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1. INTRODUCTION

1.1 BACKGROUND

DRinG THE EARLY 1970s EVIDENCE WAS OBTAINED
RELATING ANOMALOUS SPACE VEHICLE BEHAVIOR TO THE
EFFECTS OF  SPACECRAFT  CHARGING BY  THE
MAGNETOSPHERIC PLASMAS. MALFUNCTIONS AND SYSTEM
INTERRUPTIONS HAVE BEEN ATTRIBUTED TO NOISE PULSES
GENERATED BY ARCING BETWEEN DIFFERENTIALLY CHARGED
MEMBERS ON THE SPACECRAFT. THE EFFECTS ARE MOST
PREDOMINANT NEAR GEOSYNCHRONOUS ALTITUDE DURING
PERICDS OF ENHANCED  GEOMAGNETIC  SUBSTORM
ACTIVITY.  MEASUREMENTS ONBOARD ATSS  HAVE
INDICATED THAT THE SATELLITE OCCASIONALLY BECAME
CHARGED TO  NEGATIVE  POTENTIALS IN  THE
MULTIKILOVOLT RANGE. THROUGH A STATISTICAL STUDY
OF SPACECRAFT ANOMALIES AND GROUND OBSERVATORY
DATA, A LINK WAS ESTABLISHED BETWEEN MAGNETIC
SUBSTORM CONDITIONS AND SPACE VEHICLE ANOMALIES.
LABORATORY ~ TESTS  DEMONSTRATED  THAT  THE
ELECTROMAGNETIC PULSE FROM AN ELECTRICAL DISCHARGE
ON AN INSULATOR COULD BE COUPLED INTO A SPACECRAFT
TELEMETRY HARNESS.  ADDITIONAL STUDIES HAVE
CONCLUDED THAT DIFFERENTIAL CHARGING OF SATELLITE
SURFACES OCCURS, HAVE DEMONSTRATED THAT DISCHARGES
BETWEEN DIFFERENTIALLY CHARGED MARTERIALS RESULTS
IN DEGRADATION OF THERMAL CONTROL MATERIAL AND
PROPERTIES, AND HAVE SUGGESTED THAT ELECTROSTATIC
FORCES MAY PRODUCE ENHANCED CONTAMINATION.

IN ORDER TO SOLVE THIS SPACECRAFT CHARGING
PROBLEM. A COOPERATIVE NASA/AF  PROGRAM  WAS
INITIATED IN 1975, SINCE SPACECRAFT CHARGING HAS
INFLUENCED THE  PERFORMANCE  OF  MILITARY,
COMERCIAL, AND NASA SATELLITES, IT WAS A LOGICAL
CANDIDATE FOR A JOINT PROGRAM. Fieure 1.1
PRESENTS THE KEY ELEMENTS IN THE PROGRAM. THE
FIGURE REFLECTS TRUE  INTERDEPENDENCY:  EACH
ACTIVITY HAS BEEN ASSIGNED To EITHER NASA or USAF,
AND PROGRAM SUCCESS REQUIRES EXTENSIVE EFFORTS
FROM BOTH ORGANIZATIONS

THE OBJECTIVE OF THE  SPACECRAFT  CHARGING
INVESTIGATION IS TO PROVIDE THE DESIGN CRITERIA,
MATERIALS, TECHNIQUES, TEST AND ANALYTICAL METHODS
TO ENSURE CONTROL OF THE ABSOLUTE AND DIFFERENTIAL
CHARGING OF SPACECRAFT SURFACES. THIS OBJECTIVE
IS BEING MET BY CONDUCTING A COMBINED FLIGHT TEST

AND GROUND TECHNOLOGY PROGRAM. THERE HAS BEEN
CONSIDERABLE  INTERACTION AMONG THE  VARIOUS
ELEMENTS OF THIS PROGRAM. THE SPACE TEST PROGRAM
P78-2 SPACEFLIGHT PROGRAM IS SHOWN IN Fieure 1.1
TO BE CENTRAL TO THIS INTERACTION AND VITAL TO
SUPPORT THE ACHIEVEMENT OF PROGRAM GOALS, THESE
INCLUDE :

o UppaTEs oF MiLiTARY StanparDs For EMI
SUSCEPTIBILITY

o T DesiN  GuIDELINES  MONOGRAPH
(CATALOGUES., CRITERIA, AND PROCEDURES FOR
MINIMIZING CHARGING EFFECTS)

0  VALIDATED AmALYTICAL MopELs (TooLs TO

ANALYZE SPACE VEHICLE DESIGN
SUSCEPTIBILITIES)
DEFINE DOCUMENTED
ENVIRONMENT SPACE
NASA ENVIRONMENT
( U.NU‘U[.: MATERIALS VALIDATE
AND SYSTEM EVALUATIONS GROUND
NASA SIMULATIONS
DEVELOP MATERIAL
MATERIALS SPACE
AWML QUALIFICATION
DEVELOP
VALIDATED
ALYTICAL TOOLS
ANALYTICAL TOOL RS
NASAAFGL
CONDUCT
P82 STPPI8?
PROGRAM ANALYZED DATA
SAMSO

DEVELOP
MILITARY
STANDARD

CHARGING
STANDARD
SAMSO
DEVELOP
DESIGN
GUIDELINES
NASA

Figure 1.1. Cooperative NASA/AF Spacecraft
Charging Investigation

A BASELINE DOCUMENT FoR THE DESIGN GUIDELINES
MONOGRAPH HAS BEEN PRODUCED DURING THE PAST YEAR
AND WILL SOON BE AVAILABLE FOR REVIEW BY THE
COMMUNITY, THE ~ DOCUMENT  PRESENTLY  USES
INFORMATION OBTAINED IN ALL THE ELEMENTS OF THIS
INVESTIGATION, [T WILL BE UPGRADED AND MADE FINAL
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AFTER THE INCORPORATION OF DATA FROM THE P78-2
SPACEFLIGHT.

1.2 P78-2 SPACEFLIGHT MISSION
OBJECTIVES

THE PRIMARY P78-2 MISSION OBJECTIVE IS TO OBTAIN
INFORMATION FOR A MILITARY STANDARD CONCERNING
SPACECRAFT CHARGING, THE DATA OBTAINED FROM THIS
SATELLITE IS KEY T DEFINING THE EMI/RFI mat 1s
ENCOUNTERED AT SYNCHRONOUS ALTITUDE. IN ORDER TO
DESIGN SPACECRAFT THAT ARE IMMUNE TO THE VARIOUS
EFFECTS CAUSED BY DIFFERENTIAL CHARGING, ONE MUST
NOT ONLY UNDERSTAND THE PHENOMENA. BUT ALSO BE
ABLE TO TEST NEW SPACE VEHICLES TO ENSURE THAT
THEY ARE NOT SUSCEPTIBLE TO THE EFFECTS OF THE
PHENOMENA, THE VALIDATION OF PROPOSED SYSTEM
TESTS WILL BE BASED UPON THE RESULTS OBTAINED FROM
THIS FLIGHT. THUS, THE P78-2 MISSION IS CENTRAL
TO THE ACHIEVEMENT OF DESIRED END PRODUCTS IN THE
NASA/AF PrOGRAM. THE INFORMATION GENERATED CAN BE
USED DIRECTLY BY PROGRAM OFFICES (MILITARY AND
CIVILIAN) TO ENSURE THAT SPACE SYSTEMS, SURVIVABLE
IN THE SPACECRAFT CHARGING ENVIRONMENT, ARE
DESIGNED, TESTED, AND FLOWN. SPECIFICALLY, THE
STP P78-2 SPACEFLIGHT MISSION OBJECTIVES ARE TO
LAUNCH AND OPERATE ON-ORBIT THE  SAMSO-U(2
EXPERIMENT, SPACECRAFT CHARGING AT HiH ALTITUDES,
™E Office oF NavaL ReseAarcH Piasva INTERACTION
EXPERIMENT, AND THE AFM-902 ThermaL CoWTroL/
CONTAMINATION AT HIGH ALTITUTDES EXPERIMENT. THIs
INVOLVES RESPONSIBILITY TO: :

0  DETERMINE AND ANALYZE PAYLOAD REQUIREMENTS
0 DesIGN, DEVELOP, FABARICATE, TEST. AND
LAUNCH A SPACE VEHICLE SYSTEM THAT MEETS

THE PAYLOAD REQUIREMENTS

0 INTEGRATE THE  PAYLOADS INTO AN
OPERATIONAL SPACE VEHICLE SYSTEM

0 OPERATE THE SPACE VEHICLE SYSTEM ON-ORBIT
FOR AT LEAST ONE YEAR

0 COLLECT AND DISTRIBUTE REQUIRED PAYLOAD
DATA.

A PRIME OBJECTIVE OF THE ENGINEERING ANALYSES
EFFORTS IS THE CHARACTERIZATION OF THE EMI
ENVIRONMENT [INTERNAL AND EXTERNAL TO THE SPACE
VEHICLE.  ELECTRICAL TRANSIENTS AND SPACECRAFT
UPSETS WILL BE CAREFULLY STUDIED. THESE DATA WILL
BE CORRELATED WITH SPACE PLASMA ENVIRONMENTAL
CONDITIONS, SPACECRAFT LOCATION AND LOCAL TIME,
AND  GEOMAGNETIC  INDICES. IN  ADDITION,
INVESTIGATIONS WILL BE PERFORMED RELATING THESE
DATA TO HE ELECTRICAL POTENTIAL OF THE SPACECRAFT
AND MATERIAL MONITORS, DIRECT MEASURMENTS OF
SPACECRAFT AND SAMPLE MATERIAL POTENTIALS WILL BE
MADE (INCLUDING THE POTENTIAL OF A SPACECRAFT
“REFERENCE"” BAND). CERTAIN EXPERIMENTS WILL ALSO
BE CAPABLE OF INFERRING POTENTIAL MEASUREMENTS
FROM SPECIFIC DATA. DISCHARGES MAY BE INDICATED
THROUGH CAREFUL  ANALYSIS OF THE  POTENTIAL
MEASUREMENTS, THE OBSERVATION OF DISTHARGES IN
COINCIDENCE WITH ELECTRICAL UPSETS IS ESPECIALLY
IMPORTANT.  FOR THIS REASON, THE EXPOSED SPACE
VEHICLE CONDUCTING AND NONCONDUCTING SURFACES HAVE
BEEN CAREFULLY MAPPED TO PROVIDE INDICATIONS TO
WHERE EXTERNAL DISCHARGES MAY OCCUR. A RELIABLE
QUANTITATIVE  MEASUREMENT OF THE  ELECTRICAL
TRANSIENTS AND SPACECRAFT POTENTIALS IS IMPORTANT
TO PROVIDE STATISTICAL INPUTS INTO THE “MILITARY
STANDARD” AND  "BESIGN GUIDELINES”  DOCUMENTS.
CORRELATION OF THE DATA TO THE ENVIRONVENT WILL
PROVIDE THE KEY TO PREDICTING ON-ORBIT BEHAVIOR
FOR FUTURE SPACE SYSTEMS.

As THE EXPECTED LIFETIME OF OPERATIONAL SPACECRAFT
INCREASE (7 T0 10 YEARS IS NOT UNUSUAL), THE
CONCERNS OVER THE LONG TERM DEGRADATIONS OF
MATERIALS BECOME PRONOUNCED. [T HAS BEEN STATED
THAT THE SPACECRAFT CHARGING PHENOMENON CAN DAMAGE
EXPOSED SURFACE MATERIALS AND PROMOTE ENHANCED
CONTAMINATION, EXPERIMENTS (SC1 AND MIL12) on THE
P878-2 SPACECRAFT WILL PROVIDE QUALITATIVE DATA
REGARDING THESE EFFECTS. RELATING THESE RESULTS
TO SPACECRAFT DESIGN IS A CRUCIAL OUTPUT EXPECTED
FROM THE ENGINEERING ANALYSES.

THe SATELLITE EiectRon AND PosiTive Ion Beam
SysTEMs ON THE P78-2 SPACECRAFT WILL PROVIDE
EXPERIMENTAL TESTS OF ACTIVE CHARGE CONTROL OF THE
SPACECRAFT POTENTIAL., THE PARTICLE BEAM SYSTEM
DATA WILL BE CORRELATED TO ALL OF THE SPACECRAFT
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POTENTIAL MEASUREMENTS AND TO THE MONITORED
ELECTRICAL RESPONSES. THE SYSTEM WILL TEST THE
POSSIBLE UTILITY OF CHARGE CONTROL DEVICES FOR
OPERATIONAL SPACECRAFT.

DATA FROM THE P78-2 SPACECRAFT WILL BE APPLICABLE
TO THE VALIDATIONS OF THE ANALYTICAL MODELS BEING
DEVELOPED., THESE INCLUDE AN ENVIRONMENTAL MODEL,
SHEATH/CHARGING MODELS, A DISCHARGE MODEL. AND
EMI/cowpLING MDELS: THE ENVIRONMENTAL MODEL WILL
DRAW UPON THE DATA OUTPUT FROM THE ASSORTMENT OF
ELECTRON AND [ON PARTICLE COUNTERS ON THE
SPACECRAFT, THESE COVER AN ENERGY RANGE FROM ONE
EV TO SEVERAL MILLION EV As sHowN IN Tase 1.1,
PARTICLES IN THE KILOELECTRON VOLT REGIME SEEM TO
BE MOST IMPORTANT TO THE CHARGING PROBLEMS. THE
REMAINING MODELS WILL BE VALIDATED USING
CORRELATIONS OF DATA FROM SEVERAL EXPERIMENTS.
THE PAYLOADS INVOLVED INCLUDE PARTICLE COUNTERS.
ELECTRICAL  POTENTIAL  MONITORS,  ELECTRICAL

Table 1.1. Particle Detector Characteristics

GmmeldralT
Species/ Energy AE/E ot Fagtors Comments
Number Min - Max (sec) (cm*-sr)
Electrons |
| sc6 | 1-100ev 0.1 ~0.4
| sc9 | o.2evor.sskev| 0.2 .25, Lex 10 | Programmabie
| 0.04, or Resolution
' 0. 0005 |
| scs 0.05-1.7 keV 0.8 0.2 | 1074
i |
| sc2 b eV-18 keV 0 07 0.1 | 1.7%104 f
r sc9 1 eV-81 keV 0.2 0.25, 1.6 % 10" | Programmable
| 0.04, or | Resolution
i 0.0005
scs 1.7-60 keV 0.8 0.2 1074 J
scs 30-550 keV 04t 1.3 |o0.10r 35x10d |
0.2
sc3 0.05-5.1 MeV 0.1t01 0.5 3% 107} Programmable
Resolution
sc3 5.1-10.0 MeV tategral a.% ix g0} Programmable
Resolution
Protons
sc9 0.2eV-1.55keV 0.2 0.25, 3.2 x |0" Programmable
0.04, or Resolution
0.0005
scs 0.05-1.7 keV 0.8 0.2 1072
sc2 5 eV-14 keV 0.1 0.1 6.7%10°%
569 1 eV-81 keV 0.2 0.25, 3.2%x10% | Programmable
0.04, or Resolution
0.0005
scs 1.7-60 keV 0.8 0.2 1072
scs 70.725 kev 0.5 0.1 0r 2x107%
0.2
sc2 1753300 ke 1.0 zx 107}
scs 0.725-35 MeV 0.500.9 |0.10r 2x10?
0.2
sc3 1-200 Mev 0.003 t0 0.3 | 0.5 3x 107 Programmable
Resolution
tons
sch 1-100 oV 0.1 ~0.4
, ‘
sc? 1-100 ev 0.2 0.06 2x 107} W, et et
sch | 0132 wev 5,08 % 1072 am/m s mase
ependent
1 - 160 AMU
sz 290 keV /Nucleon | Integral 1.00r | 36x107!
0.25
sc3 660 MeV 0.01t00.2 |0.5 3w0”? Programmable
Resolution J
S

ANALYZERS, AND TRANSIENT DETECTORS. IHE VALIDATED
MODELS ARE AN IMPORTANT GOAL OF THE CHARGING
INVESTIGATIONS AND THE P78-2 SPACECRAFT DATA ARE
CRUCIAL TO ACHIEVING THAT GOAL. THE RESULTS CAN
AGAIN BE DIRECTLY APPLIED AS INPUTS TO THE "EMC
STANDARD” AND "DESIGN GUIDELINES MoNOGRAPH.”

IN ADDITION, PARTICULAR PAYLOADS HAVE OBJECTIVES
THAT EXTEND BEYOND THE SCOPE OF THE SPACECRAFT
CHARGING INVESTIGATIONS.  SPECIFICALLY, INVESTI-
GATIONS OF PLASMA INTERACTION PHENOMENA IS A GOAL
oF THE ONR sponsorep pavioaps. THE U. S. Nawy
SUPPORTS SEVERAL PAYLOADS INCLUDING THE SC3 UCSD
CHARGED PARTICLE ExPerIMENTS, THE SC8 ENERGETIC
Ion ComposiTion Experivent, THE SC7 LiadT Ton Mass
SPECTROMETER, AND THE SC3 Hiad Enerey PARTICLE
SPEC TROMETER.

THESE OBJECTIVES INMOLVE THE COLLECTION OF
SCIENTIFIC DATA OF PARTICULAR INTEREST TO EACH
EXPERIMENT SPONSOR AND THE SCIENTIFIC COMMNITY,
KEY AREAS OF SCIENTIFIC INVESTIGATION INCLUDE
MONITORING THE ENVIRONMENT, UNDERSTANDING PLASMA
WAVES INTERACTIONS, AND DETERMINING HOW SPACECRAFT
MATERIALS BEHAVE IN THE SPACE  ENVIRONMENT.
SPECIFIC OBJECTIVES OF EACH PAYLOAD ARE DISCUSSED
FURTHER IN SECTIONS 3 THrRousH 19.

IN ORDER TO SUPPORT THESE VARIOUS OBJECTIVES, A
TEAM OF HIGHLY QUALIFIED SCIENTISTS AND ENGINEERS
HAS BEEN ASSEMBLED TO PROVIDE PAYLOADS FOR THE
P78-2 SPACECRAFT. THE PRINCIPAL INVESTIGATORS
ALONG WITH THEIR SPONSORS ARE IDENTIFIED IN TABLE
1.2, BecAUsE OF THE MATITUDE OF POSSIBLE
INTERACTIONS BETWEEN OTHERS IN THE SCIENTIFIC
COMMNITY AND THE PRINCIPAL INVESTIGATORS ON THE
P78-2 spacecrAFTS, THE SPACE TeST PROGRAM OFFICE
ENCOURAGES INTERESTED INDIVIDUALS TO CONTACT KEY
PAYLOAD PERSONMEL DIRECTLY. THE SPACE TEST
PROGRAM INTENDS TO MAKE USE OF THE IMS NEwsLETTER
AND MAILINGS TO THE GEDS CONSORTIUM TO FORMALLY
ENCOURAGE COOPERATIVE EXPERIMENTATION.

