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1. INTRODUCTION

EXCEDE is an experimental program designed to study auroral processes
using a rockethorne electron accelerator operating in the altitude range 80 to 140 km.
The primary scientific interest is the investigation of the detailed production and
loss processes of various excited electron and vibrational status resulting in optical
and infrared emission as energetic primary electrons and their secondary and all
subsequent generation electrons are stopped in the atmosphere. In artificial auroral
experiments, the dosing conditions of: electron energy and power, deposition
volume , deposition altitude and dosing duration are parameters that may be con-
trolled and monitored. In natural aurora , these excitation conditions must be
Inferred and the observed atmospheric emissions typically are effects Integrated over
a range of conditions (electron energy, electron—fl ux density , altitude, and dosing
time). Observations of these integral effects make interpretation of optical/infrared
emissions in terms of basic production and loss processes excedfngly complex. At
present, considerable uncertainty exists in the interpretation of aurora! optical and
infrared emissions including such a well-studied feature as the auroral green line ,
O(~S) 557Th emission (Slanger and Black, 1973; Rees and Luckey, 1974; Shepherd, 1974).

The primary objective of the EXCEDE program is to : determine the mechanisms
In which energetic electrons partition energy as they are stopped in the atmosphere,
follow the chemical reactions of electron induced ionized and excited species and
observed the ultraviolet , optical and infrared emissions induced directly by electron
impact as well as the emissions induced by a series of consecutive chemical reactions.

Other artificial aurora! experiments using rocketborne accelerators providing
energetic electron beams of several kilowatts include the launch described by Hess
at al. (1971) and Davis at al. (1971) and the more recent results reported from the
joint Franco-Soviet ARAKS (Artificial Radiation and Auroras between Kergueten and
the Soviet Union) Program (Cambou et al., 1975). These experiments , designed to
study the geomagnetic field orientation, conjugate point locations , conjugate reflec-
tion of energetic electrons and particle drift rates, utilized apogees in excess of
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several hundred kilometers. In contrast to these other artificial aurora! studies the

EXCEDE experiments are conducted in the denser atmosphere at altitudes of 80 to

120 km to confine the electron excited atmosphere to the vicinity of the payload.

A feasibility study (O’Neil et al. 1973) Indicated that 3 kW (3 kV, 1 ampere)

electron beams deposited in the 100 to 120 km altitude range provided selected

optical and infrared time dependent radiance proffles readily measured by both

rocket and ground based photometric and radiometric sensors . Specific infrared

emissions of interest Include electron induced NO radiation at 2.7 to 5.4 microns as
+ .well as CO2 and NO radiation at 4, 3 microns. The present report summarizes the

rockethorne retarding potential analyzer measurements of the PRECEDE launch

and Infers an altitude dependent steady state vehicle potential for the electron emitt ing

vehicle.

2
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V 2. PRECEDE EXPERIMENT

This initial launch in the EXCEDE program of artificial aurora! experiments was
designated PRECEDE. The PRECEDE launch vehicle was a Nike Hydac Rocket (EX 407.41-
1) instrumented with a 2 kW (2. 5kv , 0. 8A) electron accelerator launched at 10 :20:00 UT
on 17 October 1974 from White Sands Missile Range. This flight was an engineering
test of the electron accelerator to be subsequently used on the heavily Instrumented
follow-on experiments. The electron accelerator consisted of three modules with
separate high voltage supplies and tungsten filaments directly heated to approximately
28000K by a common ifiament supply. A square wave oscillator operating at 0.5 Hz
synchronously pulsed the high voltage supplies. The accelerator high voltage sup-
plies powered by silver cell batteries were each current limited to approximately
0.5 amperes to avoid catastrophic failure In the event of arcing or momentary short
circuit operation during launch . The electron source was initiated at 95 km on pay-
load ascent and continued through apogee (120 km) to a descent altitude of approxi-
mately 80 km, operating for an interval of 180 sec. The payload was launched from
north to south so that the electron beam was deposited along the geomagnetic field
above the payload (Figs. 1 and 2) . The trajectory for the PRECEDE launch was in
the plane of the magnetic declination , ~~O east , and the Tiff optical station was located
to observe the payload along the magnetic field at approximately 100 km during pay-
load descent. In this configuration the electron deposition volume, constrained along
the magnetic field , presents a minimal source size for the photometric and spectro-
graphic instruments located iat the Tiff optical station. Stations at Denver and
Cloudcroft contained various camera systems to record the electron-induced atmos-
pheric luminescence with viewing aspects arranged to image radiance along the mag-
netic field and record the size of electron-excited atmosphere. On board measure-
ments incl uded monitors of electron-beam voltage and current and a retarding poten-
tial analyzer to determine particle flux and vehicle potential .

Figure 3, a montage of PRECEDE photographs from Denver optical site (see
Fig. 1) 18 an Illustration of the overall dimensions of the electron beam as a function
of altitude, hi Fig. 4 is given in greater spatial detail : the electron-beam energy

3
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Optical Mount at Denver
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Beam Length 0. 4 km

Figure 3. Photographs Taken By TIC , Inc ., of Bedford , MA From the Denver Opticat
Site.
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deposited above the payload along the magnetic field , the mlatively faint electron-
beam luminescence below the payload due to back-ebattered electrons , and a bright
chemiluminescent wake tangential to the payload trajectory believed to be due to rest-
dual rocket propellants (aluminum or aluminum compounds) outgasslng from the
smoldering Hydac rocket engine and reacting with atmospheric atomic oxygen.
Figure 4, provided by the Cloudcroft optical station, was taken with an image orthioon
system and represents an integration of several seconds . All three optical ground
stations used radar controlled instrum ent mounts which located and tracked the pay-
load Within 1-arc mm for the duration of the experiment . The precise tracking of
the optical mounts allow the ground-based imaging systems, an image Intensified
spectro graph and the television and film cameras , to effectively utilize exposure times
as long as 20 sec. For the spatial resolution of the imaging systems and the tracking
precision of the optical mounts , effective exposure times were dete rmined by the
shutter-open period rather than by the focal-plane image smear.

