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Magnetic Field Produced by a Uniformly Magnetized
Triaxial Ellipsoid

Yoichi SASAI
Disaster Prevention Division, Tokyo Metropolitan Government

Abstract

KELLOGG (1929) gave the gravity potential produced by a triaxial ellipsoid with uniform den-
sity. The magnetic potential of a uniformly magnetized ellipsoid with the same shape can be
obtained with the aid of Poisson’s relation by differentiating the gravity potential. Hence the
magnetic field of a uniformly magnetized triaxial ellipsoid is presented. It is expressed by in-
complete elliptic integrals in which we need Cardano’s algorithm for a cubic equation in order
to determine the necessary parameters. The formula is essentially identical to the one obtained
by CLARK et al. (1986). It is particularly useful to interpret some volcanomagnetic changes
due to the thermal-magnetic effect. The FORTRAN program will be open to public elsewhere.
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FhlZ 1990 FFREZEFOFRZHERH T, HMAKOMENRZAE L TAB2GHE LT (BH -
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CAWIFERICHKEZH LIAAZERS T, FHRMEL (JLK) 5 MINaAkAMI(1940) *{EART -
HH# (1956) DRXEBZ T2V, HEOHEIR LG REGEAKTELUL, TEH
HERHERRDZ EVIEDTHS. ThSERAT (TAv 7T -Y—I) 2ERLT, &
HAREEE 1D LVIRRORRTHS. LHLEOREII o b VHAEHC KB EHELDEL
MIHROHWE2LFEALTHS.

CAWIRR TOHREYH, KEESHET (R 55 CLARK et al.(1986) L\ I 5N HH B
TEERHAXTIEE, MDOFOAC—EE-S TRV, H5 B =EHTREOEAGNEE—RRITIES
DEN, —FREEL TV RIEEOMEZ5 X 52 0NRE2ENTED, ZOEHIZ KELLOocc(1929)
ZHRAE UERT, FAOR0ALe<{RA—ThHh, PULERRXHPELZZIGAE V. L1
RTARDEMITIZ, CLARK et al.(1986) DAL ZHENTNIRLTHS. L L T OFmIN
BATRERHTLAIEETZAVWS LWV EE, YOGS LR HPORFIVHDEETE
MNTED, RETEENICCWVWEWS #ahd5. ZCTROBREER 0SS L20H
LTHBELDY, CAVNV—TDEHEEIACIKBERITHAS LB-T, TOAEEHL T LICLTE.
GBS LORRICOVWTE, BREYETEREZX V.
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—RO=MAFHAKDOABRXIRAXTEASNS.
T
F+b_2+§=l (¢ < b < a?) (1)

THEEEMAEIE o = b DBERERFEMA (oblate spheroid, 7w 7IVH), b = cDBRERE
FiF3{k (prolate spheroid, 7 ¥ —R—jL#) LFEENS.
UTFOENUICIIBAREEZAVEDOTEDOESLEATS.

22 2 2
fs) = a?—l—s+b2-{~s+c"’~l—.s_1 2)
w(s) = (a®+ s)(B® +s)(c? + ) (3)

FER f(s) = 0DBEBIRDTSTIMNE03E51232HD, KEWIEIC A, o, v 2T 5.
INbldz, y, : DEBTHS. Hlc )\ u, v ZEZX T8Nz, y,  ZROBEDICEEBT
5. CThI3FBEMHBRTEIONBN, T Tlkfhixu.
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Bl Hi#R f(s) L AR f(s) = 0D 3 DDFEM. Fig. 1 The curves for f(s) and three
roots for the equation f(s) = 0.
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= —— d = ——,
2/00) | £2/—o) £2./0(0)
FEROWEFBRNOMRE LT, ROLDEEETS.

du

u_l/‘” ds v_l/“ ds w_l/" ds (5)
2/x Vels) 2 )2 \/=(s)’ 2 J_a \/o(s)
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B2l HBRkEBE Fig. 2 The elliptic coordinates.
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T T FETHKELLOGG(1929) I L > TIHEONIBRTH 5.
— R L U7 BRADORE BT > Y v IV V, I3LLUT D Poisson DFEFBRNSKRD .

