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EXPERIMENTALRE3UEI’SFR@lA TESTINROUGHAIRAT HIGH

SUBSONICSPEEDSOFA TAILLESSRWKEWMODELHAVING

CRUCII?OBMTRIA.NGUIARKR?GS,ANDA N(YI’EONTHE

CAICUIATIONOFMEANSQUARELOADSOF

AIRCRAFTINCONTINUOUSROUGHAIR

ByA. JamesVitaleandJesseL.Mitchell

SUMMARY

Resultsfroma flighttestin continuousroughairattransonic
speedsarepresentedfora rocketmodelhavingcruciform,600triangular
wings. Thevariationofroot-mean-squareaccelerationincrementwith
Machnumbershoweda largeincreasebetweenMachnumbersof0.82and0.88
thatisprobablyassociatedwitha decreaseindampinginpitchforthe
configurateion.

Thecruciform-wingarrangementforrocket-propelledmodelrough-air
testswaseialuatedandappearsto,be usefulforimprovingtheaccuracy
oftheresults.An extensionofthecruciformarrangementto different

.

wingsononemodelisalsodi$cussed.

A simplifiedchart,basedonpowerspectralmethodsofgeneralized
harmonicsmilysis,ispresentedformakingrapidestimationsofthemean
squareaccelerationofaircraft,especiallyforconfigurateionswithlow
damping,forflightthroughcontinuousroughah. ‘

INTRODUCTION

Theneedforexperimentaldataattransonicandsupersonicspeeds
ontheresponseofairplanesandmissilesto gustsandassociatedgust
loadsledtothedevelopmentofa programwhichutilizesrocket-powered
modelsforrough-airtests.Thetestingtechnique,whichis sti~ in
thedevelopmentstage,hasbeenusedprimarilyto investigatetheeffects
of changesinconfigurationanddynamiclongitudinalstabilityongust
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loadsattransonicspeeds.Thecharacteristicsofloadsinroughair
frm severalrocketmodeltestsarepresentedinreferences1 and2 for
threeconfigurationshavinghighaspectratio45°sweptbackwings.The .
resultsofthesetestsindicatedthelargeinfluenceofairplanedamping
inpitchongus’tloadsandalsoindicatedthatthetestingtechniqueused
waspr-ily suitableforinvestigating lmge-ordereffectsbecauseof
thelackofprecisionofthetestresults.

As a continuationoftheprograminvestigatingtheeffectsofchanges
in configurationongustloadsa rough-airtestwasmadeona tailless
configurationhavinga highlyswept,lowaspectratiowing.Thewing
chosenwasa 600triangularwing,asa recentwind-tunneltest(ref.3)
indicateda sharpreductionindampinginpitchfora tailless,600tri-
~ WQJ air@anemodelinthetransonicregion.

As anadditionalpartofthisinvestigationa cruciform-wingarrange-
mentwasusedinan attemptto evaluatesomeoftheproblemsofaccuracy
whichhavebeenfoundtobe inherentwithrocket-propelledmodeltests
inroughair.

TheMachnumberrangecoveredinthetestwasabout0.66to 0.92.
Thetestresultsforthismodelareevaluatedinorderto establishthe
loadsandtheirvariationwithMachnumiber.Inaddition,theuseofa
cruciform-wingarrangementisdiscussedin connectiontithpossible
improvementofaccuracyofresultsandasanextensionofthetesting
technique.

A methodandchartforobtainingcalculatedvaluesofmeansquare
accelerationforfl&@ throughcontinuousroughairarepresentedin
theappendixofthisreport.Calculatedvaluesfromthechartarecom-
paredwiththeexperimentalvaluesofroot-mean-sqyareaccelerationfrom
the600triangularwingmodel.

