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1) S. OMOTE and Y. YAMAZAKI, - Bull. Earthq. Res. Inst., 35 (1957), 595-612.

2) S. MiYAMURA and M. TSUJIURA, Bull. Earthq. Res. Inst., 35 (1957), 381-394, ibid.
37 (1959), 193-206.'

3) S. MivaMURA and M. TSUJIURA, Bull. Farthq. Res. Inst., 33 (1955), 725-731.
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BHEEIPADZ NG, 7, AEDOBRETHMHOLRGEF LWL TUL, 10
FHEE LT, BEOCAWT =72 L oW FiEEE Lo~y VRERTHHERDY,
F & VA AHOWE, SN TN T 5ER0P5THEHARTI T I EPARETH 5.
BETIE YA VvFXECc3 v 7o 2, a4 vFIZETCT 25 92,1 4 VFRIET 14-16
by 2 DHDOHBLHENERTVS. LPLIDHRTIISRGEFIL LB D>TTF~7
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& DI, PRbROEMEIES TRV, FTOTHEOSRAEHFEE LTIANL
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4) S. MIYAMURA, M. Horl, K. AKI, H. MATUMOTO and S. ANDO, Bull. Earthq. Res.
Inst., 39 (1961), 895-908.

5) K. Ak1, Bull. Earthq. Res. Inst., 40 (1962), 371-389.

6) S. MIYAMURA, M. Horl, K. AKI, M. TSUJIURA and H. MATUMOTO, Bull. Earthq.
Res. Inst., 40 (1962), 885-897.

*) E.L.F.: Extremely low frequency, i.e. 0~30c/s.

*¥)  F,.M.: Frequency modulation.

* P, W.M. (PPM): Pulse width modulation (Pulse phase (position) modulation).

*) P,C.M.: Pulse code modulation.
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Fig. 1. Frequency band allotment for various recording systems with a
recording tape speed of 7.5 inches per second.
D . Direct recording system.
FM : Frequency modulation recording system.
FDM (A), (B): Frequency division multiplex system by use of frequency
band (A) or (B).

PWM : Pulse width modulation recording system.
TDM : Time division multiplex system.
PCM . Pulse code modulation recording system.
X : Single channel.
Y :  Multi-channel.
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7) L.W. FERBER, I R.E., Nat. Conv. Rec., 6 (1958), 279-291.
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Thbb ZOFRLEV T HRKEF TR T 5 —HHik SMOMSE. DM, 2) 5. 3)
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d. P.C.M.

WEETORZEARLT7 7 v 75K E Vb 5E DT, WEShEE2 X DE £kt
MEEE LTREETHIHRTH Ok, ThikWwLAARNE, 74 r 27/ —F 2 5 AZ5HE
2D TREFRER ANV AT, HE5VIIBERERCERL TGS THHRNTHY,
T—7RTOENMEFLLTREINDG., SRHEET 20—~ T F v SEBRBEZOHD
TERT», HEVIETF L EAEROEET, OEXER IN S BTEHEBOAN
&, FUENTVVvE—%) WHEL DXL LBTES. ZOHRTBFL0T S,
SN G E RITIIBE AT oI5 A-D s, H5Wi D-A BHEOEEICLS
TEED, IDLIWERT -2 —OFENAETDS. LELEAFRIT2bh b ik
WEHARMETD Y, HWERAKIEHEERS. SMALS 2AREHE D LOBRICH
L, EEVEDORFZ DT 55, RAPMEREIZWE & L digital seismograph
ELT, d2EDEHALFETDHS. LD TEHE,  AHRIC LS ultra-long period

8) H.S. BLACK, Modulation Theory, D. Van Nostland Co:, Inc. 1953.

9) BEM - EPR - BMR - LU ZEFEBFR 10 (1958), 125-126.

10) FEE - B4 - IUAS epERFRE 12 (1960), 350-355.

11) G. NEWSTEAD and P.A. WATT, Nature 186 (1960), 704-705.

