
1.Introduction

Threeabsolutegeomagneticcomponentshave

beenobservedbyusingaprotonmagnetometerto

measure totalmagnetic force and a magnetic

theodolite(DI-72)tomeasuredeclination(D)and

inclination(I)includingatestperiodsince1972.

Theresolutionandsamplingrateoftheequipment

for magnetic variation observation continues to

increaseanditsoperationisbecomingincreasingly

automated.Ontheotherhand,absoluteobserva-

tionsarestillmadebymanuallymeasuringthe

angles(ordirectionsperpendiculartotheangles)

ofgeomagnetism usingthegeomagnetictheodolite.

Various studies have been made in order

to automate geomagnetic absolute observations:

the vector proton method, ASMO (Alldredge

and Saldukas,1964),dIdD (KokusaiElectronics

Corporation,2001;Hegymegietal.,2005),etc.

Althoughthesestudiesweresignificantfrom the

standpointofmagneticvariationobservation,they

were not necessarily successful in terms of

geomagneticabsoluteobservation.Inthecaseof

thevectorprotonmethod,horizontalcomponents

(Hcomponents)canbemeasuredbycancelingout

verticalcomponents(Zcomponents)withcompen-

sating magnetic fields (Sakuraoka, 1966). At

Kakioka,the horizontalmagneticforce isabout

35,000nTandtheverticalmagneticforceisabout

30,000 nT.Ifacompensating magneticfield of

35,000 nT is applied vertically in an upward

direction,theverticalcomponentsofthegeomag-

neticfield are canceled outand the horizontal

componentsaloneremain.Thehorizontalcompo-

nentscanbeobtainedwithaprecisionof±0.1
nTundertheconditionthattheverticalmagnetic

forceiswithin35,000±80nT.Thismethodhas
the advantage that component values can be

obtained stably even if the accuracy of the

compensatingcurrentusedtoform thecompensat-

ing magneticfield isnotso high.Ithasthe
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Abstract

Anew methodofabsoluteobservationofthreegeomagneticfieldcomponentsbya
device composed ofa geomagnetic totalforce magnetometer combined with three
orthogonalcoilstoproduceacompensatingmagneticfieldwasinvestigated.A vector
protonmethodisanexcellentmethodtomeasurevectorcomponentsofgeomagnetic
fields;howeveritcannotserve asamagneticabsolute observation because ofthe
inclinationofthecompensatingcoilanditsfluctuationovertime.Thisstudyconsidereda
newmethodbasedonthevectorprotonmethod.Absolutemagneticfieldsandorientation
ofcompensatingcoilsarecalculatedfrom measuredvaluesofmagnetictotalforcesfor
certain patternsofartificialmagneticfieldsadded to each componentby the three
orthogonalcompensatingcoils.

Assumingthatresolutionandstabilityofthegeomagnetictotalforcemagnetometer
andelectriccurrentthroughthecoilsareadequate,threecomponentsofgeomagnetic
absolute fieldscould be measured by the new method with adegree ofprecision
comparabletomagnetometersincurrentuse.



disadvantage,however,thatanerrorofabout0.17

nToccurswithonesecondinclinationangleofthe

compensating coil.Absolute observations using

thismethodhavenotbeenputtopracticaluse

yetbecause the amountofinclination ofthe

compensating coil cannot be understood or

controlled.

InthecaseofASMO,atfirstthedirectionof

the totalgeomagneticforce (the inclination and

declinationanglesatthattimedefinedasI’andD’,
respectively) is observed,and the amount of

variationfrom I’andD’ismeasuredbyapplyinga
compensating magnetic field in two directions

perpendiculartotheinitialtotalgeomagneticforce.

Although ASMO has the advantage that the

measuredvaluemaintainsitsaccuracywith the

inclinationofcompensatingcoils,itsweaknessis

that I’and D’may fluctuate if the whole

observationsystem inclinesduetotheinstallation

pillar inclining. dIdD is based on the same

principlesofmeasurementand,therefore,hasthe

sameproblems.

