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8. P RMNOMEBNEE DA

CREE S
(L ERFEFE TR DEEHE)
— WEF0 39 48 10 A 2E —

L. £ 2 » &

B, REPHESREENOBEH AR ERBY D galvanometer & % R-C A1 % &
FATHEC DTS, WOWAREHBOFENSERELL TS, LrLIDFHEEEENKEL
1255 Z, galvanometer MALE THROTNDBEEL {, RELTHCBBHENLO I ANH
3, 0Dk, EHERKIELREEAHO galvanometer & % Rjo 1o REIHER 2% < B
SNBEHILE-T, CTOHOEBMMEBR Tid galvanometer OO AL F L WD Z, H
WHIEEOBBEIC XD AREHBIGERO NS LI FABD B,

A, LU TRMELXERNHEBH CLRET I EVIHN Y OY, OB
BELPPROBNE CHATE 2 MBERAEEEZAEL, TTRHRELORHEHELEH TS, £
WX TR OEE O, i, BIUBOhARBEFCOVTHRET S,

IL. 2 & 0 & /&

#1RKicc OMEFH O 4 KD block diagram CRL 7o, BRAHEE DU H1F filter
o LBRERMEIN, ISREBENHEINTEBIRD < v#H & galvanometer 2 #h 7,
R R ETAN S BRI S PR NEO S DT, A ORIBFIC LD FHLEL
Hichbc bz OBMEEZ B LMTE3, Coil IEF2KZOHDEHHTNS,

D.C. POWER PEN

SEIS HFILTERM ,ump. AMP. | |RECORDER

BN BHMAUEEOHBR
Fig. 1. Block diagram of seismograph.
~ v# X galvanometer [FHRDOMEBHIOLDTH Y, HAE13¢/s, NPT KL
bOERANTV B, > THHEHY 5 RBEEEHE TR+ HICPEBHEE > T2 EEZ 5
h3, LEEKOXDZEEF Y OMAGHOETEALNSY, RENBANO LI b5
27 mm/min Z#H L T3,

1) HE - SHER; SHERORRCRSh 2 RBHERY (2 0 1), RKHRHBMETEMRE, 12(1964), 48,
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Filter (2% 2 F 0% 338D O b D% fFo 7225, Hrh M xS REV BB IC B3 L 72 b O T
H5, ch oo filter |7 BENIOFF? DR ~< T3 X 5 ic low pass filter & L T { &R, 4
FolfmABoR Rz ELD, EBRIROm RC2EOEM TH D, Zhic kb ksl
IRE), NREHE D noise Zilt 5,

Tsoo# T3oo,L
o ‘ _
M

W2 74 oz -
Fig. 2. Filters.

IV. & i # 18 *

Filter %z - 128X ICEHEWR I N 5, F I DEFHEIES D block diagram &
T OE BT HBERABPFEHERL 12,

T O FIEE R 1 transistor % L7z chopper FROSDTH U 5 2O »HM 5,
T Z NI E I A i chopper © B O & BB RICHE SN 5, T @ chopper i3
multivibrator 7» B@%W‘ZBUCJ:D #HlEE s, Chopper Hi7) B (2K PR ERIEIE 25 CTHIE X
N5DOTH 5D, RFC—ERED multivibrator DI C & Bl O PAF IR IE % THENE X
N3, #%Eicid phase shift OSSO TS, PEEIEEGH B H D 2050 M IE
D, E3RICRONE I EREE B2 TV A%, BCERT &R0’ D tHoT, Bich
ONBZRBUESFI MBI NBTNALDODLY L EHEEHB EE->TNWE, Z0kHEDEE
EMAAZ LickY) FOMERELEBEEZELBERT L, Wb 3MERNOBEETE-
T3, ZOHBRERATEE A BSEEINZdD L5, X, < DHJ1% chopper [Elj%
i feed back X 2P L B/T LN T 3B,

73d, KD phase inverter THIFEEZ R T3 DiE, ROBIIEIEHR%E push-pull T 4

2) H. BENIOFF; Long Period Seismographs, Bull. Seis.. Soc. Am. 50 (1960), 1.
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Block diagram of DC amplifier and wave forms at some points.