12) JEuARE  A:pEWEEE 8 (1956), 265-272.
13) P. KNIGHT, T7rans. I.R. E., TRC-3 (1957), 1-15.
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=V IV VAT~ va—F—=IHiHINE. T LITF—7DOEE~y FREBELT, OF
DR T~ 7Hims (MT- AMPz) I DBASN, BITAT - FICEE SRS,

BAFE T — 7 v o — & — 139 Bl ok 3 E:‘ 5. —FH, ZHEBPLOH Io—X
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14) NicHOLS and RAUCH, Radio Telemetry, 2nd Ed., App. 12 and 14, Wiley, 1956.
15) H. MATUMOTO, Bull. Earthq. Res. Inst., 38 (1960), 345-354.
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BLOCK DIAGRAM OF NINE GHANNEL
TRIGGERED MAGNETIC RECORDING SYSTEM
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clock

M
UMTH s
. TRACK
RTSL-I RIS [MT I_ END
T T“ R HAM". LESS|

MAG

MT ) | TAPE TAPE
AMP, AMR

MONITOR REQORDER
. TRG
BPF PEMH B

Low FREQUENCY PART HIGH FREQUENCY PART MAGNETIC RECORDING PART
OF RADIO TELE-RECORDING

TRACK
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z| Bz
z
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Fig. 3 a.- Schematic diagram of the instrumentation.

BLOCK DIAGRAM OF PLAYBACK SYSTEM

MT
-I—AMpz No | TRACK L
3 BPFI[|DEMIELR
TRACK RECORD
MT
MAS | \MPo T {BPF2 - DEMy— ELF, H 0SCILLO
TAPE. GRAPH
l BPF3[~ DEM,— ELF, i
MT || [
Ampo— No 3 TRACK

Fig. 3b. Schematic diagram of the instrumentation.

PU :  Pick-up or seismometer.

ELFI . Extremely low frequency amplifier, i.e. 3-30c/s.
MOD :  Modulator.

BPF : Band pass filter.

RTS : Radio tele-recording seismograph.

MT AMP: Magnetic tape amplifier.

DEM :  Demodulator.

TRG DU : Trigger delay unit.
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Table 1. Frequency division of FM-FM tele-metering system by Research
and Development Board for Guided Missiles (R D. B) in U.S. A

ch, 1 . £ fs fd
1 i 370 400 330 + 7.5 6 30
2 518 560 602 + 175 8 40
3 675 © 730 785 + 7.5 1 55
4 888 960 1,032 + 175 14 70
5 . 1,202 1,300 1,398 + 7.5 20 100
6 - 1,572 1,700 1,828 + 7.5 25 125
7 0 127 2,300 2,473 + 7.5 3% | 175
8 ; 2,775 3,000 - 3,225 + 7.5 45 | 255
9 . 3,607 " 3,900 4,193 + 7.5 60 300
10 4,995 5,400 5,805 + 7.5 80 | 400
1 6,799 7,350 7,901 + 7.5 110 550
12 1 9,712 10,500 11,288 + 7.5 160 800
13 13,412 14,500 15,588 + 7.5 220 1,100
14 20,530 22,000 23,650 + 7.5 330 1,650
15 27,750 30,000 32,250 + 7.5 450 2,250
16 37,000 40,000 43,000 + 7.5 600 3,000
17 48,560 " 52,500 56,440 + 7.5 790 3,950
18 | 64,750 70,000 75,250 + 7.5 1,050 5,250
A | 18,700 22,000 25,300 +15 660 3,300
B 25,500 30,000 34,500 +15 900 4,500
C 34,000 40,000 46,000 +15 1,200 6,000
D 44,620 52,500 60,500 +15 1,600 8,000
E 59,500 70,000 80,500 +15 2,100 10,500

SNFELLEBREZDOEENERLLEEZDL TRG TLDT Y F—EREMTAL S EHER
F=Fva— F—OEEMSREN, Y F-EETERD N —ERHSTIEELY S
VEESLDIENS., L2 T2V v AT —7 1 FItET 5, 87550
B, o MR, EHBBTREIIX 9T T - SO ENRE T Y, Ebhvbhdis
CHEDTWHEAHEOENI S TE=Y FUAT— 7 1 EICET 22408 L L,
7D T HOBME 60~ L LT DTWwS, Licho Tl 2ITHREHD S ©
P A =S/l LTHS—P OB ZTOHEEITRTHEHPDOBERL T ~ 7RO TE
h5.

