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1. Introduction.

FHED I 30\ T HII B R R OB E R EE R M RIS R B ikl . SO
mpiinThhbhld, HESONERE LT, B, FYEv/7ofRE, $EThE
IOEERENSD, HLIORMDO—2 b0 ThhiE, o= DIFELKHET
PomTE B L) O L ERA. ZoRrOEERE, 0¥ ) force factor A® %, 5
T HERFAOLHICBER T ThH D, ZOKE S coll DEHRBL OHHR% L
Wiy B r¥hiE, A=Bl THabnb. O TEERELKICT 2D,
B #7003 | #AEL TR IV T L2, HHEEDILREZOMAENELDNI
Ay, A RkEL TR0, TOREEL DL LAEWMCH BERELTH L
5 L uEia b igh.

S0k 5 IR R A T A 2 VI, T ORI OB EH ok d
:t@l(ﬂ%hfh%.&uéf,%mm%fm KB OBAEHELT, BRE
flux 1o, EHRERIICE R TELE, BREBOSE & & AR DTS
CLMTEBITTHB. LaLanb, BMKEEORK +m@m@%&ﬁ01ﬁ$km
WL, TearebiY, BRERICRTE, 2R L8 L OB AEIOENIFE
K, BENBKARIMCIND I ENHBA LRV ERTINDOTHED, *b@%
CoTIL, RESESkE LG, ey LB UEREEE V20 Thanb, Bk
ity v ¢ permeability o Hid 10°~10* BETH D, &> T leakage HMHELGITKAE
WrEzbhA, 0k EHEKIEL leakage % # 2 AN TEIERIERL RN
B, R S IR B TH D, RALARTETHS LW 2T HIEE Tkl
v P ric, MEERZHO EFTFE, o leakage flux Zupic) ¥ SEPEE
FAENCLDOTEEDTLEIDTHAL. HET, uh%wﬁm@h%m,mﬁﬁ%o
HEHTIE, AELR erfﬁl*abm%&héffx%%i)kkl,y‘;ﬁmi, I HBEEREGT
TERVEE ZWbRTWeDThHS. LaLiasb, HESH O EDHE 2N,
HmEHE b < E CHFET Bl d—20FE L LTUIWSbI D b0 THLEE, B O
Bl —FEAD LW OE DL bbbl ) FThRL. 2T, <
CHHL IS L) BN, RERWLS DL TR EW ) 2k, FHCD, EoER
b O THERTHS &\ bbb,

1) E. SHIMA, Bull. Earthg. Res. Inst., 38 (1960), 29-39.
2) K. TAZIME, Zisin, 6 (1953), 43-44; 7 (1954), 96-115.
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BRI OELEIIeT 5 e
EHHBRDZONH L LMD, ¢ [REON BISIER 2Rk %
LV BTOMETHB permeance i B EAETIR T L RS, LoTHBELD
AT B AT, permeance ik LTHEWS S 20T 5, & TR L3
D3, pole piece [ifjop tE, INBLIRIYGEHEhBENRED
permeance 23 5E LW X 52T E FLHIEE & LT D ZEf o 4 permeance
ZRDEDTHS., Dz, TRz FERCIERE A IV BB, LinL
b, ZoOFEQIAORE, S LEBRATFHIEE LS LS e T
bBH., TITHENRB L, 5 = : =4 i permeance %3t %
POLT, WSS TR OERAICIIET Z 0 FE X
DEFTENI A 0ns 509, ELZo7FEEECHUTEF L EW S FlITE

SO, FHIED L & ARFERES X0
s ;i_@

T

DIR. FED T DFiE R I SIERLUTGHE 2T TREEb D, 5
2N, ERAERERTE L ol 5 7

1

BRERERHC s ERES.
REUAIEE A4 0 permeance % Py L 3iuZ, 450 leakage flux 13, 4RI
U &3iug, { Fig. 1 o 1 offi5 o per-

ol

Fig. 1.

