
JET PROPULSION LABORATORY INTEROFFICE MEMORANDUM
334RW–2000–004

March7, 2001

To: W.T.K. Johnson,M. A. Janssen
From: R. West
Subject: Guidelinesfor C26IEB

1 Intr oduction

This memoprovidesguidelinesfor preparingtheRADAR IEB for theC26sequence(scheduledfor July 5-6, 2001).
TheC26RADAR sequenceis designedto characterizetheRadiometerduringtheearlywarmupperiod.To thisend,a
box rasterscanof Jupiteris scheduledasearlyafterturn onaspossible(about11 minutesaftertheRFESpowerson).
A largerSunscansimilar to theSunscanin C25will beperformedfor moreantennapatterncharacterization.These
scanswill provideextensivecalibrationdatafor theradiometercalibrationmodel.A Tauvariationdatasetcanalsobe
collectedat someconvenientpoint. Theradiometerdatatypesarecategorizedbelow.

1. Low ratedata(Radiometerwarmup- 4 sec.burstperiodok)

2. Tauvariationdataset(varyingintegrationtimesfor RL, ND, andB3)

3. High ratedata(250msburstperiod)for 10 - 20min

4. JupiterBox Scan

5. LargeSunScan

The Tau VariationandHigh Ratedatasegmentsare includedon a spaceavailablebasis. The rasterscanshave
priority. Thefollowing sectionsdescribeeachsegmentseparately.

2 Low RateData

The low ratedatacoversany timesbetweenothertests(eg., during a slew to a target). This datawill generallybe
collectedlooking at cold space.Thesameparametersusedduringearliersequencescanbeusedagainfor C26. (ie.,
Auto-radon,4 sec.integrationtime.)

3 Tau Variation

For C26,theTauvariationsetwill probablyhaveto occurafterthelargeSunscan,eitherbeforeor afterthesimulated
Titan flyby (staringat cold space). At the very end(while Earthpointed)looks like a goodplacefor it. The Tau
variation dataset is useful for tracking down timing and bleed-throughissues. If datavolume permits, this data
setshouldbe included. This datacanbe obtainedat any convenientpoint wherethe RADAR is staringat a fixed
target. The test sequenceitself will be the sameas in C23 including the limitation imposedby the SAF-142data
mode(minimumburst periodis 250ms). Thesequenceis summarizedin the tablesat the endof this memo. More
discussionof thesetablescanbefoundin IOM-334RW-2000-001,002. As for C25,this memogivesintegrationtimes
ascommandedtimesratherthanactualtimes.TheTauvariationtestsequencelastsabout9 minutes.
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4 High RateData

The high ratedatais meantto characterize1/f noisein the receiver. The sameparametersusedin C23 canbe used
againhere. (C23 alsouseda slower burst time of 250 ms to accomodatethe SAF-142mode.) This testhaslower
priority thanthe Tau variationtest,so if datavolumeis limited, this testsequenceshouldbe deletedfirst. It canbe
performedimmediatelyaftertheTauvariationtest.

5 Raster Scans

Theboxrastertracesa rectanglewith two scanlinescrossingJupiteroverandover for 5 hours10minutes.Thesignal
from Jupiterwill besimilar to thesignalobservedin C20becausethe rangesarecomparable.For C20 the rangeto
Jupiterwas172.8million km, while it is expectedto be174.1million km for C26.TheJupiterboxscanstartsatUTC
19:39andendsat 00:51(July 5-6,2001).

TheSunscanwill haveaslightly smallersignalbecausetherangeto theSunwill haveincreased(during2001,the
Sunsignaldropsabout0.2dB/month).TheSunscanis larger(8 x 5 deg) sothedurationis quitelong (01:02- 10:28,
July6, 2001).

TheJupiterbox rasterscanwill occurearly in thewarmupperiod,sowe needto payspecialattentionto warmup
performancevariation. Although C23 (Jupiterflyby) is the most recentdataavailable, it doesnot cover the early
warmupperiod.Therefore,systemperformanceduringC22will beusedto designthetiming for C26.