The PRECEDE launch trajectory was configured such that the electron beam,
originating from the nose of the payload, was deposited above the vehicle along the
magnetic field without the use of an attitude control system. The nominal pitch angle
ranged from 0 to 40° durIng the experiment and was 25° for the case represented In
Fig. 4. The dimensions of electron range and radial scatter Indicated In Fig. 3 and 4

are in good agreement with the experimental results of Grun (1957) and the calcula-
tions of Berger et al. (1970 , 1974) , respectively.

S 

~~~~~~ --- --_ _~~~~~~~~~~~~~~~~~~ —--_ _-_ _-



3. VEHICLE POTENT IAL MEASUREMENTS

Initial EXCEDE design studie s Included a theoretical estimate (Baum et a l. ,  1975)

of the time dependent vehicle potential of an electron emitting payload operating under
the experimental conditions for the prop osed Initial PRECEDE launch . The results of
Baum etal. (1975) indIcate that following accelerator pulse initiation the vehicle charges
to a large positive value , undergoes a series of damp ed charge oscillations to account
for electron momentum and then decays to a small (less than 30 volts) positive steady -
state potential . The transient vehicle charging theo ry indicates the vehicle attains a
steady-state value In times comparabl e to the collision time of seconda ry electrons , on
the orde r of 10 to 50 microseconds .

The vehicle skin potential during the PRECEDE experiment was monito red
using an onboard retarding potential analys er (RPA). The return current to the RPA
as a function of retarding voltage is compared to predicted seconda ry electron spec-
tra to obtain an effective vehicle skin potential . The frequency response of the in-
strument was not sufficient to measure the lar ge potential oscillations predicted
theoretically and the RPA results are limited to a determination of the steady-state
vehicle potential.

The RPA was located on the side of the PRECEDE vehicle as shown in Fig. 5.
The electrons collected by the RPA , located at 900 wIth resp ect tothe electron beam
accelerator , was Influenced by vehicle alignment with resp ect to the geomagnetic
field , the location of the ionized cloud , and the vehicl e skin potential. Since the
secondary electron production was mRLInly In front of the vehicle, as shown In Fig. 5,
only electrons scattered at certain angles entered the RPA . The trajectories of these
electrons were governed by their geomagnetic confinement , as well as seconda ry
collisions . The total return current to the RPA was approximately the fraction of

• RPA area to the total vehicle skin area. The dimensions of the electron accele rator

payload and vehicle are shown in Fig . 5. The effective collecting area of the payload
presented to the returning electrons varie d with vehicle orientation and electron
energy.

9 
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Figure 5. Location of the Retarding Potential Analyser on the

PRnC!~DE Vehicle. The Dimensions Are Given in Meters.

10

-F 
_ _ _ _ _ _ _  

••

~~~~~~~~~ 

- 

- -~ 
- . •  • • -- • — ~~~



_ _ _ _ _ _ _ _ _ _ _  • -

A typical RPA data frame is shown In Fig. 6. The mtardlng voltage was step-
ped through a sequency of 14, 0, -17, -33, 0, —120, and -550 volt s in two second inter-
vals equivalent to the electron beam pulse per iod. A retarding potential of -1960
volts was also used, but failed to operate reliably. The. nominal 16 second RPA data
frame represents an altitude increment of approximately 10 km at 100 km and 7 kin at
110 km In the PRE CEDE trajectory.

A 5 volt accelerator grid was placed in front of the retarding grid to ensure col-
lection of electrons in the vicinity of the RPA. The entrance aperture of the RPA
was 3 .5 cm2 and the Instrument design allowed acceptance of electrons as much as
80 degrees from normal .

Figure 6 Indicates the RPA dynamic range extended to currents as low as lO~~~
amps. This collection current Infers ambient electron densities as low as 102cm 3

were measurable. Howeve r , RPA currents were not detectable when the electron
accelerator was turned off during the PRECEDE experiment, even when a positive
14 volts was placed on the retarding grid. It is speculated the inability to measure
ambient atmospheric electron densities is due to the vehicle orientation with respect
to the geomagnetic field and the possibility of a slight negative charge on the vehicle
skin, built-up after the electron accelera tor was turned off.

The RPA current is the Integral of all electrons having energy greater than the
retarding potential . Thus , accounting for the 5 volt accelerating potential, a -17
volt retarding potential would be a stun of all electrons having energy of greater than
12 volts , etc. In the absence of a negative vehicle skin potential, the retarding vol-
tages of +14 and 0 volts should show the same return current. This was indeed
borne out by the RPA data . Similarly , if the vehicle potential was above 28 volts,
the RPA current at -33 volts retarding potential would be equal to the 0 volt RPA
electron current . This condition was not met even at apogee , indicating that the vehi-
cle skin potential at no time exceeded 28 volta steady-etate.

A spin modulation was presented on most of the RPA data and was most promin-
• ant at large retarding potentials. The current modulation was caused by the aaym-

metrical area of the RPA projected across the geomagnetic field and the electron
excited atmosphere as the vehicle spun . The RPA was also shielded by the vehicle

11 
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During Payload Ascent . Each Retarding Potential Was Applied for
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Which Was Square Wave Modulated at 0 • 5 Hz.
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from the highly excited atmosphere during one half of its spin , limiting collection
electrons to a small angular distribution of scattered seconda ry electrons .