3) H. C. ROTERS, Electromagnetic Device. (John & Sons. Inc. N.Y., 1941.). M.LT.,
BB L EER (R3) (HAFehss iha 25 4)

4) R. M. BOZORTH, Ferromagnetism (D. Van Nostrand Co. 1951.). T. ASADA, Zisin,
7 (1954), 116-135.
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meance % P, +ius, UP, Thb. WEOHLES total flux it U;:;le b

M, WA % v=total flux/useful ﬂux=Ui§7=L}1Pi/UP1 LERTEL, v AV VR
E3EWEFHTHB LB,
REOKER Y S, MKEEY B, ZRTOKHEE Sy, RHEEEL B, L 71U,
BS=vB,S, (1)
NREZT B, BRCHERERE, Bddw THY, ORKIIREOEBERKS
LD bl big b,

Boy —mr (2)
Mo

oI g RZES i permeability, I, REROES, L RBAEOEHETHS.

mEaE (2) BEEIITR Ly, mEkRbiE, ZRICRWTHATS flux 22
=3 pole face WHE A LIZR LN EW) HERHBNLDThHS. D THEEIL L
BEMEMDAE RS, LALI S TRERDLD, [ KT 58 EXnbianbo
L35, WXEHEORR ik, (D@ RXXD
vB2S,
wBH
DT IABATND LI, RADERE BH 2 RTins &) g CEfES ¥R
i, AP TTREnS Caibrb, i, O Rk, MEOKE LR E=F Y
¥— BHV IEBHHCELLNAERKR=AF—D v FTHHLERLTWEHDT
H5HY. EI,

V=SL= I, (3)

B wS,L _»vL

HAS, TS “

@) ROETE, 525NREOEREENS, BHnax OFRHFCIDTEEPTLE
5. feflaid, BE LT MKS %, pole piece & UL TiigkiMAT 5 L7, #
EERBFILARN X 5 T B DI FOMEEARE D ThOESF L VP T5H 2 ik
TE W, i, BHnex O CRILLRNIC

B _ B

H ™ H, (5)
WEST 5. 2L B., H, &, FRENEREGICR VT, ERERT 0 0BE 0%k
MHEHY, BENEFE 0 oBSONUER TS, 1) @) KXY "

s=u%ﬂ S, L= j;iz,, (6)

2 l B 2
5 2eBde Bl oy gy, v,. V, wamsoknCHS.
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L78Y, TORPLHIT S REDHILNTES. Tk, BRNORMLECRAE2HE
TRHEL, 5) 6) KXV,

S=vB,S, / H,

B (BH)mN (BH)max

(7)

L B9, :m5®ﬁ’wxww+woim5®?,uzﬂ@m%@%@%é»uﬁgeﬁ
D 5D %E, ZOIWENTELSLENSS.

3. BKEKEE45STD Permeance

T Z°C, moving-coil type seismometer HlDRIGEMEALTT 5o L2 E S k5.
ET—HIERD L CAEEICT 5 2 L1285 LT, ARERCT 300 REICT 2k &
DI iiebiaw. BIEEIIRENRALTIVIEWE & leakage flux o d 42 %
ADNBrb, HUBHOMAETHNE, KRERZTHLLI/GHTSHS. #2oTh
hbhofed, AREORARELI L 2HELD

Wm@@mE%Fg.lﬁmgﬁ@&L,ﬂ“%gg: Lo 2 RdE, mdiwd o
S ey IuE, M TSR %I
Prsziizkh, BRRXBILT

OFWHLFTbRD. Thbofifico
&8 T permeance EHILL, FRboOE
%, X FjMEE% & LT permeance 0 &5}
2L Lo, R EREFO R
b, COFAOEE LS ZBRS. bh
HRLZTRAO T 7 OFHITONT,

‘=T permeance %:,rl-i%i LTirz ).

Fig. 2.
1) P
Permeance P, 1%, Fig. 2 © pole pieces DJi& %= & Tlt L, 2590 perme-
ability % 0 &3hiz,
p=t 2=l (. g_gp (8)
(s Tpog e
Jr Lyr0 r
THEZBRA. gap ol [, 2712, 8) BT ke T,
P= 2L _ 2mLip (9)

log (1+ 3;71)_ log (14+1,/r1)
71

Einh.

