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NOTES ON A LONG-PERIOD SEISMOGRAPH SYSTEM
WITH RC NETWORK

By Takeshi MikuMoO

Abstract

Characteristics of a long-period seismograph system with RC network are described. The
system consists of an electromagnetic seismograph of Press-Ewing type, resistance-capacitance
double integrating network, DC amplifiers, and a rectilinear ink-writing galvanometer with a long-
duration recorder. This study includes theoretical evaluation of the behavior of a condenser-
shunted pendulum, the transfer characteristics of the RC network and of the overall system
response. Experimental procedure by applying a calibration signal with steady state or step
function current to an auxially coil leads to determination of the amplitude and phase responses
of the system to the ground acceleration and hence the ground displacement. The impulse
response of the system and theoretical waveforms for the incidence of impulsive P and SV waves
at the base of the crust, are computed for later discussions. Examples of the seismograms from a
distant earthquake and aftershock sequences are also presented.
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Fig. 1 Schematic representation of the long-period seismograph system now mentioned.

Table 1
V-comp. H-comp.
M (gr) 6.78 X 10° 7.75X 10?
K (gr.cm?) 7.60 % 108 8.50% 10°
H (cm) 35.7 33.7
L (cm) 37.0 37.5
Dy (585 ) 1.52% 10° 1.50 10°
el (gﬁfu) 4.75% 10° 4.86X 10°

: mass of the pendulum

: moment of inertia

: distance between the center of gravity and the rotation axis
: distance between the center of coil and the rotation axis

Htmxx

: voltage sensitivity
G=G,L

BE@7T oy /RER2 VT4 — (HE 25V) TH20 S0B40L5KC IV UTOBE LT
ZOBHERIZE EACHBRES BV, RBMOZERICEL TRkick~s,

(3) P.A. RFEINSREIEFRE WA221 HERBIESEIEBESR L L2S0T, HRRKE 1oV/V,
ANEH 10k2/mV, AR 7a—F 1 VIR, HhA4 v Ee—F v 2 2k DT TH%, MA. IR 8 7
Fisl WTR281 =y L 2 — & — OEFHHIERE WA201 A TIEEE LCER, AR 5k0/5mV,
Ja—F 4 v I AHBRT, Thik G13 # pen-galvanometer (&7 AEIK 30 c/s, BEMFAE0.7) 2k
Lizé & DERRER 5mV 7 vy —iv (+40mm) Th B,

(4) va—&—ELTR, THERORE BRRFELOFEEEZEEL T, Fig. 2 (BEE) KRTL5H
ASEERHE DS DX BIEL Tz, XV MBI 3cem/sec, R Smm, 1[6lg (180cm) 1E:f%2%E4 3, Ch
iZ FiE o pen-galvanometer 2B EIRICIfTF 7z, T D galvanometer (-2 D AMHEIC MK — EGZE

BREBEE T 500, BREEREE L - THEOESRI SN,
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Fig. 2 Recorder.

3. Wiz, WiEEt— RC [Olfk —14IE 28— pen-galvanometer X VK2 T D system O &)icxid 5 AN
M EEZ 5,
(1) HEFERFOEHHERE, (A), (B) MhoBsicd,

Ki4Dit+Us=—MHLE —LGi —LG/i «eerereimmmmiiiiiiiiiiiic i e (1)
i HRTF coil ZHNZBRTHBH, KT OEFHICK - T coil KHFRENBEER,
E=Gyf , E/=G/gf +roreroeersrmitsime it (2)

o121 E, i RRFWHUHT B fe calibration ] coil KT 28 ThH-T, #=E/Z TH5,
(B) 0BAKRE i=E/Z (Z & coll {EEHIEBATEROMN), Licd-7T (1) BLBEORF OEA
ERUKL,
x+2€o£+w02x: —aé’ ................................................................................. (3)
T2, 260=(D+G¥Z+G?*Z)/K, o?=U/K, a=MHL/K
SEEREOHBNERICHT 2RI
x/E:*awz/(Q)024&)2+j'2eow) .................................................................. ( 4)
(A) DELRIEF coil 2374 —T shunt L2 THb, SLKHHELEEOBRTFOEFH R
BRD 2, 40BA&KHT s MEE M NEFREORRY K2V TR TIEIESNL TV, & THED
— R TEE RN E T OMERY, SLIKRFRIBFLEZEOEINICOVT BE T3, (A) 0Bs
KDOWTC, C, R 2NBEHA i1, iz 31,
i=i1+1z