2.System Configuration

Although the totalforce magnetometerwas

notoriginally designed to measure geomagnetic

components,the vector proton method enables

measurementofcomponentsusing the geomag-

netic total force magnetometer by making

perpendicular components extremely small by

applying a compensating magnetic field to the

horizontalcomponents when measuring vertical

components, or to vertical components when

measuringhorizontalcomponents.WithASMOand

dIdD, declination and inclination angles are

calculated by using acombination ofthe value

measured by adding the compensating magnetic

field to the two axes perpendicular to the

directionofthetotalmagneticforcevector,and

thevaluemeasuredwithoutapplyingacompensat-

ing magnetic field (totalmagnetic force).The

vectorproton methodiseasytounderstandas

measured values are component values. With

ASMO,however,somecalculationsarerequired.

Based on the understanding ofallthese

methods,weproposeasystem formeasuringtotal

magneticforce valuesby applying compensating

magneticfieldsusingthreeorthogonalcompensat-

ing coils.Figure 1 shows the outline ofthe

system configuration in which there is the

centrally-located geomagnetic totalforce magne-

tometersensorandthreeorthogonalcompensating

coils.Thethreeorthogonalcompensatingcoilsare

setonanapproximatelylevelsurface;thefirst

coilis setperpendicular,the second coilset

parallel,and the third coilsetverticalto the

magneticnorth.Theyarecalledthex-axiscoil

(eastplus),y-axiscoil(northplus),andz-axiscoil

(upperplus),respectively.Theamountofcurrent

suppliedtoeachaxiscoilcanbecontrolled,anda

specified compensating magnetic field can be

appliedintheaxialdirectionofeachaxiscoil.The

compensatingcoilhasamechanism forrotating

itself horizontally. Other important conditions

includethatsimultaneouslythemagneticcompo-

nentvariations are measured with a constant

baseline value in short time (in about one

minuteforonesecondsamplingmeasurement,as

describedinthenextchapter).

This observation system consists of the

geomagnetictotalforcemagnetometersensor,the

measurementdevice,threeorthogonalcompensat-

ingcoils,thecurrentcontrolunit,equipmentfor

magneticvariation observation,aclock,andthe

recordingunit.
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Figure1 Outlineoftheobservationsystem
Thegeomagnetictotalforcemagnetometer
issetinthecenterandthreecompensat-
ing coils are installed on three axes
intersectingeachotheratrightangles.The
totalmagnetic force value is measured
when each coil forms and applies a
magneticfieldofanappropriatesize.



3.Measurement Procedure and Calculation

Method

The coordinate is an orthogonalthree-axis

coordinate.They-axisisonalevelsurfaceand

facesapproximatelymagneticnorth,thex-axisis

on alevelsurface and faceseastso thatits

directionisperpendiculartothey-axis,andthez-

axisissetverticallytofaceupward.They-axis

should be set in proper alignment with the

horizontaldirectionofthey-axiscoil.Thex-and

z-axiscoilsarenotnecessarilyinalignmentwith

the directions of the x-and z-axes; slight

displacementsduetomachiningaccuracy,installa-

tionerror,etc.,areincludedinthepositionsof

thex-andz-axiscoils.Anothermethodshouldbe

used to verify how much the y-axis direction

deviatesfrom geographicalnorth(truenorth).For

example,itisconceivablypossibletoobservethe

polestar using a compensating coil platform

provided with adirection measuring function,a

point elaborated on also in Chapter 4.The

compensatingcoilsmightnot“twist”eventhough
they incline due to the effectsoftemperature

change,rainfall,etc.,aftertheangle(definedas

D0)thatthey-directionformswiththetruenorth

isdetermined;D0 shouldremainconstantexcept

whenearthquakesorotherdisturbancesoccur.In

operating the system,however,D0 should be

measured periodically to ensure thatthe initial

angle setting remainsunchanged;the frequency

with which thisperiodicmeasurementismade

willdifferdependingonsystem andconditionsat

installationlocations.

Although each compensating coil is set

approximatelyparalleltothecoordinateaxis,slight

displacementswillremaininactualpractice.Since

these displacements are considered extremely

small,theyareexpressedasvectorcomponents,

thoughitispossibletoexpressthem asangles.

For example, the vectors of a compensating

magneticfieldthatthex-axiscoilformsusinga

certainamountofcurrentaredefinedasX0,Xy,

andXz(Figure2).Here,therelationshipbetween

thesevectorsisX0 ≫ Xy,Xz.Providingthatthe

intensityofacompensatingmagneticfield,X0,is

30,000to40,000nTandwhenthedeviationfrom

thex-axisisabout10minutes,XyandXzareabout

100 nT.The vectorsofcompensating magnetic

fields that the y-and z-axis coils form are

likewisedefinedas(Yx,Y0,Yz)and(Zx,Zy,Z0).