6) A. J. HORNFECK and R. F. EDGAR, Trans. Amer. Inst. Elec. Engrs., 59 (1940),
1017.
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ly 2\ r WERTNSWEIL, S8BEZRBEL LiIn O”ZROEI TR LI LT

U,
2nLlipe . 2mLap
log <1+JL) .&_.__<,_l¢7_> /2
71 7y vy
_ 27‘-’#0141 -
L(l_L>
71 21’1
i27'5/l0L1 (1_*__&_)
lg 27’1
"
Vo1V
:TL'/AOL1<L> (10)
Yo—¥1
Table 1
f?— 1.05 [1.10 [1.15 [1.20 [1.25 [1.30 [1.35 N1.40 1.45 [1.50 [1.55 [1.60
1
log = |0.048800.0953(0.139800.182300.2231(0.26240.3001 0. 33650 .3716(0. 405500.43830. 4700
1
2(—%?5%}-) 0.0488(0.0952]0.1395(0. 18180, 2222{0.2609/0..2979.0.33330..3674/0.4000(0 . 43140 . 4615
2 1
Diff. 0.0000]0.0001[0.0003(0 .0005|0.0009/0 .0015/0.00220.0032|0 .0042|0.0055/0 . 0069(0 . 0085
Error % [0.00 [0.10 [0.21 [0.27 [0.40 [0.57 [0.73 0.95 |1.30 1.36 [1.57 [1.85

LB, BEORDIZ, rfre H 1.05~1.60
D EWCDWT log(refry) & 2[(re—r)l
(Fetr)] MEDLBWE S PERFHELEED

M Table 1 iBiFCh 5.

Zhic ks,

rolry 5 1.60 OB CHEEIL 2% 1 Linieh
RN EDh D, bilbOBE 7/
130 2252 3 BbLWEEZHRD
b, (10) OFEBEORTHETIWE T ST

5%,
ii) P2:

Py

Fig. 3 izx\T, AB [H® permeance
ke HMBECEET 5. AB H® perme- ,
ance 1%, &% AB HOYIHE CHOLFHIERK L, FEREAWGELENTEK
DAHL LT D, AB BoFBHER Fig. 3 #2BThu,

T

4 S”” alf

o —i‘i—[

oSinﬁ _71'

3

70°

3167

Fig. 3.

l/j
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ERFBUL (72)atL.. W 2 W FEEHETIR ChE Q1) T8 ok (1/2)a2L,/2.332=
0.67aL, &is%. ¥ xiz permeance P., P; {2,

P2 0.67[1Lw,llo . .
=20 () 98
Pa} T o33 0288l 12
Lirh. O TEEWC I, (12) A0S gap Of 20 WEBEREARDZEThHLL, o
T L % gap oI LU, Le=r(ri+r:) Xisnb (12) i,
P, .
};0.904/10(7‘,-{—7’2) (13)
P,

EELZENRTES, L 1, 72 12 Fig. 21257+ X 51, pole piece AL LO°
SIDEETHS.
iii) P, Ps

Fig 41235 T gap »BLERFHIC x 213
IichicEID pole piece /K3

7'1+7‘2 re—n
[ : _( > +x)]d0dx (14)

phifiie flux 13, Kxiio pole piece kT gap
nh ox ZITEERK,

[“;’2 +( Lo +x)]d0dx (15)

HEBONREZIZWDRAL. 0T, o
path D ETE o KBl HEEE,

ri+7; YVo—7y
[ +( > +x)cos ga]dﬁdx (16)
E2bRB. @ FHEEERL,

—;1;&-[ 71479 +< 7’2;7‘1 +x)COS ¢]dﬁdxd(0

=”+T'2d0dx an

Lin%M, b, permeance P, P; it

i+
2=(R
P4}=£LS S——Ldadx
Ps T VYo—1,
X+ — —3
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= g e | t7 [log <x + = )]E Shdﬁ
2 2 0 Jo

) (18)