5.1 Gain Performance

Experiencewith the EQM indicatesthat the warmupvariationin performanceis dueto receiver gain changeasthe
receiver temperaturechanges.Gaindecreasesasthetemperaturerises,sothewarmupalwaysshowsa negativeslope
which takesabout8 hoursto completelydisappear. Thepostwarmupgainwascomputedto be0.1 counts/ms/Kfor
C20andC22(ICO2-A,B).During C22,thewarmupwasconductedusingAuto-Rad,andthenormalizedcountswent
from 207counts/msat thebeginningto 162counts/msafter5 hours10 minutes(matchingtheendof theJupiterbox
scanin C26).Thisrepresentsachangein gainof 28%.Duringthesametimeperiod,theresistive loadandnoisediode
signalswentthroughchangesof 16%,and32%respectively. Thedifferencebetweentheresistive loadsignalchange
andthecoldsky signalchangeis likely dueto thewarmingupof theresistive loaditself. As thetemperatureincreases
thegaindrops,but thesignalcomingfrom the resistive load increasestherebynegatingsomeof the gaindrop. The
noisediodeis lesssensitive to physicaltemperature,andits signalchangematchesthecold sky signalchangemuch
moreclosely.

The overall gain drop is 31% going from the maximumat turn on to the minimum after thermalequilibrium is
acheived. Using the equilibrium gain value from C22, 0.104counts/ms/K,the initial andfinal warmupgainsare
computedto be0.137counts/ms/K,and0.107counts/ms/Krespectively.

5.2 Integration Time

For C26,table1 shows thesignalvariationexpectedfor all thescantargetsat variouscommandedintegrationtimes.
The systemgainsjust computedfrom C22 areusedalongwith the equilibrium systemnoisetemperaturefrom C22
(ie., 1511K). TheJupiterandSunsignalsareadjustedfor therangeduringC26.

Auto-Radis not a goodideafor theSunscanbecauseit keepsthesignalbetween2000and3500counts/window.
Thus,theAuto-Radalgorithmcouldsetthecold sky level ashigh as3500,which would causetheSunpeaksignalto
saturate(maximumis 4095counts/window).

5.3 Burst Periods

Thecriteriafor determiningtheburstperiodis simply to avoid smearingtheobservationsby excessivemotionduring
oneburst period. The numericalthresholdusedhereis no more than1/10 beamwidthof motion during oneburst
period. This is a fuzzy criteria,andif necessary, even1/5 beamwidthmotion in a burstperiodmaybeok. TheC26
scansweredesignedwith thesameangularrateof 0.29mrad/s(0.0167deg/s)thatwasusedin prior sequences.With
a beamwidthof 0.35deg, 1/10beamwidthof motioncorrespondsto 2.1sec.Thus,any burstperiodof 2.1secor less
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Target Integration SourceTemperature Equilibrium
Name Time(ms) Range(K) SignalRange Initial WarmupRange FinalWarmupRange
Jupiter 45 2.8- 5.7 3375- 3388 5533- 5551 3562- 3576
Jupiter 40 2.8- 5.7 2587- 2599 4500- 4516 2753- 2765
Jupiter 35 2.8- 5.7 1800- 1810 3467- 3481 1944- 1955
Jupiter 30 2.8- 5.7 1012- 1021 2434- 2445 1135- 1144
Jupiter 25 2.8- 5.7 224- 232 1401- 1410 326- 334

Sun 45 2.8- 644.3 3375- 6310 5533- 9384 3562- 6577
Sun 40 2.8- 644.3 2587- 5189 4500- 7912 2753- 5425
Sun 35 2.8- 644.3 1800- 4067 3467- 6441 1944- 4273
Sun 30 2.8- 644.3 1012- 2946 2434- 4970 1135- 3121
Sun 25 2.8- 644.3 224- 1824 1401- 3499 326- 1969

Table1: ExpectedRadiometersignallevels for differentcommandedintegrationtimes. Theseintegrationtimesare
per window. The window countis constrainedby the burst period. The valuesabove assumethe samegain values
(0.10,0.14,0.11counts/ms/K),andsystemnoisetemperature(1511K) computedfor C22,anda constantoffsetof
3550counts.Thewarmuprangesshow thesignalsexpectedright aftersystemturn on, andafter5 hours10 minutes
of operation.Notethatactualsignalsfrom theADC will beconfinedto therange[0,4095].

will satisfythemotionrequirement.To maintainhigh relative accuracy alongwith minimal motionblurring, a burst
periodof 1 sec.shouldwork well for all of thescansin C26.

5.4 SunScanBeamSequence

TheSunscanin C26is a largescansimilar to theSunscanperformedin C25. Thesamechoiceof beamsequences
apply. In C25,we choseto coverall 5 beamsto providepatterndatafor all thebeams.In C26,wewill focusonbeam
3 andattemptto getthehighestqualitydatapossible.This meansusingtheB3 only mask.