Basedontheabove-mentionedvectordefinitions

andrelations,wehaveYx=0.

Ifgeomagneticcomponentsaredefinedas(x,

y,z),thenxisabout0nT (tobesetinthis

direction when makingtheinitialsetting),yis

about30,000nT,andzisabout35,000nTinthe

Kakiokaarea.Addingcompensatingmagneticfields

makesthosecomponentsbecomeclosetozero,

leavingonlytheothercomponents,whichmakes

calculations simple and easy. Considering the

accuracy in calculating the x-component, the

intensityoftheX0 shouldbemadeapproximately

equaltothatofyandzsothatthetotalmagnetic

forcevaluecanbemeasuredwhentheyandz

componentsarezero.X0,Y0 andZ0 weredefined

as 40,000 nT, 30,000 nT, and 35,000 nT

respectively,and three patternsofcompensating

magneticfieldswereappliedtoeachaxiscoil:0,

±X0 forthex-axiscoil,0,－Y0,－2Y0 forthey-
axiscoil,and0,+Z0,+2Z0 forthez-axiscoil,
each including the zero compensating magnetic

field.By applying these compensating magnetic

fields,thetotalmagneticforcevalueofeachwas

measured. If the vector of a compensating

magneticfieldofeachaxiscoilisnotparallelto

thecoordinateaxis,theamountofinfluenceonXy
and other components increases or decreases

relative to the amount of current. In the

conventionalvectorproton method,the multiple
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Figure2 Compensatingmagneticfieldvectors
Componentsofthecompensatingmagnetic
field formed bythe x-axiscoilwhen the
directionofthex-axiscoilisdisplacedat
averysmallanglefrom thexcoordinate
axisareexpressedas(X0,Xy,Xz).Compo-
nentsofthe compensating magnetic field
formed by other axis coils are also
expressedinthesameway.



compensatingmagneticfieldswerenotappliedat

onetime.Thisrestrictionwasremoved,andthe

patternsofcompensatingmagneticfieldsshownin

Table1wereapplied.Approximatetotalmagnetic

forcevalueswereestimatedbyapplyingappropri-

atevalues,andtheseestimatedvaluesareshown

in Table1.Cx,Cy andCz arethecoefficients

associated with the intensity of compensating

magneticfieldsofeachaxis.OnlineNo.0inthis

table,thetotalgeomagneticforcevalueisshown

whenCx＝Cy＝Cz＝0,whichmeansthereisno
compensatingmagneticfield.OnlineNo.1,the

totalmagneticforcevalue30,191.5nT(thenearly

horizontalcomponent)measuredbyapplyingCz×
Z0(1×35,000nT)intheupwarddirectionrelative
tothezcomponentisshown.OnlineNo.1,the

z-axiscoilinclines.Therefore,inadditiontothez

component,－100nT(＝Cz×Zx)isaddedtothex
component,and +90 nT (＝Cz×Zy)to the y
component.

Sincetherearethreepatternsofcompensat-

ingmagneticfieldsforeachaxiscoil,thetotal

numberofpatternsis33＝27.Dependingonthe
combinationofpatternsthetotalmagneticforce

valuemaybecometoosmalltobemeasured.As

thecaseof(Cx,Cy,Cz)＝ (0,－1,+1)isnot
included,thetotalnumberofpatternstobeused

is26.InTable1,minimum totalmagneticforce

valuesareuptoabout30,000nT (1st and6th)

when xandzcomponentsareextremelysmall

and only the y components remain.Maximum

totalmagneticforcevaluesareuptoabout61,000

nT (8th,10th,14th,16th,17th,19th,23rd and25th)

whenx,yandzcomponentsarelarge.Itshould

benotedthatthesevaluesareintherangeof

valuesthatcanbemeasuredbytheOverhauser

magnetometer or other instruments. Unlike

ASMO,themaximum totalmagneticforcevalueis

nearlytwiceaslargeastheminimum value.This

indicates thattuning may be necessary before

beginningeachmeasurementoperation.

