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Fig. 1. Approximate representation of the frequency characteristics.
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1) H. W. BODE; Network Analysis and Feedback Amplifier Design (1945), D van Nostrand, N.Y.
2) E. A. GUILLEMIN; The Mathematics of Circuit Analysis {1949). John Wiley & Sons, N.Y.



HRBH A OB ORIE 147

THY, T galvanometer OEFEIHEE Sy 1
L,g

u

Syt =
Thb,
"% galvanometer KW FNCHIBIIER, re 2/ L, EEHREBEHR LD CHIC
I, =1, sin2n ft

HAEHEEMZNE, LEELOINE

§ = m = Sy Ay, Do) Lom sin {27 f143, (05, o} (I-18)
_ Ya nfo _
== S h: 2 f cos {21 ft+0, (vg, hy)} (I1-19)
—_ — ra N 2 __
== Spi @t fioff Ay (Vs Ay =55 (2 f)2 sin {27 fi+ 0, (vg, )} (I1-20)

I

et U vgoz?;:

Jo= 217_ ; % : galvanometer OEH HI K

__ 1 g
hy= AT fyok (d+ rc+rd>

= hg +(1 ~—hg,o)M : galvanometer O g3

Te + rd
%zzé%z EIE 2B Ui & X ORE WK
To: BER OISR

Teca : F4ESER SR B HE DU AE
THB, Lihi>T galvanometer DIFEIC bHIFE & ABkIC, € OEEIEFHOITILLLE
HMT 3 E@RTHS,

(-19) RCRENBML, WEHE by ERE Lol EHICH, 5 < f <L 2hg fo DIF
DB TR § RANER L OBABICHHT 5, HICCOXIBEROIDICEET SN
b D% “B5 galvanometer” &Fd 2 EMbH B,

3. @i & Galvanometer M#ES

(Z) —_— < zil z|2>
Seismometer Za, =2 Galvanometer
4 terminal network

B 2K EEE B oRE

Fig. 2. Connection of a seismometer and galvanometer.
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F2Rom, WEEEmEET RO AN HER L, £ O WM galvanometer %
LI BGEEL S,

Z QT EE O impedance matrix % (Z) & L, 2 DANBLOCH NS FOBEFEAEZ
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dt? dt lRo+2517t_+ 7‘C+Zz'z 7
b, 2L
Zo=Zy— 2y

Zin=Lop—ty Ly

_Zy
Mtz
— ZlZ
=R

COBRB ST ESBESERNE 5 v o RE ~ PBIEESEE ORI EEEO
BAICHKRT TS, —#IC impedance matrix O&TEBFIERL TEWIEEITE Zu, Zie, 1)
BOIE 2 13 EITHST operator BEFNZ T EEBY, cnbDXOBRDLTHIER LT LM
BT, VDE T impedance matrix Q& TRBHIKHOBE SR EZ 5 &, (11-22), (11-23) X,
OFEDOE2HIFENENHWEE B LU galvanometer DREIDIEAAE S 5, MUSHF[EE D
RFPHIEL DL 2572 2R TG FICEHT 20D W2 coupling DBEIEEICE { DRFFEHE
KEDHEDNTLE™D?, £/ L coupling DEBBMBETE B X5 WHEE, Tbb [1-22)
HNOALORIEHPEBTEBBAMBEZN, TOHAEICEBTERELE OBERRROKAT

3) K. TaziME; Coupling-effect of the Galvanometer Connected Directly to the Electrodynamic Seis-
mometer, Zisin 8 (1955) 23. '

4) T. HAGIWARA; A Note on the Theory of the Electromagnetic Seismograph, Bull. Earthq. Res.
Inst., 86 (1958) 139.