= (i 472) log (1+
Yo—71

Lih, ol R BRMEOWKIOTEEHETHS. P wELTL, R LT air
- gap oAfll2 D centre pole piece OHILET, ¥ il air gap OAMUND, AR
AElE TR LD, —fRIE, TOTO0HE, R BHELEWEBENRSZ O TRRWE
Esbhb, =55, F0Mn\H% L b, magnetic path 2% bin\ X5
KRBT 5 BENED. FOHE, bhibho X ) I X 5 magnetic path DLl
I 5L, MEO—ES,HIL, flux AHnc icinssy, o flux REE R
FRAEVWEELLRAPLERLTLALLHERES L. RiZ P KL TA,

n<R+i2:2L>=D (19)

IO TEDBND LD THS. Coic DX, XARA LREHRAN L OBRIETS 5.
SE b P, o5 ici4g, magnetic path e X2 TE 5 R X bR,
KAREREEN SO leakage flux 1%, Milo path %z O FHERATIW VAL
2HThA.

iv) Ps — k —
) oma & RSz UL L. L,
COBEED TN B Z ki, 1) Tikflux O TFF
¢ pole piece MERALTh %2 BRI, »
LSREEDEAE, KARANBINC XD TR AE dx ]
7B led I F O B AR iulisbinn v
52 Thb, MEEKkOESE LETHLE,
x DERET BEMAITEKDOER D 2L &L
b, D RICFDEICKIT S permeance DR
i) OBALRABRLTHE RO RFAEEROD ’
/L L%, #oT, Fig. 5 ® X 5 ab X
DXARLE L WER: & offio permeance D%)E:

!

N

N\E

\X\\\‘O

i3 G+a)2l fE L s, PRI, Fig. 5.
2n(h— b e g2
p=— =0 Gto),,  H-d) (20)
log (1 + —) Llog (1 n ——>
¥y 7o
L5,
V) P7

Fig. 5 €3BT, b oL, i) REWTRXIRL TE ¥ 525, ¢ ORI,




D=ral2 %#RT5 X 51CESL £0To5. Fig. 6 1K3T, x AT dr hBho L
ZAHIDOWT permeance %3 1%. path LofEEos P okt 55EET,
27(ro+xcos O)dxy THZ G, fEoT

TEF

iz FEETETNL,

—_— L = 2 (= 2
2n(ro+xcosO)dx, (2L cosb ==\ cosfdf=-=2 @1

= Jo 1
. | LB, DI ¥ OEIHIT D RR T L0

1l .
I IL isdztazHricAhs L,
o

— ™ ), X
APr=————= - dx (22)

2
2 =%(roa+“—> (23)
s / 7
6
L v nn.
| A ES5 A TE iz, #lz1 pole piece icfii
Fig. 6 DHERTNHEEN IO TR TOETEH A T

bW S, iz leakage flux 3% %

IR DI, L Ligsnd oivh o leakage flux 13, FHicii~ic 7 205450

5D leakage flux 1282, —SHZhE LD THBN D, COREDHLZDUAIE
EHLTIZEL DM X i,

4. FRItORH

RIEDHE, HPMER 2T e DT, 52550 aof_AMwn}af\r&z) &
i3 5.

Ry e Rt DAL, RIA MK59(4=2.0cm, L=15cm) #ffH L. ¥, B
KIEBRIZBI T B i D4 O~z Table 2 12813 T 5. (Fig. 1 £8) 3 1 1% pole
piece DEZThH 5.

Table 2.
70 71 ro 73 h a b
cm cm cm cm cm cm cm
1.0 1.2 1.4 1.6 0.4 0.38 1.31

7) H. KawasuMI, E. SHIMA and M. Si1BANO, Annual Meeting of the Seismological Society
of Japan (April, 1955).

8) MK RIEZ=ZEMM1 b HERTWvS, MKS 3=H-E05s 8 (1931 45) »Hioect
AL DTH D, TDILFRAIL, Nit 13.52, Co: 242, Al 9%, Cu: 3%, Fe: 50.5% ‘T 5,
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1T, Pit, cgsemu Tk mo=1 Thhnb, m Zriud, 10) XL