PO




Table 1.2. Principal Investigators/Sponsors

Address

Experiment l’rmupn.l lxn:«:ahgator/
N b Title Sponsor
et WITYN TN
SCt Engineering Experiments Dr. H. C. Koons/
USAF /AFSC/SAMSO
scz2 Spacecraft Sheath Dr. J. F. Fennell/
Electric Fields USAF /AFSC/SAMSO
SC3 High Energy Particle Dr. J. B. Reagan
| Spectrometer Office of Naval
‘,‘ Research
|
‘ sc4 Satellite Electron and Dr. H. A. Cohen/
Positive Ion Beam System USAF /AFSC
SC5 Rapid Scan Particle Lt. D. Hardy/
Detector USAF /AFSC
sScé Thermal Plasma Analyzer Dr. R. C. Sagalyn/
! USAF/AFSC
sc? Light Ton Mass Spectrometer Dr. D. L. Reasoner/
Office of Naval
Research
SC8 Energetic lon Composition Dr. R. G. Johnson/
Experiment Office of Naval
Research
SC9 UCSD Charged Particle Dr. S. E. Deforest/
Experiment Office of Naval Re-
search/USAF /AFSC/
SAMSO
SC10 Electric Field Detector Dr. T. L. Aggson/
Office of Naval
Research
SCi1t Magnetic Field Monitor Dr. B. G. Ledley/
Office of Naval
Research
ML12 Spacecraft Contamination Dr. D. F. Hall/
USAF /AFSC/AFML

The Aerospace Corporation
P,O. Box 92957
Los Angeles, CA 90009

The Aerospace Corporation
P.O. Box 92957
Los Angeles, CA 90009

Lockheed Palo Alto Research
Lab, 3251 Hanover Street
Palo Alto, CA 94304

Hanscom AFB/LKB
Bedford, MA 01731

Hanscom AFB/PHE
Bedford, MA 01731

Hanscom AFB/PHR
Bedford, MA 01731

NASA Marshall Space Flight
Center, Code BS-23
Huntsville, AL 35815

Lockheed Palo Alto Research
Lab, 3251 Hanover Street
Palo Alto, CA 94304

University of California |
B019 Dept. of Physics i
La Jolla, CA 92093 {

NASA Goddard Space Flight |
Center, Code 625
Greenbelt, MD 20771

NASA Goddard Space Flight
Center, Code 625
Greenbelt, MD 20771

The Aerospace Corporation
P.O. Box 92957
Los Angeles, CA 90009

2. P78-2 SPACECRAFT DESCRIPTION

2.1 INTRODUCTION

THE P78-2 SPACECRAFT IS SPIN-STABILIZED AND WILL
BE PLACED IN A NEAR SYNCHRONOUS, NEAR EQUATORIAL
EARTH ORBIT FROM THE EASTERN TEST RANGE BY A DELTA
2914 1N January 1979, THE SPACECRAFT HOUSES,
PROTECTS, AND SUPPORTS SEVERAL SCIENTIFIC AND
ENGINEERING PAYLOADS. [T SPINS ABOUT AN AXIS IN
THE ORBIT PLANE AND NORMAL TO THE EARTH-SWN LINE.
ON-ORBIT, THE SATELLITE WILL BE CONTROLLED BY THE
AIR Force SATELLITE ContrOL FACILITY (AFSCF) AND
WILL COMMUNICATE DIRECTLY WITH REMOTE TRACKING
STATIONS IN New HavpsHIRE, THE INDIAN OCEAN, GuaM,
Hawali, AND AT VANDENBERG AFB. THE MISSION IS

PLANNED FOR A ONE-YEAR DURATION BUT THE SPACECRAFT
IS PROVIDED WITH SUFFICIENT EXPENDABLES FOR TWO
YEARS. ACTUAL LIFETIME OF THE SATELLITE WILL
PROBABLY BE LIMITED BY SURVIVAL OF ELECTRONIC
EQUIPMENT IN THE IONIZING RADIATION ENVIRONMENT.

2.2 SPACECRAFT CONFIGURATION

THE BODY OF THE SPACECRAFT HAS A CYLINDRICAL SHAPE
APPROXIMATELY 1.75 M IN BOTH LENGTH AND DIAMETER.
ON-ORBIT, SEVEN EXPERIMENT BOOMS ARE DEPLOYED.

THE FINAL ON-ORBIT CONFIGURATION OF THE SPACECRAFT
IS SHOWN IN FIGURE 2.1. BOOMS, ANTENNA HARDWARE.
AND SOME INSTRUMENT PROTRUSIONS ALTER THE
CYLINDRICAL GEOMETRY,

BASIC




FORWARD END OF
SATELLITE

<r

SC6

sCi_—5

Figure 2.1. P78-2 Space Vehicle

MoST OF THE SPACECRAFT AND PAYLOAD EQUIPMENT IS
MOUNTED IN THE CENTRAL (BELLYBAND) PORTION OF THE
CYLINDER. FIGURE 2.2 SHOWS THE LCCATION OF IN-
STRUMENT APERTURES, TEST SURFACES, AND EXPERIMENT
BOOMS IN THIS REGION. THE BOOM ARRANGEMENT
ISOLATES SENSITIVE INSTRUMENTS FROM SPACE VEHICLE
INFLLENCES AND PROVILIES CLEAR FIELDS oF View (FOV)
FOR EXPERIMENTS SENSITIVE TO LOW ENERGY PARTICLES
OR CON- TAMINATION. THE BELLYBAND IS COVERED WITH
ACCESS PANELS COATED TO MEET REQUIREMENTS OF THE
EXPERIMENTS AND THERMAL CONTROL SUBSYSTEM. IO
SOLAR ARRAYS ENCIRCLE THE CYLINDER, ONE FORWARD
AND ONE AFT COF THE BELLYBAND. [HE APOGEE
INSERTION MOTOR IS HOUSED IN A CENTRAL TUEE. A
TRIPOD MOUNTED ON THE CENTRAL TUBE SUPPORTS THE

ANTENNA

SC62
ASSY HZ 8
VIEW OF SES~ X [$ 25013
FORWARDEND | _¥ ‘\{/ .
1 £ —3
M{?:/ i,:gﬁ‘%
SC12-F i-2%,
S[‘,”l—r_\\ i
AT oeck [
M123
ML126
ML124
/
sm\.
. . CENTER
L o TUBE
sc103”” . SCH 1
~ SC73
NN »
SSCi ¥ > {\' 5
& - - y .1‘
\ > ".(\.,, 4+ Y
S < . N
SC42 A
3 L\
+
VIEW OF AFT END SCI02
SC2ToN

Figure 2.2. Payload Locations

FORWARD COMMUNICATIONS ANTENNA MAST AND A SPIDER
STRUCTLRE, WHICH IN TLRN SUPPOKTS  EQUIPMENT
LOCATED AT THE FORWARD END.

2.3 MATERIALS

SPECIAL LIGHTWEIGHT MATERIALS ARE USED IN THE
SPACECRAFT STRUCTURE BECAUSE THE SPACECRAFT OREIT
AND PAYLOAD ARE NEAR THE MAXIMUM CAPABILITY OF THE
DeLta 2914 LAUINGH VEHICLE. THE CENTER TUBE IS
MADE OF MAGNESIWM. THE AFT EQUIPMENT [ECK IS
ALUMINLM HONEYCOMB. THE FORWARD DECK IS AN
ALLMINUM BEAM  STRUCTURE.  THE SOLAR  ARRAY
SUBSTRATES ARE ALUMINLIM CORE HONEYCOME WITH A
FIBER GASS OUTER FACE AND AN ALUMINUM INNER
FACE. THE SPIDER, ITS SUPPOKT TRIPOD, AND THE
ANTENNA MAST ARE MADE OF GRAPHITE-EPOXY.

BECAUSE SURFACE MATERIALS PLAY AN IMPORTANT ROLE
IN SPACECRAFT CHARGING, THE P78-2 SPACECRAFT HAS
MANY SURFACE FEATURES CHOSEN SPECIFICALLY TG
SUPPORT MEASLREMENT OF THE CHARGING PHENOMENON.
THESE ARE ILLUSTRATED IN FIGURE 2.3. THE FORWARD
END IS COVERED WITH GOLD-PLATED STAINLESS STEEL
FOIL TO PROVIDE A FLAT EQUIPOTENTIAL SURFACE. THE
FOIL IS PAINTED WITH A PATTERN OF CIRCLES OF
CONDUCTIVE BLACK PAINT TO PREVENT EXCESSIVE
HEATING DURING THE TRANSFER ORBIT PERIOD WHEN THE
FORWARD END IS EXPOSED TO THE SUN. 10O PRESERVE A
FLAT EQUIPOTENTIAL SURFACE AT THE FORWARD END OF
THE SPACECRAFT, THE FIELD OF VIEW CAVITY FOR THE
SC5 RapID ScaAN PARTICLE DETECTOR 1S COVERED WITH A
1.00-IN. woveN AND wELDED MesH oF G.010 In.
GOLD-PLATED STAINLESS STEEL WIRE.

THe SC9 UCSD CHARGED PARTICLE EXPERIMENT MEASURES
FLUXES OF LON-ENERGY CHARGED PARTICLES. THESE
FLUXES WOULD BE ALTERED SIGNIFICANTLY BY FIELDS
TE TO CHARGED SLRFACES NEAR THE  INSTRUMENT
APERTURES. FOR THIS REASON, THE INSTRUMENT IS
SURROLNDED BY CONDUCTING SURFACES AT SPACECRAFT
GROUND POTENTIAL. IN ADDITION TO THE CONDUCTING
FOIL AT THE FORWARD END OF THE SPACECRAFT, THE S(9

SURROUNDINGS INCLUDE SOLAR CELL COVER GLASSES
COATED WITH CONDUCTING INDILM OXIDE. THE COVER
GLASSES ARE  REDUNDANTLY  INTERCONNECTED  AND

COLLECTIVELY TIED TO THE SPACE VEHICLE FRAME.

THE BELLYBAND ACCESS PANELS MUST SATISFY BOTH
IN

THERMAL CONTROL AND EXPERIMENT REQUIREMENTS.
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THE VICINITY OF [NSTRUMENT APERTURES REQUIRING
CONDUCTIVE SLRROLNDINGS, THE PANELS ARE COATED
WITH A CONDUCTIVE PAINT DEVELOPED AT GODDARD SPACE
FLigit CeENTER.  THIS CONDUCTING PAINT  COVERS
METALLIC SURFACES TO LIMIT TEMPERATURES CF THE
ACCESS PANELS. THE PAINT WILL SUPPORT NO MORE
THAN A ONE-V POTENTIAL DIFFERENCE WHEN EXPOSED TO
A ONE-MA PLASMA  CURRENT, WHERE
NONCONDUCTIVE SURFACES ARE REQUIRED, THE ACCESS
PANELS ARE COVERED WITH TEFLON MIRRORS SILVERED ON
THE SECOND SURFACE.

Figure 2.3. Spacecraft External Surface Materials

THE BOOMS USED TO SEPARATE SENSORS MEASURING
AMBIENT  ENVIRONMENTS FRQM  SPACECRAFT  EFFECTS
PERTURB THE SPACECRAFT SHEATH. CONDUCTING BOOMS
WOULD SHORT-CIRCUIT THE PLASMA WHILE DIELECTRIC
BOOMS WOULD CHARGE (P AND DISTORT THE SPACECRAFT
ELECTRIC FIELDS. THE FIVE SHORT BOOMS SHOWN IN
FIGURE 2.1 ARE FABRICATED WITH PLATINUM RINGS ON
THE FIBER GLASS EPOXY BASE TO ALLOW SURFACE
POTENTIALS TO APPROXIMATE THE LOCAL  PLASMA
POTENTIAL AND MINIMIZE DISTURBANCE OF THE SHEATH.

AT THE AFT END OF THE SPACECRAFT THERE IS AN
ELECTRICAL POTENTIAL REFERENCE EAND. THE SURFACE
OF THIS BAND IS GOLD TO ENSURE CONDUCTIVITY AND

Tt i . P e e e AT A AL S 0 AN el VAN W 8 T S Al i

STARE  PHOTOELECTRIC ~ PROPERTIES,  THE  BAND
PRESENTS A CONSTANT PROJECTED AREA TO THE SIN AS
THE SATELLITE SPINS. THE SC1 PAYLOAD DESCRIBED IN
SECTION 5 USES THIS BAND AS A POTENTIAL REFERENCE
SURFACE .

2.4 ELECTROMAGNETIC CONTROL

SC1 MEASURES RADIO FREQUENCY FIELDS AT THE SIGNAL
LEVEL OF GALACTIC NOISE. TO AVOID SWAMPING THIS
EXPERIMENT WITH SPACECRAFT NOISE, A NUMBER (F
SPECIAL FEATWRES ARE INCLUDED IN THE SPACECRAFT

DESIGN. THE REGION BETWEEN AND AFT OF THE DECKS.,
WHERE MOST OF THE SPACECRAFT AND PAYLOAD EQUIPMENT

IS MOUNTED, HAS BEEN DESIGNED AS A FARADAY cAGE.
EQUIPMENT LOCATED OUTSITE THIS REGION IS EITHER
INDIVIDUALLY HOUSED IN SHIELDED ENCLOSURES AT
SPACECRAFT GROUND POTENTIAL OR IS SUBJECT TO
STRINGENT ~ELECTROMAGNETIC CONTROL ~ REQUIREMENTS.
CABLES OUTSIIE THE FARADAY CAGE ARE DOUELY
SHIELDED. POWER AND SIGNAL LINES CARRYING
CURRENTS GREATER THAN 10 NA ARE ROUTED WITH THEIR
RETURN LINES IMPLEMENTING A  ZERO-NET-CURRENT
CABLING APPROACH. THE SOLAR ARRAYS ARE BACK-WIRED
TO CANCEL FIELDS GENERATED BY THE ARRAY CURRENTS.
THE ELECTRICAL POWER SYSTEM SOURCE IMPEDANCE HAS
BEEN HELD TO LESS THAN 20 MILLIoMMs From DC 10 10
MHz IN ORDER TO REDUCE COUPLING BETWEEN POWER
USERS .

SPACECRAFT MAGNETIC FIELDS DIRECTLY AFFECT THE
SCLL MaeNeTic FieLp DETEcTorR AND THE SCE THERMAL
PLASMA ANALYZER. FURTHERMORE, THE MAGNETOMETER
MEASUREMENTS ARE USED TO CORRELATE RESWLTS FRQM
AL THE CHARGED PARTICLE DETECTION PAYLOADS WITH
THE EARTH'S MAGNETIC FIELD. COMMENSURATE WITH
THESE REQUIREMENTS, THE SPACECRAFT 1S MODERATELY
CLEAN MAGNETICALLY WITH A TOTAL DIPOLE MQMENT CF
APPROXIMATELY 500 Gauss oM’ (PoLE-cM).  THE
MAGNETIC FIELDS, DUE TO THE SPACECRAFT AT THE
LOCATION OF THE BOOM-MOUNTED MAGNETOMETER AND ALSO
THE UNCERTAINTY IN THE MEASUREMENT OF THE EARTH'S
FIELD BY THE MAGNETOMETER. ARE A FEW TENTHS OF A
NANOTESLA (GAMMA). THIS ALLOWS DETERMINATION OF
THE DIRECTION OF THE EARTH'S FIELD TO A FEW TENTHS
OF A DEGREE IN THE P78-2 SPACECRAFT OREIT.

2.5 THERMAL CONTROL

SPACECRAFT ~ THERMAL  CONTROL IS  ACCOMPLISHED
PRIMARILY BY PASSIVE MEANS WITH HEATERS USED TO
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MAINTAIN
EQUIPMENT.

MINIMUIM  TEMPERATLRES  FOR  CRITICAL

THE MAJOR FEATLRES OF THE THERMAL CONTROL SYSTEM
ARE SHOWN IN FIGuke 2.4. THE LARGEST SOLRCE CF
HEAT IS JOWE HEAT FROM SPACECRAFT AND PAYLGAD
EQUIPMENT. MoST OF THIS EQUIPMENT IS MOUNTED TO
THE AFT [ECK IN THE CENTRAL STRUCTLRE. SOLAR
ENERGY INCIDENT ON THE SCGLAR ARRAYS IS RERADIATED
PRIMARILY TO SPACE, SINCE THE EMISSIVITY OF THE
OUTER SURFACE OF THE ARRAYS IS MUCH HIGHER THAN

THAT OF THE INNER FACE. THE BELLYBAND ACCESS
PANELS, COVERED WITH SECOND SURFACE MIRRORS AND
THERMAL CONTROL PAINTS, REMAIN COOL IN THE

SUNLIGHT AND FUNCTICN AS EFFECTIVE RADIATORS OF
WASTE ENERGY FROM THE DECK"MOUNTED EQUIPMENT.
EQUIPMENT AT THE ENDS OF THE SPACECRAFT IS KEPT
WARM  BY RADIATION FROM THE  DECK~MOUNTED
EQUIPMENT. TO MAKE THIS APPROACH EFFECTIVE,
REJECTION OF HEAT BY THE END SURFACE HAS BEEN
MINIMIZED. THE THERMAL DESIGN CONTAINS SPECIAL

EXTERNAL PAYLOAD
THERMAL COATINGS
AND INTERNAL HEAT

FEATURES TU ACCOMMODATE THE FOLLOWING ASPECTS OF
THE MISSION AND PAYLUADS:

THE SOLAR ARKAYS ARE ISOLATED FROM THE
EGUIPMENT SECTIONS TO PREVENT  EXCESSIVE
RADIATIVE CDOLING DURING ECLIPSE PERICDS.

1,

SOME PAYLOADS AND ELECTRIC HEATERS ARE TURNED
ON IN THE TRANSFER ORBIT TO LIMIT CQUCLING OF
THE SPACECRAFT DURING THIS PERIOD.

5 A FBY COMPONENTS WITH LOW  OPERATING
TEMPERATURES ARE ISOLATED FRQM SPACECRAFT HEAT
SOURCES AND RADIATIVELY COUPLED TO THE
EXTERNAL ENVIRONMENT.

CRITICAL COMPONENTS SUCH AS PATTERIES, THE
APOGEE INSERTION MOTOR, AND HYDRAZINE ROCKET
SUBSYSTEM TANKS, LINES, AND VALVES ARE
ELECTRICALLY HEATED.

<

INSTRUMENT VIEW
CAVITY ST

SOLAR

LOW EMISSIVITY

3400 WATTS INCIDENT INSHE ARRAY SURFACES

HIGH REFLECTANCE
LOW HEAT LOSS

80% OF SPACECRAFT
HEAT RADIATED
FROM BELLYBAND

ON ARRAYS (2)

IN SUNLIGHT

MOSTLY RERADIATED \\\
-~

SOLAR

710 WATTS INCIDENT "HJ

ON BELLYBAND EMISSION
> ABSORPTION

90% OF SPACECRAFT
AND PAYLOAD HEAT
SOURCE DECK MOUNTED

APOGEE INSERTION g

MOTOR JETTISONED
ON ORBIT

2
Ry

\ SPACECRAFT ISOLATED
FROM AIM

Figure 2.4. P78-2 Thermal Balance
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5. THE APOGEE INSERTION MOTOR IS A LARGE HEAT
SOURCE DURING ITS BURN AND UNTIL IT IS
JETTISONED. THE INSULATION THAT PROTECTS THE
SATELLITE FRQM THIS HEAT SOURCE ALSO PREVENTS
SIGNIFICANT HEAT REJECTION THROUGH THE AFT
CENTRAL CAVITY DURING THE MISSION OPERATIONS
PERIOD.

6. T SC5 Rapip Scan ParTicLE DETECTOR VIEw
CAVITY IS POINTED NORMAL TO THE SUNLINE. THE
WALLS OF THE CAVITY ARE RADIATIVELY ISOLATED
FRGM THE EQUIPMENT COMPARTMENTS TO PREVENT
EXCESS HEAT LOSS THROUGH THIS CAVITY.