smBoIs

% normalaccelerationincrement,g units

a-t transverseaccelerationincrement,g units

a damping-in-pitch’factor,-*, l/see
7
Al c

E meanaerodynamicchord,f%

lY momentof inertiaabouttransverseads, Slug-ftz
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momentofinertiaaboutverticalaxis,slug-f%2

radiusof~at ionabouttransversesxis,ft

constantinequationofturbulencespectrum

scaleofturbulence,ft

mass,slugs

Machnumber

dynsmicpressure,

wingarea,f%2

lb/ft2

airplanenormalaccelerationfrequencyresponsefunctionfor
a sinusoidalgust-velocityinput

time,sec

timefortheaccelerationdueto a sharp-edgegustto reach
a maximumvalue,sec

timeto dampto one-halfsmplitude,sec

peaknormalaccelerationincrementdueto a unitsharp-edge
gust

velocity,ft/sec

weight,lb

verticalgustvelocity,ft/sec

meansquareverticalgustvelocity,(ft/sec)2

no@imensional

dsmpingratio,

~(l)tpeakaccelerationtimefactor,~ n ~

-a/~

root-mean-squareaccelerationincrement,g units

.
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power-spectral

(ft/sec)2
radians/ft
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densityfunctionofatmosphericturbulence,

.

frequency,radians/see

undampedfrequencyofairplaneshort-periodoscillation
radians/see

frequency,cD/v,radians/ft

frequency,~/V, radians/ft

normalizedfreqyency,Q/~

staticstabilitypsrameter,l/radians

lift-curveslope,l/radians

The
figure1
diameter
section.

damping-in-pitchparameter,l/radians

MODELANDINSEWMWMTIOll

Model

principalfeaturesofthemodelareshowninthedrawingof
andthephotographoffigure2. Thefuselagehada maximum
of6.5inchesandwasconstructedofwoodwitha metalnose
Thewingswerel/h-inchflatplateduralwithbevelededges.

Theimportantcharacteristicsofthemodelarelistedonfigure1.

Instrumentalion

Themodelwasinstrumentedtitha four-channeltelemeterwhich
transmittedmeasurementsofnormalacceleration,transverseacceleration,
totalpressure,andfluctuationsintotalpressure.

Groundinstrumentalionincludeda CWDopplerradarforobtaining
modelvelocity,a modifiedSCR584trackingradarforobtainingmodel
positionin spaceanda rawinsondeforobtainingatmosphericconditions.
Inaddition,rollsondeequipmentwasusedforobtaininga measurementof
modelangularvelocityinroll. .

““-=–====---==cz~
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Theairplaneflownin

5.

preflightsurveyswasequippedtitha one-
channeltelemeterwhichtransmittednormalaccelerationmeasurementsto
thegroundreceivingstation.h addition,theairplanewasequipped .
withstandardairspeedaccelerationrecordinginstruments.

TESTPROCEDURE

Pref13@tTurbulenceSurvey

Inreference1,theatmosphericandturbulenceconditionsforfore-
castingandselectinga suitabletestdayaredescribedindetail.In
general,thenecessarytestconditionis clear-airatmosphericturbulence
associated,tithpost-cold-frontconditions.Thetestdaywaschosenon
thebasisofweatherforecasts,andanairplanesurveywasmadeoverthe
firingrangeattheIa@leyPilotlessAircraftResearchStationjWallops
Island,Vs.,beforethemodeltestasa finalcheckonthesuitability
ofturbulenceconditions.Thesurveyalsoprovideda-measurementofthe
variationofturbulenceintensitywithaltitude.

Thetelemeterednormalaccelerationmeasurementsfromthesurvey
airplanewererecordedona visualrecorderwhilethesurveywasbeing
madeandthusenableda groundobserverto examineforsuitabilityof
turbulenceconditions.Thepilot’sju@nentofsuitableturbulencecon-
ditionswasusedalongwiththetelemeteredaccelerationdatainchoosing
a suitabletestday.

FolMwingthe
elevationangleof
motor.At booster

ModelTest

airplanesurveythemodelwasgroundlaunchedatan
aboutZjOby meansofa fin-stabilizedboosterrocket
burnoutthemodelseparatedfromtheboosterand

experienceddeceleratingflightfroma %ch nuniberof O.% to 0.65.The
modelf13ghtpathwasapproxhatelyparabo31cwitha maximumaltitudeof
1,500feet.Modelfree-flightdatain continuousturbulencewereobtained
overa periodofabout15 secondsfromboosterseparation.totheendof
theflight.