5) T. UTsuU; Response Curves of Electromagnetic Seismograph,
{1) Quart. J. Seism. 22 (1957) 5. (2) idid., 22 (1957) 19.
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ARATHCEEERTH LYY, S BERHOERR CEIITFISARRKE #A RIL T
25DTH20h0, CERSHEEMERBERTH S,

(I-1) & (II-2) A» b

6) K. TAzIME; On the Motional Impedance of the Moving-coil-type Transducer, FkAAZEH% (1 23R
T ERBARRRE 8 (1952) 13.

7 | 2, EANnEitoRE, EBETE 317 m#kES (Dec. 12, 1954).

8) E. SHIMA; Theoretical and Experimental Approach to the Design and Calibrations of Electro-
magnetic Seismograph, I, Voltage Sensitivity of the Moving-coil Type Seismometer, Bull. Earthqg.
Res. Inst., 38 (1960) 29.
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TH b, Zom 30D BHEF O motional impedance T D, HEF ORMAREL & ICHA
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Seismometer Galvanometer

®3 HRRE & BRSO ShE B
Fig. 3. Equivalent circuit of a seismometer and galvanometer.
SMEKIC X DihEET & galvanometer DD AR HE D analogue 5 E 5 % ¢ &8
TE5H, BEHEHS L CHZOBMENERICRER I IEEBED, L2 EEEEE
B IUEIREEEES T LD

F=1f =%, r=1r, Rr-r

LERTNEFERITH B,

WEZET O M IINFICEFUC condenser 8T 5 &, MMIEHR 7. 232D condenser ®
impedance 12tk U/NE A MG TRART QR MEREL EYMICHME s ME L35 &
PEMBEIC KX O EGICEN G, CHAERTFORBIMEICTAT 2 2 B TE 3751,

9) P. BERNARD; Sur Pamplification des seismographes dont la période est allongée par condensa-
teurs, Ann. d. Geophys., 11 (1955), 374.
10) H. BENIOFF; Long Period Seismographs, Bull. Seism. Soc. Am., 50 (1960), 1.
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RE)ZES CEBZ, LEMB-TEDOI > BABREEHIISLTE I-1) KFH T
Mo, Tt~ PRGN EMEREROEATEROCLICHETNETHD, 20
FHRIRBEBBC I DEBNICKDRINEE S0, FLIEDOBERNEIE4H 35, FI2
FEREZ S x @ buckling, a2 v/33 ORE), WFOMOHHORHLLETH B, chod
HFEBHRIBTOUAPLZTOLEOHLR, ~F R EOTNOMANRELIDROCESELZT S
Mo, MEBHORF LI - TR CDARESEREEBDRILLREL,

. % B &

L. Jn & B &t

HWEFHICRWEIB LI O s &, ETFOHEDBHMBIOBBEIKAL, LikdoTZD
HMABESIEEICHHT 2 EWERB UT, AEHEREOIEEZRAME L, BOERS
HEZEs DI, BHBHAELELEL TN, OFEBYLAHAMHORER, COBOD
MEEHLTHATIONEELHME LTI bDEEZ 5,

RFOHBoMMICHNLBROSICLZHa, BB (1) AT D=0 LALLTEX
ZIS0EAE, I-5) R

GZ

hs = T F R (Rt Row)

ThHzrho, cird (I-2), (I-3), (I-8) Xp»dbmk+EH5,

=— S, A, (v, hs d 7 L Sin {27 ft+ 0, (vs, hs)} (I11-1)
el L
MH
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hs LT LEAREOE 21CiF, -1 IKBD TR UMD, fu2h < f<2hsfro OB
W T A (ve he) EPINIKLI THY, T 0,(Vs he) 13 0IEV, LieS->THAER L
Wz OndEEIC L, ZORME S &5, COBAFMRCER, S MM HBXU
GItkBET B DHT, BIEIEHME (R4 Rew) PEF BB fo WRELZOHE, BEWKHD
EMICMEEEZMNETECENTES, (RetRex) ® foo & hsy vs 1, UTohio TR
A (ve ) BLU 0, (vs, hy) WEBEBEZDHDHTHb, COXIBERDIO, S. ZEHEAM
HEHOREEERTI2O0088BMTH 3,

