JET PROPULSION LABORATORY INTER OFFICE MEMORANDUM
334RW-2000-003
August24,2000

To: W.T.K. JohnsonM. A. Janssen
From: R.West
Subject: Guidelinesfor Radiometeintegrationtimesduringthe JupiterFlyby

1 Intr oduction

Thismemoprovidessomeguidelinesfor preparinghe commandablefor theupcomingJupiterFlyby RADAR activ-
ities scheduledor January3, 2001. This datatake senesscientificaswell asengineering/calibratiopurposesThe
expectedsequencindor the JupiterFlyby is:

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

2. Tauvariationdataset(varyingintegrationtimesfor RL, ND, andB3)
3. High ratedata(250msburstperiod)for 10- 20 min

4. JupiterScans

The Tau VariationandHigh Ratedatasegmentsareincludedon a spaceavailablebasis. The JupiterScanshave
priority. Thefollowing sectionsdescribezachsegmentseparately

2 Low Rate Data

The low ratedatacoversthe warmupperiodandary timesbetweenothertests(eg., during a slew to a target). This

datawill generallybe collectedlooking at cold space. The sameparameteraisedduring ICO-2A/B can be used
againfor the JupiterFlyby. (ie., Auto-radon, 4 sec. integrationtime.) The warmupperiodoccursbetweenthe IEB

triggerat 02:10andthe first GENMOSR scanat 05:00. The first hour of the warmupis not scheduledo be stored
or transmitted but this shouldnot be a problemsincethe early warmupbehavior is coveredby separaténstrument
checloutdatasets.

3 Tau Variation

The Tau variationdatasetis usefulfor trackingdown timing andbleed-throughssues.If datavolumepermits,this
datasetshouldbe repeatedeforeand/orafter the JupiterScans. This datacan be obtainedat any point during the
warmupperiod but after the SSRrecordingbegins at 03:00 (otherwiseno datawould be returned).l would putit 5
minutesafterSSRrecordingbeginssothatwe getthedataearlierin thewarmupperiodthanwe did in ICO-2A,B. (Just
to seeif thereis ary changedueto the coldertemperaturesThetestsequencétself will be the sameasin ICO-2B
exceptthatthe baselineresistve loadintegrationtime is setto 20 msinsteadof 25 msto putthe RL signalcloserto
midscale.Also, the minimumburstperiodis increasedo 250 msto keepthe dataproductionratewithin the limits of
the SAF-142datamodewhichwill beusedthroughouthis sequenceThesequencés summarizedn thetablesatthe
endof thismemo.More discussiorof thesetablescanbefoundin IOM-334RW-2000-001,0Q. The Tauvariationtest
sequencéastsabout9 minutes.



4 High Rate Data

The high ratedatais meantto characterizel/f noisein therecever. The sameparametersisedin ICO-2A/B canbe
usedagainhere(exceptfor the longerbursttime). This testhaslower priority thanthe Tau variationtest,soif data
volumeis limited, this testsequencahouldbe deletedfirst. It canbe performedimmediatelyafterthe Tau variation
test.

5 Jupiter Scans

The Jupiterscansarethe primary purposeof this datatake. Theactualscandesignhasbeendoneusingprojecttools,
andis not coveredhere.Instead this memocoverstheissueof integrationtimesandburstperiodsto be used.

5.1 Integration Time

We needto preparethe IEB for the JupiterFlyby beforewe receve the datafrom ICO-2B (duein early October).
Therefore,we have to rely on the sameassumptiongnddatato plan the Jupitertiming that we usedto plan ICO-
2B. During ICO-2A, therasterscanswvereconductedusing Auto-Radto settheintegrationtimesat the beginning of
the scan. For the Jupiterscan,this worked fine becauséhe signalfrom Jupiterwasvery weak (2.8 K). During the
ICO-2A Jupiterscanthe mainlobetransitof Jupiterspiked up to 12.5counts/windav above the cold sky level. The
integrationtime commandedvas 39 ms/windav, andthe window countwas48, for a total integrationtime of 1872
ms per measurementfFrom this we canestimatethe systemgain to be, (12.5 counts/windav)/(39 ms/windaw)/(2.8
K), or, 0.11counts/ms/K.