ANALYSISANDRl13UIZS

ExperimentalResults

EvaluationofrecordsforMachnumbereffects.-Accelerationmeas-
urementsatthemodelcenterofgravityweremadenormalto eachwing

-—.—.—- —.. _ — __ - —--— --— -——— -——— — _ . . ..— . _____ — ——
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ofthecruciformconfiguration.Inorderto distinguishbetweenthetwo
measurementsinthisreport,oneh= beencallednormal~d theother
transverseacceleration.Thetelemeterrecordobtainedfromthemodel
flightwasreadat0.01secondtimeintervalsresultingina totalof
1,540datapointsforeachaccelerometerforthepower-offportionof
thefklghtovertheMachnumberrangeof0.917to0.66. Inorderto
establishthevariationofaccelerationincrementwithMachnumberas
measuredby root-mean-squareacceleration,itwasnecessarytodivide
thetbe historyoftheaccelerationmeasurementsintosectionsandthen
presentthedataattheaverageMachnumberforeachsection.TheMach
numberandaltitudechangeforeachrecordsectionalongwiththeaverage
MachnumberandaltitudeandthesamplesizeareshownintableI. From
thebasicaccelerationdataforeachsmnple,theaccelerationincrements
fromthemeanvaluewerecomputedalongwiththeroot-mean-squareaccel-
erationincrements,‘an ~d sat.

As an illustrationofthegeneralcharacteristicsoftheaccelera-
tionresponseforthepresentmodel,a timehistoryofnormalandtrans-
verseaccelerationincrementovertheMachnuniberrangeof0.917to O.~1
is showninfigure3.

Thesignificantresultsofthepresenttestarepresentedinfig-
ure4 asthevariationofaccelerationincrementwithMachnumberas
measuredbytheroot-mean-squareacceleration.Theresultsfromthetwo
accelermneters‘% and u~ areshowninfigure4 asmeasuredfrom

thetestrecordandaftercorrectionsweremadefordifferenceintur-
bulenceintensityatthevariousaltitudes.Thesecorrectionsweremade
undertheass~tionthatthehorizontalgustvelocityobtainedfromthe
total-pressurefluctuationdata(asdescribedinref.2)wasrepresentative
oftheturbulenceexperiencedby eachwing. Thevaluesofmeansquare,
accelerationwere correctedfordifferencesinturbulenceintensityfor
thevariousrecordsectionsbymultiplyingthe a~ ofeachrecordsection
bytheratioofmeansquarehorizontalgustvelocityfortherecordsec-
tionnear1,500feetaltitudetothemeansquarehorizontalgustvelocity
foreachrecordsection.

Evaluationofcruciformarrangement.-Iftheresultsforeachwing
showninfiwre areconsideredashavingbeenobtainedfromtwotests
ofthesame-modelunderidenticalconditionsthenit shouldbepossible
to averagethetwoanswersinorderto obtaina moreaccurateanswer.
Thishasbeendoneinfigure5 where,thevariationof u tithMachnumber

2 valuesoffigure4shownwasobtainedby averagingthe ~an2 =d Uat
(correctedtothesameturbulenceintensity).Thespreadbetweenthe
valuesof aan

~ isalsoshownonfigure5.and u

Inorderto investigatethepossibilityoftesting‘differentwings
underidenticalrough-airconditionsby usingthecruciformarrangement,

.
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comparisonsaremadeinfigure6 of can and
andforcaseswheretherecordisdividedinto
tions. Thesolidlineinfigbre6 istheline

7’

Uat forthetotalrecord
progressivelysmallersec-
ofperfectagreement

betweenthevaluesof u fromthenormalandtra&verseac~eleration
measurements.

hilyticalCalculations

Theappendixofthisreportdescribesa shortandfairlys~lified
approachforesthatingtheroot-mean-squarenormalaccelerationofair-
craftforflightthroughcontinuousroughair. Thecalculatedvaluesof
u obtainedbyusingthemethodandchartsoftheappendixarecompared
withtheexperimentalvaluesonfigure5. In orderto usethemethodof
theappendixitwasnecessarytoobtainestimatesofthefollowingquan-
tities:(a)thespectrumofatmosphericturbulencedorrespondi~b;ot&
turbulenceintensityat1,500feetaltitudeforthemodeltest,
dynamicstabilityparameters~ and T1/2 or [, (c)andthemodel
responseto a unitsharp-edgegust.As previouslymentionedthehorizon-
talgustvelocitydatawereusedto correcttheexperimentaldatatothe
turbulenceintensityat l,5Wlfeetaltitude;however,thesedatawerenot
consideredadequatefordefiningtheturbulencespectrum.Theturbulence “
spectrumwasestimatedfromthesurveyairplanedataat 1,500feetalti-