—7, BERER )12 Ld T &L, T — A2l SR FIEETE, K7~
7HMmes (MT-AMP:) # & 5 LT BPF12<{bxbh, &%+ VAALIICHEEL, %
LB UTELF: #iigticbi, 1 vINn&F v vu /7 RBETS. —F, SRH54
VINEF VST 7 OREFEET 1~250mm/s OEITHETH b, HMEEEIO R
N2 P T AZISUHEHETESE, BE2T5HERLIDBVWLRTWS, F—Frva—
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F=I_NT3WETH D, LB O THERMKIN T3 RTS RHEOEHixT~
THEBEIN, 4457~ fAD1F % VEALERLHLDT, INGTOERFOUITENTHE
TH5.

FM FRE X2 S EMKGEEE L LI T TR Licbhvbho RTS #E 213U
% RDB A BESCID5Fx VAADI y—vfr v b T L AXY VIERS )
CEEFEHTOMAZENE L 6F + VALOSERKEGEE"RS D, EHITEF
BEERE Z TV 5.

§4. REHEE

FTTIRORZEL, BERAEHOLER 40c/s &L, HEEH% 3 b1, SN H 40
db Lk, 77— 7HEETS 1 v [ B, wow, 0.29% BIFRBEHLMEE Lz, T FM B
It 5 SN ik, W=wow, fi=E5 W, fo=RM%M, A=RIWLl MRS
E¥5E,
S__1
N W-fo f '
Th bbb N, HFOABSIT wow, flutter I2 X 2 BB TH 5. Lioh>T wow, flutter
W T B HEFCTRURICPABZD LT E0 W ORR7 A BHESEERD
W TREFETHS L35 &, SN Afelfe iITlBlT5. LD T SN HhasEd
D7D Molfe ZTEBPEVFEFELTHIEBDEELY. LL Aflfe &7«
VAN EVRAOBERICD D, FloF « VEALDBEOIDOBBEHEBROEREITD
BIRL, Afolfo LBl L T HRF 2 & DA B2 e LR hER S v, Mgk
H> B Afelfe % 20~25% & Uiz, %72 SN A %ET 5 ORME U TR AR B0
KIF% L WEEEORERAEROE AR BV LROFELV. COAPDELF v
L OFIRE A% 620c/se L. (RDBEMEIC X2 L 2Dl LT5 2 HRLTVS)

BRI Ui 30T, a1 % 3 2 7V IS & 35 £ 7s D758 Table2 Tk b,
X ORRREFEER Fig. 410 LT, TbbBET v VAW 2R, K

A

Table 2. Constant of frequency divi-

sion of 3 channels in frequency de- |_A 4 B
viation of +20% and +25%. f fraf ot

Ch. | fc fo [+at| B fl fu ] ] Sdb
062 {0594 |0124 | 035 | 0445]0795 |Af. i
26 |253 |052 | 12 | 20 |32 |+20% ©_30db

75 173 - |15 34 |58 |92
062 [0581 {0155 | 0434] 0403| 0837 At=
26 |248 |065 | 149 | 185 | 335 [+25%
75 72 |188 | 424 | 538 | 964

O N =] W N —

Fig. 4. Theoretical transmission

B, f=Ke characteristic between each channel.

16) FPRRh AFEFE 9 (1957), 19-21.
1) AR - WK - B - Bl BREGYELEASL (195949 7).
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B L OTFEAERSOSMSEII L OTREIND. L
UTHF « /:ﬁ/l/@ﬂﬂm(xlind“ZZpu

T EITL, BeRAREEIC B DR
30db Bl ko loss #dh 7% T b,

TORLHEFH R Cutoff 2‘% 1k, 2

230T Fig. 4 L3 e L&, HERED
ElzssiRMcicy Lr—sdbg D

F » v 3@ Carrier level 12720 L T

§5. THEIRKEE

FTCIZE 3|MTORLTEL FM £EARITHS W T, HEDF + V3 /lfmflxﬁ\fr[n],
B X OMBIEGEIAD SR S 7o, S20ERO BRI EAREO ML & D% o0 H
BERFI BRMER X, TOREIER S » VAL OEBHIKMI XU L LTRSS
 VEAAMI DX ROFEREPOYEEND. TRHENBPERIREG SR
EERNPLHTDF « FARSE s BIRTH20L505N 5. TiobTiikiEgig, &