2.6 ELECTRICAL POWER

THE soum mRAYS PROVIIE 290 W OF POWER FOR
SPACECRAFT AND PAYLOAD FUNCTIONS. THE ARRAYS ARE
BASICALLY CYLINDRICAL WITH SOME IRREGULARITIES IN
CONFIGURATION  TO  PROVIDE  SPECIAL  SURFACES
SURROUNDING ~ INSTRUMENT ~ APERTLRES  AND  TEST
SAMPLES. THE PROUECTED AREA OF EACH ARRAY IS
APPROXIMATELY 0.9 M2 AVERAGED OVER A COMPLETE
SATELLITE ROTATION. THE SPACECRAFT AND EXPERIMENT
ELECTRICAL LOADS ARE SUPPLIED EY THE ARRAY EXCEPT
WHEN THOSE LOADS EXCEED THE ARRAY CAPABILITY. AT
SUCH TIMES, THREE &-AMPERE-HOUR NICKEL CADMILM
EATTERIES SUPPLY THE ADDITIONA. POWER.  ]N
PARTICULAR, THE BATTERIES SUPPLY THE ENTIRE LCAD
DURING BOOST PHASE AND ECLIPSE OPERATION. WHEN
THE ARRAY CAPABILITY EXCEEDS THE LOADS, THE
BATTERIES /RE CHARGED. ANY EXCESS POWER IS
DISSIPATED [N RESISTIVE RADIATORS.

THE HIGH SENSITIVITY SPECTRUM ANALYZER IN PAYLOAD
SCl cAN BE COMMANDED TO OPERATE FROM A SEPARATE
BATTERY, [F REQUIRED, IN ORDER TO ACHIEVE SUITABLE
ISOLATION FROM ELECTROMAGNETIC INTERFERENCE .

2.7 DATA SYSTEM

THE BASIC DATA RATE FROM SPACECRAFT AND PAYLOADS
1s 892 BPs. THESE DATA CAN BE TRANSMITTED IN
REALTIME OR TAPE-RECORDED FOR LATER TRANSMISSION.
DATA TRANSMISSION IN THE TAPE PLAYBACK MODE TAKES
PLACE AT 65,536 BPs. EAcH oF THE Two TAPE
RECORDERS HAS A 12-HR cAPACITY. THE  NORMAL
PROCEDURE IS TO RECORD ON ONE TAPE RECORDER INTIL
IT IS FUL. THE OTHER RECORDER, PREVIOUSLY

FILLED, IS PLAYED BACK DURING PERIODIC GROUND
CONTACTS .

IN ADDITION TO THE &9 BPS DATA STREAM, THERE IS
A 512 BPS CHANNEL AND A DIRECT FM (BROADEAND)
CHANNEL. THE 512 BPS CHANNEL CONTAINS CRITICAL
SPACECRAFT AND PAYLOAD INFORMATION THAT ALSO
APPEARS IN THE 819 BPs mATA. THE 512 BPS AND
8192 BPS CHANNELS ARE NOT USED SIMULTANEOUSLY.

THE DIRECT FM CHANNEL PROVIDES FREQUENCY RESPONSE
WP To 5 kHz AND CAN BE USED IN A NUMBER CF
DIFFERENT MODES TO HANDLE ANALOG DATA FROM ONE OR
MORE EXPERIMENTS .

AT ANY TIME, THE USE OF A PARTICULAR DATA MODE
DEPENDS ON THE CAPABILITY GF A TRACKING STATION TO
CLOSE THE APPROPRIATE TELEMETRY LINK AND THE
AVAILABILITY OF THAT STATION TO SUPPORT THE
MISSION. THE SPACECRAFT HAS THE CAPAEILITY AT AL
TIMES IN THE FINAL ORBIT TO CLOSE SOME TELEMETRY
LINK WITH THE SYSTEM OF GROUND STATIONS.

2.8 DATA TRANSMISSION

REALTIME OR RECORDED DATA ARE TRANSMITTED TO THE
AFS(F GROUND STATIONS BY AN S-BAND DOWNLINK.
EITHER OF TWO REDUNDANT TRANSMITTERS MAY EE USED
WITH ANY CF THREE ANTENNAS IN THIS LINK. THE
TRANSMITTER OUTRUT Is 10.5 W. THE CARRIER IS
MODWATED WITH A 1.024-MHz PHASE SHIFT-KEYED
SUBCARRIER . THE 1.024—+Hz SUBCARRIER CAN BE USED
ALONE OR SUMMED WITH EITHER A 1.7-MHz PHASE
SHIF T-KEYED SUBCARRIER OR A 1.7-MHz FM SUBCARRIER.

UMNIDIRECTIONAL ANTENNAS, MOUNTED AT BOTH ENDS CF
THE SPACECRAFT, PROVIIE FUL SPHERICAL COVERAGE.
EACH OF THESE ANTENNAS CONSISTS OF TWO CROSSED
FLAT DIPOLES OVER A TRUNCATED, SLOTTED CONE. [HE
DIPOLES ARE FED IN QUADRATURE. T[HE THIRD ANTENNA
IS A RADIAL ARRAY MOUNTED ON THE SAME MAST AS THE
FORWARD CMNI.  THIS ANTENNA CONSISTS OF TWO
CROSSED DIPOLES OVER TRUNCATED. SLOTTED CONES,

PLACED BACK-TOBACK. THESE DIPOLES ARE FED IN
PARALLEL. AND IN PHASE TO RADIATE A TORODIA
PATTERN COAXIAL WITH THE VEHIQLE SPIN AXIS.

ANNULAR RING RESONANT CAVITY CHOKES ARE USED TO
NARROW THIS ANTENNA PATTERN. THE RADIAL ARRAY IS
USED FOR DATA TRANSMISSION ONLY, WHILE THE OMNIS
ARE USED FOR COMMAND RECEPTION AS WELL .

2.9 COMMANDING

THE COMMAND SYSTEM IS FULY REDUNDANT. Two




.Y

CMNIANTENNAS, ONE AT EACH END CF THE SPACECRAFT,
FEED EITHER OF WO STRINGS oF
RECEIVER-DEMODULATOR,  DECODER,  AND  COMMAND
DISTRIBUTION INITS. THE SYSTEM ACCEPTS COMMANDS
FRM THE AFSCF SPACE-GROUND LINk SuBSYSTEM. THE
MAXIMUIM COMMAND RATE IS ONE PER SEC. LATCHING,
MOMENTARY, AND SERIAL DIGITAL COMMANDS  ARE
PROVIIED TO PAYLOADS AND SPACECRAFT SUBSYSTEMS.
TIMING SIGNALS RANGING IN FREQUENCY FROM 2°© Hz
To Hz ARE DISTRIBUTED TO THE PAYLOADS.
THESE SIGNALS ARE GENERATED FROM A  BASIC
OSCILLATOR OUTPUT THAT IS INITIALLY ACCURATE TO 1
PPM AND DRIFTS LESS THAN 0.01 ppw/paY.

2.10 ATTITUDE CONTROL AND
DETERMINATION

SPACECRAFT ATTITUDE IS DETERMINED FRGM THE OUTPUTS
CF FOWR DIGITAL SUIN SENSORS AND TWO STEERABLE
HORIZON CROSSING INDICATORS. THESE DATA ARE
PROCESSED ON THE GROUND AND CONTROL ACTIONS ARE
DIRECTED BY UPLINK COMMAND. TWO ROCKET ENGINE
MODULES PROVIDE THRUST FOR PRECESSING THE SPIN
AXIS, CONTROLLING THE SPIN RATE, AND IMPARTING
VELOCITY INCREMENTS FOR ORBIT ADJUSTMENT. EAcH
MODWLE CONSISTS OF ONE 3.0 K6 THRUST AND THREE
0.11 K THRUST HYDRAZINE ROCKET ENGINES. TWO OIL-
FILLED NUTATION DAMPERS PROVIDE ANGLE DAMPING. IN
THE FINAL SPACECRAFT CONFIGURATION, WITH ALL BOOMS
DEPLCYED AND THE SATELLITE SPINNING AT ONE RPM,
THE DAMPING TIME CONSTANT IS 8 HR.

2.11 ORBIT

THE FINAL ORBIT IS ADJUSTED TO PROVIIE A SLOW
EASTERLY DRIFT OF THE SATELLITE GROUND TRACK,
TYPICALLY 6 DEG/DAY WITH APOGEE AND PERIGEE 27500
kM AD U250 KM, RESPECTIVELY. FIewe 2.5
ILLUSTRATES THE GROUND TRACE OF THE SUBSATELL ITE
PGINT. THE SPATIAL RELATIONSHIPS BETWEEN THE
EARTH, ITS MAGNETOSPHERE, AND THE SATELLITE ORBIT
ARE SHOWN QUALITATIVELY IN FIeure 2.6. ON MarcH
20, THE FIFTY-FIFTH DAY OF THE MISSION, THE
SATELLITE ORBIT BEGINS TO INTERSECT THE EARTH'S
SHADOW AS ILLUSTRATED IN FIGURE 2.7. THIS SPRING
ECLIPSE SEASON LASTS 44 DAYS WITH A MAXIMWM
ECLIPSE DURATION OF 71 MIN. A SECOND ECLIPSE
SEASON IS ENCOUNTERED IN THE FALL.

2.12 OPERATIONS

DATA ACQUISITION ON THE P78-2 SPACECRAFT IS
USUALLY LIMITED BY GROUND DATA HANDLING CAPACITY.
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Figure 2.5. Typical Ground Track During Final Orbit
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Figure 2.6. P78-2 Orbit Reference to the Magnetosphere
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Figure 2.7. P78-2 Orbit and Earth Viewed From Sun

IN PRINCIPLE THE SATELLITE COWD SUPPORT 24 HR
EACH DAY CF DIGITAL ACTIVITY AND WP TO i0 R oF
BROADEAND ACTIVITY. T[HE TOTAL TAPE RECORDER
CAPACITY IS 24 HR oF DATA. THUS, TO SUPPORT FULL
TIME ACTIVITY, THE TAPE RECORDERS WOULD NEED TO EE
COMPLETELY PLAYED BACK ONCE A DAY,  WHEN
CONTINUOUS GROUND SUPPORT IS AVAILABLE, EXPERIMENT

OPERATION IS NOT LIMITED BY SPACECRAFT POWER
HANDLING CAPABILITIES. AN EXCEPTION TO THIS

OCCURS ON THE DAYS OF THE LONGEST ECLIPSES., AT
THOSE TIMES, BROADBAND DATA TRANSMISSION AND
OPERATION COF THE FELECTRON AND ION GUNS IS
RESTRICTED TO AVOID EXCEEDING AN 8&0% DEPTH OF
DISCHARGE OF THE BATTERIES.
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THE MISSION SEQUENCE. FIGURE 2.8, FOLLOWING ORBIT
INSERTION AND EJECTIN OF THE APOGEE INSERTION
MOTOR, CALLS FOR ADJUSTMENT F THE ORBIT TO
ACHIEVE A SLON EASTWARD DRIFT OF THE GROUND
TRACK, THE SATELLITE SPIN AXIS IS THEN ORIENTED
NORMAL TO THE SUNLINE.  THIS ORIENTATION IS
ESSENTIA. TO SATISFACTORY OPERATION OF THE
SCIENTIFIC PAYLOAD AS WELL AS OPERATION OF THE
SPACECRAFT POWER SUBSYSTEM. THE SPIN AXIS IS
PRECESSED THROUGHOUT THE MISSION AT APPROXIMATELY
ONE-WEEK INTERVALS TO MAINTAIN A 90-TEG ANGLE
BETWEEN THE SPIN AXIS AND THE EARTH-SWIN LINE.
ONCE THE SATELLITE IS PROPERLY ORIENTED. BOOMS ARE
DERLOYED FOR THE S(6 THERMAL PLASMA ANALYZER, THE
SC2 SpACECRAFT SHEATH PotentiaL Monitor, THeE SCLI
MagneTic  Fieep  MonitorR, A THE SCI RF
ELECTROMAGNETIC WAVE ANALYZER.  THE  PAYLOADS.
WHICH ARE DISCUSSED IN DETAIL IN THE FOLLOWING
SECTIONS, ARE (HECKED OUT INDIVIDUALLY AND IN
COMBINATION DURING THE NEXT FEW DAYS.

Te Two 50-M ANTENNAS pEpLovED FoR THE SCIO
ELecTrIC FieLp DETECTOR WILL SIGNIFICANTLY CHANGE
THE ELECTRICAL CONFIGURATION OF THE SATELLITE. To
PERMIT BASELINE DATA TO BE TAKEN BY EXPERIMENTS

SENSITIVE O T SATELL ITE ELECTRICAL
CONFIGURATION, THE LONG ANTENNAS WILL BE LEPLOYED
IN STEPS OVER A PERIOD OF WEEKS BEGINNING SEVERAL
WEEKS INTO THE MISSION. AT THE END OF THE ECLIPSE
SeasoN, 90 DAYS INTC THE MIssioN, THE P78-2
SPACECRAFT AND ITS’ VARIED AND INTERACTIVE PAYLOAD
EEGIN WHAT CAN BE CALLED NORMAL OPERATIONS.

2.13 TRANSIENT PULSE MONITOR

IN ORDER TO OBTAIN A QUANTITATIVE DESCRIPTION OF
THE ELECTRGMAGNETIC PULSE ENVIRONMENT ON THE
SPACECRAFT, A TRANSIENT PULSE MaNITOR WAS INCLUDED
AS A SPACECRAFT COMPONENT. RELATIVE FREQUENCY CF
OCCURANCE OF PULSES AS A FINCTION OF AMPLITLDE AND
DURATION PERMIT DESIGN CF COMMAND/CONTRAL LOGIC
THAT IS RELATIVELY IMMINE TO SPURIOUS SIGNALS ON
TYPICAL SPACECRAFT. (HARACTERISTICS OF SIGNALS
PRODUCED BY ARCING BETWEEN DIFFERENTIALY CHARGED
ELEMENTS ON THE SPACECRAFT WILL BE MEASURED.
ADDITIONALLY, DATA FROM KNOWN DISCHARGE EVENTS.
IDENTIFIED BY DATA FRGM THE SPACERAFT SURFACE
POTENTIAL MONITOR, CAN BE USED QUANTITATIVELY AND
QUALITATIVELY IN THE VALIDATION (F ELECTROMAGNETIC
PULSE COUPLING MODELS.
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Figure 2.8. Mission Operations Through Spring Eclipse Season
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THe  TRaNSIENT PuLse MONITOR CONSISTS OF AN
ELECTRONIC PROCESSCR AND FOLR ELECTRICAL TRANSIENT
SEMSORS.  AS SHOWN IN FIGURE 2.9, ™o OF THE
SENSORS ARE CURRENT PROBES AND TWO ARE LONG WIRE
ANTENNAS.  ONE CURRENT PROBE IS LOCATED ON ONE OF
THE WIRES THAT CONNECT THE SQLAR ARRAY TO THE
Power ConDITIONING UNIT. THE OTHER CURRENT SENSOR
IS LOCATED ON ONE OF SEVEN GROUND WIRES BETWEEN
THE Pawer ConpITIONING UNIT AND THE  VEHICLE
FRAME. BOTH CURRENT SENSORS HAVE SENSITIVITIES CF
1 W/M\. TH LONG WIRE ANTENNAS EACH CONSIST OF
INSWATED WIRES TIED TO THE OUTSIDE OF THE FOIL
WRAP OF THE MAIN VEHICLE WIRING HARNESS. THE TWO
WIRES RUN PARALLEL TO EACH OTHER AND EXTEND HALF
WAY AROUND THE INSIDE OF THE VEHICLE CENTER TUBE.
THESE ANTENNAS DIFFER ONLY IN THE MAGNITWDES OF
THEIR TERMINATION IMPEDANCES. AS SHOWN IN FIGURE
2.9, THE LOVIMPEDANCE ANTENNA IS  CONNECTED
DIRECTLY TO THE VEHICLE FRAME AT THE FAR END AND
IS TERMINATED IN 508 WITHIN THE  INSTRUMENT
PROCESSOR HOUSING. THE HIGH- IMPEDANCE ANTENNA IS
CONNECTED TO THE VEHICLE FRAME THROUGH A 100-KQ
RESISTOR AT THE FAR END. AT THE TRANSIENT PuLse
MONITOR END OF THE HIGH- IMPEDANCE ANTENNA THERE IS
A 10-KLRESISTOR IN SERIES WITH THE 50-{) INPUT
IMPEDANCE .

CENTER TUBE
SHORT CIRCUIT

HIGHZ
ANTENNA

POWER
ONDITIONING
UNIT

LOWZ
ANTENNA

URRENT
SENSORS

“SINGLE
POINT” GROUND

*20 d8 500
attenuators

Figure 2.9. Layout of Transient Pulse Monitor Sensors

THe TRANSIENT PULSE MONITOR ELECTRONIC PROCESSOR
CONTINUOUSLY MONITORS ELECTRICAL SIGNALS FROM EACH
OF THE FOUR SENSORS SIMULTANEOUSLY AND PROVIIES
THE FOLLOWING INFORMATION FOR EACH SENSOR ONCE PER
SEC:

1

0 TOTAL PULSE COUNT
0 POSITIVE INTEGRAL
0 NEGATIVE INTEGRAL
0 POSITIVE PEAK AMPLITUDE
0 NEGATIVE PEAK AMPL [TUDE

Fieure 2.10 IS A FUNCTIONAL BLOCK DIAGRAM OF THE
ELECTRONICS ASSOCIATED WITH EACH SENSOR.

2.14 PULSE COUNT CHANNELS

THE PULSE COUNT CHANNEL ASSOCIATED WITH EACH
SENSOR INDICATES THE TOTAL NUMEER OF TIMES THAT
THE MAGNITUDE OF THE INPUT SIGNAL EXCEEDS A SET
THRESHOLD DURING EACH ONE-SEC TELEMETRY WINDOW.
HOWEVER, IF THE INPUT SIGNAL EXCEEDS THE SET
THRESHOLD MORE THAN ONCE DURING ANY 1-MSEC PERIOD.,
IT IS COUNTED ONLY ONCE. THE PULSE COUNTERS
ACQUIRE DATA THKOUGHOUT EACH ONE-SEC TELEMETRY
FRAME REGARDLESS COF THE MODE SETTING.

THE PuLSE COUNTER THRESHOLDS ARE AS FOLLOWS:

JugesHoLD SETTING  THREsHOLD (V)

0 0.35
1 0.064
2 0.012
3 0.0@2

2.15 PULSE INTEGRAL CHANNELS

THE TWO PULSE INTEGRAL CHANNELS ASSOCIATED WITH
EACH SENSOR INDICATE THE TOTAL POSITIVE AND
NEGATIVE INTEGRAL OF THE INPUT SIGNALS DURING EACH
TIMING WINDOW. HOWEVER, THE PORTIONS CF THE INPUT
SIGNAL THAT DO NOT EXCEED THE LOWER AMPLITUDE
THRESHOLDS SHOWN IN THE TABLE ARE NOT INCLUDED IN
THE INTEGRAL MEASUREMENT. [N THE CONTINUOUS MODE
(Mope 0), THE TIMING WINDOW IS THE ENTIRE ONE-SEC
TELEMETRY FRAME. IN THE SINGLE-PULSE MODE (MODE
1), THE INPUTS TO THE PULSE INTEGRAL CHANNELS FRQM
ANY SENSOR ARE DISABLED APPROXIMATELY 10 Msec
AFTER THE OCCURENCE OF ANY TRANSIENT THAT EXCEEDS
THE THRESHOLD OF THE PULSE COUNTER  CHANNEL
ASSOCIATED WITH THAT SENSOR.

i i

i 0.
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Figure 2.10. Transient Pulse Monitor System Block Diagram

THE RELATIONSHIP BETWEEN THE INPUT PULSE INTEGRAL
AS DEFINED ABOVE AND THE OUTPUT OF THE PULSE
INTEGRAL CHANNEL IS [ETERMINED BY THE OVERALL
THRESHOLD SETTING AND BY THE INPUT PULSE AMPLITUDE
AS MEASLIRED EY THE ASSOCIATED PEAK AMPLITUDE
CHANNEL. THE DYNAMIC RANGE 1S 2 x 107° 7o 1.6 x
10 V-sec.

THe TRANSIENT PULSE MONITOR CAN BE COMMANDED TO
OPERATE IN GNE OF TWO MODES (CONTINUOUS OR SINGLE
PULSE) AND THE LETECTOR THRESHOLD CAN BE COMMANDED
TO ONE OF FOUR LEVELS.

