitude, whereas a satellite
terminates in a stricture known as the westward travelling surge far from the neutral sheet will observed a decrease in the field
(WTS) [Baunjohann et aal, 1981; 1.0W ad Buchert, 1988]. magnitude [Lopez et al., 1988a]. Several cases have been pub-

The origin of the FACs which feed the substorm current wedge, lished in which CCE was very close to the neutral sheet during
and thus the westward electrojet and the WTS, is an important substorms [Takahashi et al., 1987; Lui at al., 1988; Lopez et al.,
question which bears on the basic nature of substorms. The bound- 1989; 1990a]. In those events CCE observed dramatic magnetic
amy layer model [e.g., Rostaker and Eamsan, 1987n explicitly field and energetic particle variations during what has been termed
addresses this issue. That model postulates that the WTS is com- current sheet disruption, and during one of these events the current
posed of FACs flowing through the plasma sheet boundary layer at sheet disruption was apparently linked to a WTS observed on the

ground [Lop= at al., 1990a4.
The observation of current sheet diruption in the near-Earth

'ppice'd Research Corporation, Landover, Maryland magnetotail, along with multisatellite studies [Lopez et al., 1988b;
'Space Sciences Laboratory, The Aerospace Corporation, Los 1990b; Lopez and Lu, 1990; Ohtani at aL, 1988], extensive analy-

Ane•ls, California sis of the geosynchronous energetic particle data (e.g., Baker ataL,
" Applied Physics Laboratory, The Johns Hopkins University, 1984; Baker and McPherron. 1990], a thorough review of auroral

Laurel, Maryland morphology [FeldUtein and Ga4oerin, 1985], modeling studies

[e.g., Kaufanmnt, 1987], and the fact that the most equatorward
discrete arc is the one that brightens at the onset of the substorm
[Akasoft, 1964] provide considerable support for a near-Earth
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subsioan initiation region. If this is the case. in the early phase of a 1. T*"
subsuoa the westward electrojet must be linked exclusivel to the ~ iTi~f

near-art magnetotail We have examined a number of events
during which sinultoneous observations of tho westward electrojet 0 -D--------
(made by ground stations) and of the near-Earthi cross-tail current
near tdo neutral. shoet (made by CCE) were availabe The ioao-
spheric footpoints of the field lines threading CCE ware calculated V

usingte Tsygananiho [1987] field model. During sane of the T1
events data funi the low-altitude DMSP F7 satellite were available
and dhes have "llwed us to place thos events in a broader global H
cosntet We find that the observations we consistent with the new-r0
Earth initiationi of aibstoans, and that during substorm periods the
Tsygwmeko [1987] model requires; an additional tall-lie stres
corresponding to an equatioward displacement of aurora zone
field lines in the ionosphere of aboutl10to 2* magntetic latitude, 900
assuming that the center of the the substoan electrojet is fed by mcmA 0
curet drawn from the near- Earth magnetotalL

2.0 DATA
The data to be presented consist of magnetic field measurenents;

from AMFFE$XE, ground magnetograms from a variety of ste.- PHI~
tions. and precipitating particle data fran DMSP F7. CCE is in an U W iO21
equateral elliptical orbit with apogee at - 8.8 Rr. The magnetic: R 8.19 8.14 8.10

field~~~~~MA -Sk~~n -6. yFtnr ta 184.bI .. 4 -4.3
fildexerrin is described in dealb oors tA[9) MLT 0.61 0.64 0.67

Ground magnetaneter dat fran Timi Bay, College. Lekivogur, R&1.C mansre dau for 7 Iune 1985. Mhe dama ame 0.125s
Syowa. Abisko. and dhe stations of the EXSAT magnesomete Iam and aini in VDH coordinates. 71w onse began at - 2209 UT.
cross were used during this study; those data generally have a tine
resolution of 1 minute. DMSP F7 is a sun-synchronous polar- and die unusually close longitudinal conjunction~ between CCE and
orbiting satellite with an altitude of about 840 km. a period of the ground stations. However, DMSP P7 data are not available for
101.5 minutes, and am orbital plane approximately along the this event. CCE was located at a radial distance of 8.1 RE. a
1035-2235 local tine meridian. A more detailed descripteion odie magnetic local time of 0038 MLT, and a magnetic latitude of -6A*.
DMS? spacecraft and the instunmentation may be found in Hardy G3iven that ICp was 2. the estimated position of the no"ra sheet was
et al. [1984] mid Cu ssenhoven, et al. [1965]. 0.2 RE north of CCE 9Leper. 1990]. This -neutral sheet- position,