BIEED RN ESOLFIE S ELEREHTSH D, —EIT 4 BT EEBAIC X O THRS
n, 4 VEr g vA, B, B, TEFSLEOETFESSEND. JICOXDIK
(Pz&%ﬂi AVEIEVA, BYXUEEITXOTERSH, coikix Fig. 4 Lol

=2 & L BN 3db @(Eiik%ﬁéz 3,5 Tschebyscheff 3 iz kA BTH5

—'ﬁx ZIBEME R 3 ORIRIF I B ORI, RN ERERO M T f1, fu
T5EPLAREE o 13

we=w Wy ,

0=2_%
o w
0= Lx— O Awb__B_
b= - ’
Wy o fo

B iLEASENE Lo LEBRIEECERT S, KRN A=K HEERE, fi=
WERELEGRERE TS L B=2Af4+f) TH
96% ODOMEFEERX S LT ENTE S,

407
—-— ET5L
30 D
A \EZ?,X S Az
(4b) 20+

A?=(a*—1[cos k(@ cos ™22 +1

10-] CTHLhEND. WREEE e=3db, k¥ n=
35, MERMIIFIE 504 THS.
iU 37 DR R R b O
PR BB 3B s a e THS. R

Fig. 5. Loss characteristics of the MR BT A B DRI TEn=5
band pass filter. ZEEET D, Fig. 6 1A HNEEELOL
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Table 3. Constant of each element of band
pass filters for 3 channels in frequency
deviation of +20% and +259%.

Ch. Li L2 | C C2
1145 | 167 |0.0625/ 0,428 Af=

335 | 319 |0.0l2 [0J24 |+20%
1175 | 10.7]0.004]0.046
926 | 216 |0.081 |0.348
267 | 41 |0.015 o

95 | 13.8|0.005|0,035 |

Fig. 6. Eleméntal circuit
of the band pass filter.

NN =N -

L=mH C=pF

FHRFOME% Table 3 Iz LwL7z. ZOFEEE 2=2 <& 30db @ loss b2 5
TEHTETHY, HEOWESEREE Fig. 7Ta., b. iwLod. Fig.7a AERES
Afe=x20% D4 DTH Y, F Fig. Tb 1T A,=+25% OLDTH 5. EHITREEF v
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Fig. 15. The equalizing (compensation)
characteristic of the magnetic tape amplifier.

A: Low frequency standard equalizing
characteristic for play-back amplifier.

B: High frequency standard equalizing
characteristic for recording amplifier.
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Fig. 19. Amplitude-frequency characteristics of the modulator
and demodulator with magnetic recording part.
Abscissa: Frequency of modulator input (1 volt constant) from
standard oscillator.

BEURIZHE I LTV S, _

Fig. 21 o A 132G 2 5 e R AKROfRES Lot b %b\?‘:h?%ﬁfﬁ%@
FAE 18, BEEE h=2 L L. LK o< »ic Fig. 21 © B It EHERERBLES
HES (To=1sec, Ty=0.2sec) DL L L7,

Fig. 22 25— 1 +5 4 y z;,w RE 3 F o VAR OO 7

Je/
/

2
/

—= ELF2 OUT PUT V

{ 2 3
—— MODULATOR IN PUT V

Fig. 20. Level characteristics of the modulator and
demodulator with magnetic recording part.
Abscissa: Voltage of modulator input (10 cycles con-
stant) from ELF standard oscillator.



438 it

=l
=7

400000

200000

100000 AN

N

i
b
60000 :
J \
40000

w

20000

10000 ! \

6000 \

4000 \ \

A

1000
600 \\
400

200 \

MAGNIFICATION

100
002 0406 I .2 .4 6.81 2 4 6810

—— PERIOD sec

Fig. 21. Magnification of instrument (from the seismometer to
the pen galvanometer inclusive) is indicated by Curve A. Curve B is
the magnification of HES type electromagnetic seismograph (T,=
1sec, Ty=0.2sec) at Tsukuba.