2.16 PEAK AMPLITUDE CHANNELS

THE TWO PEAK AMPLITULE CHANNELS ASSOCIATED WITH
EACH SENSOR [NDICATE THE MAXIMUM POSITIVE AND
NEGATIVE EXCURSIONS OF THE [NPUT SIGNALS DURING
EACH TIMING WINDOW. [N THE CONTINUOUS MODE (MODE
0), THE TIMING WINDOW IS THE ENTIRE ONE-SEC
FRAME. [N THE SINGLE-PULSE MoDE (MoDE 1), THE
INPUTS TO THE PEAK AMPLITULE CHANNELS FRWM ANY
SENSOR ARE DISARLED APPROXIMATELY 10 MSEC AFTER
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THE OCCURANCE CF ANY TRANSIENT THAT EXCEEDS THE
THRESHOLD OF THE PULSE COUNTER CHANNEL ASSOCIATED
WITH THAT SENSOR. THE PEAK AMPLITUDE CHANNELS ARE
NOT AFFECTED BY CHANGES IN THRESHOLD.

THE DYNAMIC RANGE OF THE PEAK AMPLITUIE CHANNELS
IS2W 70 24 V FOR THE HIGH IMPEDANCE ANTENNA, 20
W To 240 V FOR THE LOW IMPEDANCE ANTENWA, 2 M\ TO
24 A FOR THE SOLAR ARRAY SENSOR, AND 140 MA To
1700 A FOR THE POWER DISTRIBUTION UNIT SENSOR.
THESE RANGES INCLLDE THE EFFECTS o X DB
ATTENUATORS IN THE INPUTS TO THE LOW IMPEDANCE AND
Power CONDITIONING UNIT SENSORS AND ALSO THE FACT
THAT ONLY ONE (F SEVEN IDENTICAL POWER LEADS IS
MONITORED BY THE POWER CONDITIONING UNIT SENSOR.




3.1 SCIENTIFIC OBJECTIVES

THe SATELLITE SuRFACE PoTENTIAL MoniTor (SSPM)
consists o THe SC1-1, SCI-2, Ao TtHe SC1-3
INSTRUMENTS.  THESE  INSTRUMENTS  MEASWRE  THE
CHARGING POTENTIALS AND CURRENTS ASSOCIATED WITH
PLASMA  INTERACTIONS WITH TYPICAL  SPACECRAFT
MATERIALS AT NEAR-SYNCHRONGUS~ORBIT ALTITUDES GF
THE P78-2 SPACECRAFT.  SPECIFICALLY, THE TIME
PROFILE OF CHARGING EVENTS ON INSULATORS, GROUNDED
INSULATORS,  AND AN ISOLATED  CONDUCTOR  IN
CONJUCTION WITH VARIOUS ENVIRONMENTAL PARAMETERS
MEASWRED ON THE SAME SATELLITE, WILL BE COMPARED
WITH ANALYTICA. RESWTS CF VARIOUS SPACECRAFT
CHARGING MODELS.

3.2 MEASURING TECHNIQUE

TWo PARAMETERS SOUGHT BY THE SSPM EXPERIMENT ARE
SURFACE POTENTIALS ON AND BUWLK CURRENT FLOWS IN
TYPICAL SPACECRAFT MATERIALS DURING ALL PHASES OF
THE P78-2 SPACEFLIGHT. A TECHNIQLE DEVELOPED TO
PROVITE THE FRONT SURFACE POTENTIAL IS TO MEASLRE
DIRECTLY THE EACK SURFACE VOLTAGE USING AN
ELECTROSTATIC DEVICE AND THEN TO CALCULATE THE
FRONT SURFACE POTENTIAL EY MEANS OF LABORATORY
CAL IERATIONS .

To INER THE CHARGING PROFILE OF A TYPICAL
SPACECRAFT MATERIAL, ONE MUST MAKE A SERIES OF
MEASUREMENTS AND ASSUMPTIONS. REDUNDANT MEASLRE-
MENTS OF ALUMINIZED KAPTON ARE MADE ON EACH OF
THREE INSTRWMENTS (SCI-1, SC1-2, anp SCI-3) EoR
THE FOLLOWING REASONS: DURING HIGH TEMPORAL
CHARGING EVENTS, THE PHYSICAL LOCATION OF THE
SAMPLE MATERIAL ON THE SATELLITE MAY BE IMPORTANT:
WHETHER OR NOT THE DIELECTRIC MATERIAL IS IN SWN
OR SHADOW MAY ALSC AFFECT THE FINAL RESW.T: AND
THE BOUNDARY CONDITIONS (I.E., PROXIMITY OF OTHER
SAMPLES AND GROUNDING PLANES) WILL PROBABLY AFFECT
THE CHARGING PROFILE. [N ADDITION To THE
ALUMINIZED KAPTON, OTHER SAMPLES TO BE FLOWN ON
THE P78-2 SPACECRAFT ARE SILVERED TEFLON, QUARTZ
FABRIC MOUNTED ON SILVERED TEFLON, GOLD-FLASHED
ALWMINIZED KAPTON, TWO SETS OF OPTICAL SOLAR
REFLECTING (OSR) MIRRORS, AND A  GOLD-PLATED
MAGNESIUM PLATE.

Two OF THE NINE SAMPLES ARE NOT EXPECTED TO CHARGE
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3. SC1 SATELLITE SURFACE POTENTIAL MONITOR

IN SPACE, AT LEAST DURING THE INITIAL OPERATION CF
THE SPACECRAFT. SAMPLE #2 ON SC1-1 HAS A GROUNDED
THIN CONDUCTING SURFACE MATERIAL OVER A MOSAIC COF
MIRRORS. SAMPLE #4 ON SC1-3 HAS A GROUNDED THIN
COATING GF GOLD FLASHING OVER ALUMINIZED KAPTON.

TABLE 3.1 SHOWs THE COMPLETE LIST oF SSPM sAMPLES
AND DESIGNATED MEASUREMENT NWMBERS. SCI-1 AND
SCl-2 ARE LOCATED NEAR THE EQUATORIAL PLANE OF THE
SPACECRAFT APPROXIMATED 180 DEG FRGM EACH OTHER.
THE FOR SAMPLES OF SCI-1 AND THE LARGE SAMPLE OF
SC1-2 WILL ROTATE IN AND OUT OF SHADOW EVERY 60
SEC. SAMPLES oN SCI-3 ARE ALWAYS IN SHADOW ON TOP
OF THE VEHICLE.

Table 3.1. Location and Identification of Samples

— N I LSS Y St serh i el
Sample | o o o (a)
L s | SCi-1 sci-2 SC1-3 ‘
P e i © Ao
| 1 Aluminized | Aluminized & Aluminized |
|  Kapton | Kapton Kapton ‘
‘ ‘ {
2 osr® | Aluminized | Silvered |
| | Kapton | Teflon |
| | |
| 3 | OSR ' Reference ‘ Quartz [
| | ) Band | Fabric |
s | Gotd/ Reference!d | Golds l
| | Band | Aluminized
| I J Kapton
f—— 1 —— }

*)$hadowed

|

()G rounded to chassis of spacecraft

| te)

[
?
{
l
L

125 mil hole through sample

(yigh gain of redundant measurement

SINCE THE CHASSIS OF THE THE P78-2 WILL CHANGE
POTENTIAL DURING EITHER NATURAL OR ARTIFICIAL
CHARGING EVENTS, Two oF THE S(Cl1-2 POTENTIAL
MEASUREMENTS ARE CF A CONDUCTING REFERENCE BAND
THAT IS ALWAYS PARTIALLY SOLAR ILLUMINATED (EXCEPT
DURING ECLIPSE)., THIS REFERENCE BAND IS DESIGNED
TO MAINTAIN A CONSTANT AND LOW REFERENCE POTENTIAL.

ONCE THE BACK SURFACE POTENTIALS AND BULK CURRENT
FLONS ARE LETERMINED, THE FRONT SURFACE POTENTIALS
OF THE DIELECTRICS ARE INFERRED BY MEANS OF
CALIBRATION TESTS PERFORMED AT THE MNASA Lewis
RESEARCH SUBSTORM FACILITY. DURING THESE CHARGING
TESTS WITH ELECTRON EEAMS, A FRONT SURFACE PROBE
RECORDED ~ POTENTIALS ~ SIMULTANEOUSLY WITH A
RECORDING OF THE BACK SURFACE POTENTIALS.

ALL MEASUREMENTS ARE DERIVED FROM AN ASSEMELY
HOLTER,

CONSISTING OF A SAMPLE, SAMPLE




DIRECT-MOUNTED ELECTROSTATIC SENSOR FROM MONROE
ELECTRONICS, AND A BIPOLAR ELECTROMETER CIRCUIT
CAPARLE OF DIGITIZING curRents Frow 1010 1o
10 AMPS.  FIGURE 3.1 SHWS A SCHEMATIC
REPRESENTATION OF A TYPICAL SAMPLE ASSEMELY. [N
ADDITION TO THE VOLTAGE AND CURRENT MEASUREMENTS.
THE TEMPERATURE FRCM EACH MONITOR BOARD ASSEMELY
IS ALSO RECORDED.

1 Au FRAME 0002 n 7~ 14in HOLE POSITION OF
" coerer | TEST SAMPLE
i 1 \ [ '
s Y A _ﬁ/
[ S e L - . =/
T Pece
) ”'le ‘{V TUNING
_FBERGLASS  ELECTAIC 71 “— FORK

FIELD L>_Q CHOPPER
£POXY il (
SENSOR s P

Figure 3.1. Cutaway of Typical SSPM Sample Boar

A TYPICAL DIELECTRIC SAMPLE HAS A METALLiZED
BACKING THAT IS GROUNDED THROUGH THE CURKENT
MEASWRING CIRCUIT. A 250 MIL DIAMETER AREA.
ETCHED FREE COF THE METALIZATION, IS ALIGNES
DIRECTLY OVER THE MONROE ELECTROSTATIC SENSOR AN[
A HOLE F THE SAME DIAMETER, WHICH IS Dri_
THROUGH THE SAMPLE BOARD. THIS SAMPLE EOAST
PCSITIONS THE PMONKOE ASSEMELY AS WELL AS Tis
SAMPLE MATERIAL .

BY MEANS OF A DIRECT MEASUREMENT OF THE ELECTRIC
FIELD TC THE SENSITIVE ELECTRODE OF THE SENSOK,
THE BACK SURFACE POTENTIAL IS DERIVED. EACH
DEVICE IS CALIERATED BY PLACING A VOLTAGE
ELECTRODE AT THE SAME DISTANCE FROM THE SENSOR AS
THE SAMPLE. ALTHOUGH THE ELECTRIC FIELD IS THE
MEASWRED PARAMETER, THE EACK SURFACE POTENTIAL IS
THE RECORDED QUANTITY. THE CURRENT CIRCUIT IS
CALIBRATED EY MEANS CF DIRECT SIMWATION CF £
KNOWN CURRENT SGURCE Fici 1070 ¢ 10 AMPS

THE FINAL DERIVED GQUANTITY [S THE FRONT SURFACE
POTENTIAL. [EACH SAMPLE AND ASSEMELY HAS UNDERGONE
CALIBRATION IN THE NASA Lewis RESEAkck (CerT
SUESTORM  FACILITY [N  CLEVELAND, OHic.
CLECTRON EEAMS WITh ENERGIES Frov 2 kY 70 20 ko
THL  FRONT VERSLS BACK SURFACE POTENTIAL WA
~LCORDED  DURING CHARGING (F  EACH  SAMPLE.
HEREFORE THE FRONT SURFACE POTENTIAL IS DERIVED
EY MEANS COF A SIMPLE ANALYTICAL FUNCTION. [N
ADDITION, CHARGING PROFILES AND HISTORIES WERE

ALSO RECORDED ON MAGNETIC TAPE DURING THESE
CAL IBRATION KUNS .

3.3 DESCRIPTION AND BLOCK DIAGRAM

ELECTRIC FIELDS BETWEEN THE BACK SURFACE OF EACH
SAMPLE AND THE ELECTROSTATIC SENSOR ARE MODULATED
BY TINES OSCILLATING AT 00 Hz. THIs sIGNAL IS
FED TO THE INPUT OF A HIGH IMPEDANCE AMPLIFIER
THAT CONTAINS A PHASE-SENSITIVE DEMODULATOR. THE
AMPLITUDE F THE SIGNAL IS PROPORTIONAL TO THE
INPUT ELECTRIC FIELD AND THE PHASE oF THE AC
SIGNAL IS <ELATED TO THE POLARITY OF THE ELECTRIC
FIELD.

ELECTRIC CURRENTS PASSING THROUGH EACH SAMPLE ARE
COLLECTED ON # EACK SURFACE ELECTRODE OF KNOWN
AREA AND ROUTED TO THE HIGH IMPEDANCE ELECTROMETER
CIXCLIT. THE SIGNAL IS AMPLIFIED AND DIGITIZED BY
MEANS  OF A CHARGING CAPACITOR AND  SWITCHING
DEVICE. THE RANGE OF FREQUENCY FROM ZERO To I

Hz cormesponos To curkents of 10710 1o 107
AMPS  COLLECTED ON _A SENSITIVE AREA CF
APPROXIMATE v 160 cr*?. CLRRENT  POLARITY IS
DETERMINEZ £V A PHASE SENSITIVE DEMODULATOR, AND
IS MAINTAINEL EY MEANS OF TWC IDENTICAL CIRCUITS.
ONE FOr POSITIVE, THE OTHER FOR NEGATIVE CURRENT.

FIouhe 2.2 SHOWS A BLOCK DIAGRAM CF ONE SENSOR AND
ASSOCIATED ELECTRONICS. THE DATA ARE OETAINED
WITH CIRCUITRY ON THE MONITCR BOARD. THE SIGNALS
FRCM SUBASSEMBLIES ARE ROUTED TO TH [NTERFACE
EOARD FCR DIGITIZING AND CONDITIONING. DIGITAL
PUSES ARE FED To THE SC2 DATA SYSTEM FOR
ACCUMULATION AND ROUTING TO THE MAIN TELEMETRY
SYSTEM.

3.4 OPERATIONAL ASPECTS

TWELVE VOLTAGE AND 18 CURRENT CHANNELS ARE
DIGITIZED, SENT To THE SC2-4 DATA BOX, AND
CGMPRESSED INTO 12 BIT SCALERS. EACH OF THE THREE
INSTRUMENTS HAVE SERIAL READOUTS FOR FOLR VOLTAGE
CHANNELS AND PARALLEL READOUTS FOR FOUR POSITIVE
AND NECATIVE CURRENTS. EACH OF THE FOWRK VOLTAGE
SIGNALS FROM EACH WNIT IS ACCUMWATED FoR 0.25
SEC. THE POLARITY CF EACH VOLTAGE SIGNAL 1S
RETAINED IN THE LEAST SIGNIFICANT BIT OF THE
12-BIT SCALER.
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Figure 3.2. SSPM Biock Diagram

IN ADDITION TO THESE PRIMARY DIGITAL CHANNELS FOR
EACH SPM, FOLR ANALOG TEMPERATURES AND ONE ANALOG
VOLTAGE MONITOR ARE SENT DIRECTLY TO THE SATELLITE
ANALOG TELEMETRY SYSTEM. EACH PRIMARY VOLTAGE OR
CURRENT CIRCUIT CAN BE COMMANDED SEPARATELY. A
CURRENT CALIBRATE COMMAND IS ALSO AVAILABLE AND
PN RECEIPT, APPROXIMATELY -7 x 108 awps 1s

CYCLED INTO EACH ELECTROMETER INPUT WITH A 10-SEC
PERIOD. THIS RESWTS IN A CYCLIC PATTERN OF
APPROXIMATELY 700 Hz ON EACH NEGATIVE CURRENT
OUTPUT LINE. A DISCRETE TELEMETRY OUTPUT LEVEL
INDICATES THAT THE INSTRUMENT IS IN THE CALIBRATE
MODE .

4. SC1VERY LOW FREQUENCY WAVE ANALYZER

4.1 SCIENTIFIC OBJECTIVES

THe VLF ANALYZER  MEASWRES  ELECTROMAGNETIC
emissions IN THE ELF, VLF. anp LF RANGES.

THE  PRIMRY ENGINEERING OBJECTIVE OF THIS
EXPERIMENT IS TO VERIFY THAT ELECTRICAL DISCHARGES
ARE OCCURRING WHEN OTHER EXPERIMENTS MEASLRE LARGE
DIFFERENTIAL POTENTIALS BETWEEN SPACECRAFT
MATERIALS AND BETWEEN THE VEHIQLE AND THE SPACE
PLASMA, THE SECONDARY ENGINEERING OBJECTIVES ARE
TO MEASULRE THE INTENSITY OF THE FIELDS TO
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DETERMINE THE RATE AT WHICH DISCHARGES OCCLR AND
TO DETERMINE THE NORMAL EMI CHARACTERISITICS OF A
SPACECRAFT IN THE  PLASMA  ENVIRONMENT AT
SYNCHRONOUS CRBIT.

THE  PRIMARY SCIENTIFIC ORJECTIVE OF  THIS
EXPERIMENT IS TO MEASLRE THE [INTENSITY AND
SPECTRA OF ELECTROMAGNETIC AND ELECTROSTATIC
EMISSIONS BY THE ENERGETIC PARTICLES IN THE
MAGNETOSPHERE OUTSIIE OF THE PLASMA SPHERE. THESE
DATA WILL BE USED TO MODEL THE DYNAMICS OF THE
RADIATION BELT PARTICLES IN THIS REGION OF THE

e s e bl e e b R R




MAGNETCSPHERE. [HE SECONDARY SCIENTIFIC OBJECTIVE
IS TC INVESTIGATE WAVE-PARTICLE INTERACTION AND
WHISTLER-MCDE ~ PROPAGATION  IN  THE  OUTER
MAGNETOSPHERE.  THE  APPROACH IS TO (SE A
HIGH POWER,  GROUND-BASED, VLF  TRANSMITTER TO
COUPLE INTO THE MAGNETOSPHERE WHISTLER-MGDE WAVES
OF KNOWN FREQUENCY, PU.SE DURATION, RADIATED
AMPLITUDE., AND PHASE., THE TVLF TRANSMITTER SYSTEM
WILL BE INSTALLED NEAR STRAND, Norway. THE
ANTENNA WILL BE AN EXISTING 30-kM LONG €0-KV POWER
LINE. AT GEGSYNCHRONoUs oRBIT (L=6.6) THE
ELECTRON GYROFREQUENCY IS APPROXIMATELY 3 KHz.
THE TRANSMITTER IS CAPABRLE OF DELIVERING 100 KW TO
A MATCHED LOAD OVER A FREQUENCY RANGE FRoM | kHz
10 30 kHz. FOR THIS EXPERIMENT IT WILL OPERATE
BETWEEN 1 AND 5 kHz. THE PRIMARY WAVE RECEIVERS
wiLL BE THE VLF ANALYZER ON P78-2 ap THE S-300
EXPERIMENT ON THE GEOS SATELLITE.

4.2 MEASURING TECHNIQUE

THE EXPERIMENT EMPLOYS TWO ANTENNAS TO DETECT THE
ELECTROMAGNETIC AND ELECTROSTATIC EMISSIONS. AN
AIR-CORE LOOP ANTENNA DETECTS THE MAGNETIC
COMPONENT OF THE WAVES AND A 100-M TIP-TO-TIP
DIPOLE ANTENNA, DESIGNATED SC10-2, 3 AND DESCRIBED
IN SECTION 17, DETECTS THE ELECTRIC CQMPONENT.
THE OVER-ALL SENSITIVITY OF THE ELECTRIC FIELD
Receer 1s 5 x 107 V/mlHz at L3 kHz aw
107 V/m JHz AT 10.5 Kz.