Lo,
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V., = 2mabcd; X

o - o ~ wre T ~ T 15 7
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27r;/bchI =z AN, 27‘[’6‘;:’0‘],; = yBQ), 27n:‘zf;chm =200 (15)
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2wabeJ, omwabct;’ 2mabcJ, 27mchy' 2mwabeJ, N+ g (¢2+ A)2 V(A
(17)
ZCT
= z* + v + i A = (a2 + A) (6% + A)( + N) (18)
I=@xTerx T @rn YT

EXRAERDO—fEAR (Cardano &) L AZLEAESTOY TN—F U EHANT, BHIZIHLHO
RSB ZHETES.
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T4 VEY WYV BOEEI I HEA 60kmic, Z—iLKILUNHS. T4 E kil
ZBBTZEAT (Philippine Institute of Volcanology and Seismology: PHIVOLCS) (& & DX L& H58,
¥ IR, I ELOFHXKLOBERLBETH, BHETOEHZE> TS, IUGG
T 3 i3 E D Inter-Associations Working Group T % EMSEV (ElectroMagnetic Studies of
Earthquakes and Volcanoes, Chair: FHSRHLERBAZIR) Tid, PHIVOLCSIZH#IL T 2005 &
1 ALk, Z—ALIC BN TERSNTFEIC &K 2 XUTEEEERERI % 55 L /- (HARADA et
al., 2005). TDXLEHIVT S TH 22— IVHDIZIZRRICH S VOLCANO BTHEXER
DRL, MERTRLEL, UHMLERGAL) LENTW3. 1966 FXN—X - Y—IEAIZ T
DEA TOEHHRMCEWRE N =Gle LTERE.

2005 1 AICR DB LREKUR 20 BURZRRE L 72A, B RAKOMOMMATIE, bIhs5H
MTH T OBFEALHAENZER, 2 AOBRET 108 aT OZ{LZEAICRIELE. T
PUTHE, HEEORTER, W TOZESHRE, AABREMNET D, THhHTHEHIAMIC R <
THBELR IS ILEDNS.

IR Z—ALOBSHNER L MBE XK ERRIEEAEORRNRT A—4.
Table 1: Geomagnetic parameters around Taal volcano and shapes of a thin disk and a flat
EW-elongated ellipsoid.

Geomagnetic inclination 14°
Geomagnetic declination 0°
Magnetization change —0.1A/m
Depth of the top surface 50 m
Sensor height above the ground 2.5m
Thickness of the disk 50 m
Radius of the disk 500 m
Length of a axis 500 m
Length of b axis 250 m
Length of ¢ axis 25 m
Orientation of a axis N 80° E

HARADA el al.(2005) I, HifD & < HBUFT WG AERKICHR ERAREC S 7Hgaiciig s
NEHZLWANENZEHEL, BNUICRRIZIZIEHATES L L (B3() K). EFVODINT A—
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Z LHEIWERZE 1 RICORT. XL XLUOFEHEIE, HKRAEDLS S SA/mBELHEX
NBDT, 0.1A/m WS R 10 CL SVDREFRETERT 3. 5 3(a) MTIRABOK
DOHvic, RFAMICEADEEOREIRNS. CThIMBORSTFADELRIETH- T,
EROHMTTZOL S ICHARFK > RBEREREBELEVWTHAS. TOXIIHE25m D
THEOSMASHFEZRLTVS. KOWOERITIE, LA AORICE X ESNTHRAIRD
#<, EOHARR I VEEIMBTZOT, COLSHRFNEEAERBE W -T2
B 3(b) K, KFETERS]L, HAEKEWVEAERDESZSHBIOSHERT. EFILVOE
KRG A-ZBALKE 1 RICEZATHS. PRAOHRRICER S W RIERIRIE C DI
HEWEDLHEETNS. 3(a) RICHNTHRERE LOSBNZT(ENEEL T, ZROBRAKRE
ZRFAT 3. BAEORIBARNE, KUERBTE C-RERIC X2 BEERRTHDICHE
Lz DDUVEDLERBESS. ABARERAMSOY TV —F ik, KREGFEERICH
¥ NI TVWSE:0%, SVaAVAFIKDLEELLELDOZFERAL.

(F’ nr . . . . - (F) -“T "

B3N (a) BOEMEIhIZMABOESLEN. (b) RECHRBEICERVWIEREDES LN
Fig. 3. (a) Total intensity by a thin demagnetized disk. (b) Total intensity by a flat
EW-oriented ellipsoid.

AZYTOI+FKUERIFT (A5 —=v) OWEIN—TIE, CL VTR, FHEEHER
&R, RESHRFLOMBHEDHDOTOT T L - Ry r—VZ KT BEEEZF> TV
(Gilda Currenti, fAf§). RIEZDOHEDOLE D OESIE, BED CA JNV—THREDERR
TH5 (HERE, KEREA, kb, FBRAKE, KAREFOEIARH). LELEKS
BRInoD7ads LeEEHALT, BENTNVIVILERWEY—R A=V a Vi
T5TEZEA>TVSE. TDEIENY T —VORERRBHETZEEBERNDT, HLHICHN
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TEHETZOEREEZBHELEZD. HBESIC DOV TONRARNRARORRE, TO—MHIcETE
BT kicikxss.

HE AHEBHIALKERESACIEIZHA TRV LI, BL4RRLTHERLEL.
AL TEINLET.
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