Fig. 3.
ShELEDTH S,
% 4 [Y iz chopper MM OEKAR AR, Z5DIB4 HERE) A @ multivibrator TH D, ¢ D

6 OFRIGBEIEFI 130 ¢/s TH B, T OEHIO MR O W MEESAD kIR

2SBI71 X 4 MASI x 2 28B 17|
IN PUT 2K
30k 3K
ST-i7 = 5p
x2 30K 10K
14 1K
Q| it $pwaw o ‘
O3 K21k £3 —(3
3 3
M 10K S
1K F.B. 1
C) |Olu
: REFERENCE -
o = 1004 @ -tav GROUND
- 10100 J\‘D

30 300
MULTIVIBRATOR 8 CHOPPER
AR Foa v S — BB

Fig. 4. Circuit diagram of multivibrator and chopper.
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ENFELRIT, OB ORBILIEREHTT-pPNIV TH B,

4 D4 Z chopper TH A M id WATTY AV DEHHLUDORKETH S, T C
IZ UV B transistor I3E—ZDEDTH ML D ENS B D THIRA TCHEMAT L HLED
&%, Switching fF O 1 KL KT 100 2 QAL X 0155,

5 Mz 2 DO WE TSR R Ui, B attenuator CHETE 35, MAKIE
3130 ¢/s T 100db TH 5, HFTICHE filtre A S TH D Ak & L TRMNE Y B D
B EEEE > TOB3DTZOHNRHFROIEKELE>TWE, 3, 1, 2, 3EHIRE
{EMEH Mo transistor ZRNTH B,

DA 5 T DR reference TFE A O AFMIGERTHS, 1 GHE 2 HEHOMICIR
phase shift O I A A > TEBYH, hizck- T signal ® & reference @ @ phase &4
w5,

BORIIMRIIETH B, T3 274 E T signal ® K7 reference @ 5 DEENNASD
X, XDI—EMIEL 7% 5 4 H D transistor TR XN 3, kiz CR BIiIc k> TEF X
NEEBEAMRBONEHM, Hidom @ »5 chopper i~ feed back Xh 5, 5FHEO

% 3

I 1 L 1T T
/e Za iz i 1ts 1t 1t: e 11 e 1l 4 1

FOR HREHES o MB
Fig. 6. Circuit diagram of detector.
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Fig. 7. Circuit diagram of phase inverter.

3) P. A. WATT; The Application of a D. C. Amplifier to Seismic Recording, Bull. Seism. Soc.
Amer. 50 (1960), 471.
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emitter 2 H 5 AEBRIHENOBLELHH TL.DDEDTH S,
£ 7 Hic 13 B t: © phase inverter DR A RL 2, HI ©,
DENRNTEEEN 2,

@ RIS IESIIERIC

V. ERBEROMEEE

COEFRENESR O HI B 8 Romd THs, FEHO low pass filter iz X b
01lc/s DI FCHIMEEMETL TV, # |
WE ¥ 13 attenuator ¥ X ¥ feed back D] 9
Wizl 89db s 60db FEEE TE X
5 EMNTE B, A impedance 3 feed-

