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AC electric field E method by divergence theorem Strict analysis of electromagnetic field Urgent
verification of edge element eigenanalysis seen from finite elements
Fumio Kubo *, Akihiko Yuyama, (Japan Consortium of Earth’s Active Monitoring)
Youichi Nojima, (mu-TEC)

The Tokyo Tech seminar aims at research and development of innovative electromagnetic exploration systems. Innovative
geophysical exploration requires highly accurate electromagnetic field analysis. We have developed and verified a new electric
field E method strict analysis finite element based on the divergence theorem, which can rigorously analyze four Maxwell
electromagnetic field simultaneous differential equations. The theoretical characteristics of the new electric field E method
hexahedral element and the electromagnetic vector A method hexahedral side element were compared and verified by element

eigenvalue analysis. The electromagnetic vector A method side finite element detected a fatal spurious error for the eigenvalues

and the eigenvectors. The cause of the edge finite element error and the countermeasures are theoretically considered.
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Table 1.

Element eigenvalues and eigenvalue validation
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. 39D-10
.02D-10
. 37D-10
.16D-09
. 60D-09
. 37D-09
. 11D+00
. 11D+00
. 11D+00
. 33D+00

EigenValuelD=1 3
EigenValuelD= 2 6
EigenValuelD= 3 8
EigenValuelD= 4 1
EigenValuelD= 5 1
EigenValuelD= 6 2
EigenValuelD= 7 1
EigenValuelD= 8 1
EigenValuelD= 9 1
EigenValuelD=10 3
EigenValuelD=11 3. 33D+00
EigenValuelD=12 3. 33D+00
EigenValuelD=13 3. 33D+00

3

3

5

5

5

5

5

5

5

O N O Ol AW =

EigenValuelD=14 3. 33D+00
EigenValuelD=15 3. 33D+00
EigenValueID=16 5. 00D+00
EigenValuelD=17 5. 00D+00
EigenValuelD=18 5. 00D+00
EigenValueID=19 5. 00D+00
EigenValuelD=20 5. 00D+00
EigenValuelD=21 5. 00D+00
EigenValuelD=22 5. 00D+00
EigenValuelD=23 5. 00D+00

EigenValuelD=1 3.44699D-08
EigenValuelD=2 3.46147D-08
EigenValuelD=3 -3.68937D-08
EigenValuelD=4 3.98463D-08
EigenValuelD=5 6.04539D-08
EigenValuelD=6 1.38419D-07
EigenValuelD=7 1.38419D-07
EigenValuelD=8 7.95773D+08
EigenValuelD=9 7.95773D+08
EigenValuelD=10 1.59155D+09
EigenValuelD=11 1.59155D+09
EigenValuelD=12 1.59155D+09
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Hexahedron finite element and edge element

of regular cube shape of element eigenvalue verification



4. BHANY bIL A ZDARERBEHEFETDOR
TVT7 R T5—ERIDH

WERRATIY7R-T5—1): BHSHEREROELOIRIL
F—EAEREK

Maxwell FRERIZBW T, KOESL E LS H OFEAR
EINIEEEEF T rot TEREIND,

rotE, rotH — rotrotA (13)

TEREIERN DS x,y,z 7 OWHEES) 3 iy & xy,yz,2x H D
M AWHESR) 3 B yE, Bz X —#HEITh D,

rotE, =0,rotd, =0,
rotEg =0,rotA; =0 (14)

A1) LV P oo 3 F— (26T 2 ¥ o EAHED
TR 6 M TH 5,

DERRATVTR-T57—(2): BHEAVNL AZDERERS
D AES DTSRRI

HEEMRATOVRIRMRET T, ATREER UL & LT KRR
EREDIEIPRE STV D, EEEIDET. T 0 2R
Sy FEOTAE BE 1T 2N-1 IR BI%E2) 7 v 7 #6512 X % THourglass
mode(IREEHE — )| D 1 = /L % — B¢ U [E A 8 & NAE
T2 ERHAL T D, SR O BISE 1 AR
BEOEERO—ETH D, NFREFROBEFEMITD 5 K
L 6 REAEIL, Hourglass mode M 1 = %)L — E{L) &
AETH D,

K38 AFYTATT—DY o)L gk
HEAE—F

Fig. 3. The spurious zero-energy ‘Hourglass’ mode
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