P=rn 0 21633,

2T 71

a3y X xh
P2=P3=0.904—(71+1’2)-_—2.35,
18) Kxy
P=(r,+72)log (1+ — )=4.67, (R=0.5cm)
27 1
Py=(ri+72)log (1+ rZR' >=1.67, (R'=0.09 cm)
2—r1
(20) K&k
Pi= ,Zr_(b_z__a_z_)_=7.()0’
Llog—ﬁ—
Yo
23) KXy
4 a\ _
P7— L <7’oa+ ”>—1.14,
LD, Br x 10%
(gauss)
> P
= =2. 7
y P, 1 14
12
4) Rxb & 10
5o
B wS,L  S,L %0 8
_ XSk vk g7
H - Sl, Str.—7) 17.0 “o 6
MK5 o demagnetization 4
curve ¢ BIH=17.0 D&% & j
43 &, B=10100 gausses, 7 6 5 4 3 2 | 0 1 2 § 48

He x 102

H=595 oersteds Tk 5 & (oersted)

N> Bh. MK5 @ demagne-

tization curve ¥ x¢¥, BH-

curve X Fig. 7 wRrLThs. R LERCEERBDOEDDPEN DD DTy,
FHEOLORBFTHD. @ LI TFHHIERT useful flux=R8,S,=BS/v=14,500

(maxwells)

9) Bl ERM O Y7 vy Mt kv, MKS (0w Tofkika, B.-=12,000~13,5000

gausses, H,=620~720 oersteds 72T\ 5,

Fig. 7. (S0 v 7 vy kD)
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BS  useful flux
vS, S,

B,= =4400 (gausses)

L78%. HHHER 8 = ORIFIZOWT, flux meter iz X %5 Fcit, useful flux
73, 14,500~16,500 maxwells 177> 7-. ZOHERIINC RO X S B oIS o
EEFCANNE, B LT L 55CTES. Lo AT flux meter TREF 21X
M B5EE, 4 TDX 51z bobbin @—/451,:.7%_ ZiE\ o search coil 245 &, 2t
BT leakage flux % —if1ziznoT L2 '::hﬁ 5. Thu¥3irseH
bobbin ® 2 »FEficB DD HEEgtdE LP;A%\:PL%L iz search coil Zffo%-. = h
RIhg, TEo flux 12 X% meter »:5hiz meter |-G ITHHEShTLE 3 b,
EBHRO L DEEH 2120 5 DITZEH TH 5. + 73> search coil B, BN, +h
i Fig. 1 = permeance DE LD 1 E2DFHDOETHTSD, “hnb
search coil & B3 X 5 1CTF508 X b Th 5.

5. Discussions

Fig. 7 CR% &, BHmx O£ T2 BIH=18 T 3 in B, O AR DARM
RNCIES. BWifz g, 5250 BtiorisE: ATHEOMER L BT % izt
BHurax OECHETS X 5120 £ 8 5% % RTEARERELEVWEWI ZETHB. o
BEESHRTIE, RESEMICES 5E D, FEOEFRISALF LI XV 22 2. =&,
b~ 4) RKERFELTR LY. @) b

S _ B S )
I,"H L @)

n-VJEi@T—TLJi BUESAMEZ B, $_ThnoTLE 5. FLTZoRITET
P, BEHLICRESIEIE 04 permeance 125 L2 E AR LT B, Selly=P, Tk
ﬁ’i, COMMBERTIE, v RSB T 5 ThH 5. ZhET o LEXTRA. Fig. 1
BT, h ORERGEE LTS Lo ;h,:i, P,~P; ¢ permeances 1375{b L
Ve XTI, S, BANTTIE v I3kE B, B S, BRI v (ZN
SL7"B. ZOFEREER L0 Table 3 T 5. ChERJEb25 X5,

Table 3

h (cm) 0.30 0.35 0.40 0.45 0.50 0.55

P, 12.24 | 14.28 | 16.33 | 18.37 | 20.40 | 22.44

2P 31.42 | 33.46( 35.51| 37.55| 39.58 | 41.62

b2 2.57 2.34 2.17 2.04 1.94 1.86

B/H 15.0 16.0 17.0 17.9 18.9 19.9

h=045cm OffiEc BIH=18 L7125, =0T, Fig. 7 2%, B=10,400 gausses,




TR B OSBRI OWT 555

H=580 oersteds &7c5%. QZIIEHBL) ELHFFTIEHZE S useful flux=
BS/y=16,000 maxwells 1©35 & & b CHD LELDID. AHTE, BALDD
POERS LOAE JCHER 5 F Tk, T LORZEKADOLTHEALTWS
DTHS.