In order to obtain a vehicle skin potential from the RPA returns, a simplified
model of the electron energy spectra was used. Here it was assumed that once the
seconda ry electro ns were formed , they traveled in a gyrating path aroimd the geomag-
netic field until they entered the RPA. The geometric orientation of the EPA was ,
thus, convoluted with the angular dependenc e of the seconda ry electron production
spectra and the orientation of the electron beam. From this convolution the electron
flux was derived for several vehicle orientations as a function of electron ener gy.
The electron flux was then integrated as a function of effective retarding potential on
the RPA for a primary electron of a given initial trajecto ry. Finally, a Monte Carlo
technique was used to account for 300 divergence angle In the electron beam emanating
from the accelerator and the probability of seconda ry electron production of a given
energy and scattering angle. A mean size of one thermal elect ron Larmor radius
was used as a sample grid size in the calculation. The energy distr ibution of the
electrons collected by the RPA was determined by the angular orientation of the
vehicle axis with the geomagnetic field and the orientation of the sensor with resp ect
to the roll axis. Both the total integrated seconda ry electron current and the rela-
tive energy dependence of the electron curren t changed with orientation of the roll
axis. In the absenc e of a simple roll dependence for the electron flux incident on the
RPA , a maximum return current was assumed at all retarding potentials presumably
equivalent to the peak values of the spin modulated currents of Fig. 6. Based on the
laboratory measurements of Opal et al., (1971), the integrated cross-section for the
production of secondary electrons by a 3 kV primary is shown in Fig. 7. The cross-
section was in turn combined with the geometric factors to determine the electron
flux at the RPA for various retarding voltages.

The integrated production cross-section of Fig. 7 was convoluted with the EPA
returns from the PRECEDE experiment (see Fig. 6) and with altitude to produce an
estimated vehicle skin potential . The effects of change in altitude and change In pitch
angle of the vehicle with respect to the geomagnetic field, between retarding potential
measurements, were considered in the calculation of the vehicle skin potential. The

13 
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resulting vehicle potential as a function of altitude is known in Fig. 8. The horizon-
tal error bars represent the altitude extent over which a particular set of EPA read-
ings were taken. The vertical erro r bars are due to the variations in current intro-
duc ed by the spin modulation of the RPA . The maximum skin potential during the
experiment was approximately 27 volts at apogee. Slightly large r vehicle potentials ç
were observed on the descent trajecto ry compared to the equivalent upleg altitude .
Thi s asymmetry is presumably due to the greater payload velocity across of the geo-
magnetic field during descent which c~.uses shorter electron beb m dose times for each
given volume element . The result of which would be smaller electron densities and
thus a slightly large r vehicle potential .

A theoretical steady- state vehicle potential may be estimated by using Langmuir
probe theo ry together with steady -state electron concentrations associated with the
electron beam ionized cloud. In the steady—state case, it is assumed a vehicle to
plasma potential is established to provide an electron return current to the payload
equivalent to the accelerator current. The return current to the vehicle skin , which
must balanc e the outgoing current Is giv3n by:

= = 11e U e A , (1)

where 11e is the number density of electrons near the vehicle , ue is the drift velocity
toward the vehicle, e the electron charge , and A~ is the area of the vehicle skin. At
the altitudes of interest , the electron mean free path varies from several centimeters
to several meters, much large r than the Debye length.

If the secondary electrons in the vicinity of the vehicle are not greatly depleted ,
their number density can be approximated by the steady-state concentration ,

[P(o)/~g(o)~u12 
‘ (2)

15
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where P(0) is the ionization rate near the skin of the vehicle , and cw(O) is the electron
recombination rate In the same region. The production rate P(0) can be approximated
by the emperical relationship,

P(0) ~ 1.86 x ~~~ nlV_5/2 cm 3sec ’ , (3)

I,
by fitting to laboratory data by Grun (1957) with magnetic field confinement described
by Berger et al. , (1970, 1974). Here , V is the electron beam voltage in kV and I

—3Its current In amperes. The atmospheric density, n, in cm , Is taken to be mainly

N2. Clearly, corrections for ionization cross-section for 0 and 02 should be made
If an accurate number is to be obtained. However , these corrections are not con-
sidered significant compared to errors introduced in the effects of orientation and
the assumptions of homogeneity of the electron beam source.

The recombination rate near the vehicle, a(0), is assumed to be 1 x 1O 7cm3/
sec, comparable to the N0~ recombination rate at Te 0.5 eV (Huang et al.,

• 1975) and typical of ion recombination rates observed in the upper atmosphere. Thus ,
the electron density In the vicinity of the vehicle is

~ 136 ~~~ iI/2 1/2 cm 3

In the 100 to 120 km altitude range, atmospheric number density varies between 1O13

and 5 x loll crn~~. Thus, the electron mean free path is at all times much greater
than the Debye sheath at steady-state . The vehicle skin, If perfectly conducting,
would behave much like a Lang]nuir probe (Langmufr and Coznpton, 1931). The return
ourr~nt, using I.angmuir’s solution for the case when the probe potential is larger
than a few tenths of a volt, is

17
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/n <c >\ / 2e~ 
\l/2

= ~~e 
e)  ~i + - ~~!) eA~ ‘ 

(5)

where <Ce) is the mean thermal speed of the electrons , ~~ is the vehicle potential, k

• Boltzma nn’s constant , and Te is the plasma temperatu re.

Solving for the vehicle potent ial at steady-state by combining Eqs . (4) and (5)

• yields

kT f~. 4 x io~~ m i V5/2 \
= 

e~ A~ n -,  
(6)

where m is the electron mass , I the current in amperes , V the beam voltage in kV ,

e the electronic charge and Av the vehicle area in cm • Substituting representative
values into Eq. (6), a theoretical vehicle potential, which is a function of vehicle

orientation was obtained.

The vehicle skin potential is a function of the total area of the vehicle as well as

the orientation of the vehicle with respect to the geomagnetic field. Because the

electrons are essentially restricte d from moving across geomagnetic field lines , an

effective area was used in the calculation of vehicle skin potential. This area has

been taken to be the vehicle cross-sectio nal area normal to the geomagnetic field ,

plus the added cross-section provided by the Larmor radius of a mean seconda ry

electron. At high vehicle potentials, some distortion of the field lines may result ,

giving a larger effective vehicle skin area (Llnson, 1969). The return current to the
RPA Is also affected by its orientatIon with respect to the geomagnetic field , and it

would see a maximum electron flux if the aperture of the RPA was field aligned. The

predicted vehicle skin potential was, thus, tailored to the specific geometry associated
with the vehicle orientation.