tude,andthefollowingrelation,@i(Q) 0$3= —, wasconsideredreasonable

formakingthecalculations.Dynsmicstabilitydat~werenotavailable
forthemodelofthistest;however,forthepurposeofmakingcalcula-
tions’forthemodelofthistest,thestabilitydataofreference3 for
a taillessconfigurationhavinga similarwingwereused.Thevaluesof
%; T1/2 and ~ wereobtainedby usingthedataofreference3 and

theweight,inertia,andflightconditionsfor-themodelofthepresent
testandareshowninfigure7. Theassumedformoftheresponseto a
unitsharp-edgegustis showninfigure8 andisdiscussedinreference4
andtheappendixofthisreport.

DISCUSSION

CharacteristicsofModelRough-AirResponse

Thetimehistoryoffiguxe3 indicatesthatinroughairtheshort-
periodfrequencyisthepredominantfrequencyintheaccelerationresponse.
At theMachnumbersoffigure3,theshort-periodfrequencyisabout
5.50cyclespersecond.A highfrequencyofabout60 cyclespersecond
canalsobe notedinfigure3. Thiscorrespondstothewingfirstbending
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frequencyforthemodel.By readingtherecordevery0.01secondit
canbe seenfrom.figure3 thatthe60-cycle-per-secondfrequencyisnot
completelyincludedinthedataanalysis;however,thiseffectwascori-
sideredsmallandtheO.01-secondreadingintervaladequatelydefines
themajorfrequenciespresentintheresponse.

VariationofAccelerationWithMachNumber

Thevariationofroot-mean-squareaccelerationincrementwithMach
numberispresentedinfigure4 foraccelerationsmeasurednormalto
eachwing.Themagnitudeofthecorrectionforvariationsinturbulence
intensityisillustratedinfigureh(a)for u% andinfigureh(b)for

% “ Thecorrectionappearsto reducethescatterand a% ~d ~at

showaboutthesamevariationwithMachnumber.Thereisa fairlyrapid
increasein a betweenMachnumbers0.816and0.88,butthisincrease
isgreaterfor uan. Inorderto comparemeasuredandcalculatedroot-

mesa-squsreaccelerationsasa functionofMachnumber,thedataoffig-
ure4 havebeenconsideredastwoseparatetestsunderthesameturbulence

conditionsandwerecdbinedasfollowsonfigure5: a = W*
Theexperimentaldataarehigherthanthecalculations;however,the
generaltrendwithMachnwiberisthesameforbothresults.Thereis
a largeincreasein u forthecalculatedcurvebetweenMachnumbers0.%
andO.% whichisassociatedwiththedecreaseindamping-in-pitchindi-
catedonfigure7. Thelargeincreasein u fortheexperimentaldata
occursata lowerMachnuniberwhichmayindicatethatthedsmpingofthe
presentmodeldeterioratessaonerthanwasindicatedbythecalculations.
Thispossibilitymayexistbecausethemodelofthepresenttesthadflat
platewingswithsharpleadingedgeswhilethevaluesofdamping-in-pitch
derivative~q + ~ (fromref.3)usedinthecalculationswerefora

configuration&ving anNACAoooh-65airfoil.

EvaluationoftheCruciformArrangement

Theresultsfrumeachwingofthecruciformconfigurationmaybe
consideredtobe a sepsratemeasurementofthegustloadsexperiencefor
theconfiguration.Thisassumesthatthereisnomutualinterference
effectsbetweenthetwowingsandthattheatmosphericturbulenceinput
spectrumisthessmeforeachwing. It isnotpossibletoprovethese
assumptionsatthistime,buttheyappeartobe reasonablefromgeneral
considerationsof symmetryofthemodelandoftheisotropicnatureof
theturbulence.Thefactthatthemodelsusuallydevelopa rollvelocity
ofabout1 radianpersecondtendsto ameliorateanynonischropicten-
denciesoftheatmosphericturbulence.

.
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Someindicationoftheaccuracyofresultsfromrocketmodeltests
in roughairhasbeengivenby consideringthepresentresultsas Gepa-
ratetests.Thespreadbetweenthetwovaluesof u is shownonfig-
ure5. TheWgest differencesareabout*17percentofthevalueof
a obtainedfrcmcombiningthetwosetsofdata.

