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J.€. N6neritt ahd R.C. Adomo 
Eletrrame netlt ft idnrrd Cbbratary 

!+anford Ratboreh lnstitutib 

In 1974, Q se t  of LnstfunientB deeigned to detect the occurrence of t iectrical 
bPeakdoWns wa8 flown on a synchronou8-orbit satellite. 
an interesting compleaknt to those reported ear l ier  a t  this c o n h e n c e  by Bob 
Love11 of NASA LeRC. ' he  LeRC sedsors were installed on cables inside the 
vehtcle. A ccordingly, they reepond to signals coupled into the satellite wiring 
system. The SRI 6etrsor~1 Wkre located od the extettor bf the vehicle arid detected 
t k r f  noiee pulses aebbctated w fth durface breakdowns. 

The reeults bf the ear l ier  Sa1 program are bethg used to design end develop a 
se t  of h8trumentatibd suitable for inclu8ioh as  a general piggy-back package far 
the detection of the o n k t  of o ~ t ~ l l t t e  chargiag and breakdowns otr synchronous orbit 
satellttes. Thls system w i l l  bB flown as the Transient Pulse Manitor (TPM) rys-  
tem on the SCATHA spacecraft. 
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The ini4trumentatiofr Plbwn bn the teet aatelllte wa8 oapable 6P detecthg the 
oneat of gednlagneticelly dleturbed cdatiittane and of detecting and c6UnUng electrb 
kal  breakdowns. TKe syetem, shown in Fiore 1, used a a8nBdr plate mdunted 
on the outside surface of the v e w l e  89 bath an electric dipo1.e antenna ti, pick up 
noile pulees atid a s  8 Langmulr ton pk6be. Since the probe electrode wae blaaed 
-5 .  6 WltS Wlth respect to the vehicle frame, U normally collected positive ion& 
and repelled phot6electron8. Under disturbed cdnditione the ion probe rystam 
meaaures the differenca between the photoelectron current from the surface of the 
dateCtor plate and the plasme electron current incident on the plate. Thuo, eub- 
6tornaB are Cndtcated hy. B depressed probe current. Since the dc amplifier used 
with the ioti probe system was unipolar, titnee @hen the Current i B  reversed abe 
indfcated.by a eero ion probe Current reading. 

C to the preamplifier- counter electronice. Sensitivity test6 of the pulse counting 
syotem were conducted ualng the set up shown in Figure 2. A thermal- controL 
panel was placed inside a glaas bell jar and illuminated with an electron beam .to 
generate discharges from the mi r ro r  celie comprhing the blurface of the panel. 
The sensor electkode and elech-onics system flown on the flight vehicle wei-e tteed 
tb deteCt the noise pulses generated. PrbviBionB Were made to place the s&ns&r at  
v8rlotts distanCCs froin the edge OP the thermal control. The reailts M theBe teste 
indicated that the puiae counter would Peltably detect breakdowns within roughly a 
meter 61 the BBnsOr plate. 

Nobe pulses induced in the #enmP plate antenna a r e  coupled through capacitor. 
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Figure 2. Experimentat Setup far Pulse- Counter Sensitivity Test 
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E ' i y k e s  3 and 4 show data recordM durihg both undisttikbed end d.tstWke6. 
geomagnetic field. conditions fbr  ohe comElete satellite orbit. A t  synchbnaus 
altitudes, each arbit is 24 hr long, sabiplfn& all local tfMee eqthally. Data frod 
the ion-cwrent probe a re  plotted as a function of local time (LT) in the upper panel 
of Figwe& 3 and 4. These date acre seleckd.8t paants in the satellite rotation at 
Which Cie to td  probe Current was a maximiiw (thts corresponde ti, the o r i e h t a t h -  
at which the detector plate is most n e e l y  perp_endiculak to the Bun directfan re- 
aulting the mlurimbm photbemiSu3ioh current). The geomamatic field conditione 
Were determined-by examination ofAp and.€#, shown at the top of Figurer; 3 and 4. 
E?gure 3 showe data typically recorded during undisturbed geotnagnetic field 
cohditiom. It shows the diiikial variation occurs becauge of the tcpehdence of 
photoelectron current on the angle between the 8un direction and the detector plate. 
A t  loeal evening and local morning the 8uxi is normally incident to the detect& 
plate, and the peak photbeleetrbn currefit-deneity has a maximum of about 90 MA / 
m2. A t  local midnight the Bun i$ obliquely incident to the detectot plate, and the 
peak photbelectrfc cutredt has a minimum of about 30 CcA/m2. Near local noon 
the body of the Bpaeecraft shadow8 the detectok, and the photoelectron current is 
redueed nearly to zero, as dhown froin 10.7 - 13.3  hours LT i r i  Figure 3. These 
data represdht the usual diurnal VPriatibn 6f peak phdtoelectF9h Current, Bnd no 
abpressitrns bf the prabe CurFent indicatihg the i l l j e c t h  bf et,etgeti& electrbns are 
rrbseived. 