.................................................................. 5
er=Ei1—Rii =Rzi2:l§i1dt } (5
G

hps 6y 2 BHEET N,

(Ri+Ry)i+CuRIRGE=E1 + CiRyE]  +viveeeeieieii (6)
(1), (2), (8) &b

(Ri+R)[Kx+(D+G*?/Z)+ Ux+MHLE ]

+CiRR[ K&+ (D+G?/Z)%+ U+ MHLE |= —G24+ C,R,G?%

CNERELT,

E4 (250+ B+7)E+ (2880 +7/Cile + 02) d + Bw 2x= —@(BEFE) (7)
T it 260=(D+G?/Z)/K, f=(Ri+Re)/C:R\R,, 7=G*/KR,
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(B) DHAKHART, ZOBAORTOEHIR (7) TROLINILIBIBHUIFERELD, D
BRI ER S, EEREOHBIEMICHL TR,
[—jo? —(2e0+ B+ 1)+ j(28e0+7/CiRy+ 0 e2) @ + B 2 Jx=a{ fw? + jw?) &

Nanq
= _260+7/BCiRt 0/ e
o l2=w?/(1+71/8+26/8), 2¢, 01+T/;9+26o//; (8)
TEROEINB LKL 0, & ZHATHIT,
X (/@)@ HO/B) e, (9)

¢ 02—+ j[2.0— (v /0) 0%/ F]
thi (B) OBE&D (4) REHETIE, SB0 o OHER, #iFE damping HERKICIKE S 5
T ERTRTY, 02<208(w/w0)? BAEMICEB VTR, FFD ® OFEB LUCEE (0/0)? 2B VT
@y, 6o BENEN @, & TEEDPINHTHS, THROLLOBAREGEN T, BEEE b 281
BT EANTEHMHEKZ, (8) BLY (7) OEBEIEEDS,

_ G'c, 1 T, oA ]1/2
T. T"[“’ K 1TR/R T, iITRJ/R,

T, T,
he *[””hﬁ T 2(1+R1/Rz)]

T, , _92_
4n K(R,+R,)
T, 3T OO OREER, ks 13 C DIRVESDER damping %777,

Table 2 @ (A) DAL, To=12sec, h=0.42 i3 LT, (A1)------ T.=44.8 sec, h,=0.64, (A2)------
T.=33.5 sec, £, =0.76 L2V, EEEH BEFROANGHETVEBINT 3, Re=cc, hy=0 DEAH
Benioff OIENR? KT 3,

(2) /RFOEFICE-T coil KFERSNBZELR (2) ATHEALNE 0D,

E/2=F@Gy  erecrerrerermitttttetti e aun

(3) WIKRCHEANKLERBEROEEFHEIROL IKEHLIT I LEHTES, (A) OBEARPAD
Bl 18, P.A. & MA. Ofic 1BRORCEHERL, TN 3 BERAHTHEE (FAUBR) T35,

i T,=27zC\R;, hy= ho=¢o/wyq

o  ZiZy b — Z5Zs e 12)
B Z(Z\+Z)+ 2125 E, ZJ(Z,t+Zs)+Z,Zs

T, Zi=Ry, Z,=1/jwCy, Z3=R;; Z,=R3, Z5=1/jwCy, Zs=R, THBH 5,
¢/ E1=uR:R, [(er—Rz-l-]a)ClRle)(R3+R4+]O)C2R3R4)]’I .............................. (13)

zzic pn= Ey/e; 13 PA. ODBIERTHS,
(B) OEFAE, PA. & MA LOMIC2BD RC BRI ZHE 05, ARG LS55 BXR 48T
@%fﬁsmzenéw TRHLH

YA
E T Z1(Z2t Z5) (Zy+ Zs) +Z425(Zl+Zz) + Z:25(Z,+Z5)

L TT Zi=Ry, Z3=Ry, Zs=Ry, Z,=1/j0C,, Z,=1/jwC; THBHD,
¢/E=Ry[Ri(1+jwCi1Ry) (1 + jwCaRy) + R3(1+ jwCiRy) + Rp(1+ jwCoR;) 1 wevvvnerenns (15)
BEGBIOIVF - DEIKEEL OMBDEBEZONDY, B4 DF A DR, Table 2 T
BIFT- 4B OBEAEBRAN ., SEHMEICIHRT coil ORBEST, MIEROAN, HHEFSNE 3 H
3, Fig.3 I LD 4B OBARDVTIRIBL L OMNEEMZE (18) /21 (15) Kk-THELEE R
Thb (FiiF © 2R E LTEBIERT ), Biid B2 OBAIK, oscillator Lk - TIEREANEL S
EXTERUETH- CHEBEE XL T 3,
(4) Plhick-TEZSNBER pen-galvanometer NEhN 355, ZOEEHERIL,
FH26pP @By mhe e (16)
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Fig. 3 Transfer characteristics of the RC integrating network.
upper: phase delay in a unit of z, lower: amplitude
response.

