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1.0 INTRODUCTION
A first edition is presentedof a LabVIEW1 virtual instrumentVI calledICIEST that collectsand

processesdatafor superconductingcritical currenttesting. This VI collects data on a real-timex-y
graph,performsa linear baselinesubtraction,calculatesa temperature-correctedcritical currentic
basedon an input resistivity criterion, and writes the raw datato a two-columnformat readableby
Microsoft Excel runningon a Macintosh.At the end of the file, the input parametersof wire diameter,
voltage tap gauge length,copper-to-superconductorratio, resistivity criterion, backgroundmagnetic
field, and temperaturecorrectionfactor,as well asthe calculatedvaluesof L,, critical currentdensity
ic, andn, a measureof critical currenttransitionquality, arewritten with labelsandunits.

The hardwarefor this data collection systemconsistsof two Keithley 182 microvoltmeters,a
Hewlett-Packard6464C 1000-A powersupply, a Hewlett-Packard6031A 120-A powersupply, anda
DynapowerZFCT zero flux currenttransformer.One voltmetermeasuresthe samplevoltageand the
other reads the output of the ZFCT. The 1000-A power supply provides a backgroundcurrent
approximately110 A below I. The additionalcurrentto nearlyquenchthe sampleis providedby the
120-A powersupply connectedin parallel with the 1000-Asupply. Any two IEEE-488controlled
voltmetersandpowersupplywill work with ICTEST.

ICTESTrunswith LabVIEW on a MacintoshII computerequippedwith 5 Mbytes of RAM anda
40-Mbyte harddisk. The Mac II hasan IEEE-488interfaceboardconnectedto the 1 20-A supply and to
the two voltmeters.The 1000-A powersupplycan be, but is not currently, computer-controlled.This
version of the program is capableof collecting data at 2-3 Hz, and full data reduction occurs
automaticallyafterdatacollection in approximately3-5 secondsfor our typical datafiles of 200-300
datapoints.

2.0 THE IC TEST VIRTUAL INSTRUMENT

The figures includedin this note contain printoutsof the front panelsandblock diagramsfor the
main VI "ICTESr’ aswell as its main subVl, called‘DATA RED". OtherVJ5 arecalledon to operate
ICTEST andDATA RED, which are included in theLabVIEW package.Thesebuilt-in VIs, called
functions, performmathematicaltasksandcommunicationsto themetersandpowersupply, aswell as
file manipulations.

ICTEST initializes the instrumentsin communicationwith the computer,collectsthe raw data,calls
on DATA RED to determineIi,, J, and n values,and thenwrites the raw data,the input parameters,
andthe calculated1c. c’ and ii valuesto a file. The file nameis usedto identify the samplename.

The ICIEST front panel is color-codedto allow theuserto distinguishbetweendifferent types of
informationdisplayed.Figure 1 containsthe front panelin black-and-whitelaserprintout. Blue input
boxescontain information aboutthe samplerequiredfor making the k. Jc, and n calculations.The
blue inputs, at the top right of the front panel,are from left to right the wire diameter,gaugelength,
copper-to-superconductorratio, resistivity criterion, magnetic field, polarity, and temperature
correctionfactor. The polarity switch multiplies the voltage by 1 or -ito alwaysallow the V vs. I
curve to bend upward,as requiredfor the DATA RED VI to operateproperly. The temperature
correctionfactor is calculatedfrom datafor the appropriateappliedmagneticfield in the temperature
correctionsfor the National Institute of StandardsandTestingNIST standardreferencematerial.2The
NIST dataasa function of appliedmagneticfield and temperatureare an appendixto this document.
The ratio input into ICIEST is determinedby the ratio of the referencematerial‘c at the "standard"
temperatureof4.22 K to ‘c at theactualmeasurementtemperature.

The greendisplayson the ICTEST front panelare the real-time outputsfrom the datacollection,
which include the graph, the presentvaluesof the currentand voltage on the sample,and the present
numberofdatapoints in the run. The calculatedparameters1c Jc, and n arecodedyellow anddo not
get updateduntil completionof the DATA RED program.The remainingitems on the front panelare
orange-coloredcontrols that the operatormanipulatesduring the datacollection to obtain the desired
data. The ON/OFFswitchstartsandstopsthe datacollection.Datacollection alwaysstartsfresh when
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the switch is turnedon. The rateandsweepcontrolsgovern the speedanddirectionof the currentramp.
The sweepcontrol is up for increasingcurrent,down for decreasingcurrent,andhold for maintaininga
fixed presentvalue of current.The rate of changeis slowestat a value of "1" and fastestat a valueof
4tt The actualrate of changeof currentis adjustablein the programand will vary with the speedof
the computerused for running the program.The clock speedof the programcan be slowed for faster
operatingcomputers.

