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1. INTR ODU CTION
1.1 BACKGROUND AIID GROUND TECHNOLOGY PROGRAM . THERE HAS BEEN

T~J~1NG THE EARLY 1970s EV I tENGE WAS OBTAINE D 
CONSIOER.ABII IN TERACTI ON ND$3 NE VARIOUS

E LEZENTS OF THIS PROGRAM . TIE SPACE TEST PROGRAM
RELATING ANOMALOUS SPACE VEHICLE BEHAVIOR TO NE

P78-2 SPACEFLIGHT PROGRAM IS SH~~~ IN FIGURE Li
EFFECTS OF SPACEC RAFT CHARGING BY THE

TO BE CENTRAL TO TH IS I NTERACTION AND VITAL 10
MAGNETOSPHERIC PLA~ 4AS. MALFUICTIONS NC SYSTEM

SUPPORT TIE ACHIEVEIENT OF PROGRAM GGALS. THESE
I NIERRIPTIORS HAVE BEEN ATIT~IBUTED TO NO ISE PULSES

IICLUI)E :
GENERATED BY A~~IP43 BETWEEN DIFFERENTIALLY CHARGED
PEIFERS OR 11€ SPACECRAFT . THE EFFECTS ARE ICST

o UP~~TES OF MILITARY STANDARDS FOR Eli!
PREDOMINANT NEAR GEOSYICHRONOUS ALTITTJLE DUR I NG

SUSCEPTIBILI TY
PERI(D S OF EP*WCED GEOMAGNETIC SL~ STORM
PCTIVITI . ~~ASUREI~ENTS ONBQARD ATS-5 HAVE

O TIE 1~SIGN GUI DE LINES ~‘blOGRAPH
INDICATED NAT THE SATELLITE OCCASIONALLY BECA?’E ( CATAL0GLES. CR I TERIA. AND PROCEDURES FOR
CHARG ED TO NEGATIVE POTENTIALS IN THE
t .ttTIKIL~1OLT RANGE . THROLØI A STATISTICAL STWY 

MINIMIZING CHARGING EFFEC TS~

OF SPACECRAFT APO ’ALIES AM) G ROUND OBSERVATORY
O VALIr~rEI) M~ixrIcAL NkXELS (Tools TO

DATA. A LIPI( WAS ESTABLISHED BETWEEN MAG NE TIC
ANALYZE SPACE VEHICLE DESIGN

SUBSTO~I COND ITIONS NC SPACE VEH ICLE ANOMALIES.
LABORATORY TESTS DEPOISIRATED THAT TIE 

SUSCEPTIBILITIES )

ELECTRCIIAGNETIC PU..SE FROM AN ELECTRICAL DISCHARGE
~Ii INf  ~u

ON AN INSILATOR COULD BE COLPLED INTO A SPACECRAFT \~ HITNMINI sp~ui
TELEIE1RY HARNESS. ArEITIO NAL STUI)IES HAVE NASLT

COICLIEED NAT DIFFERE NTIAL CHARGING OF SATELL I TE HNI~~r I MMHALS ~
SURFACES OCCURS. HAVE DEM)NSTRATED NAT DISCHARGES .~~ 1 . T IM ~~.A ~ A t I N i;u i~~o

A~~iNS
BET’I€EN DIFFEREP4TIAIJ. .Y CHARGED MARTERIALS RESULTS
IN DEGRAMTION OF THERMAL CONTROL MATER I AL AND DEV ITOP MATERIAL

PROPERTIES. NC HAVE SUSGESTED THAT ELECTROSTATIC MAT E R I AlS 5P4[[
AEMI IIGAIIIICA IION

FORCES MAY PROIXEE EMIANCED CONTAMINA TION .
[ li VE LOP VALI DATED

IN ORDER 10 SOLVE THIS SPACECRAFT CHARGI NG 
ANAIRTIC A L T OOLS MO OF IS

NA S A VEA l

PROBLEM. A COOPERATIVE MASk/Al PROGRAM WAS I i INI ~~tp .
~INITIATED IN 1975 . SING E SPACECRAFT CHARGI NG HAS ~~t ;R4M A SAIA1E000Ts

INFLI.EPCED THE PERFORMANCE OF MILITARY , ~A M II

COt’PERC IAL. AM) NASA SATELLITES. IT WAS A LOGICAL 
O FV FL I ) P
MI II TA RA CHARGING

CAM)IDA1E FOR A JOI NT PROGRAM. FIGURE 1.1 
S !ANtTARO STANDAR D

PRESENTS THE KEY ELEPENTS IN THE PROGRAM. THE 
SA MSO

[I L L I P
FIGU RE REFLEC TS 1RLE I NTERtEPEPCEPCY; EACH lEA N ASI AN

ACTIVITY HAS BEEN ASSIGNED TO EIT HER NASA OR 
I IIHAI .inNilHAA ~

SAA A

API) PROGRAM SLECESS REQU I RES EXTENSIVE EFFORTS
FROM RON ORGAN IZATIONS Figure 1. 1. Coopera tive NASA/AF SpaceCra ft

Charging Investigation

THE OB..ECTIVE OF THE SPACECRAFT CHARGING A BASELINE DOCUFENT FOR NE I~ SIGN &JI DEL IPE S
INVE STIGATI ON IS 10 PR~/ !DE THE DESIGN CRITERIA. MOMX3RAPH HAS BEEN PROOIXED DURING NE PAST YEAR
MATERIALS . TECHN IQIES. TEST AND ANALYT I CAL PETHOOS NC WILL SOON BE AVA I LABLE FOR RE VIEW BY THE

TO ENSURE CONTROL OF 11€ ABSOLUTE NC DIFFERENTIAL COI thITY. ThE DOCIJ’ENT PRESENTLY USES
CHARGING OF SPACECRAFT SURFACES. TH iS OB~ECTIVE INFORM ATION OBTAINED IN ALL TIE ELEI~ENTS OF THIS

IS BEING NET BY CONRtTIP33 A C(~~ INED FLI ON T TEST I NVE STI GATION. IT WILL BE UPGRADED API) MADE FI NAL

1
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AFTER TIE INGOR P CRAT ION OF DATA FROM NE P78-2 A PRI NE OBJECTIVE OF THE ENG I P& ERI P43 ANALYSES
SPACEFLIGIT, EFFORTS IS NE CHARAC TERIZATION OF THE 01!

ENVIRO*ENT I NTERNAL AND EXTERNAL It) TIE SPACE
1.2 P78-2 SPACEFL IGHT MISSION VEHICLE . ELEC TRICAL TRANS I ENTS AND SPACECRAFT

OBJ ECTIVES UPSETS W ILL BE CAREFULLY STILTED, THESE DATA WILL
BE CORRELATED WITH SPACE PLASMA EPNIRCfl’ENTALTHE PRIMARY P78—2 M ISSION OBJECTIVE IS 10 OBTAIN
CONDITIONS . SPACECRAFT LOCATION AND LOCAL TI lE.INFORMATION FOR A MILIT ARY STANDARD CONCERNI NG
AND GEC~’~~P&T1C INDICES. IN AtI)ITIOR.

SPACECRAFT CHARGI NG . THE DATA OBTA IIE~~) FROM THIS
I NVESTI GATIONS WILL BE PERFORI€) RELATING THE SESATELL I TE IS KEY 10 DEFINING NE 01!/RFE THAT IS
DATA TO lIE ELECTRICAL POTENTIAL OP TIE SPACECRAFTENCO(JP(TEREI) AT SYNCHRONOUS ALTITUDE. IN ORDER TO
AND MATERIAL ?‘t*IITORS. DIRECT NEASUPfrENTS OFDESIGN SPACECRAFT THAT ARE I *IJ4E TO NE VAR IOUS
SPACECRAFT AM) SA*LE MATERIAL POTENTIALS WILL BEEFFECTS CAUSED BY DIFFERENTIAL CHAR GING. aPE lUST 
~~~ (ING u JnNG NE POTENTIAL OF A SPACECRAFT

NOT ONLY LR4DERSTAND THE PHENOP ENA. ~JT ALSO BE 
~ BAND) . CERTAIN E)O’ERIPENTS WILL ALSOABLE ii) TEST NEN SPACE VEHICLES TO ENSURE THAT
BE CAPABLE OF INFERRING POTENTIAL IEAStJREPENTSTHEY ARE NOT SUSCEPTIBLE 10 THE EFFECTS OF THE 
FROM SPEC IFIC DATA. DISCHARGES MAY BE I NDICATEI)

PHENCt ’ENA. TNE VALIDATION OF PROPOSED SYSTEM 
THRO(GI CAREFUL ANALYSIS OF NE POTENTIAL

TESTS WILL RE BASED UPON NE RESULTS OBTAINED FROM 
PEASUREI’LMTS. THE OBSERVATION OF DI~~HARGES IN

THIS FLIGHT. THUS. NE P78-2 MIS SI ON IS CENTRAL 
CO lIC IDEPCE WIN ELECTRICAL UPSETS IS ESPECIALLY

TO THE ACHIEVEPENT OF DESIRED END PRODLETS IN TIE 
IPPORTANT. FOR THIS REASON. TIE EXPOSED SPACENASAJAF PROGRAM, TIE IPFOI~IATTON GENERATED CAN BE VEH ICLE CONDLETIPI3 AM) PEPEE~4DLETING SURFACES HA\PE

USED DIRECTLY BY PROGRAM OFFICES (MILITARY AND BEEN CAREFULLY MAPPED TO PROVIDE INDICATIONS TO
CIVILIAN ) TO ENSURE THAT SPACE SYSTEMS . SURV F~~BLE *IERE EXTERNAL DISCHARGES MAY OCCUR . A RELIABLE
IN NE SPACECRAFT CHARGING EPWIRONIENT , 

~~~ QtJAtI TITAT IVE t’EASIJREPENT OF THE ELECTR I CAL
DESIGNED . TESTED. NC FL ORN . SPECIFICALLY . THE TRANSI ENTS NI) SPACECRAFT POTENTIALS IS I?4’ORTANTSW P78-2 SPACEFLI GHT MISSION OBJECTIVES N~E ID 

~o PROVIDE STATISTICAL INPUTS I NTO TIE IIILIThRY
LAUNCH AM) OPERATE 0N -ORBLT NE ~~~~~~~~ STML *RD” NC “I~ SI GN GU IDELI NE S” DOCUPENTS.
EXPER IIENT . SPACECRAFT CHA RGING AT HIGH ALTITIEES. 

CORRELATION OF THE DATA TO TIE ENV I R(N ’Erff WILL
NE (~ FICE OF NAVAL RESEAJ~o1 PLASMA IIfFERACTION PROVIDE NE KEY 10 PREDICTING ON OR BIT BO1~V IC ~
EXPER DENT. AND NE AF~t-~Q TIEI~MAI Co~lrRoL/ FOR R~~.IRE SPACE SYSTEMS .
CONTAMINATION AT HIGH ALTITEJTDES EXPERItENT. THIS
I NVOLVES RESP CtI SIBILI TY’ 10: As THE E)tPEcitv LIFETINE OF OPERATIONAL SPACECRAFT

INCREASE (7 10 ii) YEARS IS NOT UP&IS UAL ). NE
O I~ TERMIPE AND ANALYZE PAYLQAD REQU T REIENT5 CONCERNS OVER THE LONG TERM DEGRA!~ T I ONS OF

MATERIALS BECaPE PRONOUNCED. IT HAS BEEN STATED
O 1~~SI GN . DEVELOP . FABARICA TE. TEST. AND THAT NE SPACECRAFT CHARGI NG RIENOPENON CAN DAMAGE

LAU*~}I A SPACE VEHICLE SYSTEM THAT NEETS EXPOSED SURFACE MATER IALS ANT) PROP43TE EMIANCED
NE PAYL (~ 1) REQIJIRE1’ENTS CONTAIIINA TICII. EXPERII’ENTS (Sd AND MIU2 ) ON NE

P878-2 SPACECRAFT WILL PROVIDE QUALITATIVE DATA
O I NTEGRATE NE PAYLDADS I NTO AN REGARDING THESE EFFECTS. RELATING THE SE RESULTS

OPERATI ONAL SPACE VEHICLE SYSTEM TO SPACECRAFT DESIGN IS A CRLEIAL OUTPUT EXPECTED
FROM NE ENGINEERING ANALYSES.

O ~~ERATE TIE SPACE VEHICLE SYSTEM ON-ORBIT
FOR AT LEAST ONE YEAR THE ~~TELLITE ELECTRON AM) POSITIVE ION BEAM

SYSTEMS ON THE P78-2 SPACECRA FT WILL PROVI DE
O COLLECT NC DISTR I BUTE REQUIRED PAYL DAD EXPE RIIENTAL TESTS OF ACTIVE CHARGE CONTROL OF NE

DATA . SPACECRAFT POTENTIAL. THE PART ICLE BEAM SYSTEM
DATA WILL BE CORRELATED TO ALL OF THE SPACECRAFT

2 
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POTENTIAL ‘EASLJTEI’ENTS AND 10 NE IthITORED ANALYZERS. All) TRANSIENT DE TECTORS. lIE VALIDATED
ELECTRICAL RESPONSES. TIE SYSTEM WI LL TEST THE IWE LS ARE AN IlPORTANT GGAL OF 11* CHARGING
POSSIBLE UTI LITY OF CHARGE CONTROL DEVICE S FOR I NVE STIGATION S AM) THE P78-2 SPACECRAFT DATA ARE
OPERATIONAL SPACECRAFT. CRLE IAL TO AC HIEVING THAT GDAL. THE RESULTS CAN

AGAIN BE DIRECTLY APPLIED AS INPUTS 10 TIE ¶M

IIATA FROM NE P78-2 SPACECRAFT WILL BE APPLI CABLE STANDARD” NC “Ik SIGN GUIDELINES i°b4OGRARI . ”

TO TIE VALIDATIONS OF TIE ANAL~tT ICAL I’UELS BE ING
DEVELOPED. THESE IPCLIJDE AN ENIIROI4IEN TAL l(I)EL. IN A 1X)I TION. PART I CULAR PAYLDADS HAVE OBJECTIVES
SHEATH/CHARGING P~~~LS. A DISCH ARGE lU)EL. AN!) NAT EX TE NT) BEYOND Ti-F SCOPE OF NE SPACECRAFT
EMI /C CIP LI NG IWELS - THE ENV IRONrENTAL I’~FEL W I LL CHARGING INVE ST I GATION S. SPECIFICALLY . I NVE ST I
DRAW UPON TIE DATA OUTPUT FROM NE ASSORT?EI’4T OF GATI OPI S OF PLASMA INT ERACTION RIENOIENA IS A GDAL
ELECTRON AND ION PARTICLE COUNTERS ON TI-F OF li-F OIII~ SPONSORED PA’~’LDADS. Ti€ U. S. NAw
SPACECRAFT. THESE COVER AN ENERGY RANGE FT~~4 ~~F SUPPORTS SEVERAL PAYL~~DS INCL UD ING THE SC9 (J( $fl
EV TO SEVERAL MILLION EV AS SI-O’l’l IN TABLE 1.1. ~~~~~~ PARTICLE E)PERIIENTS, NE SC8 ENERGETIC
PARTICLES IN TIE KILDE LECTRON VOLT REG IPE SEEM TO EON COtf ($IT ION EXPERIPENT. 11€ 5C7 LIGHT ION ~~ss
BE MIST IIPOR TANT 10 THE CHARGING PROBLEMI. THE SPECTRCSETER. AM) THE SC3 HIGH ElIERGY PARTICLE
REMA INING MXELS WILL BE VAL I DATED USING SPEC1ROI.ETER.

CORRE LATIONS OF DATA FROM SEVERAL EXPERIIENTS.
TIE PAYLCW)S IPNOLVEI) INC LUDE PARTICLE COUNTERS. THESE OB~~~TIVES INVOLVE TIlE COLLECTION OF

ELECTRICAL POTENTIAL IthITORS, ELECTRICAL SCIENTIFIC DATA OF PARTICU LA R INTE RE ST TO EACH
EXPERIIENT SPONSOR AND THE SCI EN TIFIC COli~thI TY.

Table 1. 1. Particle Detector Characteristics KEY AREAS OF SCIENTIFIC INVESTIGATION INCLUDE
_______ MIII I TOR IP13 THE EP(VIRONIENT. l.IIDER STAND INS PLASMA

~~ 
~~~~~~ WAVES INTERACTIONS . All) DETERMINING HON SPACECRAFT

MATERIALS BEHAVE IN TIE SPACE ENVIRONTENT .:: ~ ::, :~ ~~~~ SPECIFIC OBJECTIVES OF EACH PAYL DAD ATE DISCUSS ED
FURTHER IN SEC TI ONS 3 THROI~ H 19.

3C3 l. l5.I.~~ k.V 0 0  0 .Z  IO

SC. S •V . l 0  k.V 0 0 7  ~~ ~~~ io ~~
5C3 .V .S l  .0V 

~~~ 
I S ’ l O  ~~~~~~ IN ORDER 11) SUPPORT TI-ESE VARIOUS OBJECTIVES. A

TEAM OF HIGHLY QUALIFIED SC I ENT I STS AND EPKS I PEERS
sd . 7.60 6.7 ,.# o.z to ’

HAS BEEN ASSE1’ELET) TO PROVI DE PAYLDADS FOR THE
P78-2 SPACEC RAFT. THE PRINCIP AL I NVEST I GATORS

SC, 0. 03.3 .1  M.V 0.1 .0 I 0 .5  3 ,‘ 0 P,,,.,.m.0. bI.

ALC*G WI TH THEIR SPONSORS ATE IDENTIFI ED IN TABLE
3C3 S . i - I 0 .OM.V  I., nr.L 0.3 3~~ I0 Pn’~..~~fl’ bl.

________ ______ —— ,.. ~~~~
,. 1.2. BECAUSE OF NE M.LTITII)E OF POSSIBLE

O . , . V . I . 5 S k . V  ~ ~~‘ h I° ’ I NTERACTIONS BET1EEN OTHERS IN TIE SC IENTIFIC
3 1005 COt’T4RII1Y NI) THE PRINCIPAL INVESTI GATORS (14 NE

:: :-: :.°: :.: ::: ~~~~ 
P78-2 SPACECRAFTS. TIE SPACE TEST PR~)3RN4 OFFICE

l . V . 0l 6.9 O .~ 0 . 2 5  l b  lO ~~~~~~~~~~~~~ ENCOURAGES INTERESTED IM ) IVI DL~LS 10 CONTACT KEY
01.01,16.,, 

PAYLDAD PERSOIIE L DIR EC TLY. TIE SpAcE TEST:: :,~::::: :: : ‘
~~~~. PROGRAM I NTEND S 10 MAKE USE OF NE !~~ ~~WSLET1ER

3d l3~~ 3000k.V t O  2 3 1 0 ’ 
AN) MAILINGS 11) NE (ES CONS ORTIIII TO F~~~ .LLY

SCS ~Z 3 . l 3  M.V 0~~~.0 0. 9 0 . 1 3 1  0~~ ENCOURAGE COOPERATIVE E)PER II~~ITAT I ON.
0.!

SCS I .200 .0.9 0.003 1. 0 . 3  0.3 ~~~~~~~ Pr.e~anon bIe

.0. .

3db ‘.100.9 0 . 1  ‘-0.4

SC’ 1-100.9 0.0 0.06 2 1  I0~~ fl
I

• ‘HC. ~~~~

cr9 5.1.31 6.9 3 05 90 70 am!,,, I. On.
d.9004003
I . 160*640

5db 00 k.Vfp*,.ln. laIn?.1 1.0, .  3 . 6 .

-- ii~i ~i_ ~~ ~
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Table 1 .2. PrInci pal I rt ve st Iqators ; Sis a sor S

- -  - - - - _____________

~~~~~ ‘p.’l lz~ t~~~ t 7
A d d r e s srL~

x P 4 r Irsos .nt 
Fi t l e 

~- Corpora t i onSC 1 Engin eer ing Exper imen t s  D r . H .  C . Koons/
U SA F/A } ’S C/ S A M~~O P . O. BOX ~ ZY~7

Los A n g e l e s , CA 90009

SC2 Sp a c e c r a f t  Sh7 - a t ~ Dr . J .  F . Fennell ! The A e r o s p a c e  Corpora t ion
E l e c t r i c  Fie lds  t J S A l ./ A F sC / S A M S O  P . O . Box 92957

Los A n g e l e s , CA 90009

SC3 Hi gh En e r g y Par t i c l e  Dr . J . B . Reagan Lockheed Palo Alt o R e s e a r c h
Spec t romete r  Off ice  of Naval  Lab , 3 2 5 1  Hanover S t r e e t

I R e s e a r c h  Pa lo Alto , CA 94 304

SC4 Sa te l l i t e  E lec t ron  and Dr . H.  A.  Cohen! Hanscom A F B / L K B
Po si t ive  Ion Beam Sys tem USAF/AFSC Bedford , MA 0 1 7 3 1

~ 

I
SCS Rapid Scan Pa r t i c l e  L t .  D. Hardy! Ila nscom A F B I P H E

Det ec to r USAF/AFSC Bedford , MA 0 17 3 1

SC6 Thermal  Plasma Ana lyze r  Dr . R .  C. Saga l yn/ Hanscom A F B I P H R
U SAF/AFSC Bedfo rd , MA 0 1 7 3 1

SC7 Light Ion Mass Sp e c t r o m e t e r  Dr . D. L. Reasoner! NASA Marshal l  Space F l i c h t
Off ice  of Naval  Cente r , Code B S - 2 3
R e s e a r c h  Hun t sv i l l e , AL 3 5 8 1 5

SC8 Ene rge t i c Ion Composition Dr . R . G. John son/ Lockheed Palo Alto R e s e a r c h
Experiment  Off ice  of Nava l  Lab , 3 2 5 1  Hanover  S t r e e t

R e s e a r c h  Palo Alto , CA 94 304

SC9 UCSD Charged Par t ic le  Dr . S. E. D e f o r e s t !  U n i v e r s i t y  of California
Expe riment  Office of Naval R e -  B0 19 Dept.  of P h y s i c s

se a rc h/ I JSAF/AFSC ! La Jolla , CA 92 093
SAMSO

S C I O  E l e c t r i c  Fie ld  Detec tor  Dr .  T. L. Aggson /  NASA Goddard Space Flight
Off ice  of Naval Center , C ode 625
Research Greenbe lt , MD 20771

SCI ! Magnetic Field Monitor Dr .  B. G. Led ley /  NASA Goddard Sp a ce Flig ht
Off ice of Naval  Cente r , Code 625
R e s e a r c h  Greenbelt , MD 20 771

M L I 2  Spacecraft  Contamination Dr .  D. F. Hall! The Aeros pace  Corporation
IJS AF/AFSC/ AF ML P . O .  Box 9 2 9 5 7

Los Ang ele8 , CA 900 09 j

2. P78-2 SPACECRAFT DESCRIPTION
2.1 INTRODUCTION PLPIINED FOR A ONE-YEA R L1RATI CtI BJT TIE SPACECRAF T

IS PROVIDED WITH SLFF I CIENT E XPENDABLES FOR THU
TIE P78-2 SPACECRAFT IS SPI N-STABILIZED AND WILL ‘v~~s. Acru~ LIFET I ME CF 11€ SATELLITE WILL
BE PLACED IN A NEAR SYNCHRONOUS . NEAR EQUATORIAL PROBABLY BE LIMITED BY SIRVIVAL CF ELECTRONIC
EARTh ORBIT FRC4’i TIE EAS rERN TES T RANGE BY A DELTA EQUIPMENT IN TIE I O N I Z I N G  RADIATION ENVIRO*IENT .
29.I~ IN JANUARY 1979 . TIE SPACECRAFT lOUS ES .
PROTECTS . AND SUPPORTS SEVERAL SCIE N TIFIC AND 2.2 SPACECRAFT CONFIGURATION
ENGINEERING PAYLOA1~~. IT SP INS ABOUT NI AXIS IN TIE BODY CF TIE SPACECRAFT HAS A CYLINOR I CAL SHA PE
TIE ORBIT PLAN E AND NORMA L 10 TIE EARTH-SW L I N E . APPROXIMATELY 1.75 M IN BOTH LENGTh AND DIN ’IETER.
ON -OR BIT. TIE SATELLITE WILL EE CONTRCLLED BY TEE ON -ORBIT. SEW N EXP ER I MENT B X*’iS ARE DEPLOYED.
AIR FORCE SATELLITE CONTROL FAC ILI n’ (~FS(F ) AND THE FINAL OIl OR BIT C CA’ FIGL RA T ION OF TIE SPACECRAFT •

W I LL COI?I(J’4ICATE DI RE CTL Y WITH R EMOTE TRACK I NG IS SI{MN IN F IG JRE 2.1. BOOMS , ANTENNA HARONARE.
STAT I ONS IN Na~ HAtiP SHITE. TIE INDI AN OCEAN . Gu~i. AND SCIE INSTRLIENT PROTRUSIO NS ALTER TIE BASIC
HAN AI I .  AND AT VANDENBERG PjFB . TIE MISSI ON IS CYL I NOR I CAL GEOMETRY.

LI
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(II . F ORWARD CCV’tlWI CATI OI~ ANTENNA MAST AND A SP I DElI
SAI l~ i I lE 

- STRLX TWE . *1101 IN TLNN SLPPORTS EQU IPMENT
0 SF1 0

SrI b. LOCATED AT TIE FORWARD END.
- ~ ~ r .~ scii

— 2.3 MATERIALS
SF1 ‘0 - 

SPECIAL LIGI1W EI QUT MATERIAL S ARE USED I N  TIE

si t  
- SPACECRAFT STRUCTUBE BECAUS E TEE SPACECRAFT (P E lT

AND PAYUI4D AR E lEAF TIE MAX I MLI’1 CAPABILITY CF TIE

Fi gu re 2 1 P78 2 Space Vehicle DELTA 29114 LA1t4a~l VEHICLE. TIE CENT ER TUBE IS
MADE CF W(3NESILII . 11€ AFT EQU IPMENT DECK IS

CF TIE SPACECRAF T AND PAYL OAD EQUIPMENT IS AL &’II NW I-fOIEYCCt~E.  TIE FORWARD DECK IS AN

ltJi* rED I N  TIE CENTRAL (BELLYBIAND) PORTION CF THE AL11’il MIl BENI STRUC TORE . lIE SOLAR ARRAY

CYLINDER . FI GJRE 2.2 SIQWS TIE L OCATI ON CF I N- SUBSTRATES ARE PLII’1I14l3’1 C0~~ HOtEYCCI’IE WITh A

STRL~~~NT APERTLRES . TEST S1JIfACES , AND EXPER ThENT FIBER (l ASS DJT ER FACE AND AN AL LI’l l Ntt’i INNER

BOOMS IN This REGION.  TIE BOOM ARRANGEMENT FACE . TIE SPIDER , ITS SUPPORT TR I POD . AND TIE

ISOLATES SENSITIVE INSTR I1”~NTS FR OM SPACE VEHICLE ANTENNA MAST ARE MADE CF GRAA1 I TE-EPC )~( .
I NFL IE NCES AND PROVI DE S CLEAR F I E L C S  CF VIEW (FW )

FOR EXPERIME NTS SENSITIVE TO LOM ENERGY PARTICLES BECAUSE SUIfACE MATER I ALS PLAY AN IMPORTANT ROLE
OR CON- TAMIMT I CI4 , TIE BELLYBAND IS COVERED W I T h  IN SPACECRAFT 0-LARGING . TIE P78 2 SPACE CRAF T HAS
ACCESS PA ’ELS COATED TO ME ET RE QUIREAIEN ’TS CF TIE MANY SUIf ACE FEAT CI3 ES CHUSEN SPECIFIC ALL Y TC
EXPER IMENTS AND T1-ERMAL CONTROL SUBSYSTEM . TNG SUPPORT MEASLREMENT CF TIE OIARGI 10 FHENCMENON .
SOLAR ARRAYS ENCIRCLE TEE CYLINDER . OlE FO RWARD THESE ARE ILLUSTRATED IN F I G I .RE 2.3. THE FORWARD
AND ONE AFT CF TIE BELLYBAIID. TIE APOGE E END IS COVERED W ITh (lID PLATED STA I ILESS STEEL
I NS ERTI ON MOTOR IS lOUSED IN A CE NTRAL TUBE . A FOIL TO PROVI DE A FLAT E Q UI POTENT IA L S IJRE ACE . TIE
TRIPOD MOINTED ON TIE CENT RAL likE SUPPORTS i t i  FOIL IS PAINTED W I Th A PATFER N CF CIRCL ES CF

C ON DUC TI VE BLACK PAINT TO PREVENT EXCESSIVEAN/111 N 4 SF1 2
ASSY - , .~ HEATI NG IYJRING TIE TRANSFER ORBIT PERIOD WI-EN TIE

VIEW OF SCi .
~~>~~~~~ 

SC 13 FORWARD END IS EXPCSED TO TIE SW. To PRESERVE A
FORWARD END y ....4 ’ 

+ FLAT E QUI P OTEr6TI AL SLRFACE AT TIE FORWAR D END CF
M I i 2 1— ~~- .’ ,,~~~~— -SC5 TEE SPACECRAFT. TIE FIEL D CF V IB~’ CAV I TY FOR THE

S F 12 - - S~ RAPID SCAN P AR TICLE DETECTOR IS COVERED WITh A
SF11 

•~~~~~~ /~ 
RADIAL 1.11)-IN. NGVEN AND WELDED MESH CF 0.010 I N .

A FT DECK ~~~~~~~~~~~~ 
/ f/ ~1~~ R EF ~\~ 

GOL~~PLATED STA I~~ESS STEEL WIRE ,

M / 1 2 0 J  SF8 1 SIf S C f 3 ~ ~SC 1O ?
S~~?J scij SF2 .1 S C / i  SF6 1 SC1 4 TIE SO UCSD CI~i~GED PARTICLE EXPERIMENT MEAS I1RES

SC . 
ft~•D(ES CF L(W ENE RGY CHARGED PARTICLES . THESE

SF2?  - 1 8  
FL UXES I’VLLD BE ALTERED SIGNIFICANTLY BY FIEL LE

lUBE ‘LE TO CHARGED SLRFACES lEAR TIE IISTR Lt’IENT

SF10 3,
>’

~0
N. 

‘ \ - l 
~ APERflRES . FOR ThIS REASON. TIE INSTRItIENT IS

N S i : ;  SUPROIfILED BY CONDUCTING SLRFACES AT SPACECRAFT

15C111  ~~~~ 
— 

GFrOWD POTENTIAL . IN ADDITI ON TO TIE CONDUCTING

- 
FO IL AT TIE FORWARD END CF TIE SPACECR AFT . TIE SO

- . SURROIIIDIN GS INCLU DE SOLAR CELL COVER (lASSES
cF42 ~ s~i~ 

COATED WITh CONDUCTI NG I N D I L M  OXIDE.  TEE COVER
N 

- (LASSES ARE REDLfIDANTL Y INTERCON NE CTED AND

VIEW OF AFT END - SF1 0? N COLLECTIVELY TIED T~ TIE SPACE VE HICLE FRAME .
SC? ~~~

TIE BELLYBAND ACCESS PANELS MUST SAT I~~Y BOTh

Figure 22  Payload Locations T}ERMAL CONTROL AND EXPERIMENT REQUIREMENTS . IN
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TIE V I C I N I T Y  CF INSTR WE NT APERT UR ES RE QUIRING STAILE PHOT OELECTRIC PNO PER1I E S . TIE BAND
CONIXC TIVE SWROWDIIOS . TIE PAN ELS ARE COATED PRE SENTS A CONSTANT PROJECTED AREA TO TIE ~~LI. AS
WI TH A CONDUCTI VE PA INT DEVELOPED AT GODDARD SPACE TIE SATELLITE S P I N S .  TIE SCI PAYLOAD DE SCRIBED 1t~
FL IG -I T CENTER . THIS CDND&J CTI E45 PAINT COVERS SECTI ON ) USES ThIS BAND AS A POTENTIAL REFEREN CE
MET A LLIC SUIfACES TO L I M I T  TEI’tPERATIRES CF TIE SIJIfACE.
ACCESS PANELS. lIE PA INT WILL SUPPORT NC
T I-IAN A ONE V POTEN TIAL DIFF ERENCE WHEN EXPUS ED TO 2.4 ELECTROMAGNETIC CONTROL
A ONE -lA CM2 PLASMA CURRENT . WHERE 

~~~ MEfiSLRES RADIO FRE QLE NC Y F I E L I~ AT TIE SILNk
NON C ONDUCTI VE SURE ACES ARE REQUIRED . TIE ACCE SS 

LEVEL CF OALP CTIC NOISE . To AVOID SWAM PING TH I S
PANELS ARE COVER ED WITH TEFLON MIRRORS SI LVERED ON EXPERIMENT WITh SPACECR AFT NO I SE . A N1I-1EEi~ CF
THE SECOND SURE ACE . 

SPECIAL FEAT URES ARE INCL UBED I N  TIE SPACE CRAF T

C D ESI GN .  THE REGI ON BETWEEN AND AFT CF TIE DECKS .
WI-ERE I.t~ T CF TI E SPACE CRAF T AND PAYLCAD EQUI PM EN T

- 

IS MOIMED I HAS BE EN DESIGNED AS A FARAflAY CAGE.
EQUIPMEN T LOCATED OUTS ICE ThIS REGION IS El TIE R

C1 INDIV ID lI~LLY l OUSED IN SHIELDE D EN CLDE LRE S AT
- 

- SPACECRAF T (POIND POTENTIAL CR IS SLSJECT TO

r ~~~ L-~~ STRINGE NT ELECTROMAGNETIC CONTROL REQUIREMENTS .

- _~~; 0 C~~ ES OUTS I CE TIE FARADAY CAGE ARE ILUEL Y

- ~~~~~ SHI ELEED . POMER AND SI GNAL LINES CARR Y I MG
- 

~ CURRENTS G~EATER HAN 10 N4 ARE RO UTED W ITH Th EIR

___________________________________________ RETURN LINES IMPLEMENTING A ZER O -NET - CURRE NT

O CA BLING APPROACH . TIE SOLAR AR R AYS ARE PA CK -WIRED

- 
TO CANCEL FIEL EE GENERATED BY TIE ARRAY CURREN T S .
TIE ELECTRICAL PORER SYSTEM SOURCE I MPEFtANCE I-lAS
BEEN HELD TO LESS THAN 20 MI LL IOHM S FR OM II TO 10
Mlz IN  ORDER TO REDUCE COUPL I NG BETWEEN PCWER

O - --V ‘~ ~
. USERS .

- 05 ! Jj }Rll t 
- .0 / 

-
E L I  s SPACECRAF T M AG NETIC F I E L D E  DIRECTLY AFFECT TIE

ID SCI1 MAGNETIC FIELD DETECTOR AND THE SCE THEF~ItAL
P

~

MA ~~~~~ FW T IEPMOR E , l I E  MAGNETOMETER
0 000 I 

MEASUREME NTS ARE USED TO CORRELATE RESIL TS F R O M
- -V - .

~F . V -. 0 - V  ,ALL TIE CHARGED PARTICLE DE TECTION PAYLOADS WITh
Figure 2. 3. Spacecraft External Surface Materials THE EARTh’S MAGNETIC FIELD. CCnIEISLEATE W ITH

TIE ECOMS USED TO SEPARAT E SENSORS MEAS UR ING THESE REQUIREMENTS , TIE SPACECR AFT IS MODERATEL Y

AMBIE NT ENVIROIIf’lE NTS FROM SPACECRAFT EFFECTS CLEAN MAGNETICALLY WITH A TOTAL DIPOLE MOME NT CF

PERT URB TI E SPACECRAF T SHEATH . CONCIJ cTING ~~~~~ APPROXIMATELY ELX~ GAUSS cz~ (POLE - CM ) .  TIE

IOLLD SHORT-CIRCUIT TIE PLA~ 1A WH ILE DIELECTRIC MAGNETIC FIEL DS. DIE TO TIE SPACECRAFT AT TI-C

BOOMS WCIi D CHAR GE IF AND DISTORT TIE SPACE CRAFT L OCATION CF TIE RCOM IIJIJITED MAGNETOMETER AND ALSO

ELECTRIC F I E L D S .  TEE F I V E  SHORT BOEME SHONN IN TIE ONCERTAINTY IN THE MEAS UR EME NT CF THE EARTH ’S

FI Q JRE 2,1 ARE FABR I CATED WITh PLAT I NU~ RINGS ON F I E L D  BY TI-F MAGNETOMETER . ARE A FEW TENTHS CF A

TI-F F l E E R  (L ASS EPOXY EASE TO PLLON SUREACE NNIOTE~_A (GP~~IA ) .  THIS ALL OWS DETERI ’IINATI (P CF

PO TEN T I A LS TO APPROXIMATE TIE L OCAL PLASMA 
Ti-C DIRECTION CF TI-f EAR TH S F I E L D  TO A FEW TE NTHS

POTENTIAL AND M INIMIZE DISTURBA NCE CF THE SHEATh . (F A DEGREE IN TIE P78-2 SPACECRAFT ORBIT ,

2.5 THERMAL CONTROL
AT TIE AFT END CF TI-F SPACECRAF T Ti-ERE IS AN
ELECTRICAL PO TENTIAL REFERENCE EMIl) . TIE SUIfACE SPACECRAF T TIERNAL CONTROL IS ACCOMPLISHE D
CF TH IS BAND IS QULD TO EN SURE CONDUCTIVITY AND P R IM A RILY BY PA SSIVE MEANS WITH HEATERS USED TO

6
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MA I nT A I N MINIMIJ’I TEMPE R ATUR ES FOR C R I T I C A L  FEATURES TO PCCO~1IOOATL TI-F F(.U EW I N G A~POC Th Cf
E QUIPME NT . THE MISSI ON AND PAYLOADS :

TIE MAJOR FEATURES CF TIE THERMAL CONTROL SYSTEM 1. TIE SOLAR ARRAYS ARE IS OL AT ED FE(~ i TI-I

ARE SI-O4N IN FIG UR E 2.~. TIE LARGEST SOUR CE CF E QUIPMENT SECTIONS TO PREVENT EXCE SS I V u
I-CAT IS ,JOLL E HEAT FR OM SPACECRAF T AND PAYLOAD RADIATIVE CO OLING DURI NG ECLIPS E PERIODS .
E Q UIPM ENT. MOST (F THIS E QUIPME NT IS MOUNTED TO
TIE AFT DECK IN TIE CENTRAL STRUCTURE. SOLAR 2. Sot~ PAYLOADS AND ELECTRIC HEATERS ARE TURNED

EN ER GY INCIDENT CM TI-C SCLPR ARRAYS IS RERADIATED ON IN TIE TWANSFE R CEBIT TO LIMIT COOLING (F

RflM PRILY TO SPACE. SINCE TI-F EMISSIV IT Y CF Ti-F THE SPACECRAFT DURING THIS PERIOD .
OUTEi-t SLIFACE CF TI-C ARRAYS IS MUCH HIGHER TI--IAN
ThAT CF TI-C I II\’ER FACE . TIE BELLYBA4D ACCESS 3. ~ FEW COMPCtIENTS WITH LEW OPERA TING
PANELS , COVERED WITH SECOND SUIfACE MIRRORS AND TEMPERATURES ARE ISOLATED FROM SPACECRAFT HEAT

THERMAL CONTROL PAINT S. REMA IN COOL IN TI-C SOURCES AND RADIATIVELY COUPL ED TO TIE

SIItIGI-if AND F UN CTI ON AS EFFECTIVE RADIATORS CF E)CTERNAL ENV I RC*I’FJ. T,

WASTE ENERGY FRE~ TI-F CECK *IXNTED EQUI PMENT .

EQU I PMENT AT TIE ENDS CF TIE SPACECRAF T IS KE PT ~~. CRITIc AL COMPONENTS SUCH AS BATTER I ES , TIE

HARM BY RAD IA TI ON FROM TI-C LCCK-l’OU’ITED APOGEE I NSERTI CM MOTOR S AND HYORAZ I IC ROCKET

EQUI PMENT. To MAKE ThIS APPROACH EFFECTIVE . SUBS YSTEM TANKS , L I N E S .  AND VALVES ARE
REJECT ION CF I-EAT BY TIE END SURFACE I-lAS BEEN ELECTRICALL Y HEATED .
MINIMIZ ED . TIE THEPMAL DE SION CONTAINS SPECIAL

AND INT ER N A t H AT

EXTERNAL PAYEO A E1 INST RUMENT VIEWTHE RMAL COATINGS
CAVITY IStYl

HI GH R OI L
L OA HEAT LOSS

OW IMPS

t I -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8D~~0I SPA CECRAF TS I Vi TV
3400 WATTS INCIDENT NSIOE A R RAY SUR IA CES HEAT RADIATED
ON ARRAYS 21 FROM BE LT Y RAND
IN SUNL IGHT
MOSTLY HERAD IATED 

~~~~~ ________________________ — —

e~~~~~~~~~~~~~~~~~~~ _

_ —~~~~~

_ _ _ _ _

~~~~[:_,

/TO WATTS INCIDENT
I l~

ON BEI LY BAND EMISSION ;t
~~~~ 

) I

> ABSORPTION
-

‘ “90% OF SPACECRARY
/ ,AN O PAYLOAD HEAT

SOURCE DECK MOUNTED / I
I /

MOTOR JETTISONED / 

\
\~~~~~~~ 

SPAC ECRAfl ISOLATED
APO GEE INSERTION —“

v 
~~~~~~ 

I

ON ORBIT II1IIM AIM

ligure 2.4. P78-2 Thermal Balance
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5. ~ri APO OSE I NS ERTI ON MOTOR IS A LAR GE HEAT I N ADDITI ON TO TI-C 81~ BPS DATA STREAM , THERE IS
SOURCE DURI NG ITS ElLEN AM) UNTIL IT IS A 512 BPS CHANNEL AM) A DIRECT FM (EI ~OADRAt~D)

JETTISONED. TIE INSI L AT I ON ThAT PROTECTS TI-F 0-LANNEL . TIE 512 BPS 0-EANNEL CONTAINS CRITICAL
SATELL I TE FROM THIS HEAT SOURCE AL SO PREVENTS SPACECRAFT AND PAYLOAD II -FOI~’iATICM THAT ALSO
S I G H I F I C A N T  HEAT REJECTION TIROLG-I TIE AFT APPEARS I N  TIE 81~2 BPS DA TA. TIE 512 BPS AND
CENTR AL CAVITY DURING TIE M I S S I O N  OPERAT IONS &192 BPS CHANNELS ARE NOT USED S IMILTANEOUSLY .
PE R I~~) .