H2RKom<, ToOMEES% galvanometer & 5 Lo B AT, 861 11-26) K &
DIROIL EF B,

11) B 2; BRRENO2» o REBRRI B 0RE, MREKMIL (1954).
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& = — 11,84 Sps A, (vs, hs) A, (0, Bg)
5; Lo $In {270 f2 -+ 0, (U, Bs) + (8, Uy, 1y)} ‘ (111-3)
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GZ

b= R (R 720

EARHE QBN U, ISR & LT B 1/10cps. 225 20 cps. FEEE O IR ©
RIS RS D C E R E LDIEEM S, HEYOWBRESE O EOME T o
MTIE 05~20cps. PEETH O, BHCTHINER FICHES NS OMFEICE 3~20 cps.
OIREZMET 5 CEBHEETH - T, RO IMEES Tz o HWBEESES &
TARBENE LTz, BFCHL>TRINODEERERULZRETH 5,

ASEE AR ET (DEN-3CH) OB & RFIARBLUE I REINTNE, TORFEAK
PIRTHTH B, 7 BT (DEN-3CV) O#is3 885 M X U8 7 MR sh T
b, TOWFDOMYFIE Ewing WTH 5, MOMEAEBZ DI, MEE SIRTOEMLRESR
BANE SRS N, WERBNTHE, MERARETEYD, MEE MK-5 #H ST
%, Pole piece O BIRBAREMERICLTHEELZDT, COHHZPBITE T &1L,
REVEDWREFETCENETH D, MHROBAELID gap O K 5 5 10% B4
L,

|
2@
oo
@
} ®
o B
i
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% 4 DEN-3CH e =R gk
Fig. 4. Electrodynamic accelerometer DEN-3CH.
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20

B DEN-3CV 2 i = ek &
Fig. 5. Electrodynamic accelerometer DEN-3CV.

#6K DEN-3CH BB

e 5
Fig. 6, Photograph of the
electrodynamic accelerometer

DEN-3CH.

XS DEN-3CV @

InERBEST 0 BB

Fig. 7. Photograph of the

electrodynamic accelerometer
DEN-3CV.
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INSOMERHORHTEHEIHE L BIWRINTVE, KEBE L THOMEES R K, [,

Soor Sa BT R OBEB—HTBEHIFBHINTV S, FE1HRIEFKIN] Se R BLU Rem

DIELE galvanometer IZE#ET 2 72 DR I N BT OVTOETH D, HIE R IC BT
BBEITEHTOANERIZES LBmAFHTNETH 2,

£ 1% DEN-3CH o 3CV BB NSRS 0 B2
Table 1. Constants of the electrodynamic accelerometers DEN-3CH and 3CV.

Notation Unit DEN-3CH | DEN-3CV
Component Horizontal Vertical
Moment of inertia K gr-cm? 5800 5800
Mass of the pendulum M gr 440 300

Distance between the
center of gravity and H cm 22 3.2
the axis of rotation

Natural frequency fso cps 3.0 3.0
Sensitivity Sa ni/gal 15 15
Resistance of the coil ‘ R, 2 121 121
Extern{aﬁll:rcfgistance Rext 0 69 69

Attenuator & U TR 8HICREN S THEMARME L, R BXT r. 245FE T,
Zoty Zop BEU i 2 BEA 5020k THRAKOSEZFOERBEISRESNG, Zoy & Zn,
Thb hs & hy Z—FBIZ LT o, #WEZ D CEICEDFE— BB TREBRESL R 3
LB TE %, Attenuator D ATNICHEF Db D ICBIBE D BHOBEBERE N % &1
FO, (II-3) XD 55D 4, Spe MHRETE %, Ko calibration circuit & Db D DT

Line r. adj. Select Sensitivity Galv. v adj.