The CCE magnesomieter data. were exurnined to find susoi which is to say the point at which the V camponent is epctedW to
that occurred when CCE was not too far foran the neuitral sheet. reverse s4gn is 0.3 RE5 north of the minimum nagneoc field value
Soame of thessse ae crent sheet disruptions that have ben along the field line threading CCE in the Tsyganenkom [1987 mod-
described in detail in Previous studies [Takahuashi er aL. 1987; Laiz cl. The model ionospheric: footpoint at 100 kin of the CCE field
at aL. 1988, Lzpaet al, 1L 989, 19904l Others ameven that line was 6.6* N, l05.9* E in PACE coordinate.
occurred when CCE was relatively close to the neutral sbr u The magnetic field data for the event are presented in Figure 1.
not within the main distribution of the r a5sstil current. They Ihese data are 0.125s samples and are inVDH coordinates, where
resemble the transitional event discussed by LOWpezt AL [1989]. V is positive radially outward, H is positive northward along the
Twelv, events wer selected due to Ithe latively doe aiia dipole axis, mid D is positive eastward. The V cMponen Of the

pxiiyof an avora Zonm ground station, or set of stations. F~or magnetic field was positive, confinming that CCE was south of the
eahevant we have calculated the ionospheric M.toit t 0k neutral aheet. The onset of the event occurred at 2209 UT. when

altiude of the field line threading CCli using the model of dramatic variations in the magnetic field began. At this time the
Tsygantkong [1987. The truncated. version of the model was use fba of energetic particles (not shown) dramatically increased.
with the growth phase Kp value. and all pround cordntes These signatures wre typical of substorns observed by CCE when
are given in PACE conected geomagnetic oordintate Syte the satellite was near the neutral sheet [Lopaer t aL, 1989]. Also, at
[BdWar d VuWu 1989]. Software to implemendit this coordixiim 2212-30 UT, there was a brief intensification of activity in both tie
systMem 3s available from Y- Baker who may be contacted at magnetic field aid energetic particles. 711C Particle data indicat
APUS"MCEIL In the following section two events will be dis that the source of tim energetic, ions at that tine was tailward, of
cussed ink some detail. and an overview of the remaining 10 events CCL suggesting thtat the activity moved tailward. A simila~r

willbe pesened.phenomena was reported by lopez et al. [19891 during anothe
3.0 OBSSUVATIOK cumret disruption event.

MW &Mrs event to be discussed occurred on 7 June 1985, at 2209 Magnetomnete data fran the EISCAT magnetometer cross
Ur.Thisavantis not"bl for its excellent magneometer coverage (prvided courtesy of H. Koskinen and T. pulkktinen) are Presented
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in Figures 2 aid 3, which show the X (positive northward) and ZT
(positive downward) components, respectively. Thie vertical order

* of the stations reflects their respective latitudes (although sonme -
stations such as KULuanKAU mealmost at the same katunde- -_

* their separation is mainly longitudinal). Those data show that the
substorm-associated magnetic deflections began at 220 UlM in
excellent agreement with the onset at MCE On closer inspection,