TEE DIRECT FM CHANNEL PROVI DES FRE~~FNCY RESP ON SE
C . Ti-i SC5 RAPID SCAN PARTICLE DETECTOR VIEW UP TO 5 IdIZ AND CAlL BE USED IN A NII’SBER CF

CAVITY IS POIN TED NOIBIAL TO THE S &ELIE€ . THE D I FFEREN T MOtES TO FEANFLE AMAL CO DATA FR(k ONE OR
WALLS (F 11-C CAVITY ARE RAD I AT I VELY ISOLATED MORE EXPERIMENTS .
FROM TIE EQU I PME NT COMPAR TMENTS TO PRE VE NT
EXCESS HEAT L OS S TUROLI 1 THIS CAVI TY . AT ANY TIME . TIE USE OF A PPRTIQJLAR DATA MDII

2.6 ELECTRICAL POWER DEPENDS ON T I-F CAPABILITY CF A TRACKING STATION TU

CLOSE TIE APPROPRIATE TELEMETRY L INK AND TIE
THE SOLAR ARRAYS PROVIDE 2~) W CF PCWEK FOR AVAILABILITY CF THAT STATION TO SUPP OI?1 TIE
SPACECRAFT AND PAYLOAD F UN CTIO NS .  TIE AR RAYS AR E M I S S I O N .  TIE SPACECRAF T HAS TIE CAPABILITY AT k~
BASICALL Y C YL IN OR I CAL WITh SOM E I R RS G EJ L ARI T I E S IN TIMES IN TI-C FIN AL ORBIT TO CLOSE SOME TEL EJ-I ET R ’
CONFIG UR ATION TO P ,LO V IDE SPECIAL SIW ACES LINK W I TH TI-F SYSTEM CF GROUND STATIONS .
SURRO UN DING I1-STRLMEWT APERTURES ANL TES ]

2.8 DATA TRANSMISSIONSAMPLES . TIE PROJECTED AREA CF EACH ARRAY IS
APPROXIMATEL Y 0.9 N 2 AVERAGE D OVER A CflMPLETE RE ALTIME OR RE CORDE P DATA ARE TRAN SNITTE! ; TC TIE
SATELLITE ROTAT I CI , TIE SPAC ECRIAS T AND EXPERIMENT AFS(F GRO UND STATIONS BY AN S EARD EIY~/1-CINK.
ELECTRICAL L OADS ARE SUPPL I ED E’( TIE ARRAY EXCEPT [rn-E R CF iWO RE DURIW.T TRAN SMIT TERS MAY LL USED
WHEN THOS E LOADS EXCEED THE ARRAY CA PABILITY . AT W I T H  ANY CF TI-F EE ANTENNAS IN  T H I S  L I N K . Ti-i
SUC H TIMES . TI--FEE 8-AMPE RE -HO UR NICKEL CAEMIII ’1 TRANSM ITTER OIJT RJ T IS 1C.~ W. Ti-i C A R R I E R  IS
EATTERI ES SUPPLY THE ADDI TO ONA~ POWER - J N MOOLLATELY W I T H  A 1.CØH’l-IZ PHASE SHI ~~T-RC i E
PARTIOJL AR,  T I-F BATTER I ES SUPPL Y Ti-f E~T I R E  L OAD SUB CAR RIE R . Ti-i 1.(QL4 -fl-lz SLE CA RRI ER LAN BE USED
DuT:T~I BOOST PHASE AND ECL I PSE OPERAT LI-i . WHEN

AL ONE OR SIHIED W ITh  EITHER A 17 ~1i PHASE
THE ARRAY CAPABILITY EXCEEDS TI-F L OADS . Ti-i SHIFT -KEYE D SLECMRIER OR A i.7-f1-Iz FM SLEC.~RR Ei- .
BATTERI ES IRE C HAR GED . ANY EXCESS POW ER IS

DISSIPATED IN RESISTIVE RADIATORS . OMOIDIRECTIC .. ANTENNAS . MOUNTED AT I-tim ENDS CF

THE SPACEC RA FT, PRCIV I DE FLU SPR ER ICk COVERAGE,
TIE HIGH SENSITIVITY SPECTR IS I ANALYZE L: I N PAYLOAD EACH Cf THESE NTE NNAS CILLi- .SLSTS CF T1~J CROSSED
SC1 CAN BE COB1IANFED TO OPERATE F ROM A SEPARATE FL AT DIPOL ES OVER A TR LN C.ATED, SLOTTE P CONE . THE
BATT ERY . IF RE QUIRED . IN ORDER TO ACHIEVE SUITAPLE DIPOLES ARE FED IN QUATFATURE. THE THI R E U NTE N~~
ISOLATION FROM ELECTROMAGNETIC NTERFERENCE . IS A RADhI~ AR RAY M(XIIITED CF TI-F SAME MAS T AS Thf

FORWARD C~IL. THIS ANT ENNA CONSISTS CF ThE2.7 DATA SYSTEM
CROSSED DIPOL L OVER TRUNCATED . SLOTTED 0L1 I L . S -

TI-C BA SIC DATA RATE FROM SPACECRAF T AND PAYL OADS I-R~~CEI) BACK -TO BACK . THESE D IPOL ES ARE FED IN
IS 8192 BPS . THESE DATA CAN BE TRANSMI TTEI N PARALL EL AND I N  Fi-LASE TC RAD I ATE A TOPOD; /~
REALTIME OR TAPE RECOREED FOR LATER T R AN SM IS SICI~L ,  PA TTEEN COAXIAL WITH TI-F VEHICLE SPIN A X I S .
DATA TR ANSMISS ION IN TI-F TAPE PLAYBAC K MO DE TAKES ANNu AR R I N G  RESCfW4T CAVITY CHOKES AR E LED TO

PLACE AT 65.536 BPS . EACH OF TI-I iW O TAPE NARR ON ThiS ANTENNA PATrEEN . TI-f RADIAL ARRAY IS
RECORDE RS HAS A 12-i-i CAPACITY. T I  ~~~~~ USED FOR DATA TRANSMISSI ON (FLY. WHILE TI-f CtINIS
PROCEDURE IS 10 RECORD CX ONE TAPE RECORDER UN T IL ARE US ED F OR CCf1’IAND RECE P TION AS WELL .
IT IS FilL. TEE OTHER RECORDER . PREVIOU SLY 2.9 COMMANDING
F I L L E D .  IS PL AYED BACK DUR I NG PERIODIC GRO UND
CONTACTS . THE CO~4’iAND SYSTEM IS F ILL Y REEU4DANT .

8
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IIIN L ANTENNAS . ONE AT EACH END CF Ti-f SPACECRAFT,
FEED EIT HE R CF TWO STR I NGS CF
RE CEI VER-EEMODLLATOR, DECO DER • AND COf’tIAND
DI STR I BU T ION UN ITS . TI-F SYSTEM ACCEPTS C~~l’1PNDS
FROM THE PIFS(F SPACE — GROUND LINK SUBSYsTEM . IHE
MAX IMUI COt~WND RATE IS ONE PER SEC . LATCHING.
MCFI.ENTPRY , AND SERIAL DI G I TAL CCtWNE6 ARE
PROVIDED TO PAYLOADS AND SPACECRAFT SIESYSTEMS.
l IMI NG SI GN ALS RANGING IN FI~~(~ ENCY FROM 2-8 ~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~_~~~~~-_

TO 218 Hz AR E DISTRIBUTED TO Ti-F PAYL OA DS. 00 11 0 120 130 4
I ) M , L L J OE . drg

IHE SE SIGNALS ARE GENERATED FROM A BASIC Figure 2.5 . Typ ical Ground Track Our ing Final Orbit
OSC ILLATOR OLtTRJ T THAT IS INITI ALL Y ACCURATE To 1
PFO’i AND LFIFTS LESS TI--tAN 0.01 PPM/DAY . ,~. . .\i 1 I C F I E [ D H ~ IS

2.10 AUITUDE CONTROLAND
DETERMINATION

CF FCU~ DIGITAL SUN SENSORS AND TWO STEERA ~~E
HORIZON CROSSING INDICATORS . THESE DATA ARE

SPACECRAFT ATTITUDE IS DETERMINED FROM TIE OUTPUTS 
‘I A. , S ’ l~~ [ J I I ~~

PROCESSED ON i ;L GROUND AND CONTROL ACTI~~~ ARE 11

DIRECTED BY UPL INK CCWifd~l). TWO ROCKET ENG I NE 
~~~~~~~ 

~~~MOD&LES PROVIDE TI-FUST FOR PRECESSIH3 Ti-F SPIN -
AX I S, CONTROLLING TIE SPIN RATE . AND IMPARTING

VEL OC ITY II-CREMENTS FOR ORBIT ADJUSTMENT . EACH Figure 2.6. P78-2 Orbit Reference to the Magnetosphe re

MODILE CONSISTS (F C~E ~.0 KG TI-FUST AND TI-FEE 
~R L ’ R I - -I

0.11 KG Tl-R UST IIVEFAZII ’E ROCKET EN GINE S. TWO OI L ~~~~~ 
SIA S \ .-~~ 

-

FILLED MUTATI ON DPJ’iPERS PROVI DE ANG. E DA MPING. IN ‘ -~ -----. ‘s..

THE FI NA L SPACECRAF T CONF I GJRATICF. WITH 
- 

- 

-: 
- N - - - - — -

DEPLOYED AND TI-f SATELL I TE SPINNING AT Off R~~~.
IA~~ ’ IAP I~~SHAOO WTIE DAMPING TIME CONSTANT IS 8 HR. - 

~~~L S LA T HL OP0 .1
N MALI .
MAR2.11 ORBIT ~~~~~~~~~~~ 

AP LI R 
I4I~IH

-- APR 10TIE FINAL ORBIT I S ADJUSTED TO PROVIDE A SLOW ~-. 
EASTEPLY LFIFT CF TIE SATELLITE GROUND TRACK, ~c~~~N-~
TYPI OALLY 6 DE~~DAY WITh APOGEE AND PE RI GE E 2~ O0 SEA SON

KM PM) 1(2250 KM. RESPECTIVELY . FIGURE 2.5 Figure 2,7. P78-2 Orbi t and Earth Viewed From Sun
ILLUSTRATES TIE GROUND TRACE OF li-F SIE SATELLITE IN PR I ICI PLE TI-F SATELL I TE COILD SUPPORT 211 ~-i~
PO I NT . TIE SPATIAL RELATIO NS HIPS BETW EEN THE EACH DAY CF DIGITAL ACTIVITY AM) UP TO 10 i-F OF
EARTH. ITS MAGNETOSFi -I ERE . AND TIE SATELL I TE ORBIT BROADBAND A CTIVITY . THE TOTAL TAPE RECORDER
ARE SI-ICW4 QUALITATIVEL Y IN FIG UR E 2 .6.  ON MARCH CAPACITY IS 211 I-FL CF DATA . THUS . TO SUPPORT FILL
20. TI-F F I F T Y FIF TH DAY CF 11-C MISSION , TI-C TIf’C ACTIVITY , TI-C TAPE RECORDERS NOILD fEED TO BE
SATELLITE ORBIT BEGI NS TO I NTERSECT Ti-C EART H’S COM PL ETELY PLAYED BACK ONCE A DAY . WHE N
SHAIX7W AS I LLUSTRATED IN F I ~~JRE 2 .7 .  THIS SPRING CONTII-U)US GROUND SUPPORT IS AV AI L A~~E. E )G’ER I MENT
ECL I PSE SEAS ON LASTS 1111 DAYS WITH A W .XIMLII OPERATION IS NOT LIMIT ED BY SPACECR AFT PON’ER
ECL I PSE I)J RATION CF 71 MIN .  A SECOND ECL IPSE FW4LL I I-*S CA PABILITIES . AN EXCEPTION TO THIS
SEASON IS ENCO UNTERED I N TI-C FALL . OCCURS ON TIE DAYS (F TI-C LONGEST ECLIPSES . AT

THOS E TIMES . BROAD BAND DATA TRANSMISSION AND2.12 OPERATIONS
OPERATION CF TI-f EL ECTR ON AND I ON GLI~S IS

DATA A C O U I S I T I C F  CM TIE P78 -2 SPACECRAF T IS RESTRICTED TO AV OID EXCEEDING AN ~JZ DEPTh CF
US UALL Y LIMITED BY GROUND DATA 1-OANI1 I NG CAPAC I TY . DISCHAR GE CF TI-F BATTERIES .

L ~~~~~~~~~~~~~~~~~~~
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T i-i MISSION SE(~fNCE . FIGURE 2.8. F (L L WI N G  ORBIT SENSITIVE TO Ti-f SATELLITE EL ECTRL I C.A1

INSERTION AM) EJECTION CF TIE APOGEE I NS ERTION COI- IGUR AT ICM . TIE LONG ANTENNAS WILL BE DEPLOYED
ft)TOR . CALL S FUR ADJUSTMENT CF TI--F ORBIT TU IN STEPS OVER A PER I C4) (F WEEKS BE GI NN I NG SEVERAL

ACHIE VE A SLOM EASTWARD CR IFT CF Ti-f GROUND WEEKS INTO TI-C MISSION. AT TI-C END CF TIE ECLIPSE
TRACK . THE SATELL ITE SPIN AX IS IS TI-E N ORIENT ED SEASON , ~) DAYS INTO TI-F MISSION ,  TI-f P78-2
NORMAL TO Ti-C S it-L IfE. THIS  ORIENTATION IS SPACECRAFT AND ITS ’ VAR I ED AND I NTERACTI VE PA~IOAD

ESSE NT IAL TO SATISFACTORY OPERATION CF -li-i BEGIN WHAT CAN BE CALL ED NORMAL OPERAT I ONS .

SCIENTIF IC PAYL OAD AS WELL AS OPERATION CF TIE 
2.13 TRANSIENT PULSE MONITOR

SPACECRAFT PONER SI.FSYSTEM. THE SPIN AXIS IS

PRECESSED THROUGHOUT TI-C MISSION AT APPROX I MATEL Y IN ORDER TO OBTAIN A QAA NT ITAT IVE DESCRIPTION (F
ONE I’EEK I NTER’&S 10 MAINTAIN A 9)-LEG ANILE THE ELECTROMAGNETIC PIL SE ENVIRCH’FNT (~. Ti-F
EETYJEEM TIE SPIN AX 1S AND TI-F EARTH SUN L I N E .  SPACECRAFT , A TRANS I ENT PLLSE MON I TOR fIAS I I-CLWE D

UI-CE TI-C SATELLITE IS PROPERLY ORI EWi [ 5 . BC0)MS ARE AS A SPACECRAFT COMPONENT . RELATIVE FREQIENC Y (F

DEPLOYED FOR TIC SC~ T HE L~~~L PL A~~I.A ANALYZER. TIE OCCURANCE CF PUL SES PS A F UN CTION CF AMP.. ITIUL AND
SC2 SPACECRAF T SHEATH POTENTIAL M ONITOR , 1w SCJJ DUR A TlU~ PERMIT DESI GN CF C( IflND/CONTRIL ..C~~I

MAGNETIC FIEL D MONIT OR , AND THE SCI if TI-OAT IS RELATIVELY II~T~1ONE TC SRJR I OfJS S1(J~t~ LI.

ELECTR OM AGN ETIC WAVE A r’&Y2ER . lit PAYL OADS . TYPICAL SPACECRAFT. Ci-IAR ACTER I STICS (F ~~~~~~~
WI-L I CH ARE DISCUSSED N DETA IL IN TIE F OLL OWI NG PROD(KED BY A R CING BETWEEN D IF F ERENTI A L~ Y CL’J ..- I

SECTI ON S , ARE CHECKED OU~ IN DIV IEI LALL Y AND IN EL EMENTS (F TIE SPACECRAFT ~ 1I ~ BE MEAS LFEL .
r t P T h I N - - T ~CF DURING TIE I -EXT FEW BAYS . Ar~~IT IONAaY,  DATA FROM KNOWN L 1I~~O-t~ -~~ EVE NT S,

I D E N T I F I E D  BY DATA FROM THE SPPCE~-J~ T SL~~ACE
lit 11~/C 50—N ANTENNAS (FR C’rTL FCF Ti-F SC1[) POTENTIAL MONITOR . CAN BE USED ~~AN~~i ) P ~~~-.~~, Y  PM.
L I C TL.~ C F iEL D DETECT OR WILL SIGNIFICANTL Y CHANG[ QUAL I TAT IVELY IN TI-F VALIDA T~CM LI L
THE ELECT CI C .AL CONF I QJPATIC *- CF Ti-C SATELLITE. To PULSE COUPLING WOLELS.
PE RM IT EASELII{ DA TA IC. BE TAKEN BY EXPERIMENTS

E

~
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~

IL

~ 

- 
~~~iL ;. ~III 

~-~~~~- -
- -

-
- ~1 - ~~~~Lr T~~— LA

- ‘ IM ‘LU~.N I
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- _________ I
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~~~~~~~ :,
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-
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T RANS f ER TRIM IN A . IIIIfL I~
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~Lf I APLSIEN1 PLL SF MON I TOR CONSISTS (F Au 0 TGTAL PULSE COUNT

LLLC TR (~LIC P ROCESS OR AM. FOUR ELECTRIC A L TRANSIE NT
S[~ SORS . AS SI-OWN IN  FIU JRE 2.9. IWO (F ~~~~ - 0 POSITI VE I NTEGRAL

SF N~SOLI~ ARE CURRENT PF-XJEES AND Ti-c ARE LONC WIRE

~ ‘1ENMS . C~t (]JRRE NT PROBE IS L CCATED ON ONE (F o NE GA TIVE INTEGRAL

Ti-f W I rs ES THAT CC4*(CT TIC SOLAR ARRAY TO THE
POW ER CC A D I T I ONING UNIT . TI-F OTHER CURR E NT SENSOR 0 POSITIVE PEAK AMPLITU DE

I S L OCATED Ct-I LI-C CF SEVEN GROUND W IRES BET WEEN
Ti-f POWER C O N D I T I O N I N G  UNIT AND TI-F VEHI(1E 0 NE GATIVE PEAK AJIPL I TWE

FRAI.t . Scm CURRENT SENSOF~ HAVE SENSITIV ITIES CF
I r ’411i-.A. THE LONG WI RE ANTENNAS EACH CONSIST (F F I G UR E 2.10 IS A FUNCTI ONAL ~~OCK DIAGRN~1 (F TIC

INSI.LATED WIRES TIED TO TI-C OUTSIDE CF TIE FOIL ELECTRONICS ASSOCIAT ED W I TH EACH SENSOR.

WE AP CF TI-C MAIN V E H I C L E  W I R I N G  HARNESS . Ti-i IWO 214 PULSE COUNT CHANNELS
WIRES ~W PARALLEL TO EACH OTHER AN D EXTE ND HALF -
NAY AROUND TI-f INS IDE CF TIE VEHI CLE CENTER TUBE . THE PULSE (TILt-IT O-OANNEL ASSOCIATED W ITH EACH

THESE ANTEP~~AS DIFFER ONLY I N Ti-C MP~3N I TLOES ~~ SENSOR INDICATES TIE TOTAL Nit-lE ER CF TIME S TI-OAT

TI- fIR TERMINATION IMPEBANCES . As si-ic*.i IN FIGURE Ti-C MAGNITWE CF Ti-i INPUT SIGNAL E)EEED S A SET

2.9. TI-f LOW IMPEflLRNCE ANTENNA IS CONNECTED THRES I-~LD DiIRI NO EACH C*-E SEC TEL EJ’IETRY WI N IDLI -

DIRECTLX TO TI-F VEHI CLE F RAME AT TI-F FAR END AND H OW EVE R , IF TI-C INPUT SIGNAL E)CEEDS TI-f SET

IS TERMINATED IN ~OÜ WIThIN TI-F INSTRI1Et4T THRES I-BID I’IDRE THAi-I ONCE DURING ANY 1-i-EEC PERIOD ,

PROCESSOR NOUSIM3. TIE HIGI-r IMPELUANCE ANTENNA IS IT IS CO UNTED ONLY ONCE. TI-C PULSE COUNTER S

COI-tECTED TO TI-F VE HI CL E FRAME THROIGI A 100-K~2 ACQU I RE DATA THROUGHOUT EACH ONE-SEC TELEMETPY

RESISTOR AT Ti-C FAR END . AT TI-C TRANSIENT Ru SE FRAME REGARILESS CF TIE I-t)rE SETTING.

MONITOR END CF TB-F HIG-l -IMPEOANC E ANTENNA THERE IS
A 10-Ku RESIST OR IN SERIES WITH THE tH~ INPUT TIE Ru SE COUNTER THRESHELI~ ARE AS FCtLOWS:

I MFEt~ANCE .

~IIII~ 

THRE~1c1D SErTINS TMRE~~CLD (V )

0 0.35
CENTER TUB E I 0.c~Ll

SHORT CIRCUIT 2 0.012
lOO K 3 0,OcQ

2.15 PULSE INTEGRAL CHANNELS
OIOQITIONIN 

U RR E NT 
ANT EMIA THE iWO PULSE INTEGR AL CHANNELS ASSOCIATED WITH

SENSORS EACH SENSOR INDICATE TI-C TOTAL POSITIVE AND
TO NEGATIVE INTEG~AL (F TI-C I NRIT SIGNALS LIPING EACH

A RRAY 
• 

1 TIMING WINLOI . Hcs~vti~, Ti-C PORTIONS CF TI-C INPUT
SIGNAL THAT ID NOT E CEED TI-C L OWER Nj~_ ITtj) E

SINGLE 500
ptJINr GROUND ~ 5002 TIf~ESK1~LE SI0W4 IN TI-C TARE ME NOT INCL UDED IN

1PM attesua tors T INTE~~~~~~~~~~~~~~T TIE CONT W1US NOEE

Figure 2.9. Layou t of Transient Pulse Monitor Sensors 
TELEMETRY FRAME . Iu TI-F SI MIE—RJLSE ?~VDE (71011
1), 1W INPUTS TO TI-C PI.LSE I NTEGRAL CH.AM~~S FROM

THE TRAN SIENT PLLSE MONITOR ELECTRONIC PROCESSOR AMY SENSOR ARE DISA&ED APPROXIMATELY 10 MSEC
CON TINWIJ & Y I’D’4ITORS ELECTRICAL SI OMA L S FROM EACH AFTER TI-C OCCIIFENCE CF ANY TRANSIENT THAT E XCEEI~
CF li-C FOUR SENSORS SIP ~tLTAilEOUSLY RI D PROVIDES TI-f T*ESI-OLD CF TI-F PULSE COUN TER CHANNEL
TI-f FCLLOWING II-FOI~lATION FOR EACH SENS OR ONCE PER ASSOCIATED WITH ThAT SENSOR.
SECI

11

_ _ _  .± - ~~~~~~~~~~~~~~~~~~~~~~~~



I~ i. •
Y Y N

_ _  _- I - - UT- - - - :
--4-

~~Fi~~
-
~ 
.}

L• iJ~ 

-

_ _

_
_ _  

_ _ _  

~~~~~~~~~~~~~~~~ 
Figu re 2.10. Transient Pulse Monitor System Block Diagram

TIC RELATI ON SHIP BETWEEN THE I NPUT PULSE INTEGRAL TB-C OCCURANCE (F ANY TRANS I ENT THAT EXCEEDS ‘1-i
AS ((FINED ABOVE RID TI-f OUTPUT CF TIE POISE TI-FESI-CIL D CF TI-f RI SE COUNTER OW*IEL ASSOCI ATED
I NTEGRAL CHANNEL IS DETE RM INE D BY THE OVERALL WITH THAT SENSOR . THE PEAJ( AMPL I TUDE CHAM’&LS ME
TMPESIELD SETT I NC AND BY THE INPUT POI SE ~~~ LI TU (( NOT AFFECTED So’ CHAM~~S IN Ti-RESI-OLD.
AS B-EASLPED Sf TI-C ASSOCIATED PEAK Rift ITWE
CHAI EL . Ti-€ DYNAMIC RAM~ IS 2 x 10 8 TO 1.6 x TIE DYNNIIC RfrM~ CF TB-C PEAK N4’LITU(( CHAttELS
1Q~’ V-sEc . IS 2 i4/ TO 214 V FOR TIC 111GB I1~~ IW4CE ANTENNA , 20

i’W TO 2L0 V FOR TI-F LOW IB-WE~~NCE ANTENNA. 2 ,‘fi TO
Tu€ TRANS~ EWr POI SE M ON ITOR CAN BE CX)AWIIDED TO 214 A FOR TI-C SCILAR ARRAY SENSOR. RID 111) P#~ TO
OPERATE IN GAL CF TWO NODES (CONTINIJ)tS OR SIN~~E 1~~ A FOR TIE POWER DISTR I BUTI ON INI T SENSOR .
PuLSE ) AND TI-C EETECTOR TI-RESNOLD CAN BE CDt - ViRJEED IHE SE RNI(ZS IPCLWE TI-f EFFECTS CF 20 ~TO (~f (F FOLIO LEVELS • ATTEMMTORS Z N TIE INPUTS TO TI-f LOW IMPEIWICE N-Il)

2 16 PEAK AM LIT F HANN E S 
POWER CONDITIONING UNIT SENSORS MID ALSO TI-C FACTP UD C L 
THAT Ct&Y CtE (F SEVEN IEENTI CAL POWER L EADS IS

T,-€ iWO PEAK NIPLITU(( CHNt&LS ASSOCIATED WITh ~~~ I TORED BY fl€ PavER CCNDI TI CIBING UNIT SENSOR.
EACH sEMSOR IP~ ICATE Ti-C MAXIB -tII ~~~I T I V E  At-ID
NEGATI VE EXCURSI ONS CF TI-f INPUT SIGNALS DUR I NG
EACH T M INS WIPWV . IN TI-C CONT I MLWJS •

•
~~~~~ (i-ta

0), TIE TIMING WINDOW IS TI-f ENTIRE ONE-SEC
FRAME. IN Ti-C S I I -~LE- P~L SE i-ta (i-uca 1). TI-C
INPUTS TO TI-C PEAK N~~~ITU(( CHAttELS FR..AI ANY
SENSOR AR E DISA ~~ED APPROXIMAT EL Y 10 MSEC AFTER

12



3. SC1 SATELLITE SURFACE POTENTIAL MONITOR
3.1 SCIENTIFIC OBJE CTIVES IN SPACE, AT L EAST DUR I NG TIE INITIAL OPERATION CF

Il-C SATELL I TE SURFACE POTENTI AL MON I TOR (S~ M) TI-C SPACECRAFT. SAMPL E i~2 ON Sd -i I-lAS A GROUNDED

CONSiS TS CF TIC SQ-I, SCI-2. AND THE SC1 3 
ThIN CONDUCTI NG SUIFACE MATERIAL OVER A MOSAIC (F

M I I ~OORS. SAMPLE #4 ON SCI-3 HAS A GROUNDED THININSTR(I .IENTS . THESE I NSTRIII ENT S MEASURE THE
COAT ING (F GCLD F L ASHING OVER AL UN INIZE D KAPT ON .ChAR GING POTENTIALS AND CUR REN TS ASSOC I ATE D WITH

P ASMA INT ERACTI ON S W ITH fli’I CAL SPACE CRAFT
T AJIE i.1 SI-C*iS Ti-C CL4-OPL ETE L I S T CF S~ I’1 SAMPLES

MATERIAL S AT NEAR SYNCHRONGUS- UIOB IT ALTITUDES (F
ii-t P78-2 SPACE CRA FT. SPECIFI CA LLY , THE TIME 

AND DESIGNATED MEASUREMENT NUNSERS . SQ-I AND
SC1-2 ARE LOCATED NEAR THE EUIA TOR I AL PLANE CF TI-C

PROF ILE CF CHARGING EVENT S ON IB-SLLATORS. GROUNDED
SPACECRAFT APPROXIMATED 180 DEG FRG .1 EACH OTHER .

I NS LLATORS , AND AN I SCLATED CON~XTOR IN
THE FCBJO SAMPL ES CF SC1 1 AND THE LAR~~ SAMPL E (F

CO7’&J IX TI ON WITH VAR I OOS ENVIROIt ’IENTAL PARAMETERS Sdi-2 WILL ROTATE IN AND OUT CF SHADOW EVERY 60
MEASURED Ct-I TI-C SAllE SATELL ITE . WILL BE COMPARED SEC . SNia.~s Ct-I SCI-3 ARE ALWAYS I N  SHMX~ ON TOP
WI TH ANALYTICA L RESLL TS CF VARIO 1~ SPACECRAF T (F TI-C VEHI ClE .
O ARGI NG B-UI LS.

Table 3.1. Location and Identifi cation of Samples
3.2 MEASURING TECHNIQUE

T

TWO PARAMETERS SOIØIT BY TI-C S~ M EWER I MENT ARE ~~~~~~~~~~~ 

- 

Sd - I  Sd -S S C I - I ~~~ 
I

Kapl on K~~~~~~~
C 

~~~~~ Kap~on
SLI~ ACE POTENTI ALS ON AND BILK CURRENT FL OWS IN I I Al a,o.n j ,zd A l - d1°~ Aloroin ,,ed

TYP I CAL SPACECRAFT MATER I AL S L U R I N G  ALL FI-IASES CF 
- OSR IbI A lonu n ize d SIi~-~~r~ d I

THE P78—2 SPACEFL I GI-fT . A TEC HNI QLE DEVELOPED TO I

PROVIDE TI-C FRONT SURFACE POTENTIAL IS TO MEASURE °i’~~ R e f e r e n r e

DIRECTL Y THE LACK SUIfACE Vt1TA(~ USING AN 4 r . l d /  R e f e r e n c e ~’~ ~~~~
I band Alum inized I

ELEC TROSTAT I C DEVICE AND THEN TO CALCILATE TI-C 
_____________ ________ i ~~- -

CAL IERAT I ONS • 1’
~~ rou n~ z~ i. oh a n n u .  I

F RONT SUFF ACE PO TENTI AL BY MEANS CF L ABORATORY 
~
‘1Shadoued 

_J

h, lz thrzo~~h namp le

To I I’FER Ti--C CHARGI NG PROFILE OF A TYP I CAL 
L~~~~

gh g . I dondant rneu.uremeni

SPACE CRAF T MATERIAL . ONE MUST MAKE A SERIE S CF 
—

frEASLREMEt ’.TS AND ASS IIIPTI (MS . REDUNDANT MEASURE - S lICE TIE 0-lASS IS (F TI-C TI-C P78-2 WILL 0-IAN(~
B-IEh TS CF AL IkII N IZED KAPTCM ARE MADE CM EACH OF POTENTIAL DURING EITHER NAT URAL OR ARTIFICIAL
THREE INSTRItIENTS (Sd -i. SC1-2. AND SC1 3) FOR CHARG ING EVENTS , IWO CF -n-i SC1-2 POTENTI AL

THE FCLL OWIN G R EASONS : DURING H IGN TEMPORAL MEASLREIIEI’(TS ARE CF A CONDUCTING REFERE NCE BAND

CHAR G ING EVE NTS , THE FHYS I CAL L OCATION (F ~~ 
THAT IS ALWAYS PARTIALL Y SCIAR ILL LII INATED (EXCEPT

SAMPLE MATERIAL ON TI-C SATELLI TE MAY BE IMPORTANT; DURI NG ECL I PSE ) . THIS R EF ERENCE SAND IS DESIGNED
*CTIER OR NOT TI-C DIELECTRIC MATERIAL IS IN SEX-I TO MAINTAIN A CONSTANT AND LOW REFERENCE POTENTIAL.

OR SHADOW MAY ALSO AFFECT TI-C FINAL RES IL T; AND

TI-C BOEXIflARY CONDITIONS (I.E., PROXIMITY OF OTHER ONCE TI-C SACK SU1fACE POTENTIALS AND BUJ( CURRENT

SAMPL ES AND GROUNDING PLANES ) WILL PROBA~~Y AFF E CT FLOW S AR E LET ERMII ’ED , TI-C FRONT SURFACE POTENTIALS

TI-C CHARGING PROFILE. IN ADDITION TO THE CF TI-C DI EL ECTRICS ARE IB -F ERR O) BY MEANS OF

ALItIINI Z ED KAPTON . OTHER SAMPL ES TO BE FL COeI~I ON CALIBRAT ION TESTS PERFORMED AT TI-C NP~SA LEWIS
i l (  P78-2 SPACECRAF T ARE SILVERED TEFLON , QUARTZ R ESEARCH SUBSTO I~I FACILITY. DURING TI-ESE CHARG ING

FABR IC NOUNTED CM SILVERED TEFL ON , GCI D- FL AS I-ED TESTS WITH EL ECTRON BEAMS . A FRONT SURF ACE PROBE

AL IPIIN IZED KAPTCM. NO SETS CF OPTICAL SCIAR RECOR DED POTENTIALS SIM IL TANEO U SL Y WITH A

REFLECTI NG ((ER ) MIRRORS , AND A GCID PLATED RECOR DING CF TI-C SACK SURFACE POTENTIALS .

MA GN ESILPI PLATE.
ALL MEASUR EMENTS ARE DERI VE D FR ON AN ASSEIIELY

ho CF ThE NI N E SAMPL ES ARE NOT E>PECTED TO i~j~~ CONSISTING OF A SAMPLE, SAMPL E FO LDER ,
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~~~~1

DI RECT MULtT ED ELECTR OSTATIC SENSOR FR ON MO NR C( ALSO RECORDED ON MAGNETIC TAPE DURING T1-(SE
ELECT RON I CS , At-ID A BIPCIAR ELECTRONETER CIRCUIT CAL I BRATION I-C URS .
CAPA~~ E CF D I G IY IZI NG CURRENTS F~~~I 10 10 TO
10~ ~~~~ F I QJRE 3.1 SI-~~S A S0-EMATIC 3.3 DESCRIPTION AND BLOCK DIAGRAM
REPRES ENTATI ON CF A TYP ICA L SAMPL E ASSEMBOY. IN ELECTRIC FIEL DE BE TWEEN TI-C BACK SUFFACE (F EACH
ADDITION TO TI-f ‘VCII’ TAGE AND CURRENT MEASLIIEMEI4TS. SAMPL E AND TIC EL ECTROSTATIC SENS OR ME NOD(LATED
TI-C TEMPERATURE FRCII EACH MONITOR BOARD ASSEMBLY BY TINES OSCILL ATIN G AT 7(1) Hz. THIS SIONAL IS
IS ALSO RECORDED. FED TO THE I NRJT CF A HI GH IMPEDANCE At-~~ IF IER

THAT CON TAINS A PHASE - SENSITI VE IEfl)DILATC*l. TIE -Aa FI4A MI ‘~~ I~ -n 4 0 HIll PUSI IIU’ II
IE S I ~WP[ E PI” IPL ITWE CF TI-F SIGNAL IS PROPORTICMAL TO TI--C

______ IhPUT aE CThi C  FIELD AND THE PHASE CF TIE AC 
- 

/7  SiGNAL IS ~~ AT EO TO THE PCLAF I TY CF TI-C ELECTRIC
___________ F I E L D .

ELECTRIC CU R REN ~S PASSI NG TI~ G~~~ EACH SAl~~~E AR E
- (IRK- - R E I DI i~F1 ~ l 

S1P~~ II~ 
Lf’>._ O CRI] PPFA

‘— ~ iJuJ I— i n~-
CCL ECTE L CA i~ LACK SUIFACE ELECTRO DE (F KNOWNFigure 3. 1. Cutaway of Ty pical SSPM Sample Boa r-I 11 EA ;;. : RGt~rEi to ml HIGH I MPEDANCE ELECTRCPIE TER

A TYPICAL DIE LECTRIC SAMPL E I-lAS A METPL L I z E r  C I—C L :  ~~-i( ~I GMi IS A IPL IF I ED AND DIGITIZE D E

PACKING THAT IS GROUNDED THROUGH TIE CCFkEN ~ ~1Lj ~ ~ 1. )~ RG1NG CAPACITOR AND SNI T CH I NG
ME AS UR ING CIRCUIT.  A 250 NIL DIAMETER AR E?- D E V I C E .  Il-C sAN(~ CF FRE (~ ENCY FRCtI ZERO TO 10~
ETCHED FREE CF TI-C I - IETA LI ZA TI (M, IS A L I C I 0 [  Hz CORRESPONDS TO CURRENTS CF 10 10 TO i0~
DIRECTL Y OVER TI-f M~~~oE ELECTROSTATIC SENSC’~ N~: 

NIPS CCIiECTED CM A SENSITIVE AREA CF

A FEt E (F TI-C SAt-C DIAMETER , WH I CH I S tb- , . 
APP~ C~ ~M?TE ‘~ 160 CM2 . CURRENT PCiARITV IS

1WOL~ -l TI-C SAMPLE BC~AR D . THIS SA1IPL L ~~~~~~~~ DETE n!~INE (V A PHASE S E N S I T I V E  LFfrIDDILATCR, AND

PCS ITI OI - S TI-f MONRCC ASSEMBL Y AS WELL AS ~ P~AII -TAII - [r .  EY MEANS CF iWO I DENTI CA L CIRCU I TS ,
SAMPLE MATE RI AL.  -~~. ~~F 5 ,  -: ~ THE GTHE n R C A NEG A TIVE CURR EN T .

~‘Y MEANS CF A DiRECT MEASUREMENT CF TIC ELEC T-d C F I G.s-~E ~. L SFEAIS A BLCtK DI ~~,-J! ~ CF (ME SENS OR AND

FIEL D TC TI-C SENSITIV E ELECTRODE (F THE SENSC*~, ASSOC IATED ELECTRON ICS . THE DATA ARE OLI/- I NED

TI-C BACK SURFACE POTENT IAL IS DERIVED.  EAcH WITH C IRCU ITRY CM 11-C I-~~ IT CR BOARD. TIC SIGNAL S

DEVIC E is CALIERATED SY PLAC I NG A VELTAGE F RCM SUEASSEMEL I ES ARE ROUTE D TO T’- T I NTEI-FFACE

ELECTRODE AT TI-f SAME DISTANCE FRCM 11-C SENSOR PS BOAR D FOR DIGITIZI NG AND C O N D I T I O N I N S .  DIGITAL

THE SAMPLE . ALTI-OUGH TI-C ELECTRIC FIELD IS THE PILSES ARE FED TO THE SC2 DATA SYSTEM FOR

V’EASLIlED PARAMETER , TI-C LACK S URFACE POTENTIAL IS ACCUMLL AT ICN At-ID ROUTING TO TI-C MA IN TEL EMETRY

TI-C RECORDED QUANTITY . TI-C CURRENT CIRCUIT I S SYSTEM .

CALIBRATED PY MEANS (F DIRECT SIMELATI ON ~ ‘- 3.4 OPERATIONAL ASPECTS
KtO’IN CURRENT SOURCE F i-~W ~~ TC ~~ AMPS .

TWELVE VOLTAGE At-ID 18 CURRENT CHANNELS ARE
TIC FIN AL DERIV ED QIAAE T ITY IS TI-C FRONT SUIFACE DI G ITIZED , SENT TO TI-C SC2~4 DATA BOX. AND

F 
POTENT IAL . EACH SAMPLE AND ASSEMBLY HAS LADE i - F COMPRESSED I NTO ~2 B IT SCALERS. EACH (F TI-C TWEE
CAL I BeAT ION IN THE NASA LE~ I s RES EAR C R ~ ‘ i. IN STRIIIENTS HAVE SERIAL R EALUUTS FOR FOUR VU.TAGE

SUESTO~~1 F AC I L IT~ U CLEVEL A’-C .  3~i . ,, ChANNELS Pt-ID PARALLEL REArX LJTS FOR FliP POSITI VE

~~ECT~ON ~ -J .I S WITh ENERG I ES Frs (j~ 2 KEV ic ;r- AND NEGATIVE CURRENTS . EACH CF TI-C FOUR VU. TA(t

F ROK~ VERS L BAC K SURFACE ~~TE NTIAL WA~ 
SIGNAL S F RCII  EACH U N I T  IS ACCIJIILATED FOR 0.25

LCOR DED DURI NG CI - WCIWC (5 EACH SAMPLE - SEC . THE PCIARITY CF EAO-I ~~.JAGE SIGNAL IS
—~ oEFOR E TI-C FI~CKT SURFACE PCTE 1-T I A .  13 DEr1IVE D RETAINED IN TI-C LEAST SIGN IFI CAN T BIT OF Ti--C

~ MEANS OF A SIMPL E ANALYT I CAL F UN CTI ON .  ~i- ~2~51T SCAL ER .

ADD I T I O N ,  CHARGING PROFILES At-IC HISTOR I ES I-€rc E

.14
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Fiqu re 3.2. SSPM Block Ordl-j rdm

IN AD DIT I(1~ TO ThESE PR I MAR Y DIGITAL CHANNELS FOR CYCLED INTO EACH ELECTRCIIETER INPUT WITh A 1O SEC
EACH S~ M. FOUR ANALOG TEMPERATURES AND Ct-C ANALOG FC R IO D . THIS RESIL TS IN A CYCLIC PATTERN CF
VOLTAGE I’Ø1ITOR ME SENT DI~~CTLY TO TI-C SATELLITE APPROXIMAT ELY 7W HZ Ct-I EACH NEGATI VE CURRENT
ANALOG TH_ EJ’~ 1RY SYSTE M. EACH PRIM AR Y VEI TAGE OR OUTIkJ T L i N E .  A DIS CRET E TELEMETRY OUTPUT LEV EL
CIPRENT CIRCUIT CAN FE CEMI NIDE D SEPARAT ELY. A IND I CATES THAT TI-C I NSTR (tC NT IS IN TI-C CAL I BRATE
CURR E NT CAL I BRATE CCM~1At-ID IS ALSO AVAILAH E AND NGt( .

APPROX I MATELY -7 x io-8 p J .jp~ IS

4. SC1 VERY LOW FREQUENCY WAVE ANALYZER
4.1 SCIENTIFIC OBJECTIVES DETERMINE Ti-C RATE AT $-IICH DISCHARGES OCCUR AND

TO DE TERMINE TI-C NGI~1AL EM! CHA R ACTERISIT I CS CF A
TIC VIF At-&vzER MEASURES ELECIRONAGNETIC SPACECRAF T IN TI-f PLA~IA ENV I RO*IENT AT
EMISSIONS IN TI-C ELF, VLF, AND LF RANGES . SYNCI-PONOIS OR BIT.

TIC PR IMARY ENGI NE ERING OBJECTIVE CF THIS THE PR I MAR Y SCI EM T I F I C OBJECTI VE CF 11115

EXPERIMENT I S TO VE RIFY THAT ELECTRICAL DI SCH AR GES EXPERI ME NT IS TO MEASURE TI-C I NTENSI TY AND
ARE OCCURRING I*CN OTt-ER E)G’ER IMENTS MEASURE LAR GE SPE CTR A CF ELECTRC*I~ 3NET IC AND ELECTROSTATIC
DIFF ERENTIAL POTE NTIALS BETWEEN SPACECRAFT EMISSIONS BY TI-C ENE RGETIC PARTICLES IN TI-C
t-tA T E R I &S  AND BETWEEN TI-C %EHI Q E AND TI-C SPACE t4~~~TOSR1ERE OUTSIZE OF TI-C PLASMA SFI-IERE. THE SE

~~~. TIC SECC IIDAR Y ENG I NEERING OBJECTIVES ~RE DATA WILL BE USED TO NGEEL TI-C DYNAMICS (F TI-C
TO MEASURE ThE INTEt~ ITY (F TI-C FIEL~~ TO RAD IATIOR BELT PARTICLES IN THIS RE GION CF TI-C

is

- — — —.~~~- , - . - —- — _ _ -- _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~



MGNET~~PHE~E. THE SECON~~~Y SCIENTIFIC OBJ ECTIVE 4 3  FUNCTIONAL BLOCK DIAGRAM
IS TO Ii -~~ STIGA TE MAVE PARTICLE I NTERACT ICN AND

A SCI-C1’IAT IC (F THE FLA CTI ON AL BLOCK LIAG RAM I SNHISTLE(; ltCE PROPAGATION IN TI-C OUTER
MAGNET OSRI ERE . Tb-F APP ROACH IS TO USE A St-OWN IN FI~ JRE 4.2.