18



The vehicle was canted with resp ect to the geomagnetic field during the entire
period of electron beam operation , processing between 9 and 33°. The effective
area presente d to the bac kscatte red electrons varie d fro m 3.5 x 1O3 cm2 to 1.0 x 1O4

cm2, normal to the geomagnetic field , compared to a total vehicle skin area of
approximately 5.4 x 1O 4 cm2. The theoretical estimate of vehicle skin potential was
obta ined by combining the altitude dependence of the vehicle cant angle, atmosphere
number density, and velocity across the geomagnetic field lines. The number density
of electrons In the vicinity of the vehicle is a function of all three paramete rs . H ow-
ever , calculations become somewhat simplified when the vehicle is moving along the
geomagnet ic field , and a steady-state electron concentration could be established .

The vehicle potential determ ined theoretically by the steady-state x~odel is shown In

FIg. 8 along with the experimentally dete rmined values. The theoret ical curve was

produced from Eq. (6) using the PRECEDE nominal accelerator operatin g parameters ,

2.5 kV and 0.8 amperes, and a representative Jacchia (1971) model atmosphere .

The theoretical approximation indicat es the vehicle potential is inversely proportional

to atmosp heric number density and provide s an estimate d vehicle potential of 2.8 volts

at 104 km and 28 volts at 120 km in good agreement with the experimental results.

19
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AMES RESEARCH CE NTER GEORGE C MARSHALL SPACE FLIGHT CENTER
M OF FETT F IFLO,CA 94035 HUNTSV ILLF ,AL 35812
ATTN N— 256— 4 lIlA 6 POPPOFF ATTN K T ROBERTS

NASA NAS A
AMES RESEARCH CENTER GEORGE C MARSHALL SPACE FLI~’HT CENTER
MOFFETT FIFLD ,CA ~)‘.03c HUNT SV ILLE, AL 3581?
ATTN N—2 5i.— 3 N E IL H FARL OW ATTN R 0 HUDSON