Ghek PRI, RFETOND, O DFEHAVIS (B RNHOTIRRS. L
ARBORETILS L b ATE Y, pole piece D AHT, BMEEHIOHL LI KR
CWBHZEROFEE WY, ik, BiERROWMATERAKRCES 25 &, P
%—K@méh,mﬁﬁﬂoéﬁﬁ—%mtéﬁ,%5f&m%®ﬁmm,ﬁﬁoﬁw
k:éa%wacéﬁﬁgfbﬁStb&%zbh%.EKE&%KE%%W@%E@%
MOWTRAEL S &, MEOHFIREMOBIOEFLUTIRT S 2 LI TER. &
UL B ORS T H B 2 TR TH S, & RMKOMBONS Db
QUL HRI W NS EThikl. LALIEE VDT, RASR L Mg OREE
LhBEE DRESTHTETS, T To leakage flux 3% Aa>THDZ &b, L
BT EDT 21t HROEHEELCANTHESRE A TEHTH LD H£H R
. WA} S permeance 1%, (9) RAMHOTAE DL D b, —BO%
& rafr=12 f, TR THAUTCHS ) b, BAEMOAERE, pole piece DE X
D 5 BEDEHCIL, 73/ro=15, 4 fEORICIL, rfro=l4 frediug, P x5 LR
e E L PRI T O permeance KIS L5 ENTED LW e dvbhrDd.

M TR L D IC. YITHRBOBARE, HAMHL2 CHWRT D ENTED.
Lo Liais. sAmElogerit. leakage flux DTHEEME ) —2525DTHD
b, FROMNEECEMHET A LR TERNTEA ). L. ARBOMEY
%ﬁ#é%éﬁﬁ,%LgﬁﬁﬁﬁﬁMKBmmw@f&nd,u:&&ﬁﬂff&%i
T. HHOMEMEMATSHENEETHS.

I iR ) fe AR RS AR T B X 5 IR T CRER R R T A AT, B DEMER
pozribt 5 wlc. knock down ULTHE EASHB. < Zic knock down &\ 5
DI, BERC b HBREDTHER N 252 CHECERALEE(LT L2V 0T
%. knock down %45k, T ARICE~NTREMILARDIT 1D, ZOBRKTH
REREZBRCLOTEL CLRBEL VLS,

6. Summary

WESRRE RS T A bl b, FOUKEED O leakage flux 2 S FH$ 5% I
bK,H%QI%mﬁpﬁh%ﬁ%LT,ﬁ@%ﬁ%ﬁoh.C@ﬁ&&,%¢%%ﬁ
8 = ORIEICHEE LR, BAS ckiklrdbhii. ik, —BITRH55,
$=40 mm, L=30mm ® MK5 %/l L cRA 2 THEHIRERIIR CE2 TN 2.
- DA R N CHEDWMME, ok X TEKERK T 21E, earth B ERBCRML,
COWMILE S CHERMTH Y, MgE ORI leakage X\ H D EFEEL T

10) @i, NRHZH FROEM ERRE kRSt 23




556 e B o=

2. ZDILIX, FARBZOIO0N, HETHEE—-OMEEOR DR L DR L
WERPBZ IS, (A=H =DV T Ly MIT X, P&@@ AIZDOWTIESHO
demagnetization-curve 72 b, %L EDZH O MR bIL5.) COBREDHB WS
THEHZ 2LV L S5 TH5. 6 PR BARTURBD I L, Wit
2R, BIERBEEORRTRELARDTVR L) XD ki, KA 2
DIbigw. TO X375 a5 L2257 leakage flux 48T Bk hath B4
5Tad. BREMEFBIZOW TN 2E, & Léﬁf#%aubzb»s& B AT b, pole piece
DT, B & 50 % 7o d TS s ZEPTnBL5DDHEIERITA VL 5 C
b5, IL,Q”@W%u,b MAEEITE T, TOBEEAKARED Eho
TR, EROREKfTRE S

[
eu

LbHLZTLHEBTLS.
FHELBWTE, WREOBADIZE DI, SREOL0IDONTIE, ik
pote Lo LR &5 3012, ZOZEICS T AR —EFOmomgic kb,

ZOREBPUTERS LT leakage flux 256230 THBME, mHLEbiE, W
BOREZRET LICHNE L THD., RBEHTHWTRNIENUSEI L b, WREO
BB DA v= 2<5m7‘":amﬂ%f>5_kﬁn#ot Lo LA REEI DR
BOHBEITNL, LRIZMANLEEIC LD, B ZOHETIREYLN S & LILTE kW
THbHH.