HIGI-t PCWCJ(, G~OtJDBA S ED , VLF TRANSMI TTER TO •1
COURLE iNT O Ti--C MAGNETOSM-IERE WHISTLER-t-t&t WAVES J I

CF KNC$~T-I FREQL€NCY . PI LSE DURATION, RADIATED A -
AMPL IT UDE , PAI D A-bASE. Tb-F 1VLF TRAN SMIT TER SYSTEM • .

WILL BE INS TALLED NEAR STRAND, NORWAY . THE fl-
NITEMLA W I LL BE NI EXI STI NG ~ H<M LONG W—~ PCWER l PH 5~~J

L I N E .  AT GECSY1fCHRONOLIS ORBIT (L~ 6.6) THE I i I P ~~U IAH I 
~g .IP HI IUIHI L L __

IELECTRON G~ROFREI~ENCY IS APPROXI MATEL Y 3 KHZ. ‘HAI DU 1
THE TRA NSM ITT ER I S CA PABLE OF DEL I VERING 1W i4~ TO OP HI 4O~ I I I
A MAId-lED LOAD OVER A FRE (~INCY RANGE F ROM 1 KHZ I I 13

I I I?300

TO 30 I<flz . FOR ThI S EXPERIME NT IT WILL OPERATE 
I I I I

I I
BETWEEN 1 AND 5 KHZ. THE PR I MAR Y WAVE RECEIVERS I I 

I IID
WILL BE THE VLF ANALYZ ER ON P78-2 AND TI-C S-iW J I I
EXPER IMBIT ON TI-C (~ CS SATELLITE. L J

r 1
4.2 MEASURING TECHNIQUE

THE EXPER I MENT EMPLOYS IWO ANTENNAS TO DETECT IHE 
TO HI

~ 
P1w . M 1~ iTI J R —

ELECTR OM AGNETIC AND ELEC TR CSTAT IC EMISSIO NS . AN I
Ii I i IA IR — CORE LCO P ANTENNA DETECTS TI-C MAGNETIC L-T_J 1 I

VP MONITOA
COMPONENT OF TI-C WAVES AND A lW—N TIP -TO TI P (~1~T 1 I  I I MI~

I LL~~JDIPCI E ANTENNA , DESIGNATED SC10 2, 3 AND DESCRIBED 11004  I

IN SECTION 17. DETECTS THE ELECTRIC COMPONENT. ~~~~~~ I J JJ ~~ 0
I COMM A~LS TD 1 U

L L JTHE OVER ALL SEN SITIVIT Y CF TI-C ELECTRIC FIELD 
L+_j  I

RECEIVER IS 5 x io~’ V/M .FHz AT 1.3 KHZ AND S~ ’0~ I

10~’ V/t - iJHz AT 10.5 KI-IZ.

THE AIR CORE LW P IS ELECTR OSTATICA LL Y SHIEL II D Fi gure 4.2. VLF Frequency Wave Ana lyzer
AND HAS AN EFFECTI VE AREA CF 575 S~ 1 AT 1.3 ICI~Z . Block Diagram
iT IS WNSTRIX TED CF 1530 TURNS OF ~~ AW COPPER 44  OPERATIONAL ASPECTS
WIRE Ct-I A FO RM 50 CM IN DIAMET ER , THE ANTENNA IS
A BCOM ?‘K*IITED LOG P 2 N FROM TI-C SPACECRAFT. TIC TIC VLF At-~~vzER H~S EI9-I T PULSED CX~ T-W-IOS TO
FREGECNCY RES PONSE CF TI-f LOUP ANTENNA AND LON CONTRCL TI-C OPERATI ON OF TI-C EXPERIMENT PS FCU C*~S:
PASS FILTER IS SI-OWN IN F IWRE 4.1. TI-C OVERALL
SENSITIVITY CF TI-f RECE IVER 15 3 x 1O~~Y/JHz AT 1) SELECTION OF Ti-C BROPIiBAND OUT PUT
13 i4iz . THE DYNAMI C RANGE 15 60 1)8. 14JDE -Q F/31d-IZ/514-lZ

2) SELECTION CF TI-C ANTENNA SIGNAL TO

AIJTC1’Y~T!C SW1TQ1J~G AT 16 INIER ’/ALS
BE ANAL YZED-ELECrRI&’M~GIIEr I C/

3) SELECTION CF Ti-C CALIBRATE MDEF {14/CFF7 4 6 8 0
PRFCIFNCY . ,~~,-

4) SELECTION CF TI-f NARRCWBAND F ILTER
Figure 4.1 . Frequency Response of the Loop Antenna
and Low Pass Filter

16
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Tb-i PRIf’t p~ Y ON— OR BIT oPERATI ON WILL FE TIE CENTEI~ED AT M IIf . I G-I T, DA~N , rIL (Jrp AND LI JSK. THESE
r.i ~- Lwi- AMD F ILTER IiJ DE PROVIDING TAPE RECOR DE D DATA CAN dALY FE CCLLECTED IN R EALTI ME . UI-C ILLI-<
DAT A WITH THE ANTEN NAS SW ITCHING . BROADBAN D DATA I-ER DAY IS ALL OCATED TO THIS EXP ERIME NT W I T H  A
CAN CE OETAII-.ZD AT FO UR PERIOEB APP RO XI MATEL Y MINI M IJ ’I BROADBAND ACQ UISITION TIME CF 20 MIt’JOREIT.

5. SC1 RADIO FREQUENCY ELECTROMAGNETIC WAVE
ANALYZER

51 SCIENTIFIC OBJECTIVES Table 5. 1 . RF Analyzer Specifications

THE ~~ ANALYZER r.t~s~~s ELEC~TROM~~I-ETIC EMISSIONS 

~~~ ~~~ ~~ 
,i.~

- 
~~~ - - - - -

IN TI-C FREQIEPCY RANGE FROM 2 MI-Iz TO 30 Ml-~z.
Oo. ,.II A~~.h. -  H . . ; .  ..~.. O . i ~ 4 4 kH~ dO

THE PR I MARY OBJEC TIVE OF THI S PAYL~~I) I S TO VERIFY 
~~~~~~~~~~~~

THAT ELECTR I CAL DIS CHARGES ARE OCCURR ING WHEN 
- .~ ~

• 

OTHER I NSTR UMENTS MEA SURE LARGE DI FFERE NTIAL - ~. -.
P - -

CHARGING LEVELS ON THE THE SPACE VEHICLE ,~~~~~~ , ~~~~~ - .
SURF AC ES FOR THIS PURPOS E IT WILL I-EASIJRE 11-fE H

N1JII3ER OF PULSES AND THE SPEC TRAL ENVELOPE IN THE 
~ O A R

‘~F FREQ(EI-CY (INTEGR ATED (NER MANY PULSES ). TIC ~~~~~~~~~~~ ~~~~~~- - - ‘  ~~~~~ ~~~~~~ . . - .~ . 

SECONDARY OBJ ECT IV E IS TO MEASURE THE NORMAL EMT F , . 0- - - f l - v  1-~~,,’- . p 
- - - -

ENV I RONMENT OF THE SPAC E VEHICLE IN NE PLASMA I o~ R~~
, -- F..’

ENV I R~t-~ENT AT SYI-CHRONOUS OR B IT. -~~~~

5.2 MEASURING TECHNIQUE ‘~ p

S, . p  A - . , a . d h o  In I-H, .1t..! Ab b lanon —-

THE ~~ ANALYZER ETPLOYS NO ANTENNA S FOR 11-C ir rn ~,.,.-n. ,, - ~P . ‘.000 0 MII’

MEASUREMENTS~ All EXTENDIBLE l(0 M TIP -T0 — TIP - An.HH. - Ifi - I--- .

DIPOLE PR(WIDED BY TilE ~11)DARD SPACE FLIGHT CENTER R.q I $

FOR THE IT FIELD EXPERI ME NT AM) A 1.5ii ~~~PCtE POP HP .flnp

ALONG A BCOM THAT I S DEPLOYED PER PEND I CULAR TO li-C 
- 

‘ ‘ ~ ‘ ~ - 
~, H - 0 . 2 0. 0

SP I N AXIS OF Ti-C VEHICLE . -

54 OPERATION A L ASPECTSTHE ANALYZER CAN BE OPERATED IN T30Th A SWEPT OR A
F IXED FREQUEI-~ Y ~~~~~ Ti- DE SI GN IHE LUDE S FIV E THE ~F ANALYZER IS COt4I-WIDED BY A Z~~BIT SER I AL
FREQ(ENCY BANDS. NO SWEEP RATES FOR EACH RAN!). DIGITAL COM’IAND AND 10 PU_SE!) COI4IANDS . THE

AND NO DETECTION ‘3ANEAbI DNS. THE DETAILS ARE DIGITAL CO!4IAND SELEC TS NE BANDS TO BE SWEPT , NE

SP~~ I F I E D  IN TABLE 5,1. THE PAPLITUDE (~~~ K SWEEP RATE. C? THE FIXED FREQUENCY FOR NAT t~K)DE
DETECTION ) I S SAI-cLED 4(X) TIME S PER SECOND . CON CF OPERATION. THE PULSED CONPWID S SELEC T NE
VERTEI) TO AN ~~B 1TDIGfTAL FORMAT ( ONE BIT IS A ANTENNA. 3ANI)4IDN~ GAIN ,  CALIBRATION SIGNAL . AND

SYNC BI T ) AND TELEi-ETEREI) ON A SPECIAL PURPOSE 3 BRDADBPNI) OPERATI ONAL I-WE.
K1~Z r4ROAD!W-lD !~ 3TA CHANNEL. T)JRII-$3 TAPE RECORDER
ONLY OPERATIO NS. THE AtPLITUDE IS SA1PLED EIGHT THE ON-OR13!T OPERATION WILL RE BASED ON SCHEDULED
TIMES PER SECOND. (~ILY FIXED FREOI.ENCY OPERATION COf ’?’WfDS (TO BE ‘DETERMI NED AFTE R NE TIMES C~~
WILL TAKE PLACE IN THIS I-tXfE . SATELLITE DATA AC Q UISITION FOR A WEE K ARE

5.3 FUNCTIONAL BLOCK DIAGRAM SCHEDULED).

A SCHEMATIC OF THE RF ANALYZER IS SHONN IN FIGURE

~.1.

17 
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Fi gure 5 .1. RF Anal yzer Block Diagram

6. SC1 TRANSIENT PULSE SHAPE ANALYZER
61 SCIENTIFIC OBJE CTIVES AUTCtIAITICALLY THROUGH THE SELECTED SENS~~S

I-UII TOR I M3 EACH IN TURN FOR 16 SEC . rHE
THE RiSE &IAPE ANALYZE R MEASURE S NE SHAPE OF FUNC TIONAL BLOCK DIAG RAM IS SHCA fN IN FIaIRE 6.1.
ELEC TROMA GNE TIC PULSES IN THE TINE !X)MA IN FROM 7 WI-EN A SIGNAL EXCEEDS A CO!4IANDABLE THRESHOLD ITS
NSEC TO 3 .7 NfEEC . AJ’VLITUIDE IS SAIPLED AT 1~ PO I NTS it) MEASURE THE

PULSE SHAPE . THE 16 SAJPLES MAY BE SPACED
TIC PRIM ARY OBJECTIVE OF THIS EXPER IMENT IS TO LOGARI THM I CALLY C? LINE AR LY IN TIME . THE
VERIFY 11-fAT ELECTRICAL DISCHARGES ARE OCCURR ING 

LOGAR IThMIC SPAC I NG COVERS THE RANGE F ROM 7 NSEC
WHEN 011-ER !NSTR 1~’ENTS MEASURE LARGE DIFFERE MT~AL 

TO 492 1LLSEC . THE LIf ~ AR SPACiNG IS COI~?IAND4BLE
CHARGING LEVELS ON SPACE VEHICLE SURFACES . THE 

WI N FOL.LQ’4 I N’3 OPTIONS: 0.15, 0.16. 0.24. 1.0.
PULSE AIPLI TIOE S AND SHAPES PRODUCED BY S!.CH 3.8. 3). AND 250/LSEC . TIC AWLITUDE IS MEASURED
ELECTRI CAL DISCHARGES WI LL BE MEASURE !) ON FOUR BY A BANK OF 24 DISCRIMINATORS . 12 POSITIVE AND 12
SENSORS. NEGATIVE . THE TOTAL RANGE IS 3 NW TO 1.8 V. THE
6.2 MEASURING TECHNIQUE SIGNAL FROM EACH SENSOR CAN BE ATTENUATED BY

C(flIAM) TO PLACE IT WITHIN RANGE. THERE ARE SIX
TIC PULSE ANALYSES ARE I-lADE ON FOUR SENSORS: (1) A AT TENUAT ION SETTINGS THAT SELEC T MEASUREMENT
LOUP ANTENNA AROUND OI-E OF NE NO REDUNDANT SPACE RANGES FROM 3 MV TO 1. 8~4 V AT M I N INIJ’I ATTENUATI ON
VEHICLE CC~j~4’) OI STR I BU T IOI UNI TS . (2) A WIRE TO 3.116 V To 1910 V AT MAJUNtJ ’1 ATTENUATION. THE
ALOI-IG THE OUTSIDE OF A “TYPICAL ” SPACE VEHICLE ThRESHOLD I S COUPLE) TO THE ATTENUATION SET TING .
CABLE BUI DLE. (3) AN EXTERNAL SHORT DIPOLE THE ATT ENUATION. THRESHOLD. AND SAIPLIIA3 I NTERVAL
ANTENNA AT THE EM ) OF A 2-t-i BORN . AN!) (1$) A CAN RE INDEPENDENTLY COM’TANDED FOR EACH SENSOR .
DIGITAL COI’T’WID LINE FROM 11-C CONTIAND DI STRI B UTION THE MJM3ER OF PULSES PER SECOND A&f-/E FOUR
(Al IT TO 11-C PULSE SHAPE ANALYZER. SELECTABLE THRESHOLDS IS ALSO MEASURED . TH REE OF

6,3 FUNCTIO NAL BLOCK DIAGRAM ThE NRESI-~)LDS ARE ‘DETERMI NED BY NE ATTENUAT ION
SELECTI ON. THE FOURTH IS NE PULSE ANALYSIS

TIC SIGNAL PROCESSOR MAY BE 9-’TTCHE!) BY CCA~t1AND TO 
THRESHOLD.

ANY OF 11-fE FC*JC SENSORS . T T IT-lE N STE PS

18
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Figure 6 1 SC1 88 Pulse Analyzer Simplified Block Diagram

THE TNGTRLR’EEIT IS CONtWIDED BY A ~~~BIT SERIAL I NITIAL I-EASIREI-ENTS WILL BE MADE WITH 11-C
MAGN I TUDE CCflIAM) OF WH I CH ONLY THE SEVEN LEAST LOGARITHMIC SANVLE SPACING. LATER LINEAR SPACING
SIGNIFICANT BITS ARE U SED . WILL BE USED IF TYP ICAL PULSES PROVE To BE VERY

6.4 OPERATIONAL ASPECTS SHORT (< 1W NSEC ) OR VERY LONG (>2W~ sEC).

TN ITS M)RMAL I-WE OF OPERATION THE INSTRII ’ENT INFL IGH T VERIFICATION OF THE CALIBRATION IS

STE PS IHROtQ-l EACH OF THE FOUR SENSORS ftt-I I TC?ING ACCOIPLISH BY SENDI NG SERIAL MAGNITU DE COtIIANDS

EACH FOR 16 SEC IN SEQL(NCE . THE ThRESHOLDS AN~) FROM THE CONTIAND DISTR I BUTION UNIT To THE SERIAL

ATTENUATIONS FOR EACH SENSOR WILL BE DETERNINED BY MAGN I TUDE CCflIANT) SENSOR.

EXPER I E?CE ON ORBI T.

7. SC2 SHEATH ELECTRIC FIELDS
7.1 SCIENTIFIC OBJECTIVES DISTRIBUTION MEASURED AT THE PROBE AM) IN THEIR

THIs EXPERIMENT IS INTENDED To PROVIDE 11-C 
VICINI TY . THE AI NS OF Ti-C EXPERIMENT ARE To
OBTAIN INSIGHT I NTO THE CHARAC TERISTICS OF

ELECTRON AND ION DISTR IBUTION FUNCTIONS. OVER A
SPACECRAFT Sf-CAN FIELDS. To OBSERVE THE EFF ECTS

LIMITED ENERGY RANGE , AT THREE POSITIONS IN THE
SPACECRAFT PLASMA SHEATH. THE EXPERI MENT ALSO 

OF PARTICLES 11-tAT COIPRISE THE ENERGETIC PLASMA
NEAR A SPACECRAFT. To OBSERVE THE POTENTIAL Ti-fAT A

MEASURES TIE FLDATING PaTENT I AL OF TWO P4~IJA-IW
(COLLOIDAL GRAPH I TE ) CQATED SPH ERICAL PROBES 

RELATIVE LY SIIP LE GE C~ETR ICA L SHAPE (A SPHERE )
ATTAINS IN THE PLASMA ENV I RONMENT BOTH IN S1I~1LIGH T

RELATI VE To THE SPACEC RAFT GROIRI1D OVER A LARGE

0~’MftJlIC RANG E . THE SPHER ICAL PROBE S CAN BE BIASED 
AM) IN SHADCfrI . AM) To N~X-lITC? NE INFLUENCE NAT
THE SPACECRAFT ITSELF HAS ON Ti-fE FINAL POTENTIAL

RELAT I VE To NE SPACECRAFT UPON GROtN~fI) CON?IA 4D .

THE CURRE NT To ONE OF THE BlASE) PROBES IS ALSO 
THAT SUCH SIPLE OBJEC TS ATTAIN. THESE

~~AsL~~D. THE BIAS ED PROBE S I -O) IFY NE PARTICLE 
OBSERVATIONS WILL BE CONVARED WITH NE RESULTS OF

19
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-~~~~~~~~ ~

OTHER HORE C OI -VR EH ENSIV E PLASMA MEASUREMENTS 
- -

ABDARD 11-fE SPACECRAFT It) OBTAIN NEW INS I GHTS - - - ,, - 
-

K ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
CO~& E! ~4 INS THE PLA~ 4A SHEATHS TN-fAT FORM AROUND -~~. 

- 
/

OBJECTS IN HOT DILUTE PLA SMA S BOTH IN NE PRESENCE - ‘ S -
,

AM) ABSENCE OF PHOTO I LLUM I M ATION . TIC OBSERVATIO N S
WILL BE USED) AS TEST DATA FOR NE VALI DA TI ON OF 

-~~~~0~ l 
- -

SPACECRAFT PLASMA I NTE RACTI ON YODELS THAT ARE -

IDE INS  DEVELOPED . li qu r e  7 1  Spacecra fT ari d Boom Geometr y

7.2 MEASURING TECHNIQUE BEG ONTO PIRALT!~)N CHANNEL ELEC TRON EILTIPLIERS

E’f-IERE TH EY ARE DETECTED. Ti-€ CENTE R ANALYZER
THE EXPERIMENT CONSISTS OF 11-fREE MI N IATURE PLATE IS BIASED FR OM — O . O TO +J ~1fl V. f’~1ILE NE
ELECTROSTATIC ANALYZERS. E’~~I CH MEASURE NE FLUXE S NO OUTSIDE PLATE S ARE SIN-IJL TANEOUSLY BIASED
OF ELECTRONS AND IONS OVER A LIMITED RANGE OF PROM — 0 .0  TO -1603 V BY A PROG RAItiER AS SH~ .-IIN
ENERG I ES AS SH(Y.*I IN TABLE 7.1. TNU OF NE SEHEMAT I CALLY IN FIGURE 7.2, THE IONS AR E POST
ANALYZERS ARE EACH ENCLOSED W I T h I N  BCX)M 14)JNTED ACCELERAT ED BY -16(1) V BEFORE INfI NG INS ON 11-fE ION
SPHER I CAL PROBES AM) TI-C THIRD IS E4DUN 1ED BEH IND DETECTOR 111 INCREASE NE DETECTION EFFICIENCY.
NE CENTER BAND ON ThE SPACECRAFT. THE BCOMS ARE TIC ELECTRONS ARE NOT POST ACCELERATED . THE
1~

) BEG APART AND ARE YOUNTED NEAR TI-F CENTERLINE ANLAYZ ER COLLIMATE R AND SERRATED PLATE S ARE COATE D
OF ThE VEHICLE . THE RELAT IVE GEOMETRIES OF NE WITH “GOLD BLACK” TO REDUC E 1)-fE ULTRAV I OLET
SPAC ECRAFT AND BOC~~ ARE SHONN SCHEMATICALLY IN RESPONSE OF NE SYSTEM. THE THREE N-PE lTS ARE AS
FIGURES 2 ,2 AND 7.1. THE FIELDS OF VIEW OF 11-fE NEARLY IDE NTIC AL AS POSSIBLE MECHANICALLY ATf)
ANALYZ E RS ARE PARALLEL TI) EACH OTHER AM) TO NE ELECTRICALLY. THE ANGULAR RESPONSE OF NE L~~ITS
F I E L D  OF VIEW OF NE ENERGETIC PROTON DETECTOR , (Ri AT ll~ MAXINU-i RESPONSE ) ARE APPROXIMATELY 9
*110-4 15 DESCRIBED IN SECTION 5. AND 7 BEG FOR NE ELECTRONS AND 16 AND 9 BEG FOR

I Ll/ I l -  7 1  SC2 Electrostatic Analyzer Energies NE I ONS IN PLANE S PARALLE L AN!) P ERPENDICULAR ,

RESPECTIVELY . TO NE SPACECRAFT SPIN AX I S.  THE Y
T - 

I n , - r ~~~~ - - - ’  - / - ~ ro~ L 1 HAVE GEOf€TRIC FACTORS OF~~1.7 X 1U~ CI-~ STE R

- Lon 
- 1 FOR ELECTRONS AND~~6.7 X 10~ CN~ STER FOR

r - I~ 

- - 
A 

- 
10 110 

- - 

iONS. THE ENERGY RESOLUTI ONS ARE~ E~ ~~~~~ FOR

- 

I~~~~ 

ELECTRON ANDo~E/E o.iq FOR I O N S .

~~~~~ O~~ A 

~ 
-

~

[ 0 

71 CI bi T~O 

~~~~~~~~~~~
I
~~

LTRQN
® 

SE IC/fIllS

EACH ELECTROSTATIC ANALYZER CONSISTS OF THREE 
- -Figure 7.2 Schematic Diagram of ESACONCENTRIC CYLIN OR I CAL PLATES THAT DEFLECT NE

PAR T I CLES OF PRO PER ENERGY PER CHARGE 1HROWH 127
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THE SPHERICAL PROBES CONTAINING NE ELECTROSTATIC Table 7.2. Prob o Bias Programs ’
ANALYZERS ARE — 17.8 CM IN DIAZ.ETER . THE B(X) t~ ON r I rog r ,,, I 11.8r ~1 1 4 I  ~1- ~~~~~~~~~~~ l- r - . , r ~~~~~1
NI-I t O-I THEY ARE N~XJNTED ON ARE 2.54 CM D1A FOR THE ~o4 v . . t~~~. V~~ii~~~ .- lt~~P 

I 
V 4 t ~~t,r~ ~~°1’

FIRST 38 CM NJTJ H A V E A S 1 4A D O NS)1I~~O F T H E~~~1€ DIA 0 A .449 1 0 4 8 !

AND 25.4 CM LCN5 (SEE FIGURE 7.1) . THE SPHERES. ‘
~ 

-
~~~ 

-

THE SHAD 4 STN-~ . AND THE 2.54 CM DIA B())M SECTtONS ~~ O : 1 ~~
ARE CDATED W IT H A0JA—T)~ . THE SPHER I CAL PROBES ~ I t  -

CONTAIN ALL. E1.ECTRONI CS NE CESSARY 10 SIP POR T THE 
9 

-

ELECTROSTAT IC ANALYZERS. PLUS THOSE NECESSARY TO t O  .111. 0 II’ 0 . 4. -

PROVI DE BIAS VOLTAGES FOR NE PROBE S AM) TO 
~~ ~~

- 
~

MEASURE NE POTENTIAL BETWE EN NE PROBES AM) NE - ~~ I

SPACECRA FT FRAME. ()~ifE PROBE, S(2 1. ALSO CONTAINS ~1 .g~ ~ .~ . 08

A D I G I T A L  ELEC TRa~~TER FOR MEASURING THE CURRENT ~ 
- - :~:~17 -0 .63 tO - -0.05

TO NE PROBE NI-lEN IT IS BIASE D . 1/ - t . i 0 .0 . 39
.1.1 - - i i  22 -0.63

S - .3 . 1 5 _ 0 .711 -

THE PROBE VOLTAGE MEASUREMENT IS A MiLL :~4:~ ~~ 
- —

MEASUREMENT. A SPHERICAL FARADAY CAGE. NI-IICH ~~ :~~ I
SURROUNDS ALL NE ELEC TR ONICS AM) NE PARTICLE
ANALYZER , IS BIASED RELATIVE TO NE SPACECRAFT L±° I ±~~L~~:

4 
...L~~~ -

FRAME . THE VOLTAGE DIFFERENCE BETWEEN THIS ~~~ioe of b.~ . vo It ~ gr~~~ re f oe SCZ- I . SCZ .2 ro~h.r .
‘Step s eq ue nc e t ndic ates the order in which the hia ,eS are

FARADAY CAGE AND THE PROBE SURFACE IS SENSED AfID app lied , 16cr , are 32 .t.ps 1 0- I l )  In Peogr arn . I and 2. t- step .
10 -01  0 Progr a m 3 and 2 s tep s in Progra m 4 .

COICETROLLE) IN A FOLLONER CIRCUIT ” SO THAT IT IS
LESS THAN ABOUT 0.01 PERCENT OF NE PROBE VOLTAGE I SHADOW I
RELATIVE TO TI-F SPACECRAFT. THE SMALLEST CC*T-~)N

NVI)~ VOLTAGE MEASURABLE IN THIS MANNER IS~~± INSULATOR P R O BE SURFACE

10 L V AND NE LARGEST IS —± 7tX) V. IF THE — <
FARA DA Y SH IE U)

PROBE VOLTAGE SHOULD ATTENVT TO EXCEED THIS E L E C TRO M ETEFL AND 
~~
‘

MAXIMJM RANGE . NE CIRCUITRY CHANGES IPEDANCE TO / 
PROBE BIAS CIRCU I TRY

LIMIT NE VOLTAGE NE PROBES CAN AUAIN . IN THE / ~~~~~~~~~~~~~~~~

BIASED i’WE THE PROBES CAN BE STEPPED THROUGH /
‘ 

ISOLATION MOUNT FOR PROBE VOL T AG E MiAs/ IRI \ r ;
SEVERAL BIAS PROG RAMS WITH THE NO MAJOR ~~~5 I ’ 

O U T E R  SUR F ACE 
-_________

COVERI NG THE APPROXIMATE RANGES 0 ru !20 V AND 0 CEN TRAL SHE L F S TR U CTU R E 
- -

TO ± 49) V IN ~2 QUASI -LOGARITHMICALLY SPACED ~~~~~~~~~~~~~~~~~~~~~~~
STEPS AS SI-~MN IN TABLE 7.2. C ELECTROSTATIC ANALYZ ER AND \

ANA lYZ ER CIRCUITRY \
THE INT ERI OR of ONE OF THE SPHERICAL PRO BES IS
SHONN SCHEMATICALLY IN FIGURE 7.3. THE CASE OF /

/

Ti-F ELECTROSTATIC ANALYZER AND ALL ITS C IRCUITRY /
IS ELECTR I CALLY REFERENCED TO THE FARADAY SHIELD . N ~ —
THUS NE PARTICLES ARE NOT PREACCELERATED BETWEEN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
NE PROBE SURFACE AND THE ANALYZER . To OBTAIN 11-fE BOOM
ACTUAL PARTICLE ENERGY MEASURED , ONE MiST ACCOUNT
FOR NE PROBE VOLTAGE.

- 11 A ( I  L H A $
7.3 FUNCTIONAL BLOCK DIAGRAM Fi gu re 7.3. Spherical Probe Schematic

THE DATA ftON THROUGH NE SHEATH ELECTRIC FIELD EXPERIMENTS . NE SSPM (REF. SECTION 3). AND THE
: XPE RI MENT (S(2 ) IS COWLICATED ANt) SEVERAL SPAC ECRAFT. THE DATA SYSTEM THAT IS CONTAINED IN
f l Y ,~~P.A~~ ARE REO UIRE D TO REPRESENT IT.  FIGURE 7.4 UNIT S{2 4 IS NE DIGITAL I NTERFACE FOR ALL THE

T~Ht)ES ThE RE lA TIO N SHIP BETWEEN NE SC2 S~ 1 UNITS AND IS NE CO?4’LETE I NTERFACE FOR ALL 

-~~~~ - - ‘ ~~~~~ - - - -— — - -~~~~~~~~~~~ . ‘ - _
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NE Sf2 tRAITS WITH THE SPACECRAFT. THE DETAILS OF __________________________ 
t o . .

THIS I NTERFACE ARE SHG.s’N I N GR EATER DETAIL IN [~~~~ ]-~~~~~~
——

FI GURE 7.5. -
Figure 7.5. SC2 Data System Block Diagram

THE DATA SYSTEM SERVE S SEVERAL PURPOSES. IT CIRCUITRY. AM) A NIJLT IPLEXER FOR FEEDING THE

PASSES PCi ’IER ThRO~~~ FROM THE SPAC ECRAFT TO THE SYNCHRONOUS SENSOR DATA. COt~?1AND VERIFICATION
INDIVI DU A L SENSORS AS St-IONN IN NE 8011DM OF DATA. AND SYNC WORDS TO THE SPACECRAFT . THE

FIGURE 7.5 IT ALSO PASSES THE ANALOG SENSOR CtJT PUTS ARE WIRED TO THE APPROPRIATE
HOUSEKEE PI NG DATA FROM 11-fE SENSORS TO NE SUBSYSTEM CIRCUITS WITH THE RELATIONSHIPS SHO.~N
SPAC EC RAFT. THE DATA SYSTEM ALSO C ONTAINS THE SCHEMATIC ALLY IN FIGURE 7.5.  THE CONTENTS OF
MA I N  PO4ER SLPPLY FOR THE SPHER I CAL PROBE S Sf2-i SEVE RAL OF TI-F TELEMETRY BYTES ARE CONTROLLED BY
AND Sf2-2. THE REFERENCED SUPPLY IS A DUAL THE DIGITAL COMIANDS FROM THE SPACECRAFT.
SUPPLY , THE SEPPJ~ATE I FIWERTER CIRCUITS EACH
PROVIDE 25 KHZ -50 VPP PO.’lER FOR ONE OF THE THE SPAC ECRAFT CON?IANI) IS EFFECTIVELY ~ B I TS LONG

SPHERICA L PROBES. THE AC PONE R IS ROUTED INSIDE WIN THE NO ISB BE I NG THE SENSOR ADDRE SS AND NE

NE PROBES VIA REED RELAYS THAT ARE ACTUATED BY SIX rISB BEING NE COMIAND FOR Ti-fAT ADDRESS AS
NE S(2 1 ~~ SC2—2 28 VIt ENABLE PONE R LINES. SHOWN IN FIGURE 7.6, THE RECEIVED COMIANDS ARE

RE FEREN CE BOTTOM OF FIGURE 7.5. STORED. BY ADDRESS. IN REGISTERS IN THE
APPROPRIATE SUBSYSTEM (A ~o B). THE CO~?1ANDS ARE

THE LOGIC FLR ~~TION S OF NE DATA SYSTEM ARE SPLI T D ISPLAYED IN NE TELEMETRY OUTPUT FOR VERIFICATION
IN TO NO INDEPENDENT SUBSYSTE MS . A AND B. EAC H WITHIN THREE SECONDS AFTE R THEY ARE RECEIVED . THE
SUBSYSTE M HA S ITS EWN PONER SIP PLY AND RECEIVES DATA SYSTEM LOGIC SETS LP THE SENSOR PROG RAM AND
P O4ER CR1 SEPARATE LINES FROM NE SPACECRAFT. SENDS COfrTIANDS TO THE SENSORS TO EXECUTE THE FIRST
‘I N I N  EACH SUBSYSTEM IS A CONTOWILD DECODER FOR STEP OF THE PROGRAM I NTI EDIATELY . THIS FI RST STEP

PR~~E SSI M3 THE n-BIT DIGITAL CONT~lANDS FROM THE IS CO NTIM JOUSLY EXECUTED UNTIL THE NEXT 1/16 Hz
SPAC EC RAFT. A SYSTEM OF CONTROL LOGIC AND SYNC CL(XK PULSE IS RECE I VED . AT M-I I CH TIME THE PROGRAM

22
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

EXEC UT I ON PROCEEDS IN SYNC HRONIZATI ON WITH NE DATA FOR NE Sf2-i AND St2-2 ARE TRANSMI TTED
SPAC ECRAFT. THE SYNCHR ON IZATION IS EVIDENCED BY ACROSS HIGH VOLTAGE I SOLATION USING TRANSFORMERS.
NE SYNC BYTE S IN THE TM STREAM FOR EACH SENSOR . THE S(2-3 IS NOT ISOLATED.

SI”S\. 0SA)C1IIIO - “ I M  THERE ARE FOUR INDEPENDENT HI GH VOLTAGE SIP PLIES
01 II - -- i 4 - . -- - - - I - II - AM) ~~ L~~ VOLTAGE SUPPLY FOR ~~ E~ . p~ 

— -- 5 / 5 )1—-- —-- -H
~ 

Tt . I . . J  1I~11A 0 I I 1  SINGLE SIPP LY CAN F AIL WITHOUT DAM AG ING ANY OF THE
5151 ,5 ou -s OTHERS OR BY “PULLING DGqN” NE 25 KHZ PCMER

I~~SC! LINES. SINCE NE E~ IS ENABLED SEPARATELY , IF
__________________________________________ tl.LTIPLE FA I LURES OCCUR THE E~ CAN BE I SOLATED SO
04. .O.- / l / S S STYI )CT1 lt 

THE PROBE VOLTAGE MEASUREMENTS CAN STILL BE
:l sIsuvL 75/111155 

5C ’ I  ~~~~I .,i LOGIC 1 k/ I  CAl  115 5 0 5 5 ’ A t  
OBTAINED . SIMILAR FLEXIBILI1 ’Y IS AVAILABLE WITHIN

IA SL / I  - - S DIE Ilk I A ’ \ I O J l . I lA / S - THE PROBE VOLTAGE AND CURRENT NEASUREE.ENT SECTI ON1 1 1 1 1 I 0! SC. ’ I / L I  LU DIC VI p4. 0 1’. 010141 -,
I I ‘ SC . H lO GIC V ERI /  / A T ’  -5 1/ 10  ‘ OF TiE PROBES. TMis . IF ONE DE~~~TOR OR PLATE

- - II .’ ‘1 SC SI - I ’S ’

____________________________________________ BIAS SIPPLY FAILS. THE R E M A I N I N G  StP PLIES WILL
/ 1 1 1 ,  71,1 ’C- p ’l ‘ - FUNCTION AM) STILL PR~~IDE USEF~~ DATA. THE

.— VOLTAG E ON ALL SIPPLIES ARE E(RAI TORED
‘554 15 SC) RI ’ - -- 5’

1 1100130 S II ’ ’RI , Il,I MS - 
- A~.~~- ’ t-  - / 1)0 01115/5,)  HSI1 P Son  [/ I IA ,,, I ~~ CONTIMJO(.JSLY , THE DETECTOR SUPPLY VOLTAGES CAN BE

- lOT SI1 ,’~ PIfl I lA’I ‘ /511  15 1/ P5011
- fl ~~~~~~~~~~~~~~~~~~~ 4 5 1 / 0 , 1,1 CHANGED BY CON?INILD TO ONE OF FOUR LEVELS . THESE
~ ‘ O T I  S 11PP RU , 140 I / S I ’ H Y I H P Y .c,

11111’’ I 5 1 / P 40111 , /1AM ’. 1 050 ’ I -f/ L IE ? I’, SOUL ’ S. I ~/ 1 PS s e c WILL BE UTILIZED TO BOOST DETECTOR GAIN ON ORBIT
- - - 5112 - - .0. ,’ - - - 0 ‘. - ‘II: / 5 5 /  50 ‘S I’-

- ‘ - I 5 1 / i  . ‘ . - A~iI- ’ ’ c ’  DA TES ‘.51 441! .: SSTIPY p, AS 11-F NEED ARISES.
- I - 151 ‘751 / Ito SO P RA T E S II, IInP STEP
I ‘ C Y t I  O F TEC IOR Y :O SB DO ST N~ 

- .5
DI1)C ’ o HIllS 000SI ‘lI -

TPn SCL / larA - SAn~pIn ’h.’ - .,,, ocon-1rn an 4 t If THE FtRCTIONAL DIAG RAM FOR NE VOLTAGE AND CURRENT
DIll/H I -ID/ C JMS’051’5”lIli 1i151 I10 ’fSS OtI SECTIONS OF SPHERICAL PROBES IS SH~ ’dN IN FIGI,JRE
R B/I S 7.8. THE F1JCTIONAL STATE OF EACH SECTION IS

o 4 . uCOi l - -  H- ’  ~t 0 I II IIII’SI . .1 - I P41/Il) ,I / , IA / ,i 5 1’5- ,j k I M / 5 ’  I1/C44[T MIlD ) DETERMINED BY E ITHER 28 V REED RELAY CLOSURES VIA t.!I1l H LO L 5901 : ‘ . ‘~S, I M/ 151 510551:1
- -  I’ ’ 1 ]  -‘11111’ ‘/05 ‘A l l / /Y AM ’ -4. /5I  475 1/ 1 5 1 / P ’ ,~~ç 1/ A L  “M/ /N/TI A IIOTI THE DATA SYSTEM AND/OR SPACECRAFT (SWITQ-IES ~41. 10- II I “1,/Il 1075 04, 1 5/AM - - - 54 406l ,/ 4 S I / P S  ~ec ‘l/~ , 501 15/110500

“ “A’, I / I 4p S’f P 0140 ‘ - ‘/1 5 5A1 : :’l ~4 IN P ROBE i OR ~4i TO 5W3 IN PROBE 2) AM) BY
- ( ‘ ‘ 00  Pp/14/ 0/015 PYOSH AM . - 6 P45/5 / UO sn cS I I P RIO: I/ M I  15/ 141105

~
i ‘I/Il P5118) BIAS PRO’ -~ 0M ~ I StE PS. E IOs e c i S ’ E P P14/ 1/ ME ‘511101 / ON D IGITAL CO1~TIANDS THE PROBES RECEIVE FROM THE DATA

‘ 1 1 1 1 -  PROBE BIA S PROGRAM 4 0 ST/ ~ S 0.’ c,’oSiF P REAL TIME 15 / I ’A” l I ’ .

