
1.Introduction

ForObserving atmosphericelectricpotential

gradient,twomethodsaregenerallyknown:One

isthe atmosphericelectricity measurement;the

potentialdifferencebetweenapointontheground

surfaceandapointintheatmosphereismeasured

and the average electric field presentbetween

thesetwopointsiscalculated.

Theotheristheinductivechargemeasure-

ment;Theinductivechargeoccurringinconduc-

tors due to the electric field presentin the

atmosphereismeasuredtoverifytheintensityof

theelectricfield.

In the case ofthe atmospheric electricity

measurementmethod,ittakes time to collect

current,i.e.ittakestimeforthepotentialofa

conductorusedinasensortobecomeequalto

the potential of the surrounding atmosphere.

Therefore forcontinuousobservations,the time

mustbereducedbyusingaradioactivecollector

or a water-dropper collector.At the Kakioka

Magnetic Observatory, observations are made

usingthecombinationofawater-droppercollector

andaBenndorf’sselfrecordingelectrometer.
TheBenndorf’sselfrecordingelectrometeris

an electricity tester and analog recorder inte-

grated.AtKakiokaobservatory,recordsby this

electrometerweredigitizedbyadigitizerandthe

datawereaveragedandreportedashourlyvalues.

Reportsofone-minutedigitaldatahavebecomea

hotissue.

Electricfieldmills,whicharewidelyusedas

instrumentsusingtheinductivechargemeasure-

ment,KakiokaMagneticObservatoryhasobserved

the atmosphericelectricpotentialgradientusing

theelectricfieldmillsince1972.Electricfield

millshavemechanicaltroublesmoreoften than

othertypesofmeasuringdevicessinceitworks

by rotating a insulated shielding plate athigh

speeds.Inaddition,itwasdiscoveredthroughthe

researchesconductedbyourcolleaguesthatifthe

potentialdifferencebetweenthecoverplateand

the ground isreduced to 0 forthe sensitivity

measurement,thedegreeoffluctuationofoutput

signalsisequivalenttothedegreeofpotential

gradientoncalm days,raisingconcernoverthe

stability of absolute values. Considering this

situation,wehavebeen makingobservationsat

thisobservatorybasedontheideathatthevalues

measuredbytheelectricfieldmillaredealtwith

dataon thedisturbedconditionsofatmospheric

electricity.

Toacquirestabledigitalone-minutedata,we

conducted a preliminary atmospheric electricity

measurementtestusingthewater-droppercollec-

torincombinationwithanoncontactelectrostatic

sensorinstead ofthe Benndorf’s self-recording
electrometer.Thispaperdescribestheresultsof

thistest.

2.SpecificationsoftheElectrostaticSensor

Wecoulduseahigh-performanceelectrostatic

sensorthroughthecourtesyofKeyenceCorpora-

tion,andconductedacomparativetestusingthis

sensor.The atmosphericelectricity measurement

method requires thatthe sensor be insulated

completely.Thesensorusedinthepresenttestis

anoncontactsensorthatcan measure potential

difference,anddoesnotneedtocontactwithan

objecttomeasure.
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ThissensorusestheVoltageScanningSearch

(V.S.S.)method.Thismethodworksbyavoltage

beingappliedtoasurfacepotentialsensorbuilt

into the sensor head,the voltage applied is

changedinastepwisepatternwithinaspecified

range.As each voltage is applied,the surface

potentialsensorgeneratessignalsproportionalto

thepotentialdifferencebetweenatargetobjectand

thesensor.Basedonthesignalsoutputfrom the

surface potential sensor, a point where the

potentialdifferencebetweenatargetobjectandthe

surfacepotentialsensorbecomes0Viscomputed

byamicrocomputer.

Samplingintervalis0.1second.Theresultof

samplingisdisplayedinunitsofonevoltonthe

controller,andtheaveragenumberofsamplescan

bespecified.A hundredthofthemeasuredvalue

isalsooutputfrom theanalogoutputterminalas

amonitorsignal.Inthecaseoftheelectrostatic

sensor,theanalogoutputvaluebecomesmoother

ifalargeraveragenumberofsamplesisspecified;

itis inferred from this thatthis sensorfirst

averagesA/D converted signals,and then D/A-

convertsandoutputsthem.Although adetailed

survey was notconducted as the sensorwas

ownedbyKeyence,wepresumethatifthesensor

isadoptedforroutinemeasurementsystem,itis

needtobemodifiedtooutputtheanalogsignals

before data are introduced to the internal

arithmeticprocess.