THE AIR-CORE LOOP IS ELECTROSTATICALLY -SHIELLED
AND HAS AN EFFECTIVE AREA OF 575 saM AT 1.3 Wz,
IT 15 coNsTRWCTED OF 1530 TuRNs oF 36 AWG COPPER
WIRE ON A FORM 50 cM IN DIAMETER. THE ANTENNA IS
A BOOM MOUNTED LOOP 2 M FROM THE SPACECRAFT. THE
FREQUENCY RESPONSE OF THE LOOP ANTENNA AND LOW
PASS FILTER IS SHOWN IN FIaure 4.1. THE OVERALL
SENSITIVITY OF THE RECEIVER Is 3 x 10°)/JHz ar
1.5z, THE pvnamic rance Is 60 DB.

+ 20— —

% ,
4
0 2 4 6 10
FREQUENCY, kHz

8

Figure 4.1. Frequency Response of the Loop Antenna
and Low Pass Filter
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43 FUNCTIONAL BLOCK DIAGRAM

A scHemaTIic oF THE FuncTionaL Brock LiscraM Is
SHOWN IN FIGURE 4.2.
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Figure 4.2. VLF Frequency Wave Analyzer
Block Diagram

4.4 OPERATIONAL ASPECTS

T VIF ANALYZER HAS EIGHT PULSED COMMANDS TO
CONTROL THE OPERATION OF THE EXPERIMENT AS FOLLOWS:

1) SELECTION ©OF THE  BROALBAND  OUTRUT
Mope-(0FF /3kHz/5kHz

2) SELECTION OF THE ANTENNA SIGNAL TO
BE ANALYZED-ELECTRIC/MAGNETIC/
AUTOMATIC SWITCHING AT 16 INTERVALS

3) SELECTION oF THE CALIBRATE mope-ON/OFF

4) SELECTION OF THE NARROWRAND FILTER

mope-ON/OFF




THE  PRIMARY ON-CRBIT
NARROWEAND FILTER MODE PROVIDING TAPE RECORDED

OPERATION WILL EBE THE

DATA WITH THE ANTENNAS SWITCHING. BROADBAND DATA
CAN EE OETAINED AT FOWR PERIODS APPROXIMATELY

CENTERED AT MIINIGHT, DAWN, NOON, AND DUSK. THESE
DATA CAN ONLY EE COLLECTED IN REALTIME. ONE HOWR
PER DAY IS ALCCATED TO THIS EXPERIMENT WITH A
MINIMUM BROADBAND ACQUISITION TIME oF 20 MIN/OREIT.

5. SC1 RADIO FREQUENCY ELECTROMAGNETIC WAVE
ANALYZER

5.1 SCIENTIFIC OBJECTIVES

THE RF ANALYZER MEASURES ELECTROMAGNETIC EMISSIONS
IN THE FREQUENCY RANGE FROM 2 Mz 1o 30 MHz.

THE PRIMARY OBJECTIVE OF THIS PAYLOAD IS TO VERIFY
THAT ELECTRICAL DISCHARGES ARE OCCURRING WHEN

OTHER  INSTRUMENTS MEASURE LARGE DIFFERENTIAL
CHARGING LEVELS ON THE THE SPACE VEHICLE
SURFACES. FOR THIS PURPOSE IT WILL MEASURE THE

NUMBER OF PULSES AND THE SPECTRAL ENVELOPE IN THE
OF FREQUENCY (INTEGRATED OVER MANY PULSES). THE
SECONDARY OBJECTIVE IS TO MEASURE THE NormaL EM!
ENVIRONMENT OF THE SPACE VEHICLE IN THE PLASMA
ENVIRONMENT AT SYNCHRONOUS ORBIT.

5.2 MEASURING TECHNIQUE

THE RF ANALYZER EMPLOYS TWO ANTENNAS FOR THE
MEASUREMENTS: AN EXTENDIBLE  100-M TiP-TO-TIP
DIPOLE PROVIDED BY THE ODDARD SPACE FLIGHT CENTER
FOR THE I FIELD EXPERIMENT AND A 1.5-M MONOPOLE
ALONG A BOOM THAT IS DEPLOYED PERPENDICULAR TO THE
SPIN AXIS OF THE VEHICLE.

THE ANALYZER CAN BE OPERATED [N BOTH A SWEPT OR A
FIXED FREQUENCY MODE. THE DESIGN INCLUDES FIVE
FREQUENCY BANDS, TWO SWEEP RATES FOR EACH BAND,
AND TWO DETECTION BANDWIDTHS. THE DETAILS ARE
spectFieD IN TaBLe 5.1,  THE AwPLITWDE (PEAK
DETECTION) IS SAMPLED 400 TIMES PER SECOND, CON-
VERTED TO AN %-BITDIGITAL FORMAT (ONE BIT IS A
SYNC BIT) AND TELEMETERED ON A SPECIAL PURPOSE 3
KHz BROADRAND DATA CHANNEL. TDURING TAPE RECORDER
ONLY OPERATIONS, THE AMPLITUDE IS SAMPLED EIGHT
TIMES PER SECOND. (NLY FIXED FREQUENCY OPERATION
WILL TAKE PLACE IN THIS MODE.

5.3 FUNCTIONAL BLOCK DIAGRAM

A scHEMATIC OF THE RF ANALYZER 1S SHOWN IN FIGURE
o

Table 5.1. RF Analyzer Specifications

Frequency Coverage (MHz)

Sensitivity

Overall Audio Response

dverall Gain Less than 1 uV input for 1V output

| Harmonic Distortion 2nd harmonic inte

Intermodulation Distortior

Image Rejection
IF Rejection

Ilnteenally Generated Sparious There are 43 spusious signals above
Signals

Frequency Tolerance

Tuning Rate Slow Fast

5.4 OPERATIONAL ASPECTS

Te RF ANALYZER IS COMMANDED BY A 22-BIT SERIAL
DIGITAL coMMAND AND 10 PuLSED coMMANDS.  THE
DIGITAL COMMAND SELECTS THE BANDS TO BE SWEPT, THE
SWEEP RATE, OR THE FIXED FREQUENCY FOR THAT MODE
OF OPERATION. THE PULSED COMMANDS SELECT THE
ANTENNA, BANDWIDTH, GAIN, CALISRATION SIGNAL, AND
BROADBAND OPERATIONAL MODE.

THE ON-ORBIT OPERATION WILL RE BASED ON SCHEDULED
coNDs (TO BE DETERMINED AFTER THE TIMES FOR
SATELLITE DATA ACQUISITION FOR A WEEK ARE
SCHEDULED),




BAND

SERIAL
DIGITAL
COMMAND

SWEEP REH

10F3

veo |
319-47%

BPF
2-35

HPF

2048

ANTENNA
SELECT
CAL

GAIN

RE
AMPLITUDE
PCMIFM

3 kbs

l SEL
E—‘ BROADBAND
Cl 10175
COND i J

57 MONITOR

RF
AMPLITUDE ™
ANALOG COND

35-6
BPt
6-10

—

8Pt

BANDWIDTH
SELECT

Figure 5.1. RF Analyzer Block Diagram

6. SC1 TRANSIENT PULSE SHAPE ANALYZER

6.1 SCIENTIFIC OBJECTIVES

THe PuLse SHAPE ANALYZER MEASURES THE SHAPE OF
ELECTROMAGNETIC PULSES IN THE TIME DOMAIN FROM /
NSEC TO 3.7 MSEC.

THE PRIMARY ORJECTIVE OF THIS EXPERIMENT IS TO
VERIFY THAT ELECTRICAL DISCHARGES ARE OCCURRING
WHEN OTHER INSTRUMENTS MEASURE LARGE DIFFERENTIAL
CHARGING LEVELS ON SPACE VEMICLE SURFACES. THE
PULSE AMPLITUDES AND SHAPES PRODUCED BY SUCH
FELECTRICAL DISCHARGES WILL BE MEASURED ON FOUR
SENSORS .

6.2 MEASURING TECHNIQUE

THE PULSE ANALYSES ARE MADE ON FOUR SENSORS: (1) A
LOOP ANTENNA AROUND ONE OF THE TWO REDUNDANT SPACE
vEHIcLE Comvann DisTRIsuTIoN UNITS, (2) A WIRE
ALONG THE OUTSIDE OF A "TYPICAL” SPACE VEHICLE
CABLE RUMDLE, (3) AN EXTERNAL SHORT DIPOLE
ANTENNA AT THE END OF A 2-M B0oM, AND () A
DIGITAL COMMAND LINE FROM THE COMMAND DISTRIBUTION
UNIT TOo THE PULSE SHAPE ANALYZER.

6.3 FUNCTIONAL BLOCK DIAGRAM

THE SIGNAL PROCESSOR MAY BE SWITCHED BY COMMAND TO
ANY OF THE FOUR SENSORS. 'T THEN STEPS
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AUTOMATICALLY ~ THROUGH THE  SELECTED  SENSQRS
MONITORING EACH IN TURN FR 16 SsEC. HE
FUNCTIONAL BLOCK DIAGRAM IS SHowN IN Ficure 6.1,
WHEN A SIGNAL EXCEEDS A COMMANDARLE THRESHOLD ITS
AMPLITUDE IS SAMPLED AT 16 POINTS TO MEASURE THE
PULSE SHAPE. THE 16 SAMPLES MAY BE SPACED
LOGARITHMICALLY OR LINEARLY IN TIME.  THE
LOGARITHMIC SPACING COVERS THE RANGE FROM 7 NSEC
70 42pusec. THE LINEAR SPACING IS COMMANDABLE
wITH fFoLLowIng opTIons: 0,15, 0.16. 0.24, 1.0,
3.8, 30, AND 250useC. THE AMPLITUDE IS MEASURED
BY A BANK OF 24 DISCRIMINATORS, 12 POSITIVE AND 12
NEGATIVE. THE TOTAL RANGE 1S 3 MV T0 L8 V. The
SIGNAL FROM EACH SENSOR CAN BE ATTENUATED BY
COMMAND TO PLACE IT WITHIN RANGE., THERE ARE SIX
ATTENUATION  SETTINGS THAT SELECT  MEASUREMENT
RANGES FROM 3 MV T0 1.84 V AT MINIMUM ATTENUATION
70 3.46 V 10 1910 V AT MAXIMUM ATTENUATION. THE
THRESHOLD IS COUPLED TO THE ATTENUATION SETTING.
THE ATTENUATION, THRESHOLD, AND SAMPLING INTERVAL
CAN BE INDEPENDENTLY COMMANDED FOR EACH SENSOR.
THE NUMBER OF PULSES PER SFCOND ABOVE FOUR
SELECTABLE THRESHOLDS IS ALSO MEASURED, THREE OF
THE THRESHOLDS ARE DETERMINED BY THE ATTENUATION
SELECTION, THE FOURTH IS THE PULSE ANALYSIS
THRESHOLD.
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Figure 6.1. SC1-8B Pulse Analyzer Simplified Block Diagram

THE INSTRUMENT IS COMMANDED BY A 22-BIT SERIAL
MAGNITUDE COMMAND OF WHICH ONLY THE SEVEN LEAST
SIGNIFICANT BITS ARE USED.

6.4 OPERATIONAL ASPECTS

IN ITS NORMAL MODE OF OPERATION THE INSTRUMENT
STEPS THROUGH EACH OF THE FOUR SENSORS MONITORING
EACH FOR '6 SEC IN SEQUENCE. THE THRESHOLDS AND
ATTENUATIONS FOR EACH SENSOR WILL BF DETERMINED BY
EXPERIENCE ON ORBIT,

INITIAL MEASUREMENTS WILL BE MADE WITH THE
LOGARITHMIC SAMPLE SPACING. |ATER LINEAR SPACING
WILL BE USED IF TYPICAL PULSES PROVE TO BE VERY
SHORT (<100 NseC) oR VERY LoNG (>200 sEC).

INFLIGHT VERIFICATION OF THE CALIBRATION IS
ACCOMPLISH BY SENDING SERIAL MAGNITUDE COMMANDS
FROM THE Comvanp DISTRIBUTION UNIT TO THE SERIAL
MAGNITUDE COMMAND SENSOR.

7. SC2 SHEATH ELECTRIC FIELDS

7.1 SCIENTIFIC OBJECTIVES

THIS EXPERIMENT IS INTENDED TO PROVIDE THE
ELECTRON AND ION DISTRIBUTION FUNCTIONS, OVER A
LIMITED ENERGY RANGE, AT THREE POSITIONS IN THE
SPACECRAFT PLASMA SHEATH, THE EXPERIMENT ALSO
MEASURES THE FLOATING POTENTIAL OF Two AGUA-DAG
(COLLOIDAL GRAPHITE) COATED SPHERICAL  PROBES
RELATIVE TO THE SPACECRAFT GROUND OVER A LARGE
DYNAMIC RANGE. THE SPHERICAL PROBES CAN BE BIASED
RELATIVE TO THE SPACECRAFT UPON GROUND COMMAND.
THE CURRENT TO ONE OF THE BIASED PROBES IS ALSO
MEASURED. THE BIASED PROBES MODIFY THE PARTICLE
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DISTRIBUTION MEASURED AT THE PROBE AND IN THEIR
VICINITY, THE AIMS OF THE EXPERIMENT ARE TO
OBTAIN INSIGHT INTO THE CHARACTERISTICS OF
SPACECRAFT SHEATH FIELDS, TO OBSERVE THE EFFECTS
OF PARTICLES THAT COMPRISE THE ENERGETIC PLASMA
NEAR A SPACECRAFT, TO OBSERVE THE POTENTIAL THAT A
RELATIVELY SIMPLE GEOMETRICAL SHAPE (A SPHERE)
ATTAINS IN THE PLASMA ENVIRONMENT BOTH IN SUNLIGHT
AND IN SHADOW, AND TO MONITOR THE INFLUENCE THAT
THE SPACECRAFT ITSELF HAS ON THE FINAL POTENTIAL
THAT SUCH  SIMPLE  OBJECTS  ATTAIN.  THESE
OBSERVATIONS WILL BE COMPARED WITH THE RESULTS OF




OTHER MORE  COMPREHENSIVE  PLASMA  MEASUREMENTS
ABOARD THE SPACECRAFT TO OBTAIN NEW INSIGHTS
CONCERNING THE PLASMA SHEATHS THAT FORM AROUND
OBJECTS [N HOT DILUTE PLASMAS BOTH IN THE PRESENCE
AND ABSENCE OF PHOTOILLUMINATION, THE OBSERVATIONS
WILL BE USED AS TEST DATA FOR THE VALIDATION OF

SPACECRAFT-PLASMA  INTERACTION MODELS THAT ARE
BE ING DEVELOPED.

7.2 MEASURING TECHNIQUE

THE EXPERIMENT CONSISTS OF THREE  MINIATURE

ELECTROSTATIC ANALYZERS, WHICH MEASURE THE FLUXES
OF ELECTRONS AND IONS OVER A LIMITED RANGE OF
ENERGIES AS SHowN 1IN TaBLe 7.1, Two oF THE
ANALYZERS ARE EACH ENCLOSED WITHIN BOOM-MOUNTED
SPHERICAL PROBES AND THE THIRD IS MOUNTED BEHIND
THE CENTER BAND ON THE SPACECRAFT. THE BOOMS ARE
130 DEG APART AND ARE MOUNTED NEAR THE CENTERLINE
OF THE VEHICLE. THE RELATIVE GEOMETRIES OF THE
SPACECRAFT AND BOOMS ARE SHOWN SCHEMATICALLY [N
Fieures 2.2 a0 7.1. THE FIELDS OF VIEW OF THE
ANALYZERS ARE PARALLEL TO EACH OTHER AND TO THE
FIELD OF VIEW OF THE ENERGETIC PROTON DETECTOR,
WHICH IS DESCRIBED IN SECTION 8.

Table 7.1. SC2 Electrostatic Analyzer Energies

Approximate Energy (eV ‘(mrgeﬂ
—

]

Electrons

A

| Program t 190
| 1 450
| 1060
| 2530
4480
10500
18600

Return to

0=

zero

|

T +
Program 2
]

1 | 30

i
330
800

é
|
|
|
|
|
{
|
|

1890
5960

14000 11000

Return to zero l
5-10
15 - 20

36 '
|

6 |
7 Return to zero |

oo —

Program 3 T

5
20 -
45

13
24

470
1110
2650
6150

Return to zero

i

|

600 i
1410 |
1380 (
7850 1‘
|

Return to zero

|
|
\
l
e

EACH ELECTROSTATIC ANALYZER CONSISTS OF THREE
CONCENTRIC CYLINDRICAL PLATES THAT DEFLECT THE
PARTICLES OF PROPER ENERGY PER CHARGE THROUGH 127
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"ei 0 acTh

Figure 7.1. Spacecraft and Boom Geometry

peG ONTo SPIRALTRON CHANNEL ELECTRON MULTIPLIERS
WHERE THEY ARE DETECTED. [HE CENTER ANALYZER
PLATE 15 BIASED FRoM~0.0 7o +1600 V. WHILE THE
TWO OUTSIDE PLATES ARE SIMULTANEOUSLY BIASED
FrRoM ~0.0 T0o -1600 V BY A PROGRAMMER AS SHOWN
SCHEMATICALLY 1IN FIGURe 7.2, THE IONS ARE POST
ACCELERATED BY -1600 V BEFORE IMPINGING ON THE ION
DETECTOR TO INCREASE THE DETECTION EFFICIENCY.
THE ELECTRONS ARE NOT POST ACCELERATED,  THE
ANLAYZER COLLIMATER AND SERRATED PLATES ARE COATED
WITH “GOLD BLACK” TO REDUCE THE ULTRAVIOLET
RESPONSE OF THE SYSTEM. THE THREE UNITS ARE AS
NEARLY IDENTICAL AS POSSIBLE MECHANICALLY AND
ELECTRICALLY. THE ANGULAR RESPONSE OF THE UNITS
(FW AT 107 MAXIMUM RESPONSE) ARE APPROXIMATELY 9
AND 7 DEG FOR THE ELECTRONS AND 16 AND 9 DEG FOR
THE IONS IN PLANES PARALLEL AND PERPENDICULAR.
RESPECTIVELY, TO THE SPACECRAFT SPIN AXIS. THEY
HAVE GEOMETRIC FACTORS OF ~1.7 x 107 cM sTER
FOR ELECTRONS AND~6.7 x 1077 cM STER FOR
I0NS. THE ENERGY REsoLUTIONS AREAE/E =~0.09 rFor
ELECTRON ANDAFE/E = 0,14 For TONS.

PLATE
BIAS
PROGRAMMER

0V 10 - 1600V

iy
VT0 +]TIME :r:"(»’&r

1600V

.