•Canbn,n,rafgd ,n,ea I I,mgw’Ib fu ,o’°41 ,cc ’,,I,” ,/le’ — T  hour SYSTEM. THE PoqER. COttTOfAM)S AM) DATA FOR THE

SC 038S E N S O R EOGI C S(2—i AND S(2—2 PROBE VOLTAGE AJIID CURRENT
000000 NORMAl MIII)) 50 P011/ PIll 01)4511 MORE t MEASURIPE SYSTE1’~ ALL CROSS HIGH VOLTAGE ISOI...ATION
00000 1 PR IORITY I
0000!) PRIORITY ? VIA TRANSF ORMERS.
000 100 PRIORITY 3
00 000
~~~~ 

} 
UNUS ED 

THE PONER CONTROL UTILIZES REED RELAYS THAT
65 4 37 SC 2BI T C040 T 

PR~ f IDE ISOLATION BETWEEN 11-fE + 28—VI~ SPACEC RAFT
De f ault node ‘s r/fe stare IO q/c ‘II bc-I  OlIn 4 00’ -1 1051 11 ‘o SC? RAt ~4 SC? 40 .
?f ’ OITQ conrm andfng and aftnt I~I or w n ’ -‘lr enup r ,ons PC~’4ER A14D 11-fE SENSOR . THE PROBES HAVE SEVERAL

Figure 7.6. SC Magn itude Commands INDEPENDENT POMER SUPPLIES. PROBE 1 HAS ONE HIGH
VOLTAG E AND NO L(IV VOLTAGE SIJ’PL I ES (c~~ FOR NE

R S  

F O R A  REPRESENTATIVE 
ELECTRC~ETER ) NI - fILE PRoBE 2 HAS ONLY ONE HIGH
VOLTAGE AND ONE LQ~ VOLTAGE SIPPLY. UKE NE

THIS DIAGRAM REPRESENTS THE Sf21 AM) S(2-2 ESAs
IN THE SPHERICAL PROBES . ESAs, A FAILURE IN A SUPPLY CANNOT DAMAGE 11-fE M AIN

3 KH2’L - 50 WI’ SIPP LY IN THE DATA SYSTEM AND THE
PROBE CAN BE I SOLATED BY SPACECRAFT CC*TIMD. IFTHE IOM AND ELECTRON DETEC T ORS ARE FOU Q’IED BY

CHPRGE SENSITIVE PREAWLIFIERS. PtLSE AI~PL1F1ERS. NE PROBE VOUI~~E SECTION IS OFF ~JT THE ESA IS ON

DISCR IMIP4ATORS. AND CIE SHOTS . THE WT~JTS OF THE THEN THE PROBE SHUNT CC*41AND MIST BE EXECUTED FOR

ONE-SHOTS FOR S(2 1 AM) S(2-2 ESAs ARE TRANSMITTED PROBE 1. THE PROBE S*UIT CO~4’WlD IS AUTOMATICALLY

rx~~ THE BOOM VIA 2 KV ISOLATION TRANSFOR ME RS . EXEQJT ED FOR SLOI A CO PfI TI OM IN PROBE 2. THE
9-IIRITS TIE THE OUTER SURF AC E OF THE SPH ERICAL

kL COt4IAPI)S. PONER (~xc~pr FOR RELAY PC*ER). AND
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Figure 7.7 . Sheath Electric Fields ESA Functional Block Diagram

PROBE TO SPACECRAF T STRIJ T1JRE GROUND VIA A 11I~QK IS REQUIRED THE ENERGIES CAN BE SCANNED SLQ’ILY (614
RESISTOR . THIS QUARANTEES A REFERENCE FOR THE ESA SEC PER ENERGY ) WITH VAUES OBTAINED AT EIGHT
PARTICLE MEASUREMENTS. SANf’L ES PER SEC . TN 11115 M)DE A CONVLETE SPEC TRUM

7.4 OPERATIONAL ASPECTS 
IS OBTA INED IN 512 SEC . THE SC2-i AND Sf2-2 ESAs
ARE ALWAYS IN THE SAME PRCX3RAM SINCE TI-fE Y ARE

THE ESAs ARE CON TR OLL ED BY THE DATA SYSTEM. ~4-IEN OR Is/EN BY THE SAME CONt~jAND GENERATOR IN 11-F DATA
THE ESA ts PG~ERED (J) 1T RESPONDS TO THE 32-BIT SYSTEM . THE 5(2-3 ESA C(flIANOS ARE GENERATED
CO~”?4/4ND THAT IS IN ITS STORAGE REGISTER AT THAT SEPARATELY . THE CIJTPJTS FROM THE ESA DETECTORS

TIME. THE 32-BIT ESA CC*41AM) WORD IS SENT BY THE ARE ACC1MJLATED FOR 101.5 N~EC EN)l 125 ?‘~EC IN

DATA SYSTE M TO THE ESAs EIGHT TIMES A SECOND IN 12 B1T COfVRE SSED SCALERS . THE SCALER CONTE NTS
BURSTS —125,LLSEC LONG (CLOCK RATE—260 KHZ) . ~44EN ARE NILTIPt.EX8) INTO THE Th STREAM BY 11-F DATA
THE DATA SYSTEM IS FIRST Tu RNED ON IT INtEDIATE LY SYSTEM. THE SCALERS ARE IN HIBITED FOR —23 MEEC
STARTS SEND ING A PREDETERMINED PROORNI TO THE AFTER EACH 32 8IT CC~11AN1) IS SENT TO ALLCW THE ESA
ESAs . I F A DIFFERENT ESA CONTIAND IS N4DT PLATE VOLTAGES TO STABILIZE BEFORE ACCUIII.ATING A
TRAN SMITTED TO TI-F DATA SYSTEM BY THE SPACECRAFT. NEW SAM’LE.

THE ESAs CONT I It~ LLY EXECUTE THIS “DEFAIJLT”
PRO(3R4J1, Tw ry--n.~ BITS CONTROL THE ESA PLATE THE VOLTAGE AND CURRENT MEASUREMENT SECTI ON OF NE
BIASES. NO CONTROL 11-F DETECTOR BIASES. AND EIGHT PROBES IS CONTROLLED BY BOTH 11-fE SPACECRAFT AND
CONTROL Ti-F HOUSEKEEPING DATA NILTIPLEXER IN EACH DATA SYSTEM COMIANDS. THE DIGITA L DATA SYSTEM
ESA. THERE ARE A TOTAL OF FOURTEEN ESA CCt~IAM)S ~~~ 8-BIT BYTES THAT ARE TRANSM I TTED TO

OPERATIONAL PRCX RAME THAT ARE USED TO INC REASE OR THE PROBES EIGHT TIMES A SECOND IN BURSTS LA STIN *3—
DECREASE THE MJI’EER OF ENERGIES MEASURED AND THAT 301U.SEC (CLOCK RATE IS -260 KHZ) , THE PROBE
CHANGE THE TINE TAKEN TO OBTA IN A COfPLETE RESPONDS IN?E )I ATE LY TO EACH NEW CO~.?IAND. ~41EN
SPECTRUM. A CRUDE SPEC TRUM CAN BE OTAI NED IN ONE THE DATA SY STEM IS Tu RNED ON IT INT~EDIATEL Y STARTS

SEC . A CO~fLETE SPEC TRUM CAN BE OBTAINED IN AS SENDI NG CONTIANDS NAT CONSIST OF ALL ZEROS . THIS
LITTLE AS THREE SEC. IF GOOD ANGULAR RESOLUTION PLACES TiE PROBE I NTO A FIDATING VOLTAGE
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Figure 78. Functional Block Diagram for SC2- 1 and SC2-2 Voltage and Current Measurements

NEASURENEN T f’WE NI-lEN ITS P~’ER SIPPLIES ARE DIFFERENT BIAS PROGRA MS (sEE FIGURE 7,6) . THE
ENABLED. IF A NEW PROBE CCI’?’IAND IS NOT SENT BY BIAS PROG RAMS HAVE DIFFERENT PERI ODS AM) CONTAIN
NE SPACECRAFT TO THE DATA SYSTEM THE PROBE STAYS DI FFERENT MJMSERS OF IJ’I IQLE VOLTAGES. WIEN NE
IN TIE FLQATING VOLTAGE MEASUREMENT OR “DEFALLT” PROBES ARE BEING BIASE D , TI-fE ELEC TRONETER IS
r.voE. THE OTHER COf’?’tANDS ALL(Y.~ 11-F PROBES TO ACTIVE IN PROBE 1 AND NEASI~~~S THE CURRENT TO NAT
CALIBRATE THE ELECTRONETER~ AND TO PROVI DE SIX PROBE . THE COtIIANDS ARE MONITORED ONCE A SECOND
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AM) THE B IT  PA TTERNS . AS RE TEJ ~9ED TO THE DATA I NTO A i2-31T BYTE AM) NILTIPLEXED I NTO NE

SYSTE M BY THE PROBES. ARE PLACED IN THE TN STREAM TELE METRY STREAM. SIMIL AR LY, THE PROBE CURREN TS

FOR REFERENCE. ARE SAPLED EIQ-IT TINES A SECOND. THE CURRENT
OUTPUTS ARE ALSO PULSES WITH EACH PULSE

THE PROBE VOLTAGES ARE SAffLEI) ~ CE A SECOND , REP RE SENTING A QUANTIIi OF CHARGE. THE PLLSES ARE
SINCE Ti-F OUTPUT IS A P1,LSE RA TE PROPORTI aNAL TO fCCUNLLATED FOR ~— 62. 5 MEEC . THE SCALERS ME
VOLTAGE , A CONVRE SSED SCALER IS USED TO ACCUIIJLATE I NI -I I BI TED FOR —62 .5 ME EC AFTER EACH NEW PROBE
11-F PEL SES FOR 101.5 t’t~E” . THESE COUNTS ARE THEN CONTIAND IS SE NT BY THE DATA SYSTE M TO ALL~~ THE
CONFINED WI TH NE RANGE AND POLARI TY’ INF ORMA TI ON PROBE CURRENT AM) VOLTAGE TO STABILIZE .

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

81 SCIENTIFIC OB JECTIVES BY CONFINING THESE MEASUREMENTS WITH NE RESILTS

THE S(7-6 AND S(2—3R ME ASUR E PROTONS, ALPHAS, OF OTHER P78-2 MEASUREMENTS AM) OTHE R
NEAR-SYPCHRONO4JS AND GROlfr~)- BASED MEAS1J~ t€NTS. ‘TCARBON . N I TROGEN , ANt) OXYGEN I ONS WI ll-I E PHASIS ON

PITCH PJGLE COVERAGE WIN GOOf ) RE SOLUT I ON. THE WILL . BE POSSIBLE TO INVESTIGATE PROTON AM)

PROTON MEASUREMEN TS COVER THE ENERGY RANGE 17 KEV ENERGET I C ION ACCELERATI ON AND PREC I P I TATION

to 3.3 ~ V . THE HEAV I ER ION MEASURE MENTS ARE PROCE SSES. Ti-f DYNAMICS (IF SUBSTORMS AS EV I DENCED

I NTEG RAL . COVERING E NE RGIES ~~% KEV/N LX2LE ON , THE BY ENERGETIC IONS VIA THE IR RESILTANT PITCH ANGLE

PACKG ROUMD CON TR I BUTION FOR PROTON S AND IONS SCATTERING. AM) ACCELE RATION AM) TRANSPORT PRO
CESSES. THE RESLLTS W I LL ALSO BE USED TO IPDATEPENETRATI NG >0.3 CM OF BRA SS AM) HAVING - 3 ~IV OF

ENERGY REMAINING IS ALSO MEA SURED . THE DETAILS OF IDE PARTICLE ENVI ROIf~ENTS AT THE P78-2 SPACECRAFT

THE E NERGIES MEASURED ARE SHCNIE-I IN TABLE 8.1. THE ALTI flEES.

PROTON ENERGY RANGE /IVES CHOSEN TO OVERLAP TI-f SC9
UCSD Co-i~a~~ PART ICLE EXPER IME NT DE SCR IBED IN THE EXPER INENT WILL MEASURE THE TENVCRAL. SPATIAL

SECTI ON 16 ON IDlE LG~ END AND TO EXTEND tF TO API) DIR EC TI ONAL VARIAT I ONS IN POSITIVE ION

ENER GIES COVE RED BY Ti-F SC3 H t~ ENERGY PARTICLE FLIJXES . THE SOLI D-STATE PARTICT_E DETECTION

SPECTROMETER DESCR I BED IN SECTI ON 9. THE OVERLAP TECI-t4 I QLE MAKES IT POSSIBLE TO OBTAIN

WITH TIE SO INS 1RIJIENT ALL~~S US TO PROVIDE INSTANTANEOUS ENERGY SPECIRA FOR EACH C*E SECOND

I NTERVAL.SIMILAR NEAS1~~NII~ftS AT ~. HI(~’lER SANVLE RATE AND
GREA TER SENSITIVIT Y ’. 8.2 MEASURING TECHNIQUE

T~~hIi- 8 1 Enerqy CIi ,anni ’I , -  for Energetic THE PROTON DETECTION SYSTEM (S(2-6) IS SI4)i~-4 IN
P~’ T I  4 ’ ’  Di-T , ’ I - l I ,

FIGURE 8.1. THE INSTR~R’ENT IS A T’t~~ELEMENT
/I r,er -z ’ I ’,i - - I SOLID-STATE DETECTOR TELESCOPE . THE PARTICLES

EN TE RING TIE COLLIMATOR PASS THRO1~ 1 A 1t~ I FORM
A l  I) ‘ / 7  - I _ .1 4

MAG NETIC FIEL D AND THEN NOSE NAT PASS THROU3H
A . ! ‘I Il _i -’ — I) - - /

TIE LAST DEFINING SLIT ARE ENERGY ANALYZED BASED
A T  ~~~~ - ~ “~ ON NE ENERGY DE P OG IT IE ) IN NE DETECTORS. THE
A- i  I • 1 - rI . I -  MAGNETIC FIELD SEPARATES PROTONS AND HEAVIER
A S  0 . / H ’  - 1I 4 , 3  PARTICLES FROM NE ELECTRONS NAT ARE DEFLECTED

I) ,, 1 . 4 7 / 7  AP~AY FROM THE DETECTOR. THE PROTONS AM) HEAVIER

A 7  ~ 
;~~~- ION PATH S ARE INA FFECTED BY THE MAGNETIC FIELD .

- 1 3

THE PROTON TELESCOPE CONSIST’S OF A FRONT AM) A
0 - 2  I”~~ ,,,~~ ~ t , - r  REAR SOLID—STATE DETECTOR BENIM) Ap

COLL I MATORIIAGNET ASSENFLY . THE FRONT DETEC TOR IS‘Defi ned at baR r. - ’ p . -,. . - / ‘  z ,,t - ~ / ‘,r 2O
’C . S r, ’- h ”/d’- a re

ten ~pe r.atUr ’ - - . - rz ’ 4 4 4 1 .   USED FOR ENERGY ANALYSIS *IILE THE REAR DETECTOR
r U e .1 H z ,  i,’ , , ‘f T / z i  , hanne l  ELIMINATES PENETRATING PARTICLES FROM 11-F ANALYSIS
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AND PROVIDES NECESSARY BACKGRO1R~D INF ORMATI ON . PARTICLES THAT PENETRATE THE BRASS SH I ELD OR FRONT
THE PROTON ANALYSIS PROOIXES DIFFERENTIAL FLUX DETECTOR AM) STILL DEPOSIT LARGE N’t)UNTS OF
MEASLJ~~P.ENTS IN SIX ENERGY WINI)OMS AND 11’R) ENERGY . THE SHIELDING SII)ULD STOP < L15 ~tV PROTONS

I NTEGRAL FLUX MEASUREMENTS AS SHQ~ IN TA~t1 8.1, AM) < 5 ~tV ELECTRONS.
THE INSTR UMENT HAS A GEOMETRIC FACTOR OF 2 x
iü~ CN~/S1tR, 

8.3 FUNCTIONAL BLOCK DIAGRAMS

THE I~iTA FLON NRO UGI ENER GETIC PROTON IkTECTOR IS
AL — —

- ILLUSTRATED IN FIGURE 8.3. THE PARTICLE DETECTORS

_________ 
OF S(2 6 ARE FOIL(WED BY CHARGE SENSITIVE
PREAI .VLIFIERS. PULSE A14’LIFIERS. SHAPERS. AND
DISCRIMINATORS. THE OUTPUTS OF N~)ST OF THE

STACKED DISCRIMINATORS THAT FOLLON NE FRONT

DETECTOR ARE IN AN TICOI NC IDE NC E WITH TIE REAR
DETECTOR OJTRJT TO DELETE PENETRATI NG PARTICLES
FROM TIE ENERGY ANALYSIS. THE DISCRIMINATED OUPIJT
OF NE REAR DETECTOR IS ACCUMLATED SEPARATELY . A
CHANNEL IS ALSO F~~ ED THAT REPRESENTS LARGE

Figu re 8.1. Energetic Proton Detecto r ENERGY DEPOSITS IN NE FRONT DETECTOR OR

THE HEAVI ER ION DETECTION SYSTEM S(2-3B IS SIMILAR COI NC IDE NC E BETWEEN A LARGE ENERGY DE POSIT IN THE

ID TIE PROTON DETECTOR. THE ION DETEC TOR IS SI-IONN FRONT AND AN OUTPUT FROM THE REAR DETECTOR . THIS

SCHEMATICALLY IN FIGURE 8.2. THE INSTRUMENT IS A LATTER CHANNEL IS AN I NTEGRAL PROTON CHANNEL. THE

TWO ELENENIT SOLID-STATE TELESCOPE NAT IS HIGHLY RANDOM OUTPU T PULSES ARE CONTINIJOUSLY TRANS MI TTED

COlL I MATED AND NE DETECTORS ARE HE AVILY SHIELDED TO TIE I~ITA SYSTEM. THE FUN CTIONAL DIAG RAM FOR

IN ALL DIRECTIONS . EXCEPT TIE SOLID ANGLE OF THE NE ION PLUS BACKGROIfr’ID DETECTOR IS SMY#~N IN

FIELD OF VIEW. THE ANALYZING MAGNET IS NELL FIGU RE R.4 . THE PARTICLE DETECTORS ARE FOU..G’4ED

SEPARATED FROM TIE DETECTORS AM) DE FLECTS ALL BY CHARGE SENSITIVE P RE AP L I FIERS . PULSE

ELEC TRONS WITH ENERGIES OF~~1.7 rtv OUT OF iDE At ’P L I F I ER S. SHAPERS. AM) DISCRIMINATORS . THE

BEAM . THE ENERGETIC I ONS ARE NOT AFFECTED BY NE FRONT DETECTOR IS ENERGY-ANALYZED IN

“BROOM MAGNET.” T~~ T~LESCOPE HAS A GEOMETRIC AN (~IC OINCIDENC E WITH TIE REAR DETECTOR TO DELETE

FACTOR OF 3.6 X ID CM~ ~~~R. PENETRATING PARTICLES FROM THE ENERGY AND SPECIES
ANALYSIS. TM) DISCRIMINATED OUTPUTS FROM Ti-F REAR

AA MCO MAGNE T/C RU BRASS DETEC TOR ARE ACCUNII.ATED SEPARATELY . ONE
A l/J MAILO Y

I 
~~~~~~~~~~~~~~~~~~~~~~ 

/OPPFR 
REPRESENTING ALL PARTICLES INCIDENT ON TIE REAR

____________ 
DEPOSITS IN THE REAR DETECTOR . THE FRONT DETECTORTO° _______________________

______________ DETECTOR AND ONE THAT CORRESPONDS TO LARGE ENERGY

___________ ________ 
OUTPUT IS ANALYZED ID GIVE SEVERAL INTEGRAL

~~TA SY~~~ M AS RANDOM PULSES OR AS 8-BIT BYTES
CHANNELS. THE OUTPUT IY~TA IS TRANSHITTED it TilE

THAT ATE ACC1RIJLAT~~ W I T H I N  THE EXPERIMENT ON
Figure 8.2. Energe tic Ion Plus Background Detector

SELECTED CHANNELS.

THE ION TELESCOPE CONSISTS OF A THIN FRONT 8.4 OPERATIONAL ASPECTS
DETECTOR AND A NICKER REAR DETEC TOR . THE C*JTPIJT
FROM TIE FRONT DETECTOR IS ENERGY-ANALYZED NI-f I LE THE FIJC TIONING OF TIE 5(2-6 IS INDEPENDENT OF THE
NE REAR DETECTOR IS USED TO REJECT PENETRATING UATA SYSTEM. THE UATA SYSTEM ACCLRIIATES NE
PARTICLES IN API) (lIT OF TIE FIELD OF VIEW. THE WTRJT PULSES I NTO 12-BIT CONPRE SSED SCALERS AND
IONS ME DIFFERENT I ATED BY THE ENERGY REQU I RED TO I’(LTIPLEXES RESILTANT BYTES I NTO THE TM STREAM AT
PENETRATE TIE FRONT DETECTOR. I ONS WITH ENERGIES NE PROPER TINES . THE ACCUNILATI ONI INTERVAL FOR
90 KEV/PPXLEON ARE DETECTED . A H I (~l THRESHOLD IS ALL S(2 OUTPUTS IS ONE SECOND . SONE OF NE
ALSO USED ON TiE REAR DETECTOR TO MEASURE THOSE S(2 6 DATA CHANNELS ARE SHARED WITH OTHER S(2
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MEASUREMENTS THIS IS DETERM I I/~ ) BY NE C(l14M1) OUT DIRE CTLY INTO THE TN STREAM I PIDER THE CONTROL
STATE OF NE EXPERIE MENT . OF TIE DATA SYSTEM. TIE REMAINING (J JT RJTS ARE

ACCUII.LATED BY THE DATA SYSTEM I NTO ~~BIT SCALER S
TIE 5(2-38 FUNCTIONS PARTIA LLY INDE PENDENT OF TIE ~ 12-BIT CONVRESSET) SCALERS API) Ti-lEN NLLTIPLEXED
DATA SYSTEM AM) PARTIALLY UNDER TtIE CON1TRCI Cf TilE INTO NE TN STREAM. THE SAPLE RATE S FOR TIE
DATA SYSTEM. SONE OF THE OUTPUTS ME ACCUNtLATED S(2-3B OUTPUTS 0.5. 1. AM) 4 SAIPLE S PER
IN 8-BIT SCALERS WITHIN TiE DETECTOR API) SHWTED SECOND .

A ~~~~ ~~~~~ • ._13::I—:-—---—--—- 
~1D— ~ 

— 

— ~~kL *

- 

I CI J ~~ IlI J I

-~~~~~~~~~~~- 
I

~/ ( :~LI:~— 
___________ 

-

DEl 8/AS 4 I - ~~~ 4

4 
+ SE 

~~~~~ ~~~~~

5V ~L I  1 
VP -- ‘-~~ 

-

L _ _ __ J

Figure 8.3. Energetic Prøt~n Detector Schemat c ISC2 -6)
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Fi gure 8.4. Back ground and Heavy Ion Sensor Schematic (SC2-3B )

9. SC3 HIGH ENERGY PARTICLE SPECTROMETER
9.1 SCIENTIFIC OBJECTIVES ELECTRONS TO DETERMINE l’P.IEIHER ANDiALOUS CHARGING

Cf COAXIAL CABLES IN SPACECRAFT IS A SOLI~CE (F
T~ PRIM AR Y GOALS OF THE SC3 PAYLOAD ARE TO MA.XE SYSTEM NI) I SE.
ENERGETIC ELECTRON API ) PROTON MEASURE MENTS NAT
ARE NEEDED TO MEET THE OBJECTIVES OF NE A KNO’ILBX E OF NE FLUXES. SPEC TRA . Nil)
SPACECRAF T CHAR GING i~ t~~tw~. THE ENERGETIC PITCH *3LE DISTR I BUTIONS OF TIE ENERGETIC
ELECTRON FLUX AT NEAR -SYNCHRONOU S ALTITIJ)ES ELEC TRONS AT NEAR-E~ .&ATORIAL ALTI TIJ)E S ON HII}I
E)Q4IBITS PRONOUNCED PITCH ANGLE . DIURNAL API) SCIAR L-SHELLS IS ESSENTIAL TO AN UNDERSTANDING OF
ROTATION DEPENDE NCES . AND IS HIG-ILY DYNAMIC IN 

~~~I~~~MENTAL EFFECTS ON ELF ~tio
TINE. THE ENERGETIC ELECTRONS BEHAVE DIFFEREN TLY CONTIfr4ICAT IONS, THESE CONT~thICATIONS ATE AFFECTED
IN MANY l~~YS FROM NE LON ENERGY ELECTRONS AND, BY NATIJRALLY OCCURRI M3 AN) AR TI FI CI ALL Y INUEED

ThEREFORE . MEASUREMEN T S OBTAINED WITH THE SC3 WAVE-PARTICLE INTERACTIONS THROIflI TRANSFER OF
SP3 TROIETE R WIL L COPLEMENT THE MEASU REMENTS ~~~ WAVE E NERGY TO PARTICLE ENERGY, PERTt~ BATION OF
AT LONER ENERGIES BY OIHER EXPER I ME NTS ON THE NE PARTICLE ENERGY OR PITOI ANBLE DISTR IBUTION ASP7~-2 SPPCEFLIG4T, ()~E APPLICA T ION TO THE A RESLIT OF SWI INTER AC TIONS E*LAPCES PARTICLE
SPACEC RAFT CH,~~I~ MISSION IS IDE MEASUREMENT Cf PREC I PITATION FROM THE RA D I A T I ON ~~LTS. *104
FLUX I N ( TENS I T I ES OF PENETRATING ENE RGETIC

2q



SUBSEQUENTLY AFFECTS LONG ’ WAVELENGTH C(fl ’th ICATION 5111) KEV API) THE INTEGRAL FLUX BETWEEN 51W KE V
SYSTE N~ ADVERSELY, PAYLOADS ON NE P7~-2 AI4D 10.111) KEV . !N ADDITION .  THE INSTRU MENT
SPACEFL I G-IT SINtLTANE OUSLY MEASURE THE DETAILED MEASU RES THE PROTON EIlV I RC1$~~NT AT ENERGIES
PARA METERS OF NE ENERGETIC ELECTRON POPULATI ON . BE T.’EEN 1 2(I) ~ V AND THE ALP-IA PARTICLE

THE CCII) PLA~ 1A ENVIRMIEN T. API ) THE ELECTRIC AND ENN IR(flIENT BETWEEN 6-60 N’EV IJ JRING SOLAR PARTICLE
MA GN ET I C FIELD Et’1VIRONI’ET4T NEAR-SYPCHRONOtJS EVENTS. THE NEASURE NENTS ARE MADE WITh A PITCH
EQUA TORIAL ALTITU DES AT ALL LDEAL TI ME S UNDER A ANGLE RE SOLUTION OF 3 BEG
VARIETY OF NATIJRALLY O URR ING 4~VE CONDITIONS.  (F1IL -W I DTh-AT 11ALF-MO~~INI JM) . THE ENERGY SPEC TRA
THE S(3 SPECTRCtETER. IN CONJU NC TION WITH LOM ARE OBTAINED WITH A ]2-CHAPtEL Pt.LSE HE I GH T
ENERGY ELECTRON MEA SUREMENTS IN NE SC5 AM) SC9 ANA L~TER THAT CAN BE PROGRAPI’E) BY CONt’WID TO
PAYLOADS , W ILL DEFI NE THE TRA PPED ELECTRON COVER A NARR ON OR WIDE ENERGY RANGE. IN ThIS
ENV I RONNENT THAT INTE RAC TS WITH THE WAVE MA.NNER • BOTH COPLETE SURVE Y DATA AND HI GH
ENIVIRCUENT AS MEASURED BY THE ELECTRIC AND RESOLUTION SPEC TRAL DATA CAN BE OBTAI NED ON
MAG NETIC FIELD PAYLOADS . SC1. SC1O. AND SCU. COI’TIAND .
UNDER WELL-DEFINED COLD PLA~~SA CONDITIONS THAT ARE
NEASL~~D BY THE SC6 ~~ SC7 PAYLO ADS. THE 9.2 MEASURING TEC HNIQUE

K NONLEIX3E OBTAINED FROM SUCH A SIN&LTANEOUS STUDY THE BASIC MEA SURE MENT TECFINI QLE IS A SOLID STATE
9~OULD LEAD TO A BETTER ONDERSTANDIN4S OF BOTH PARTICLE SPECTROME TER CONSISTI NG OF F OUR SENSOR
NA11JRAL API) MAN M&EE ElF AND V1..F WAVE I NTERACTIONS ELEMENTS . A LINE ORA W IPI OF NE SPECTROMETE R IS
WITH TRAPPED PARTICLES IN NE t’W3NETOSB-IERE AND TO SHCW~1 IN FIGURE 9.1. VARIOUs LOGIC CO ME INATI ONS
THE SUBSEQUENT EFFECTS OF 5104 INT ERACTIONS ON THE Cf THE FOUR SENSORS IN THE INSTRUMENT ARE USED TO
I ONOSPH ERE . DETERMINE THE PARTICLE TYPES AND ENERGY RANGES ,

THE VARI OU S PARTICLE TYPES AND ENERGY RAN GES ARE
TIE 3(3 PAYLOAD WILL MEASURE THE ELECTRON MEASURED IN SEVERAL TINE1I.LTIPLEXB) NDBE S OF
ENNIR ~ 1IENT WITH GO(I) ENERG Y RESOLUTION IN THE OPERATION THA T ARE CON?IAN D—SELECTA a.E.
ENERGY REGT Ct4 (1.5 ~tV) AT THE TIME OF SOLAR

NIAX I NU’i C O N D I T I O N S .  THE ENERGETIC ELECTRONS IN THE 1)-DETECTOR. *110-I IS 2W/IN THICK INTRINR ~
T H I S  OR BIT CON STITUTE A POTENTIAL HA ZARD TO ThE SI .  IS USED TO MEASUR E BOTH THE RATE OF ENERGY
ELEC TR ONIC COPONENTS USE!) IN BOTH THE PAYLOADS LOSS OF THE HIGHER ENERGY PARTICLES API ) TO
AND THE SPACECRAFT. 1)JT PJTS FROM THE 3(3 PAYLOAD DIRE CTLY STOP AND MEASURE THE L~~~R ENERGY
+I LL BE USED TO DE TERMI NE IN NEAR REALTIME THE PARTICLES . THE E-DE TECTOR . WI T CH CONSISTS OF FIVE

E W I D O N M E N T  AND RADIATION BO SE ACQU I RED RY THE 2 t’?l TH ICK DETECTORS IN PARA LLEL. I S LDEATED

SPACEC RAFT B EH IND VARIOUS SHIELDING THICKNESS.  BEHI ND NE 1)-DETECTOR TO STOP THE HIGHER ENERGY

THESE DATA WILL BE USED FOR THE P7~-2 SPACEFL I GI T PARTICLES AND TO NEASLRE T H E I R  TOTAL ENERGY LOSS.

DEGRA DA TION CALCULATIONS AND TO I N PROVE THE THE E’ —DETEC TOR . *110-I IS 1(11) MICRONS N I C K .  IS

R A D I A T I O N  M])ELS FOR SUBSEDEE NT M I S S I O N S .  LDEATE D BEH I ND THE E—DETECTOR NIL) ~S U SE) AR AN

ACTIVE COLLIMA TOR . BEHIND ThE E’-DETECTOR IS A
I f  TIE TINES OF SOLAR PA R TI CLE EVENTS THAT R EACH Tu NGSTEN ABSORBER THAT SETS THE UPPER ENERGY L I’1 ~T

NE EARN . ENERGETIC SOLAR PROTONS. ELECTRONS . ANt) F OR ANALYSIS.  ALL OF THESE DETECTORS ARE
ALPHA PARTICLE S TYPICALL Y HAVE HIGHLY E F F I C I E N T  FABRICATED OF SURFACE — BARRIER SILICON AND ARE
ACCESS TO THE NEAR GEOS YNE HRONOUS ORBIT.  THEY MAY STACKED TOGETHER IN A TELESCOPE C O N F I G U R A T I O N .
S I G N I F I~ A~r TL1 AL TER THE ENERCETIC PLASMA THE ENTIRE STACK IS S1RROUNDE~i BY THE ~~ A TECTOR ,

9Ij~-~~I T j - f ! . THE 3(3 SPEC TROMETE R WILL MEASURE *I I CH CONSISTS OF PLASTIC SCINT I LLATOR VIEWED R~ I

THESE EN ERGETIC SOL.AR PARTICLES ANC T HE IR PI OT OI4L TI PLIER TUBE. THE PURPOSE OF THE
CON R I ~ JTI~~’L~ TO THE ~~~KGROUNDS AND RAD I ATION A— AN TI CO ~NE1 D ENE E DE TECT OR IS TO SENSE API ) REJECT
DOSE IN THE OThER ELEMENTS OF THE P7~-2 ENERGETIC PA R TICLES AND BREMES T~AHLIftIG NAT
SPAC E FL IGH T . THE 3(3 IN ISTRI J MEN T MEASURES THE PENE TRATE EITHER THE OUTER SHIELDING WA [LS ot
FL UXES . SPEC TRA . AND PITCH - ANGLE D I S TRI r II JT ICP: OF AJ JM IPI JM N-fl TTJIG STE N OR THE SILICON DETEC TOR
THE E NE RGETIC PL .ARMA IN THE ENE R GY RA NG E 50 KFV 1) STACK AM) ABSORBER. THE SENS HE STACK IS LXATED
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Figure 9. 1 SC3 High Energy Particle Spectrometer

BE HI ND A LONG • NARR ON COLLIMATOR NAT DEFINES THE CONCENTRATE ON SPECIAL EVENTS . SIOl AS SOLAR
3 BEG FIELD Cf VIEW . PARTICLE EVENTS ; OR TO ONELL ON A NARR ON ENERGY

9.3 FUNCTIONAL BLOCK DIAGRAM REGION OF INTEREST WIN ANY PARTICLE TYPE. THE
C(X ?INIDABLE OPT I ONS ARE EXTENSIVE BUT AN OPTINIJM

A FUNC TIONAL BLC~~K DIAGR AM OF NE 3(3 INSTRII’ENT OPERATI NG CON GFTGUR ATION WI LL ~~ LOADED I NITIALLY
IS 9-Ofrd IN FI GURE 9.2. THE INSTRU MENT OPERATES AND ADJUSTED AS CONDITIONS DI CTATE

FROM A 2t~48-BIT SEMICOND(C TOR MENEI~Y ( (?iJS) THAT
IS STRI CTUR ED I NTO 256 8-BIT ~*CRD~ Tu-tAT ~~ ONCE THE INSTR ONEN T MEMORY IS LOADED. OPERATION
IIl ) IVIDO ALLY ADDRE SSABLE API) LQAMBLE VIA 9-BIT FROM ANY PP~I IS SELECTABLE BY A SL~ SEQ1ENT
SERIAL DIGITAL CO~?INIDS (Nt~~NIu~~ COPI’W4DS). INSTRIC TION MAGNITU DE C(flIAM) ( IN ST) . EACH 9 3I T
Fot~ ~~ THESE wo~~s (32-BIT CONTROL REGISTER ) 1N~t CO~?1AND ALSO SELECTS THE I)€LL TIME THAT THE
C~~~ LETELY DE FINE ~ E OPERATING LIJIF Cf NE INSTRIJENT WILL REMA IN T N EACH ~)1E AS IT CYCLES
I N4S1R1~IENT. A IXE I S DEFINED BY SPEC I FYING THE THROWH THE MENE *~Y PN3E. TINES OF S. 16. 32. AND
LOGIC CONDITI ONS ~~~~~~~~~~~~~~~~~~~~~~~ 64 SEC ARE POSSIBLE . SI~c~ THE SATELLITE SPIN
GAIN ,  API) ENERGY ThRESHOLDS REQU I RED BENEEN THE RATE IS 1 RPM. THE LONGEST ONELL TIME CORRESPONDS

FOUR SEN SOR ELE!EP4TS (D, E, E’ . A) TO 1PIIQLELY APPROX IMATELY TO C~E SPIN P E R I~~). DI€LL TI NES AS
ESTABLISN4 A PARTICLE TYPE API) ENERGY RANGE FOR SHOR T AS ONE EI GH TH OF A SPIN PERICI ) ARE .
ANALYSIS. A CHOICE CF NO AWLIFIER GAIN SETTINGS THEREF ORE. ALSO POSSIBLE . THE AB ILITY TO
FOR THE 1)- API) E-DETECTORS IS AVAILABLE . THE CALIBRATE THE INSTRUMENT WITH AN INTERNAL PULSE
LQ’ER ~ I) IPPER ENERGY THRESHOLDS SELECTED FOR GENERAT OR SYSTEM IS SELECTABLE BY 01€ BIT OF Ti lE

ANALYSIS BY TIE 12-CHAIIEL PLISEI-E IGHT ANALYZER INST COI+WI). THE ORDER OF THE DIGITAL DATA
(PW~

) ~~~ TERAII NED TO 8 8IT A~~ 6-BIT OLJTPIJT FROM THE SPECTRCIETER IS ALSO SELECTABLE.
RE SOLUTION , RESPECTIV E LY. EITHER THE I)- OR A P R I M AR Y FORMAT IS USED LR~LESS SOME FAILURE

E-~~TEC-roR IS SELECTALE AT ANY TIN E FOR ANALYSIS CCCURS IN THE READOUT CIRCUITRY AT 1*110-4 TIME A
BY THE PHA THROL~~1 NE P4.LTIPLEXER . THE ENERGY SECONDARY F4~~4AT IS AVAILABLE. THE ABILITY TO
THRESHOLD OF THE SENSOR P1)1 SELECTED FOR ANALYSIS SELECT A HA~~NI RED BACKUP 11)IF IS ALSO AVAILABLE
CAN BE SET TO 8—BIT RE SOLUTION. ~~~~~ A MA~ø~ FAILU RE CE CUR IN THE NEt’U~Y

OPERATION. THE HAR~~ IRE ) BPCKTP ~UIE MEASURES THE
EIGif OF THESE NWES CONVRISE ONE PAGE OF MEND~Y HIGHER ENERGY ELECTRON S (~X)31OO KEV) AND IS

All) EIGHT PtffS CONSTITUTE 11€ C01fLETE ?EM~~Y . INDEPENDENT OF THE NEP’*PY, THE INSTRIIENT

To LOAD NE COt*VIIT’E NEZtRY REQUIRE S 512 C(fl’WIDS OPERATES IN THIS CONDITION AUTOMATICALLY *IENEVER

~~~~~ + DATA) API) 512 SECONDS AT A CfflIAPI)ING THE NENERY IS BE I NG LOADED OR DISABLED. DIGITAL
R~1E OF (1€ PER SEC(~l). EN H PN~ OF NU*~~Y CAN SIGNALS FROM TIE FOUR SENSORS ARE APPLIED IT) A
BE SIRLCTURED ID EP4ASIZE OlE PARTICLE TYPE COINCIDENCE LOGIC IfrII T N*~ERE THEY ARE TE STED
(I.E. • ELB IRONS ) OR ALL PARTICLE TYPES2 ID N~A INST THE CONDITI ON S SPEC IFIED IN THE COI’?4A1I) TO
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s ’ 9 2  Func t ional Block Diag ram

~~ ) UF LY ~1EASURE A CERTAIN PARTIC lE TYPE AND IN TIME , THE PHA IS A 13—LEVEL COTPARATOR STACK
ENE~ C,Y RANGE. THE LCX3I C CONDIT I ONS RE Q UI RE D TO WITH NE L(}€R AND UPPER LEVEL REFERENCES
MEASURE Tl-E VARIOUS PARTICLES API) ENERGIES OF DETERM I NED BY CCfl’IAND. THE LONER LEVEL REFERENCE
INTEREST ARE SECn~ IN TARE 9.1. THE SUR SCR!PTS CAN BE SET TO 1 PART 1N 256 (S B I T )  OF THE

NE SENSOR NOTATION REFER TO TilE LONER ENERGY AIPLIFIER RANGE 1*I I LE TI-F UPPER LEVEL CAN BE SET
IH RESHO LDS REQU IRED TO ESTABLISH THE CORRECT AND RESOLVED TO 1 PART IN -€4 (6— BIT ) OF NE
EN ER GY RANGE. HI ~ -t N’~ L IFI ER GA I N IS RE QUIRED I N RANGE. Au. APPLIF I ER PILSES BETi’lEEN THE LONER AND
THE ELECTRON NU)ES OF OPERATIONS SINCE THE UPPER REFERENCE LEVELS ARE ANALYZE) INTO 12
ENERGIES I NVOLVED ARE CONSIDERABLY BELON THOSE OF EQUAL WIDTH VOLTAGE BINS. BASIC ANALYSIS TIME IS
THE PROTONS AND ALPI~A PARTICLES MEASURED. RAPS 496 t’~a .  THE REFERENCE LEVELS CAN BE SET AS
OVER A SENSOR NOTATION INDICATE AN ANTICOINCIDEPCE CLOSE AS TI-F BASIC RESOLUTION AND STABILITY OF THE
CONDITION (NO SIGNA L) liST BE PRESENT FROM NAT PHA SYSTEM (1-PART- IN—36) IN ORDER TO ACHIEVE

SENSOR TO SATISFY THE LOGIC. THE PLASTIC HIGH ENERGY RESOLUTION OVER A LIMITED ENERGY

~~INT ILLA TOR . A. I S ALP~ YS USED IN AN ANT P RANGE. ALTERNATELY , THE LEVELS CAN BE SET OVER A
COINC I DENCE MOBE . THE E’ -DETECTOR I S US ED TO WIDER RANGE WITH BROADER ENERGY RESOUJTION IN

DETEC T AND P E.ASIJ1E NE ENERGETIC ELEC TRONS BET’.EEN ORDER TO OBTAIN BETTE R STATISTICS.
51W AM) 10.0W KEV . I*IEFE NE UPPER ENERGY IS Table 9 1 .  Detector Logic
DETERMINED BY THE TENGSTE N ABSORBER R EM I ND THE - -
SENSOR API) I N FRONT OF THE AN TICO INC IDE NC E - 

i~~~~- - •
SEINT I LLATOR (FIGURE 9.1). THE E’-DETECTOR IS -  

~ 
r

ALSO USED TO DETECT API) COLLIMATE NE HIGHEST  -. °‘ f t * t  
• 

,
ENERGY PROTONS RUT ANALYSIS IS PERFORNE) IN NE - - ‘ - ~~~~~~~ - A

N ONLIN EAR PORTION OF NE E DET ECTOR . -- - . 0 ~ ~- n , I , ~ 5

SIGNALS FROM THE SENSOR SELEC TED FOR ANALYS T S NAT , , ,  - ,~~~~, ft ~- ft -~ 
- 

-~~ -

SATISFY ALL TI-F LOGIC CONDITIONS ARE ROUTED TO THE ‘- - - 
~ , ~.

12-CHAMEL DIFFERENT I AL PHA AFTER BEING STRE TCHED ~~~~
‘ 

- ~~
•. 

- 
r,, r * A ~~ 

- 
~~~~~~~~ 
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EACH OF NE 12 CHAMELS OF THE PHA ARE CONNEC TED 9 4  OPERATIONAL ASPECTS
TO 16 B 1T BIN ARY ACCUNtLATOR ~ - 1IFT REGISTERS THAT 

THE SC3 INSTRUMENT UTILIZES THREE DISCRE TEARE READOUT EVERY 0.5 SEC TO NE TELEMETRY . THE 
C(fl’IANDS TO PONER (1) 11-F I NST R LIIENT ( 5W3), (2 )

O.S-SEC ACCUNUATION TIME CORRESPONDS TO A 3-BEG 
TH E ANTI CO I N C I DENC E SYSTEM (5t1Q). AND (3) NEROTATION OF Ti-F SATELLITE . IN ADDITI ON . THERE ARE 
T’EMCRY SYSTEM ( 5(X~ ) . A LOAD C(flIAND ( 5(W ) liSTl6-B I T ACCUNU ATORS CONNECTED TO EACH OF THE FOUR 
PRECEDE EACH NEt’D~Y LOADING OPERATI ON AN’) A ~tJN

SENSORS TO MEASURE THE I NTEGRAL COUNTING RATES C(~’?IAND ( 5(W ) NIJST PREC EDE THE SENDING OF ANABOVE NE LONEST THRESHOLD . 
I NSTR IC TION ( TNS[ ) COl ?IAND . THERE ARE 256 INST
CCM’IANDS AVAILABLE FOR USE (5101 Th ROUGH 5356).