5.5 ScanCommandRecommendations

Table2 summarizestherecommendedcommandparametersfor therasterscans.Theintegrationtimesarechosento
centertheexpectedsignalrangewith thehighestdynamicrangethatcanbesafelyacheived.

Althoughthepredictionis for theSunScanto remainon scalewith anintegrationtime of 30 ms,duringtheC22
Sunscan,thesameintegrationtimesaturatedatthebeampeak(but notthehalf-powerpoints).Thus,theSunscanpeak
maystill saturate.Becauseof this, it would bedesireableto ensureanon-scalepeakSunmeasurementby varyingthe
integrationtime duringtheSunstaringinterval thatoccursjust aftertheSunscanitself (July 6, 2001,14:49- 14:59).
For thispurpose,cycling between30ms,25ms,and20mscommandedintegrationtimes(RIP)wouldbeappropriate.
Theburstperiodcanbe4 sechereto getthemoststablemeasurement.A minutefor eachshouldbeadequate.
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JupiterScan SunScan
RIP (ms) 30 30
HIP (ms) 4 5
CIP (ms) 20 25

RAD 33 33
BPD(ms) 990 990

SourceTemperatureRange(K) 2.8-5.7 2.8-644.3
ExpectedSignalRange 1135-2445 1012-3121
ExpectedND Signal 799-2005 1783-1927
ExpectedRL Signal 1692-3145 2842-3015

BEM B3 B3

Table2: RecommendedRadiometercommandparameters.Thesecommandedintegrationtimesareperwindow. The
window count is constrainedby the burst period. The expectedsignal valuesfor Jupiterassumethe warmupgain
valuesthat areexpectedto apply, while the expectedsignal valuesfor the Sunassumethe equilibrium gain value
that is expectedto apply. Also assumedis the C22 systemnoisetemperatureof 1511K, anda constantoffset of
3550counts.TheRL andND rangescomefrom expectedgainvariation(not from temperaturevariation),sotheRL
variationis overestimatedsomewhatbecauseits temperaturevariationtendsto reduceits signalvariation.BEM refers
to thebeamsequenceto use.NotethattheSunscanshouldusebeam3 only.

N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
204 51.0 5 20 15 1 250
204 51.0 5 20 20 1 250
204 51.0 5 20 25 1 250
204 51.0 5 20 30 1 250
204 51.0 5 20 35 1 250
204 51.0 5 20 40 1 250
204 51.0 5 20 45 1 250
204 51.0 5 20 30 2 250
204 51.0 5 20 40 2 250
204 51.0 5 20 30 3 250
204 51.0 5 20 40 3 250
204 51.0 5 20 30 4 250
204 51.0 5 20 40 4 250
16 48.4 5 20 30 100 3025
12 48.3 5 20 40 100 4025

Table3: Tauvariationfor antenna.Bleedthrough,antto ND. N is thenumberof burstperiodsfor eachparameterset,
timeis thecorrespondingtimefor eachparameterset.Theburstperiodshown hereis just thesumof theresistive load,
noisediode,andantennaintegrationtimes. Theactualvaluecanbelarger. (A minimumvalueof 250msis enforced
to avoid misseddata.)Totalduration= 351.7sec.
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N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
120 30.0 5 15 35 1 250
120 30.0 5 20 35 1 250
120 30.0 5 25 35 1 250
120 30.0 5 15 35 2 250
120 30.0 5 25 35 2 250
120 30.0 5 15 35 3 250
120 30.0 5 25 35 3 250
120 30.0 5 15 35 4 250
120 30.0 5 25 35 4 250
8 28.2 5 15 35 100 3520
7 24.7 5 25 35 100 3530

Table4: Tauvariationfor RL. Bleedthrough,RL to ant.N is thenumberof burstperiodsfor eachparameterset,time
is the correspondingtime for eachparameterset. The burst periodshown hereis just the sumof the resistive load,
noisediode,andantennaintegrationtimes.Theactualvaluecanbelarger. Totalduration= 82.9sec.

N time(s) � (ND) (ms) � (RL) (ms) � (ANT) (ms) RAD (window count) burstperiod(ms)
120 30.0 3 20 35 1 250
120 30.0 4 20 35 1 250
120 30.0 5 20 35 1 250
120 30.0 6 20 35 1 250

Table5: Tauvariationfor ND. Bleedthrough,ND to RL. N is thenumberof burstperiodsfor eachparameterset,time
is the correspondingtime for eachparameterset. The burst periodshown hereis just the sumof the resistive load,
noisediode,andantennaintegrationtimes.Theactualvaluecanbelarger. Totalduration= 120.0sec.
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