The pulse-counter data-kre Bhbwn in the h e r  paneid of Figures 3 and 4. The 
data plottea w e  tho number of discharge$ per mixiute that a r e  detected by the pulse 
counter. The.number of counts were collected and averaged 6Wr a 10-min period. 
For the quiet gebmaghetk period ehbwn in Figure 3. few tlisthwges e fe  detected 
by the inatrunlent except frbni local evening to ibical midnight duPirig which rPteB 
averaging &lightly less than l/miti afe bbserved. Count rates tjrpicafly near 3 6 h r  
are obeerved bn almoet every orbit from 16cal evenhg to local Miairijght. 

F l a r e  4 illustrates data recorded during ad or'btt irn 31 fantrafy 1974 for 
which a modepate peonlegnetit field di6turbance was hdiceted by the magnetic 
intlice8. The: irijectiori of energ6tic electron6 at synchronbtrs altitude wall detected 
by depresdons of the total prdbe current &used By fnereaeee tn thb plBsma-elet- 
tron current during the injection event. 

' h o  ejtarziplek of data recorded durtng Eiatellitl! et l ipse are ehdwri in Figures 5 
aird 6. Figare 5 &hours the ion-ciwrent prbbe e;nd pulse cdunter aata recirded . 
during Undliturbed gebmagnetie cbnditiodd. DUritig eatelllte eclipse the @be 
current from L e  detect6i pl l te  drops to nearly hero because solar ultraviolet 
radlatian is hot preMnt to d u d e  phbtoeml8stbh from the detectbr plate. 
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Figbre 3. Static-Charge Experiment Data From an Orbit for which No Subetorm 
Activity wae 0bse.nred. (The ion-current probe data @how& the usual diur'nal 
vllriatio'n. Few electrical dtscharges a r e  obeerved except on the LntCrvel frbm 
local eveniag to lbCU midnight, 1 

LdCAL TIME - hi1 
L&&L LOCAL LOCAL LdCAL LOCAL 

WEN IN^; EVdNlkG I ONICHT MORN IN^ NOON 

Figure 4. &atic-Charl@ ,Experim&nt Data From an Orbtt €or( which Subatarm 
Activttg was Obsewed. (Depreeetonb Of the ii)n-prabe ciiftedt near local mtd- 
rjdgt;it are caused by the injectton of energettc electron6 to &yrichroWudull altitude@. 
Didcharge rates a@ high @s slx per  miriute a r e  measured by the @ae cduiiter 
during the electron injecttod event. 
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Figure 5. Static-Charge Experiment Data Recorded During Undisturbed Gesmag- 
netic Field Conditions Through Satellite Eclipse. 
nearly zero when the phatbelectric current i B  cut tiff by the earth's shadbur. Only 
a few discharges a r e  bbeervedduring thil pagig. 1 
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Flgtwe 6. Stcitlc-Charge Experperit Bat6 Recorded During Dtt3turbcd Geomag- 
iietic Pteld bndh ibde  Throuph &t@lltte Eclifise. 
event 6tid di&chat'&@ ra tes  a8 high 8% ten per minute &re obderved durhg  thte ' 6.88. 
The dtscharjpl a r e  assoctated with the: Lnjectibn event (ti& depesbed loti prd E e 
current) rather than wtfh satellite eciiplb. 1 
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Smbdth changee in the total grbbe cwreht  tin either aide of Patelltte eclipse aft2 
cauaed by changes irl the tratelltte 6rkntatiori (see Figure 3 add the related dietdie- 
StOn of the dtWhal vWt&tf&n in tdtal prbbe curpent). Only a few pulse counts w e  
dbserved by the pulde cduntet during this ~€188. 

accunlblated and-axt&tb&ed aver a 2 min pefi6d for the data shown in F -tr&&---.- 
and 6 . )  

near satellite eclipse. A depression of the ion probe cdrredt indicatirl$ the injec- 
tion of energetk electrdns is (JbserVed just after the satellite emerges frbm 
eclipse (compare theee data With those 5hoWn in Fibwe 5). DiStharge rate8 as  
high a8 lO/min a re  obeerved in associationwtth this subetbrm electron-injectioh 
event. 