For the JupiterFlyby in Januarythe disk of Jupiterwill fill the mainlobe of beam3, sothe antennaemperature
will be the sameas the Ku-bandbrightnessof Jupiteritself. We estimatethis to be 170 K (from M. Janssens’
RadiometryBook). Usingthesevalues,the Jupiterdisk signalwill be 0.11 counts/ms/K* 170K = 18.7 counts/ms.
With a 39 mswindow (expectedfrom Auto-Rad),the signalwill be 729 counts/windav. During ICO2-A, the cold
sky backgroundsignalwas2900counts/windav, sothe sum (3629 counts/windav) would be justin range.Another
important considerations that the Auto-Rad algorithm keepsthe signal between2000 and 3500 counts/winda.
Therefore the Auto-Radalgorithmcould setthe cold sky level ashigh as3500, which would causethe Jupiterdisk
signalto saturatgmaximumis 4095counts/wind).

If we decreastheintegrationtime by onestepto 34 ms/windav, thenthe Jupiterdisk signalwill bereducedo 636
counts/windav. FurthermoreduringlCO-2A, the cold sky signallevel wasobsenedto beabout2100counts/windav
with anintegrationtime of 34 ms/windav. This choiceof integrationtime shouldbring the cold-sky and Jupiterdisk
obsenationscomfortablyon scale(2100 - 2736), assumingthat the systemperformanceduring the Jupiter Flyby
is comparabldo thatobsened during ICO-2A. This issuewasdiscussedn |IOM-334RW-2000-002wherethe same
problemarosewhenplanninglCO-2B obsenations.Sincewe don't have ICO-2B datayet, the sameanalysisapplies
here however, the everincreasingangefrom the sunmayleadto higherdeviationsfor the JupiterFlyby. For ICO-2B
planning,we computeda possible12% deviation in systemgain. For the JupiterFlyby, let's assumehatthe system
gaincouldvary by 20%from the valueusedabove. Factoringin the voltageoffset(which corresponds$o about3550
counts/windav), a 20%changean thecold sky signal(3550+ 2100)is 1130counts/windev. This coulddropthecold
sky signalto 970 counts/windav which is still ok. A 20% changein the Jupiterdisk signal (3550+ 2736)is 1257
counts/windav. This couldincreasehe signalto 3993counts/windav whichis justbelow saturation.

We canreducethe possibility of saturatinghe Jupiterdisk dataif we commandhenext lower integrationtime of
29 ms/windawv. At this integrationtime, the Jupiterdisk signaldeltais 542 counts/winda. The cold sky signallevel
was 1270 counts/windav during ICO-2A (29 ms/windav integrationtime), so the expectedsignalrangeis (1270-
1812). A 20% systemgain changewould expandtheselimits to (306 - 2884),which lies in range,althougha bit on
thelow side. This may not be desirablebecauséhe scientificallyimportantsynchrotrorradiationsignalswill be just
afew K aborvethecold sky level whichis uncomfortablycloseto zero-pgging.

The numbersn the preceedingliscussioraresummarizedn thetablebelow. Overall, anintegrationtime of 34
ms/windav seemgo bethebestchoice.



Integration | SourceTemperature| Expected

Time (Ms) Rangeg(K) SignalRange| 10%ExpandedRange| 20% ExpandedRange
39 2.8-170 2900- 3629 2255- 4347 1610- 5065
34 2.8-170 2100- 2736 1535- 3364 970- 3993
29 2.8-170 1270- 1812 788-2349 306- 2885

Table1: ExpectedRadiometersignallevelsfor differentintegrationtimes. Theseintegrationtimesare perwindow.
Thewindow countis constrainedy theburstperiod. The valuesabore assumea gainof 0.11counts/ms/Kaconstant
offsetof 3550counts,andthe samecold sky levelsthatoccurredin ICO2-A. The expandedangesshav the signals
expectedf the systemgainchangedy 10%or by 20%.