* there wa also an initensification of activity at 2213 UT. again in
accord with the CCE observations. At the 2209 UT onset of activi-__ KV
ty. KAU ald unaions poleward of it observed positive Z perturb.- 5221 I
dions. MUO observed essentially no Z variation, and PEL recorded
a negative Z deflection. The sign of the Z perturbation Allows one 514 I
to determine the latitudinal, position of the center of the westward
electrojet relative to the observing station [e.g.. Snwtm and
Rostoker, 1983]. Therefore we infer that at the onset of the activity 5351KAU
the westward electrjet was centered directly over MUO. at 64.7 I
N, 106.6* E. These coordintates assume that the electojet was at an ~U
alitdeof 10 kin, the altitude of the field line footpoints, andl this 51151 - -

sane altitude will be used in calculating all ground coordinates. N
The stations PEL and KAU are I* equatorward and poleward,
raypectively, of MUO, and the Zperturbations indicate that the 49884'---- ------- ----- ---------- PEL
electrojet was poleward and equatorward. yrpyspectively, of those
stations. Thus in this case it is possible to localize the latitudinal
position of the center of the electrojet with a precision of - 1l.s.0 60 2.0 00U

* We may also use the ground data to detrmne~ the poluaw1ar200200000U
boundary of the westward electrojet. At 2212 UT. positive Z per- Fig. 3. Z component (positive downward) magnetometer data fros the
turbations of roughly equal magnitude were observed at KIL and EISCAT maoetometer chain on 7 June 1985. Penirbations associated

with the increas in the westward electrqae began at 2209 UT.

KAU. Since these were also the largest such perturbations, we infer
that the poleward boundary of the westward electrojet at that time

10607 - - -SOR was located roughly at 65.7* latitude. midway between KIL and
KAU. On the other hand, the negative Z perturbation at PEL was

_ _ _- ALT roughly half the value of the positive ones at KIL and KAU. so,
109211 -A-LT- assuming a uniform ele jcLrjt the equatorward boundary of the

- - I Iwestward electrojet was equatorward of PEL (63.3* which maps
KV to 6 RE in the tail). As stated above there was an intensification of

11156 --- L - -activity at 2213UT, which resulted in andecrease in die Z ompo-
ZInent atPEI.a very slight decrease in Zat MUO, mWdan increase in

1082 I-- KIL Z at stations poleward of MUO. This suggests that the poleward
T I Iboundary of the electrojet moved significantly poleward. but that

the center of the electrojet moved only slightly poleward. Sucha
torn - -- - - -polewardmnotion would be consistent with the tailward motion of1077 - -- KU th curentdisruption region inferred from the CCE data.. Later, at

2230 UT, the center of the electrojet moved poleward of MUO to a
112147K - IU position equatorward of KIL

MUO The second event occurred on 28 August 1986 at 1153 UT. and it
X I has been previously examined by Takahashi et al. [19871. It is one

11308 - . ... PEL of the most dramatic examples of the turbulent disruption of the
current sheet. This event does not have as good a conjunction

I betweeni the magnetometers and CCE as the previous one, howev-
* I. ~ --- ---~ -- .er, DMSP P7 was superbly placed to provide critical infornation

1800 2060 2200 0000 UT about amorali precipitation morphology. CCE was at a radial dis-

Fig. 2. H component (positive north~ward)~ mauestometer du- fro th tUwe of 8.1 Rz,. a magnetic local time of 2326 MLT, a magnetic
EISCM magrneomneter dbai an 7 June 1985. The negative bay indlicating latitude of-2.V*, and K. was 2. The empirical neutral sheet model
an amcass a die westward electroje began at 2209 UT. of Lopez [1990] places CCE precisely at the neutral sheet, while



theminimmn magnetic field magnitude along theTsyganenko I I ' l'I t I
[19871 field line threading CCE was located 0.3 RE north of the
satellite. The ionospheric foot of that field line was located at 66.7*
N. 116.9 W. The CCE magnetic field data are presented in Figure H
4; the difference in the time axis between this figure and that in
Takahashi et al. [1987] is due to a 20s offset in (all) the CCE data
that has been corrected in this figure. The V component was T
negative indicating that CCE was slightly above the neutral sheet,
in contrast to the neutral sheet model prediction. The field magn- T- 500 nT
rode was - S ni', this is a typical value when CCE is very close to
the neutral sheet during the late growth phase. The onset of activity
occurred just before 1153 UT, and there was an intensification of
activity just before 1200 UT.