B SPIRALTRON ) DETECTORS

3200V

Figure 7.2. Schematic Diagram of ESA




THE SPHERICAL PROBES CONTAINING THE ELECTROSTATIC Table 7.2. Probe Bias Programs*
ANALYZERS ARE ~17.8 CM IN DIAMETER. THE BOOMS ON [ propram Program ¢ | Program 3 i
WHICH THEY ARE MOUNTED ON ARE 2.54 CM DIA FOR THE | 5t%,[ voiage | 5% | vottage | 3 | vorape| 3% [ voreage |
FIRST 33 CM AND HAVE A SHADOW STUB OF THE SAME DIA | , ; e 5| e o [ ]
AND 25.4 cm Lon (see Ficure 7.1). THE SPHERES, o e L e e L et
THE SHADOW STUB, AND THE 2.54 CM DIA BOOM SECTIONS i ol ol el 3 e
ARE COATED WITH AQUA-DAG. THE SPHERICAL PROBES % R R R
CONTAIN ALL EILECTRONICS NECESSARY TO SUPPORT THE f? 74 H l ?iEE 1 | ‘
ELECTROSTATIC ANALYZERS, PLUS THOSE NECESSARY TO 23 ééf 35; \ %E:g ;
PROVIDE BIAS VOLTAGES FOR THE PROBES AND TO 1z | eze | 12 | 6o
MEASURE THE POTENTIAL BETWEEN THE PROBES AND THE 1@ |8 l hoie . ‘
SPACECRAFT FRAME. ONE PROBE, S(2-1., ALSO CONTAINS e | e S ‘
A DIGITAL ELECTROMETER FOR MEASURING THE CURRENT ol ozl % | o2 {
TO THE PROBE WHEN IT IS BIASED. S B B i

e :%:ii.‘) e 1‘ |
THE PROBE VOLTAGE MEASUREMENT IS A NULL | i | -iid | | i | 5
MEASUREMENT. A SPHERICAL FARADAY CAGE, WHICH S R R T 1 5
SURROUNDS ALL THE ELECTRONICS AND THE PARTICLE Zaliate? 3 |22 l ‘ "
ANALYZER, 1S BIASED RELATIVE TO THE SPACECRAFT o) v (Sl s ) ] S CNIERES e J |
FRAME. THE VOLTAGE DIFFERENCE BETWEEN THIS ;:me of bias vol:.ge: a:: roy:‘cz-l, :czhzh similar. .
FARADAY CAGE AND THE PROBE SURFACE IS SENSED AND dp}'iiiﬁ?usl":r:'."r.";ze.':.pi (9311 in Pragamns { aud 2. b sieps ; 1
CONTROLLED IN A "FOLLOWER CIRCUIT" SO THAT IT [s Lt eremiind @ siepsin frogmam & —~ |

LESs THAN ABouT 0.0l PERCENT OF THE PROBE VOLTAGE
RELATIVE TO THE SPACECRAFT. THE SMALLEST COMMON
MODE VOLTAGE MEASURABLE IN THIS MANNER Is<+
107 V a0 mHE LARGEST Is~*+ 700 V. IF meE
PROBE VOLTAGE SHOULD ATTEMPT TO EXCEED THIS
MAXIMUM RANGE, THE CIRCUITRY CHANGES IMPEDANCE TO
LIMIT THE VOLTAGE THE PROBES CAN ATTAIN. IN THE
BIASED MODE THE PROBES CAN BE STEPPED THROUGH
SEVERAL BIAS PROGRAMS WITH THE TWO MAJOR ONES
COVERING THE APPROXIMATE RANGES 0 020 V anp 0
To + 450 V IN 32 QUASI-LOGARITHMICALLY SPACED
STEPS AS SHOWN IN TABLE 7.2.

SHADOW
STuB

PROBE SURFACE
FARADAY SHIELD

ELECTROMETER AND
PROBE BIAS CIRCUITRY

1
5
/isouaron wouNT F08 AING CRCUTRY
A 0UTER SURFACE ROBE VOLTAGE MEASURING CIUTRY \,

CENTRAL SHELF STRUCTURE

B =

ELECTROSTATIC ANALYZER AND N\
ANALYZER CIRCUITRY

THE INTERIOR OF ONE OF THE SPHERICAL PROBES IS
SHOWN SCHEMATICALLY IN FIGURe 7.3. THE CASE oF
THE ELECTROSTATIC ANALYZER AND ALL ITS CIRCUITRY ‘
IS ELECTRICALLY REFERENCED TO THE FARADAY SHIELD,

THUS THE PARTICLES ARE NOT PREACCELERATED BETWEEN e / !
THE PROBE SURFACE AND THE ANALYZER. T0 OBTAIN THE st Y
ACTUAL PARTICLE ENERGY MEASURED, ONE MUST ACCOUNT \
FOR THE PROBE VOLTAGE. 1

10 SPACECRAFT
7.3 FUNCTIONAL BLOCK DIAGRAM Figure 7.3. Spherical Probe Schematic

THE DATA FLOW THROUGH THE SHEATH ELECTRIC FreLp  experiMents, THE SSPM (Rer., Section 3), AND THE
cxPERIMENT  (SC2) 1S COMPLICATED AND SEVERAL  SPACECRAFT, THE DATA SYSTEM THAT IS CONTAINED IN
DIAGRAMS ARE REQUIRED TO REPRESENT IT. FIGURE 7.4  UNIT SC2-4 1S THE DIGITAL INTERFACE FOR ALL THE
SHONS ~ THE  RELATIONSHIP  BETWEEN THE  SC2  SS™ UNITS AND IS THE COMPLETE INTERFACE FOR ALL

. e i i




SPACECRAFT

gl 0 )

Figure 7.4. Relationship Between SC1 and SC2

THE SC2 UNITS WITH THE SPACECRAFT. THE DETAILS OF
THIS INTERFACE ARE SHOWN IN GREATER DETAIL IN
Fieure 7.5.

THE DATA SYSTEM SERVES SEVERAL PURPOSES., [T
PASSES POWER THROUGH FROM THE SPACECRAFT TO THE
INDIVIDUAL SENSORS AS SHOWN IN THE BOTTOM OF
Fieure 7.5 IT ALSO PASSES THE  ANALOG
HOUSEKEEPING DATA FROM THE SENSORS TO THE
SPACECRAFT.  THE DATA SYSTEM ALSO CONTAINS THE
MAIN POWER SUPPLY FOR THE SPHERICAL PROBES S(2-1
AND SC2-2, THE REFERENCED SUPPLY IS A DUAL
SUPPLY. THE SEPARATE INVERTER CIRCUITS EACH
prOVIDE 25 kHz-50 VPP POWER FOR ONE OF THE
SPHERICAL PROBES. THE AC POWER IS ROUTED INSIDE
THE PROBES VIA REED RELAYS THAT ARE ACTUATED BY
™E SC2-1 avo SC2-2 28 VIC ENABLE POWER LINES.
REFERENCE BOTTOM OF FIGURE 7.5.

THE LOGIC FUNCTIONS OF THE DATA SYSTEM ARE SPLIT
INTO TWO INDEPENDENT SUBSYSTEMS, A AnD B. FacH
SUBSYSTEM HAS ITS OAN POWER SUPPLY AND RECEIVES
POWER ON SEPARATE LINES FROM THE SPACECRAFT,
WITHIN EACH SUBSYSTEM IS A COMMAND DECODER FOR
PROCESSING THE 22-3IT DIGITAL COMMANDS FROM THE
SPACECRAFT, A SYSTEM OF CONTROL LOGIC AND SYNC

Figure 7.5. SC2 Data System Block Diagram

CIRCUITRY, AND A MULTIPLEXER FOR FEEDING THE
SYNCHRONOUS ~ SENSOR ~DATA, COMMAND VERIFICATION
DATA, AND SYNC WORDS TO THE SPACECRAFT.  THE
SENSOR OUTPUTS ARE WIRED TO THE APPROPRIATE
SUBSYSTEM CIRCUITS WITH THE RELATIONSHIPS SHOWN
SCHEMATICALLY 1IN FIGuRe 7.5. THE CONTENTS oOF
SEVERAL OF THE TELEMETRY BYTES ARE CONTROLLED BY
THE DIGITAL COMMANDS FROM THE SPACECRAFT.

THE SPACECRAFT COMMAND IS EFFECTIVELY 8 BITS LONG
WITH THE TWo |SB BEING THE SENSOR ADDRESS AND THE
six MSB BEING THE COMMAND FOR THAT ADDRESS AS
SHOWN IN FiGure 7.6. THE RECEIVED COMMANDS ARE
STORED, BY ADDRESS, IN REGISTERS IN THE
APPROPRIATE SUBSYSTEM (A ok B). THE COMMANDS ARE
DISPLAYED IN THE TELEMETRY OUTPUT FOR VERIFICATION
WITHIN THREE SECONDS AFTER THEY ARE RECEIVED. THE
DATA SYSTEM LOGIC SETS UP THE SENSOR PROGRAM AND
SENDS COMMANDS TO THE SENSORS TO EXECUTE THE FIRST
STEP OF THE PROGRAM IMMEDIATELY. THIS FIRST STEP
IS CONTINUOUSLY EXECUTED UNTIL THE NexT 1/16 Hz
CLOCK PULSE IS RECEIVED, AT WHICH TIME THE PROGRAM




e

EXECUTION PROCEEDS IN SYNCHRONIZATION WITH THE
SPACECRAFT.,  THE SYNCHRONIZATION IS EVIDENCED BY
THE SYNC BYTES IN THE TM STREAM FOR EACH SENSOR.

COMMAND AS RECEIVED FROM SIC
b —— B Bit§ ———
Bit 123456 B30z
fe————musio————= Tk, I- X [x ‘A ]
HIRST —_—
BITIN CUMMAND zi«’ IN
0SC? 10 SC?
* ("
ADORESS
‘‘‘‘‘ JORESS STRUCTURE
COMMAND ADDRESS
X0 0o SC2 1,2 PROBE LOGIC  VERIFICATION ON DIGITAL No 2
XXXXXX | 1 SC21, 2 £SA LOGIC VERIFICATION ON DIGITAL No 1
OO |01 SC23 ESA LOGIC VERIFICATION ON DIGITAL No 2
OO |11 SC23 B LOGK VERIFICATION ON DIGITAL No 2
65432 10 SC2 BIT COUNT
Addresses 11 and 10)

£SA COMMAND STRUCTUR

BIT COUNT
Sfi“ PROGRAMS 1

STEP PROGRAM 1 ONLY, 8 STEPSIsec
\TIP PROGRAM 2 ONLY 8sl ErS\p

CHANGE \L ST H’RA ES 104 /S
DETECTOR BIAS BOOST No 1 ON
DETECTOR BIAS BOOST No 2 ON
*The SC21, 2 and 3 ESAs have the same cammand structure

- t
2 AND 3 EXECUTED IN SEQUENCE, B STEPS/sec  DEFAULT MODE

PROBE LOGIC COMMAND STRUCTURE (address 00)
5811
e
185432 SC2 BT COUNT .

000~ FLOATING SC2 1. 2 PROBE VOLTAGE MEASUREMENT  DEFAULT MODE
ELECTROMETER CAUBRATION  REAL TIME COMMANDED
PAOBE BIAS PROGRAM 1 HIGH RANGE, 8 STEPS'sec - REAL TIME INITIATION®
PROBE BIAS PROGRAM 2 LOW RANGE. 8 STEPSisec  REAL TIME INITIATION
PRudF SIAS PROGRAM | HIGH RANGE, 54 sec'STEP - REAL TIME INITIATION
) PROBE BIAS PROGRAM 2 LOW RANGE 64 sec'STEP  REAL TIME INITIATION
010010|  PROBE BIAS PROGRAM 3 6 STEPS 512 sec/STEP  REAL TIME INITIATION
100010 PROBE BIAS PROGRAM 4 2 STEPS, 512 secSTEP REAL TIME INITIATION

“Can be inmated in real ime with automatic shut off atter ~ 1 hour

SC23 8 SENSOR LOGIC

000000)  NORMAL MODE  NO PRIGRITY  DEFAULT MopET
000001 PRIORITY 1
000010 PRIORITY 2
000100]  PRIORITY 3
001000
1010008)  § unuseD
100000
755432 SC2 BIT COUNT

+ Default made s the state lagic will be in when power  applied to SC2 4A and SC2 48
prior 1o commanding and after any power interruptions

Figure 7.6. SC Magnitude Commands

THE FUNCTIONAL DIAGRAM FOR A  REPRESENTATIVE
ELECTROSTATIC ANALYZER IS SHOwN IN FIGURe 7.7,
THIS DIAGRAM REPRESENTS THE SC2-1 anp SC2-2 ESAs
IN THE SPHERICAL PROBES.

THE ION AND ELECTRON DETECTORS ARE FOLLOWED BY
CHARGE-SENSITIVE PREAMPLIFIERS, PULSE AMPLIFIERS.
DISCRIMINATORS, AND ONE-SHOTS. THE QUTPUTS OF THE
ONE-SHOTS FOR SC2-1 AND SC2-2 ESAS ARE TRANSMITTED
DOWN THE BOOM VIA 2 KV [SOLATION TRANSFORMERS.
A COMMANDS, POWER (EXCEPT FOR RELAY POWER), AND
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DATA FOR THE S(2-1 AND SC2-2 ARE TRANSMITTED
ACROSS HIGH VOLTAGE TISOLATION USING TRANSFORMERS.
THE SC2-3 1S NOT ISOLATED.

THERE ARE FOUR INDEPENDENT HIGH VOLTAGE SUPPLIES
AND ONE LOW VOLTAGE SUPPLY FOR EACH ESA.  Any
SINGLE SUPPLY CAN FAIL WITHOUT DAMAGING ANY OF THE
OTHERS OR BY "PULLING DOWN” THE 25 KkHz POWER
LINES. SINE THE ESA IS ENABLED SEPARATELY, IF
MULTIPLE FAILURES OCCUR THE ESA CAN BE ISOLATED SO
THE PROBE VOLTAGE MEASUREMENTS CAN STILL BE
OBTAINED. SIMILAR FLEXIBILITY IS AVAILABLE WITHIN
THE PROBE VOLTAGE AND CURRENT MEASUREMENT SECTION
OF THE PROBES, THUS, IF ONE DETECTOR OR PLATE
BIAS SUPPLY FAILS, THE REMAINING SUPPLIES WILL
FUNCTION AND STILL PROVIDE USEFUL DATA. THE
VOLTAGE ON ALL  SUPPLIES ARE  MONITORED
CONTINUOUSLY. THE DETECTOR SUPPLY VOLTAGES CAN BE
CHANGED BY COMMAND TO ONE OF FOUR LEVELS. THESE
WILL BE UTILIZED TO BOOST DETECTOR GAIN ON ORBIT
AS THE NEED ARISES.

THE FUNCTIONAL DIAGRAM FOR THE VOLTAGE AND CURRENT
SECTIONS OF SPHERICAL PROBES IS SHOWN IN FIGURE
7.8, THE FUNCTIONAL STATE OF EACH SECTION IS
DETERMINED BY EITHER 28 V REED RELAY CLOSURES VIA
THE DATA SYSTEM AND/OR SPACECRAFT (SwITcHES SW1 1O
S IN ProBE 1 oR SWL To SW3 IN PROBE 2) AND BY
DIGITAL COMMANDS THE PROBES RECEIVE FROM THE DATA
SYSTEM. THE POWER, COMMANDS AND DATA FOR THE
S2-1 anp S22 PROBE VOLTAGE AND CURRENT
MEASURING SYSTEMS ALL CROSS HIGH VOLTAGE ISOLATION
VIA TRANSFORMERS.

THE POWER CONTROL UTILIZES REED RELAYS THAT
PROVIDE ISOLATION BETWEEN THE + 28-VDC SPACECRAFT
POWER AND THE SENSOR. THE PROBES HAVE SEVERAL
INDEPENDENT POWER SUPPLIES. PROBE 1 HAS ONE HIGH
VOLTAGE AND TWO LOW VOLTAGE SUPPLIES (ONE FOR THE
ELECTROMETER) WHILE PROBE 2 HAS ONLY ONE HIGH
VOLTAGE AND ONE LOW VOLTAGE SUPPLY. LIKE THE
ESAs, A FAILURE IN A SUPPLY CANNOT DAMAGE THE MAIN
25 kHz - 50 VPP supPLY IN THE DATA SYSTEM AND THE
PROBE CAN BE ISOLATED BY SPACECRAFT COMMAND. IF
THE PROBE VOLTAGE SECTION IS OFF BUT THE ESA 1S ON
THEN THE PROBE SHUNT COMMAND MUST BE EXECUTED FOR
ProBE 1. THE PROBE SHUNT COMMAND IS AUTOMATICALLY
EXECUTED FOR SUCH A CONDITION IN ProBe 2, THE
SHUNTS TIE THE OUTER SURFACE OF THE SPHERICAL
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Figure 7.7. Sheath Electric Fields ESA Functional Block Diagram

PROBE TO SPACECRAFT STRUCTURE GROUND VIA A 100K
RESISTOR. THIS QUARANTEES A REFERENCE FOR THE ESA
PARTICLE MEASUREMENTS.

7.4 OPERATIONAL ASPECTS

THe ESAS ARE CONTROLLED BY THE DATA SYSTEM. WHEN
THE ESA 1S POWERED UP IT RESPONDS TO THE 32-BIT
COMMAND THAT IS IN ITS STORAGE REGISTER AT THAT
TIME. THE 32-BIT ESA COMMAND WORD IS SENT BY THE
DATA SYSTEM To THE ESAS EIGHT TIMES A SECOND IN
BURSTS ~125 pusec LonG (cLock RATE~260 KHZ).  WHEN
THE DATA SYSTEM IS FIRST TURNED ON IT IMVEDIATELY
STARTS SENDING A PREDETERMINED PROGRAM TO THE
ESAs. Ir A pDIFFereNt ESA commanp 1S NOT
TRANSMITTED TO THE DATA SYSTEM BY THE SPACECRAFT,
THE ESAs CONTINUALLY EXECUTE THIS "DEFAULT”
PROGRAM,  TWENTY-TWO BITS CONTROL THE ESA PLATE
BIASES, TWO CONTROL THE DETECTOR BIASES, AND EIGHT
CONTROL THE HOUSEKEEPING DATA MULTIPLEXER IN EACH
ESA, THERE ARE A TOTAL OF FOURTEEN ESA
OPERATIONAL PROGRAMS THAT ARE USED TO INCREASE OR
DECREASE THE MUMBER OF ENERGIES MEASURED AND THAT
CHANGE THE TIME TAKEN TO OBTAIN A COMPLETE
SPECTRUM. A CRUDE SPECTRUM CAN BE OTAINED IN ONE
SEC. A COMPLETE SPECTRUM CAN BE OBTAINED IN AS
LITTLE AS THREE SEC. [F GOOD ANGULAR RESOLUTION
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IS REQUIRED THE ENERGIES CAN BE SCANNED sLowLy (6l
SEC PER ENERGY) WITH VALUES OBTAINED AT EIGHT
SAMPLES PER SEC. IN THIS MODE A COMPLETE SPECTRUM
1S OBTAINED IN 512 sec. THeE SC2-1 anp S(2-2 ESAs
ARE ALWAYS IN THE SAME PROGRAM SINCE THEY ARE
DRIVEN BY THE SAME COMMAND GENERATOR IN THE DATA
SYSTEM. THE S(2-3 ESA COMMANDS ARE GENERATED
SEPARATELY. THE OUTPUTS FROM THE ESA DETECTORS
ARE ACCUMULATED ForR 101.5 Msec eacH 125 Msec IN
12-BIT COMPRESSED SCALERS. THE SCALER CONTENTS
ARE MULTIPLEXED INTO THE TM STREAM BY THE DATA
SYSTEM, THE SCALERS ARE INHIBITED FOR~Z3 MSEC
AFTER EACH 32-BIT COMMAND IS SENT TO ALLOW THE ESA
PLATE VOLTAGES TO STABILIZE BEFORE ACCUMILATING A
NEW SAMPLE.