Figure 2 is a four-pageprintoutof the block diagramthat representsthe ICI’EST VI. Modifying the
block diagram is equivalentto changing the ICTEST program.Recompiling of the VI occurs
automaticallyas modificationsare made.The block diagramexecutesfrom upperleft to lower right.
On the far left of Figure 2 is a sequencestructurebox that executesserially from framezeroonward.
Viewing the sequencestructureon the computerinvolves clicking on the arrowson eithersideof the
sequencenumber.All stepsof the sequencestructurehavebeenshownin Figure2, where stepsof the
sequencearestackedvertically. In this first sequencestructure,the instrumentsin communicationwith
the computerare initialized. The initialization string in eachstep setsup the full scale range,the
numberof significantdigits, absoluteor relativereading,integrationconstants,etc.,asdescribedin the
instrumentmanuals.The voltmeter measuringcurrent is initialized first stepzero, followed by the
voltmetermeasuringthe samplevoltagestep 1 andthe currentpowersupply step2.

Thenextbox with the roundedcornersis the datacollection loop. This box is called a "while" loop,
and items in this loop are executed"while" the data collection on-off switch is turnedon. An initial
array of zerosis first input for both the x andy values in the upperleft. The sequencestep0 measures
the current valueand multiplies by 1000. In the ZFCT used, iV out = 1000 A. The sequencebox
step 1 measuresthe samplevoltage andmultiplies by 1000 in our case,wheremillivolts are output.
Note that the polarity switch can reversethe sign of the collecteddata. The switch is false in the left
position positive polarity, multiplying the voltage values times 1 and true in the right position
negativepolarity,multiplying the voltage values times-1. Sequencestep 2 setsa newcurrentvalue.
The valuesof rate andsweepare input into a setof nestedcasestructureboxesat the top of sequence
step 2. The valueof the new currentlevel is determinedby addinga value of sweeptimes rateto the
previouscurrent value. Sweephasa value of 1 for increasingcurrent, zero for holding, and -l for
decreasingcurrent.Rateshavevaluesof 0.3, 0.5, 2, and 4 for settingsof 1, 2, 3, and4, respectively,
andare containedin their respectivecases.The particular caseactuatedis determinedby the valueof
the rateandsweepset on the front panel.The ratesare tiedto incrementalnumbersfor the 4096 steps
betweenthe minimumand maximumcurrent out of the powersupply. Values lessthan zeroare set to
zeroby the casestructurebox to the left of the powersupply icon. Figure2 showsall permutationsof
the nestedfunctionsbelowthe datacollectionbox. When the operatorobtainsthe desireddata, the data
collection switch is turned off. This stops the datacollection in the "while" loop by settingthe round
arrowbox in the lower-right-handcornerof the "while" loop to false.

After datacollection is complete,ICIEST proceedsto the sequencebox on the right to reduceand
store the raw dataandits input parameters,as well as the calculatedI, c, andn. Stepzeroresetsthe
powersupply to zeroamperes.Step 1 calls DATA RED to reducethe datausing the given inputsfrom
the front panel,andDATA RED returnsthe 1c c, andnvalues.DATA RED will be discussedbelow.
Step2 opensa file. Step 3 writes the raw data to the file. First an x value is written to a file with 4
significantdigits alongwith atab. Then the correspondingy valueis written on the sameline of the file
in an adjacentcolumn,followed by a returncommandto put the nextdatapair on the next line. This
continues in the sequencestructurebox until all data is written. Steps 4 and 5 write the input
parametersalong with DATA s calculateddata on separatelines at the end of the file with their
correspondinglabels.Step6 closesthe file. The operatorwill be askedfor the filename in the same
manneras the "saveas" commandin anyMacintoshprogram.