UPON SERI AL REA1X~JT, EACH 16-BIT ACCUIIJLATOR IS THE CA LIBRATION SYSTE M CAN BE T)ISA3LEI) IN THE
COIPRESSED INTO AN s-BIT OUTPUT WORD IN A 

EVE NT OF A FAILURE VIA A DISCRETE C~ ’T1AND ( 5CXY5 ).
PSEUDO-LOGARITHMIC MANNER. THE ~~BIT OUTPUT WORD THE SC3 NEMEOR Y WILL BE LOADED AT THE EARLIEST
CONSISTS OF 4 BITS THAT D E F I N E  NE L(~ ATION OF THE 

OPPORTUSUTY AFTER LAUND-I AT-fl REMAIN ACTIVE FOR THE
N’OSTSIGNIFICANT-CAiE BIT IN THE ACCIR4JLATOR (A 

DURATION OF NE MISSION. THIS IS ACCO~PLISHED BYFIFTH BIT IS IT-c’LIED) AND THE 4 BITS OF BINARY 
SENDING 256 COT-~ INATIONS OF DATA AM) ADDRESS WORDS

DATA THAT FOLLC$ . THE DATA CONTENTS OF THE 
AT A RATE OF 1 t’flRD/SEC . ü-IANGES TO THE NEMERY

ACCUNtLATOR UP TO A VALIE OF ~1 ARE NOT C~~~RE SSED 
W I LL BE ACC~~~LISH ED BY AU TOMATIC BLCX2KS OF SERIAL

AND. HENCE. ARE NOT EFFEC TED IN ACCURACY. AT 
BINARY CONT-W-IDS (9 BIT ) OR ‘3? IM )TVI 1]JAL SERIAL

HIGHER ACCU?IJLATOR VALIE S THE MRXINtJ M ERROR 
CC*+IANDS (9 BIT). THRESHOLD CHANGES TO SELECT

ASS (X IATED WITH THE TRUNCATION lEVER EXCEEDS A FEW 
DIFFERENT ENERGY RANGES ARE EXPECTED TO BE THE

PE RCENT . 
MOST FREQUENTLY SENT C(~4IAND AFTER PAYLOAD
INITIALIZATION.A 614-BIT STATUS !3L(YCK DESCRIBING THE CON~ LETE

C ON FIGURATION LOGIC OF THE IN STRUSI ENT IS READOUT IT IS PLANNED NAT THE SC3 I NSTRUMENT BE
EVERY R SEC AND. THEREFORE. THE MININIJM ONELL TIME OPERAT I ONAL AT ALL TIMES DURING THE P7~-2
(~ SEC ) OF A ~)IF CAN BE DEFINED. THIS STATUS SPAC EFLI GH T. THE PR I MAR Y MEDE OF OPERATI ON W I LL
‘3L(rK REFLECTS NE CONTROL LOGIC OF THE INSTRUSENT BE MEASURING ELECTRONS AM) THE INSIRII ’ENT WILL
AS ACQU I RED FROM THE 1-EMORY FOR EACH tIJIE AM) ALSO OPERATE ALTERNATELY BET.€EN THE M II~ AND
THE CONDITI ON S SPECIFIED BY THE INSTRICTION AND HIGH—ENERGY ELECTRON RANGES FROM A PAIl OF
THE DISCRETE CCt-tIAM)S. FOUR ANALOG OUTPUTS t’El’U3Y. THESE DATA WILL BE USED IN FEAR -REALTIME
MEA SUR E THE BIAS ON NE 0- , E-. Al-ID E’-DETECTOR S ANALYSIS TO DETERMINE Ti-F PRI MARY ENERGY SPECTRUM
AM) li-F TEN~ E RAThRE OF THESE DETECTORS. A Slfl-IARY 

~~~ ~~~IA TION DOSE ACQUI RED REM IND VARIOUS
OF THE KEY FEATURES OF THE SPECTROMETER IS GIVEN SHIELDING THICKNESSES. AT THE TIMES OF SOLAR
IN TABLE ..2. PARTICLE EVENTS. OPERATION WILL BE BY COt’TIAND FROM

A PRESELECTED PAIl IN MEMORY TO OBTAIN THE PROTONTabl e 9.2. Summary of the Key Features of the SC3
Spec trometer SPECTRUM AND ITS CONSTR IBIJTION TO THE DOSE. 

‘ ‘~~~‘ 

- - - - 1 SINCE A KN~~~~~~E OF THE SC3 ORIENTATION WITH- r~~~~~ -.~~M a ,  0 . 1  ~~ - RESPEC T TO NE MAG NETIC FIELD ORIENTATION IS- - 
ESSENTIAL TO ALL MEASUREMENTS. NE SC3 INSTRItIENT

hann .l. 
I W I LL BE OPERATED WITH TH E SCU INSTRU MENT .

SPECIAL AL IGMIENT CALIBRATIONS BETWEEN THE TWO- ~~~~~ 

INSTRUMENTS WILL BE PERF~~~~ ON—ORBIT.
U . r — - I t ,  - ,h ,a ,.an lOO m.

A - I - — a S,ii. r .nt a I 
I

I F\ V PS I

ia ~~, — ‘  ID 
- 

-

- - MOPS I -f

“-“- ‘  

~:7~~~~:  
-
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10. SC4-1 SATELLITE ELECTRON BEAM SYSTEM
10.1 SCIENTIFIC OBJECTIV ES THE ( 1)N TROL GRID POTE NT I AL. REFERENCED w t H

THE SATELLI TE ELEC TRON BEAM SYSTEM, PAYLOAD SC4-1. RESPECT TI) THE CAThO DE . CAN VARY FR OM MINUS 30 ‘1

IS TO BE USED F OR Ti-f E JECTION OF ELEC TRONS F~-~~’1 
TO PLU S 30 V. THIS GRID CONTROLS THE CURRENT

THE ~~~~ SP AC ECRAFT, THE SC~-4 - 1 GROUND IS 
EMITT ED FROM THE GUN . THIS CON TROL GRID VF~ TASE

CONNECTED BY A OR 11-PEDEANCE PATH TO ThE 
CAN BE PULSEO~ OR MAINTAINED AT A CONSTANT VALL E .

SPACECRAFT GROUND , AND THU S THE CHARGE EJ EC TION 
THEREBY PERM I TTING THE EJECTION OF E IT H E~ A Pt.LSED

FROM SC~ 1 WILL EFFECT TI-F DI FFERENCE IN POTENTIAL 
OP A CONT I NUOU S STREAM OF ELECTRONS. THE

BETWE EN THE SPACECRAFT GROUND ANI) THE N~~ICHT 
F EC USS IF93 ASSEII3 LY VOLTAGE DETERMINES THE BEAM

PLA~~~. THE PAYLOA D w~’ BE USED FOR THREE 
SHAPE. ALL THE VOLTAGES RE QUIRE D TO SET NE

DIFFERENT I NVESTIGATIONS (A)  (4-lEN ENERGETIC 
A I T  OF CURRENT EM I TTED. THE ENERGY CF ThE

ELECTRONS I 1-I’ART A LARGE NE GATIVE P OTENTIAL TO THE 
EM I TTED ELECTRONS. ~UT” CYCLE. AND Ti-F BEAM SHA PE

SPACECRAFT. SC~J—1 WILL RE USED TO DE TERMI DI ARE SENSED AM) CONTROLLED BY FEEDB ACK CIRCUITR Y

~ . lP~~~’,T AM) ENEP~ Y OF REAM ELECTR ONS REQU I RED TO 
TH AT CAN BE SET BY GROUND CO1-TIAND COMTROLLET)

RESTORE SPACECRAFT GROUND TO THE N1)IENT ~~ RELAYS.  THE STATE OF THE C ONTROL RELAYS CAB BE

POTENT IAL . (B )  SCL— l WIL L BE USED TO DE TE RMINE V E R I F I ED BY TE LE FTERE’l FtJ( SIGNALS . ANALOL

THE E JECTION CURRE NT RE QUIRED TO PREVENT CHARGING 
REM ENTS ARE MADE OF Ti-f ACTUAL El-il TIE!) BEAM

OF NE SPACECRAFT G ROU ND ~ J~ I N ~ SUBST(RM PERIODS. 
CURRENT , CATHODE VOLTAGE, AS NELL AS PARAME TERS

( C )  SC14-1 WILL BE USED TO SW I NG THE VEHICL E TO A 
INDICATI NG THE CO ND ITION OF THE ELECTRONIC

POSITIV E POTENTIAL RELATIVE TO NE AMBIE NT PLASMA ASSEI’ELY.

PREDFT~RMINfl TIMES AND FOR PREDETERMIF-E[)

PERIODS.  As SHEWIN SO-IEMATICALLY IN FI GURE 10.1. THE GUM
STRuCTURES ARE HOUSE!) IN AU EVACUAT ED CERAMIC TUBE

10.2 MEASURING TECHNIQUE SEALED WITH A METAL CAP . THIS ALI EWS FOR C()’VLETL

THE SC4-1 PACKAGE CONTAINS NE ELECTRON ~1~~ CE, 
1ESTI*~ oF SC4-1 IL~ I F*3 ALL PHASES OF ~~ACECRAFT

ELEC TR ON ~~~~ AM) THE ELECTRONICS FOR CO&1T~~j tNG 
INTEGR ATION . AND PREVENTS POIS ON ING OF NE

DXI DEICOAIED CATHODE OUR I NO L.AUNOH AND ORBIT
AND Nri I ‘~~ THE EMI TWO CURRENT . THE ELEC TRON
GUN . SHC~~I SCHEMATICALLY IN FIGURE 10.1, is 

I W ECTI ON OPER.ATIONS. DURIr~ INTEGRATION TESTING .

ESSENTI-’iLL l A P’i~~? TR I ODE CONSISTI NG OF PiN 
BEAM CURRENT I~~ IDERT ON 1)-F METAL CAP IS

ME~ASURED MID USED AS CUE CF NE 1-OS I TOPS FE Ti-F
IND IRECTLY HEA TED OX I DE -COATED CATHODE. A cam~x~ STATE CF SC4-1. WHEN Ti-f CPAGECR.AFT IS IN ORB IT.
GRID. A F II USS ING ASSE 1-ELY . AND AN ~< I T ANODE KEPT A GROLt1 D CtI’?IANC€D SOU JE MECHANIS M WILL FL USED
AT SPAC EC RAFT G ROUT-I) POTENTIAL. THE ENERGY OF TI lE TO OPEN 11-F GUN BY PEEL I NG AM) S~~ N G I N G  Ti-f
EMITT ED ELECTRONS IS DE TERMI N E D BY THE CONT ROLLED
NEGATIVE POTENTIAL BETWE EN THE CANOBE API) THE 

T’ETkL IC CAP AWAY FROM TI-F CERAM IC TUBE .

A FUN CTIONA L BL.cc~ DrN - --i~ - ri-- fl~J.~- 1

ANODE. 10.3 FUNCTIONAL BLOCK DIAGRAM

SUPPL Y I S suo~ ;r ~ F I GL JBE 10.2. THE i - J - 7  ~~~ 
I

-
~~ 

- 
~~~~~ 

LINES WN T I-IN AN LC F IL TER W ~~~~~
EMISSIONS Fk( ?1 TI-f l O R i  SUPP TCH:E.c
REGUL ATORS AND IN ~~~T L :  - 

T HE -l~~R-T i -~ NE
- f~ - — - - 

F ILTE L P~~ERE i~~~ S~ iTCH NG RE- I ATORS: ~ &— 5’.

~ 
jj[I~~ 

- -
- 

-~~~ - ~ ThE -‘IG~ VELTTIGE I NTRERTER NFL TI-F CTF-I R ~
- ~~&

c±i~~ 

~~~~~ ~-.-- ~
5 c~~ ~~ LON ~I1TAGE IN ’V~RTER . Ti-i oucrPi rr ~ swI TCI-- : Nc

~
oF  REGULATOR No. I IS 20 V REF I-YENCED TC r .~~JT PC~ ER

-. — RETU ’~N. THIS REGLLIo TED P~ ’/ER FE EDE Ti-C 1-~~FT t - -
DECILLATOR AS P-iLL AS li-C L()I 5.i1TAGE lB W RTER .

Figure 101 . Electr on Gun

L ~~~~~~~~~~~~~~~~~ . - - - -
~~~~~~~ 
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TRAN S I STORS AN)) FIVE TRANSFORMERS WITH PR IM 6R Y

— 
- 

- - - W I PI) I NG S THAT ARE OPERATE!) IN PARALLEL, AM) WITh
SECC1IDARY REC T I F I E D SUPPLIES WI RED IN SERIES TO

- - - -  D~~~LOP NE H I G H  VOL T~~E . THE FIRST THREE

- 
SECONDAR Y SIEPLI ES PRODUCE 500 V EACH AND TI-f LAST
Tl.I) PRODUCE 750 V EACH . As A FUPCT ION OF NE HI GH

BEAM ENERGY C(*?IANDS, 1. 3, OP 5 TRANSFC1~ ER
- - - - PRIMARIES ARE ~~I TCH ED INTO NE IW ER TER COLLECTOR

- -~ C IRCU ITS PRCOUC I NO 5(X) V. 1500 V. ~~ ~0(X) V AT
-
‘ — -‘u TiE ~~~~~~ OF TiE STACK OF SEC~~~ARY SUPPLIES.

- a TNCSE SECONDARY StJ’PLIE~a THAT ARE IN TiE OFF STATE 

-- 
I N  OTHER THAN NE 3(B) V M~t€ E SSENTIALLY LOUK

LIKE SHIRT CIRCUITS [liE TO THE FORWARD BIASI NG OF

- ..., 
- 

- - 
Ti-f RECTIFIER DI OD ES.  Ti-c INPUT VOLTAGE F l  THE

-- - - , a,~ 

~~IT~~ I NO REGULATOR IN NE HIGH BEAM ENERGY ~~~f
Figur e 102 .  Power Supp ly 

~S + 20 V. REFERRED TO PONER RETURN .

THE MASTER DEC ILLAT OR PROVIDES A BOOTSTRAPPED T N TI-F THRE E LC1’i BEAM ENERGY NUJES OF 3(30 V . 150
SUPPLY ON TOP CF THE I N PUT + 28 V SO THAT BOTH V. AN!) 50 V A SI NG LE 5(X) V SECONDARY TRANSF~~ ’tR
SWITCHING REGILAT OR PASS TRANSISTORS MAY BE IS PL.N ED IN THE HI GH VOLTAGE STRING. AND TI-f
BOTTOMED AT LON IN PUT L I N E ~VLTAL~ AND. THE REFORE . 

~~I TO1ING REGULATOR OUTPUT AS A FU NC TION OF
MA I NTA I N HI GH EFFICIE NCY . Ti-€ OS CILLATOR AL SO CC14~W1D SIGNALS IS REDUCED TO APPROXIM ATE LY 12 V.
PROVIDES DIT HE R SIGNAL S FOR Ti-F SW I TO -IING 4 V. ~~ 2 V. THIS REDUCES NE SINGLE SECC1~)ARY
RE GLI ATO RS . AND SWITCH SIGN AL S FOP BOTH OUTPUT TO TilE REQUI RED LEVELS FOR THE ENERGY 1-U)ES.
INVE RTERS . THiS li-C SW IT CH ING REGLIATORS AND TI-F
IN VE RTE RS ARE PILL SYNCHR ON IZED TO TI-f MASTER A HI GH I IPEDANCE DI V I DER IS PLAC ED NCROSS THE HIGH
OSCILLATOR. VOLTAG E TO DEVELOP VOLTAGES FOR ThE FOC US ANODE OF

TI--F GIN AND FOR THE SLON SPED AMLC)3 N~~~ITOF TO
Ti-i MASTER OSCILLATOR IS LON PCWER FERRITE (liRE TE LEMETR Y (TIJl). THE FOCUS SW I TCHE S ARE g~iALL
1RAN~~OI~’1ER TYPE DE SIGNED TO FREE R UN IN TI-F REED RELAYS CAPABLE OF 3(D)—V ISOLATI ON BE TWEEN
SATLRATIM ’3 1-tIlE AT 20 Ki-)Z . TH EIR CONTAC TS AND Ti-FIR ENERGIZING COILS. P14 10-I
THE SWITO-I I NG REGULATORS ARE NONSATTJ RATING . THE ARE ORIVEN FROM CCI’?WI) CIRCUITS . THE FOCUS

~~IT01INO TRANSISTOR BASE OR IVES ARE SUPPL I ED BY LEVELS ARE 5, 10, AND 20~ OF NE HIGH VOLTAG E
SECOP(~RY WIM)INGS ON THE MASTER OSCILLATOR TAPPED D~4N FROM TI-F NEGATIVE HIGH VOLTAGE.
TRANSF~~~~R.

Il-i POSITIVE END OF ThE SUPPLY IS AT A 0-V
SWITO-IINO REGULATOR NO. 1 PROVI DE S 45 V REFERENCE POTENTIAL REF ERRED TO SIGNAL GROUND BUT NUT

TO SIGNAL FOR THE Ill. LC13IC CIRCUITS. ±15 V CONNECTED TO GROUT-I) . THIS POI NT IS THE INPUT OF A

REFERENCE TO SIGNAL GROUND FOR THE ANALCX3 TRPJ ’I SRE SISTANCE Ni’ L IF IE R THAT M ONITORS AM)

CIRCUITS . AN !iC WINDING FOR THE ELECTRON GUN CONTROLS THE BEAM RETLR4 CU~~ENTS. EIT HE R FROM
NEA TE R REFERRED TO T-EGATI~ E HIGH VOLTAGE. AM) A SPACECRAFT SKIN RETU RN IN FL I GHT OR FROM NE GUN
FLOATING ±35 V REFERENCE TO NEGATIVE HIGH VOLTAG E CAP IN TE ST AN!) BEFORE CAP REIV~AL IYJ RIM3 FL IGHT.
FOR ThE ELECTRON GUN CONTROL GRID N ’VLI FIER. THE TUI MONITOR OF HIGH VOLTAGE IS A VERY HIGH

SEC ONDARY SERIES REGULATORS~ ALTHOUGH NOT SHONN ON INPUT I1-I’E DANCE ANP LIFIER . THi S. Au- BLEEDE R

THE BLOCK DI AG RAM . ARE USED FOR NE ±.15V ANALCX3 CURRENT IS RETURNED TO THE PONER SUPPLY WITHOUT

C I R C U I T  SUPPLY BE I NO A PART OF THE 1-EASI~~D AND CONTROLLED BEAM

CURRENT .

SWIT CH ING REGULATOR No. 2 POIERS Ti-F HIGH VOLTAGE

I NVERTER. Ti-c I NVERTER HAS ONE PAIR OF SW ITCHING A FIJCTIC14AL BLOCK DIAGRAM OF Ti-C ELEC TRON GUN

35
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CONTROL CIRCUITS IS SHUNT -I IN FIGURE 10. 3 , THE ~i~~; C J ~ F~L N r .  COULD RE PRESENT. API) I F ~Ffl J ~?!JE T ,

~AS IC ELEMENTS OF THE CONTROL CIRCUITS ARE: 
( 1)  A SI GN AL ~~IN~) COUL G J \UC~ A ~J rAn T~ A. ERROR I~

CURRENT -TO -VOL TAGE AMP LIF IER Ad . WITH CONTIAND ACTUAL BEAN CURRENT L EA VING THE GUN.

SWITCHED C A IN ,  (2 ) A STRO llED COI1’ARATOR AMPLIFIER 
W I T H I N  THE DY ’iAMI~ RANGE Ci CONTROL GR ID VO LTA r

A2, TO COMPARE THE OUTPUT OF Al WITH A LUN 
AVA I LABLE (~30 V w i ~~~ ‘ESPE T TO CATHODE ) Tur f~M

TEIP ER ATUR E C CF FFIC LENT REFERE NC E VOLTAGE . (3) AN 
CIIRRENT I C CONT R OL L E’) W I T h I N  7 PERCE N T ,

OPTICAL I SOLATOR TO TRANSFC1~i THE BEAM CONTROL
SI G N A L 10 THE HIGH VOLTAGE LEVEL OF THE GUN 104 OPERATIONA L ASPECTS
C ONTROL GRID.  AND (4) A FLOATI NG GRID DR I VE R 

IIJR I I-A3 ORBITA L OPERATIONS. T~1E t~~P~ * THE
AMPLIFIER A3. T N A DDITI ON , THERE IS A 4.5 DECADE 

EL EC TRON BEAM CAN BE SET BY CCfllAN~!) BL~~P( P- i-~C~LOGAR ITHMIC ELECTROMETER TO MONIT OR THE GUN CAP 
IS SUPPLI ED TO SC4 1. FLAG ~)JTPU T~ CA”~ T H E .  DL

CURRENT. 
USED TO VERIFY THE STA TE OF SC4—l. THE ~O C ~ ’I’i~

- 
- ,  -~---— ~- BEAM VARIABLES CAN BE CON?IA IDED ENERGY LEVEL.

- - .~ - 

~~~~~~~ CUR R ENT ~~~~L . ~~~~ C~~LE . AND FOCUS-
~1---—-— CHARACTERISTICS.  IN ADDITION . A SEPARA TE

- 
VERIFIABLE C(Y4IAND STATE IS AVA _ABLE TO TU~~ T i~

~~~ ~~~!A 1S G~~~N B E L~~ 

TATES r(~

— 
- - - 

-- BL-~M FURRENT ~~~~L (~~)
i~i1 1 3 5  1 0 1 0 0 1 0 001

- -‘- - ~ BEAM ENERGY LEVELS (KV )
— 

~ - 
r 3. 1.5. 0.5, 0.3, 0.15. 0.~~

~~~~~~~~~~~~~~ 
~~~~~~~~~ 

I
- FOCUS SHA~ . N[DILJ’1. DIFF~~E

Figure 10.3. Control Ci rcuits
BEAS4 I)sr~ CYCLE 1(11%. 6.25%

~ 1EN THE REAM IS CM , THE CONTROL LORP IS SL% H THAT
THE ~~JT~~iT OF Al IS F OR CE)  TO fl-a ’- REFER ENCE
VOLTAG E -~~ 6.4 V. ANY ERROR VOLTAGE DETVIEEN DIE 

~ BEA M PULSE WIDTH 3.9 MB EC . 16 TIN E S PER SEC.
~)J T lli T -G~ ~ A’-T . THE O EFERE~K C  IS AN1C ~ iE fl
rHp(xJ ,~

i ~ NE )r’iCr~ 
- 
~i) ~T - - - A3, - ‘i~ ii-~ ~‘~~~~- ALTHOUG-I THE DEN’! ENERGY AND DEN’! CURRENT CC11IANE

-4’ C i - J  BEAN ~U R i~E ’~~. EITHER FROM THE -‘-~~ OR FR OM STATES CAN BE INDEPENDE NTLY SET. NUT ALL NE
~ ~ ~~ r-~ - ij~ P’’JT ~~~~ fl -1°OtL - 11-A I- VOLTAGE COMBINATI ONS DER IVABLE FROM THESE LISTS CAN BE
- j,4C~ ~UPP .IE~ 

t ‘a-’ ~~~~~ or ~ - -r ~~~~~~ )‘~-~AINEI ) . THE REEl CT i (T45 ARE C1JE EITHER TC-

THE ~‘TA—~ 
- -,E - A ’~ - - - - F )R ~. BL~~. T M  ~ ~‘- SPACEC RAFT PUNER LIMITATIONS ,  BR TO THE

P011111 ~ ~~~ REA~M ~N- 3~lP2LY, THC C H A R A C T E R I S T I C S  OF THE ELECTRON GUN . TNO SPEC IF I C
J)P , f rp~ - ,-QtJ)~ TI-F ~FA’-~ ~iR~- ”~~ TI) A VAj A EXAMPLES ARE: (1) TO AVOID DRAWI NG EXCES SLVE

EQUAL TO THE PFr~ >~~4.r K* TA CT J~V !BET ) BY THE PONIER FROM THE SPACECRAFT PO4ER SIJF’PLY . Il-F 13 nA .
~~EBR C~ P E C I C T) P , TI-F C J\ M ‘-V- BE PULSED ° 3 KEV , 100% DUTY CYCLE MODE HAS BE EN LOCKED OUT AS

n~~-~~i~~ THE rBMP A~~ r -~ - AM P L I F I E P  OFF AND . THUS , AN OPERATI ONAL NED E , (2) CURRENTS ABIYiPF 0.1 MA
THE GUN *i~ GR E) IT~ ~1A- - I M  ‘~E GAT V~ CANNOT BE EM I TTED BY THE ELEC TRON GUN FOR ThE

— 1JAGE. IHE CONTROL REEDRACK RESISTORS A- C ELECTRON ENERGY OF 0.C~ KEV .
SEIFC TE ) TO PRODUCE f-~” C1iTR E HT ~ ~ 0.001.  0.01.

~ l. 1. 6. AND 13 i-~ FIGU RE 10.4 GIVES AN OVERA LL VI B~4 OF THE CCMIP,ND
STATES AVA I LABLE FOR ELECTRON ENERG IES AND BEAM

Nom THA T THE ANODE R I N G  IS RETURNED TO THE CURRENTS . AT-I) ALSO SHOW S THE SC4-1 POWER
VIRT UAL G ROUND OR THE POSITIV E RETURN OF THE BEN’! REQUIREME NTS FOR THE 1(30% DUTY CYCLE STATE ,
ENERGY SUPPlY. Ar LOW ENERGIES SIGNIFICANT ANODE
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CU R RENT mA) 0001 00 1 0 1  1 6 1)

BEAM CONTROL COMMAND S [ T ! M ;

Figure 10. 4 . Power Requirements for Electron Beam States

11. SC42 POSITIVE ION BEAM SYSTEM

111 SCIENTIFIC OBJ ECTIVES WITH RESPECT TO SPACECRAFT GROUND. WILL BE USED TO

EM IT EL ECTRONS; (2) A QUASI F’EUTRAL BEAM
THE POSITI VE ICZ ’ ! BEAt-I SYSTEM PAYLOAD. SC4-2. IS TO 

CONTAINI NG BOTH POSITIVE l OT’S AM) ELECTRONS WILL
BE USED CM TI-F P78-2 SPACE CRAF T FOR Ti-F EJECTION

BE USED AS A LUN IMPEDANCE SOURCE TO TI-F AMBI ENT
CF CHARGED PARTICLES ; POSITI VE 1C M . ELECTRO NS . OR 

PLASMA . A WIDE DYNAMIC RANGE IN EJECTED PARTICLE
BEAMB CONTAINING BOTH POSIT IVE IONS AT-a) 

ENER GY. BEAM OJRRENT . AN D SOURCE BI AS WILL ALLOW
ELECTRONS . THE PAYLOAD IS ELECTR I CALLY CONNECTED 

FOR A STUDY CF Ti-F IMPORTAN CE CF THESE QUA NTITIES
TO Ti-F P78 2 SPACECRAFT GROUND T1-fTOIJ3H A LOW IN CONTROLLING THE SPACECR AFT GROUND POTENT I AL.
I MPEDANCE PATH SO THAT Ti-F EJECTION CF CHARGE FR OM TABLE 11.1 LISTS TI-F VARIOUS t~~DES IN WHICH TI-F
SC’4-2 WILL ftAY A LAR GE ROLE IN DE TERMINING ThE PAYLOAD CAN BE OPERATED . IN ADDITION.  VEHICLE
POTENTIAL DIFFERENCE BETHEEN SPACECRAFT GRO UND AND POTENTIAL CONTROL WILL BE POS S I BE E FOR
ThE AMBIENT PLASMA. A NIIIEER CF DIFFERENT PREDE TERMINED PERIODS .
CHARGING PRI )GRN.~ ARE PLANNED FOR SC4-2. SINCE ThE
EJECTION CF POGITIVE 10145 AND ELECTRONS CAN BE 11.2 MEASURING TECHNIQUE
CCt’T’IANDED INDEPENDENTLY. WHEN SPACECRAFT GROUND PAYLOAD SC4 2 CONS I STS OF Tl-I4EE UNITS INTEGRATED

IS AT OR FEAR R ASMA POTE NT I AL. SCLI.2 CAN BE USED INTO ONE BOX: A POWER PROCESSOR ASSEMBLY , AN
TO DRIVE S PACECRA FT GROUND EITHER POSITIVE OR EXPELL NNT ASSEMBLY. AND Al’! 1CM SOURCE . AN
‘ GAT IW BY THE EJECTION CF EL ECTRONS OR lEN S , INSTRLt’IENT LI N E DR AWING I S SHC*~ IN F IGI 5~ LI 1.

-~ 3 P ECTI VE LY . WHEN THE SPACECRAFT GROLIID THE FUNCTION CF Ti-F POWER PROCESSOR ELECTRONICS IS
PL TENTI A L IS H ION LY N EG A TIVE WITH RESPECT TO TI-F TO RECEIVE AND CONVERT Ti-F POWER AND CCt4”iANDS FROM
N ’IBIEIff PLASMA . Tht) TECHN I GIJ ES W ILL BE EMPLOYED TO THE SPACECRAFT I NTO A FORM TO CFE~’ATE AND CONTROL

- EDUC E TI-F SPAC EC RA F T G~~!MD TO AMB I ENT PLASMA THE I ON SOURCE , Fr ~OVI EE TEL EMETR Y DATA . AT-ID TO
PcTE~ . r:A L DI F F E - tC CL: CL) TI-F NE UTRALIZER OPERATE TI-F CON TRJ L VALVE Cf Ti-i E)CPELL ANT
FL I~M {NT , AT SPAC LI tFT . lj l f , f l  POTENTI Al OR BIAS ED ASSEMBLY. XENON GAS IS Sfl R[fl P T I  EXPELLA NI
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Table 1 1 _ i  Operat ional Modes of SC4-2 Cf ThE CHAMBER AND TO FOCUS Ti-EM INTO A BEN’!.
— ~~

.‘ 
— 

~~~~~ 3 ’ —

—  

‘ 3’.. ‘ ,.

- - 4— — - ‘ - 
‘ I 

- -- r — — — 
‘

- - 
Di

- 
I b . a L-.~ ~~~~~~~ 0 U ‘04 . 0 0 4  

~~~~~ I
3 3. . 

~ ~~~ -~
-
~

-
,
-
-

- 
- - .  ~ ~~~~ 

‘ 
~ .- ‘.:_

~~ - .

• 0 -‘ ~~ _ . ‘. ; -- , , -‘ - - _~.. - L__ 
1 3  

, ,  3 4 - .  I I
- 

4 -  o I - ~~~~~ — . s. ~
—i , - HAl ( H  ~.3 A -

- - - - - 
.h-~~’. - ] 

-‘ 3’.

—- - ,,,,.— -

3? • - ~~~~I - t  nd 
1

I -~, 
, , t t ~- .h.- I’. ‘- ‘ o p --nm ’. ~~~~~~~~ • II ‘.‘.fl~~~~~I -  n. - ‘  . 

—

.3. 1. ‘..-~.. -. . ‘..~ ~~~~~~~~~~~~~~~ - - - - -
- - - D o - .

- .-. ~~~, ~ 3 
.- . Fig ure 1 1 2 .  Ion Chamber Block DIaq r~3 --

3 0 1 0 - 

-
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- A GRoUNDED . IIJWNSTREN ’i DECELERATI ON D I C E  REDUCES

- - - 

‘ 
- - - - 

,. 
- 

- THE PENETRATI ON OUTSI DE Ti-F SPACECRAFT OF Ti-F
~ .i~~ ’ — - ELECTRIC F I E L D  FROM TI-F ACCELERATOR OR Ct 

- :— ----~ 
-  

- 

~~ 
‘HUl l SOURCE . THE ENERGY CF Ti-F EJECTED IONS .

- 
-~v 

~
. 

- 
1 DET ERM I NED BY NE POTENT IAL Cf THE I O N 1 ~~~T ION 

- CHAMBER . IS CONTROLLED GY NE BEAM ~~~ER SUPPLY.
3 3 0  DCWNSTRE.AI~I CF TI-F DECELERATOR GRID ThERE I S A

- -  ‘ , - -- ~ FILAMENT THAT CAN BE f-FATED TC PRODUCE LLE CTRC II, C
- - -  - - 

AND THAT CAN BE BIAS ED EITHER POSIT IVE OR NEGATI VE
F” n” - 1 1 1 . Payload Line Drawing WITh RESPECT TO SPACECR AF T GROUND .

TANK. WHEN TI-F LATCHING CONTROL VALVE IS OPENED.
XENON FLOi-S THROUG-) A PRESSURE REGILATOR . ~~ Ti-~~ CURRENTS MEAS URED IN THE SC14-2 PAYLCAP

EXPELLN4T LINE. A POURO US PELI). AN ELECTRICAL DETERM INE TI-F SPACECRAFT CHARGING CONTROL . ( 1) TI-F

ISOLATOR . AT-ID THEN THROUGR A HELLCW CATI-~)I1 INTO l OT’S EJEC TED ARE DIRECTLY MEA SURED I N TI-C BEAN

THE 1CM O-LN’!EER , THE PEGLILATOC AT-ID TI-F TUNGSTEN POWER SUP PLY. (2) TI-F ELECTRONS EJECTED FREt-I fl-F

POUROLS P l.UC- MAINTAIN THE FLOW CI- XENON AT A FI L AMENT NE UTRA LIZER ARE MEASURED DIRECTLY. AND

CONST ANT RATE I NDE PENDENT CF TI-C PRESSURE IN TI-C (3) TI-C NET OJRR E NT LEAVING TI-C SC’4 2 PACKAGE IS

K ES ER VEIR. THE IS OL ATO R ALLO WS THE ION SOURCE TO MEASURED. THE NET CURRENT ELECTR OM ETER PERMITS A
BE MA I NTAINED AT LARGE P O S I T I V E  POTENT I AL S WI Th MEASUREMENT CF EMI TTED ELECTRO N CF ION OJRRENT
RESPECT TO SPACEC RA F T GRO UND WHILE KEEPING THE FROM A L OW CF ON E/LA/MA TO A H IGR CF TWO/LA/MA .
EXPELLN4T ASSEMBLY AT SPACECRAFT GRO UND , FIGURE 11.3 FUNCTIONAL BL OCK DIAGRAM11.2 ILLUSTRATES DETAILS CF TI-F I CE’! CHAMBER AND
ITS P OW ER SUPPLIES . ELECTRONS ARE PRODUCED IN TI-F T I-F POWER P ROCESSOR ASSEM BLY FUNCTI ON AL BL OCK
I-OLLCW CATNGDE AS A ~ESLL T CF A DISCHA R GE CREATED DIA G RAM IS SI-OWN IN FIGURE 11,3. INPUT POWER TO
ii ’ Ti-F REGION BETWEEN TI-F KEEPER AT-ID CATI-ODE . TI-F P OWER P ROCESSOR ASsEMBL Y IS FIRST REG ELAT ED BY

THESE ELECTRONS . WHILE FLOW ING TO TI-F CYLINDRICAL A “BUCK” SWITCHING REG IL ATOR THAT CONVERTS TI-F
ANODE, I ON IZ E XENON ATOMS IN TI-F REGION BETWEEN UNREG LIATED 2~ TO ~~ V INP UT BUS VOLTAGE TO A
TI-F ANODE AND CAT HJDE . AN ACCELERATOR STRUCTURE
OUTSIDE THE IONIZA TI ON CHAMBER . KEPT AT A NEGATIVE 

REGULATED 21 VIE . AN I NPUT FILTE R I S USED TO

POTE NTIAL W ITH RESPECT TO SPACECRAFT GRO UND. 
PREVENT TH E R I PPL E CURRE NT GEN ERATED BY THE LI NE

PRODUCES THE ELECTRIC FIELD TO ORAl ’) ThE 101’S 01ff 
REGULATOR FROM N’PEAR ING CM TI-F I NPUT POWER LINES

3R
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3 4~~~1 J 
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-
~: j LATCHI NG RELAYS IN THE “DISCHARGE OUTPJT QJRRENI1’

- 
—* ‘ 3 ’ l l ( P l l - A , ,AI A9 BLocK . VOLTAGE AM) CURRENT T/ll SIONA L S FOR BOTH

SUPPL I ES ARE TRANSFC*~ER ISOLATED.
HI ACT III

~ 1 .1(1
I 11.4 OPERATIONAL ASPECTS

THE ION SOURCE ~~ SC~-2 IS ENCE~~ED IN VAC~~~

I SUP Ptlt ~ 10 lUA U

L~’~
- -

- 

- ‘,U1 H T I H  
~~ 1 .,L

( \ ‘ H ( (  ~ 
H1 H 1  ~~~~ 

I-OUSIES3. WHICH PERMITS TESTI NG CF TI-F I NSTRII’.ENT
IY .JRJ T-G SATELL I TE INT EGRATI ON . I N ORBIT ThIS CAP
IS SW1t’IG OPEN BY A SQUIB-ACTIVATE D REL EASE- III 

~~~~~~ ~~~ 
TO 1)140

T M  
MECHANISM . TI-F I ON SOURCE IS STARTED BY F I I ~~T\UPPIY (

1.

- 
r;~~~~~n (( l ADS OPENING THE LATCHING VALVE DOWNSTREAM CF THE GAS

RESERVOIR. THEREBY STARTING TN-F XENON GAS FL E W .
[41H J-$. ToloAO AFTER TI-F CATI-ODE IS HEATED. A HION ~ LTAGE IS

— i
l

~~~1l-
— U\141(( 

HIUl ( ( (3  I
I ‘.11 3401’  

APPL I ED TO TI-f KEEPER STARTING A KEEPER CAll-ODE

DISCHARGE; ThIS IN TURN STARTS At’! PNODE-TO CATI-OEE
9 -FIHI - 

01” PI~

DISI-CARGE. TURNS TI-F I-EATER CU RRENT OFF. ANDI ‘lii~(,lAll )) I

REDUCES TI-F KEEPER VEITAGE . AFTER A DISCH ARGE HASI I ~ 
su ooi i is J

00 LOAD
BI AS ~ ~1 

BEEN STARTED. ENERGETIC ION S CAN BE EJECTED BY
C(flIAND I NK3 TIE BEAM VCLTN3E TO OlE OF iWO POSITIVE

I Al l I VE I LEVELS . THE l-EU’IRALIZER CAN BE I N(IEPENDENTLY41 IAIEO I
L_ ~ ’ff ~ _ J  STARTE TO EMIT ELECTRONS Al-I) CAN BE BIAS ED WITH

Fi gure 11.3. Power Processor Assembly RESPECT 10 SPACECRAFT GROIJID . SINGLY — I ON IzED

ELECTRIC AL ISOLATION IS MA I NTAINED BETWEEN 
XEN ON I ONS CAiN BE EMITTED WI TH ENERGY OF EITHER

INRJT POWER L INE S, Ti-F OJI4IAND LINES.  TEL EI€TRY , 
ONE CR NO KEV. AT EACH OF THESE ENERGIES. THREE

AND THE OUTPUTS CF TI-F VAR I OUS SUPPL I ES . THE 
CURRENT LEVELS CAM BE OBTA INED IN TI-E RANGE FROM

ZSCLATICtI CF 11-F COT’?IN4D LI NE S IS OBTA I NED BY 
APPROXIMATELY 0.3 MA iT) 2 MA. THE NEUTRALIZER CAN

USING RELAYS; Ti-F ISOLATION BETWEEN INPUT. OU TPu T. 
BE SET TO EMIT IN FIVE CURRENT RANGES FROM 2 MA TO

AND TELEMETRY LI NES IS ACHI EVED BY USING AN OUTRIT 
2~ A. AND CAN BE BIASED EITHER P~~ ITI VE CR

TRAN~~OI~1ER AM) . r4-IERE REQUIRED . INCLUDES ISOLATED 
NEGATIVE WI TH RESPECT TO SPACECRAFT G ROUND AT FIVE
VOLTAGES FROM ii) V TO ONE KV (T~~E 11.1). To

VOLTA~~~~SENS E W II’I ) INGS AND A CURRENT TRANSFCI~IER

CM TI-f PRIM ARY FCR ‘,~~TAGE AND CURRENT TELEMETRY , 
INCREASE ThE DYNAMIC RANGE A CURRENT OF Ii) A

RES PECTIVELY . 
XENON IONS CAN BE EMITTED FROM THE ION SOURCE P1-lEN
ThE CA1HODE-1D ANO!E DISCHARGE IS OUT AM) THE

THE OIJTRJT CURRENT LEVELS CF TI-F DISCHARGE SUPPLY 
CATHODE~iO1(EEPER DISCHARGE IS ON.

ARE SET BY LEVELS I. I I .  AND I I I  C(fl’WD SI(~4AL TO

12. SC5 RAPID SCAN PARTI CLE DETE CTOR

OFERATION CF TI-F ELECTRON AND PCSITI~H’E 1CM BEAt-I12.1 SCIENTIFIC OBJECTIVES

THE RAPID SCM PARTICL E DETECTOR WILL ME ASURE 
SYSTEM , SCL4 , AND iT) PROVIDE A SYNO PTIC SURVEY CF
TIE PLASMA CHARACTERISTICS AS A FUNCTION CF LOCAL

FLLD( CF ELECTRONS AND I ONS INC I DENT TO TIE
TINE , ALTITUDE , AND GE OM AGNETIC CONDITI ONS .

SPACECRAFT IN DI RECTIONS PER PE NDICI.LPR AND

PARALLEL TO TIE SPIN AXIS CF THE SATELLITE. THESE 12.2 MEASURING TECHNIQUE
NcAS1REMENTS WILL ENABLE RESEARCI-ERS 10 DETERMINE

mE MJ ’IBER EENSI1Y. TEMPERATURES AM) BILK FLEW CF Ti-i RAPID ScAt’i PARTI CL E DETECTOR IS ~~‘WRISED OF

TI-f PLASMA AND TI-F RELATIONSHIP OF ThESE ~~~ SETS CF SPECTROMETERS Ei)IR4TEI) PERPENDIC ULAR

QUANTI TI ES TO TN-F OCCURRENCE CF SPACEC RAFT AND PARALLEL 10 TIE SPI N AXI S CF ThE SATELL lIE .