)
il

w

!

ls
i?

g

I
o™
[<e]
(E
LS
W
)

j —

R |

| ‘r Test a4
Range

] %k so0 2k 10k "8V

Calibration meter Current adj.

% 8 X DEN-3CH B 742 3CV BI#EEeH 0 MEARB oSN
Fig. 8. Circuit diagram of the attenuator for the accelerometer DEN-3CH or 3CV.



ARSI O R O AE 155

H %, Galvanometer & L Tid fro=>50c.pss., 20 ‘
Sps =600 mm/mA, <302 EFEHLTH2, 2. 1]
>
ZOBADHEABEEIIRES 4mm/gal (1, =4/9) @Eg :
food
ThHY, TOFEEEERE I RICRSNE, o AT
2
10 RlicoREn s ND 3C @& 1l g ZI:L,. RRINI NEREE j
& 4 6 .8 1 2 4 6 810 20 40
@ DEN-3CV EH{LIDEE TH 5, Frequency in c.p.s.
K=4000gr-cm?, M=228gr, H=3.15cm, =9 DEN-3CH, 3CV &0
[=558cm Th5, cild FFEIZE KT FEYRT O R B B
e - . . ) Fig. 9. Over-all frequency characteristics
BHICUEZOND LHICBE->TEY, VTR of the accelerometer DEN-3CH,
BAL fiu=30cps. THRAEEMIZOLS 3CV and the galvanometer.

CLTH 5, MMMEEE LTHHMEND 0, —FNBIET % A IC LR S8 0 ke
TE RO HEEMIBED SOFH L CEREDoBC SRR SN TS, HMIESE Hikihz
HUO B EICE C OMB I G/l=45 volt/cm/sec) T D, Ik fao Pl THRGIRBRE I
H@l3 255 10cps. 0BT AMES, MIERBIOREA T a7 5 7O KEITERIC
LT 2x107 DL iz &k 5,

$BI10K ND-3C mimpEst
Fig. 10, Electrodynamic seismometers ND-3 C.

2. & KL BT
EWAHEBEAEEARNE YR ZNICHWIRETHEREND E 21, fo L 0EVERE TR
RN BREEE AT o200, SOBAICERERFERINTVSE LD, ZORMAERE

&:§ (111-4)

CEBTAONERNTH A, cOBhE I 21280 TR FES galvanometer 12012 111,
Joo ST THD ful2hy < f<2hyfy, T&HDEWKEHIATILGRS ARBOEMIZRELAT S,
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TRbHL (II-4) & (IT 24) & X hH ERRAXDMEINE,

1 )
§ == S Sy 7 T Auv ) A, (v )
2 sIn {27 [t 40, (vs, hs)+ 8, (vg, hy)} (I11-5)

HEBWUCHELE LOS 0ERE2EFER LT, LAOME FERAKIZET 3 X5 BB
R LI, AKEEHES (DEN-1CH) o538 11 NBLUE 13RI RINTNE, &
DIRFIBKTFHRTFHTH Y, iR 2L ->TOAGZONTING, F7, L FHHE:
(DEN-1CV) OfEEE 12 ML OB U RICESN TN G, Chd OB OHTERIZE?2

[
I
!
;

1 DEN-1 CH ME R
Fig. 11. Electrodynamic seismometer DEN-1 CH

12K DEN-1CV BB mE
Fig. 12. Electrodynamic seismometer DEN-1CV.
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#13F DEN-1CH sl
HMEE O EH
Fig. 13. Photograph of the

electrodynamic seismometer
DEN-1CH.

4 DEN-1 CV BER
HIBEF OB
Fig. 14. Photograph of the

electrodynamic seismometer
DEN-1CV.

Line r adj Select Sensitraly Galv s adj
L AT

I Calibration circurt
¥ 1
%ﬁ&j 258171 258171 l 258171 258172

K | 1100, LT i
ki e e L L ]
] l IE-guhacsy

38k

200n 876 !