THE VOLTAGE AND CURRENT MEASUREMENT SECTION OF THE
PROBES IS CONTROLLED BY BOTH THE SPACECRAFT AND
DATA SYSTEM COMMANDS. THE DIGITAL DATA SYSTEM
COMMANDS ARE 8-BIT BYTES THAT ARE TRANSMITTED TO
THE PROBES EIGHT TIMES A SECOND IN BURSTS LASTING~
Husec (cLock RATE 15~260 «kHz). THe ProBE
RESPONDS IMMEDIATELY TO EACH NEW COMMAND. WHEN
THE DATA SYSTEM IS TURNED ON IT IMMEDIATELY STARTS
SENDING COMMANDS THAT CONSIST OF ALL ZEROS. THIS
PLACES THE PROBE INTO A FLOATING VOLTAGE
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Figure 7.8. Functional Block Diagram for SC2-1 and SC2-2 Voltage and Current Measurements

MEASUREMENT MODE WHEN ITS POWER SUPPLIES ARE  DIFFERENT BIAS PROGRAMS (See Ficure 7.6). The
EMABLED. [F A NEW PROBE COMMAND 1S NOT SENT BY  BIAS PROGRAMS HAVE DIFFERENT PERIGDS AND CONTAIN
THE SPACECRAFT TO THE DATA SYSTEM THE PROBE STAYS  DIFFERENT NUMBERS OF UNIQUE VOLTAGES. WHEN THE
IN THE FLOATING VOLTAGE MEASUREMENT OR "DEFAULT” PROBES ARE BEING BIASED, THE ELECTROMETER IS
MODE, THE OTHER COMMANDS ALLOW THE PROBES TO  ACTIVE IN PROBE 1 AND MEASURES THE CURRENT TO THAT
CALIBRATE THE ELECTROMETER, AND TO PROVIDE SIX PROBE. THE COMMANDS ARE MONITORED ONCE A SECOND
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AND THE BIT PATTERNS, AS RETURNED TO THE DATA
SYSTEM BY THE PROBES, ARE PLACED IN THE TM STREAM
FOR REFERENCE.

THE PROBE VOLTAGES ARE SAMPLED ONCE A SECOND.
SINCE THE OQUTPUT IS A PULSE RATE PROPORTIONAL TO
VOLTAGE, A COMPRESSED SCALER IS USED TO ACCUMULATE
™E PULSES FOR 101.5 Msec. THESE COUNTS ARE THEN
COMBINED WITH THE RANGE AND POLARITY INFORMATION

INTO A 12-8IT BYTE AND MATIPLEXED INTO THE
TELEMETRY STREAM. SIMILARLY, THE PROBE CURRENTS
ARE SAMPLED EIGHT TIMES A SECOND. THE CURRENT
QUTPUTS ARE ALSO PULSES WITH EACH  PULSE
REPRESENTING A QUANTUM OF CHARGE. THE PULSES ARE
ACCUMILATED FoR~B2.5 Msec. THE SCALERS ARE
INHIBITED FOR~62.5 MSEC AFTER EACH NEW PROBE
COMMAND IS SENT BY THE DATA SYSTEM TO ALLOW THE
PROBE CURRENT AND VOLTAGE TO STABILIZE.

8. ENERGETIC PROTON (SC2-6) AND ION PLUS BACKGROUND
DETECTORS (SC2-3B)

8.1 SCIENTIFIC OBJECTIVES

THE S2-6 AanD S(2-3B MEASURE PROTONS, ALPHAS,
CARBON, NITROGEN, AND OXYGEN IONS WITH EMPHASIS ON
PITCH ANGLE COVERAGE WITH GOOD RESOLUTION. THE
PROTON MEASUREMENTS COVER THE ENERGY RANGE 17 KeV

10 3.3 MEV. THE HEAVIER [ON MEASUREMENTS ARE
INTEGRAL, COVERING ENERGIES 29 KEV/NUCLEON. THE
BACKGROUND CONTRIBUTION FOR PROTONS AND [ONS

PENETRATING >0.3 CM OF BRASS AND HAVING >3 MEV oF
ENERGY REMAINING IS ALSO MEASURED. THE DETAILS OF
THE ENERGIES MEASURED ARE SHOWN IN TABLE 8.1. THE
PROTON ENERGY RANGE WAS CHOSEN TO OVERLAP THE SC9
UCSD CHARGED PARTICLE EXPERIMENT DESCRIBED IN
SecTion 16 ON THE LOW END AND TO EXTEND UP TO
ENERGIES COVERED BY THE SC3 Higd ENErcY PARTICLE
SPECTROMETER DESCRIBED IN SecTioN 9. THE OvERLAP
WITH THE SC9 INSTRUMENT ALLOWS US TO PROVIDE
SIMILAR MEASUREMENTS AT A HIGHER SAMPLE RATE AND
GREATER SENSITIVITY.

Table 8.1. Energy Channels for Energetic
Proton Detector

Protons

Channel

Al 0.

G ~2x% 10" em® ster

"
Defined at half response points for 20°C, Thresholds are

temperature sensitive,

The efficiency

10%,

of this channel is <
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By COMBINING THESE MEASUREMENTS WITH THE RESULTS
OF OTHER  P78-2  MEASUREMENTS  AND  OTHER
NEAR-SYNCHRONOUS AND GROUND-BASED MEASUREMENTS, 1T
WILL BE POSSIBLE TO INVESTIGATE PROTON AND
ENERGETIC  ION ACCELERATION AND  PRECIPITATION
PROCESSES, THE DYNAMICS OF SUBSTORMS AS EVIDENCED
BY ENERGETIC IONS VIA THEIR RESULTANT PITCH ANGLE
SCATTERING, AND ACCELERATION AND TRANSPORT PRO-
CESSES. THE RESULTS WILL ALSO BE USED TO UPDATE
THE PARTICLE ENVIRONMENTS AT THE P78-2 SPACECRAFT
ALTITUDES.

THE EXPERIMENT WILL MEASURE THE TEMPORAL, SPATIAL
AND DIRECTIONAL VARIATIONS IN POSITIVE ION
FLUXES.  THE  SOLID-STATE PARTICLE DETECTION
TECHNIQUE  MAKES  IT  POSSIBLE TO  OBTAIN
INSTANTANEOUS ENERGY SPECTRA FOR EACH ONE SECOND
INTERVAL .

8.2 MEASURING TECHNIQUE

THE PROTON DETECTION SYSTEM (S2-6) 1S SHOWN IN
Fieure 8.1, THE INSTRUMENT IS A TWO-ELEMENT
SOLID-STATE DETECTOR TELESCOPE. THE PARTICLES
ENTERING THE COLLIMATOR PASS THROUGH A UNIFORM
MAGNETIC FIELD AND THEN THOSE THAT PASS THROUGH
THE LAST DEFINING SLIT ARE ENERGY ANALYZED BASED
ON THE ENERGY DEPOSITIED IN THE DETECTORS. THE
MAGNETIC FIELD SEPARATES PROTONS AND HEAVIER
PARTICLES FROM THE ELECTRONS THAT ARE DEFLECTED
AWAY FROM THE DETECTOR. [HE PROTONS AND HEAVIER
ION PATHS ARE UNAFFECTED BY THE MAGNETIC FIELD.

THE PROTON TELESCOPE CONSISTS OF A FRONT AND A
REAR SOLID-STATE DETECTOR BEHIND A
COLLIMATOR-MAGNET ASSEMBLY. THE FRONT DETECTOR IS
USED FOR ENERGY ANALYSIS WHILE THE REAR DETECTOR
ELIMINATES PENETRATING PARTICLES FROM THE ANALYSIS




AND PROVIDES NECESSARY BACKGROUND INFORMATION.
THE PROTON ANALYSIS PRODUCES DIFFERENTIAL FLUX
MEASUREMENTS IN SIX ENERGY WINDOWS AND TWO
INTEGRAL FLUX MEASUREMENTS AS SHOWN IN TABLE 8.1,
THE_ INSTRUMENT HAS A GEOMETRIC FACTOR OF 2 X
107 cM/ster.

COPPER

MAGNET -

—

NETIC & CONETIC -

T o emsonsisosme
2
NV T

MAGNESIUM

Figure 8.1. Energetic Proton Detector

THE HEAVIER ION DETECTION SYSTEM SC2-3B IS SIMILAR
TO THE PROTON DETECTOR. THE ION DETECTOR IS SHOWN
SCHEMATICALLY IN FIGURE 8.2, THE INSTRUMENT IS A
TWOELEMENT SOLID-STATE TELESCOPE THAT IS HIGHLY
COLLIMATED AND THE DETECTORS ARE HEAVILY SHIELDED
IN ALL DIRECTIONS, EXCEPT THE SOLID ANGLE OF THE
FIELD OF VIEW. THE ANALYZING MAGNET IS WELL
SEPARATED FROM THE DETECTORS AND DEFLECTS ALL
ELECTRONS WITH ENERGIES oF <1.7 MEV ouT oF T
BEAM. THE ENERGETIC IONS ARE NOT AFFECTED BY THE
"BROOM MAGNET.” ﬁ LESCOPE HAS A GEOMETRIC
FACTOR oF 3.6 x 10 C:E STER.

ARMCO MAGNETIC IRO
ALUM ALLOY,

Figure 8.2. Energetic lon Plus Background Detector

THE 10N TELESCOPE CONSISTS OF A THIN FRONT
DETECTOR AND A THICKER REAR DETECTOR. THE OUTPUT
FROM THE FRONT DETECTOR IS ENERGY-ANALYZED WHILE
THE REAR DETECTOR IS USED TO REJECT PENETRATING
PARTICLES IN AND OUT OF THE FIELD OF VIEW. THE
IONS ARE DIFFERENTIATED BY THE ENERGY REQUIRED TO
PENETRATE THE FRONT DETECTOR. [ONS WITH ENERGIES
90 KEV/NUCLEON ARE DETECTED. A HIGH THRESHOLD IS
ALSO USED ON THE REAR DETECTOR TO MEASURE THOSE

PARTICLES THAT PENETRATE THE BRASS SHIELD OR FRONT
DETECTOR AND STILL DEPOSIT LARGE AMOUNTS OF
ENERGY. THE SHIELDING SHOULD STOP <45 MEV PROTONS
AND <5 MEV ELECTRONS.

8.3 FUNCTIONAL BLOCK DIAGRAMS

THE DATA FLOW THROUGH ENERGETIC ProToN DETECTOR 1S
ILLUSTRATED IN FIGURE 8.3. THE PARTICLE DETECTORS
ofF SC26 ARE FOLLOWED BY CHARGE SENSITIVE
PREAMPLIFIERS, PULSE AMPLIFIERS, SHAPERS, AND
DISCRIMINATORS, THE OUTPUTS OF MOST OF THE
STACKED DISCRIMINATORS THAT FOLLOW THE FRONT
DETECTOR ARE IN ANTICOINCIDENCE WITH THE REAR
DETECTOR OUTPUT TO DELETE PENETRATING PARTICLES
FROM THE ENERGY ANALYSIS. THE DISCRIMINATED OUPUT
OF THE REAR DETECTOR IS ACCUMULATED SEPARATELY., A
CHANNEL IS ALSO FORMED THAT REPRESENTS LARGE
ENERGY DEPOSITS IN THE FRONT DETECTOR OR
COINCIDENCE BETWEEN A LARGE ENERGY DEPOSIT IN THE
FRONT AND AN OUTPUT FROM THE REAR DETECTOR. THIS
LATTER CHANNEL IS AN INTEGRAL PROTON CHANNEL. THE
RANDOM OUTPUT PULSES ARE CONTINUOUSLY TRANSMITTED
TO THE DATA SYSTEM. THE FUNCTIONAL DIAGRAM FOR
THE ION PLUS BACKGROUND DETECTOR IS SHOWN IN
Ficure S.4. THE PARTICLE DETECTORS ARE FOLLOWED
BY CHARGE  SENSITIVE  PREAMPLIFIERS,  PULSE
AMPLIFIERS, SHAPERS, AND DISCRIMINATORS.  THE
FRONT  DETECTOR IS ENERGY-ANALYZED N
ANTICOINCIDENCE WITH THE REAR DETECTOR TO DELETE
PENETRATING PARTICLES FROM THE ENERGY AND SPECIES
ANALYSIS. TWO DISCRIMINATED OUTPUTS FROM THE REAR
DETECTOR  ARE  ACCUMNLATED  SEPARATELY,  ONE
REPRESENTING ALL PARTICLES INCIDENT ON THE REAR
DETECTOR AND ONE THAT CORRESPONDS TO LARGE ENERGY
DEPOSITS IN THE REAR DETECTOR. THE FRONT DETECTOR
OUTPUT IS ANALYZED TO GIVE SEVERAL INTEGRAL
CHANNELS. THE OUTPUT DATA IS TRANSMITTED TO THE
DATA SYSTEM AS RANDOM PULSES OR AS 8-BIT BYTES
THAT ARE ACCUMULATED WITHIN THE EXPERIMENT ON
SELECTED CHANNELS.

8.4 OPERATIONAL ASPECTS

THE FUNCTIONING OF THE SC2-6 IS INDEPENDENT OF THE
DATA SYSTEM. THE DATA SYSTEM ACCUMULATES THE
OUTPUT PULSES INTO 12-BIT COMPRESSED SCALERS AND
MULTIPLEXES RESULTANT BYTES INTO THE TM STREAM AT
THE PROPER TIMES. THE ACCUMULATION INTERVAL FOR
ALL SC2-6 OUTPUTS IS ONE SECOND. SOME OF THE
SC2-6 DATA CHANNELS ARE SHARED WITH OTHER SC2
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MEASUREMENTS ~ THIS IS DETERMINED BY THE COMMAND
STATE OF THE EXPERIEMENT.

THE SC2-3B FUNCTIONS PARTIALLY INDEPENDENT OF THE
DATA SYSTEM AND PARTIALLY UNDER THE CONTROL OF THE
DATA SYSTEM. SOME OF THE OUTPUTS ARE ACCUMULATED

IN 8-BIT SCALERS WITHIN THE DETECTOR AND SHIFTED

OUT DIRECTLY INTO THE TM STREAM UNDER THE CONTROL
OF THE DATA SYSTEM. THE REMAINING OUTPUTS ARE
ACCUMLATED BY THE DATA SYSTEM INTO $-BIT SCALERS
0R 12-BIT COMPRESSED SCALERS AND THEN MULTIPLEXED
INTO THE TM STREAM. THE SAMPLE RATES FOR THE
S2-8B outruts ARe 0.5, 1. AND 4 SAMPLES PER
SECOND.
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Figure 8.3. Energetic Proton Detector Schematic (SC2-6)




0,SINGLES
/‘(.'i': , / + VETO GEN

] r_—
— 0, 1
|t ‘ -
T" e
5
3
3
=
‘ . t A
— o TO/ROM SPACECRAFT
: [ 'J"w SYSTE —]
3;((1;; | Poam _‘ 148 PWR,_+ 28V
MAGNET 0y g —\ | i |
] | H—— iy
4| SYMC + CLOCKS
- ‘
Lt e i gl ! 1
I CONTROL
LOGIL l
DA [z] I } } Mux |
| | oimaou no 2
L L : |
| L3 DIGITAL CMD
COMMAND |l ALEMO
DECODER
] | ) -l I
HEAVY PHA v 9 | ! |
J s SPECIAL SAMPLE CONTROI cumnn |
’ e 4ia CLOCK GEN
v PUWEH |

SUPPLY |4 SCZ 38 PWR, + 28V
i B s s, el o
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9. SC3 HIGH ENERGY PARTICLE SPECTROMETER

9.1 SCIENTIFIC OBJECTIVES ELECTRONS TO DETERMINE WHETHER ANOMALOUS CHARGING
OF COAXIAL CABLES IN SPACECRAFT IS A SOURCE OF
SYSTEM NOISE.

¢
:
E
3
|
3
]

THE PRIMARY GOALS OF THE SC3 PAYLOAD ARE TO MAKE
ENERGETIC ELECTRON AND PROTON MEASUREMENTS THAT
ARE NEEDED TO MEET THE OBJECTIVES OF THE  p
\ SPACECRAFT  CHARGING PROGRAM.  THE  ENERGETIC
! ELECTRON FLUX AT  NEAR-SYNCHRONOUS  ALTITUDES
EXHIBITS PRONOUNCED PITCH-ANGLE, DIURNAL AND SOLAR
ROTATION DEPENDENCES, AND IS HIGHLY DYNAMIC IN
TIME. THE ENERGETIC ELECTRONS BEHAVE DIFFERENTLY
IN MANY WAYS FROM THE LOW-ENERGY ELECTRONS AND,

KNOWLEDGE OF THE FLUXES. SPECTRA, AND
PITCH-ANGLE  DISTRIBUTIONS OF THE  ENERGETIC
ELECTRONS AT NEAR-EQUATORIAL ALTITUDES ON HIGH
L-SHELLS IS ESSENTIAL TO AN UNDERSTANDING OF
ENVIRONMENTAL EFFECTS oN BF an WF
COMMUNICATIONS, THESE COMMUNICATIONS ARE AFFECTED
. BY NATURALLY-OCCURRING AND ARTIFICIALLY-INDUCED
i THEREFORE,  MEASUREMENTS  OBTAINED WITH THE S5 e prericie  INTERACTIONS THROUGH TRANSFER OF
‘ SPECTROMETER WILL COMPLEMENT THE MEASUREMENTS MADE v cNerGY TO PARTICLE ENERGY. PERTURBATION OF
| AT LOWR ENCRGIES BY [;":ER EXPERIMENTS ON THE e PARTICLE ENERGY OR PITCH-ANGLE DISTRIBUTION AS

|
' P78-2 SPACCEF'-‘G*.T‘ APPLICATION 0 THE )\ cecint OF SUCH INTERACTIONS ENMANCES PARTICLE
SPACECRAFT (HARGING MISSION IS THE MEASUREMENT OF  poccioiration FROM THE RADIATION BELTS, WHIGH

FLUX INTENSITIES OF  PENETRATING  ENERGETIC




SUBSEQUENTLY AFFECTS LONG-WAVELENGTH COMMUNICATION
SYSTEMS  ADVERSELY,  PAvLoaDs on THE P78-2
SPACEFLIGHT SIMULTANEOUSLY MEASURE THE DETAILED
PARAMETERS OF THE ENERGETIC ELECTRON POPULATION.
THE COLD PLASMA ENVIRONMENT, AND THE ELECTRIC AND
MAGNETIC ~ FIELD  ENVIRONMENT  NEAR-SYNCHRONOUS
EQUATORIAL ALTITUDES AT ALL LOCAL TIMES UNDER A
VARIETY OF NATURALLY-OCURRING WAVE CONDITIONS.
THE SC3 SPECTROMETER. IN CONJUNCTION WITH LOW
ENERGY ELECTRON MEASUREMENTS IN THE SC5 anp SC9
PAYLOADS, WILL DEFINE THE TRAPPED ELECTRON
ENVIRONMENT ~ THAT  INTERACTS WITH THE  WAVE
ENVIRONMENT AS MEASURED BY THE ELECTRIC AND
MAGNETIC FIELD PAYLOADS, SC1. SCI0, awp SCLI.
UNDER WELL-DEFINED COLD PLASMA CONDITIONS THAT ARE
MASWRED BY THE S(6 A SC7 pavioaps. THE
KNOWLEDGE OBTAINED FROM SUCH A SIMULTANEOUS STUDY
SHOULD LEAD TO A BETTER UNDERSTANDING OF BOTH
NATURAL AND MAN-MADE ELF AND VLF WAVE INTERACTIONS
WITH TRAPPED PARTICLES IN THE MAGNETOSPHERE AND TO
THE SUBSEQUENT EFFECTS OF SUCH INTERACTIONS ON THE
IONOSPHERE ,

THE SC3 PAYLOAD WILL MEASURE THE ELECTRON
ENVIRONMENT WITH GOOD ENERGY RESOLUTION IN THE
eneroY rEGION (1.5 MEY) AT T™E TIME OF SO
MAXIMUM CONDITIONS., THE ENERGETIC ELECTRONS IN
THIS ORBIT CONSTITUTE A POTENTIAL HAZARD TO THE
ELECTRONIC COMPONENTS USED IN BOTH THE PAYLOADS
AND THE SPACECRAFT. QUTPUTS FroM THE SC3 PAYLOAD
WILL BE USED TO DETERMINE IN NEAR REALTIME THE
ENVIRONMENT AND RADIATION DOSE ACQUIRED BY THE
SPACECRAFT BEMIND VARIOUS SHIELDING THICKNESS.
THESE DATA WILL BE USED FOR THE P78-2 SPACEFLIGHT
DEGRADATION CALCULATIONS AND TO IMPROVE THE
RADIATION MODELS FOR SUBSEQUENT MISSIONS.