3



Block Diagram

OOT IWO *ff.1Ij

for noInitonj

C.

moo.: .oO r.dBq .tp

a

,sc

Ih

Itiot. ntt1111t4 HP 0031*1

[a
ib

._
I

I
I

I

I

a
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3.0 DATA RED VI

The DATA RED VI hasall of the input parametersof the ICIEST VI. The inputs are color coded
identically to the front panelof the ICIEST VI. No orange-controlparametersexist since DATA RED
is not runby itself. Figure3 showsthe DATA RED front panel.

The block diagramfor DATA RED is shown in Figure4. The x array andy arrayraw dataare input
on the left of the diagram.The datapoints in the arrayswith x values lessthan 1 A are removedusing
"threshold" and "subarray"functions.This was necessaryfor sometesting routineswherea voltage
spike is recordedthat correspondsto the initial positive step in the currentlevel from the current
supply. Next, the x andy arraysare passedto a "for" loop. This ioop runsthrougheachdatapoint and
setsany "y" points samplevoltagesthat havean absolutevaluegreaterthan ito a value of 1. This
avoidsproblemswith overflowdatain the eventof a samplequench.The.r andyarraysare thenpassed
to a larger"for" ioop. The "for" loop executesfrom "I" values from 1 to N. If N is not specified,the
loop proceedsuntil the end of the input arrays.The "for" loop is usedto store a portion of the array.
The numberof datapoints is attachedto N. We have multiplied the numberof datapointsby 0.3,
which takes30% of the totaldatapointsandusesthem for determiningthe baselineslopeand intercept
by a linearcoefficientsfunction.

The heavy-borderedbox below the "for" loop is called a formulanode. Light tabson the formula
node are inputsusedon the right side of the equationin the formulanode. Heavy tabsare outputs. In
this node,the resistanceRof the strandat IC is calculatedusingthe inputresistivity criterion.

The large"for" loop calculatesbackground-subtractedsamplevoltagevaluesof they arrayusingthe
backgroundsubtractionandinterceptvaluespreviouslycalculated.A two-pointaveragefor the voltage
is used. A zero is input from the outsideof the loop to averagezero and the first data point. A
comparisonfunction of "greater than or equal?" is usedto analyzethe averageand background-
correctedy valuessamplevoltageto the x valuestimesthe calculatedresistanceR. At currentvalues
below IC this comparisonis falseand the casestructurebox outputsan IC as well as acalculatedJ,
basedon the input parametersin the formulanode.At the real valueof IC, the comparisonwill betrue,
and IC andJc are no longerupdated.The fmal values of IC andjc representthe real IC and c of the
sample.Occasionallynoisein the samplevoltage atlow current can exceedthe resistivity criterion. The
above method of 1c determinationoutputs the highest value of current below the voltage at the
resistivity criterion.

The "for" loop also containsfunctions that take a constanttimes the resistivity criterion voltage
value of I times R. The values of 1 and 4 that are shown correspondto 1.0 x 10-11 and 4 x
10-Il 2 mm, respectively,or approximately5-20 g.LV on sampleswith approximately575-mmgauge
length. Thesevaluesarecurrently used for the samplevoltagedatarangeof the n value determination.
In our datacollection, wehavefound that In I vs. In V plots are linear from about 3 x 10-12U mm to
7 x 10112mmon SSC-typeconductorat its specificationmagneticfield. A comparisonfunction is
used in the samemanneras for the IC determination,which ouputs the value of the current at the
minimumandmaximumof the n valuedeterminationrange.True/falsesequencestructureboxesareset
up so that whenthe sequencestructurebox is falsesamplevoltageis lessthan the resistivity criterion
for the n value range, the presentvalue of the current is sent out. When the samplevoltage first
exceedsthe respectiveminimumor maximumrangefor the n value, the true sequencebox sendsthat
valueof the current out for all remainingdatapointsin the "for" loop. Then, outsideof the "for" loop a
network of array thresholdingand subarrayfunctionstakesthis portion of the datapointsa subarray
and inputsthem into a "for" loop, where the natural logarithm is calculatedfor both x andy valuesof
eachdatapoint. This subarrayis then sentto a linear coefficientsfunction, and the slopedeterminedis
the sample’sn value.

S



DATA RED
Friday, August

Front Panel

7, 1992
Page 1 DATA

REJ

134 --7

lx arrayj

Jfl18.495

IRes. Criterion Ohm-mml

AgU.ooE-11 I

IDATA POINTSI

lv max n valuel

lv mm n valuel

IO.OOEO I

4:58 PM

l array

‘0

Iv avel

Ii1I
El
C

Gauge length mmI
g ICu/SCI C

n valuel
Iwire dia mmJ C I

080

5sesio i INTERCEPT]

-3.56E-9

Imiddlel lafterl

Figure3. DATA RED Front Panel.