Thetotalmagneticforcevalueiscalculated

withtheequation(1);itisexpressedasascalar

valueobtainedbyaddingthevectorofanatural

magnetic field and that of a compensating

magneticfield.Here,Fisatotalmagneticforce

value,iin the parenthesescorrespondsto the

numberinTable1,andisintherangeof0 i25.

x,y and z are defined as the geomagnetic

componentvalueonlineNo.0inTable1.δx,δy,
andδzaretheamountsofchangeofgeomagnetic
componentvalues,and are known values.Ifa

compensatingmagneticfieldasspecifiedinTable

1isapplied,26totalmagneticforcevaluescanbe

measured.x,y and z geomagnetic component

values and nine (3×3) by three vectors of

compensatingmagneticfieldsareunknown.Since

４ TetsuoTOKUMOTO

Table1 Additionalpatterns of compensating mag-
neticfieldsandtotalmagneticforcevalues

Thecomponentsofgeomagneticfieldsandvectorsofeach
compensatingmagneticfieldaredefinedasfollows:
(x,y,z)=( -120,30100,-35200)
(X0,Xy,Xz)=(40000, 100, -70)
(Yx,Y0,Yz)=( 90,30000, 80)
(Zx,Zy,Z0)=( -100, 90,35000)
The unitoffigures above is nT.Totalmagnetic force
valuesshownaboveareobtainedbymultiplyingCx,Cy,Cz
and adding the results of this multiplication to each
componentofthegeomagneticfields.



Yx＝0,thetotalunknown numberis3+(3×3)
－1＝11. Unknown values are calculated by

making numericalcalculations and selecting the

valuesmostcommensurate with measured total

magneticforcevalues.Inthisstudy,weperformed

calculations using the modified Levenberg-Mar-

quardtmethod(NakagawaandKoyanagi,1982).

(1)

Itisconsideredthatinmakingcalculations,

the amountofcurrentor the intensity ofa

compensatingmagneticfieldisaccurate.Iferrors

arenotcontainedinthetotalmagneticforcevalue

measured,an unknown value can be calculated

withahighdegreeofaccuracy.Ifrandom errors

ofless than 1 nT are contained in a total

magneticforcevalue,accuratevaluescannotbe

calculated.Oneexampleofcalculationsisshown

in Table 2.In this table,the values are the

differencesbetweencalculatedvaluesandcorrect

solutions,andthoseshownoneachlinearethe

valuescalculatedbasedondifferentinitialvalues.

Although theresidualsofeach linein Table2

becomesufficientlysmall,theysettletodifferent

valuesdependingon initialvalues,leadingtoa

situationwheresolutionsareindeterminate.After

reviewing these results,we note the following

characteristics:

(1)TheintensitiesX0,Y0 andZ0 ofcompensat-

ing magnetic fields are on the whole

calculatedaccurately.

(2)Xyisalsoclosetocorrectvalues.

(3)x+Zx, y+Zy, and z－Yz become almost

constant.

The levelofaccuracy asmentioned above

means an accuracy of1 nT or less.Values

indicatedin(3)aboveareshowninthelastthree

columnsto the rightin Table 2.Geomagnetic

componentsandtheeffectoftheinclination of

compensatingcoilscouldnotbeseparated,andthe

degree of freedom commensurate with these

effectsaloneremains.Therelativeanglebetween

thex-andy-axiscoilsonthelevelsurfacecanbe

verifiedfrom (2)andYx＝0.
Iftheinclinationofthez-axiscoil(Zx,Zy)is

known,xandybecomeknownfrom (3)andz

alsobecomesknownfrom thetotalmagneticforce

value F.To eliminate the degree offreedom
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Inthistable,adifferencebetweenthecalculatedvalueandtheactualvalueisshowninnTunits.Averagevalues(Ave.)and
standarddeviations(s.d.)areshownonthetwolinesatthebottom.

Table2 Examplesofcalculationsmadeusingpatternsofcompensatingmagneticfields(Table1)



mentionedin(3),itisnecessarytoaddadditional

limiting conditions or different measurement

results.

(a)Thez-axiscoildoesnotinclineatall(Zx＝Zy
＝0).

(b)Measurement is made using the same

patterns of compensating magnetic fields

afterthez-axiscoilrotateson thez-axis

180degrees.