Table 1 shows the specifications of the

electrostaticsensor.
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Table１ Specificationsofthehigh-performanceelectrostaticsensor

*1 Whenmeasuredatadistanceof8to12mm andatavoltageof±100Vorless
10% ofareadingwhenmeasuredat±100Vto±5kV.

*2 Whenmeasuredatadistanceof68to72mm



3.ComparingtheDataMeasuredbyElectro-

staticSensorandbytheBenndorf’sself-
recordingElectrometer

Inthepresenttest,theelectrostaticsensor

wassetatapointabout10mm from thewater

tank of the water-dropper collector, and the

potentialdifferencebetweensurfaceofthewater

tankandgroundsurfacewasmeasuredinhigh-

accuracymeasurementmode.

Theanalogoutputsignaloftheelectrostatic

sensorwasconnectedtoapenrecorderandaDR-

M3adigitaldatarecordermadebyTEAC.Inthis

setup,the 0.1-second value data,which isnot

subjected to average computations,wasdigitally

recorded,butthentheaverageoften0.1-second

valueswascomputedanddefinedasaone-second

value.Thisone-secondvaluewascomparedwith

theanalogrecordstakenbytheBenndorf’sself-
recordingelectrometerandthedigitaldata(one-

secondvalues)takenbytheelectricfieldmill.

Wefirstnoted,asexplainedearlier,thatthe

outputvoltageoftheelectricfieldmillinstalledat

Kakiokafluctuateswidely when 0 V isapplied

duringsensitivitymeasurement.Sincethisfluctua-

tionisdirectlyaddedtomeasuredvalues,itwas

thought that the accuracy of absolute values

becomes unstable. To compare this state of

fluctuation with that of the water dropping

collection,0 V wasalso applied to the water-

droppercollectorand the stability ofmeasure-

mentswasexamined.

AtKakioka,waterissupplied twice aday

(UT00h,12h)throughamagneticvalvetoreplenish

thewater-droppercollectorwithwater.Thewater

supplied this way should cause the potential

differencebetweenthewater-droppercollectorand

groundsurfacetobecomezero.Fluctuationsinthe

values given by the electrostatic sensor were

examined when waterwasadded.In Figure 1,

valuesgivenbytheelectrostaticsensorwhen0Vis

applied to the water-droppercollectorare also

shown;thisapplicationofvoltageisequivalentto

thesensitivitymeasurementmadebytherecording

partoftheBenndorf’sself-recordingelectrometer.
Values shown in Figure 1 were obtained by

subjectingthevaluesoutputfrom theelectrostatic

sensor to sensitivity calibration,specifically by

multiplyingthembytheplanarcalibrationvalue1.3

presently used atKakioka and converting the

valuesobtainedbythismultiplicationtopotential

gradientvalues.Asolidcircleindicatesthevalue

when water is supplied,and a filled square

indicatesthevaluewhen 0 V isapplied.Data

shown at these points, where the potential

difference becomeszero,are one-minute values.

(Thesolidlineisdrawnbyconnectingaverageone-

minutevaluesmeasuredwhenwaterissupplied.).

Threevoltages0V,＋200Vand－200Vas
onesetwereappliedtomeasurethesensitivity.

In Figure 1,only the data obtained with the

appliedvoltageof0Visshown.InFigure2,the

dataforallthreevoltagesareshown.

InFigure2,therelativedifferenceisobtained

bysubtractingthevaluewiththeappliedvoltageof

－200Vfromthevaluewiththeappliedvoltageof
＋200V.Itisapparentfrom Figure2thatrelative
values are stable although absolute values are

incorrect.In addition,fluctuationsin one-minute

valuesbecomenotableonthe17thandsubsequent

days in Figure 1,and the relative difference

becomessmallafterthe19thinFigure2.Causes
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Fig.１ Changeintheoutputwhenwaterissupplied
(●)and０Visapplied(■)

Fig.２ Values outputfrom the electrostatic sensor
when voltage is applied From Aug.１０ to
Aug.２０



ofthesephenomena,however,arenotidentified.

In the case ofthe electricfield mill,the

circuitoffsetatthemainbodycanbemeasured

byperiodicallyshort-circuitinginputsignalsatthe

mainbody.Itisdifficult,however,toautomatically

obtaintheoffsetvalueofapotentialgradientto

bemeasured.In thecaseofthewater-dropper

collector,itissimple.Measuredvaluewhenthe

measurementsystem isconnectedtotheground

canbeusedtoobtaintheoffsetvalue.