DATA RED
Friday, August 7, 1992 4:58 PM
Block Diagram

Page 1

0

Figure4. Block Diagramfor DATA RED.



DATARED Page 2
Friday. August 7. 1992 4:58 PM

ne

Figure4. Block Diagramfor DATA RED continued.



4.0 OPERATIONAND COMMENTS

The x andy format andprecisionof the digital displays,as well as the graph on the ICIEST front
panel,areadjustablefrom the front panel.To run ICIEST, the operatorensuresthatthe datacollection
switch is in the "on" position, andthenclicks on the run arrowat the top of the VI. The datacollection
switch mustbe on, or elsethe ICTESTprogramwill skip the data-collectionpart of its program.

The operatoradjuststhe sweepand rateandcollectsa Vvs. I curveon the graph of the front panel.
When the datacollection is complete,the datacollection switchis turnedoff. The powersupply is then
automaticallyset to zeroamperesanddatareductionbegins.After a few seconds,IC Jc, and it values
will appeas,andthe operatorwill be askedfor the file namefor the data.

It is suggestedthat the rateand sweepsare executedsimilarly for eachtest. For example,an inner
samplewith an IC of around375 A could be rampedat one rateto 300 A, at a second,slowerrateto
350 A, andat a slowest rate to the desirablevoltageaboveIc. Such ramproutinesare carriedout by
watching the current valueon the graph of the digital readouton the front paneland clicking on the
desiredrate at the appropriatetime. Standardrampingroutines can be easily incorporatedinto the
ICTEST block diagramfor automaticoperation.It is suggestedthat the operatorchangerampratesby
clicking on the desired ramp-ratelevel rather than on the slide control arrows. This will avoid
inadvertentdoubleclicks that can result in an improperrate-setting.The data collectioncan alsobe
easily automatedto stopat a fixed voltagesay 30 ‘xV if desired,insteadof being manuallystopped
with the front panelswitch.

The ICIEST VI hasbuilt-in featuresthat help it copewith problematicdata. These featuresare
easily modified in their scaleor their function by changingthe block diagram.Different L, hardware
set-upsmay requiredifferenthandlingof spikesassociatedwith startingthe ramp, a differentfraction
of the data points usedfor the backgroundsubtraction,or it value determination.Theseare easily
changedby enteringnew constantsinto the block diagram.Samplesthat "quench"haveone or more
datapointswith an overflow for the samplevoltage.The Keithley metersendsa value of 1 x W7 for
overflow. These points arecurrently written into the raw datafile but do not affect the DATA RED
VI, sincethesepointsexceededthe rangespecifiedfor backgroundsubtraction,IC or it values.

If the operatorruns ICTEST with DATA RED alsoopen in a backgroundwindow, thenthe DATA
RED routinestepscan be tracked.The x andyvaluesof anydatapoint numbercan be viewedwhile or
after DATA RED is running. The backgroundsubtractionslope and intercept,the averagedand
backgroundsubtractedy array,the input parameters,the datapoint for the it valuefitting range,andthe
calculatedIC c, and it valuescan alsobe analyzed.

The ICIEST programcan be easily modified into otherversionsfor data collection. Almost anyx
vs. y datacollectiontype thatis relatedto analogvoltagescan be fed into voltmetersreadby ICIEST.
ICIEST cancontrol the outputof anydevice while collectingdata. The datareductioncan be easily
modified to do othersmoothing, backgroundsubtraction,and arrayprocessing.Eitherthe raw dataor
processeddatamaybe storedwith or without data-reductioncalculations.Stressvs. strain, temperature
vs. time, resistancevs. temperature,or signal vs. positionaresometypesof datacollection thatinvolve
outputvoltagesfor x andy valuesthatcould be collectedandanalyzedwith variationsof ICIEST.