The data in Figure 6 Bhbw that the-discharges a r e  as6ocihtcd With the injection 
of the energetic electron8 near local midhight, and not with 8Btellite eclipse. The 
beginning bf the plasma-injjectidn event shown in Figure f? cannor be deterniined 
from the tan-current probe data because the llatellite i s  in eclipse. It is psssible 
that the discharge ratee may have been enhanced durinb satellite eclipae; however 
the generating mechanism of the discharge I S  Clearly the energetii: plasma idjec- 
tion during the maghetbsyherit substorm. 

a r e  typical of the several conditibhs under which eynchrbnous brbtttng satellites 
must functtbd. They 6hbw that e lec t rkal  di lchlrees a re  observed 
Btarm8 Bt rates neat lt)/min on the ehtellite'8 ekterdol Burfake. These dtscHerges 
occur when eneigetic electrons &re injected to synctronou8 altftudee near local 
nitdnight. 
surfaces to large nekative potentiPl6 during the electfan tnjectlbd events. 

Other digcharged a re  observed near local evedtng and Pt other points in 6rbit 
at which d iecharps  were not effpected to occur. These di&chor$ea have lower 
rate8 (112 m i d ;  hbwevbr, they oCcur on elsentially all sateiltte orbits from local 
evenlng to loctll nlfdntght. The generlltfad af tn88e dtPchargsB tB  nbt well under- 
Btocd at  the t h e  bf this writing. 

that have been sugpbsed td be related to electrical discharges. Ttie6e adomalies 
cbnsidt of a tJlpe bf anomalobg detee*ot reap&riee; and an utr?drilinmded redet af a 
o l l t e l lh  cottitnand circult. Thdee andmalles have ochurred oi? eevePal bther 
datellttes td kddlttan tb the efitelll!e on whkh this e x p e t h e n t  was floYd. An 
examinatioa of the values ai graufid-baeed geonia&nettc indtc98 at  the times of 
occufrence of the andmattee htranglgr euggeete that they are related to lntenee mh- 
titorm acttvlty. "hue, it wap, iru&&ebted that such anomallee were generated by 
iriterference frdm the! electraniagiletic radtatian of e iec t r lcd  disctiergee. 

(The pulse CbuniOr data a r e  

Figure 6 shows an example bf data recbrded during a magnetospheric substorm 

These bur example@ bf discharges dbeerved by the BtBtic charge experiment 

These dtbcheP&es a r e  probably cauBed by the charging of dielectric 

several types 6f engtneertng orbit81 an6maliee have occutrtrd on this aatellitc 
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D u h g  the $eriod Of-bperation Of k!; efpeFim@dt, dever'al occUWPnceb of both 
tJipee of these anomtilies were reported. Fbr the an(rtnaiduB detClctor relpanoe, a 

t6tBLof 35 occurtenre8 wetc reported. Fur 31  of these easel3 a dLcharge was 
obBerved by the experiinent eoincidently with the anomalou6 detector reeponse 
Thesiie anbmBldU8 respdnles were repbrted ah Wvetv~L different days, afid the proba- 
bility that the cokcidences o&&urred by chahce i B  esWntially zero There were B 
total 6f 6 of the uncaminanded Circuit resets. anti 5 of theee resets  occurred 
cbincidently with detectib,rl bf disthargeri by the experiment. Thus, data from thiri 
experiment has confirmed the hypbthasis that the8e types of brbital engineering 
anomaliee a re  CBUBed by interference frdk'n these electrical discharge&. 