TN 2eg=d/ky, 0gt=ulk, k=g2/keZ, ThHb, FHRMEICKT 3 BT,

y/e:k/(ng_w2+j.25gm) ........................................................................
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(5) Lid->T system &kDHMBIZERICHT 5 response i3 (4) 7 (9), A, (13) FhB
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Fig. 4 Theoretical response of the present seismograph system to the ground
displacement. upper: phase response, lower: amplitude response.

Fig. 4 (2 Table 2 D 4B DB LS DOTERBIKHE L /- response S(0)/aGouk %R LI1cd DT
5%, (BYDEAIF To=30sec, h=0.79 & LTHHE LT, 7o¥ L DBA, BEHEAN%E 30sec KBELT
Effiozenguztd s il B40ATHEVRHETH S, Thick~T (A) ofaiR, ki
BT XS CEEEE 12sec BECHEBELTEL LKk 30~50sec OFAERLLERHETH
D, RFOBEREETH S, HBROBEICL > TRIBORX WEEAHOWEB /23 / A X&cut LT
PA OffMIZHS T EBHFEDL, LD S RAHLSEE, BB Al OBARRAL TS,

4. RICHBIZALICHd 5 response ZEEAMICRET B, T > THWFER, T system CEEAD
calibration input 5% TC, Thick 3 output ZRIFEST S HHET, 5K Espinosa et al. (1961) M EH
HRBRHMBHICE BV DER YR LTH S, input GHENNERE) b XU output (pen-galvanometer
ik 3308 % E@), y(#), @ Fourier transform #Zh#h &(w), Y(e) &4 3,

HBHRTF ICEUL I 7o calibration i coil ICANBE Ec=Eo f() 252 0F, TODICET 3R
FD:E8D moment & GEf(1)/Z' THb, (Z 3T D coil {5 A o calibration [EIEE D), E B
FEIAPSHSHIEESIC, ZHIBBEIIC X - TET ZRTFOEEHD moment MHE KEMTH 5, Lk
5 T calibration input &Zf7SHMBIIERER,

F— A%%f(t) BHBNIE B(@) =nF(@)  --evererrrreeremreesiniii s (19)

Tk 7=GEy/MHZ Thb, ANBEDHE L TEXKE /I3 step function %£H3 &,
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1) f(t)=sinwt

N

T - THS S output y(t) 13 recorder LB S MB35, 1) OHAIE y(B DBKXIRE ZRIE
L. 2) O A @) »5 Fourier transform Y(0) %#HEFTHIFIV, Y(0)=0(0)S(@)TH 5
o, T O system DMBDSZEEICH S response SA(a))‘ X

Sa(@) =Y(@)/B(@)  +orrerrermiriis it e (21)

Fig.5 BANBEE L CRMDERICLD 2) OREEZL L X DILEH (EW RS) THd, LOF

q-t—o

— 505 —
Fig. 5 Example of a record for the calibration input with step function type.
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Fig. 6. Theoretical and experimental responses to the ground acceleration,
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itk > TRD 7 Sa(w) % Fig. 6 LA TRLI, 10sec DI FOFBic LT3, noise P NBE S
EDLHic, FHETEBMEEBSCLREL L, BAR oscillator KLV ERBRANEE 1) 25 TH
FELEETH B, NhoMBRIREICRR7FEILED Al OBAKDWTERBIICETE L /- 8 i ic
X35 response T, HERMEZE KL {BHT 3,

calibration input tZ{H7SMIEBIZTALIE (19) &£V,

6:7}.f(t+7;/m)/w2 HB 0T @(w) =7/F(a))e+f"/cu2 .................................... (22)
LESCENTEBD, WBENICHT S response S(w) it
S(w):Y(w)/@(m) =84(@) @227 3T v (23)