Pleasecontactthe authorsaboutyour experiencesusing this program. We wish to improve this
programas neededandto redistributenew versionsto anyoneinterested.
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StandardReferenceMaterial 1457

Superconducting Critical Current - NbTi Wire
ThisStandardReferenceMaterialSRM is intendedfor usc in checkingtheperformanceof measurementsystemsused
in superconductortechnology. This SRM consistsof 2.2 mof amultifliamerstaryniobium titanium,copperstabilized
superconductingwire wound in asinglelayer onto a spoolwith a corediameterof Li cai. Critical currentI. for the
SRM is certified over a rangeof magneticfields, temperatures,andelectric field criteria.

MeasurementTechniqucAdherenceto theprecautionsgivenin this certificateseesectionPrecautions,togetherwith
theAmericanSocietyfor TestingandMaterialsASTM StandardTestMethod87148211 is necessaryandsufficient
for a valid certification. Measurementsfor certifying saM 1457 were obtainedon a coil of diameter3.18cmwith a
voltagetapseparationof 2 cm. Thecritical currentis definedasthe avengeothevaluesmeasuredwith incressingand
decreasingcurrent.

CertifiedCritical Currents:Thecertifiedcritical currentsin amperesat 4.2 K for an electricfield criterionof0.2 pVfcm
are given in the table below. At respectivemagneticfields, critical currentsof this SRM an be calculatedor
temperaturesfrom 3.90to 4.24 K andelectric field criteria from 0.05 to 0.2 MV/cm usinç

ic 1.. E = Ic 4.2, 0.2’ {expA4.2 -1’ + 84.2 - T2] } EOlf

whereI 4.2,0.2andthe coefficientsA, B, andC aregivenin thetablt Criticalcurrentsfor SR.M 1457 werederived
from an empiricalequationfor the dependenceof critical currenton temperaturefl and electricfleW criterion B:

znaa=tnfla+ATrl+BtrD+C 2.nE/Er.

In this equation, LnIc is the naturallogarithm of the critical currentandh is the criticalcurrentat the reference
temperature,T, andreferenceelectricfield criterion, B.. Theexperimentaldataateachmagneticfield werefitted by a
maximumlikelihood procedureusing astatisticalmodel2 thatcombinesthe empiricalexpressionabovewith terms
that allow for materialvariability inhomogeneityamongthespoolsof wire.

Certified Value of Critical CurrentI at 4.2 K and0.2 uv/em and
Coefficientsfor TemperatureandElectric Field Extrapolation.

Magnetic
Field
cfl

Critical
Current
A

Total
Uncertainty

96
A

Coefficientsfor Extrap
B

olation
C

2.000 293.30 ±1.57 0.218623 -0.04755 0.0172089

4.000 187.38 ±2.0! 0.266361 -0.04682 0.0176600

6.000 124.72 ±1.7! 0.369479 -0.10433 0.0194215

8.000 69.72 ±1.97 0.649242 -0.27906 0.0248311

Extra digits areprovidedfor accurateextrapolation.

Statisticaldesignand dataanalysiswereprovided by D.F. Vetchiaof the StatisticalEngineeringDivision. Measure
ments or certificationof SRM 1437were coordinatedby L.P. Goodrich.Themeasurementsleadingtothcdevelopment
andcertificationof 5kM 1457 wereperformedby L..F. Goodrich,E.S. Pittinan,andAS. Clarkof theElectromagnetic
TechnologyDivision,

The technical support aspectsinvolved in the preparation,certification, andissuanceof this Standardteference
Material were coordinatedthroughthe Office of StandardReferenceMaterialsby R.t. Kirby.

Gaichersburg,MD 20899 StanleyD. Rasbeny,Chief
June 19, 1984 OificeofStandardkcferenceMaterials
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Interpretational Uncertainty: The uncertainty of a certified critical current at each magnetic field is the sum of an
cstimatedsystematicerror and statisticaltolerance limits computedfrom the experimentaldata. The total uncertainty is
expressedas percent error in I, and does not change for extrapolated critical currentsover the allowable range of
temperatures and electnc field criteria.

The statistical tolerance limits were constructedso that they should include 99 percent of the critical current measure
mentswith probability 0.95. The resulting tolerance intervaland total uncertainty is valid bra singlemeasurementon
any given spool that is made as directed on a coil of diameter3.18 cm with a voltage tap separation of 2 cm.

Precautions:

I This SRM should be carefully handled and stored to protect it against physical damagesuch as: excessivebending.
scraping, and other deformation. Any excessivephysicaldamagewill invalidate the certification.

2 On each spool. the twisted wire ends and an additional 2 cm on eachend of the spool core should be discarded.
These sectionsof the wire arenot certified.