Based On the experiente gained ih the satellite! teBti3, a low-level program of 
planning and instrument development wa8 initiated at SRI. The objective was the 
development bf a Bet 6f compact, lightweight ihstrunsents to detect the occurrence 
of an electron injectibn event, to meaeute electric field E and cutrent density J at 
the vehitle surfate, and to detect, count, and characterize the pulse waveforma 
frdm electrical breakdbwns bn the Satellite surface. A design goal wa8 tb develop 
sitnple instruments suitable fbr use on a piggy-batk basis on a large number of 
satellites. 

on the SCATHA datellito a I  a T P M .  Althdugh the TPM Bystein can be uled to meb- 
Bure pulse& either an the butside br inside of the sltellite, the SCATHA I'PM 
system wi l l  be ueed entirely with internal sensbrs since the electromagnetic sig;ri&- 

ture of the breakdown pul$@ On the exterior ot the vehicle W i l l  be characterized by 
the Scl-2 experiment. 

terisdcs of t r a n B h t $  cdupled into vehicle power atitl sighal lines When .the sipate- 
craft experience& a rc  discharges. Requirements imposed on the T P M  aystem a re  
ab foll6a6: 

(1) Meosure pe&k pulde anipiitutle bbth + arld - separately. 
(2) DeterMIne number of trandiente abdalute (+ and -1. 
(3) Mealure total energy both + arid - Bepbrately. 
(4) Accomplish the&e mieawrementd within the follawttig conbtraintl: 

(a1 60 dB dytiamlc r'ange on ciinpliflefs. 
(b) Select elther a single pul& arid/& mtiltlpk pulsed. 
(cl Frequencyrespbtise > 50 M H i .  

Thew measitlrerilBdt c8pabiiftIc 9 are  IiltWtrated graphlkaiiy iri Figure 7. 

The ptilBe detCttiod and i2H&raetetiz&tibti Bysteni Hiill be repackaged and flowi! 

The purpose of the TPM Bydtem w i l l  be to.atquire amplitluda and pulse chapac- 
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Figure 7 .  Data Derived From Trarisient-Pulie Mbnitor 

The hlnctiodal deplbfleiit bf the Tf’M syatem w i l l  be a$ fbllws: 
(1) Fbuf (4) separate channels c&pBblC of yieldihg the cdmplete data Btipulated 

(2) Locatibns within the spacecraft w i l l  be: 
(a) Cable bundle antenna bbw impedance). 
(b) Cable bundle antenna (high impedance). 
(c) Current probe bn primary power referehce ground. 
(ti) Current prbbe bti dbler drrdp power input. 

A functional block diagram of the TPM is ehbwn in Figure 8.  ”he ultlmpte 

under requirement8 for each channel. 

form bf the eyetem Btemmed from the requirement that it be able to provide infbr- 
matton about the induced nblse pulses even thbugh the parametem of interest might 
vary over a coneiderable range. Wide dynamic radgea were achteved in several 
ways. PirBt, ldgartthmic ampiifier/dettrctorb were used id the p\ilse-peak mea- 
surtng ciyetem. The pulse-ititegral mealurin$ sybtem hag provisions f w  adjusting 
tht’eshold irl orbit ta avoid the poadibilitS. of data being itiadVertedtly contaminated 
by epstem not&!. Since tt i6 not clear what tbn prf of breakdown& ori SCATHA w i l l  
be, prrbvidione a re  included to commerid the pulde-peak and pulse-integral-measur- 
ing systems to operate with a i sec measufln& window or to op.erate for only 
100 Cceec after the fbef pulge occdring in EL telemetry wtndbw. 
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The earhQie-ahd-h6ld cifrcult for  each output channel is arranged $6 that data 
abtained during bhe telemetry uitndow a r e  tranllfered to the satrtple -and-hold 
where they a r e  stored fdr one t e l e re t ry  period during which tlme all of the output 
chadnel$ a re  interfoekted by the teremetr'y by$teril. Thus, all of the data read 
duririg & particulkir Wiiddow were generated during the same dingle telemetry pePlad-,-.-.,..,,-, 

The pulse-peak detector's indicate the peek etfiplitudc! bbserlred dlrrihg the 
commanded windbw. Of severdl puleee occtir, the higHeBt w i l l  be meaeured. 1 
The pulse-integral system lndictltek the Intc*pal bver the enttre window of that 
signal above the eommanded thr@shbld level. The event- cooriter indicates the 
number af pulees becuring durifig a 1 sec  periad regardless Of which mode if3 
commanded for the pulee-peek and pulse-integral aystem1. 

it can be used a8 a piggy-batk inetallatidd with minimum Weight, volume, and 
power impact. 

Pa&ka&lng bf the system It3 such a s  to minimize dize and weight in  order that 
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