AMEREZLDT. T No. 1 7+ VAAIHEERERBEICL D AEK S5c/s. BE
50V —EDEREREZH7225. OB« V3 LI3HES O moving coil DA
EAITHE T 58T 1.5kQ THEBIND. ZOHEREK No. 2, No.3 #+ Vil
RE Dz, ThThBEEOCIEXROEE2HELL 0 TH S, Fig. 22 25T
BHEOPRITELTETIIZ LAY ZED5T, =7 50 ¢V-40 mm O RET B3 5 45
BAREF» vALEDL 1pVETTHS. 355AZ0RBRIET—Fra—F—1is
KENTWEW, L DT H2E Il LS TEREORS ST AMTORTHIETF—Fv=
— & =0 wow, flutter ;TRET53L0DTH5.

Fig. 23 Wdco L ZE LESHNTEF I X 2HRENEZ LoT. FRCiEer
WP ZF 2 A 07 No. 1V, No. 1H) 2 L, TORTZ A<V 500m 25D

3 RBHEEZ> D, ZhE e TR RTS-L RTS-II-1 3% E#ICX h HEOI%ET 5.
—% RTS-II-2 138 F IR LT, f‘“fl‘tul‘] ML<L/0)TE]7J ERTR A AV
400m % 23 FEWHAZ O Y ERLITREL TV 5. ERTETEFTIHARKE 9 M

19) REfFX g 5 (1952), 28.
20) (LesEHE HER 13 (1960), 194-195.




"I0IR[[1DS0 1S2) pIepuels T3 Wodf sa[24d ¢ ‘A# (g Jo [eudis Aq papeo] jey) 1dadxs

S[AUUBRYD JY} U0 UAS ST UONIR[[IOSO IFEHELI[ ON 'S[RUURYD ¢ JY] UIIMID( §I$I] IsI0U pue H[BI $s01) gz "Jiyg

2yo

€ Yo




£440

‘ v Tsukuba .
N * RTS-
/ L5 Dodaira RTSII-2 I3
g »  TRTsm $
5 e
a©

-
| *sv O

o} 60 km
p S S R
Fig. 23. Map of radio tele-recording seismic net now in
operation.
T: Map of seismometer array at Tsukuba.
D: Map of seismometer array at Dodaira

Fig. 24. An example of monitor drum records.
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28. Multi-Channel Triggered Magnetic Tape Recording for
Routine Seismic Observation.

Part 1.

Eight-channel Magnetic Tape Recording for
Short Period Seismic Waves.

By Masaru TSUJIURA,
Earthquake Research Institute.

A Seismograph system for recording seismic waves by means of a triggered magnetic
tape recorder was completed some years ago. Since then, earthquake observations by means
of this system have been extensively made. As will be shown in the papers?.?.® the
equipment was originally designed and constructed utilizing vacuum tubes; hitherto,
transistors were used for the purpose of economizing the expense of power supply and im-
proving the portability of the equipment. For our purpose, it is necessary to have at
least a three-component seismograph at one seismological station. In order to get more
information on seismic waves, we used a multi-channelled FM carrier magnetic tape re-
cording by frequency-division method in our system. The principal limitation of the FM
carrier system derives from variations in the tape motion or the flutter which produce
changes in the recorded frequency that in turn manifest in the out-put as noise.

The signal to noise ratio of the system is the ratio of the percentage flutter to per-
centage deviation for maximum signal. Therefore, the principal objective in the design
of this system is to get the widest possible range of frequency deviation for each channel.
In the system, the frequency division for sub-carrier frequency is separated into three
channels between 0.4 KC and 10KC, and each sub-carrier frequency modulated +209% —
+259% by seismic waves which have extreme low frequency spectra. The 25% deviation
was found to be the practical limit which is governed by the characteristics of the band
pass filter given by the third formula in the theory of Tschebyscheff.

The magnetic tape recorder which has 3 tracks in a 1/4 inch tape width is operated
at a tape speed of 7.5 inches per second.

This equipment provides 9 channels for 8 seismic wave signals and one time signal.

The schematic diagram of the recording part is shown in Fig. 3a. The ground
motions due to seismic waves are converted into a signal voltage through a pick-up (PU)
and the voltage is fed to the amplifier (ELF 1) which has a gain of about 90 db. From
there it is led to the frequency modulator (MOD 1). The frequency modulator is a free
running multivibrator type as shown in Fig. 8. Its frequency is a linear function of the
voltage applied to the base of a transistor in the multivibrator. The output of the mod-
ulator is applied to the band pass filter (BPF 1).