3 This certification is invalidated if this SRM is mechanically cycled by demounting and remounting on a specimen
holder. Mechanical cycling can concentrate handling stress, which would lower h in the stressed regionsof the
conductor.

4 This certificateis basedon a slow cooling of thespecimenmounted on a 0-I I tubecircumferentialfiberdirectionby.
gas heat exchange with a liquid nitrogenprecooled-Qewar2]. For a valid certification, the specimenmust be
measured on a suitable specimenholder [I]. The effect ofa rapid cooling by immersion into liquid nitrogenor liquid
helium can change h owing to dynamic differential thermal contraction. For rapid immersivecooling. 0.25%must
be added to the total uncertainty even if a suitable specimen holder is used. It is conceivablethat a usercould
demonstratethat the particular systemand technique employeddoesnot have a cumulative thermal or mechanical
cycling effect. In this case, the specimenstill has utility, but this 5kM cannot be certified beyond one thermal
cycle.

5 This certification is only valid for a zero-to-IC ramp time in the range of 30 to 300 secondsfor all magneticfields2].
Also, the certification was based on the assumption that voltage filtering and instrumentation response times
contribute negligible error to the measuredvalue of IC. A nonnegligibleeffect can be removedby avenging the L
values measured with increasingand decreasingcurrentat a constant ramp rate. A nonnegligible effect must be
removed for a valid certification.

6 A chemical wire stripping compoundshould be usedto remove the insulation from this SaM. A phenolfmethylene
chloride wire stripping compound was round to adequately remove this insulation.

7 If thespecimentemperatureexceeds251 °C, the certification is invalidated. Thecurrentandvoltagecontactsshould
be soldered carefully to avoid overheatingand physicaldamage. If a specimenenters the normal statequenches
while carrying a high current density, it could melt within a few seconds.An adequatequenchprotection circuit may
be necessaryI]. A typical currentshutdown time of 10 ms is adequate.

8 For a voltage tap separation of more than 2 cm, the uncertainty in l should be less. For a voltage tapseparationof
less than 2cm, the uncertainty in I may be more. This certification is only valid for a voltage tap separationgreater
than or equal to 2 cm.

9!! this SRM is measured with a bend diameter other than 3.23 cm coil of diameter 3.18 cm, the results may be
different. Uniaxial strain data was used to determined the expectedupper limits to the bending strain effect. For
bending diametersfrom infinity straight to 1.6 cm, the certified critical current values can be used only lithe
following amount is added to the total uncertainty:

0
‘ J I 3.231 d2I

where d is the bend diameter in centimeters and 0=1.10, 1.20, 1.36, and 1.70% at 2,4,6, and ST. respectively.

Noncertified Values at Other Criteria: Critical current measurementswere made on the sample spools at electric field
criteria 0.02 and 0.5 MV/cm. However, SRM 1457 is not certified to the extended range of electric field because
measurements at the additional criteria did not conform to the required measurementprocedure. A comparison of
observedcritical currents to valuespxtrapolated from the certifying equation is given in reference2 for information only.
Most of the measurementswere within the range computed using tolerance limits that are only valid between0.05and
0.2 MV/cm.
References:

I. Standard Test Method for D.C Critical Current of CompositeSuperconductors.Annual Book of ASTM Standards,
ASTM B7l4.82. Part 2.03. pp. 595-98, American Society for Testing and Materials, Philadelphia, Pa. 1983.

2. Goodrich, L.F., Vecchia, D.F., Pittman, E.S., Ekin, SW., and Clark. A.F., Critical Current Measurementson an
NbTi Superconducting Wire Standard ReferenceMaterial, NBS Special Publication 260-91 1984.
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table S Continued

teaperaturt Magnetse flectric Field Criterion pY/ca total
I FieLd 0 20 Uncertainty

CT . . . 2

4.03 2 296.82 300.38 303.99 2,57
4 191.06 193.41 195.79 2,01
6 128.89 130.63 132,40 1.71
8 74.62 75.91 17.23 1.97

4.04 2 296.22 299.17 303.37 2.57
4 190.58 192.93 195.30 2.01
6 128.45 130.20 131.96 1.71
8 74.20 75.49 16.80 1.97

4.05 2 295.62 299.16 302.15 2.57
4 190.10 192.44 194.81 2.01
6 128.02 129.76 131.52 1.71
8 73.19 75.07 76.37 1.97