CHARGING. IN NDDITION. SCS WILL BE WEL) TO EACH SET CF SPECTROMETERS CONSiSTS CF EIGHT

MONITOR TIE RESPCt’SE CF TI-f PLASMA TO TIE 
SENSORS. Fcu~ NEAS1RE ELECTRONS AND FCU~ MEASURE
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- L~ ~ FUR PAR TICLES ~IITh ENERGIES GREATER Ti-IAN &) KEV ,
- , ~~~

‘ ‘  (j , ’ L IST 
- 

SHU T THE FLUX MEAS URCHENT IS MADE USING SOL ID STATE

if - SPECTR &IETER (SSS) SURASSEMB IES AS SI-OWN IN
,‘m.lATH 5~ ~~~~~~~~ -~~~-~ -‘. - - -\ - - I  -

‘ 
Fi~~~ ~2.2. ENERGY ANALYSIS IN THESE

(UI 14),) 
- . - -~ ~~~~~~~~ SPECTR OMETERS IS ACCOMPL ISHE D BY TOTALL Y DEPLETED

Fi gure 12.1.  Cylindrical Electrostatic Analyzer SILICON SIJfACE BARRIER SOLID-STATE DETECTORS .

THE PARTI CLES ARE DETECTED BY A ~‘JRALTJ~~ 
“~~~~~~~‘ ~~~~~

ELECTRON MuLTIPLIER (~~M ) AT TI-F OUTPUT CF ThE - -
-‘~,IC ’ 

CUR VED PLATES. THE FRONT END CF 1)-f ELECTRON S AND A. - -l3i~ ‘ - 1 ’  ~

ION ~~Ms ARE MAS ED AT ÷5W V AND -5W V. 
IRESPECTIVELY. Lcw ENERGY PARTICLES ARE ~ j  ~~_J L 

- —

ACCELERATED 2Y ThESE ~fLTAGES TO ENS URE THEIR i UI -l~ H -
~~

EFFICIENT DETECTION BY TI-F SEM . - I ~ - 

-~ ~~~~~~~~~~ \ -

THE SEI’ls HAVE A NOM INAL OPERATING ~1TAGE CF 3XX) - — 

~~~ 
-
~ 

- -

* ~~~ - - - 
‘ 

-

V THE OUTFIJT ENDS CF THE SEMs ARE Tl-FREFCRE \I I
- 

-  L~~~~ - . 
-BIASED NOMINALLY AT ÷35W m ÷25W V. L~~~

- - 
1 

‘ ~~- -  
- - -

RESPECTIVELY. FUR ELECTRONS AND I ON S , TIE BIAS 
- 

~ ~ 
-

‘

V~LTAGE IS CCNIANflABLE TO ANY CF SIXTEEN SEPARATE - -

LEVELS. TI-ITS ARRANGEMENT ALLEWS THE SEM T0 BE 
Fi gure 12.2. Solid State Spectrometer

BIA S ED INITI ALLY AT FAIRL Y LEW WLTAGES (LEW GAI N )  THESE DETECTORS PROOUCE A CHARGE PULSE
AND TO INCREASE TI-F BIAS VOLTAGES (AND G A I N S )  IF PROPORTIONAL TO Ti-F INCIDENT PARTICLE ’S ENERGY.
GAIN FATIG LE IS EXPER IENCED . THIS HAS THE THE 0-lARGE PULSE IS CUNVERTED TO A VOLTAGE BY A
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LC$~ NOISE Ct-lARGE -SENSITI VE PREN~IP LIF IE R . THIS 6. THE ELECTRON SSS I-lAS AN ADDED ABSORBER BENEEN
VOLTAGE IS TI-f N A1’It IF I ED AND FED TO A TI-f~ESI-oL D TIE iWO DETECTORS TO IPROVE 1)-F SPECTRAL ~~TA
DETECTOR . AT 1 ~tV. THIs CONF I GURATION GIVES AN

A1~)ITIONAL IPITEGRATED lEASLJ~~lENT FOR
I N EACH SOL I I~- STATE SPECTRC~~TER THERE ARE TWO ELECTRONS ABOVE 1.1 ~ V .
SOLID — STATE DETECTO RS ARRANGED IN SERIES . FUR A
GIVEN il-fESI-OLD VOLTAGE THIS CONF I GURATI ON ALLGVS As IN IHE ELEC TROSTATIC ANALYZER . TIE SOLID STATE
TI-f S IMIjTANE(XJS l4~S1fEj’fNT CF TI-f FLUX CF SPEcTRU~ iPJ~ ACClJ’UJ~TE S COUNTS FOR ~3I3 t’~ EC IN
PARTI CLES IN 1’..(O ENERGY RANGES. A L(X3IC WIPUI’I IS EACH ENERGY OWIEL. IN TIE SSS’s FASTEST S~€EP
IN CL[jr€~ SUCH THAT IF A PULSE I S OBS ER VED CItY IN RATE . TI--f Fl..LJX IS NEASURED CONSECUT I VELY IN FIVE
1)-F FRCI {T DETECTOR ( *T ICO1NCIDENT ) IT IS ASSIGRED ENERGY CHANNELS FOR BOTH COINCIDENT AlE)
TO A L(~ ENER GY BIN.  I4II LE IF A PUL SE IS OBSER VED ANTICOI NCID ENT PARTI CLES. IN ThIS OPE RATING MODE .
SII ~V1TANEOt& Y I N WiTH DETECTORS ( C O I N C I D E N T )  TI-f NE SSSs RETLP~ A TOTAL OF TEN DIFFERENTIAL FLUX
PTLSE I S ASSIG NED TO A HIGH ENERGY BIN.  I-EASURE?’~ N’S FOR ELECTRONS All) I ONS SIMITANECIJSLY

EACH SECOND. THE GEOI’ETRIC FACTOR FOR THE
TIE ELECTRON AND PROTON SOLID STATE SPECTRCI’FTERS ELEC TRON J.Il ) ION SOLID STATE SPECIRCIETERS ARE 3.~ARE VERY SIMILA R . THE PRINCIPAL DIFFERENCES ARE x 10 ~~ CN~~~~ AND 2 ~ 

-2 Cl~~SR RE
TI-F F CLLORING : SP EC TIVELY . THE ENERGY RANGE FOR EN)l CHANNEL IS

LISTED T N TALE 12.2.
1. FUR TI-F FRONT 3C I ID STATE DETECTORS TI-f

ELECTRON SENSOR A ThICKNESS CF 3(X) M AND Table 12 .2 . Energy Detect ion Ranges

AN AR EA CF 50 • -M2 WH I LE TI-F PROTON 11~IT t~s _____

f l .

~~

r

~~~~~

,hd ~~~~~ - ‘~~ - ‘ ~~~~ 
-

A THICKNESS CF 101iLM AND AN AREA CF 3 +?. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘~ ~‘ ‘ - ‘

:..
-
.,‘ : ‘ ‘

8am R EAR DETECTORS HAVE A ThICKNESS CF 3W1uM 

~~ - -~---f- —~AND AN AREA CF 1W t4’~~. ~~
‘- 

- ~ ~~~,
F A  - I ’ m - LiO -c ~~O 3 3 0  ~c
~ 04 - 1 S - T O O  ~~~ I2. lI-f ELECTRON SENS OR USES SN’19 AS AN ~ ‘ I ‘ ‘ - ‘  -

I ~~I I us ;‘m~o,o - ‘m -
IPS’FLIGHT CAL BRATION SOURCE WHILE TI-F I CII iC3 - - 450-..

SENSOR USES ~~~ DEGRADED BY A NICKEL FOIL L I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
. A TH I N ALUIi IN.IMIS’1 FOIL (2.1 ,qi) IS USED IN 

~~~~~~~~~~~~~~~~~~~~~~~~~FRONT CF TI-f EL ECTRON (tIl T IL ELIMI NA TE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PROTC~~ WI Th ENERGIES LESS THAN 250 KEV. 
I ~~~ 

~~~

~~

4. SWE EPING MAGNETS AR E USED IN FRONT CF TI-f ~~
‘,2o 

- 
‘:g~~~~~:g~~

PC.i t 2 O _ i 4 0  ~4 O O - ~~0mm0
PRCTCN (tIl T TO PREVENT LON ENERGY ELECTRONS PCI I 4 - 4 I 0  I~ O O - i 4 O 0

PC4 I 4 I I m . ~~~ I I ~~~~~~~~~~~~~~~~~~~~~~
FROM REACH ING TI-F DETECTORS . THE USE CF A
VERY THIN FR ONT DETECTOR FiEQUIi~ES THAT CItY 12.3 FUNCTIONAL BLOCK DIAGRAM
ELECTRONS W ITh ENERGIES LESS THAN ~) KEV BE
ELIMINATED . HIGHER E NERGY ELECTRONS WILL PASS FIGU RE 12.3 IS A FUIC TI ONA L BUX K DIASRAM OF Ti-F
TI-fOLOl TI-F F iE)NT DETECTOR WIT}-O UT DEPOSITING RAPID SCATI PARTICLE SPECTRCIETER. THE SYSTEM
SIFF I C IE N T E NERGY TO P RODUCE A FALSE COUNT . CONSISTS BASICALLY OF EI GH T SENSOR CONPONENTS :

FOUR ELECTROSTATIC ANALYZER ASSEI-~ LI E S AND FOUR

5. T~c EL EC TRON SSS CONTAI NS AN ADDITIONAL FIXED SOLID- STATE SPECTRONETER ASSE IE LIES . TWO
TI-R ES )-*1D DISCRIMINAT OR AND ON& SHCYT , WHICH ELECTROSTATIC ANALYZER ASSENELIES AND NO
ARE USED TO ACTR~ TE TI-F AUTOMATIC ES.A PCWER SOLID-STATE SPECTRON.FTER ASSENELIES ARE ORIEN TED
SHUTIX~I-SM CIRCUITRY DtfING PERIODS CF TO L~~( PARALLEL TO TI-F SP I N AXIS AND AN IDENT ICAl..

EXCESSI VELY LAR GE ELECTRON FLUX LE WLS. SET IS ORIENTED TO LDDI( PERPENDICULAR TO THE SPIN
AXIS.
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EACH ELECTROS TATV ANALYZER ASSEIEL Y , SI NC E IT CC-N1 R OL TI-C ThN~LI tJ- (F TI-C DIGI T A ~ L~ TA FROM
DETECTS RON I ONS All) ELECTRONS. RETu RNS TWO TI-f INST l- 1t~ NT TO TI-F SA l t :  - l IE nt- TI- H A N B L I t~C-

MEASUREMENTS IN EACH 2(X) MSEC ACCIt&LAT I CF SYSTEM .
INTERVAL . SIMILA RLY , THE S C t I D  STATE
SPECTROMETERS RET UR N BOTH A (~~ I -ClIENT AN~ ~

,. TI-€ ESA PORER CON TROl CIRCU i TR Y Ti~~1 ‘ R (j V IC ~~
- A TOTk FOR AN AUTCt~tA TI C SHIJTC*’mF 5 Th L.Y F THE

IL MEASUREMENT S APE MADE iF  1-Lh 20(1 ME EC WUN T ~<P TES REACH A LEVEL THA T ~AJ 0 CAUSE

BLOCK . I t - : TI-F IN L T -: IEIt T ’S HIGHEST SCAM RATE . A PRE)’IATIJRE DEGRADATI ON CF TI-f CI-IANNELTRON

COMPL ET E SPE CTRAL SAMPLE CONS I STING CF 8) ELECTRON MIITIPEIER G A I N S .

MEASUREMENTS IS r-L TURNED EACH SECOND. IN
ADDITION . THERE ~ - PA~1 [TIPI E XE ANt) SIGN At ~‘~F IL T(x-IX. CONVE R T ER . PGWER OI STR I BUT ION ,
PROCESSOR. TI-I-IS .~~CAS N-(Y CIV EN C~- -~FEL TO BE AND £&tIIT OFi SUR SYST EM THAT CON TAI HE NE HI GH
SAMEI ED EVERY 2~C N. LC ,  VELTAGE P~~ER SUPPL IE .  I~ — TC-~~( CONVERTER .

i~~L— ANAL CO Vii TAGE AND TEMPERA T IRE I-U~ I TURS .

• 12.4 OPERATIONAL ASPECTS
-

- •~~ - - - 
- ~~~~~ - T~i NS TRLI~~NT IS tE SIGH ED SUCH TI - A S  THE MI4FLR CF

-
- , : 

~~~ ~~~ 
CC N SEC I JT IVE 2W MSEC R EADUUTS F A~~ CHANNEL CAN

- .: - - 
~ CHANGED BY CCI+IAND. T

~~ ESA: ~~~ SS~s CAN BE
0 

- 
C(fl~WIDED INDE PEN DENTL Y ~~.. ~~~~~ ~c~- ~ 2 ~ 8 

1 -
~~~ 

.;
~~ - - - . 3 ~~IIAf ’ m . -  UP 1~- CONSECUT!W -IEAI%)UTS (~ CAN BE

- - • 
- 

t- 5. - - MED IL ONEi.. :~- N f ; N l J - j~~ I F  ~~ ott o t-4IiE1~.

- . ~~- -~ T HE HIOR TIME RESCIIIt ION BROADEANO [~ TA AVAILA& L

I USING TI-f PP !1 MUL TIPLEXE R IS CONTRCLL ED SEPARATELY
FROM TI-F DIGITAL I~iTA , THERE ARE L6 SEPARATE

Figure 12.3 Control Circuits SUBCCIT.IUTATED CONIWIOS FCso TI-F BROADBAND DATA .

THE REMAINING COMPONENTS CF TI-C INSTROMEFT ARE: THE BROADBAND t~4TA CAts BL READ OUT CF CN.LY ONE

CHANNEL AT A TI NE , I-O~EVTh . TI-f LARGE N(t1EEi~ CF

1. A CC1IPRESSI CI-4 CO(tTrEFI WHERE TI-F COOMT RATES SUBCON?IUTATED (DI’TIANDS PRC. DES VERSATIL IT Y I N  TI-f

ARE (X)MPRESSED SO AS TO M I N I M I Z E  TI--F TELEJIETRY WAY IN WHICH TI-F INSTRLI ’VST SEQtENCES THROLJ~ TI-F

REQUIREMENTS . VAR I OUS CHANNELS. THE BROADBAND CAN BE SET TO
SAMft E A GIVEN CHANNEL (F I- GIVE N DETECTOR OR TO

2. THE CONTROL CIRCUITR Y THA T AS SIGH S TI-f CYCLE T)-fCO(D-I- ALL Ti-f O-IPNNELS IN COMBINATIONS CF

OPERAT ING ~~)DES F(F THE ESAs AND SSSs AMP DETE CTORS .

13. SC6 THERMAL PLASMA ANALYZER

13.1 SCIE NTIFIC OBJECTIVES THE SATELLITE BODY W I L 4 - MEASURE 11-F FLUX CF
PHOTCELECTRONS FR(J’l THE SATE LLITE ,

THE SC6 THE I-~.t4L PLA~ .VA AHALVZER IS INTENDED TO

MEASURE TI--F AMBIENT T}ERMAL PL ASMA AND TI-C THE MEASUREMENTS (F il-& THEI-tllAL PLASM At-~~~zE~ELECTROSTATIC PO TENTIAL CF TI-f SATELL I TE WITh - - 
- FE US ED i r ~ TI-f F(11OI-SING MANNER . )~

RESPECT TO TI-F AMBIENT R ASMA . THE I ON DENSITY IS COMPARING TI-ESE — E~ IE TS I-’~ TH TI--f SCS AND SC9
MEASURED IN TI--f RANGE lO~ To 10~ PER CM3 AND PART I~~ E MFIS(5~LMI- NTS , TIE R [I~A T V E  CONTRIB&JTIC~~
TI-F ELECTRON DENSITY IS MEASURED IN TI-it RANGE CF 1 

~ T1-f~ WM ASMI AND 3t~--fi TI-ERMk PLASMA To Tot
TO 10~ CM3. lI-f PAR TIC LE TEMPE RATURE IS 

~~~ 
- TI POTENT;I~ l. DETNMII-&D, C,-ipi~GES

MEASURED FR OM 0.5 EV TO 1W EV . THE SATELL ITE I I  1 1  ~ATLI ITE POT E N T I A L  I MXCED BY L-Ft r~A T l C F  (I-
POTENTIAL IS ME ASURED IN TI-f RANGE .~ —1W V ~ I- -IT ~~~ P O S I T I V E  I ( F ~~‘ 1))- I’ LL BE I-II A T I I ’ m I
+ 1(1) V. IN AD D I T 1CN , TI-f . ) - TRI~-1EN1 IIJ UN-ITED r .4\ Al ( ) I l ~A TL l  V .  ~~I Cl I-~~’-~~ )~A i-A C Ii f. ISTICS ~
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TI-F TI-LI IAL PLA~ 1A ASSOCIATED WITh THE ELECTRONS ARE TO FE COLLECTED , TI-C POl ARITIES CF
FLASMASRIERE , PLASMAPAUSE, AND ISOLATED REGI ON S (F TI-F POTENTIALS EN 1W COLLECTOR PLATE AND TI-F
THE F~IAL PLA&IA IN TI-F MAGNETOSPHERE WILL BE RETARDING O R I D E  ME REVERSED . AT ALL TIMES~ TI--f

STLOI ED . IN PARTIOJLM, INS TABILITIES IN TI-f SUPPRESSOR GRItS ARE HELD AT -50 V WITH RES PECT TO
TH ERMAL FLA3IA ASSOCIATED WITH VU WAVES WILL BE 11-F POTENT I AL ON TI-F COLL ECTOR PLATE. BASED ON
ST UD LED. GROLN) Cotl’IANOS, THE TWO I NSTRLtFNTS ON THE BOOM

CAN COLLECT IONS CR ELECTRONS. AND SIMILARLY. TI-F
13.2 MEASURING TECHNIQUE

BODYiI)tt(TED I NSTRII’EI-ff CAN BE CCt+IANDED TO

THE SC~ THERMAL PLfiSMA ANA’~tZER CONSISTS CF TI-FEE COLLECT IONS CR EL ECTRONS .

IDENTICAL INSTRL1~~NTS, WHICH ARE PLANAR PARTICLE SIN SOII M I  YlI-INI ,
TRAPS . TIl) INSTRUIENTS ME IIJWTED AT TI-F END CR If

SIC SUR fACE I PIll I-I NUI [ ’ I LA H
A 3—M BOOM PERPENDICLLAR TO TI-F SPACECRAFT SPIN 

_ /_~ 
B OOM SI \S0 f f - ~~~ _ _.. _.~~ ~~~ —

AXIS .  TI--f OTHER INSTRItENT IS IIJIN TED ON TI-f +~ ~~~~~~~~~

END (F 11-F SPACE VEHICLE. THE S11~ ACE NEAR TI-F 
- - - 

- 
.,

BOD Y N ~)I11TED I NSTRIPENT AND ONE CF TI-f - — 
0 I
l

• - - - -

BOCIIVOMTED I NSTR1I’~ NTS IS PARALL EL TO TI--f X-AXI5 - -

CF 11-f SATELL I TE , WHICH IS ALSO TI-F SATELL I TE ’S -
_ - -

I- IIM — - PA AOI UI
SPIN AXIS. TI-f OTHER BOOM-NtLt-JTED I NSTRII’EWI HAS 

055 0 

~ BOO M OSSIlI-TI-F VECTOR NGRMAL 10 TI-f APERTURE DIRECTED
2 233 nRADIALLY OUT FROM ThE X-AXIs. THE ARRANGEMENT CF

TI--F INS TR ItEt’ITS CM Ti-f SATELL I TE IS SI-~)WN IN —

F IG 1~~ 2.2. I- 0 -n - 
- - SC

SURIAC I

THE INSTR II’ENTS ME STANDARD PLANAR PARTICLE TRAPS 2 233

3 48610
WIll-I TI-F ABILITY TO FLNCTI CM AS RETARDING - 5’~ - -

— — — 
-~~4.- f

POTENTIAL ANALYZERS (I~’A) AND ARE SI{)WH IN FI ~ JRE - - — V I  ~1A5 -~- — lIP) BlU Rt CR15
13.1. THE INS TRI)ENTS HAVE A CYL I NER I CAL BAFFLE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sl IPPE D CR -C

~ SUPPRESS, IfI : ,I~IIJLt IITED IN FRONT CF EACH APERTURE. THE RJRPOSE CF I CULLFClI~~~ A F

Th IS BAFFL E IS TO MINIMIZE THE COL LECTION CF iIY f ClUB TI)
1111 TP P’~CI PAl -IGi

Fi-IOTCELECTRCtIS FROM PARTS CF TI--f SPACE VEHICL E
NEAR TI-F APERTURE. IDEALLY, ~l~I€ CN.Y 

Figure 13.1.  Retarding Potential Analyzer

R-IOTC€LECTRONS NEASLRED W I LL BE TI--OSE THAT I--I-AVE AFTER A SE(~ENCE CF RE TARDI NG POTENT I ALS HAS BEE N
BEEN RETURNED TO TI-f VEHICLE BY THE SATELLITE 

APPLIED, TI-F R ETAR DING GRI TS ARE HELD AT 0 V WITH
POTENTIAL. TI-F BAFFLE PROVI DE S At-i WRESTRIC TED RESPECT TO E)~’ERJMENT BIAS POTENTIAL FOR A WHILE
F I ~~ D CF VIEW ~~ EEC WIEF2 TI-F FLLL TO MEAS URE DENSITY FLUCTHA TIONS. To FURThER STUDY
WID1WAT i-I-ALF MAX FIELD CF VIEW IS 60 DEC WI ll . DENSITY VAR I ATI ONS . IT IS ALSO PO SSI &E TO STOP
THE INTERNAL PARIS CF TI-F INSTREPFNTS CONSIST CF THE OPERAT I NG CYCLE BY GROLND CCfl~tAND AT ANY POINT
TWO APERTURE OR I TS.  TWO RE TARDING POTENT I AL GR I tS , IN TI-F CYCLE.
A PI-KJTOELECTRCN SUPPRESSOR GR 1D~ AND A CCUECTOR

PLATE . ALL NE GRI tS ARE MADE CF LI) BY LI) WIRE S THE CURRENTS FROM NE INS TRUIENTS ARE MEASURED BY
TO TI--F iNCH MESH (F 1 MIL DIAMETER , GCLIrPLATED LINEAR. RANGE SWITCHiNG ELECTROMETERS. EAcH RANGE
TIJIIGSTEN WIRE . COVERS CUE DECADE CF INPUT CURRENT AND Ti-f MAXIMII’i

AND MI N 1MW CURRENTS THAT CAN BE MEASURED ARE
WHEN lENS ARE TO BE COLLECTED, TI-F COLLECTOR IS 

10 8 AMPS AND ]fl~~ AMPS. As 11-F OISFRJT FROM
I-ELI) AT -1(DI WITH RESPECT TO Tl-E RETA RDING

POTENT IAL AND TI--F RET AR D ING POTENTIAL GRI tS  ARE TI--f ELECTRCS’ETER APPROACHES TI-F MAX IMItI OR MINIML tI

STEPPED THROUGI A SEQL(NCE (F THIRTEEN POTE NTIALS: WITHIN A RANGE~ TI-f ELECTROMETER IS AU TOMATI CALLY

-20 V . -10 V .. 0 V .. +1 V , +2 V. -‘-3 V .. 4~4 I -I , 45 V, SWITCHED TO TI--F NE)(( RANGE IF TI-f OIJTPtJT STAYS

+jj  v. ~ ) v, ÷~ V, -I-- 70 V. +1W V. W~~ NEAR TI-f MAXIMIM CR M I NIM EM FOR NO~E ThAN 375
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?~~EC . THE O(JTPIJT (F EACH CF TI-f ELECTROMETERS IS RANGE Cf 0 V TO 5 V. GOES IC TI-f DIGITA L ENCODER
PIC KED IF BY TI-F DIGITAL ENCO DER 8 TIMES PER TO BE CONVERTED I NT O 8-BIT t~ - !Pro ~ ALONG WITh AN
SEC OND . 8-BI T NGRD IND ICATING TI-f RANGE LEVE L . THE DATA

13.3 FUNCTIONAL BLOCK DIAGRAM TI--FM BECCMES PART CF TI-F TELEMETRY STREAM ,

- 13.4 OPERATIONAL ASPECTSTHE F IRA CTI ONS CF ThE SCE THEF~.’IAL

~~E SI-OWN IN FI W RE 13.2. THE PR INC IPAL OPERATI NG THE EXP ERIME N T USES NI NE CDt.PI-AtADS TO CONTROL ITS
EL EME NTS AND TI-F SWITCHES BETHEEN THEM ARE SI-C*’N FLM CT IONS . C ,IB I NATI0Is CF THE FIRST THREE
AS PART CF TI--F “W I R I N G ” DI At RAM . THE CXJN?IANDS FOR COt~4ANDS SET 11-F INS TR LI’IENTS INTO lEN CR ELECTRON
CHANG I NG TI-F OPERATING STATUS CF THE I NSTRIIENTS GATHERING NGDES . COMB I NATIO NS CF TI-f NEXT FOUR
AND TI-f MEAN I NG CF TI-f (0DI-?~1ANDS ARE SI-OWN IN TI--C SET 11-f EXP ERIMENT BIAS VOLTAGE . THE LAST TWO
B OCKS EN THE LEFT CF TI--F DIAGR AM . CCflIANDS TURN TI-f EXPERI ME NT SEOLENCE CLOCK ON AND

CFF . THE SELECTION CF COt’PI-ANDS WILL BE MADE EN
THE BIAS VOLTAGE Ti-I-AT CAN BE APPLIED LPCN CROWD TI-F BASIS CF : (1) OPERATION (F SCLL ION AND
CCMIAKi) PLACES A POTENTIAL DiFF ERENCE BETWEEN THE ELECTRON BEA!~ts, (2) REAL TIME GEOR-IYSICAL Ac TIVITY
INS TR UI INT REFERENCE LEWL AND TI-f SPACECRAFT AS DETERMINED FROM REALTIME ANALYSIS CF P78-2
ELECTR I CAL GROLIW. THUS AN APPLIED WITAGE CF SPACECRAF T DATA AND GROLND E.ASED OBSERVATI ON S, AND
+1W V WITH A BIAS ‘.VLTAGE CF +5Q V BECOMES A NET (3 ) KNG.NLEDGE CF TI-f I NTERACTI ON CF TI-f P78-2
POTENTIAL (F +J~~ WITH RES PECT TO SPACE CRAFT SPACECRAFT WITH ITS EI-.VIRC*IENT BASED CM REALTIME
GROLND. - (OR NEARLY REAL T I ME ) ANALYSIS OF SC6 DATA .

THE OUTPUT FROM TI-F ELECTR OMETERS . WH I CH IS IN TI--F

It

S E -  
- 

- . ii

_ _  _  _

~~~~~~~~~~~ 

~~~ 

r 

~~~~

- 

. .

~~~~~~~~~~ 

Oil + ‘I — — -

- 01.8 j ,- - 
-

+ -

I ~~~ ~~~~~~~~~~ 

-

Figure 1 3.2. Functional Diagram

44

_ _ _



-—- -- 

I

14. SC7 LIGHT ION MASS SPECTROMETER
14.1 SCI ENT IFI C 0BJECTI V ES ~~SIGNCl) IC RE - C~N’~~~ ’VE TO *~ v~r 

P

AND WIfl - ~ COR R ESPONO r ~~ VAL I F :  ~c ~ F- 
1 I ~ T U I  MASS ~PI1 ( TPOMETER (LI S D ( I ~i~i Po$T AcCF LEPAT!CM P .-TT NT I AL OF $4J) , ~~ AND 50 1’ ,

TC MEASURE TI--f CENSITY. TFJ’IPEPATLRE. ~~ RESP EC TI VELY .
I !-’pl:~~: T t ~~ -f ~Rf - L~~ENERGY (il ‘~~A~ ’1A AT TI-f

‘ LAR L~~CCI-PuNol)S ALTITU)E C~ E t T  -f  TI--t P 7 8 2  THE ION S THAT ME FOC USED IFON THE E X i T  9J T ARE
AT( L~~~ TE. ~ Ff CHARACTER ISTICS CF Ci-UAJIGEI DETECTED ‘3Y A CHANNEL ELEC TR ON ~1LTIPJER 4 1 11-4 A

F~ r~T I O ~E OJ RRENTS ASSOC IATED t~!TH A FREE BODY IN 3 141 DIA APERTURE . THE ENTRANCE (NI) OF THE
- PACE A1~E A F CM CTI CN CF TiC SATEL L I TE POTE NTIAL . Ill_ T IPLI ER IS SI ASED AT —2E41) I N  URDER TO A : :
AND P-~IS - ‘  I E l T : A  I S ESIAPI C~fJ  SO AS TO SATISFY FOCUS ING THE TONS FROM 1)-IF E ” IT 9_ I T INTL THE
~E CLIII EME NT (HAT B r r T  I EN T EL ZCR(’ I N  t-U T I P I I ER THIS  ALSO SERVES TO REJEC T JRDt -~

IHFfA  IL t 4 . - l l / ~~~ TFE COt- P LX PLASMA- SATELL j 
~ ELECTRONS ANT) Pr4 OTOE LEC TRONS , AS TilE r&L TI 1~~!ER

I \ ) E R A C T I O R ,  ~ th~~- -t- T CHARGED PAST CL E ENTRA NCE IS TO-f I-~DST II EG AT IVE PO i NT I N ~‘-4E
- A C . i-~ I1~~T ~ :LCT : P ED ~1- ,r MEASURED. THE SYSTEM PULSES FROM NE 0-IANI-E L MJ_ TIPLIFR ATE

~O~~- R A 9 ~1A (E iW< E~) CC1’IP(JCNT IS IMPORTANT AT A MP LIFIED.  D IS CRIM!N AI~~ . ANT) SHAPED ~ON
:~ D IEA,A ~ R1-iCi~f~OM-tJS 4- C Ai TI TII )E S AND AT TIMES TRANSMISSION TO TilE CENTRA L ELEC TRONICS P~~KAGE .
CA\ BE ~l-€ J-1INANT :~?-:f~- .l:ENT I N  TER ME CF DEN SITY .

EXCEED I NG ~~ ICt~S- Ce-C . I -I J Y DETAIL ED STL OY ~~ THE TI-REE LI~ SENSOR ~-LCL~ N’ID ASSO C I l I F E C  SYSTIY

~PALCLr . Ar T Ci-ARG NG EFFECTS M OC T THEREFORE ~tAVE A /+~E LAEELED AS FCL J _OR S :
I I-tAlUS I-€ASLRE F 11-f CHARACTER I ST I CS CF Ti-F

-
~ /~ J~~ StJRRO&ND I~~C THE SPACECR AFT. SC7-1 SENSOR I-CAD LCCATED I-i TI-f AELL YBAN D ~- :T~-~

-~~JLATIONS I I -  IC-F r:cEl :AET PLASMA ~~EA NI l) FG-~ CENTERED p ( l p F I -~l) : c~~ Ap IC ~~4 cp”

- - CCH :L1€NT EF- FE l i -  OTHER EXPERI M EN TS such AXIS

-LI IA~ ELEC C- 1C F I E L D  MEA SLRLMELTS ~E & , : - -C

~~~~~~~~~ 
cf T 1—E ~5~F I E N T  ) C A ~~1- D E - Y I T I ,  ~I7—2 SEr. c~ - I ~- - LIxJ\T--C U- I ThE - u ~~Li) END

-0-C -~ J- U #LIALTEI - IC T I CS.  TI ~F;- U CRAF T 4 - 1 1 1  r -~ CENTEi . E2~
P E  SPIN AXIS

14.2 MEASURIN G TECHNIQUE

I-f L~ ’-~ - : - 1 ( r : T C  -i~ ~WE E  I-fADS AND ORE CENTRAL SC7 3 SENSOR I-FAD LCUI~ EL UI Ti-F EOTTCt-1 CF ~ f

- J ~~~- 1C S FALk -JlI CL .  EACH SENSOR F-lEAD CONSISTS CF SPACECR AF T W ITh FCV CENTERED A_ OR(l T [

A -~ETA~J :’-O ‘ITIAL. ANALYZER . YIN MASC S P I N  AX IS AND IN TI-f OP POSITE DI R ECT ION

ASS OCI ATED TO THAT C-F
ELECTI~CNICS AS tL iJ~F CICO IN FIGU RE ~~J . THE
~ET- ~~~ l~ POTENT I AL -OIA J7ER IR~ I1) IS C RI VEN 3Y A 14.3 FUNCTION AL BLOCK DIAGRAM

~T~~~~IOO PONER SURPL Y WI N ~‘2 ~-T~A R!NWIC AU _ Y FIGURE ]J-~J SHON€ A BLOCK DIAGRAM (F -~ ~‘~~n
SPACE D D ’:O ~EIC 01)_ TAGE RANGING FROM 0.0 io -~ t-~~, THE 1CM OPTICS ASSEMBLY CON SISTS C’ Ti-F

~)J V. T~€ ~~~~ -OA’ UTER I S A gJ CEG SECTO R GRITS .  TI-F El-(TRANCE APERTURE. TI-f CE C SECT OR
P I-R~E~IT MAC,NED ~ 1 T’-4 EN TRANCE A ll) EV I l  APERTh ~~ AC-LET, Ti-f EXIT ~-P[PTlFE. AND Ti-F 3-A NE
P ,’IC ED )3 Al IC OR TA IN ~ I PF T - ORDFR F OC US I NG.  ELECTR ON ~- I L T I P L I E R  ( m M ) ,  THE

— -FTER LEAV I II ~ -C ~F 1FlI~ Y1~ POTENTIAL ANAL YT ED AND R - : T EC T IA L (FOR CI-. LI-FIG’ ANAL YS IS )  ~~~
P 2 O F  TO ~NTE~~”Al 11-FE VA~ O -\Nt- -r ’~~ Ti-IF IONS 17E ~LL-’-IICCELERATICM PCT EN T I LI (FoR MASS 4lJ ~. 
)- :C ) :LV’ ED Ti A P-) AO FLE~ A ’~~~ PITEST1Q, lp~ RsE SCPPL IED CY VOLTAGE SLPPL I ES 1451 -~DE

ION MA LI -C-CIA_ ICED IS O N C . ”lI’Fj) ØY AE! _ FCT t~X~ A (QLT~~)J_ED LV P IEC ISICtI :LRLLEN (I AEP ~E - - ATC~S
PA~~T)rDj j9-~ VALI .E OF P LI ~~C-C- :ELERATTON POTENTIAL , THE CENTRAL 0 Cr ~oN : : C  PACKAGE . THE PPEAMPL IF ER

IS, -~~P A GIV EN V A L E  OF P OST CCEL~ CAT1IN -OlE- DI SCR O-’-I I - I AT O~- SER VE TO F~C-PUCE SHAPED P~I SE~
~-Y-~- f l I~~C -  ONL( : )N~ --11Th TI-f PROPER MA SS— TO — Fi—ii-i TI-F (FM AND Ti-ESE FULSES t4- E T-A: ~F ’~: TT-L n I
QIAL iE A~~~D 4ILL RE FOCUSED PIN THE EXIT PLANE ;.cI I~~~~,~~~~: IN TI-F CENTI- AL ELECTR U i C: p ’ - ~~,-- -

C-1~ -~PRPl R I L -  31) DE TECTED . TLE MAO ) ANAJ CCR II  TILp~ ~ 
ç A F-1~AJIZS TO h r  ~

-
~~

- -
~~ LC~
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DISC r~IMINATCf TI-f~ESFfl EE IN ORDER TO ASSESS 14.4 OPERATIONAL ASPECTS
POSSI BL E GAIN DE GRADA TI ON (F TI-F (ill. THE L O W
‘IU TAGE P OW ER SUPPL Y P OW E F~ TI-F PRE AMPLI F IER D IS  

THERE l y E  E I GH T I NS TR I tFNT OPERATI ON I-~)L€ S,

C RI M IN.A T CI- AS 4-€U AS fl-f HI GN ~~~TAGE ~~~~~ 
SELECTAR E BY GRO IND CCfl4N’4D. THE I4JDES CHANGE

TI-f 1111. THE HIGH ‘VELTAGE IS ENABL ED BY A 
THE IN T ER NAL lEN OPTICS ‘SOLTAGE SO AS TL CHANGE

SEPARATE (Dt+IAND SO THAT TI-f INS TR LPFNT CAN ~~ THE PARTICL E ENERGY AND MA~~ ANALYzE r) . Hc*~~~ ,

OPERATED DURING GROLR-11) CHECKOUT WITFOU T NE SEGLE NCE CF I-CAD SELECTI ON AND DATA

ENDAN GE RI NG TI-f N I G I  VOL TAGE S(FPLIE S AND CHANNEL 
ACC LFIILA TICN IS CCt’IFtETEL Y IN Ir PEN LE NT CF THE

MLL_ TIPL ER S . THE HI GH \,B1TAGE IS NOI~~ ,LLY 260] v. INSTR IJI ENT t.t)CE , AND TIC T I MI NG RELATIONSHIPS LI)

RJT CAll BE INC REASED TO 31X) OR REDICED IC- 22(X) BY NOT CHANGE. THE 1’~JD ES ARE DETA ILED AS F ELL OWS :

CCtT’IAND I N  ORDER TO AID IN DIAGNOSING THE GAIN + _

STATE CF TI--f O-W NEL ELECTRON ML LT IPLI ER . ~~~ 0: 0 THE PCET-ACCF : U ,~T :CN POTENT IAL IS

SET AT AP PROXIMATEL ’t O~ V SO THAT THE
+

- - - - - 
MASS ANALYZ ER IS SENSITIVE TO U IONS

A - -I - 
(*1_V . THE RETARDING POTENTIAL ANALYZER

- 

-~ IS STEPPED TI-FOUGH 2 VOLTAGE LEWLS I N  2
SEC .

d 
. - ~~ 1~ H~ 

- THE POST-ACCELERA 1I U. Ci T 1 1 - T : t : 

, - - -  - Cu- - IS SET AT APP NOX IMATE LY 2W V SO THAT THE
- MASS ANALYZER IS S E I L I : T : V E  TO H E

-
~~~ - 

- - - -  I ONS . As IN MoDE 0. TI-I LFTA- J INL

• 

- 

* 

I 
PO TE NT IAL ANAL YZ ER 15 STEPPLL T}-f-ULU~ 2
VU_ rAGE LEVEL S 1-, 2 SEC. 

iS \/~ ~~~ 2: f~ 
- THE P(XTT /- CC E E- l - T :U-  IS S~~ AT

- - 
• • APP r~CXIFt A TLL~ (II SC- ThAT T I-I Mi- )

.4 ANAL 1ZL IS SENS I TI ~
Figure 14. 1 . Light ion Mass Spectrometer IN  MODE 0 AND 1, THE ~ETA -:r NG [ IT :

ANAL YZER IS STEPPED I-f - IC .- -  ~~ VOLTAGE
Ti-€ CEI TLtL ELECTRONICS PACKAGE USES STANDARD (~1~ LEVEL S I N  2 SEC.
LOG IC TO I NTERF A CE EETWEE N TI--F SENSOR lEAD’ TAT)

Tf-t SP AC ELL/- FT CC*’t’IAND At-iD DATA SYSTEME . MODE t’I)IIL 3: [~ N S I T Y  - IN TH IS I-I-DDE . TI-F - -LT A- L I lK-
COt-PIAN DS I C E  DECODED TO PIIOC4JC[ PPCPE R SEQIENCES POTENTIAL IS FIXED AT LE R C VE LT O.  A!~ TI-C
AND VAL UES CF T I-if NET AR DING POTENTIAL N-ID POST -ACCELERATION VOLTAGE IS Sl ’ L I T
PO~T /1CCEI EX AT IUI \A- TAGES. Ti-i POI SE DATA FRUR THROUGH TI-F ENTIRE 1-V-S) RANGE Cl 1 TO lE
THE SENS U- HEATS N~L RO UTED TO ACC 1I~1U_ AT OTS AND uD AMJ / cHAJ GE IN 2 SEC.
TO SH IFT REGISTERS LEA- WPJ -I SMI SS I C M TO TI-f DATA

0TFi ~ ~Yl C l - I H L 1 Z l N G  SIGNALS , ~~EAl TH E IALIF ~ AT !UI NUDES 
— I N  THESE I-I-iDES TI -f DETECTOR

0F-ACEC’-~~ T 11-Ti- SYSTEM . CL-NT~--o- TI-F INTE II- .11 ThP[~ i-[JI-- N E  C) LIANFLTLLIN -i))- VOC AGI : PA L

CYCI I T O  - I T u E  INST HLMENT SO TI-EAT IT I S STEPPED 1- A S [L I f N C L  IN ORDER Tc P)~ E TSS /~)\

SY l’~ -’ ,~~u W ITh TIC VEHICLE TIME COLE I-SI l l ) .  Ci - I . E  rI1- -~t IA-T:o ’- T N  TI--f NI-~ - - . ~f N-:- , ‘ . V P i ,

B I — I ‘- .1 STATUS ~O I C l - T O H S  THANSMIflEE TO TEE I T!-
YOTFL -A ED T ’c r~~1,-i r~~- . SER VE IC- ‘.C I FY ~~: 0~ I-NC- Cl. I -- Il -FE

U-I-W Y - THE I - l I l T  OtCI STATE . NC F i t

:!-~Tl ~fJ.  CYCLE L U C  I-U — - Al-~L O G  iDUTLu C. , \R ~t t  5: Hu AND LA IPJ ~AT E

IC I- 1LT- [T Ci -, DE ELI T 1-CCE E I A I I U -  SUPPLIES . TIE

~ETP,- E I-I) POTENTIAL SCFPL I ES. P1~ COT-I l)  - ~1JE{ 6: ff A- lAD FlU-FE

i-T I lIF E E l) SUPPLIES .  N J )  THE 511.3 01- H I - i’D
T) MPI --JTIJ)E S . I i i  7: 11 1 f - J j : ,  N’: ;)- CA L IE- - -OPTE - Tu~;s - 1-Uf IS A
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~~L,-1 E 1 l Y ~~~t.( L  uI -t G. - -  2 . A~~ ra i -;- or~-~ 1. 1-MIT ~~~~~ 3 PGS:D~~L TO
. I- C D t - E~~H 1,1,11k 5 U-- - i -  R SEC U-~ 0 - N - M I T  /-I/ 1- - I-I / ~ 1-I-ir ‘ [‘.3

0iUS IF (1-S’ ETE ~UF CYCL E 1I - STE r Ci-  l- - I T ! I I ’ , Ii~ , - - ~. - ; ~-;i~- -  :~ - r - ~~:
E C . -~D D I T l JII~~ ~~ , A C A L I E - ~- T 0 1  f -f - I FS Ui ~€ ~~ME5 ‘-~~ :EC IT ; )  NC ;OCIA . TC

uL L€N C E uC CU ~S 5\1 j ~ ut - - - ‘1-LI - -  ~ NO- ~ ij -’FS ED t q  U 2 SEC LU

-j01-~ E Y E D .  ‘
~I. 7 01 -EL ‘ EETCA [U) NE rTU) T.E flU :0

-i H_Cl EL ECT o i-t -JT- Y. - -Lf ’IF L~ - ‘C N D  6. I - J O  TI-f L~~UCl .C L C T IE  0— t-TPA • Li f - r f l  IT . - FCC- . 2 11 X

ELO~~~-l-TIuG E TA~~ E ij ’t-.N-A~. ( FIFE - 7 AlA ENCODEr) ED CH I f  It-I ~ 1t -- ~~~ _
~~~~5. ETC. A ;),‘tl-

ITO Ti-F S T1)[ - A CCO R DING TO TABL E .~~ 1. HEAD 5 CLITII E LTLI’ Ii. ir [  i-- - :t- .f~ I_~~’Lt- )L f TO- - FOK

THE DIJAAT ICIS CF ONE 2-SEC . 2-STEP U:T/~-C:DGI HI.- 14 1 Pay lodd Ope r.ni r rq Modes - - 
- - 1 

POTENTI AL l-ITALY ZES S[CL[ i CE ~CDL5 0, i luND Li OR 
- ( ‘ -- ( - M- ~ - ‘  J ~L P CS T -ACCEL ER AT IOK SWEEP (MA SS Si -IF EP ) SEG HE NCE

I  (Mox 3) . 20-T I NE T H I S  liTE r-NA , . TIE OTHE R T4’i~
- 

- HEADS IC C EACH CONNECTED TO A SECCDCII 1
I ‘I’- - - - t-CCLINLPTu- AND DATA ARE ACCIJ-I L 1_ATED IT TIE

4 I) - I -  I

I o I ~ i c .  RETARDING POTE NTIAL ANAL YZER ZERO F S C T E I T I I -~ S TEP.
I - ‘ THUS , WHILE TI-f -lEAD CCT :T ECT LL TO TI-C PRI1,~!i ,

- 
- 

- 
I 

~~_~__ ~~~_ - 
Ait - I 1 

- ACCUM ILATC F) MEASL R ES TI--C ENTI R E 1-IET ARDINS CURVE
1- 

- -  

I AND , HENCE . I ON DEN SI TY I--AD TEMPER ATONES . TIE

OI l-E R NO HEADS MEASLRE TI-C DENSI TY lilLY U J R I I G

if’ u~ETARDING POTENTIAL AND POS T -ACCELERATI ON THE &zut’~ 2-SEC I NTE RVAL , THE SEC HE NCE CF
SUP PL IES IN EACH SENSOR I-FAD ARE ~~NTR OLLED BY SELECTING ThE PR I MAR Y ACCUML IATO R I-FAD NAS (B)SEN

CCtTICtI REFERENCE GENERATORS IN THE SC7-’4 SO THAT TIC HEAD (SC7 1) W ITh F(~’ P E TI PEND 1C IL P R TO

:_E CTHON I CS PACKAGE . TPOs, TI-f STATES CF TIE THE SPIN AXIS WILL BE SANPL EIT Th I CE AS CI TETI AS

-iEALIS WITH REGARD TO PA R TICLE ENERGY AND TYPE ARE T I-F HEAD (SC7-2 AND 3) . WH ICH ARE PANAU EL TO THE

:EEN T I CAL AT ANY GIVEN TIME . HOWEVER , DIE TO SPIN AXIS.