Figure3showsthehourlyvaluesbasedon

themeasurementsobtainedbytheBenndorf’sself-
recording electrometer and by the electrostatic

sensorweusedinthistest.Therecordsmeasured

bytheBenndorf’sself-recordingelectrometerwere
readbyadigitizerandthedatawasmultipliedby

thesensitivityoftherecordingpartandtheplanar

calibrationvaluesofthemeasurementsystem in

ordertoobtainthehourlyvalues.Incalculating

the hourly values based on the measurements

takenbytheelectrostaticsensor,theoutputvalue

when 0 V was applied to the water-dropper

collectorwasusedastheoffsetvalue.Theoutput

values by the electrostatic sensorwith applied

voltageof＋200V and－200V wereusedfor
sensitivity calibrations, and the sensitivity-cali-

brated values were multiplied by the planar

calibrationvalueusedatKakiokaobservatory.We

didnotmakecorrectionstooutliersrecordedwhen

acalibrationvoltagewasappliedorwhenwater

wassupplied.

InFigure3,thedivisionsontherightvertical

scale show the differencesbetween the hourly

valuesbytheelectrostaticsensorandthoseby

the Benndorf’s self-recording electrometer.The
differencesareapproximatelywithin±20V/m on

calm days.We attribute the differencesto the

differenceintheresponsetimesoftherecorders,

readerrorsofthedigitizer,potentialconversion

errorsduetoleaks,andotherfactors.

4.Comparison between Electrostatic Sensor

andElectricFieldMillData

Inthepresenttest,wealsocompareddata

givenbytheelectrostaticsensorwithdatagiven

bytheelectricfieldmill.Thedistancefrom a

buildingandinstallationconditionsfortheelectric

fieldmillweredifferentfrom thoseforthewater-

droppercollector.Theprincipleofmeasurementof

thewater-droppercollectorisvastlydifferentfrom

thatoftheelectricfieldmill,asdescribedinthe

introduction.Therefore,thereisamarkeddifference

betweentheresponsetimeofthewater-dropper

collector(timethatittakestocollectcurrent)or

thetimetoassimilateitselftothesurrounding

electricfieldandthatoftheelectricfieldmill.

Furthermore,sinceanoutputfilterissetinthe

electricfieldmillsystem,wethinkitisnotso

meaningfultomakeaprecisecomparisonbetween

thedatabywater-droppercollectorandthatby

theelectricfieldmill.Inthepresenttest,therefore,

weonlyshowcomparativedataandgraphsinthis

section.

Figure 4 shows the provisionalone-second

valuesgivenbythewater-droppercollectorwith

electrostaticsensorandtheprovisionalone-second

values given by the electric field mill (not

sensitivity-oroffset-corrected)during the period
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Fig.３ Comparison between hourly values by
the electrostatic sensorand those by
theBenndorf’sself-recordingelectrometer

Fig.４ Provisionalone-second values given by the
electrostaticsensor(top)andthosegivenby
theelectricfieldmill(bottom)from Aug.１０to
Aug.１２



ofAug.10toAug.12.Theunitisadigitatthe

time ofrecording,and the digitvalue is not

convertedtoanyphysicalquantity.

Figure 5 showsacomparison between the

hourly valuesfrom the electrostaticsensorand

thehourlyvaluesfrom theelectricfieldmill;the

hourly valuesfrom the electricfield millwere

processed using proper sensitivity calibration

valuestoreducethedifferenceinmeasurements

between the water-dropper collector and the

electric field mill(offsetcorrections were not

made).In Figure 5,the divisionsofthe right

verticalscaleshowsthedifferences,aswithin

Figure3.

5.Conclusion

Wethinkthatresultsofthetestsuggesta

possibilityofusingtheelectrostaticsensormadeby

KeyenceCorporationinsteadoftheBenndorf’s
self-recording electrometer which is used at

Kakioka.Someproblemshaveremainedtoadopt

theelectrostaticsensorasadevicefortheroutine

continuousmeasurementsystem.Ithasdifficult

points;determinationsofplanarcalibrationvalues,

measurements of sensitivity based on known

electricfields,andinsulationtests.

Observationsnow beingmadeatKakiokaare

operated on the assumption that the planar

calibration value has remained since the time

when the radioactive collectors were used.By

usingthiselectrostaticsensorwithasmallsize

water-dropper collector, we will be able to

measure potential gradients in a neighboring

uniform openspaceandobtainapproximateplanar

andsensitivitycalibrationvaluesbycomparingthe

measuredpotentialgradientvalues.

Concerninginsulationtests,althoughameas-

urement and a routinary maintenance of the

insulationcanbeconducted,itisindispensableto

developmethodsforfeedingtheresultsofthe

insulationtestsbacktomeasuredvalues.

Whetherthewater-droppercollectorcan be

installedin cold-latitudeclimate,forexampleat

Memambetsu Magnetic Observatory, Hokkaido,

Japanisaisanotherremainedissue.
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