Fig. 8 OERINCHRE L7 Sa(w) 5 (23) Kk -»T S(w) ZED/IE% Fig. 1 KRl TODX
SILTRELihiE (B) BEBROICTHINIMBR (Th) EE5L0EEETIN, KEBRT~EHER
Thsd, SOBARKERAEL0FIKLDLICHELTH B, 4k, LB D iC, Press-Ewing
ERERNERHERE D response FIEHCR L7z, P 12 Ty=30 sec, Tg=100 sec, hy=h,=1 OEFA, T &
Ty=20 sec, T,=100 sec, h=2.0, hy=0.7 DEAT, HHIETERF TEAHTDO b OTHB, TS T
wRfz system O response EI NS DBFAHEHBT 2L, RAMNTY S BEMEV, LAL T OFH
JA# 60~90 sec d noise M5 T WA, M 10~40 sec BEOEKE S ICEEEOBAIKIZEL T
%, BED WWSSN T3 318813 Ty=15sec (£ DMIZF L) H- T, %D response {3 K&K > TR
~fzsystem 1CITL,

Fig. 8 X @ system (B1) ¢ impulse response T3 - T, impulsive 73l By ZTALICH L TiiB &h
BREBHAHELEODTH S, HEN magnitude OA S DIER T - IRERMEBO BIC LT LIZSEE
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T
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T T T TTT

T

10! ! to iy 1 toa11 i
| 10 100 sec

Fig. 7 Theoretical and experimental responses to the ground displacement.
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Fig. 8 Computed impulse response of the present system to the ground displacement.

ah3 P EHEHESORKRE Y, TORIGEND, ALOBABKIVERIL,

§. DlRicii~tek 5 R RAMHMET system 3 k4 (V, EW, NS) 28fEL, BEChE FRHRET
BRFTICRE L CHREERTTH 5, REBSEIEEERNACRS /270 v s HBERETH 20, A
DOEEELREREZBLT 0.1°C PHRATREAEEELLL SN, BRAREELEZBOTTCHbOATY
3, calibration RERIEZFHUWMEZI >N 3 2 Hic 1HoRATTHLNEY, Zhick 32 K (Fig.§) ©
BBt BXU b OVFHELERREZTEDLER

V :t=16.7+0.56 sec, 5=29.8+1.1mm (3598 )

EW :t=17.6+0.83 sec, #=15.5+1.3mm ( 708[3)

DRETH-» T, ASOBBETOE - LEPHGTIRIEIKEIN - 2 drift ZRSNEV, LOBEOE
B0¥ 2R, calibration pulse DX HORE, HBIRFOFEMBEOLT HLEBE, X5IKHER
BMEREREIEDEEDN, response OEBOEEHIC OHRINR TS %LIRIKEETZ D LB IL
ThERB S, '

Fig. 9 3 EZHAFTHUI N -RERARHBED 14iTH 5, ZOHBORBEIX ¢=30.9°N, 1=131.7°
E, h=40km (BABEHH) T, M=5.5, 4=785km Tk 3,

RIBO/NE O P BHIB%K 80sec T S FoIEMSA SN, £0DH EW, NS W4 i Love 3, V
BR43iC Rayleigh A&, AHORAERD L FEERL TS, DL S BRBAITGEOEH L -
T group velocity » o HIBBELHRT I LOUTRELBAS, /- OB A & OHEM» 5 phase
velocity KX 2FEkbHifrsh 3,

Fig. 10 QRIBRIFTERF SN, 19694£9 H O HOREEM B (9=35.8°N,21=137.0°E,M=6.6 DA
BEEERLILODOTH S, MEd 2ERA/DLFENE TS L, BULvD2ME %O2HIKBROKETI
ZNFNEDTILBEUL TR ENH3, SAMBORBO VRS HE 2L KX L - b0 % Fig. 11
KRT, hoLBERERE, SMNRLT &R, B 6sec BEDOPH, BVTILREVENO S iz
LK. 4=60km BEOEERICEOTHRORE VHIBHS Z 0L S I BBML RENER S I
ERDTS L, BiRICE T 28R MHBAH OERERICIIMN 10 c/s ORIB O S VEHSHEKL, FokS
RBERES R,

6. Fig. 12 {3, impulsive ZAREKBH LZHAS T OMB~NARL 841K, LOERY LT EEs
RE->TiFINDNE PP XU SV ROBRBEAHELLOOTH S, LM TEOHBIEEEL LT
2, RELRE), REE BEHREELLEO data p5ESN7c 120 model C4A3 % 141E LTHRAL,
AGF35° kx4 % LEHE#E D crustal response % Thomson-Haskell @ matrix ik - Thdiz, T
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Fig. 9 Example of the three-component seismograms recorded at
the Kamitakara station (4=785 km).
Epicenter: ¢=30°9 N, 1=131°.7 E, h=40km, M=5.5.