= N |
9iws Eiel gluo % éx P |
tjm 5% oSt m§ |Cal meter
% I A
] J| (Dacsv
J | '

: |

L v Sourco
e o

15 DEN-1CH % % 712 1 CV I o R #5885 ol s &

Fig. 15. Circuitdiagram of the attenuator for the
seismometer DEN-1CH or 1CV



158 H e

FICRIN TS, Attenuator & L CTRE B EICRSN M ARE LI, cid hy by %
—REI LT 202201080, R—0 Mt THARBA2NBZ5EBTE S,
4> galvanometer % ffiffl 4 4 B 41013, attenuator & galvanometer (R4 WGE A 819 2
FeDICIESZ I RIRE N LETH 5 0T, MIC/REN DML, transistor Z i f] L 72 Wien bridge
Mo 10 cps. DFIREAMIE Uz, B galvanometer & LTI, fro=T7 c.ps., Spe=7 mm/uA
DObDEK =10 THEM L, COBEOMAHRIEE0HTH5,

# 2% DEN-ICH o 1CV st sto#E
Table 2. Constants of the electrodynamic seismometers DEN-1 CH and CV.

1

DEN-1CH | DEN-1CV

Notation Unit ‘ |
i |

Component } [ Horizontal Vertical
Moment of inertia | K gr-cm? 1.84 %108 \ 1.84x 108
Mass of the pendulum M ! gr 24 x103 | 2.2 x10%
Distance between the
center of gravity and H cm 7.3 8.2
the axis of rotation
Natural frequency Sso cps 1.0 1.0
Sensitivity & volt/kine 0.27 0.27
Resistance of the coil R. 2 10 10
Extern(e/lll:r%sistance Rext o 23 23

Iv. # & %

1 BREMEHBEMABO Transistor #EIEH
IR E BN FE 7 v — 7T X B IRRE B T o s T MRS H Ty
72!, Lip L transistor BIEEIS/NEBE TH 21300 TH L, BIBEROBENLETHD, &
T MAERELAEE LW S, I E R TH 2 506 L MBS O£ 16 [IcRT,
Z N id NPN Y transistor ¢ push-pull 1 4 B8 C & 4, Push-pull ic9 2 ¢ & 12 & 0, emitter

Bl D KB D by pass condenser £ &GS 2 &M TE L0, WOEEHED b &IZHIK
HEmEHORIE LT 50ICERTHY, BICHBEEIIZZANTHS, #id 30 mm/mA @
galvanometer ICHHRT 55, DB EOREEFEABE X 054mm/uV THY, F 7/ circuit
noise FAREMETH 24V pp TH L, HEHEHEE 17 RICRENS 58, BlIZE L S/N
EED D IO, BIHA O MBE OHRIED spectrum 43 #i 4 F i LT, coupling circuit &
KU low pass filter DIGREMAEA T, FREHLAUET 3 LY E L, FHEE
18°C KO WSC FTEASEHLCEICEDH 20% DB O NE RS, COREETR
circuit noise {F¥HA EHEIM LIS o 72,

12) N. DEN; On Very Low Frequency Amplifiers to Observe the Explosion Seismic Waves and the
Weak Seismic Waves, Zisin 6 (1953), 101.
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Fig. 16. Circuit diagram of the amplifier to observe

the explosion seismic waves.

T T
{ i i
1.0 —
> o8 = : ‘ : =
Z 086 T ! ‘
a ‘
& 04 i Ay
0
s :
> i i
= 02t ! ‘
o 1 : ! |
c i
o i ! !
[o¥] : L !
1 2 4 & 810 20 40 60
Frequency in c.p.s.
EITER HES OB
Fig. 17. Frequency characteristics =18 DEN-2 CV B iR EZst

of the amplifier.

Fig. 18. Electrodynamic seismometer

DEN-2CV.
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Fig. 19. Circuit diagram of the starter.
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Fig. 20. Photograph of the starter. Fig. 21. Frequency characteristics
of the starter.