NAS A 
AGEORGE C MARSHALL SPACE FLIGH T CENTER 

~~~ RGE C MARSHALL SPACE FLIGHT CENTERHUNTSVIL Lr , AL 35812 
HUNTSVILLE .AL 35812ATTN C R BA L.CHER 
ATTN R CHAPPELL

NASA ALBANY M E TAL LURGY RESEA R CH CENTER
GEORGE C MAR SHALL SPACE FLIGHT CENTER u S 8UR~ AU OF MIN E S
HUNTSVILLE, AL 35812 P.O. BOX 70
AT I N H STONE ALBANY,3 R 97321

ATTN ELE A N OR A R SH IRE

NASA CENTRAL INTELL IGEN CE AGENCY
GEORGE C MARSHALL SPACE FLIGHT CENTER ATTN RD/SI RN 5G48 HO BLDG
HUNTSV ILLE, AL 35812 WASH INGT CN DC 2~ 5~.5AT I N A ORAN ATTN ~~~~~~~~~~~~~ 1105

NASA DEPARTM ENT OF COMMERCEGEORGE C MARSHALL SPACE FLIGHT CENTER NATIONA L BUREAU OF STANDARDS
HUNTSVILLE, AL 35812 WA SHINGTON, 00 20234
AT Y CODE ES22JOHN WATTS ATTN SEC OFFICER FOR ATTN JAME SS OEVOE
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DEPARTM ENT OF COMMERCE DEP A RTM ENT OF COMM ER CE
NATIONAL BUREAU OF STANDARDS NATIONA L BUREAU OF STANDARDS
WASHINGTON ,D C 20234  W A S H I NG TO N, O C 20234
ATTN SEC OFFICER A T T N  SEC OFFICER FOR A T T N  JAMES DEVOF
STANLEY A $RAMOWITZ

DEPART HEI T OF COMMERCE NATIONAL OCEANI C & ATMOSPHERIC A DMIN
NATIONAL BUREAU OF STANOA °O S ENVIRONMENTAL RESEARCH LABO DAT O RIES
WA SH IN G TO tI ,OC 20234 DEPART II!NT OF COMM ER CE
ATTN SEC OFFICER FOR ATTN J COOPER B O U L D E P , C O  603C2

ATTN GEORGE C REID A ERONO M Y LA ~’%

DEPART M ENT OF COM MERCE NATIONAL OCEANIC & ATM OSPHE PIC 4DMIN
NATIONAL BUREAU OF STANDAR O S ENVIRON M ENT A L RESEARCH L*BOPATO °IES
WASHING TON ,OC 2023’. DEPARTMENT OF COMMERC E
ATTN SEC OFFICER FOR AT TN GEORGE A SINNA TT B OULDER ,CO 80302

ATTN ELOON FERGUSON

DEPARTM E NT OF COMMERCE NATIONAL OCEANIC L AT MO SP H~ RIC A DMIN
NAT IONAL rS UP EAU OF S T A N D A R D S  ENVIRON MENTAL RESEAR CH LASORA T O° IES
W A SHING T ON ,DC 2 2 3 ~ 

DEPARTMENT OF COMMERC E
ATTN SEC OFFICE R FOP A T T N  K KESSL ER BOULDEP ,~~O 8C 3~ 2

ATTN FRED FEHSENFELO

0E PA RTII~ NT OF Cr~M ME RCC A ERO CHEM RESEARCH LAB ORA TOR IES, I NC
P.O. BOX 12

NA TIONAL ~U~ EA U OF STA NOA ° DS PRINC ETO N ,NJ 08 540
WAS P 4 INGT ON ,OC 2023 4  A T T N  A FONTIJN
A T T N  S EC OFFICE R FOR ATTN M K RAUS S

AERO-CHE M R ESEARCH LABORA T O R I E5 , I N r ~DEPARTM E NT OF COMMERC E P.O. BOX 1?
NATIONAL DUREAU OR STANDA R DS PRINC ETON, NJ 08 540
W AS HT NGTON ,OC 20234  A T T N  H ° ERGAM E NT
A T T N  SEC OFFICER FO~
ATTN LEWIS H G EV A NT MAN
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AER ODYN E RE SE ARCH, INC . AER OS FAC ? C O ~~AT Io~BEDFO RD ~ ES!A PCH PARK P.O. B~~CRO SRY ORIV ~ LOS AN G’~L C S ,C~ 3 0 0 0~BE OFO P D.MA 01731 A T T N  F BI~~ A T T N  T W Ifl~4OPH 
-

AEROD Y NE RESEARCH, INC . A E R OSP A CF COR 0 O~~AT IC) 1
BEDFORD RES~~A RC H PA ~~’( 

P•~~• ~OX 9~~i57
CROS8Y DRIV E LO S A NG~ L~~S, Ci ~o o o i
BEDFO RD,MA Qj73j A T T N  •M CAM.~C 

A T T N R J M CNF~~L

A ER ONOHY c o o ~~~T IoN A EROS PACE CuR PO~ AT J’ tD N
217 S NE IL ST°E~ T P.o. ROX ~2957
CHAM PAIGN, IL 618~~ 

LOS A N G E LE S ,CA -~O 0a9
ATTN A B3W H ILL ATTN P GRO V ~

AEROSPACE CORPOR A T IO N AEROSPACE CORPO RATION
P .O . fOX ~29E ’ P. O. BOX 92957
LOS ANG!L rS,CA ~ o u o ’ ~ 

LOS AN GE LFS,CA )00 0~
ATTN P4 COHEN ATTN IRV ING H GAR FUNK ~ L

A ERO SPA ~~r r ’ ) RPOPAT I ) N A EROSPAC E CDR~ O~~A T I O N
P.O. BOX ~?957 

P.O. BOX 9?~5’
LOS A NC L~ S ,CA 9oo çj~ 

LOS, A lIGLELS , CA ~~~
ATT N HAR RIS M~Y~ R ATTN THOMAS 0 TA Y LO R

AEROSPACE CO~~PO” AT I3N AEROSPACE CORPORAT ION
P. O. BOX ,e~~s i P.O. BOX 82~ 57
LOS A N6EL~~S , C A  ~~~~~ ‘ 

LOS, AN GEL FS, CA 90009
A T T N  SI DN~ Y K KA S H ATTN V JOSEPHSON
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AEROSPACE C O R P O R A T I O N  BATT ELL E MEMORIAL INSTITUTE
P.O. t~OX 92’?S ? 505 KING AVENUE
L O S , A N G E L E S , CA  ~ 0 0 O ~ COLUMBUS , OH 43201
ATTN JU LIA II REINH~~IMER ATTN DONALD J HAM

AEROSPACE COPPOR.~T I ON BATTELL E M E NORI~ L I N STITUTE
P.O. BOX ~2~~5? 505 KING AVENUE
LOS, ANG E1~~S , C A  ~ 0 0 0 9  COLU ’ IBUS ,OH 432.01
A T T N  P 0 RA UC LI FFE AT TN STO IAC