In the above two cases,calculations were

madeandcorrectvalueswereobtainedforboth

cases.Inpractice,however,itisdifficulttoset

thez-axisinsuchawaythatitdoesnotincline

atall,asmentionedin(a)above.Evenifitisset

onacompletelylevelsurface,wedonothavethe

meansforverifying the levelnessofthe level

surface. Concerning (b), assuming that the

inclination isminimal,itwasthoughtthatthe

vectors (Zx,Zy,Z0)ofcompensating magnetic

fieldsthatthe z-axiscoilformswould become

(－Zx,－Zy,Z0)byturning180degreesalongthe
verticalaxis(hereaftercalledreversal).However,

itisimportanttonotethatthissuppositionstands

uponlyiftherotationaxisisinproperalignment

withthez-axisdirection.Forexample,ifthepillar

onwhichthez-axiscoilrestsinclines,theamount

ofinclinationisthetotalofZx→Zxp+Zx,etc.,(Zxp
isdefined asthe quantity ofinfluence ofthe

inclinationofthepillaronthexcomponent.Zxpis

also an unknown value),the inclination ofthe

pillar,and the inclination ofthe coilitself.It

shouldbeconcludedthatreversalcauses(Zxp+Zx,
Zyp+Zy,Z0)tobecome(Zxp－Zx,Zyp－Zy,Z0).If
thisistakenintoconsideration,ZxpandZyp,whose

positive ornegative signsdo notchange even

afterreversal,and,asinthecaseofthefirst

result,cannotbeseparatedfrom xandy,therefore

accuratevaluescannotbecalculated.Toensure

perpendicularityoftherotationaxis,itispossible

tosuspendthez-axiscoil.Or,ifZxp＝Zyp＝0can
beestablishedbyusingamethodoffloatinga

compensatingcoilonthesurfaceofliquid(level

surface),itwillbepossibletocalculatecorrect

geomagneticcomponentvalues.Table3showsan

exampleofcalculationresultsmadebasedon(b).

Inthiscase,itwasverifiedthatthecalculation

resultssettletothesamevalueregardlessofthe

setinitialvalue.OneachlineinTable3,random

errorstobeaddedtomeasuredtotalmagnetic

forcevaluesarechanged.Inthistable,valuesare

calculatedwithanaccuracyof0.3nT orless.A

change in the accuracy ofcalculated valuesis
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Inthistable,adifferencebetweenthecalculatedvalueandtheactualvalueisshowninnTunits.Averagevalues(Ave.)and
standarddeviations(s.d.)areshownonthetwolinesatthebottom.

Table3 Anexampleofcalculationsincludingz-axiscoilreversal



commensuratewithachangeintheseverityof

random errorstobeaddedtomeasuredvalues.

Thismeansthattheaccuracyofcalculatedvalues

isinfluencedbytheaccuracyofobservation of

totalmagneticforcevalues.

Asapointoffurthernote concerning the

measurement sampling conducted to acquire

geomagnetic absolute values, in the case of

ASMO,measurementis made three times,by

feeding a zero compensating current, positive

compensating currentand negative compensating

current,orbyagainfeedingpositiveandnegative

compensatingcurrentsafterturningthecompensat-

ingcoil180degreesandmeasuringtotalmagnetic

forcevaluesabout10timeswithrespecttothe

declination and inclination angle. Geomagnetic

absolutevaluesmeasuredinthiswayarehandled

asonesetofgeomagneticabsolutevaluedata.

Since measurementis made in the same way

beforeandafterthereversalofthez-axiscoilin

thecaseofthemethodusedinthisstudy,the

numberoftimesmeasurementismadebecomes

52(＝26×2).26isthenumberoftimesthatwas
calculatedbydefiningthenumberofcompensating

coilpatternsforeachaxiscoilas3.Thisnumber

of times does not necessarily mean that

measurementmustbemadeexactly26times.It

mustbeadmitted,however,thatthisnumberof

timesislargerthanthatofASMO.Inthecaseof

ASMO, declination and inclination angles are

measuredseparately.Inthecaseofthemethod

usedin thisstudy,however,absolutevaluesof

threegeomagneticfieldcomponentsaremeasured

and calculated as one set.Ifmeasurementis

continuouslymadebygeneratingthecompensating

magneticfieldpatternsinTable1overandover

again,calculationscanbeginoncompletionofthe

52nd measurement,sothatgeomagneticabsolute

values can be acquired for each round of

measurement(repeated52times).Makingmeasure-

ments in this uninterrupted manner does not

mean that the time to sample geomagnetic

absolutevaluesbecomeslonger,evenifmeasure-

mentmustbemademanytimestocollectoneset

ofdata.