AT THE TIMES OF SOLAR PARTICLE EVENTS THAT REACH
THE EARTH, ENERGETIC SOLAR PROTONS, ELECTRONS, AND
ALPHA PARTICLES TYPICALLY HAVE HIGHLY EFFICIENT
ACCESS TO THE NEAR-GEOSYNCHRONOUS ORBIT. THEY MAY
SIGNIFICANTLY ~ ALTER  THE  ENERGETIC  PLASMA
COMPOSITION. THE SC3 SPECTROMETER WILL MEASURE
THESE  ENERGETIC SOLAR PARTICLES AND  THEIR
CONTRIBUTIONS TO THE BACKGROUNDS AND RADIATION
DOSE IN THE OTHER FLEMENTS OF THE P78-2
SPACEFLIGHT.,  THE SC3 INSTRUMENT MEASURES THE
FLUXES, SPECTRA, AND PITCH-ANGLE DISTRIBUTION OF
THE ENERGETIC PLASMA IN THE ENERGY RANGE 50 KeV 1O
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5100 KEV AND THE INTEGRAL FLUX BETWEEN 5100 KeV
AD 10,000 keV. [N ADDITION, THE INSTRUMENT
MEASURES THE PROTON ENVIRONMENT AT  ENERGIES
BETWEEN 1-200 MEV AND THE ALPHA  PARTICLE
ENVIRONMENT BETWEEN 660 MEV DURING SOLAR PARTICLE
EVENTS. THE MEASUREMENTS ARE MADE WITH A PITCH
ANGLE RESOLUTION OF 3 DEG
(FULLWIDTH-AT-HALF-MAXIMUM),  THE ENERGY SPECTRA
ARE OBTAINED WITH A 12-CHANNEL PULSE HEIGHT
ANALYZER THAT CAN BE PROGRAMMED BY COMMAND TO
COVER A NARROW OR WIDE ENERGY RANGE. IN THIS
MANNER, BOTH COMPLETE SURVEY DATA AND HIGH
RESOLUTION SPECTRAL DATA CAN BE OBTAINED ON
COMMAND.,

9.2 MEASURING TECHNIQUE

THE BASIC MEASUREMENT TECHNIQUE IS A SOLID-STATE
PARTICLE SPECTROMETER CONSISTING OF FOUR SENSOR
ELEMENTS. A LINE DRAWING OF THE SPECTROMETER IS
sHowN IN FIGURE 9.1. VARIOUS LOGIC COMBINATIONS
OF THE FOUR SENSORS IN THE INSTRUMENT ARE USED TO
DETERMINE THE PARTICLE TYPES AND ENERGY RANGES.
THE VARIOQUS PARTICLE TYPES AND ENERGY RANGES ARE
MEASURED IN SEVERAL TIME-MULTIPLEXED MODES OF
OPERATION THAT ARE COMMAND-SELECTABLE.

Te D-pETECTOR, wHIGH 1S 200uM THICK INTRINSIC
SI, IS USED TO MEASURE BOTH THE RATE OF ENERGY
LOSS OF THE HIGHER ENERGY PARTICLES AND TO
DIRECTLY STOP AND MEASURE THE LOWER ENERGY
PARTICLES. THE E-DETECTOR, WHICH CONSISTS OF FIVE
2 MM THICK DETECTORS IN PARALLEL, IS LOCATED
BEHIND THE D-DETECTOR TO STOP THE HIGHER ENERGY
PARTICLES AND TO MEASURE THEIR TOTAL ENERGY LOSS.
THe E'-DETECTOR, wHICH 1S 1000 MICRONS THICK, IS
LOCATED BEHIND THE E-DETECTOR AND IS USED AS AN
ACTIVE COLLIMATOR. BeHIND THE E'-DETECTOR 1S A
TUNGSTEN ABSORBER THAT SETS THE UPPER ENERGY LIMIT
FOR ANALYSIS. AL OF THESE DETECTORS ARE
FABRICATED OF SURFACE-BARRIER SILICON AND ARE
STACKED TOGETHER IN A TELESCOPE CONFIGURATION.
THE ENTIRE STACK IS SURROUNDED BY THE A-DETECTOR,
WHICH CONSISTS OF PLASTIC SCINTILLATOR VIEWED BY A
PHOTOMULTIPLIER TUBE.  [MHE PURPOSE OF THE
A-ANTICOINCIDENCE DETECTOR IS TO SENSE AND REJECT
ENERGETIC ~ PARTICLES AND BREMSSTRAHLUNG  THAT
PENETRATE EITHER THE OUTER SHIELDING WALLS OF
ALUMINUM AND TUNGSTEN OR THE SILICON DETECTOR
STACK AND ABSORBER, THE SENSOR STACK 1S LOCATED
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Figure 9.1. SC3 High Energy Particle Spectrometer

BEHIND A LONG, NARROW COLLIMATOR THAT DEFINES THE
3 DEG FIELD OF VIEW.

9.3 FUNCTIONAL BLOCK DIAGRAM

A FUNCTIONAL BLOCK DIAGRAM OF THE SC3 INSTRUMENT
IS sHoWN IN FIGURE 9.2, THE INSTRUMENT OPERATES
FROM A 2048-BIT SEMICONDUCTOR MEMORY (CMOS) THAT
IS STRUCTWRED INTO 256 8-BIT WORDS THAT ARE
INDIVIDUALLY ADDRESSABLE AND LOADABLE VIA 9-BIT
SERIAL-DIGITAL COMMANDS (MAGNITUDE  COMMANDS).
For oF THESE worDs (32-BIT CONTROL REGISTER)
COMPLETELY DEFINE ONE OPerATING MODE oF THE
INSTRUMENT. A MOTE IS DEFINED BY SPECIFYING THE
LOGIC  CONDITIONS  (COINCIDENCE/ANTICOINC IDECE),
GAIN, AND ENERGY THRESHOLDS REQUIRED BETWEEN THE
Four sensor ELeMents (D, E, E’, A) 10 uN1QueLy
ESTABLISH A PARTICLE TYPE AND ENERGY RANGE FOR
ANALYSIS, A CHOICE OF TWO AMPLIFIER GAIN SETTINGS
FoR THE D~ AND E-DETECTORS 1S AVAILABLE. THE
LOWER AND UPPER ENERGY THRESHOLDS SELECTED FOR
ANALYSIS BY THE 12-CHANNEL PULSE-HE IGHT-ANALYZER
(PHA) ARE DETERMIND TO $8-BIT AND 6-BIT
RESOLUTION, RESPECTIVELY, EimieR m™E D= oR
E-DETECTOR IS SELECTABLE AT ANY TIME FOR ANALYSIS
By THE PHA THROUGH THE MULTIPLEXER. THE ENERGY
THRESHOLD OF THE SENSOR NOT SELECTED FOR ANALYSIS
CAN BE SET TO 8-BIT RESOLUTION.

EiHT oF ™HESE MDES COMPRISE ONE PAGE oF MEMORY
AND EIGHT PAGES CONSTITUTE THE COMPLETE MEMORY.
To LOAD THE COMPLETE MEMORY REQUIRES 512 COMMANDS
(ADDRESS + DATA) AND 512 SECONDS AT A COMMANDING
RATE OF ONE PER SECOND. FacH PAGE oF MEMORY can
BE STRUCTURED TO EMPHASIZE ONE PARTICLE TYPE
(1.6., ELECTRONS) OR ALL PARTICLE TYPES: TO
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CONCENTRATE ON SPECIAL EVENTS, SUCH AS SOLAR
PARTICLE EVENTS: OR TO DWELL ON A NARROW ENERGY
REGION OF INTEREST WITH ANY PARTICLE TYPE, THE
COMMANDABLE OPTIONS ARE EXTENSIVE BUT AN OPTIMUM
OPERATING CONGFIGURATION WILL S LOADED INITIALLY
AND ADJUSTED AS CONDITIONS DICTATE

ONCE THE INSTRUMENT MEMORY IS LOADED, OPERATION
FRoM ANY PAGE IS SELECTABLE BY A SUBSEQUENT
INSTRUCTION MAGNITUDE coMManp (INST). EacH 9-siIT
INST COMMAND ALSO SELECTS THE DWELL TIME THAT THE
INSTRUMENT WILL REMAIN IN £ACH MOTE As IT cYCLES
THROUGH THE MEMORY PAGE. Times of 8, 16, 32. aD
B4 SEC ARE POSSIBLE. SINCE THE SATELLITE SPIN
RATE IS 1 RPM, THE LONGEST DWELL TIME CORRESPONDS
APPROXIMATELY TO ONE SPIN PERIOD. DWELL TIMES AS
SHORT AS ONE-EIGHTH OF A SPIN PERIOD ARE,
THEREFORE, ALSO POSSIBLE.  THE ABILITY TO
CALIBRATE THE INSTRUMENT WITH AN INTERNAL PULSE
GENERATOR SYSTEM IS SELECTABLE BY ONE BIT OF THE
INST commanp. THE ORDER OF THE DIGITAL DATA
OUTPUT FROM THE SPECTROMETER IS ALSO SELECTABLE.
A PRIMARY FORMAT IS USED UNLESS SOME FAILURE
OCCURS IN THE READOUT CIRCUITRY AT WHICH TIME A
SECONDARY FORMAT IS AVAILABLE, THE ABILITY TO
SELECT A HARDWIRED BACKUP MOTE 1S ALSO AVAILABLE
SHOULD A MAJOR FAILURE OCCUR IN THE MEMORY
OPERATION, THE HARDWIRED BACKUP MODE MEASURES THE
HIGHER ENERGY ELECTRONS (300-5100 keV) A IS
INDEPENDENT OF THE MEMORY.  THE  INSTRUMENT
OPERATES IN THIS CONDITION AUTOMATICALLY WHENEVER
THE MEMORY IS BEING LOADED OR DISABLED. DIGITAL
SIGNALS FROM THE FOUR SENSORS ARE APPLIED TO A
COINCIDENCE LOGIC UNIT WHERE THEY ARE TESTED
AGAINST THE CONDITIONS SPECIFIED IN THE COMMAND TO




Figure 9.2. Functional Block Diagram

UNIQUELY MEASURE A CERTAIN PARTICLE TYPE AND
ENERGY RANGE. [HE LOGIC CONDITIONS REQUIRED TO
MEASURE THE VARIOUS PARTICLES AND ENERGIES OF
INTEREST ARE sHOWN IN TABLE 9.1, THE SuBscrIPTS
ON THE SENSOR NOTATION REFER TO THE LOWER ENERGY
THRESHOLDS REQUIRED TO ESTABLISH THE CORRECT
ENERGY RANGE. HIGH AMPLIFIER GAIN IS REQUIRED IN
THE ELECTRON MDES OF OPERATIONS SINCE THE
ENERGIES INVOLVED ARE CONSIDERABLY BELOW THOSE OF
THE PROTONS AND ALPHA PARTICLES MEASURED. BARS
OVER A SENSOR NOTATION INDICATE AN ANTICOINCIDENCE
CONDITION (NO SIGNAL) MUST BE PRESENT FROM THAT
SENSOR TO SATISFY THE LOGIC. THE PLASTIC
SCINTILLATOR, A, IS ALWAYS USED IN AN ANTI-
COINCIDENCE MoDE. THE E'-DETECTOR 1S useD TO
DETECT AND MEASURE THE ENERGETIC ELECTRONS BETWEEN
5100 anp 10,000 KEV, WHERE THE UPPER ENERGY IS
DETERMINED BY THE TUNGSTEN ABSORBER BEMIND THE
SENSOR AND IN FRONT OF THE ANTICOINCIDENCE
scintitator (Fieure 9.1).  The E'-DETECTOR 1S
ALSO USED TO DETECT AND COLLIMATE THE HIGHEST
ENERGY PROTONS BUT ANALYSIS IS PERFORMED IN THE
NONLINEAR PORTION OF THE E-DETECTOR.

SIGNALS FROM THE SENSOR SELECTED FOR ANALYSIS THAT
SATISFY ALL THE LOGIC CONDITIONS ARE ROUTED TO THE
12-cHAMNEL DIFFERENTIAL PHA AFTER BEING STRETCHED
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IN TiME. ThHE PHA 1S A 13-LEVEL COMPARATOR STACK
WITH THE LOWER AND UPPER LEVEL REFERENCES
DETERMINED BY COMMAND. T|HE LOWER LEVEL REFERENCE
CAN BE SET T0 1-PART-IN-25%6 (8-BIT) OF THE
AMPLIFIER RANGE WHILE THE UPPER LEVEL CAN BE SET
AND RESOLVED To 1-PART-IN-B4 (6-BIT) OF THE
RANGE., ALL AMPLIFIER PULSES BETWEEN THE LOWER AND
UPPER REFERENCE LEVELS ARE ANALYZED INTO 12
EQUAL-WIDTH VOLTAGE BINS. BASIC ANALYSIS TIME IS
496 msec, THE REFERENCE LEVELS CAN BE SET AS
CLOSE AS THE BASIC RESOLUTION AND STABILITY OF THE
PHA sysTEM (1-PART-IN-256) IN ORDER TO ACHIEVE
HIGH ENERGY RESOLUTION OVER A LIMITED ENERGY
RANGE. ALTERNATELY, THE LEVELS CAN BE SET OVER A
WIDER RANGE WITH BROADER ENERGY RESOLUTION IN
ORDER TO OBTAIN BETTER STATISTICS,

Table 9.1. Detector Logic

£100.10000 ke | T F E' A ¢

Prot 1 Protons 1.0.5 3 MeV o, £, €& 0,

Prot 2 Protons 5 1.20 MeV D, E,E"A Fy E, = 1.5 Mev
Prot 3 Protons 2044 MeV Dy Byt B

Prot 4 Protas 44.200 Mev b
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EAH OF THE 12 cHAMMELS OF THE PHA ARE CONNECTED
T0 16-BIT BINARY ACCUMNLATOR SHIFT REGISTERS THAT
ARE READOUT EVERY 0.5 SEC TO THE TELEMETRY, THE
0.5-SEC ACCUMNLATION TIME CORRESPONDS TO A 3-DEG
ROTATION OF THE SATELLITE. [N ADDITION, THERE ARE
16-BIT ACCUMILATORS CONNECTED TO EACH OF THE FOUR
SENSORS TO MEASURE THE INTEGRAL COUNTING RATES
ABOVE THE LOWEST THRESHOLD.

UPoN SERIAL READOUT, EACH 16-BIT ACCUMULATOR IS
COMPRESSED INTO AN 8-BIT OQUTPUT WORD IN A
PSEUDO~LOGARITHMIC MANNER. THE 8-3IT OUTPUT WORD
CONSISTS OF 4 BITS THAT DEFINE THE LOCATION OF THE
MOST-SIGNIFICANT-ONE BIT IN THE ACCUMUILATOR (A
FIFTH BIT IS IMPLIED) AND THE 4 BITS OF BINARY
DATA THAT FOLLOW. THE DATA CONTENTS OF THE
ACCUMULATOR UP TO A VALUE OF 31 ARE NOT COMPRESSED
AND, HENCE, ARE NOT EFFECTED IN ACCURACY. AT
HIGHER ACCUMULATOR VALUES THE MAXIMUM ERROR
ASSOCIATED WITH THE TRUNCATION NEVER EXCEEDS A FEW
PERCENT.

A B4-BIT STATUS BLOCK DESCRIBING THE COMPLETE
CONFIGURATION LOGIC OF THE INSTRUMENT IS READOUT
EVERY R SEC AND, THEREFORE, THE MINIMUM DWELL TIME
(8 sec) oF A MODE CAN BE DEFINED, THIS STATUS
BLOCK REFLECTS THE CONTROL LOGIC OF THE INSTRUMENT
AS ACQUIRED FROM THE MEMORY For EAcH MOIE AND ALSO
THE CONDITIONS SPECIFIED BY THE INSTRUCTION AND
THE DISCRETE COMMANDS. FOUR ANALOG  OUTPUTS
MEASURE THE BIAS oN THE D+, E-, anD E’'-DETECTORS
AND THE TEMPERATURE OF THESE DETECTORS. A SUMMARY
OF THE KEY FEATURES OF THE SPECTROMETER IS GIVEN
IN TaBLE 9.2,

Table 9.2. Summary of the Key Features of the SC3
Spectrometer

r

Number of se 1

15, 1-10.0 MeV

nsors

- 50 100 keV
P 1.200 MeV
f-60 MeV

Particles and energy range
measured

Number of differential energy
hannels

Energy resolution Programmable

Number of integral energy 4
hannels

Time required to obtain an 500 ms

ategral or a differential

spectra

Pitch angle resolution 1" (FWHM)

3 2
jeometric factor “3% 10 cm.sr

8

AODES of
» measure all
nd energies

Number o
operat
partic

| Dwell time in cach MODE 8,16, 32,64 sec

(programmable)

33

9.4 OPERATIONAL ASPECTS

THE SC3 INSTRUMENT UTILIZES THREE DISCRETE
comaNDs To POWER (1) THE INSTRuMenT (5003), (2)
THE ANTICOINCIDENCE SYsTEM (5002), ap (3) mae
MEMORY SYSTEM (5006)., A LOAD comvano (500%) must
PRECEDE EACH MEMORY LOADING OPERATION AND A RUN
commaND (5004) MUST PRECEDE THE SENDING OF AN
INSTRuCTION (INST) commanp. THERE AR 256 INST
COMANDS AVAILARLE For Use (5101 THrousH 5356).
THE CALIBRATION SYSTEM CAN BE DISABLED IN THE
EVENT OF A FAILURE VIA A DISCRETE comanp (5005).
Tve SC3 MEMEORY WILL BE LOADED AT THE EARLIEST
OPPORTUNITY AFTER LAUNCH AND REMAIN ACTIVE FOR THE
DURATION OF THE MISSION, THIS IS ACCOMPLISHED BY
SENDING 256 COMBINATIONS OF DATA AND ADDRESS WORDS
AT A RATE OF | worRD/SEC. CHANGES TO THE MEMORY
WILL BE ACCOMPLISHED 3Y AUTOMATIC BLOCKS OF SERIAL
BINARY COMMANDS (9 BIT) OR BY INDIVIDUAL SERIAL
comanps (9 BIT), THRESHOLD CHANGES TO SELECT
DIFFERENT ENERGY RANGES ARE EXPECTED TO BE THE
MOST FREQUENTLY SENT COMMAND AFTER  PAYLOAD
INITIALIZATION,

It 1s puanneD T™AT T™HE O3
OPERATIONAL AT ALL TIMES DURING THE

INSTRUMENT  BE
P78-2

SPACEFLIGHT, THE PRIMARY MIDE OF OPERATION WILL
BE MEASURING ELECTRONS AND THE INSTRUMENT WILL
OPERATE  ALTERNATELY BETWEEN THE MID- AND

HIGH-ENERGY ELECTRON RANGES FroM A PAGE oF
MEMORY, THESE DATA WILL BE USED IN NEAR-REALTIME
ANALYSIS TO DETERMINE THE PRIMARY ENERGY SPECTRUM
AND RADIATION DOSE ACQUIRED BEHIND VARIOUS
SHIELDING THICKNESSES. AT THE TIMES OF SOLAR
PARTICLE EVENTS, OPERATION WILL BE BY COMMAND FROM
A PRESELECTED PAGE IN MEMORY TO OBTAIN THE PROTON
SPECTRUM AND ITS CONSTRIBUTION TO THE DOSE.

SINCE A KNOWLEDGE OF THE SC3 ORIENTATION WITH
RESPECT TO THE MAGNETIC FIELD ORIENTATION IS
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