Z DIED, ﬁﬂhhﬁzaﬂ?éAz,&Lf%&mifmimfga
REFGEICHI D, WHEEEST i T ZITE L
THETS, 2, EAnREOERY wﬁéﬁbtm

32. Note on the Magnetic Circuit of the Moving-coil
Type Seismometer.

By Etsuzo SHIMA,
Earthquake Research Institute.

It is aimed in this paper to contribute to the design of a highly sensitive seismometer.
We know that the voltage sensitivity 4 is a product of B and [, where B is the flux
density of the air gap of the magnet used and [ is the effective length of the conductor.
So we can easily obtain the desired aim by providing the seismometer with a powerful
magnet of high flux density in its air gap. Thus the design of the magnetic circuit is one
of the most important items at the present time.

It is well known that analyses of magnetic circuits and electrical circuits can be
similarly reached, if we consider the analogous relations between them. Namely, magneto-
motive forces, magnetic fluxes and magnetic resistances are analogous to electro-motive
forces, electric currents and electric resistances respectively. In the case of the electrical
circuit, the difference in the resistivity of the conductor and the insulator is so large that
no current will leak out of the circuit. In the case of the magnetic circuit, on the con-
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trary, the ratio of the permeability between the conductor and the insulator is found to be
as low as 108—10¢, so we have to consider the effect of the leakage flux. This is, notably
one of the reasons why the design of the magnetic circuit is somewhat complicated as
compared with that of the electrical circuit. The behaviour of the leakage flux is, in
fact, so complex that the accurate evaluation of the leakage flux is almost impossible. So
we are compelled to estimate the leakage flux by assuming an approximate magnetic path.
At present, two approximate methods are in a practical way used for this purpose. The
first method is more accurate though it is rather involved. In this method, first we draw
the lines of magnetic force and of equi-magnetic potential so that.the permeances, that 1is
the reciprocal of the magnetic resistances, of the part bound by these lines are equal; and
second we evaluate the total permeance of whole space considering that these permeances
of the elementary portions are each connected with the other three dimensionally. The
weak point of this method is in the troublesome calculation of the permeances of the
circuit. On the contrary, the second method is more practical and easier than the above
mentioned method. In this method, we assume that the shape of the path of the magnetic
fux can be approximated by a circular path. Then the total permeance of the circuit is
evaluated easily bearing in mind that the each part of the circuit is connected in series or
parallel with the others.

We have felt it necessary, in our study of the theoretical and experimental approach
to the design of an electro-magnetic seismograph, to know whether the above-mentioned
simplified assumption can be used in the analysis of the magnetic circuit of the actual
seismometer or not, because, no relevant study of the magnetic circuit used in ordinary
seismometers is known to the writer. And so the main purpose of this paper is to check
this method, and to investigate how to achieve a large useful flux.

In section 2, is given a brief review of the theory pertinent to a design for a magnetic
circuit. Special considerations were given to obtaining optimum working point of the
magnet with a minimum volume of magnetic material.

In section 3, an example is set out taking a model circuit as shown in Fig. 1. For
convenience we divide the magnetic circuit into seven parts. We could verify in some
actual circuits, that the total permeances can be calculated by the combinations of the
above-mentioned seven parts, while in others some slight modifications to the path are
necessary.

In section 4, we examined the magnetic circuits of eight bore-hole-seismometers, and
found strong agreement between the values calculated by the second method and the direct
measurements of the useful fluxes.

We may therefore conclude that, the second approximate method can be used safely in
analysing the magnetic circuits of the seismometers.