A VCO —E V t~~E T T  ~ES EA D C~4 14’OR’~TO’.Y LIE BATTE LLE MEMORIAL IN STITUTE

EVE R ETT,MA 02149 
ATC HER

AVC O—EV ER ETT RESEARCH LABORAT ORY INC BROWN EN G INEERING COHPA~ Y,~~PJC
2385 REVERE BEACH PARKWAY CUMMINGS RE SEARCH PAR K
EVERETT ,M A ‘32149 HUN TSV IILF.AL 35807
ATTN GEORG E SUTTON ATTN N PASS INO

AVCO—EVE RETT RESEARCH LAB ORATO RY INC THE TRUSTEES OF’ BOSTON COLLEGE
2385 REVERE BEACH PARKWAY CHESTNUT HILL CAMPUS
EVERETT,MA 02149 CHESTNUT HILL , MA 02167

• ATT N C N VON ROSENBERG JR ATTN CHA IRMAN DEPT OF CHE’I

BATTELLE MEMORIAL INSTITUTE BROWN ENGINEERING C OM PANY ,INC
505 KING AVENU E 3UHMIN GS RESEARCH PARK
COLUMBUS, OH 43201 HUNTSV ILLE,AL 3580?
ATTN DONALD J HAM M A N ATTN RONA LD PATRICPC
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CAL . ~RNI A AT RIVERSIDE, UNIV OF CALIFOR NIA, STATE OF
R IV~~~IOE , CA 92502 AIR RESOU RCES BOARDATTN ALAN C LLOYD 9528 TELSTAR AVENUE.

EL MONTE , CA 91731
ATTN LEO ZAFONTE

CALIFOR NIA AT RIVERSIDE, UNIV OF CALSPA N C ORPORAT IO N
RIVERSIDE, CA 92502 P.O. BOX 235
ATTN JAMES N PITTS JR BUFFALO, NY 14224

ATTN C E TREA NOR

CALIFORNIA AT SAN DIEGO, UN IV OF CALSPAN C OR PORAT IO N
3175 MIRA MA R ROAC P.O. BOX 235
LA JOLLA , CA 92037 BUFFALO ,PIY 1~ 221
ATTN S C tIN ATTN 6 C VA LLEY

CALIFOR N I A UNIVERSITY OF CAL SPAN C OR PO R AT IO N
BERKELEY CAMPUS ROOM 318 P.O. BOX 235
SPROUt HA LL BUFFALO ,’IY 14221
BERKELEY,CA 94720 ATTN H 6 DUNN
A TTN SEC OFFICER FOR HAROLD JOHNSTON

CALIFOR NIA UNIVERSITY OE CALSP AN CORPORAT ION
BERKELEY CAMPUS ROOM 318 P.O. BOX 235
SPR OUL HA LL BU FFALO,~4Y 14221
BER KELEY,CA 94720 ATTN W W JR STEQ
ATTN SEC OFFICER FOR F MOZEP

CALIFORNI A UNIVERSITY OF COLOR AUO ,UPIIV ERS ITY OF
BERKELEY CA MPUS ROOM 318 OFFICE OF CONTRACTS AND GRANT S
SPROUL HALL 380 ADMINISTRATIVE ANNEX ROULOER ,00 8030?
BERKELE Y,CA 94720 ATTN A PHELP S JILA
ATTN SEC OFFICER FOR DE PT OF CHAM
K H MILLER
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OFFICE OF CONTRACTS AND GRANT S COLUMBIA UNIVERSITY , THE TRUSTEES OF
380 ADMI N ISTRATIVE  AN P{EX CITY OF NEW YOR K
BOULDER , CD 80302 116TH L BROA DWAY
ATTN JEFFREY B PEARCE LA SP NEW YORi(NY 1002?

A T T N  SEC OFFICER H H FOLEY

COLORAO O ,UNIVERSITY OF
OFFICE OF CONTR A CT S AND GRA NTS C ON COR D SCI ENCES
380 ADMI NI STRATIVE ANNEX P.O. BOX 119
BOUL O ER,~~O 8030 2 COPICORD, M A ~i742
ATTN C DEATY JILA A T T N  EMMETT A SUTTON

C OLORAOO ,UNIVERSITY OF DENVER ,UNIVERSITY OF
OFFICE OF CONTRACTS AND GRANT S COLORADO SEM INARY
360 ADMI N ISTR ATIVE ANNEX DE NVER RE SE ARC H IN ST I TUT F
BOULOER ,CO 80302 P.O. BOX 1012?OENVER , CO 80210
ATT N C LINED ERGER JILA ATTN SEC OFFICER FOR PIP VAN ZYL

COLORAD O ,UN IVERSITY OF OENVER,UPIIVERS ITY OF
OFFICE OF CONTRACTS AND GRAN TS COLORADO SEMINARY
360 ADMINISTR ATIVE ANNEX DENVER RESEARCH INSTITUTE
BOULOER,~~O 803C2 P.O. BOX 1012?OENVER,CO 80210
ATT N CHAR L F S A BARTH LASP ATTN SEC OFFICER FOR DAVID MURCRA Y

~OLUMBI A UNIVERSITY ,THE TRUSTEES GENERAL ELECTRIC CO MPANY
IN THE CITY OF NEW ‘CORK TEMPO—CENTER FOR ADVANCED STUDIES
LA MONT 3OHERTY GEOLOGICAL 816 STATE STREET (P.O DRAWER 00)
OBSERVATOR Y—TORREY CLIFF SANTA BA RB A RA ,CA 93102
PA L ISADE S ,NY 19064 ATTN OASA IC
ATTN B PHELAN

COLUMBI A UNIVERSITY ,THE TRUSTE’S OF GENERAL ELECTRIC COM PANY
CITY OF NEW YORK TEMPO-CENTER FOR ADVANCED STUDIES
116TH STREET 1 BR OADWA Y 816 STATE STREET (P.O. ORA WER 00)
NEW YORK, NY 10027 SANTA BARBARA ,CA 931 02
ATTN RICHARD N ZARE ATTN WARRE N S KNAPP
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GENERAL ELECTRIC COM PANY GENERAL ELECTRIC COM PAN Y
TEM PO—CENTER FOR ADVANC ED STUDIES SPACE DIVISION
816 STATE STREET (P.O DRAWEP) VALLEY FORGE SPACE CENTER

• SANT A BARBA RA ,CA 93102 GODDARD BLVD KING OF PRUSSIA
ATT N TIM STEPHENS P.O. BOX 8555

PHILAOELPHIA ,PA 19101
ATTN P ZAV I TSANOS

GENERAL ELECTRIC CO M PANY GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVA N CE O STUDIES SPACE DIVISION
816 STATE STREET (P.O. DPAW rP 00 VALLE Y FORGE SPACE CENTER