15. SC8 ENERGETIC ION COMPOSITION EXPERIMENT
15.1 SCIENTIFIC OBJECTIVES ATS-5 AND ATS—6 WITI-iD UT MASS I T E N T I F I C A T I C N) A-IC

T HE ENERGETIC ION C~~i~os ITION EXPERIME NT , ~C8. MEAS UR ED . (3) Tt€ 1011 CGHPOSIT ~ct’. CF TIE P. 151-/-

IEASONES fl-C MASS CDMP OS IT ION (F TI--f I-CT FEJ,St ’LAS 
PRICF TO CHARGING EVE NTS IS I- ’LASCF ED I N  ON ki- TO

EN VEL OPI NG TI-f P7~-2 SPACECRAFT. THE ICC: FL UX ~~~~~~ TIE CAPAF u l I l Y  ‘-01- PRED I CT I NC L j ~— c : r . G

frEASIPEI’IENTS SPAN TI--f ENERGY REGION FROM ICO EV TO 
LVELI ) I. —*: - LC DT . F D~J SPTION OF TIE

52 KEY AND TI--f MASS RANGE FRON TO GPEATEF Ti-IN) 
1 U101-Er.T 

- Y) T [FS F -- U). TL T i  I

-~o~ u . CF C J S A C r E T : -  I _ LIFS T PJ’lS . - ii )  U-IPOTA. NIP POU T

CiYEI.Lt N I : E S  -E TI-I 1 -D~~ C O N P O S I T I U .  ARE

-€ 3,, F T V E S  F T~[ ‘Y~~ER I MENT ‘- (‘00 INTO NO 
II T E I M I 1 E F  IC A I D  1: MEECL P~G TI-F 4-F T AU-S-’

F ’ C — ~A 01 0’ & (A ) ‘Un- PU-FT ‘ i-u A i l I I NG 
LNV - - i  t /-liP S FOR ) l - IE_~~ I_E u t E i I S  AT HIGHER TAD

- iP-U-’I-?U, AND (B) P-MA P T E - T ’r - i I ,  P R O C E S ) F  • 
Li--Li T U l L E  - ‘AD n P ‘AT i LtIS THAN THE ~~/~~~~ _

“F SCS ~ t ” ; ’ ~ o-r rr-t’u-- r-r- I -  ~~~rNIl) ING h f  ~~~ “ NIT 0H01T . ( 5 )  F ‘ t -K V , SELECTED POT-si- V

Pf-I _ L - , - - I - FT PR/ I i N G  ‘ 1  ‘ I-’Cl!- 1 VE RA ~,f yc - 
-U.: - 

I Utl: (‘RE ‘-[I- C-Er C -  :NG WHI CH :~ t, FLUAL S

(D ~ + C-Y R U T IG4 ~ T SPATIAL 1 -F UES (I ~~ THE 5L 4 I ON . i A  OI L oUUOI; ) - TO T I , L

THE ~TiP T i i ~ 0/.1 IN Dr-F ‘ C U i ’  POT ~~ICSW- THA T 
SPACECRAFT.

IS U QU I P E D  TO tiL DE U ND f-AD Ti; I-I)DEL TI-ut SI t E i T - I  -

LU ll 5- I-ID Ti—F ‘ - 
- 

~ - f 5 T  CU R ING CI -t A RG ICu 
ti SC8 L>J[HIMENT ‘U F I - L u - 13 !~~[~_ ,-J l T A F j N G  1’F

~YENTS IS DET E RM iNED . (2) THE PHOT OIuA I 7LD 
PLASMA I 0Ttr-J~C I t C i )  PRoCESSES IN ~ Ui I-I i— AU

U) FOU~ - A D - 
~t I~c f ,  - T .r :NNII — — ITED - Po~SMA lAD F I E L D  CONDIT I ONS THA T Ci-:L DCC,:[

0115CR/iT -i -  CH HAS ‘F t1N OBSERVED PREVIOUSL Y - N  
I C NTS P H ERIC I O N  -‘LC~~~Li LT IEN I — I  - CL
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I N VESTIGATED . (2 )  JHE L(LAL TIME AND GE UMPIS NE TI C Ut-f C) TIE Ilif - RANGES IN )-I CATEJ ) I-JIAJ\& - Tuu s , i-

LATITUDE D I S T ~~I EI JT I Ot -S CI THE SOIJI CE r< LC I O t-E CF F LLL MASS ; ) f t C T i - Ctl IS (U -TI -lIED AT A Ll-  ~~ 214
F I a D - A L I ( ~ lED ION OS FU ER I C IONS WILL BE ENERGY POiNTS E VERY 16 SEC. III TI-C SECOND 1-tIt ,

INV E STIGATED . (3) T i-i PLASMA AND F I E L D  C ON DIT I U ILIS TI-C \ELCCIP( F I L T E R  IS  I LI K! 0 I N  ONE CA F(UR

THAT PRCLX,JCE TIE PR ECIPITAT ION CF ENERGETIC D I SC I -E1T VAL UES ‘L i - - L S I  I t , I  ILL TO WL 1. 2. 14. ~
0A TIC I  ES F U/’I TI-F TRAPPED POPII_ ATICt-S W I L L  BE 16 -u - 16 SEC . W i l , C EA CH ESA IS CYCL [I A/’u(I O ITS

NWSTI GA TED. ( L i) TI-F LARGE — SCALE (‘ND SM/-LI —SCALE EIGHT DISCRET E LEVELS. T i-ut H.’-. VOL TAGE I S
I Tf[Pi . -.T PE-EOCESSES FOR TI-C HUT A_ A~ ’tAS WILL BE SW IT CH ED EVERY 112 MSEC . Ti-us . A 2R O C IN T

I I .VE ST IGATL D. (5) FIN A LLY. TI--f PLASMA AND F I E L D EN[RCY-PER-- Lf -IIT-CRARGE SPECTJ Lf’t FiC1 ’I THE THREE
C O N D I T I O N S  THAT RES II T I N  VLF WAVE GENERATION AND JU TS I S PC() JIRED EVERY 1i2 ~EC OND /11 P S I I L i . E . ‘~‘C
N-IFt JFU AT Iot:  IN THE MACNETOS FI --I ERE WILL BE POSITI ON AFT ER U SEC LI I- F IXE r MASS YO Lk . THE

INVESTIGATED . INST RCtI EN T SF~ NDC 11’~C SEC IN MOLE 1 TO P ’OV :[f

I l - FO RM ATI ON LI: THE I-/-CKGRO LtID LEVELS GE . T I-IFJ- i -, E
15.2 MEASURING TECHNIQUE FROM MASS I~~G ION S BE NEEN TI-f DISCRETE I/~

THE SC8 I IuBIRLI’lENT IS AN ENERGETIC ON MASS PEAKS . F OLL OWI NG T H I S ,  TI-I .‘IELOC I TY R I :  TE R I S

) i - [C T ROML T ES C OF01 AIN I N C THR EE PARALL EL ANALYZEi L u R I - E L -  ON A SECOND MAS S FOR R SEC . 1(1- I ts I-CL Li-iED

W I T S . EACH CF 1+11 0-1 ME.ASIJ)ES IONS I N  A DIFFER E NT BY €1-I SEC IN MUll 1. THIS CUNT UI UES THROUQ-t THE

ENERGY R E G I O N  IF TI-f RANGE FR OM 0.1 To- 32 KEV . FO CI DIS CR ET E [‘VU VALL I S. Ti-us. A COMPL ETE CYCLE

EACH W I T  CONSISTS CF A CROSSED ELECTRIC AND CF TIlE SECOND ?‘EjIl RE QUIRES 512 SEC . VAR I AT I CID
T’/ON[TIC FIEL D VEL OC I TY F I L T E R  (~ E i N  FILTER ) IN III THE I -II/-ILC TAIL T I M I N G  CF TI--C [-I -SIC ENERGY IT:;)

S E R I E S  WITH ITS ELECTROSTATIC ANAL YZEi- (ESA ) (‘N T) A MASS VAL UES CAN LE SELECTED BY RE A LTI ME CCI-MA.PLS .

L I-RAI SE) . ELECTRON M L F TIPLIER SENSOR. ONE Cf THE
h I l TS  IS  SI -OWl SCHEMATICALLY IN FIGURE 15.1. THE I I-S lP-nI - ILI T A SC- IFELLOES FOUR E~-I0t~DI/AI :

- 
E L E C T - C 5  CIRA Nr IL S i Oi-r PR O VIDI NI  L i _ L I _ T i C

- - - - - BACoL-—LCt)D li-FORMATION N O  FON (kt ,ERO CORRE oC-T :5-E
- 

~~~~~1 
STUDIES WITH THE PLASMA 1 005 . FIXED NI - CE LT I C

F I E L D  ANAL YZERS FCIJ_CWED BY CHANNEL ELECT R ON
- 

C -- 
M I L T I P L I E I ~ SPAN TI-F ELECT I C RANGE F t - CC’ C’ .07 TO

-- 
214 KEY W I T h  CENT RAL ENERGIES 1.1 O lE, 0.~~, 3.3.

- 1 1  ~~~16 KEV .

- .  15.3 FUNCTIONAL BLOCK DIAGRAM
- 

~. TIE DATA FLOR F r ~ON THE NSTF L~1Et\T IS IELuSrHi-TLI:
- -  -

- 

SCHEMAT I CALLY I N  F I G U R E  15.2. ALL CF TI-F i- ’  TR TS
I ARE FROM CHANNEL U ECT RLI-I ML L T I PL I E I ~~ NC ’ TI-C DIII-

- / 1 FR OM EACH CHANNEL ARE HANCLEP IN AN 0/LU UX US
- H I  -

- ‘
~~~~ T F A S H I O N .  EACH SENS ON OUTPUT IS FOLL ONU) BY I-

Fi gure 15 1~ Ion Mass Spectrome ier PULSE N’IFI-_ IF I E R ,  SHA PER , AND DISCRIMINATOR PP 1

TO GOING I NTO A 16-BIT COUNTER , TIE A U C t - i i l , A T I iL
T i-ut INSTR I-1’IEID I-I/S T%.,C BA SIC MODES CF OPERATI ON (‘(‘ID READ TIMES RON TI--f CULIS T ERS ARE SYNC HR ONIZED
AND TWO MI-S I RANGES CF COVERAGE IN  EACH MODE . THE HIP-I TI-f ANAL OG FUNCTIO NS N-ID CONTROLL ED BY TI-F
ThE) MASS RANGES COVER FROM APPROXIMATELY 0.8 TO ~~ INSTRIJ’iENT CONTROL 0 CC- U AS INGI CATED- AND 12 PI ’U TO GUEATER TI--lAN 160 

~~~ SCHEMATICALLY BY THE CONTROL LOGIC BEOR ’ - TI-C
(H EA VE ’) .  11 THE FIRST ( I - P E r - I - T I l E  I 1 EACH CF THE INFIRMAT ION IN TI-C 16—B iT CLLfL TL R S iS
THR EE ANAL YZ ER 1 1T1 CYCLES flf1C i~ - FOUR DISCRETE L OGAR I THMICALL Y COM PRESSED TO 8 BIT S PRIOR TO
ESA SEU ICi I f :  IC SEC . C-I NIN E ’ F IX ES F ELl-. 2 SEC D E J t~ READ I N Tu  TI--C TELEMETRY B IT  STREAM BY TIE
AT EA CH SETTI NG .  Di~ IM3 EAC H 2-cuc PER I OD . TI-F SPACECR AFT DATA M 1L TI PL EX L~ .
VEL OCI TY FILT E } ‘vilTA GE IS - -.N-IPED TO PROVIDE A
2—PO I Nt MASS PERUI--ITAUIA)- -1 ~~~ S” ’ TUt ~ OVER AN IIL IDI - IT CALIBRATION SECtE NCE I S I N I I I A T E D  BY
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REALTII ’E CCtt’W-Il) THROUGH TI-C CAL I BRATI ON CONTROL N ’IP LIF I ER PEBEORMANCE IS E VAL UATED I N THE

LOGIC.  THIS SE~~E NCE CHECKS ALL CF TI--F COUNTERS CALIBRATION SE~~E NCE BY STEPPING TEE DISCRIMINATOR

AND E&FFEF~ BY PROVIDI NG PLLSES AT A FIXED RATE THROUGH ITS FOIl) SELECTAELE LEVELS FOR EACH CF TEE)
INTO EACH COUNTER . CHANNEL MELTIFt IER AND HI GH IA1TAGE SETT I NGS Cf TI-f 0-lANNEL EL ECTRON

I- - _ - . - - MIL TIPLIERS . THE OPERAT I NG LEVEL CF TI-f
-5 - -  DIS CR IMINATOR IS SEL ECTED BY REALTIME COETIAND.

~~- . 
~- ~

‘

~ 1- -

MM~
4I4 

~~~~~~~~~~~~ ,~~ 154 OPERATIONAL ASPECTS

OPERAT I NG MOLES FOR TI--C It-STRLtIENT AR E SELECTED BY

- - - ~~~~~~~~~~~~~ 

- - ,., 
- 

R EALTIME CCt+IANOS. AFTER TEE I N ITI AL INSTRIIEN T
- - 

~~~ 
+ 4 CHECKOUT, IT I S EXPECTED THAT TI-f INS TR IJ’1ENT WILL

IlIlliIllIl ]II)I R EM AIN IN A SELECTED MOLE FOR AT L EAST 214 I-f) FOR
- 

-

~ - - MOST ROIifI EE OPERATIONS , 1I’,FL IGH T CAL I BRATION CF

- ~~ s~~~~~ L~~ -’I_~. - - THE INSTR ITIENT WILL BE PEIf O~~~~ ABOUT ONCE PER

— ~~. ‘U ,., DAY AND IS I N I T I A T E D  BY REALTIME COMIAND.--

- .~~ . ~~~~~~~~ 
‘ —

~~~ DURING THE LIFETI ME CF TEE SPACECRAFT. MN~?

E DIFFERENT OPERATING MOLES W ILL BE USED TO

1 +  
- 

_ ___  ~, .- . - INVESTIGATE A WILE RAN GE CF GEO PHYSICAL AND

~~ —f --. .-I:~~~
---- .

~
- - . -- MAN PRODUGED EVE NTS . THESE EVENTS W ILL INGLIOE

- GEOMAGNETIC STORI’~ AND SUBSTO~~~ , SOLAR PARTICLE

EVENTS , F IELD -ALIGNED ION EVENTS, SOLAR ECLIPSES 

- . . BY THE EARTH . ION AND ELECTRON GUN OPER AT I~~~~.

¶ 1I~~ - j~~t  L~~~Ct ’~ CHEMICAL RELEASES , AND ELECTRC I1AS NET I C WAVE

- - — 

- - -  — ______ 
I N.JECTI UI-IS .

Figure 1 5.2 . B lock Diagram

16. SC9 UCSD CHARGED PARTICLE EXPERIMENT
16.1 SCIENTIFIC OBJECTIVES QUANTITATI VE DESCRIPTION CF TI-C EI -(VI RC~’1IE NTAL

PLASMA, BOTH AS F IIICTI CMS Cf TIME AND, THE REF ORE ,
THE PRIM A RY OBJECTIVE CF THE UCSD PARTICLE AS FUNCTIONS CF TI-f SATELLITE POSITION IN SPACE .
EXPERIMENT IS TO MEASLRE CHARGED PARTICLE FLUX E S THE LLTIMAT E AIM CF TI--F EXPER I MENT IS TWOFOLD: TO
AS A FUNCTION CF ENERGY . DIRECTION ,  AND TIME . THE G A I N  NI UNDERSTANDING CF TI-f ELECTRICAL CH AR GING
CHARGED PARTICLES THAT WILL BE MEAS OR ED CONSIST CF AND DISCHAR GE PROCESSES CF TI-C P78-2 SPACECRAF T
ENVIROI-J’IENTA L ELECTRONS AND IONS AND ALSO AND TO GAIN AN UNDERSTANDING (F TI-F PROCESSES TI--fAT
P A R T I C L E S  EM I TTED FROM 11-f SPACECR AFT SICH AS CONTROL TI--F ENVIRONMENTAL PLASMA .
PHOTOELECTRONS , SECONDAR Y ELECTRO NS , AND PARTICLES

EM I TTED BY TI--f ELECTRON AND P O S I T I V E  I ON B~~ 
16.2 MEASURING TECHNIQUE

SYsTEMS SC4. THE SEC ONDARY OBJECTIVES CF THE TI-F UCSD EXPERIMENT . FIGJRE 16.1. I-lAS F I VE
EXPERIMENT ARE TO USE TI--F MEASLRED PARTICLE FLUXES ELECTROSTATIC CHAR GED PARTICLE DETECTORS . TNG
TO INFER PARTICLE VEL OC I TY DISTRI B UTIO NS ,  DETECTORS (ONE FOR NEGATIVE AND ONE FOR ~~~ I T IVE
SPACECRAF T POTENT I AL , TI--f L OC ATION AND Ti-C PARTICLES ) ARE CONTAINED IN EACH ROTATING DETECTOR
MAGNITUDE AND POLARITY CF TI-C VARIOUS CHARGING ASSEMBLY (RD~). EACH R1)\ CAN BE ROTATED TI-ROI~~-I A
CURRENTS TO TI-C SPACECRAFT. MAXIMI!’1 CF 220 LEG ABOUT TI-F AXIS THROUGH TEE REV~

CYL I NOR I CAL STR ICTUIE. lit EXP ER I MENT IS NVU-ITED
THE PARTI CLE DATA FKG’l TI-C U~D EXPERIME NT , ON TI-C OUTER EDGE (F TI-F FORWARD END CF TI-C P78-2
TOGETHER WITH TEE DATA FROM TI-C OTHER EXPERIMENTS . SPACECRAFT. Ut-f R1Y~, CALL ED TI-f NE)RTI-4-SOUTH (i’S)
SI-$OU D PROVIDE A QUANTITATIVE DESCRIPTION CF TI-F ASSEMBLY , ROTATES SO THAT ITS DETECTORS LOOK IN A
CHAR GE STATE CF TiE P78-2 SPACECRAFT, AS NELL AS A PLANE TANGENT TO TI--f CYL I NDR I CAL S I D E  CF TI-C
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SPACECRAFT. TI-F O1H ER RIYI, CALL ED TI-C EAST—WEST )A H I I W  1 I !)! H~~ A ’(E W) DETECTOR , LOOKS IN  A I-lANE THAT CUTS ACROSS - L L  IJ’ ~~~~
‘ - OO---~-

TI-f TOP FACE CF THE SPACECRAFT. AN AWI TION AL II 
H

- - - - 

- - 

~~~~~

- - - - - - --
DETECTOR CF P O S I T I V E  PARTICLES ONLY IS EtLt -ITED IN 

- 
-

TI-f MAIN lOUSING FACING OU1’WARIS , AND IS CALLED 
- 

- 
--,~~U, 

- 
- - .- - - - - - -  -

Ti-f FIXED DETECTOR ASSEMBL Y (FI)~) TEE ROTATION i i  I - I t LI —

CAPAB IL I TV WHEN COMB I I-CD WITh TI-C S P I N  CF TI-C - - -  
- - -

SPACECRAFT MAIcE IT P OS SI BL E FOR TI--C V i O  RD~S TO
I-I-PICA)

DE TECT PARTICLES COMING FR OM AMY DIR E CTION W I T H I N  S IRRAII S - -

MORE THAN I- HEMIS PH ERE CENTERED ABOVE TI-C TOP (F

TI-f SPACECRAFT. l i  -)EAt- I.!-, CF TI-IL RI~+s CAN bE 
- I

T - ,I-~~~I AT -~~~~ PRESELECTED F~~~I T I I 1 , LPON COI’T’IAND. 
-

THE I~~I S T I-IL RANGE J ~L T A 1 I O N  CAN AL SO FL F i g u r e  16.2 Cross Section of Detector Assembly

El ECIl IL BY -~t-~J ~’- 50 ~~ - TI-f ASSEMBL I ES CAN
TI -C QJRVED ANALYZING ftATES ARE )I~I OLE I N  THAT

USC I.~ A ft  OVE r~ Y,t,. - - ‘-I,b) l -‘ - - ‘sOul - IF 211 SI RED -
TI-tV ARE OVOID AL . I . E . .  THEY HAVE DIFFERENT

- s O ”  A “L ,.. CIJ R VATL FES I N  Ti-f PARALL EL (ENERGY AN ALYZING )  AND

- 
- -

~~~~~~~~~~~ ~~~~~ PER PENDI C~~~~- DI RECT I ~~S. iN GRDER TO OBTAIN

- ~~~

‘ - - AZIMUTHAL FOCUSING ( F O C U S I N G  I ? . T (  PEI-IPI-LNDJQJLAR

- IO - ECIIJ. r-u~- A ~PhLrI-EA. G L L ~~- s  • TI-F PAJ- T ICL ES

- MUST EL Fk~~ ~) DEG. IN  PA A I I C 1 - U’ TO M A I N T A I N  A
- i  ~ “ - - . 

- -
- L AR GE GEOM ET R1 C FACTOR TI-C F/ -Il LENGTh HAS I -E O N
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-
- - -

~
- - -

~~ 
- SHORTENE D SIL l-I I1IA T TI--C PA R TI CLES Ti-J~ ECTO OiE 5 ARE

- - 
- 

- / -~ 
- ) DEftE C~~~ 55 ~ c. T HE SHORTER RADIUS CUI VAT OR E II- .  

- 
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-
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/ TI--fE AZIMUTHAL D I R E C T I O N  -~2€ PERCE NT SHO RT ER )

RES ILTS IN A PROP ER AZIMUTH AL FOCUSING FOR THE

— ~~
- - - -

~~
‘ SHORTER PATH LENGTH. ALSO , TI-F SHORTER AZ I MUTHAL

DI I I I iH I \ III RADIUS CF CIR VATURE RES II TS I N , A NE UTRAL FOCUSING

IN TI-C PARALL EL DIRECTI ON .  THE SHO RTER PATHFigure 16. 1  Charged Part ic le Detector
LENGTH AND TI--C POSTA NALYSIS ELECTROSTATIC LENS FOR

THE NS DETECTORS ARE CAPABLE CF M E A S U N I N G  FOCUSING TI-C PARALLEL DIRECTION MA I NT AIN A LM~~
PARTICLES WITh ENERGIES FROM A FEW EV UP TO 81 GEOMETRIC FACTOR AND. IN ADDITI ON ,  GOOD ANGIIPR

lcEV . THE FIXE D DETECTOR AND TI-F EW DETECTORS RESOLUTION.  THE ANQULAR RESOLUTION CF EACH SENSOR

DETECT PARTICLES WITH ENERGIES FR OM 0.2 EV UP TO IS APPROXIMATEL Y 2.8 BEG BY 2. 6- BEG FOR A

ABOUT 1550 EV. EACH SCAN IN ENERGY CONSISTS CF 614 MON OE NER GE TIC SPECTR Lt’I AND 2.8 DEG BY 7 BEG FOR A

ENERGY STE PS SPACED EXP ON E NTI ALLY UP TO TI-f FL AT SPECTR I.tI .

NAX I MII’! ENERGY W I T h  AN ENERGY RESOLUTION t~E/t AT

EA CH L TE P CF APPROXIMATELY 20 PER CENT. F IG JRE 16.2 (vI EW A-A ) SHOWS TI--EAT TI--C It-S i TE CF
TI-C PLATES ARE SERRATED SO THAT PARTI CL ES STR I KING

EACH CF TI--F F I V E  CHARGED PA R TICLE DETECTORS I S Ti-f SIDES W ILL BE ELIM I NATED RE S L LTI NG I N A

MACC I- Ct-’ TI-FEE GUI -i - ’ L [MF~ E D  AN ELECTROSTATIC M INI M IJ’ i  Cf SECONDARIES WITH FORWARD MOMENTLI’!. THE
CURVED FE /-T I ENERGY/WIT-CHARGE ANAL YZ ER ; AN PLATES (F TI--f ENERGY ANAL YZER ARE D R I V E N  BY A

ELECTROSTATIC GRID - T RUCTIUE THAT ACTS AS A [ [HG POR ER SUPPLY THAT CAN BE PROG RAM’IE D TC SUPPL Y ANY

TO FOCUS Il-US TI-C SENSOR T I L G F  PARTICLES THAT HAVE ONE OF 614 VOLTAGE STEPS . THESE STEPS ALION ONE TO

PASSED THROUGH TI-f ENERGY ANALYZER; AND A BENDIX ANALYZE PARTICLES CF ENERGY BETWEEN LESS THAN 1 EV
MODEL LQI3PAC/W ~~I RALT ID1 PA R TICLE SENSOR WITH AND 81 KEV WITH AN ENERGY RES O L UTION CF ABOUT

APPROPRIATE PL I SE ELECTR ON ICS , Wl-I I CH COUNTS TI-i (0.2E + 2) 1EV FILL Wi DTH AT HALF MAXIMEI- 1. THF

I/If - , YZ ED PARTICLES . F I ( J R E  16.2 SlOWS A CROSS ANAL YZER CONSTANT IS APPROXIMATEL Y II: THUS

SECTI 1. -J TIC DETECTOR ASSEM BLY . SEVER AL KI LO ’vtI TS MUST [C APP L I ED TO CAD-I PL A TE IN
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ORDER TO ANAL YZE PARTICLES IN TI-f HIGHER ENERGY PASSED TI--f~O11~~ TI-C ENERGY ANALYZER . PELSE
RANGE . EL ECTR ON ICS ATTACHED TO THIS SENSOR AM P L IFIES ITS

OI-JTRJT AND SETS A N[~’iINAL LEAD TIME (F 3,5~i sEc .
ANO THER WIQIF FE ,ATL R E CF TI-C ANALYZERS IS TI-f
PCST ANALYS I S ELECTROSTATIC LE NS . THIS LENS IS A THIS RATE LIMITING REJECTS AFTER P4LSES AM)

STR1ETL1~E MADE CF TWO W I RE GRI ES POSITIONED PROVIDES A STABL E WELL IINON’N LEAD TIME SO THAT

It-?’EDIATELY AFTER TI-C ENERGY ANAL YZER . THIS TR IE O3W TI NE RATES CF io~ COWl S/SEC CAN BE

COIft E G R I D  STRUC TLRE IS ILLUSTRATED IN FIGURE MEASLF ED 114AMBI GIJJ USLY. WITh THE VERY LARGE

16.2. TI-f FIRST G R I D  IS HELD AT THE POTENTIAL CF GEOMETR I C FACTOR , TI-C LIFETIME CF TI-F ~~IRALT~1~
TI--f IM’IER PLATE. THE SECOND G R I D  [S HELD AT TI--F SENSORS IS CF PARAt-OUNT CONCERN . THEREF ORE . TI-f

POTENTIAL CF GRO IN) . A P ARTICLE PASSING THROUGH H I GH \OLTAGE BIASI NG CF TI-f PIRALT 1Cti~ HAS EEE N

THIS STR LLTORE IS STRONGE Y FOC USED IPCtI TI-C CENTER ARRANGED SO THAT C~iE CF ThO VALUES CAN BE CHOSEN

CF TI--f SENSOR. FOR TI-C ELECTR ON DETECTO RS . A CONE BY GROIJ’!D CDl’WMD. THIS PLLQ’IS SOME (X)NTRCL CWER

(LABELED GRIECOl ’E IN FI GU RE 16.2) HAS BEEN I-’OU TED TI-C PIRALTRCN GAIN AFTER DE GRACEA TION I-lAS EEGW.

TO CONTRQI THE ELECTRIC FIELD AR OOND TI-f SECOND AR Y

PARTICLE SUPPRESSOR (DISCUSSED BE L EW ) .  SUPPRESSION CF SECONDAR Y EL ECTRONS AND SOME

AWl TI CI-lAL FOCUSING IS ACC OMP LIS FCD BY A

THE GEOMET R I C FACTOR H ( DIF F ER ENTIAL ENERGY L(D( SEMISR -IERICAL SI .PPRESS OR SHIELD . F !GJRE 16.2.
= COWl RATE /H ), WH I O-l RESEL lS FROM TI-f I N CLUS I ON Wt-II CH L I E S  BETWEEN THE SENSOR AND TFE

CF TI--F L ENS . IS APPROXIMATEL Y 3.2 x 10~ (~~~ 
ELECTROS TATIC LENS . THE PROTON’ SUPPRESSOR IS AT

-SR ) FOR PROTONS AND 1,6 x 10~ (1ct-~ -sI-I) FOR ZERO POTENTIAL AND TI-f ELECTR ON SUPPRE SSOR I S AT 0
ELECTRO NS . V FOR ENER GY SELECTI ON BELON 1W V AND AT ~~I V

F OR E NER GY SELECTI ON ABOVE 1(X) V.
THE REASON FOR TI-f DIFF ER ENCE BETWEEN THESE VALUES 16.3 FUNCTIONAL BL OCK DIAGRAM
I S THAT BECAUSE CF H I GHER EXPECTED ELE CTRON
FLLD(ES , C*4E HALF CF EACH ELECTRON APERTLR E HAS A BLOCK DIAGRAM CF TI-C EXPER IMENT IS SFO~N IN
BEEN COVERED. THE GEOMETR I CAL FACTOR IS SOMEWHAT FIGURE 16.3. TI-C EXPER I MENT WAS BE SI~~~ED TO ALLON

ENERGY -DEPENDENT AT LONER ENERGIES LEE TO BOTH A A GREAT DEAL CF FREED OM IN THE PRO GRAM ’ED

POSTANALY S IS ACCELERATI ON THAT OCCURS AT TI-C SELE CTION CF ENERGIES . THE SIMPL EST ENERGY

SPIRAL TRON (FACTORS CF 3 VARIATION IN H OCCU R I M 3 PROGRAM AVAILABLE IS CALLED SCAN. IN ThI S

GRADUALLY AROLN) 1 - 3 KEV FOR PROTONS ANT) 0.]. - PROGRAM, TI-F ANALYZER SCANS 1}ROLO-I 11-f 64
0.3 KEV FOR ELECTRONS ), AND A 0.1 - 0.2 -v NOISE DISCR ETE EXP ON ENTIALLY -SPACED ENERGY LE VELS. THE
LE VE L ON TI-f HIGH ENERGY ANALYZING PL ATES . TI-C PROGRAM STARTS AT 11-f LOWEST ENERGY AND PROCEEDS

HIGH ~~~TAGE SUPPLY IS I-CT USED WITH LOW ENERGY TO THE HIGHEST. EACH EI-~~GY LEVEL IS MA I NTA I NED

DETECT ORS ; CONSEQUENTLY . TI--f LOW ENERGY DETECTO RS FOR 250 MSEC BEFORE PROCEEDI NG TO TI-f t-E )(T ENER GY

HAVE IXOD RESCUJT ION [OW N TO ABOUT 0.2 EV. Ti-c LEVEL . AF TER TI-C 614m LEVEL . TI-C CYQ E IS

FACT Ti-C ELECTR OSTATIC LE NG MA I NTAI NS A LARGE RE PEATED . ONE ENTIRE SCAN RE D*JI RES 16 SEC FOR

GEOMETR I C FACTOR IS VERY IMPORTANT . SUCH A COMPLETION. THE MORE COMPLICATED ENERGY SELECTION

GEOMETRIC FACTOR RES I-.L TS IN MUCH HIGHER COUNTING PROGRAM IS CALLED TI--C SCAN—DI ’ELL t-o~i. THIS
RATES 11-IAN ARE NCI-~MALL Y AVAILA BL E. YI EL DI NG BETTER PROGRAM STARTS WITH A SIN GE E SCAN AS DESCRIBE D
STATI STICS. IN A [1) ITION , F I N E R  TIME RESOLUTION ABOVE . AT 11-f COMPLETION CF TI--F SCAN. TI--f

CAN BE OBTAI NED SIN CE TI--CRE IS NO NEED TO REDUCE ANALYZER JL1’IPS TO A PREDETE RN INED ENERGY LEVEL (ED
AL R EADY L OW COWlING RATES . TAKING ADVANTAGE CF 1), ONE CF TI-f 614 SCAN ENERGY LEVELS , AND

ThIS FEATIRE, TI--f DETECTORS HAVE MO DES THAT ALL OW MA I NTAINS ThAT ENERGY LEVEL (1)1’ELL ) FOR A
SAMPL ING UP TO 24 TIMES A SECCt’lD IN EITHER PREDETERMI NED LENGTh CF TIME (DT) . AT TI--f
ELECTRONS CII IONS . COMPLETION CF TI-E DWELL, TI-C ANAL YZ ER PE~~ O1~S A

SCAN AND TI-f M DWELL S AT TI-f NE XT ENERGY LEVEL (ED
A BEND~ X MODEL LQ13PAC/~.L ~‘JRALTF&t4 PARTICLE I + ~LL) WHERE tEL IS TI-C NE!4BER (F DISCRETE
ELI - CO ~ DETECTS EACH CHARGED PARTICLE THAT HAS ENERGY LEVELS BETWEEN ADJACENT DWELLS CF 11-F SAME 
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Fi gure 16.3. Block Diagram

SCAN -C~*ELL PROGRAM. THIS PROCESS CO NT INU ES UNTIL EACH OF NE RIY~s IS ATTACHED TO THE MA IN HOIJSI ~~
A PREDETERMINED NI-IIBER OF DWELL S (ND) I-I-AVE BY A SHAFT OR IVEN THRO1k~-I WORM GEARS BY A STEPPING
OCC IJI RED . AT WHICH TIME TI-F PROGRAM REPEATS . ALL MOTOR , Ti-c RI)As ROTATE AT A RATE OF fA)/143~
OF TI--C ABOVE PARAMETERS (ED I. IJT , tEL, ND) ARE 1.14 LE G/SEC SO THAT TO COI~PLETE THE 22) I-lEG
SET BY GROUND CCfl.IAND. FORWARD AND REVERSE CYCLE TAKES 314 SECONDS. THE

ANGLE SWEEPING PRESRAME I-I-AVE BEEN DESIGNED TO

THE ENERGY SELECTION PROGRAMS W ERE [E SI GH ED TO ALL OW CONSIDERABLE FREEDOM IN NE SELECTI ON OF
ALLOW BALANCE BETWE EN OBTAINING FLLL SPECTR II’l ANG LES. THE RDAs CAN BE STOPPED IN A NU1-~ ER OF

INF OR MATION AND TI-F M ON ITORING CF FAS T TIME PREPROG RAI-1€) POSITIONS . PLSO . 11-f IJ ~1IT S CAN BE

VARIATIONS AT PARTICILAR ENERGIES . THE P ROGRAM~1ED ROTATED IN A SYNCH RONOUS FASHI ON OR THE EAST-WEST

[WELLS, FOR INSTANCE . ARE EXTR EMEL Y IJSEFLL IN TI-C WIT CAN BE FIXED WH ILE NE NCRN-SOIJ1H WIT
STUDY CF ALFVEN WAVES IN TEE MAGNET OSPHERE . WI-EN ROTATE S. F Ii -~ LLY , ThROUGH REALTIME MAN I PILATION

EVEN HIGHER TIME RES CLIff IC SI -S ARE RE OUI RED , GROUN D THE RLV4s CAN BE PARKED AT ARBI TRARY ANGLES OF

CCS’?IANDS CAN BE SE NT THAT MODIFY TI-C ACCEII LLATI ON I NTEREST. FOR INSTA NC E, THE CLOSEST APPRCIA~CH ANGLE
CF DETECTOR COUN TS . THERE ARE SIX ACC OMI LATOR TO THE NWil~ET IC FIELD .
CHANNELS EACH CF WHICH GIVES ONE READING FOR EACH
0.25 SEC . UNDE R NORMAL ACCIR-IILAT I CN . EACH CF TI-C A DIGITAL FIL lER . WHICH CUTS OFF AT 3 KH Z CAN ø~
FOul ROTATING DETECTORS ARE SIM PL Y GATED TO A CONNECTED BY CC~T1ANO TO ANY OF THE FIVE
SINII E ACCIJM(LATOR. Ti-c FIT S, IS PROVIDED WITH iWO DETECTORS. Ti-c CIJTPJT OF THE FIL lER IS SENT TO
ACC LtIEL ATCII CHANNELS. IT IS POSSIBLE TO SAMPL E A GROUNO VIA THE BROADBAN) TRANSMITTER. TI-C PURPOSE
DETECTOR AT A HI GH ER RATE THAN NORMALLY OBTAI NE D (F THIS CAPABILITY IS TO FOLLOW RAPID FLIJCThATIONS
BY GATING THE OUTPUT CF THE DETECTOR TO MO RE THAN IN TI-C COUNT RATE SECH AS MI~~IT BE CAUSED BY WAVES
ONE ACCIIIILATOR AT TI-f EXPENS E CF INF CRM AT ION FROM IN NE PLASMA OR BY RAPID CHANGES IN NE
SOW OF THE OTHERS . 1)JR1N43 THE OWEU..S IT [S SPAGECR AFT POTENTIAL.
POSSIBLE ID OBTAIN IF TO 24 READING S A SEC FROM
ONE DETECTOR . SUNSEQLE F ITLY IN CREASI NG NE TI ME 16.4 OPERATIONAL ASPECTS
RE SOLUTION OF THAT DETECTOR . TI-C NORMAL I-WE OF OPERATION OF NE EXPER I MENT IS
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10 ROTATE BOTH Rms THRO&G1 TI-FIR FUll ROTATION ORBIT. AND ru l i NG TIMES I-1-fN 11-F ELECTRON AND ION

ANGL E WHILE TI-f ANALYZERS SCAN SE~~CNTIALL Y BEAM EXPERIMEN T S ARE OPERATED . DURING TEE

ThROU GH THE 614 DISCRETE EXPOWNT I ALL~~SPACED TRANSI- ER ORBIT TI--f ELECTRON ICS WILL BE TURNED (ti

ENERGY LEVELS. TEE PROGIAtI STARTS AT TI-f LOWEST TO PRE VENT TI-f EXPER IME NT FR OM GE TT ING TOG COLD .

ENERGY LEV EL AND PROCEEDE TO TI-f HI GHEST LEVEL FOR DATA WILL BE IRANSM 1 TIED TIll ING PORTI ON S CF 11-F
EACH DETECTOR . Ti-c TRAN SI TION TIME BETh EEN ENERGY TRAN~~ER ORBIT. Ti-€ RD\s WILL NOT BE ROTATING AT
LEVELS MAY BE ASSII’IED TO BE NEGLIGIBLE.  THIS THIS TIME BECAUSE CF 11-f HIG I SPIN RATES CF TI-f
NORMftL MODE CF OPERATION IS CALL ED TI-C SCAN ONLY VEH I aI . DURING EXPERIMENT CHECKOUT A NIVIBER CF
MODE IN WHICH Ti-F ANALYZER ENERGY IS CONTROLLED BY SPECIAL t-tJDES CF OPERATION WILL BE TESTED TO
CONSECUTIVE SCAN PROGRAME . ASCERTAIN TI-f EXPERI ME NT PE FfORM ANCE . T i-c CCI4’W4D

FOR Ti-f O-FCKO(JT OPERATION WILL BE PART
WI-ENEVER 11-f EXP ERIMEN T IS TUR NED (ti IT (lIMES INTO CF TI-F ORBITAL OPERATIONS PLAN , DURING IN I TI AL
TI-F NORMAL MOLE (F OPERATION (~LESS AWITI CNAL OPERATION CF Ti-f SCL4 ELECTRON AND POS ITIVE ION
CONT4ANDS AR E SENT 10 Q)NWND IT I NTO A SPECIAL BEA?-i SYs rEI.~~. TI--f R ETLR4 CURRENTS TO Ti-f

MOLE. MOST SPECIAL MODES CF OPERATI ON WILL BE SPACECRAFT AT TI-f SO PA’ItQAD WILL BE t’EASIRED.

CHOSEN AS PART CF 11-f EXPER I MENT OPERAT I ONS PL AN . THE SO AND SC14 WILL SUBSEQLENTLY BE OPERATED SO
SPECIAL MODES THAT W ILL BE FRE OLENTLY USED I N\.tlVE 1HAT TI-f MEAS URED CURRENTS ARE NOT LARGE ENO1J~~ TO
RESTRI CT ING TI-f ANGLES CF ROTATION CF Ti-f RI) s 10 0A -tAGE TIE PIR~LTRCt4. EACH PIRALTR(?~ HAS A

SPE CIAL ANGLE I NTERVALS, OR STOPP I NG THE R1~ts AT A L I F ET IME DETERMINED BY A MAXIM&I’I N&tIBER CF (fl INTS

CERTAIN FIXED P O SI T i O N .  OTI-ER SPECIAL I-VIE S WILL THAT IT CAN TCLER ATE . N~~ Ti-f END (F ITS
INTERSPERSE TI-f ENERGY SCAN PROGRAM WITH [WELL LIF ET I ME . TI--f RESPONS E CF A PIR!I-LTJttI WILL
I NTER~~LS I-If N TI-F ANALYZER ENERGY I S FI XE D FOIl EEGRAIE . AT TIMES TI-f BIA S CM TI-F P IR ~~LTR (?l MAY
PREDETERMI NED PER J OtS BY CCMIAND . THE BROADBAND BE CHANGE D BY COi?IAMD I N (lItER TO I NCREASE TI-FIR
TRANSMISSION CF TI-f FILTER ED (DINT RATE SIGNAL IS LIF ETI ME AND DETERMI NE THE STATUS CF DEGRADATION.

ALSO A SPECIAL MODE CHOSEN BY CCt+IAND. THERE WILL BE OTHER PER I CUS CF ORBITAL OPERATIONS

WI-EN SPECIAL MODES WILL BE USED FOR STIFY I NG
SP ECIAL MODES (F OPERATION WILL BE USED WIING TI-F PARTIC1LA-R PHENOMENA OR FOR CARRYI NG CM

EXPE RI ME NT CHECKOUT SEQI.ENCE , DURING THE TRAN~~ER CCLLABORATI VE STUDIES WIN OTHER EXPERIME NTS .

17. SC1O ELECTRIC FIELD DETECTOR

17.1 SCIENTIFIC OBJECTIVES PHASE CF Ti-f AURORAL SLESTORM EVENTS ON Ti-C ATS
SERIES CF SATELLITES .

ONE CF TI-f PRI MARY GOALS CF TI-F ELECTRIC FIELD
DETECTOR DIFFE RENT I AL F-EAS(REMENTS IS Ti-f ANOT HE R GOAL CF THIS EXP ER I MENT IS TO F-E ASLRE
OBSERVATI ON CF TI--C STEADY STATE CCMVECTIC MAL 

ELECTRIC FIELLS FR O M TRANSIENT EVENTS SICH AS
EL ECTR ICAL FIEL LE THAT ARE KNCWN TO EXI ST AT TI-f 

ELECTROSTATIC DISCHARGE CM SELECTED SPACECRAFT
PLANNED ORBITAL ALTITU LE CF THE P78 2 SATELLITE. 

INS ILATING SLIfACES . THIS ANTENNA , AL ONG I - INTEE EX I STENCE CF THESE F I E L O S  IS I N F ER RED F RE*1 TI-f 
THR EE OThE R SC1 ANTENNAS . WILL BE USED TO

E XTRAPOLATI ON CF CCMW CT I CMAL PLASMA VEL OC III ES IN
CHARACTERIZE ELECTROMAGNETIC I NTE FfER ENCE IN TI--f

TI-C HIGH LATI TUDE IONOSPHERE TO SThG{IONOUS 
VI CINITY CF TI--f SPACECRAFT. TEE C(Y’?~FCN MOLE

ALTITU DE AND FROM THE OBS ER VATI ON IN It’P VI DATA 
SIGNAL CF ThIS EXPERIMENT RELATES EL EC TRIC FI ELOS

CF HIGH AMPL I TU)E TRANS I ENT ELECTRIC F IELOS IN TI-f IN TI-f UNDISTURBED AMEI EI1 T I-EDILt~1 CF TI-f PLASMA.
MILNI GHT MER ID I AN DURING THE ONSET PHASE CF

ALJRORAL SIESTORM EVENTS . THESE L -’R GE AMPLITUDE Cc~-?.iON POLE DATA EX CURSION S FROM THE ELE CTRIC
TRANSIENT ELECTRIC FIELD EVENTS ARE ONE CF SEVERAL FIE L D EXP ERIMENT (N TI-f IM’ VI SATELLITE WERE

POSSIBLE INJECTION MECHAN I SMS FOR TI-C PER IOD IC SECWN TO CORRESPOND TO SPACECRAFT CHARGING

INCREASES CF MAGNETOSPHERIC PARTICLES TI-I-AT I-I-AVE EVENTS. THE CDI4ICM MODE PART CF TI-C SC1O ELECTRIC
BE EN OBSER VE D WITH EXPER IMENTS SIMILAR TO TI-f SO FIELD DETECTOR SI-VtLD PROVE USEFU IN
UCSD CI1AR~~ PARTI CLE EXPERIMENT DURING THE ONS ET UN DERST AN DING SPACECRAF T 0-IARGING (A )  BECAUSE CF
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THE VERY G(X)D TEMPORAL RESOLUTION AVAILABLE FROM EXPERIMENT, ONE CF TI-f 0.2 TO 2(X) Hz RP~ ANAL YZERS
THIS SIM PL E MEASLREMENT . (B )  BECAUSE CF TI--C IN TI-F SCIO-1 ELECTRONICS PACKAGE CAN BE (Xi-PIANLE D

PO 5SIEIL I TY CF EXTRAPOLATING TI--F P78-2 SPACECRAF T TO DETECT TI-C OU TP u T (F TI-f X-AXIS (F THE SCLJ.

R ESWT S TL LONER AND HIGHER SATELL I TE ALTITUDES. MAGNETOMETER OUTRJT. TEE (DI-tIANflABLE FEATURE IS
(C)  BECAUSE CF T I--I EXPECTED SENSITIVITY CF ThIS IND I CATED IN TI-C BLOC K DIAGRAM SI-(bN IN FIG UR E
EXP ERIME NT TO AC TI VE CHARGI NG EVENTS PROVIDED EY 17.2. WHE N O PE RATING IN TI-F MAGNETIC FIEL D I-VIE.

THE SCL~ EXPERIMENT, AND (D ) BECAUSE CF TI-C EASE CF THIS P O RTI ON (F TI-f SCIO EXPERIMENT WILL PROVIDE
FCLOING ThESE EVENTS I NTO P-~~ PHOLCOICAL STUDIES CF I-VRPH OLOCICAL ~~~~ RELATIVE TO TI--C E AND B NOISE
CH AR GING EVENTS AS A F U N C T I O N  CF ()-~EITAL P O S I T I O N ,  AT TI-I UIE IT (F TI-I P78-2 SATELL I TE .
L OCAL TIME , AND AIJRORAL A C T I V I T Y .

17.2 MEASURING TECHNIQUE

THE SC~O ELECTRIC F I E L D  EXPER I MENT I S A N4SA- - • - - 
- 

- -

SUPPL i ED IX)UEL E FL OATING ENS EMBL E THAT K ILL
MEASURE it ELEC TR IC FIEL DS IN TI-C AJ’~~I EWT PL ASMA

AND c~~So SPACECRAFT CHAR GING EVENTS . THE
EXPERIME NT CO NSISTS CF TI-flEE PAYLOAD PACKAGES . -

THE SCIO—2 AND SCIO-3 UN I TS ARE LIFURLABLE

ANTENNA S . WHE N LEPLCY ED , THE SE ANTENNA S WILL FORt-I - 
-

A lID-N T I P - TO - TIP DIPOLE.  THE SCIO- l ELECTR ON ICS - -

PACKAGE CONTAINS HIGH I NPU T I MPED ANCE A M P L I F I E R S ,  Figure 1 7 1 .  Int rapay load Functions
H IGH PRECISION DIFFERENTIAL AMPLIFIERS , N-ID A LOW
FRE CLEN CY SPECTR UM ANALYZER . THE EXPER I MENTAL 17.3 FUNCTIO NAL BLOCK DIAGRAM
uF. JECT I VES ARE TRCF CLD . TI-C DIFFERENT I AL SIGNAL TEE BLOCK DIAGRAM CF THE SC1O EXPERIME NT IS SHONN
iNP - ~E S SE D  IPON TI--F DIP OLE ANTENNA W ILL YIELD IN SOME DETAIL IN FI GU RE JJ .2 . THE SIGNAL S F ROM
DIRE C T NEA~Ur EMENT ~~ THE AMBIENT C ON VECTION AL THE SC10 2 AND SC10 3 ANTENNAS ARE M ON ITORED
E L E C T k I C A L  F I f t D S  It ~ TI-F PLA SMA CF G E O P H Y S I C A L  DIRECTLY W I T H  SEVERAL VOLTAGE GAI NS (co~~iON
r-m L ST. ALSO , T~f CCAVCN MODE SIGNAL CF A MOLE ) . TI-C DIF F ERENTIAL S I GNAL BETWEEN TI-C

SIN ~~~E ANTE NNA WILL I -DI ITO R SPACECRAF T 0-I AR G ING ANTENNAS IS L I K E W I S E  I-D ITORED WITH SEVERAL
E VEN. T~~. THE lW—M DIP CLE AN .rTE NNA S ARE USED AS VOLTAGE RANGES , IN ADDITI ON ,  THESE SIGN ALS ARE
£L UBLE FL &-T NG F*~oBEs . THE I1 -~ [~ 30 M SEC TI C ~~ t.D~lI T ORED IN TI-F FO UR I ER IDMAIN AS Rt~l~ SIGNALS IN
f THE SE ~(~-M, 1/~-IN a -I - DIAMETER ANTENNAS ARE FOU R FREQUENCY BANDS BE TW EEN 0.2 AND 20) Hz. TI-C

COATED WITh KAPTON I P -S UAT I C N TO WOVE TI--I OUTER SCIO EXP ERIMENT OIJTPJTS TO TEL EMET RY ARE TI-I
20—ti ACTIVE PROEE AREAS AWA.Y FR OM TI-F PLASMA FOURTEEN PRIMARY WORDS LISTED IN TABL E 17.1. IN
SHEATH CF TI--F S A T E L I T E  THAT CAN OVERLAP AND THUS A D D I T I O N .  A REALTIME . WILE BAI-4D F~-FM LINK IS
CONTAMINATE TI--C PROBE MEAS UREME NTS . AVAILA BL E ON CC*4’IN-ID AND IS PLANNED FOR OPERATIONS

UP TO 3 I-Il/DAY IN OIlIE R TO COVER A NUMBER CF
THE SE LONG ANTENNAS ARE EXPECTED HAVE UN I QUE DIFFERENT LOCAL TIME REG I ONS . As IND I CATED IN
SIGN AL -TO - NO I SE CHARACTERISTICS COMPARED TO TI-F TABL E 17.1, Th IS LINK WILL PROVI DE ELECTRIC F I E L D
Oil-FR ANTENNA ABOAR D TI-C P78 2 SATELLITE. BECAUSE DATA I N TI--C REALTI ME TX~’IAI N FROM 0 To 2(X) Hz
CF THESE CH AR ACTERISTICS, TI-F 1W-ti DIPOLE ANT ENNA FRE OLENCY AND PAIILWI OTH .
SLJPPI lED BY ThIS EXP ERIMENT IS SHA RED W I T H  TI-F

AND SCI-8 If AND Vif EXPERIME NTS . AN ALTI--0101 Ti-f MAXIM UM VOLTAGE RANGE CF TI--f CCI-WN
ELECTRICAL IN TERF AC E . SI-OWN IN FIGURE 17.1, RIMS 143r€ A MPLIFIERS I S SET AT 5 KEY (TABLE 17.1). TI-I

~EThE EN TR€ SCIU—2 AND SCiO-~ ANTEN NA PAC KACES ~~ SCIO-2 -3 AND PACKAGES CO N TAIN SPARK GAP
TI-C SCi PPEAI-iR i~IERS Fr MEA ’~.S CF A 1O~ R E 5IST O~ P ROTECTION TO L I M I T  TI--C MAXI MU M E XCUR S ION CF TI-F

~t- . NE WIT H THE LC ’ - FREQUENCY P1EAMPLI-FIERS. TWO ~~~M ANTENNAS TO 3.5 NV, THIS PROTECTI ON IS

RE Q UIRED TO L I M I T  THE MAX IMUM VOLTAGE IN ORBIT CM
I N  A DDITION TC 1HI S CR OSS-COT *’LI NG TO TI--I SCJ THESE ANTENNAS TO A ‘VOLTAGE RANGE Ni-ERE SRJ RIOI JS

514 



r~~~~~~~w

F [‘:~ 
: ‘  

- 

~~ :- ~~~~~~~~~~~~~~~~~~~ •
~~~~~~~~~~~~~~~ r-