4.MeasuringtheDeclinationAngle

ItwasnotedinChapter3thatthedirection

ofthehorizontalcomponentsofthey-axiscoil

wasdefinedasthey-axisandthedegreeofits

deviation from geographic north be specified

separately.Generally,adevicecombiningcompen-

satingcoilsandthetheodolitewillbeusedto

observe the polestarormarks on the ground

whosedirectionsareknown.Althoughthismethod

isstraightforwardandeasytounderstand,some

drawbacksthatmaycauseerrorsinmeasurements

should be noted:problemswith the theodolite,

deformation and error of the scale plate,

machiningaccuracyassociatedwiththeparallelism

betweenthetelescopeandcompensatingcoil,read

errors,etc.Inaddition,thecompensatingcoilsand

theodolitemustbeoperatedmanuallyatpresent.

Hereweproposeadifferentmethod,anddescribe

theresultsofthestudyweconductedintothis

method.

The absolute observation system described

aboveisdefinedasA,andanothersimilarsystem

ispreparedanddefinedasB.Onthecoordinates

establishedonthelevelsurface,eastisdefinedas

thexdirection andnorth isdefinedasthey

direction.Itisassumedthataccurategeographical

coordinatesofA andB areknown.Thex-and
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Figure3 Schematic diagram of declination angle
measurement
As the x-and y-axis coils at A form
compensating magnetic fields on B,the
totalmagneticforcevalueatB changes.
Thedirectionsofthex-andy-axiscoilson
thelevelsurfacearedeterminedbasedon
the A and B coordinates and the total
magneticforcevalueatB.



y-axis coils of A are driven to generate

compensatingmagneticfields,andB isusedto

measure totalmagneticforce values.Thisisa

methodthatallowsthedirectionofthey-axisof

Ainthegeographiccoordinatecanbecomeknown

based on these measured totalmagnetic force

valuesandtherelativepositionsofA andB.If

the geographicaldirection ofthe y-axiscoilis

known,thegeomagneticdeclinationanglecanbe

determined by rotating the three geomagnetic

componentvaluesacquiredinChapter3onthe

coordinate.Thesamesymbols,such asXy,are

used.Note that these symbols represent the

values on the geographic coordinate previously

mentioned.In general,therefore,Yx≠0.In this
study,thex-andy-axiscoilswereregardedas

magneticdipoles,andmagneticfieldsmeasuredat

Bwerecalculated.IfthedistancebetweenAand

Bisshortandiftheirx-andy-axiscoilscannot

approximatetomagneticdipoles,thequantityof

influenceonB mustbedirectlycalculatedbased

onthesizeandframeshapeofcoils.Bisseton

thesamelevelsurfaceasAis,andcompensating

magnetic fields are formed to reduce the z

components to almost zero. This allows the

magneticfieldsofthezcomponentsformedatB

to decrease so that the influence ofthe z

componentsisremovedfrom thetotalmagnetic

forcevaluesofB,thusincreasingtheaccuracyof

thedirection ofthex-andy-axiscoilson the

levelsurface.Therelativeanglebetweenthex-

andy-axiscoilsonthelevelsurfaceisknown,as

describedin(1)and(2)inChapter3.Therefore

calculationsweremadebyincludingtherelative

angle between the x-and y-axis coils as a

restrictingcondition.

Table 4 shows one example ofcalculation

results.Becausethezcomponentwasintention-

ally decreased,variationsin Xz,Yz and the z

componentvaluesatBarelarge.However,X0,Xy,

Yx and Y0 become stabilized at2 to 3 nT.

Dependingontheinitialvalues,therearemany

casesinwhichtheresultsofthesecalculationsdo

notsettle to normalvalues.By making many

calculationsandaveragingonlycalculationresults

withsmallerresiduals,itisexpectedthataccuracy

canbeincreasedto1nT orless(2nd linefrom

thebottom inTable4).Thisvalueisequivalentto

a few seconds in terms ofthe angle ofa

compensatingcoilonalevelsurface.