SANTA BA~~BARA,CA 93102 GODDARD BLVD KING OF PRUSSIA
ATTN DON CHANDLER P.O. BOX 6555

PHILADEL PHIA ,PA 19101
ATTN R H ED SALL

GENERAL ELECTRIC COMPANY GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANC E f STUDIF’S SPACE DIVISION
816 STATE STREET (P.O. DRAW ~~ QO) VA LLEY FORGE SPACE CENTER
SANTA BA RBA RA ,CA 9&102 GODDARD BLVD KING OF PRUSSIA
ATTN B CAM B ILL P.O. BOX 8555

PH I L A D E L P H I A ,PA 19i~ii
ATTN T ~3AUR E R

GENER AL ELEC. co. GENERAL RESEARCH CORPORATION
SPACE DIVISION P.O. BOX 3587
VALLE Y FORGE SPACE CTR SANTA BA R BA R A ,C493105
GODDA RD 3LVO ATTN JOHN 1St JR
KT N G OF PRU SSIA
P.O. BOX 85~ 5
PHIL*OEL~~HIA ,PA 19101
ATTN H H BORTN FR , SPACE SCIENCE LAB

GE NERAL ELECTRIC COMPANY GEOPHYSICAL INSTITUTE
SPACE DIVISIO N UNIVERSITY OF ALASKA
VALLEY F)RGE SPACE CENTER FA!RBANKS ,AK 99701
GODDARD BLVD KING OF’ PRUSSIA ATTN 0 HENDERSON
P.O. BOX 8555
PHILADEL PHIA,PA 19101
ATT N J BURNS

GENERAL ELECTRIC CO MPANY GEOPHYSI:*I. INSTITUTE
SPACE DIVISION UNIVERSITY OF ALASKA
VALLEY FORGE SPACE CENTER FAIRBAN KS, AK 99701
GODDARD BLVD KING OF PRUSSIA ATTN J S WAGNE R PHYSIC S DEPT
P.O. BOX 8555
PHILAOELPHIA ,PA 19101
ATTN F ALYEA
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GEOPHYSICAL INSTITUTE LOCK HEED MISSILES A PIO SPAC E COM PANY
UN I VERSITY OF ALASKA 3251 HANOVER STREET
FA IRBANKS ,AK 99701 PALO,ALTO,CA ~43O’.
ATT N B J WATKINS ATTNJOHN KIMER DEPT 52-54

GEOPHYSICAL INSTITUTE LOCKHEED MISSILES AND SPACE COM PANY
UNIVERSITY OF ALASKA 3251 HAM 3VE R STREET
F*IRB*N ICS ,AK 99701 PALO ,ALT3,C& 94304
ATTN T N DAVIS ATTNJ OHN B CLAD IS DEPT 52—12

GEOP HYSICAL INSTITUTE LOCKHEED MISSILES AND SPACE COMPANY
UNIVERSITY OF . ALASKA 3251 HAN3VER STREET
FA IRBAN K S, AK 99701 PALO,ALTO,CA 9430’~
ATTN R PARTHASARATH Y A TTN BI LLV N MCCOR MA C DEPT 52— 54

GEOPHYSICAL INSTITUTE LOCKHEED MISSILES A ND SPACE COMPANY
UNIVERSITY OF ALASKA 3251 HANOVER STREET
FA IRBAN KS ,AK 99701 PAL O ,ALTO,CA 94304
ATTN NEAL BROWN ATTNTO M JAMES DEPT 52—54

LOWELL , UNIVERSITY OF LOCKHEED MISSILES AN D SPACE COMPANY
- - CENTER FOR ATMOSPHERIC RES~ ARCH 3251 HANOVER STREET

450 A IKEN STREET PALO ,ALT3 ,CA 94304
LOWE LL ,MA 01854 A TTNJ B REAGAN 0/52—12
ATTN G T BEST

LOCKHEED MISS ILES AND. SPACE CO MP ANY LOCKHEED MISSILES AND SPACE COMPANY
3251 HAN OVER STREET 3251 HAN OVER STREET
PALO ALTO, CA 94394 PALO ,ALTO ,CA 94304
ATTN JOHN KUMER DE PT 52-st. A T 1NMART I P4 WALT QEPT 52—10
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LOCK HEED M ISSILES A N D SPACE COM PA N Y M ISSION ~ES EARC H COR PORATIO N
3251 HAN O VE R STREET 735 STAT! STREET
PALO ,AL TO,CA 94304 SANTA BA R BARA ICA 93101
A TTNR ICHARD C JOHNSO N DEPT 52—12 ATTN 0 FISCHER

LOCK HEED MIS SILES AND SPACE COM PANY 
MISSION RESEARC H CORPORATION

3251 H A N O V ER 
STA - S REE T

PALO ,AL TO,CA 94304 
SANTA BA~ BA RA ,CA 93101

ATT NROBE~~T 0 SEARS DEPT 52—14 
ATT N M SC HEIB E

LOC KHEED MISSILES AND SPACE COMPANY 
M ISSION ~ ES~~ARCH CO~~PORATt O N

3251 HANOVER STREET 735 STA T E STREE T
PALO ,ALTO,CA 943~ 4 

SA NTA BA RB A RA,CA 93101
ATT MJ R KINKIER ATT N 0 SA PPENF IELD

INSTITUTE FOR DEFENSE ANAL YSE MISS ION RESEARCH CORPORATION
400 ARMY—NAVY DRIVE 7 35 STA T E STREET
ARL INGTO N,VA 22202 SANTA BA RBARA,CA 93101
ATT N ERNEST BAUER ATTN 0 SOWL E

INSTITUTE FOR DEFENSE ANALYS E PHOTOMETR IC, INC.
400 ARMY-NAVY DRIVE 442 MARR !TT ROAD
ARLINGTO N VA 22202 LEXINGTO N,MA 02173
ATTN HA NS WOL FHARO ATT N IRVI NG I K OFSKY

MISSION RESEARCH CORPORAT IO N PHYSICAL DYNAM ICS INC.
735 STATE STREET P.O. BOX 1069
SANTA BARBARA ,CA 93101 BERKELEY ,C* 94701
ATTN 0 ARCHER ATTN J B WORKMAN
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PHYSICAL DYNAMICS INC. PITTSBURGH , UNIVERSITY OF’
P.O. BOX 1069 OF THE COHVLT H SYS OF HIGHE’ E DUC
BERKELEY ,CA 94701 CATHEDRAL OF LEARNING
ATTN A T’~ONPSON PITTSBURG H ,PA 15213

ATTN MANFRED A Bl OND !

PHYSICAL SCIENCES ,INC. PITTSBURG H, UNIVERSITY OF
30 COMME RCE WAY OF THE COMW LTH SYS OF HIGHER EOUC