! :~~~~ ; ~
- - ~~

‘ ~~~ ~~ I “ 
- 

- -
~ 

- 
-

- t  ‘ L~~~’ L i  L {  i 
- — .~—i. —

- - ‘f i : ~~~~~ ] 
r ri-~ i- - -

-i i I
- 

-L 
r 

-
- 

n 
- -— 

i--. L -  —

L —

-
~~~~~ :~~

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

‘-

~ 

- 
- - - -

~~~~~~~~~

Figure 17.2. Electric Field Monitor Block Diagram
H IG -I ‘V(I TAGE D ISCHAR GES TO TI-f ANTENNA ME CHANI~~~ LEPLO~tED IN ThR EE STAGES TO TI-flEE ANTENNA LENGTHS
WILL Wi PRODUCE E(IJ I PMENT FAIL UR ES IN EI ThE R TI--f TO STUDY TI-I PROBE CH ARACTERISTICS OF THESE
I WTE RC OME CTING EXPERIMENT PACK AGES CR TO NEARBY ANTENNAS WITh ‘V~R YII - G DEGREES CF (TV€RLAP FREf ThE
SPACECR AFT SYSTEM FUNCTIONS . TI-f EL ECTR OSTATIC SATELL I TE SHEATH . TI--f LEFIOY? ’ENT MOTOI-~ CF THESE
ENERGY DISCH ARG ED THROUGH THESE SPARK-GAPS ON ANTENNAS HAVE SPACE BRUSH MATERIAL TO ALL G~
F I R I N G  IS EXPECTED TO CORRESPOND TO ThE 4) FF A1X)I TICMAL CHANGES IN TI-f ANTENNA L ENGTH DURING
BASE CAPACITY CF TI-f ANTENNA MECHANIS~~ TO 11-C (~WLETE L I FETI ME CF NE SATELL ITE . Ii IS
GROUND . IT IS EXPECTED THAT THE SE SPARK-GAPS WILL EXPECTED THAT TI-f ANTENNAS LENGTHS WILL BE KEPT AT
DISCH ARGE C(~LY DURING TI-f HIGHEST WLTAGE CHAR G IN G 1(X) ti flP TO’-TIP FOR NE LUIATICM CF ThE P782
EVENTS AMID THE SE WN TR OI L ED DISG ARGES WILL BE SPACECRAFT LIFETI ME .
MEMITORED (14 TI-I ±5 KEV CCflIC-t-l POLE TELEMETRY
CfJT RJT S IWICATED IN TAR E 17.1. TI-f GA IN FUNCTI ON S CF NE ELECTRON I CS PACKAGE CAN

Table 17.1. Measurement Modes ~~ C.4LIBRA~ED WITH I NTERNAL AC AND tE VI-1TAGE
— SOIRCES , THIS CALI BRATION SE~ .ENCE IS ACTI VATED

______ ____________ — BY GROU’ D C~~PIAND (FIGURE 17.2) AND WILL BE USED
ONLY lI-FREQIENTLY. IT IS ANTICIPATED THAT TI-I

~~~~~~~ V. ’t~ ’ 4 1’.q .. ~v 0 1 0 1 , 0  1 0  H~ 4 ~~~~~~~~~~~~ 0 1 1 0  00 0  DATA FROM THIS LON PC*’IER EXPERIMENT WILL BE
boo d. 

~~ : ~~I .  
AC(~JIRED lX1~ING ALL I-Ø~IAL P(1I DATA

d) Z0~~~~ 00 H. d) ZO lo 200 IlO TRAN SM ISSIO NS . WITE BAND ELECTR IC FIELD DATA WILL
- 

FM-r u blO 

~~~~~~~~~~~~~~~~~~~ BE TRANSM I TTED (14 A TIME SHARING BA SIS. WIEE P~AND
-- - -  

DATA FROM TI--I SC1O EXPERIMENT ME HARTh IRED IN r~€17.4 OPERATIONAL ASPECTS 
SATELL I TE DATA PROCESSOR TO BE TRANSMITTED

TIE SCII) ANTENNAS WILL I-LIT ~~ DEPLOYED LM TIL 
SIM LLT ANEOUBLY WITH WILEEN -a) DATA FR OM TIE SCII

SEVERAL WEEKS AFTER SPACECRAFT CR BI T INS ERTI ON IN 
AND SC9 E*ER It .EffS . THIS WILL SIM PL IFY DATA

OR DER TO GIVE OTHER EXPERIMENTS, WHIGI ARE 
REDUCTI ON SINCE THESE TI-flEE EXPERIMENTS ARE

SENS I TI VE TO TIE SATELL I TE SHEATH . A BASELII-E 
RELATED TO TI-I GEPERAL STUDY CF HAW PM TIQ E

PER 1W WITi-01fl THESE LONG IX)L~~ E ft QATING • I P4TERACTIO PS.
AFTER TH IS INITI M PE R IW. THESE N’TEN4AS WILL BE
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18. SC11 MAGNETIC FIELD MONITOR
18.1 SCIENTIFIC OBJECTIVES ThE STA T E of TI-f I-j~ E I T  SLL TRACTORS A- C FEL TO TI-F

SPACECRAF T’S AlL CCt4VERTU~ ( ci-. LINES MARKED “X
DATA FR OM TI-f MAGNET I C F IEL D M ON IT OR WILL ft USED

F I N E , ” ‘X CO ARSE , ” ETC. IN  F IW R E 18.1). GROUND
TO ANAL YZE TI-C FIEL D PL I GHED Al-iD DISTR I ROTED

CALIBRATIO NS CF TI-C 14 L1T SUETRACTO~S / J <[ THEN
C UR RENT SYSTE fr ~ IN TEE L O W LATITU DE REGI ON Ai-~OUND

USED TO RECONS TRUC T 1W ANAL IX OUTRJ T CF EACH AXI S
SYNCI-flONOIJS AL TI TLOE. MAG NETOPAUSE CR OS SING S ARE

F RON TI-F TEL EJIE TERED COARSE AND F I I-F SI c r-i& s .  T i-€
TO BE EXPECTED . AND TI-F MAGNETI C FIEL D

RES OLUTION (5 NE M AG NETIC F I E L D  ME ASUREJ .IENT iS
t’EA SLREMEN TS WILL CONTRIBUTE TO COORDINATED 0. 3 ,  . THE SAMPL I NG RATE IS FOUR VE CT ORE PER
INVEST I GATIO NS CF MAGNETOP AUS E STRUCT URE . 

SEC . THE ft1D GATE SIGNAL S ARE FILTERED BY A
W I LEBAN D ( -JO ) Hz ) MAG NETIC F I E L D  MEASUREMENTS.

PASS FILTER WITH A POL E AT 2 Hz , TO REDUC E
SIM IL TAI-I EOUS WITH W ILEBAN D SCIO ELECTRIC FIELD AND

AL I ASING CF TI--f SAMPL ED DATA . THE SlY  WORDS .SC~ PART!CLE MEASUREMEN TS WILL BE USED I N
COARSE AND F I N S  FOR EACH A X I S ,  ARE J - J ~~ED

WAVE PAR TICE E I NTER ACT I Lt : I N VE ST I GATIO NS . THESE
CO NSECUTI VE LY BY TI-C A/D CONWR T(J~T.  D URI NG m ;o

DATA SI-CILD CONTRI~~JTE TO A BETTER UNIS RST ANDI MS
SAMPL I NG INT ERV AL TI-C INPUTS TO TI-F SUEThA C T~ RS

CF TI-C MAGNETCFPHERE DYNAMICS AS IT EFFECTS
ARE CONTROLL ED El’ A SPACECRAF T “I-trOD GATE ” SI GN AL .

S PACECRAF T O- LAR GINC . TEE MA GNETIC F I E L D  DATA WILL
ALSO BE USED IN  SPACECRAFT CHARGING POLELS TO As A BACKUP , NE FIL TERED SIGNA LS FROM EACH
CtI - I FIJ TE L CCAL P AR T ICE E TRAJECTORIES AND FOR FL IJ XGATE AXIS ARE A L O O FE) DIREC TL Y TO NE
ENV I R ONN E NTAL P O T S I I N G .  SPACEC RA FT ’S A/D CONVERTOR WHERE THEY ARE SA?f’t ED

CON SECUTIVE LY AT A REPETIT ION RA TE OF 1 VECTOR PER18.2 MEASURING TECHNIQUE 
SEC . TEE RESOLUTI ON OF THIS DA TA IS —~ 3 ) .

Il-f I I’STP ci.IENT IS A TRIAXIAL FL LD~~ATE

MAGNETOMETER . EACH AXIS HAS A RANGE CF TEE SIGNALS FROM 11-C SPIN AXIS FLUXGAT E ( Y - A ~~I S )
AP PR OXIMAT ELY ±~~~~ /(1 = I NT ) . To REDUCE ARE FE) DIRECTLY W!Tl-trI-JT FIL 1T~~IM3 TO A
ABSOL UTE ERRORS IN TI-C ME ASUR EME NT CF TI-f MAGNETIC SPEC TRONETER IN THE E LECTRIC FIELD I~ TECTCF SC1D .
F I E L D A MAGN ET I CS CONTROL PROGRAM IS BEING THE 501) EXPERII-UtT HAS THE CAPAB ILI TY BY GROtC’fl

MPLEfrE NTED . IT I NCL UDES BOTH SUBSYST EM AND co~.w~ cc SELECTI NG THI S SIGN AL . CF AN
SYSTEM LEW L MEASUREMENTS. THE MAGNETOMETER SI GNAL . AS INRJ T TO THE SPECIROME1ER, THE
SE NSOR IS L OCATED AT TI-F END CF A ~4 M  BOOM. THE BANE~ IDTH CF TI-I MAGN ETI C F IELD SIGNAL TO THE
SENSOR AXES, X , Y~ AND 7, AR E ACCURATELY ALIGNE D SPECTROMETER IS APP ROXIMAT ELY 10) Hz. TEE X—AX IS
W I T R  TI-F CORRESPOND ING SPACEC RAFT AXES (SEE FIGURE SIGNAL IS ALSO TELET’ETERED BY Ti-f BRDADBAN!)2.2 ) . Ai’. ER R OR ANA LYSIS PERF OR MED BY TI-C TELEICTR Y SYSTEM. THE X -AXI S SIGNAL IS BANDPAs~
SPACE CRAF T MANLFACTLRER ESTIMATE S THAT TI-F F I L TERED AM) Al 1’LIFIEI) BY A FACTOR OF ~(fl, ~ :c~ANSOL I(TE ACOURACY CF MEASUREMENTS Cf TI--f AMBI ENT RESILTS IN A SENSITIVITY OF THE SIGNAL 11) NE
MA GNETIC FIELD COMPONENT AL ONG TI-C SPA CE VE HI CL E’ S SPACECRAFT WIDEBAM) TELEMETR Y OF 20) M ~‘V. IRE
A-AXIS ~I I L  BE BETT ER THAN ONE GAfl’IA AT ONE SION A I I IGN FREQLEI-CY ROLL OFF OF fl-C BAMDPASS FILTER I S
CC t4 FI EFN CE LEVEL . ERRORS IN TI-C OTHER P.C AXES APP ROXIMATELY 1ff) Hz. TEE LON FREQUEHEY ROLL OF F
WILL BE LESS THAN I N  TI-C X A X I S .  TEE SPACECRAFT’S I S SELECTABLE BY COIIIAND AS EITi -I ER 1 y  ~- Hz~
SPIN P R OVIDES IN F LI GI - I T II -F OI -~’tATI CM AEOUT TIlE

iRA OPERATIONAL ASPECTSMAGNETOMETER ZER O LEV E LS AND TI--f SPACE CRAF T
MAGNETIC FILJJ COMPONE NTS AL CNO THCSE TI-tr AXES. AFTE R I N I T I A L  I NFLI GH T OPERAT ION S , CURR ENT PLAN S

CALL FOR REALTIME DATA TO BE EXAMINED ONEE PER18.3 FUNCTIONAL BLOCK DIAGRAM
WEEK TO MEASURE INSTR UMENT ZERO LEVELS AND

A R U C K  DIAGRAM IS SHOWN I N  FIGURE 18.1. THE SPACECRAFT FIELDS IN THE SP I N PLANE. A
ANAL OG OUTPUT (0—S V) CF EACH AXIS IS PROCESSED BY CALIBRATION PULSE. WHI CH IM)ICATE S NE SENSITIVITY
A ~4 BIT SUETRACTOR . TEE RES I DU AL ‘VOLTAGE IS TEEN OF ALL THREE AXES. WILL BE SENT WRING TI-ISE DATA
AMPL IFIED F! A FACTOR CF APPROXIMATELY 1.). TEE INTE R VALS . Ii IS ANTICIPATE) NAT VECTOR
A MP L IFI ED ‘VOL TAGES AND ANALOG REPRESENTATIONS CF MAG NE1Ct TER DATA WILL BE AC QU I R E) WRING ALL
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NGRMAL PCM DATA TRANSM I SSICN S. BROADBAND A TIME - SHARI NG BASIS.
NW NETOPErER DATA WILL . H(~’EVER, BE TRAN~ II11ED ON 
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Figure 18. 1 . Magnet ic Field Monitor Block Diagram

19. M112 SPACECRAFT CONTAMINATION
19.1 SCIENTIFIC OBJECTIVES A CONTAMINATI ON I-~~ ITOR FOR OTHER E>?ER I MENTS ON

TEE 1J2 E*ERIP€l-.T IS DES I GN ED TO EE TER MII -E IF 
TEE P78-2 SPACECRAFT.

SPACECRAFT CHAR GING CONTRIBUTES SIGN IFIC AM L Y TO 19.2 MEASURING TECHNIQUE
11-f RATE CF a)N TN ’IINATION A R R I V I N G  AT EXTERI OR
SPACECRAFT SLIF ACES . TEE CON TAM INATION TRANSPORT ING SENEGN TYPES WILL BE FL C) VN. ONE TYPE IS A

t’~)DE WEER I M.E STIGA T I ON I PM)LVES TI-f I O N I Z A T I O N  COMB I NATI ON R ETAR DING POTENTIAL ANALYZER (I~A) ~~
CF l’UICILES OUTGASSED OR RELEASED BY TI-C VEHICLE TEMP ERATURE CONTROLL ED ~~~RTZ CRYSTAL MI CROBALANCE

WITHIN TI-f VEHICLE PLASMA SHEATH AND THE IR 
(TWI) ~I-U’iN IN FI GU 19.1. WITH IT. DIS TINCTION

SUBSEQUENT ELECTROGTAT IC REA1TRACTI ON TO TEE CAN BE MADE EE1’.~EEN O1AR(~ D AND WCHAR~~D A R R I V I N G

‘VE HICLE. MEASUREMENTS CF I NC IDENT CONTAMINATION 
MELECLLES. AND il-FOI-WTION CONCERNING TEE

RESL.ITI MG FROM BOTH CHAR GED AND NE UTRAL I’tlECILES TEMPERATURE DEPE NDENCE CF CONTAMINATION ADSCRPTI ON

WILL BE COMPARED WITH TI--I RESU TS CF OTHER ~~ I~~ORPTION RATES CAN BE OBTAINED. THE OTHER

EXPERIMENTS, SLOl AS TH(~ E THAT DETEF~’IIl-t THE SENS OR TYPE, TI-ERMAL CONTROL COATING (ICC) TRAYS .

SPACECRAFT SURFACE POTENT I AL S AND TI-f PLASMA FIGURE 19.2. EXPC&S SAMPL ES CF DIFFERENT

SHEATH DIMENSIONS. CARE WILL BE TAKEN TO SPACECRAFT SURFACE MATERI ALS TO ARRIVING

CORRELATE CONTN4IM T !GN EVENTS WITh CONTROLLED :~ tTAMINATI ON AND CONTINLk U~~Y MEASURES TEE

CHANGES IN SPACECRAFT POTENTI AL CAUSED BY ~~l-~~~~TURE AND HE NCE SOL AR AESORPT ANCE (a
5

) CF

ACTI’V~TION CF TI-I CNBDARD ELECTRON AND ION BEAM THESE MATERIALS. C~~as I N Q S CF SPACE STABL E

SYSTD~ (SC4) . TEE 1J2 EXPERIME NT AL SO PROV I DES SAMPL ES WILL BE ENTIRELY ASCRIBED TO CONT AMINATION
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EFFECTS *EREAS CHANGES I N  OTHER SAMPLES WILL DATA F~~~1 NE T UM AND TCC SENSORS . ANY INC REASE
RESLIT FROM A COM BI NATI ON CF CO N TA M INATI ON . INa

5 
CF TI-C SPACE STABLE SAMPL ES ON TI--F TCC

VACIJJ-1 , R-IOTOCI-EMIC.AL. AND RADIATION EFFECTS . TRAYS WI-lION Ott-I BE CORRELATED WITH MASS DEPOSITI ON
UPON GRC t14D CCt+%AND . SC1€ SAMPLES WILL GO THROUGN AS MEASURED BY TI-C NEAR BY TW’l. CAN BE ASSOCIATED
A HEATING SEGEENCE DESIGNED id R000-ILY EETERMII-C WITH A CONTAMINANT THAT ABSOR BS SOLAR RADIATION IN

TI-f TEMPERATURE AT WI -I ICH CONT AMINATION IS DESORBED . THE NEAR ILTRAVIOLET T}f~OLO1 1ff RAR ED SPECTRAL

REGIONS . A MEASURED MASS DEPOSITION THAT TOES NOT
iL’ — ated u sos- SF/101

- 
1Ih ~Ctl CORRELATE WITh AN INCREASE I N a 5 COLLD MEAN THAT

-~~ —.-— 

I __________ 
A ‘NONABSCRBlNG” CONTAMINANT WAS COLLECTED IF

- 
- - - - .,tSSOH ~~iR THIS COLLECTI ON SI-OLL D BE F CIJ OWED BY A PER I OD 

0L00100
1 

WHEN ~ /DT ~ 0 AND D~~ / D T > 0 ,  THEN A PO SITIVE 
S~NSUO \E UC TH U / I S

-
- 

-  
~~~I~ I ~~~ Z INDICATI ON CF ENVIR OI -M E NTAL DE GRADATION CF TI--C

______________— 

CONTAMINANT NGILD HAVE BEEN OBTAINED SUCH

________________ - - -
~ -~

I DE GRA DATI ON CO ILD OCCUR AS TI--C RESILT CF

- - AT/I l  
- - ABSOR PTI ON CF IL TRAVICLET RADIATI ON BY TI-f

CONTAMINANT .
FI II r I -  1 ~ 1 . RPA’TQCM Sensor

19.3 FUNCTIONAL BLOCK DIAGRAMS

THE fA /ICGV~ DIAGRAM IS SHOWN AS FIGlJF~ 19.3. THE

-~ ..
~~ 

F~A IS CONVENTIONAL E)~ EP T THAT IT HAS A LARGE
(3.05 SR ) FIE L D CF VIE W AND AN ANN OLAR CCLLECTCR

- - - - - .- SO THAT SOME Cf Ti-C I N C O M I N G  FLUX CAN REACH TI-F

- - j~~~i~— 
- MASS DETECTOR SITUATED JUST BEL OW IT. THE !fA

G R I D  MAY BE (Xfl’W’ILED TO ANY CF TI--F F O L L O W I N G

/~~~ - POTENTI ALS OR BE CAUSED TO CONTINWUSLY CYCLE/

7 
- _ 

- s THROL~~ TI-EM AT 8 SEC/STEP: -10), -10. -1. 0, 1,
(,

t - .

~

. -
~ 

.~G. 1(X). 50) V. THE COLLECTOR IS APPROXI MA TELY I
- 

- -

, 
TI-F EL ECTROMETER S WILL MEASURE CURRENT I N

- - - - 
~~ TI-f i0~.2 TO 10~~ A RANGE TO A RES OLUTI ON CF

APPROXIMATEL Y 10 A. THIS CORRESPONDS TO 6 x
Figur e- 19.2. TCC Sensor ff)iO TO 6 X 1Q~ ELECTRONS PER SQUARE METER

TI-f il E ARE IWO F EACH TYPE Cf SENS OR ON TI--F P E I~ SEC OR TI-C EQUIVALENT IN ION I ZED MELECILES .

SATELL ITE . BOTH TCC m~ ys AND o~~ f~A/t~~1 VIEW r—1

RADIALLY . TI-F OT I-E R ~ A/[~11 VIE W S YYIA LL Y F ROM —-
THE “FORWARD” [NC- U~ THE SPACE VE HICLE . — - -

~~ in -

S IMILTANEOUS MEASUREME NT (F OR. CURRENTS fIN D MASS ‘ ~°~‘ 
l~ ,T ~ I’i ~~‘

DEPOSITI ON RAT ES WILL PERMIT TI-F CP-L CLLATI CN CF --

AVERAGE O-IARGE TO-MAS S RATI OS CF TEPOS I TE D -~~ ‘ 
- -

CCNTAt’1INANTS . H C*.~EVER , THE I NSTRLI’lENT ~~~~

~ENSITIVITIES Pt-ID ARRIVING PARTICLE FLUXES I-ILL M l  
V M-tI I i ’ ~ \‘~

PROEAPLY RE SUCH THAT SOME TIME I NTEGRATI ON WIU ~~~~~~~~ ~~~ -
RE REQUIRED A CT- TI-ESE UE TE / M M-TICFS. CCt-trROL (F - 

P. 
~~ 

M-tElt ~ Mn

TI-C TE M PER ATURE CF TI-C ~X~ s WILL ENHANCE THE I R CRY~ IA I - . 
‘- - 

- ‘ _ -
STABILITIES AND PERMIT MEA SLICEMENT CF CONTAMINANT 

-

DEPOSITION AT SE VE1/15 TYPICAL SATELLITE SUPEACE
Pt - 1 -v-  L I vi - .1

TEMPERATURES . r i - ’ ’ , J IlPI

Figure 19.3. RPA!TOCM Block Diagram
!F-,FCRMATICt. ~~~- TI-F SAMPLE DEGRADATION BY
CONTAMINANTS WILL BE OBTAINED BY COMPARING TI-F THE FIRST GRID IS USUALLY AT TELEI€TR Y GROUND
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~.U 
~ H \L - - - r~~~~~ ”t-V ’ I V TO. ~ ~~~~ 1 - u- I t 1 ~~ ~~ I TI TH i i i  t i .

- ‘ ‘ ‘ f l - N  C) I . E  E f F ~(NA- i~,r , \  >1’ Ti-I-f r ; I ;~~. r~~~1 ( ,  I l : lr,L. - , I ATLS I V. . - l : - - 1 . N

~J ’E~ 11jRE. T~t ~- ‘JL-S)Ui4[ T ~ • t l i l T  I i l r -  ~~~~~~~ ,~~~ , L i  .~J . I  ~L C.i-1 1/ 1 1 !  1. - I f .
5 1 ITC~~~TEp r i  ‘-~~~

I
~~

’ . ) J N T I lHRI)I~~~I ; ‘ ~~ 5 i - I -  I t ; H  f ’ i L i  - ~~I I

~~~~~~~ ~~- E L Y 11) iu t - ‘ -F VPA I F -‘lIEICLE i 1 d ’ , - O i L  1E ‘ I _ J I I i , : - :. ‘,/ . L 5 1’L I l  I lL
&RI II ~~~ AL - - - II - - 1 II) I S -\ - fl - IlC~~ I I  - AND A 

- -
- - I TY AS cuP. I - I  I -

II I~,je ’) SO THAT . ‘ - I - ri k-S A T I PL V TO THE
ELEC TRI C V . I . I ~~~ ‘1HII’-lI ‘ND . LL ~ ,,~ CL~ - - Cf TIE - 4-I - i-Till I--fl U

A C T I  i /TE D J - -~ Y IL  TIlE 1 1 1 / 1 u i - L I  T - i t  LI lA
FIGURE 11’ II~~’ES -~ 5 /1 ( D I A G R A M  (F THE ICC - I T t - l t ~~C. FLR L S-L l- - WILL I-k L I M I T E D  IC- C LLI,Is
0\PI,.I :- fNT , E ACH TCC P~~ KAGE COF~~I ST S F ~ SA1-VLE -II.T ,~LT FL-ILLS SITU TI-f VEHICLE TAPE RECORDER
CkA~ ‘,NI I A - :  ~~ ~- x ~l’ I~~: 11-I-f ‘ F S I D N  OF 11-if 1 — L I  LI BE OPEHAT I NC . ALSO, Il-f L IKE L I I--U.5S Cf

LAI t - - 4T -~ LPGRADED FROM fl-~~T uSE ) ON PREVI OU S HIO-I VOLTAGE D ISCI-f j~ L PRECL UDES LEL-<t-TION CF ThE
F L T i i f c . TEE SA*I1 DISCS WILL I-I-AVE ONE OR 1’.I-O OF (PA 111 D I G I T A L  FREQUENCY COURTER PORTIONS CF TI-f
THE THREE RANGE JVERLAPPING THERMISTORS PAYLOAD UN TIL THE F I I . N . ( - N E I L
-:o~INSc-r-to , A FULL SET OF THERMI STOR VAL LE S WILL

BE RECORDED EVERY 16 SECOND S ILTOM EACH TRAY THE TCC Sf4-TRE E HEATER SEQLENCE IS ACTIVATED BY
THROUGHOI-JT TI-C MISSION. IN ADDITI ON .  SIX SAI’~ LES c--~cit-in CCt4’TAND . THE SAMPLES ARE HEAT ED FOR OlE
ARE EQU I PPED WITH HEATE RS D E S I G N E D  TO HEA T THE M TO HOUR At-ID THEN ALL OWED TO COOL FOR IW O I-CURS SO
MAXIIIJM TE NVERAT~~~ OF 212°F W I T H  THREE STEPS THAT ANY CHANCE I N a 5 CAN BE RECORDED BEFCRE THE
BELI)’l 11-C f4AXIt~Ul. TEE CALIBRA TED SALfII HEA TERS t-E)(T HEATING CYCLE STEP . Ti-c SEQUENCE CF FOUR
WIL L. BE AC TIVA TE D ON G ROUND COt-?’W~D. THE SNI’LES HEATI NG STEPS OCCURS AUTOMAT I CALL Y AF TER TI-C
AI~ HEA TED FOR OlE HOUR All) THEN AI1O.4E1) TO CO~~ CC(+1.AND IS ISSUED . IT MAY BE TERMIN ATED I F
FOR TWO i-OURS SI-) THAT ANY CHANGE IN as CAN BE NECESSARY; IF I-C ACTION IS TAKEN. TI-F PAYLUAD

RECORDED BEFO~~ lIlt NEXT HEATING CYCLE STEP. THE .ETU N5 To NORMA L OPERATI ON AUTOMATICALL Y AFTER
SEQUENC E OF F OU R HEATING STE PS OC CURS THE FCUTTH HEATING STEP,
ALJTCIIATICALIY AFTER Ti-f COlt-I-All) IS ISSUED .

THE T CL/’I TEMPERATURE CONTROLLER COt-I-lANDS ARE ¶RE E
Il — _ ~,!k III ‘I 4 ‘, -VIL E 1-s Ri.s’i”, “6G 0C” , ~~3Q0~II , , ~~30Ct~~ , AND.,L

1 rl r’ LIT1 [~] “I(X)°L” . THESE SIX STATES ARE SELECTED WITH A
I __________ ~~I I T MAGNITUDE CCI-4-1NID . THIs PO R TI ON Cf THE

t PA YL DAD , ftU2-8. REt-tA I F ’S CM TI-fTO1%~-lOUT TI-C M I S S I O N .

‘I - - 
[ -  - THE ~ A ELECT ROMETE RS AUTOltA TICA LLY SWIT CH EEIWE EN

- RIG -I AND LOW SE N SITIVITY RANGES . THE ELECT RC *-IETRY
, ~~ POLARITY MAY BE CCfl-W4E€D TO ION COLLECTION CR TO- , - 

SELECT TI-C IDM I NANT Cl-lAR GE SPECIES . THESE MOLES,
1~ ILL WITH THE APERTURE GRID CONNECTIO N AND I~A

F R J I J I , -  194 TCC ilk k Diaqr rnr 
ui- ID VOLTAGE (oR CYCLE M O L E) ,  AR E SELECTED WITH

19,4 OPERATIONAL. ASPECTS £ F1T MAGNITUDE CISOIISD CCt~~ANDS.

EACH ~ A/~QC!1 IS FITTED WITH A SPR I NG LQADED
HINGED COVER THAT IS RE LEAS ED ON GROUII) COlt-I-AND.
Il-C COVERS PROTECT 11-fE SENSORS AN!) RADIATORS FROM

CONTAMI NATI ON DUR I NG SATELLITE FA B RICATI ON AND
LA ONCH . TI-f 11J2-7 COVER WILL BE OPENED EARLY IN

TRAN~~ER ORBIT. OPENING TI-f 1J2—6 COVER MUST

AWAIT V E H I C L E  SPIN tOWN IN TI--C FINAL OR B IT.  THE
ICC TRAYS I-I-AVE COVERS TI-I-AT WILL BE REMOVED THROUGH

A ODOR IN  TI--F PAYLOAD FA I R ING JUST PRIOR TO
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