Magnetic field data from the ground station at College (65.3 * N, D
98.4 W) are presented in Figure 5. College was 1.2 hours east of
the CCE footpoint, which adds some uncertainty to the determina-
tion of the latitudinal position of the westward electrojet at the
CCE local time meridian. At 1153 UT, College observed a slowly College
growing westward electrojet equatorward of the station that was
probably associated with the substorm, but there was no signature
in the D component. A much more rapid development of the
electrojet, this time accompanied by a D perturbation, occurredjust
after 1200 UT, several minutes after the 1153 UTonset at CCE. We
consider this later development to be the expansion of the substorm
current wedge into the College sector. The seven minute delay may
be a local time effect since on average it takes - 7 minutes for the
edge of a substorm current wedge to expand one hour of local time
[Lope2 ti al., 1988b]. Also, it may be that the 1200 UT intensifica-

S. . . . . . . . ._ 1100 1120 1140 1200 1220 1240 1300 1320
10.0 nT/A*vion UT

Fig. 5. Ground magnetogran from College on 28 August 1986. The onset

so 0 __ ,_, __ __ _ _began shoniy after 1200 UT.

tion at CCE was responsible for the 1200 UT electrojet enhance-
ment recorded at College, and that the expansion of the longitudi-ev 0 A .5

BV 0 nal sector affected by the substorm expanded in discrete steps as
discussed by Wiens and Rostoker [1975].

Since CCE did not move very much from 1153 UT to 1200 UT,
o. 0 TRthe model ionospheric footpoint is essentially the same in both

cases. The real footpoints were almost certainly different since
SAlthere had been a measurable change in the field between 1153 UT

and 1200 UT. At the onset of the sharp H decrease, the Z compo-
'"'t fiw I -• ' I- 1nent exhibited small negative and positive perturbations. This sug-

gests that the electrojet center oscillated slightly over the station, or
T N 0 I ithat several small, variable electrojets formed in close latitudinal
2Mo iproximity. Therefore we conclude that at the onset of the event the

electrojet center was located at - 65.3 N in the College sector, and
__ _ at - 1215 UT the electrojet center moved poleward of College. Just
___r_-_ after the 1153 UT onset at CCE, DMSP F7 passed over auroral

UT 1112 1155 400 zone 1.2 hours west of the CCE footpoinL The particle data fromR &.04 8.09 8.14

kAT -22 -2.3 -2.5 this pass me presented in Figure 6. Electrons an ions from 30 eV
MLT 23.40 23.43 23.46 to 30 keV awe plotted with the lowest energies at the center of the

Fig. 4. CCB mnagnesmetr data for 28 August 1986. The data are 0.12_5a ploL The geomagnetic coordinates on the plot are in the PACE
sampes amd ae in VDH coordinates. The onset began at - 1153 UT. coordinate system. The equatorward edge of the auroral zone is an
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Fig. 6. Precipitating particle data DMSP F7 on 28 August 1986. DMSP F7 passed over the polar cap just - 1 hour to the west of
CCE in close temporal proazmity to the onset of the evenL At 1,154 UTit encountered the boundary between the lobe and the plasma
sheet at a latitude of 80 . Continuing equatorward, the satellite reached the poleward edge of a bright arc at 1158 UT. The arc was
located at - 66', and we associate it with the substoin westward eletroje

example of the low altitude signature of the dispersionless sub- However, DMSP F7 crossed the arc before it crossed the termina-
storm injection boundary discussed by Newell and Meng [1987]. tor, and a limited regionjust to the east and west of the flight path is
Poleward of the injection boundary a bright discrete feature was visible. The point at which the arc was crossed was the western-
observed. It was composed of a monoenergetic (- 4 keV) electron most extension of a bright region which had expanded poleward
region, with a lower energy feature at the poleward boundary. The just to the east of DMSP F7, while to the west the arc was narrow,
latitude of the poleward edge of the monoenergetic electron part and it faded out. The satellite apparently crossed the most equator-
was 65.5", and the entire discrete arc extended to a latitude of ward discrete arc just as it started to brighten as the substorm was
66.2". It is important to note that poleward of the arc there was a expanding into that sector. Assuming that the poleward edge of the
region filled with weak discrete features, and that the boundary bright arc is near the center of the the auroral electrojet [e.g.,
between the lobe and the plasma sheet was located at a geomag- Samsom and Rostoker, 1983], we find that one hour to the west of
netic latitude of 80 just 11.2" west of the CCE footpoint. CCE the electrojet was centered at - 66 *, and one hour to the east it