S, 1, ef:ea SIC. Ja, 00:0a
= .
W L D
Y o
5 v
k_s T A

Sefd. ] 01 1&
- .
B NNE———— e T
w — e —t e JENP
— e —_ ST ek, 2303/
T T - . N
s e
B - L
_.L__._Nﬂuv.':,w,.._..._...,_*._
N AT 2

o
< im

Fig. 10 Examples of the seismograms recorded at the Kamitakara
station at the time of aftershocks of the Sept. 9 Oku-mino
earthquake (¢=35°.8N, 1=137°.0E).
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Fig. 11 Waveform of the vertical component seismogram from
one of the aftershocks mentioned above.

1 ! I | ' t 1 t ] ] ] ' ]
0 10 20 30 40 50 60 sec

Fig. 12 Theoretical waveforms for the incidence of impulsive P and SV
waves, with an incident angle of 35° at the base of the crust.

N EMBET system D response & D% Fourier #iE#T 22 LIk, MOLSHEENED hb,
Fig. 11 ORBOHLEE, > THRELILBALEHHERZOT, BEABEELBETICEETARL
B, RBCERINABEVISBABLOBEOL S KHAHHETHE LD, SO RELVEITIRE-
T, ZDORED source time function ZBL THELDEEBES L 30 @HED,
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1. TS TR XS BERNMBEH system Lk - T, 5 IKEFN (50~300sec BE) OMBEE
BRITACRROL S NHFENEIOND, #IRE coil DEMEASL LARERZHASYE, dORE
EHLLTEERERED 5, (A) KEBWT P.A & coil O RC migk% 2B FELTRTFAR%:
EHiLE T3 Litic, BANKOKEEERBAITRKET5, £/-53lokks LT, moving coil &
velocity transducer MO iC, displacement transducer %4 hiY, HIRBOHHEFRIRTOE L
KBl 505, system D amplitude response OEFMAICORLOEFT N W 20013313 TH5,
7535, condenser DEEMICE » TAEERMBE 00 BMHS D <Y, £/ P.A oRDic IC EiE%E
BB E, 2B NETECLBTAETHS ).

FhOIC, ZoWRLBICHI - THELRWHRBIER RBUMKER, LFORICHE< ORREH
WERIEKRY BAREERL, BAKE RREESL, SIOBERCBLCABRERCKEMIL
ICELS AL L By 5,

Ffo, RV 23— —0F%et - WY S - BIRED, REBEOFHRK, EBRE X UBEUEROR
2L THVWIVNRETRA, BHTOBRIKY > THO LRSS ENR HEKESRL, 3XUviA
%5, MAFXOMKICE BHOBERL 20,

g E X #

1) Press, F., M. Ewing and F. Lehner: A Long Period Seismograph System, Trans. Amer. Geophys.
Union, 39, 1958, pp. 106~108.

2) Benioff, H.: Long-period seismographs, Bull. Seism. Soc. Amer., 50 (1960), pp. 1~13.

3) il B:EAZSHFRAIIEEWEMES (1, 2, 3), Bull. Earthq. Res. Inst., 40 (1962),
889-905, 907-916; 43, 1965, pp. 429~440.

4) Bernard, P.: Sur 'amplification des séismographes dont la période est allongnée par con-
densateurs, Ann. Geophys., 11, 1955, pp. 374~375.

5) Coulomb, J.: Accroisment de la période d’un galvanométre par emploi d’un condensateur,
Mesures, 179, 1952, pp. 221~224.

6) AR - ERIRF 2 v F vy —2HHicAV B A0ET 0B, BESSERSHES V-
743 No. 25, 1966, pp. 30~34.

7) Espinosa, A.F., G.H. Sutton and H.J. Miller: A Transient Technique for Seismograph Calibration,
Bull. Seism. Soc. Amer., 52, 1962, pp. 767~779.

8) Mikumo, T.: Long-period P Waveforms and the Source Mechanism of Intermediate Earthquakes,
J. Phys. Earth, 17, 1969, pp. 169~192.

9) Mikumo, T.: A Study on Crustal Structure in Japan by the Use of Seismic and Gravity Data,
Bull. Earthq. Res. Inst., 44, 1966, pp. 965~1007. '