0.1
back DAL L5 THRL S M 3K H»
5 5 KL offiith 5,
DR FRHESREHRAT 5, signal
oot

& reference OW LK DOAHEEHLE 1T 0.0l o) I 10

o FREQUENCY

AT B LEAB D, D AT Yoo
ESX EREIER O R

BOBMGHARELSEALAT S, FIKBC

Fig. 8. Frequency characteristics of

DHIFEORE OWENTH B, LR DC amplifier.
MAEDEL Ao B TTARITFREGHAGT LTS, —HUHD&> THRVWESERTHE
o output C OWMKEEUSEBMIBIEL 125, Feed back 13
ofv //«/ T AR B O 2 1e 413 72 D T B 4, feed back
0s e ZEHERA LS TORENEL A>T hIE+4
topt BITHESHESEBON S,
10 5 5 40_5
/° os x10°v FL1REI NS DOHM:D S B feed back % 4
/6/ 10[ WIEWIBEERL T, '{l il & DIBIEE KRR D
~° FEIMES R U galvanometer % 355 L 22 DR
EEETH B,
ol o Noise 20T, EMERABIT ]
O/O .
05 - %, 1 &
o, Input Table 1.
1] 5 3 10 -
. o5 x10%v Atte Gain  |Inputimp.| Galva
o ‘ {db) (K9) (¢V/mm)
° ) 1 89 38 13
v 82 32 36
FIE HEFHESOERE i} 72 2.8 11
Fig. 9. Linearity of DC amplifier. W 66 30 22
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oV LI TOTH 5, Drift 3—HOBEL(SECEBER LDABIBTNIEETHD, HE
AROBEHMMESE L TR SFERIE S,

VI B hh ®8 & %

$10 RIcENMERORMKER L, PIBICIR6AQ8 %, ZBREIZIR 12AUT7 % cath-
ode follower TR - EARMER TH 5, PIED cathode Iz A- TU 2 AIEILHIE T S 0%
DHDTHO, TIME EEHpNIESIEEEMECHESRE L T time mark 267 2 DIt 5,
KB OEJIEESE LD galvanometer & DRIz 1% 200 uF D condenser A - TE D &
S BERAY cut T3, Z & galvanometer & % 4 5 Fo AR PF LI o ¢
HB,
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Fig. 10. Circuit diagram of power amplifier.
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IR 74z —EROHE

Fig. 11. Frequency characteristics of low pass filter.
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VII. REHREOBSHMY

DI ORISR % Fo 2 AR NS E 2O Z 258D OFETROTH I, TTHP
HTOEFMAHBERIHEAICIDRDTENS L OBEFEZRD BT Exilbi,
HEE RO filter WA R HMEKIC Lo THET2OMFERTH S, W0k, HE
320K Ic k> THEE S C,, R, L OWHLIEIGHcERB SN, 20MIR

K G* G*

C=G - R=p . =7

&m%DCC?,Kmﬁ%®EMm%_ BRT OBEREORE, DRIETORERN, U
HENORHAERDT, WA, HBOHMEFOETOBME 35s & Lns, C=39.0 4F,
L=65KH &1 R, MR L T LA, Tt co_il DLy, filter, BERMIEERD AS
impedance % &b 7 SHEM CHMEF T 50 EMTE 5, BAHIEEC DRtk
I HHEIES, BANMIEERCTRER ORI E A TR 3,
iz, —i%iz EH#% D impulsive response B(f)

E R Y (0) 13 MIE i Fourier 24 BRI A
HFAEYCEAEPHALTRS 'Hfﬁrfarikb’)z)ct T,
AT,

4, HEEtORFICBRMIC impulsive 73]

5 A TE, CHhEMEENT impulsive 78 fid

EAREAIC EEEMTH D, o TEDEDR B

# D Fourier ZZ#a {3 #1283 &K O LER IC X3 2

WHEE 2R T EIZRYD, Bhlod T 28Iz C

N ZRULEDOELTRDBL ENTE B,

#12XIE 2 DD impulsive response T 3 ! min.

B, ARKRTOHEW 35s, filter I, B 3B 5, F12R HREEOH

filter 1T DA TH 2, Fig. 12, Impulsive responses.
CORIZ L THEON M EE I3 RATE 14 FICRT, H 13 RidAIN35s, filter I iz

% 4RI BEH5s, flter 1T ickiS L, b3 b EMITSMRIKIC X 2505, MM lmpul-

sive response D HHETRK B DER L, MR N3 WEDOR—TiT Hﬁ&cmvﬁﬂlﬂf:.