The DMSP F7 image data (not shown) indicates that the bright was centered at - 65.3 *. From this information we estimate that the
arc seen in the particle data was associated with the substorm. The latitude of the electrojet center in the CCE sector was - 65.7'.
event took place in late August and DMSP F7 was in the northern The remaining ten events have been analyzed in a similar fash-
hemisphere; this is not the best situation for auroral photography. ion as those discussed above. The results of this investigation are

7



presented in Table I. Each event, including those discuss.i above, the onset, which limits us to five out of the twelve events. The final

is listed by the time (within 5 minutes) and date of ocur-ence. The column is labeled "Shift." It will be discussed in the next section
second cohumn gives the radius (in Rx) and the marnetic local time when we examine the implications of these results.

(im SM coordinates) of CCE at the time indicated for each evenL
The third column list the ionospheric footpoints of the field line 4.0 DISCUssION

threading CCE. Northern and southern footpoints are given for The results presented in Table 1 are completely consistent with
those events for which data from both auroral zones were avail- the near-Earh substonn initiation scenario. The electrojet posi-
able. The center positions af the westward electrojets were deter- tions found in this study are also consistent with the results of
mined exclusively from the ground magnetumeter data, with the Craven and Frank [19871. who found that during substorms auroral
exception of the 28 August 1986 event (discussed above), and brightening begins at - 66". then expands poleward. Moreover, the
southern electrojet on 7 May 1985. That position was determined neutral sheet at R - 8 to 9 Rj consistently maps to the equatorward
from the poleward boundary of a discrete arc (the only one) ob- edge of the amoral zone, which is additional evidence that the near-
served by DMSP P7. Since it was almost certain that this arc was Earth region surveyed in detail by CCE is indeed the region of
the one that brightened, its position may be used as an indicator of substorm initiation. In those cases where the center of the electrojet
the electrojet position. The arc was observed 20 minutes before the is well-placed, that latitudinal position was always equatorward of
onset of the substorm. During the growth phase discrete arcs drift the CCE footpoint, and there is no case were the center of the
equatorward [e.g., Tanskanen et al., 19871. Therefore the position electrojet was observed to be initially poleward of the CCE foot-
of the arc 20 minutes before the breakup provides us with the poinL Moreover, in the case of the 28 August 1986 event, it is
maximum possible latitude for the center of the substorm elec- obvious that the nuts equatorward portion of the afforal oval
trojet. The boundary between the plasma sheet and lobe was deter- brightened first.
mined from DMSP P7 particle data. The position of the boundary The available evidence argues strongly against the boundary
(magnetic latitude and longitude), and the time at which the layer model [e.g, Rotoker and Eastman, 1987). Again, the 28
boundary was crossed are listed. This position is listed only for August 1986 case is unambiguous. The brightening arc and the
those events when P7 reached the boundary within 40 minutes of center of the substorm westward electrojet were located 14"

Table 1: OCE Footprints Relative to Electrojet Centers

Event R'. KLT2  I Footprint 3  Electrojet Center 1,Plasma Sheet-Lobe Boundary Shift

7 May 1985. 1105 UT 8.7. 0039 67.6 N. 81.7 W > 65.3 N. 98.4 V 68.9 S. 93.7 V. 1044 UT < 2.3
67.8 S. 83.1 V < 67.0 S. 93.5 V > 0.8