4.06 2 295.01 298.55 302.13 2.37
4 189.62 191.96 194.32 2.01
6 127.39 129.32 131.07 1.71
8 73.31 14.64 15.94 1.97

4.07 2 294.41 297.94 301.31 2.57
4 189.14 191.47 193.83 2.01
6 127.15 128.88 130.63 1.71
8 72.95 74.21 75.50 1.97

4.08 2 293.80 297.32 300.89 2.57
4 188.66 190.98 193.34 2.01
6 126.72 123,44 130.18 1.71
8 72.53 73.79 75.07 1.97

4.09 2 293.19 296.71 300.27 2.37
4 188.18 190.50 192.84 2.01
6 126.28 127.99 129.73 1.71
8 72.10 73.36 14.63 1.97

4.10 2 292.58 296.09 299.64 2.57
4 187.10 190.01 192.35 2.01
6 125.84 127.35 129.2$ 1.71
8 71.68 72.92 74.19 1.97

4.11 2 291.96 295.47 299.01 2.57
4 187.21 189.52 191.85 2.01
6 125.41 121.10 128.83 1.71
8 11.25 72.49 73.75 1.97

4.12 2 291.35 294.85 296.38 2.57
4 186.13 189.03 191.36 2.01
6 124.97 126.66 128.38 1.71
8 70.83 72.05 73.31 1.97

4.13 2 290.73 294.22 291.15 2.57
4 186.23 188.54 190.86 2.01
6 124.52 126.21 121.92 1.71
8 70.40 71.62 72.86 1.97

4.14 2 290.12 293.60 297.12 2.57
4 185.76 188.05 190.37 2.01
6 124.08 123.76 121.47 1.11
8 69.97 71.18 72.42 1.97

4.15 2 289.50 292.97 296.49 2.51
4 185.28 187.56 189.87 2.01
6 123.64 125.31 127.01 1.11
8 69.53 70.74 71.91 1.97
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Table S Continued

tpsrature Magnetic Electric Plaid crinri on ut/cs total
1 11.14

t 0.05 0.10 0.20 UncertaInty
2

4.16 2 288.88 292.35 295.85 2.37
4 184.19 187.01 189.37 2.01
6 123.19 124.86 126.56 1.11
8 69.10 10.30 71.32 1.97

4.17 2 288.26 291.72 295.22 2.57
4 184.31 186.58 188.88 2.01
6 122.15 124.41 126.10 1.71
8 68.67 69.86 71.07 1.97

4.18 2 287.64 291.09 294.58 2.57
4 183.82 186.09 188.38 2.01
6 122.30 123.96 125.64 1.71
8 68.23 69.42 70.62 1.97

4.19 2 287.01 290.46 293.94 2.57
4 183.34 ‘113Th9 187.88 2.01
6 121.85 123.51 125.18 1.11
8 67.80 68.97 10.17 1.97

4.20 2 286.39 289.82 293.30 2.57
4 182.85 185.10 187.38 2.01
6 122.41 123.05 124.72 1.71
8 61.36 68.53 69.72 1.97

4.21 2 283.76 289.19 292.66 2.37
4 182.36 184.61 . 186.88 2.01

, 6 120.96 122.60 124.26 1.71
* 8 66.92 68.08 69.27 1.97

4.22 2 283.13 288.55 292.01 2.57
4 181.17 184.11 . 18638 2.01
4 [20.51 122.14 123.80 c 1.11-1$ 66.48 67.64 68.81 1.97

4.23 2 284.50 287.92 291.31 2.57
6 181.39 183.62 165.86 2.01
6 120.06 121.68 123.33 1.71
8 66.04 67.19 68.36 2.91

4.24 2 283.81 287.28 290.72 2.57
4 180.90 183.12 185.38 2.01
6 119.61 121.23 122.87 1.71
8 65.60 66.74 67.90 1.97

7.5 Crieiea.j Tanerteur. and Exponents

II B. B. and ;3 debt. estimatesof the parameters. end 561.’S$2 end 613 are couputed

*tandard snore of the estimate., then n and t* can be estimated by the equation.:

a - 83 * 6n - 663183

and

v v _28_2
I.

* -
+ 1 1 2 2

* aCt C * cv + v ‘ 19
C t V1+V2 C 1
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