The band pass filter is used in order to limit the pass band of the channel and also
to make a sine wave from a square wave of output in the modulator. The output signal
of band pass filter is applied to the magnetic tape amplifier (MT-AMP 1) directly or to
the high frequency part of radio tele-recording equipment RTS-1, or RTS-1120.%, The
output of the magnetic amplifier goes to the recording heads of three tracks of the mag-
netic tape recorder in which the endless tape in loop goes round continuously. The time
of one complete loop is about 40 seconds, and the signal recorded on the tape reaches the
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Fig. 27. Appearance of magnetic tape recording part.
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play-back head 40 seconds later after having passed over the recording head. This delay
time is adjustable betwen 10~160sec. The output voltage of the play-back head is applied
to the recording head of the recording mangetic tape recorder after passing through
another amplifier (MT-AMP 2).

The erasing is done by the D.C. and the bias of recording is given by a current of
70 kc supplied from an oscillator with power transistor. Our system has several addi-
tional units, including a trigger delay unit which makes the storing recorder start by
seismic signals and stop by the function of the control unit automatically; a monitor drum
recorder is used in order to get the absolute time of earthquake motions; and a time
marking device by a crystal clock is prepared in order to record the time signals on the
magnetic tape recorder. The operating time of the control unit is adjusted from 60 to 120
seconds. The schematic diagram of the play-back system is shown in Fig. 3b. The weak
seismic wave signal passing through the play-back head is amplified and applied to the
band pass filter which has the effects of separating the mixed three channels. The charac-
teristics of this filter are the same as the recording part.

The output signal from band pass filter is applied to the demodulator (DEM). The
signal is then applied to a low pass filter in the last stage of demodulator, by which the
sub-carrier is filtered out and the original seismic signal reproduced, and this signal is
amplified by amplifier (ELF 2). The amplified seismic signal is applied to the multi-
channel ink writing galvanometer of the recording oscillograph. The paper speed of the
recording oscillograph is variable from 1 mm to 250 mm per second, and the oscillograph
is driven at a proper speed according to the spectrum of seismic signal.

Fig. 4 shows a theoretical transmission characteristic for band pass filter used to
separate the three channels in a frequency range of 0.4 kc to 10kc.

Table 2 shows the constants of frequency division of 3 channels at frequency devia-
tion of 4+20% and +25%. The rejection of the adjacent channel could be achieved at
least 30 db below the carrier attenuation between the upper band of self channel and the
lower band of adjacent channel.

Fig. 6 shows an elemental circuit of band pass filter. The core of the inductance is of
a toroidal shape made of Ferrite material. Table 3 shows a constant of each element of
band pass filters for three channels with the frequency deviation of +20% and +25%,
and Fig. 7a, 7b shows the frequency characteristics of these band pass filters. Fig. 15
and 16 show the amplitude and level characteristics of the modulator and demodulator
with magnetic recording part.

Fig. 17 shows the overall characteristics of the equipment, from the seismometer to
the pen galvanometer in channel No.1l. The differences in the magnification and phase
delay within each channel are reduced to less than 5 percent and =+5 degrees for the fre-
quency range of 0.5 to 20 cycles.

Fig. 23 shows the cross talk test between the 3 channels excluding the magnetic re-
cording part; no leakage oscillation is seen on the channels other than that loaded by the
signal voltage (50 £V, 5 cycles) from ELF test oscillator, and also it can be seen that the
circuit noise is reduced to less than IpV.

A map of our radio tele-recording seismic net applicable to these equipments is shown
in Fig. 23.

The Tsukuba transmitting station has five seismometers. The seismograph system
consists of a quadrapatite net of vertical component seismometers having a span of about
500 meters, and one horizontal component seismometer placed with one of the vertical
seismometer. The Dddaira station consists of a tripartite net of vertical component
seismometers having a span of about 400 meters. The receiving station was set up on the
ninth story of a building in the medical department of the Tokyo University at Hongo,
Tokyo. Fig. 24 shows an example of the monitor drum record for each station. Fig. 25
shows an example of the magnetic record seismograms reproduced by an ink-writing
oscillograph with two different paper speeds.