17 May 1985. 2350 UT 8.7. 0111 66.8 N. 90.4 E < 65.2 N. 103.2 E ) 1.6
67.6 S, 90.2 E > 66.8 S. 72.8 E < 1.2

1 June 1985. 2120 UT 8.6. 2340 66.9 N. 100.1 E 65.7 N. 107.1 E - 1.2

1 June 1985, 2315 UT 8.8. 0016 67.9 S. 83.4 E > 66.8 S. 72.8 E < 1.1

3 June 1985, 2240 UT 8.8. 0010 67.4 N. 91.8 E 65.2 N. 103.2 E - 2.2
68.2 S. 92.8 E > 66.8 S. 72.8 E < 1.4

7 June 1985. 2210 UT 8.1. 0039 66.6 N. 105.9 E 64.7 N. 106.6 E ~ 1.9

20 June 1985. 2310 UT 8.2. 2355 66.3 N, 78.3 E < 65.3 N. 69.1 E > 1.0
67.5 S. 79.7 E > 66.8 S. 72.8 E < 0.7

9 August 1986, 1450 UT 8.5. 0040 66.9 N. 137.0 V > 65.2 N. 164.2 W 73.2 N. 77.5 W. 1500 UT < 1.7

24 August 1986. 1345 UT 8.0, 2332 66.5 N. 142.0 V > 66.2 N. 164.2 V 68.1 N. 90.8 W, 1319 UT < 1.3

28 August 1986. 1155 UT 8.1. 2325 66.7 N. 116.9 V - 65.7 N. 116.0 V 80 N. 125.6 W. 1154 UT ~ 1.0

29 August 1986. 2050 UT 8.7. 0012 67.0 N. 120.3 E > 65.2 N. 103.2 E < 1.8

30 August 1986. 1220 UT 8.7. 2351 67.1 N. 115.5 W ) 65.3 N. 98.4 W 73.7 N. 88.5 W. 1256 UT < 1.8

bCE position in RE
2SH local time
*All latitudes and longitudes in PACE geomagnetic coordinates
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equmieardof the boundtary between dhe lobe mid die plasm fhom le to 2* in latitudie, assuming that the near-Earth region
sh no h same is trm for the 7 May 1985 case, when the pre- provides the bulk of the current for die westward electroje

sinned electsojet center was l.9* equasorward of tie boundary.
Since the westward electrojet trinmates in tie stage lead and th Ackno44dwdgnUM5 We we pleased to acknowledge T. Powamia aid L
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TECHNOLOGY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer" for national security
programs, specializing in advanced military space systems. The Corporation's Technology
Operations supports the effective and timely development and operation of national security
systems through scientific research and the application of advanced technology. Vital to the
success of the Coqpmor n is the technical staffs wide-ranging expertise and its ability to stay
abreast of new technological developments and program support issues associated with rapidly
evolving space systems. Contributing capabilities are provided by these individual Technology
Centers:

Electronics Technology Center: Microelectronics, solid-state device physics,
VLSI reliability, compound semiconductors, radiation hardening, data storage
technologies, infrared detector devices and testing; electrootics, quantum electronics,
solid-state lasers, optical propagation and cmmnications cw and pulsed chemical
laser development, optical resonators, beam control, atmospheric propagation, and
laser effects and countermeasures; atomic frequency standards, applied laser
spectroscopy, laser chemistry, laser optoelectronics, phase conjugation and coherent
imaging, solar cell physics, battery electrochemistry, battery testing and evaluation.

Mechanics and Materials Technology Center: Evaluation and characterization of
new materials: metals, alloys, ceramics, polymers and their composites, and new
forms of carbon; development and analysis of thin films and deposition techniques;
nondestructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; development and evaluation of hardened components;
analysis and evaluation of materials at cryogenic and elevated temperatures; launch
vehicle and reentry fluid mechanics, heat transfer and flight dynamics; chemical and
electric propulsion; spacecraft structural mechanics, spacecraft survivability and
vulnerability assessment; contamination, thermal and structural control; high
temperature thermomechanics, gas kinetics and radiation; lubrication and surface

Space and Environment Technology Center: Magnetospheric, auroral and
cosmic ray physics, wave-particle interactions, magnetospheric plasma waves;
atmospheric and ionospheric physics, density and composition of the upper
atmosphere, remote sensing using atmospheric radiation; solar physics, infrared
astronomy, infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects
of eectrn eti and particulate radiations on space systems; space instnrentation;
propellant chemistry, chemical dynamics, environmental chemistry, trace detection;
atmospheric chemical reactions, atmospheric optics, light scattering, state-specific
chemical reactions and radiative signatures of missile plumes, and sensor out-of-field-
of-view rejection.