Ifthetwowingsareassumedto haveaboutthesaneturbulence
experience,thenit shouldbe possibleto placedifferentwingson one
modelinorderto investigatesucheffectsasaeroelasticity,andplan-
form.However,thecomparisonoftheresultsfromthetwoidentical
wingsofthepresentmodelindicatedLargedifferencesoftheorderof
34percent,probablydueto statisticalaccuracyasaffected,byssmple
size.Duetotheshortflightsanddecelerationrateofthemodel,the
samplesizeswerelimitedas shownintableI. Sincebothwingsexperi-
encedthesameMachnumberchangesitwaspossibletomakecomparisons
of CTfromeachwingforvarioussamplesizesinorderto determinewhat
samplesizewouldbe necessaryto investigatesmall-ordereffectsof
10percentorlessbymeansofthecruciformarrangement:Theseresults
areshownonfigure6, wherethetotalrecordhasbeendividedintopro-
gressivelysmallersections.Itappearsthata samplesizeofat least
500pointsor5 secondsofdataatnearlyconstantMachnumiberwouldbe
necessaryfortestingdifferentwingsonthepresentmodel.Sincethe
airplaneshort-periodmodeofmotionissoimportantinthedetermination
ofthemean-sqyareloadinrough-airflight,it seemsprobable’thata
normalizedmeasureofthistimebasedontheshortperiodfrequencyand
dsmpingcharacteristicsmaybe foundto judgeminimuhrecordlengthsfor
otherconfigurations.However,the5-secondssmplesizeshouldapplyto
mostrocketmodeltestssinceallthemodelshaveaboutthessmeshort-
periodcharacteristics.

CONCLUDINGREMARKS

Thepresentinvestigationhasyieldedinformationonthebehavior
ofa tai~ess,cruciform600trian@ar-wingconfigurationinrough-air
flightfromMachnumbersof0.66to 0.88.Thevariationofroot-mean-
squsreaccelerationwithMachnumberindicateda rapidincreasebetween

0 Machnumbers0.82and0.88thatisprobablydueto a decreaseindsmping-
. in-pitchassociatedwitha wingofthisplanform. “

Theuseofa cruciform-wingarrangementappesrstobe usefulfor
improvingtheaccuracyofresultsframrocket-propeKledmodeltestsin
roughairundertheassumptionthattheresultsfrcmeachw$ngmaybe
consideredtobe a separatemeasurementofthegustloadsexperiencefor
theconfiguration.fieextensionofthecruciJ?&marrangeme~tfor

..—.— —
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investigatingsmall-ordereffectsbetweenwingshavingdifferentchar-
acteristicsappearsto be feasibleifa longenoughsampleata nearly
constantMachnumbercanbe obtained.

IangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,December6,1955.
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APPEymx

I-1

NOTEONTEECAICULATIONOFTHEMEANSQUARELOADS

OFAIRCRAl?TINCONTINUOUSROUGHAIR

A basicapproachtotheproblemofthecalculationofthemeansquare
loadsofaircraftincontinuousroughairisgiveninreference4. Also,
reference4 gavesomeexamplesofmeansqyareloadcalculationsbasedon
a rathersimplifiedassumptionastotheformoftheairplaneresponseto
a sharpedgegust,figure8. Althoughit isrealizedthatthispicture
maybe oversimplified,especiallyforconfigurationswhichhavehigh
damping,itleadsto a fairlysimplesolutionformeansquarenormal
accelerationincrementswhencombinedwithan atmospheric-turbulence
spectrumoftheform, @2. Thepubposeofthepresentinvestigation
istobrieflydevelopandpresentthissolutionintheformofa chart
whichmaybe usedto estimatethemeansquarenormalacceleration
increments.

Themean-squarenormalaccelerationisgivenby thefollowing
relation:

(1)

Iftheresponseoftheaircraftto a sharp-edgegustisgiven,as
infigure8,thentheamplitudesquaredofthetransferfunctionwhich
occursineqyation(1)canbe expressedas

[

@o (1+ $202)COS?g no - floz(2C2- )1 + flozsinQ fl2 0+

(1- slo2)2+ 4@lo2

2
M20- 1].b2flo2sin‘i;Slo

1- 6%.2
(2)

,“.
L,

-.
. . . —.. ..— . . . . . . . .__— —— -.. — +— _ ——z .— ..._.
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Equation(1)comesfromequations(Z$l)and(33)ofreference4
whilefigure8 andequation(2)representthegeneralformsofe~-.
tions(31)and(32)ofthessmereference. ~

Thepower-spectraldensityfunctionoftheatmosphere~i(Sl)for
whichthepresentsolutionwasfoundisthesimpleexpressionindicated
inreferences1, 2,and6.