WOBURN ,MA 01801 CATHEDRAL OF LEARNING
ATTN KURT WRAY PITTSBURG H,PA 15213

ATTN FREDERICK KAUF M AN

PHYSICAL SCIENCES,INC . PITTSBURGH, UNIVERSITY OF
30 CO M MER C~ W AY OF THE CO PIW ITH SYS OF HIGHE R EDUC
W OBURN ,MA 01801 CATH EDRAL OF LEARNING
ATTN R L TAYLOR PITT5BURGH ,PA 15213

ATTN ED W A R D  GERJU OY

PH YSICAL SCIENCES ,INC. PRINCETON UNIV , THE TRUSTErS OF
30 COMMERCE WAY FORRESTAL CAMPUS LIBRARY
WOBIJ RN, MA 0t~~01 BOX 710
ATTN C CALEDON IA PRINCETON UNIV ERSITY

PRI NCE TO N ,NJ 08540
ATTN AR NOL D J KELLY

PHYSICS INTERNATIONA L COMPANY
2700 NER~~EO STREET R 1 0 A S S O C I A T E S
SAN L EA N000 ,CA 94577 P.O. BOX 9695
A TTN DOC CON FOR TECH ( IA  MARINA DEL REY ,CA .9029 1

A TTN PIC~IA Q D  LATTER

PITTSBURGH, UNIVERSITY OF R 1 0 ASSOCIATES
OF THE CONWITH SYS OF HIGHER EDUC P.O. BOX 9695

•1 CATHEDRAL OF LEARNING MARINA DEL REY ,CA 90291
PZTTSBU RGH ,PA 15213 ATTN R C L INOGREN
ATTN WADE I FITE
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I A 1 0 ASSOCIATES A 1 0 ASSOCIAT ES
P.O. BOX 9695 p.o. 0O~ ~~b~~bMARINA DEL REY,CA 90291 MARINA DE L ~EY,CA 902~ 1A TTN BRYAN GABBARO ATT N 0 DEE

I A 1 0 ASS OCIATES R 1 0 ASSOCIATESP.O. BOX 9695 1815 N. FT. MYE R DRIVEI MARINA DEL REY,CA 9029 1 11TH FLOO PATT N H A DR Y ARLIN G TON ,VA 222ü9
ATTN HERBERT J MITCHEL L

R & 0 ASSOCIATES R 1 0 ASSOCIATESP.O. BOX 9695 1815 N. ~T. MYER DRIVEMARINA DEL REY,CA 90291 11TH FLO O RATTN ROBERT € LELEV IER ARL IN GTO N ,VA 22209
ATTN J W ROSENG REN

R 1 0 ASSOCIATES RAND COR ’ORATIONP.O. BOX 9695 1700 MAIN STREETMARINA DEL REY ,CA 9029 1 SANTA MOM ICA ,CA 90406ATT N A P TURCO ATTN CUL LEN CRAI N

R 1 0 ASSOCIATES SCIFNCE APPLICATIONS, INC.
- P.O. BOX 9695 P.O. BOX 2351
- MARINA DEL REY,C A 90291 LA JOLLA,C A 92038ATTN AL B ERT L LATTER ATTN DANIEL A HAMLIN

A 1 0 ASSOCIATES SCIENCE A PPLICATIONS, INC.P.O. BOX 9695 P.O. BOX 7351MARINA DEL REY, CA 9029 1 LA JOLL A , CA 92038ATTN FORREST G IL M OR E ATTN DAVID SACHS
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SPACE D A T A CORPORATION TEC HNOLOGY INTERNATIONAL COO PORAT IOPJ
1331 SOUTH 26TH STREET 75 WIGGI N S AVE NUE
PHOEN IX,A Z e5034 BEDFORD MA 01730ATTN EDW A RD F ALLEN ATTN W P BOQUIST

STANFORD RSCH INSTITUTE IN1 ERNAT IO ’~A L UNITED TECHNOLOGIES CORPORATION
3fl RAV ENSW003 AV ENUE 755 MAIN STRE ET
MENL O PA R K,  CA 91.025 HARTFORD,CT 06103
A T T N  H ~A ° ON ATTN H MICHELS

STANFORO RSCH INSTITUT E INTrPN4T !O~1A L UNITED T ECHNOLOGIES CORPORATION

MENLO PARK, CA 94025 ‘ 
-

A C4 AB AND -

ATTN RORERT H3ULL IS

STANF ORD RSCH INSTITUTE INT rRNA TIOMA L UTAH STATE UNIVERSITY
333 RAVENSW 000 AV ENUE LOGAN , UT •‘.32i
MENLO PARK, CA 94025 ATTN DO RA N BAKER
ATT N WALTER C CHESTNUT

STANFORD RSCH INSTITUTE INT !RNAT IO ’IAL UTAH STATE UNIVERSITY
1611 NORT H KENT STREET tOGAN, UT 04321
ARLINGTON,VA 22209 ATTN KAY BAKER
ATTN WARREN W BEANING

STANFORD RSC H INSTITUTE INTER~N 4TIOMAL UTAH STATE UNIVERSITY
1611 NORTH KENT STREET LOGAN, UT 84321
ARL INGTOH ,VA 22209 ATTN C WYATT
ATTN CHARLES HUL 3ERT
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UTAH STATE UNIVERSITY WAYNE STATE UNIVERSITY
LOGAN, UT 84321 1064 MACKE NZ~IE HALL
ATTN 0 BURT DETROIT , MI 48202

ATTN PIETER K ROL CHAM ENGAG % MAT SC!

VISIDYNE, INC. WAYNE STATE UNIVERSITY
19 THIRD AVENUE 1064 MACKENZIE HALL
NORTHWEST INDUS TRIAL PARK DETROIT, MI 48202
BURL INGTON,MA 01303 ATTN R H KLJNNLER
ATTN HEN RY J SMIT H

VISIDY NE, INC. WAYNE STA TE UNIVERSITY
19 THIRD A VENUE DEPT . OP PH~~TCt
NORT HWEST INDUSTR IAL PARK DETROIT, M I 48202
BURL INGTQ N,MA 01803 ATTN WALTER E KAUPPILA
ATT N J W C A RPENT E R

VlSI - . ,INC . YALE UNIVERS ITY
19 T~: ~ -~VE NU E NEW HAVEN, CI 06520
NORT HW I ’J INDUSTRIAL PARK ATTN ENGINEERING DEPARTMENT
BURL ING~~~N,MA 0180 .1
ATTN WI LLI A M RE I DY

19 THIRD AVENUE
NORTHWEST INDUSTRIAL PARK
BURLINGT ON,MA 01803
ATTN T C DFGGE S

V ISIDYN !, INC.
19 THIRD AVENUE
NORTHWEST INOUSTRIAL PARK
BURL INGTON,MA 01803
ATTN CHARLES HUMPHREY 
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