Once the installation pillar, compensating

coils,etc.,arefixedinpositionorientedtospecific

directions,itisthoughtthattheywillrotateonly

minimally along the verticalaxiseven iftheir

inclination changes,and thattherefore measure-

ments can be made with a low degree of

frequency.Notethatanextremelylargecurrentis

required to apply a magnetic field having an

intensityofsometensofthousandsofnTtopoint

B,andtheeffectofsuchalargemagneticfield

willspreadcorrespondinglyfarandwide,therefore

dueconsiderationshouldbegiventosuchpoints

before making such magnetic fields practical

or introducing them to magnetic variation

measurement.

5.Conclusion

As described above, geomagnetic absolute

valuescanbemeasuredusingthecombinationof

geomagnetictotalforcemagnetometerandthree

orthogonalcompensatingcoils.Thex-andy-axis

coilscanbecoupledtoeachother.Thereisthe

possibilitythatthedirection ofthey-axisfrom

true north can be known using the method

describedinChapter4.Itisadvisablethatthe

devicehavearotatingmechanism toalignthey-

axis coil approximately to the direction of

magnetic north in making the initialsetting,

althoughthex-andy-axiscoilsdonotneedto

rotate along the vertical axis during normal

observations. In addition, the coil inclination

shouldbeadjustablesothatXz andYz canbe

preventedfrom growingextremelylarge.Thez-

axiscoilshouldhaveamechanism thatallowsit

torotateindependentlyofthex-andy-axiscoils.

Itisimportanttofurtherimprovethesuspension

system andotherstructuressothattheinclination

ofthe coilsbecomessymmetricalto the level

surfacebeforeandafterthereversalofthez-axis

coil.Iftheangleofthereversalisnotprecisely

180degrees,anerrorof2% orlessperdegreeis

expectedtooccur,althoughthisdependsonthe

intensityofZx andZy.Ifthedisplacementisless

than3minutes,thedifferencebetweenZx andZy
beforeandafterreversalwillbe0.1nTorless.

Inmakingactualobservations,ajudgmentof

８ TetsuoTOKUMOTO



abnormalvaluesshouldbemadeandothermeans

forperformingcheckoutsshouldbeusedconcur-

rently.By recording and comparing the current

values ofcompensating coils,as wellas the

readings on inclinometers, the reliability of

calculatedvaluescanbeincreased.Thismethod

can be putinto practice since there are no

technicalproblemsincontrollingacurrenttobe

passedthroughcoilsandautomaticallymeasuring

totalmagneticforcevalues.Manualoperationis

requiredonlyforreversingthez-axiscoil.The

use ofthis method is expected to eliminate

individualerrorsinabsoluteobservation,cutdown

on observation time, lighten the effort of

observation,andautomatecalculationofmeasure-

mentresults.Furthermore,ifthez-axiscoilcan

beautomaticallyreversedusingamotororsimilar

ratherthanreversingitmanually,itwillbecome

possible to continuously measure geomagnetic

absolutevalues.
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DxandDyarethedisplacementsfrom thegeographicalnorth,arecalculatedbasedonthedirectionofthex-andthey-axis
coilrespectively.Sincetheyarecalculatedassumingthattherelativeanglebetweenthex-andy-axiscoilsisconstant,both
valuesapproximatetoeachother.
Dx andDy areexpressedinseconds,andallothersinnT.13patternsofcompensatingmagneticfieldsthatshouldallow
totalmagneticforcevaluestobeintherangeof30,000to80,000nTwereselectedfrom 15patterns(=3×5),i.e.,0,±1
forthex-axiscoiland0,±1,±2forthey-axiscoil.These13patternsofcompensatingmagneticfieldswereappliedby
feedinganappropriateamountofcurrenttothecompensatingcoils;adifferentamountofcurrenteachtimeisfedtothese
compensatingcoils,so13patternsofcompensatingmagneticfieldswereapplied.Thesedeclinationanglecalculationswere
performedundertheconditionsthatthedistancebetweenA andB is5to6meters,thedifferenceinheightisseveral
centimeters(5cm),andsoforth.Valuesshownoneachlinewerecalculatedbyrandomlychangingtheinitialvaluesinthe
rangeof±100nT.

Table4 Anexampleofdeclinationanglecalculation
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