13) T. AsADA, and N. DEN; On a Trigger for High Sensitive Seismometer, Zisin 5 (1952), 29.
14) H. KawasuMi, E. SHIM.—\ M. SIBANO a1d M., YANASGISAW

A; A Seismographic Starter Using a
Phototransistor, Bull. Earthq. Res. Inst., 36 (1958), 447.
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TX 5,

PR R M S, IR B B X O relay RL-1 oftEic k bk s h 3, @i DK-
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T, PHEEREEFR L CBERCE BB IEE2ERLCOTEORBICODNTHRNS,

1. RofBESR

MEFORERLOLDICRYAZFEAT 2HA4ITE, Z0RBEHEROTRSE LTAL
¥ 1/10cps. TTHETHD, THBRE L TR—RICHEYRETRGHEERS N0
5, BEROENMEE T impedance 4% & 5 2 EMEF LA, E:B DK KSR
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RPFIREZEBERA LD TH B, ZOHIEHED block diagram 135 22 RIC, & 7o EK
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Input Balanced Voli. 8 power N Phase sensitive
modurator amplitier demodurator

Carrter ‘l\ Phase Volt. 8 power

osciilator shitter amplitier

E2R EHRSSBAHER0 T vy 78K
Fig. 22. Block diagram of the shaker amplifier.
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Fig. 23. Circuit diagram of the shaker amplifier.

AT EIR I 7 156% 6 BE6 % 2 RH e bDERIELER, —HFOANEEERANE
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20, HEHERSOBENKTHEHD, HHOHBELMAZO06EGTRH L, ¢ i b b
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Faod back
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Fig. 24. Feedback system of the shaker.
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LD, COLEIHE 2T feedback 230D TH-T, HBOERET 2, AQiEz 0
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Fig., 25, Damping of the shaker by the feed back method.
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15) A 2 BREEoBSEN - #14) (1959), 4 — atth.
17) K. AKAMATU; The Variable Inductance Type Seismograph, Zisin 7 (1955), 2
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B2 RS FMBoOoH
Fig. 26. Photographs of the shaker.
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Fig. 27. Record of the shaking table by the input of an arbitrary wave form.
Upper trace: input signal. Lower trace: displacement of the table.
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Fig. 28. Cross-section of the hydrodynamic pressure gauge.
(1) large bellows (2) protector (3) case (4) 2nd vessel
(5) 1st vessel (6) small bellows (7) partition
{8) pipe {9) coil (10) magnet

17) H. M. WESTERGAARD ; Water Pressure on Dams during Earthquakes, Trans. A.S.C.E.{1933), 418.
18) S. KoTsuBO; Dynamic Water Pressure on Dams during Earthquakes, Proc. 2nd World Conf.
Earthq. Eng. (1960}, 799.
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B20E B K E 0 |
Fig. 29. Photographs of the hydrodynamic pressure gauge.
j: a complete gauge. (b),{c) & (d): inner parts.
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Fig. 31. Frequency characteristics
of the hydrodynamic
pressure gauge.
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Fig. 30. Photograph of the
apparatus for the calibration
of the hydrodynamic
pressure gauge.
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12. Trial Fabrication of the instruments to
Observe Seismic Waves

By Nozomu DEN
(Department of Geophysics, Faculty of Science, Hokkaido University)

With the advance of the studies in the fields of seismology and earthquake engineering,
various characteristics are demanded upon the instruments to observe seismic waves. The
computors and analysers have highly developed in recent years, and it still remains as an
important theme to obtain good records.

The instruments described here are the electrodynamic seismometers, amplifiers, shaker
and hydrodynamic pressure gauge.

The pendulums of the electrodynamic accelerometers DEN-3 CH and 3 CV are damped
so heavily that their forced motions are propotional to the velocity of ground motion and
the output currents to the acceleration.

The electrodynamic seismometers DEN-1 CH and 1 CV are used for various purpose.