CHOMOBECTHOHSRO MM ERS B L BbN B, |

A
v

4) HE; HMBEENAETRORANE, ARG BEREHRE, 10 (1963), 143,
5) S. GOLDMAN ; Imformation Theory (New York: Prentice-Hall, Inc., 1953).
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0.1

oXeo]i O. !
FREQUENCY c/s

13 BEBPBESEY . T,=35s, Filter L.
Fig. 13. Overall characteristics: 75=3.5s, Filter L

0.l

0.0i Ol !
FREQUENCY c/s

TR BEBEEEY . T,=50s, Filter IL
Fig. 14. Opverall characteristics: 79=5.0s, Filter IL

VI #§5hicicios)

FISXI O BAEE TCHBONICTHMBOFATH 545, PHORELFFICAKELE
BEPESH AR ONS, 196349 A, R TESNKEFOZE T, BRERIH130kn T
b2, FixicRoN5 pulse 5D 3 DiF time mark ThH, —SFELBSELBHT I Hik%:
AOTHW3, REBOPTVRIFEEET, BROBMERIIHN200£TH 2,

BN, FURHKEONZWL, COBRAEBEREBPBBONTHSERESS LN
WEHEMBOBRFIZRATLEBEL TRV, BPEEIOB T cod 0l UIELUIZER
Eh3, HI6FII 196349 A, 4T 7HEMT T 7 HE D Rayleigh 3 045k i o 4
THb, E#id a=152km/s, a,=7.95km/s, §,=4.56 km/s, 0,=20,, H,=68km O &
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Fig. 15. Example of near-earthquake. Fig. 16. Example of Rayleigh wave
g

dispersion curve.

ok 2 mElhm” Tdh B,

IX. & & &

PLEIC R~ i R B R AR S N THRARREERS B TS, 0Tzl A
C OB OB B E R NIESORTAKR S (BT 2, 4 transistor DT OHYIELR L noise
Foor drift DS TOETH - 725+ Hic R85 b OME SNk, EREIESE D gain 2
BT &I THRAEMESR L1000 fREIZE TR TELZ0TH LM, REBZOMDIEEA
T 200 EREIBEATCERBL TV A,

INHCE B RER 7 OMNC OEEORMT, BeRBENSCIERATHEL, TN
SOEEEL, BHMIFEROD transistor [LHEHWL TS, L LESEEZERTL2HED,
e BB B THAEEENESNRDNORA DTN Ld/iEy, & OREORIICE
Ho ERMORBEMORNEIRFHEZ LoD EBET L EBBETHS D,

e 5

B0, RIBMIEE T S GRS RAHEIIC B0 LE T, 3 W37 4R,
GEEROMYEELEN L BHNE o, ADETRHLET,

6) M. EWING, W. JARDETZKY and F. PRESS ; Elastic Waves in Layered Media (New York: McGraw-
Hill, 1957). ‘
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8. Portable Long Period Seismograph

By Toshikatsu YOSHII
(Department of Geophysics, Faculty of Science, Hokkaido University)

In order to record near-earthquakes, a portable long period seismograph was fabricated.
The system of this seismograph is composed of five blocks as shown in Fig. 1; the pickup,
the filter, the DC amplifier, the power amplifier and the short period galvanometer. The
pickup is smoll type and the natural frequency of it can be changed in the range between
02¢/s and 03c¢/s. The DC amplifier oparates with a transistor chopper and circuit
diagrams of this amprifier are shown in Fig. 4-Fig. 7. Overall frequency characteristics
of this seimograph was shown in Fig. 13 and Fig. 14, which were obtained from the
calculations of the equivalent circutis and from the Fourier transformations of the impulsive

responses.