5.2 Burst Period

Thecriteriafor determiningthe burstperiodis simply to avoid smearinghe obsenationsby excessie motionduring

one burst period. The numericalthresholdusedhereis no more than 1/10 beamwidthof motion during one burst

period. Thisis afuzzy criteria,andif necessaryeven1/5beamwidthmotionin a burstperiodmaybe ok. Thescans
acrossthe disk of Jupiterhave beendesignedwith a rate of 0.29 mrad/s(0.0167deg/s). With a beamwidthof 0.35

deg, 1/10beamwidthof motioncorrespond$o 2.1sec.Thus,ary burstperiodof 2.1secor lesswill satisfythe motion

requirement.To maintainhigh relative accurag alongwith minimal motionblurring, a burstperiodof 1 sec.should
work well.

5.3 Jupiter ScanCommand Recommendations

To summarizethe recommendedhtegrationtime during the Jupiterscanss 34 mswith a burstperiodof 1 second.
Therecommendethtegrationtime for theresistve loadis 20 ms. This valueput the signalmidscalein ICO-2A. The
recommendedhtegrationtime for thenoisediodeis 5 ms. This alsoputthe signalmidscalein ICO-2A.



N | time(s) | 7(ND) (ms) | 7(RL) (ms) | 7(ANT) (ms) | RAD (window count) | burstperiod(ms)
204 | 51.0 5 20 14 1 250
204 | 51.0 5 20 19 1 250
204 | 51.0 5 20 24 1 250
204 | 51.0 5 20 29 1 250
204 | 51.0 5 20 34 1 250
204 | 51.0 5 20 39 1 250
204 | 51.0 5 20 44 1 250
204 | 51.0 5 20 29 2 250
204 | 51.0 5 20 39 2 250
204 | 51.0 5 20 29 3 250
204 | 51.0 5 20 39 3 250
204 | 51.0 5 20 29 4 250
204 | 51.0 5 20 39 4 250

17 49.7 5 20 29 100 2925

12 47.1 5 20 39 100 3925

Table2: Tau variationfor antenna.Bleedthrough,antto ND. N is the numberof burst periodsfor eachparameter
set,timeis the correspondingime for eachparameteset. The burstperiodshowvn hereis just the sumof theresistve
load, noisediode,andantennantegrationtimes. Theactualvaluewill bealittle bit larger. (A minimumvalueof 100
msis enforcedto avoid misseddata.) Total duration= 351.8sec.

N | time(s) | 7(ND) (ms) | 7(RL) (ms) | 7(ANT) (ms) | RAD (window count) | burstperiod(ms)
120| 30.0 5 15 34 1 250
120| 30.0 5 20 34 1 250
120| 30.0 5 25 34 1 250
120| 30.0 5 15 34 2 250
120| 30.0 5 25 34 2 250
120| 30.0 5 15 34 3 250
120| 30.0 5 25 34 3 250
120| 30.0 5 15 34 4 250
120 | 30.0 5 25 34 4 250

8 27.3 5 15 34 100 3416

7 24.0 5 25 34 100 3426

Table3: Tauvariationfor RL. Bleedthrough,RL to ant. N is the numberof burstperiodsfor eachparameteset,time
is the correspondindime for eachparameteset. The burst periodshavn hereis just the sum of the resistive load,
noisediode,andantennadntegrationtimes. Theactualvaluewill bealittle bit larger Total duration=381.3sec.

N | time(s) | 7(ND) (ms) | 7(RL) (ms) | 7(ANT) (ms) | RAD (window count) | burstperiod(ms)
120| 30.0 3 20 34 1 250
120| 30.0 4 20 34 1 250
120| 30.0 5 20 34 1 250
120| 30.0 6 20 34 1 250

Table4: Tauvariationfor ND. Bleedthrough,ND to RL. N is thenumberof burstperiodsfor eachparameteset,time
is the correspondindime for eachparameteset. The burst periodshavn hereis just the sumof the resistve load,
noisediode,andantennantegrationtimes. Theactualvaluewill bealittle bit larger Total duration=120.0sec.