Itmaybe notedthatforlargevaluesof Q,thisis
spectrumwhichhasbeengivenin severalplaces(see
eralformofthespectrumofatmosphericturbulence,

or

(3)

theformofthe
ref.6) as a gen-
thatis,

(4)

thensubstituting,
withequation(3), ine&ation(1),themean-sqyarenormalacceleration
canbe expressedinthefolloidngformwhichisespecisXlyadaptableto
presentationintheformofa chart:

@YQo)dQo

Thefirstinte~al.,equation(5),containingonly ~ and $10was
evaluatedinclosedform

(5)

(6)

whereasthesecondintegralwasapproximatedby graphicalintegration
(exceptforthecaseof b equalto zeroforwhichtheintegralwas
equalto zeroby inspection).Forpracticalpurposestheintegration
limitswereassumedtobe from Q. = O to no= 6 andtheintewal

.

._ —



NACARM L55128 13

wasevaluatedforseveralcombinati~nsof ~ and b to definethemean-
squareaccelerationovera rangeof ~ and b.“,

Fortheassumptionof zerotimetopeakacceleration,‘P=o
. or b = 0,themean-squarenormalaccelerationincontinuousflight

throughairhavingtheassumedspectrumis simplythatgivembythe
firstintegral(eqs.(5)and (6))

>()#-@4%lEJ,+p
Mln !. (7)

Foranyothervalueof 5,themean-sqwenormalaccelerationisthis
valueplusa psrtobtainedby thenumericalinte~ation. Actuallyfor
verysmallvaluesofdamping,~,equation(7) alonemaybe usedto
estimatea2. Inthiscase hemean-squarenormalaccelerationmaybe

3furtherapproximated,for ~ << 1,aftersubstitutionoftheappropriate
expressionsfor ~ and On,asfollows:

(a)

Thisexpressionagainindicates(seeref.4)thestrongdependenceof
themeansquareloadsonthedampingcharacteristicsoftheoscillatory
responseto a ste~gust. .“.

HU2n
Fi~e 9 presentstheresultswiththeparameter ~2

Ka
(%)

asa functionofthedampingratio,{,forvariousvaluesofthenon-
dimensionalpeakaccelerationtimefactor,5. Figure9 hasbeencom-
putedforvaluesof ~ fromO to 1.0. Becauseoftheassumptions.
involved,thechartshouldbe consideredmostreliableforlowvalues
of-dampingratio,O to 0.5, wheretheresultshavebeenparti~y
checkedby rocket-propelledmodeldata.

In orderto estimatethemeansquareaccelerationfromfigure9,
it isnecessaryto know(1)theinitialrespons
sharp-edgegustas definedby~ and

~ oftheaircraftto a
(-) (2)thecharacteristics

oftheshortperiodlongitudinaloscillationoftheaircraft~ and $ln,
and(3)thevalueoftheconstant~ oftheatmosphericturbulence
spectrum.Theresponseto a sharp-edgegustcanbe obtainedfromrefer-
ence5. Thecalculationofthecharacteristicsoftheshortyeriod
longitudinaloscillationcanbefouddinmanyplaces,butthefollowing
approximationsareusuallysatisfactory:

.— — -. .—-- .—.. —.—._..—.— .— .—.— . .—., ——————_.. —.—--
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(9)

(lo)

Theevaluationofthetwbulenceintensityconstant,&, fora partic-
ularapplicationisasyetnotverywelldefined.Samediscussionof
thisfactorisgiveninreferences1,2,and6.
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TABLEI ‘

VARIATIONOFMACHNUMBERANDAIXIZCU’DE

NACARM L55L28

Machnumber Samplesize, A1.titude,
ofsample nmiberofpoints ft

0.878* 0.0433 200 860f 210

.816* .0300 200 I,260* 190

.766* .0340 Wo l,k~ * 25

.~8 * .0307 400 1,185* zn5

.678t .0265 440 485~ 485

I
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