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1. #% AK Tape BB HE DKL
FRCEAERICGET 2 & 51T/ R E HEBICHES tape IC X 2B Bt sk 2 5k
U7c, BEIEICII 4T transistor % 102 O B EEE: S EBAICHT 3 X 51 03¢/s 2
BETHRSICERBETES ST,
2. BB O8N
it o%kiE & 1961 4F 11 B 10 11 O BB Eh i 5E 7 v — 77O AT HEHNY KER L, &
W 2443 km OWPLI TR AT T 2 EMTE L, TORREMEHSTED KX
- T4HHT L noise KT signal @ spectrum X D& EHFEHD SN xRk, TOMRIKEINT
RS2 S N,

II. B% Tape ;&%

L. 285K

Tape % W 284580 55 OB HERE F R CRBRE KRR 40c/s BETH 20
DHIEHDO XD Les BIBOEEEEE ORI BACIEFH L LTI S B, H®ICT
TN B4 H T ICE I EEEER M. AJIES O level 1T U TH#B O MEREEZ 55
#) & pulse W PWM. AJJES D level IC/E U T—EMMOEHEOBELEL ZHR) &
WH 5,

T 2 T3 pulse M REZH LB EZORENE LT, (a) Tape #E OIS (wow, flat-
ter) I £ A A TM FUC B L TR0 E, TROLEIMBHRARBNTREVL S B
DEAELTZBPWM FRCRESORBERBELENT I L3> THREEAZE L
A EHE LTI, (b) B AEBEEHCh D@ <, (o) BEMHRY SN o fAcgh T
%, () m5Hic digital E51cEmTE 3, ErdbTS ﬂ%fﬁﬂj“%ﬁ}gﬂ??: LT, (e) Tape #ifE#
HEpyk e Eo R RiE 5, () Tape O & FEOVIEHk & HE D FICKk &4 gap

1) BHWHRENE S v— 7 REF Lo - AREWENRE, BE24EMS (Nov. 9, 1963)
2) WH % BlanEsS oRE, RHRYEEDIREE, 10 (1963), 135.
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HHELD, Ehb3, OB (@ XEETH M, 46N :MMJH S DS LI D S 2
NEBREOEELEL LR,

Pulse WEZSHIZ & WO H A H B2 < L RUE, 81 FITRT X 5 kg
EREBWHAEERAE T level THIHL, EBEEE pulse HIZEWT 230 THD, UL
CORITEMIZEE LS g R O 3 I, %5 /) hof BT 5.

2
/

(a) Saw tooth wave /

(b) Input signal

{c) Modulated wave

(d) Square wave

(e} Feproduced pulse ~

(g) Feproduced signal /\/

#1 Pulse IBZ5H 0 2% M08 FuB 3 EEEHSH)
Fig. 1. Wave forms in pulse width modulation.
(Signs correspond to circuit diagrams.)

ZRMEoAEEE 2 ¥ @ 0BT, 2ol EE 3RIZRL L,

{a) {b) (e)
(a) 753488 (b) Tape recorder (c) 1HIMR
Fig. 2. Photograph of recording apparatus.
(a) Modulator (b) Tape recorder {c¢) Demodulator
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Fig. 3. Circuit diagram of modulator.
‘ 500 300 —12v
Ry Y x| ) 100 T
5. |g)elsy g[Sl %L 8lx slald B8 ws 5 ! 2004
= == == TR 0A90 5] L 2004 N
10 10 104 T8 >t 'ﬂlr - High Out
= =l 0.008, 2001 2K 2004 °
3 R 7 TRa["<¢ 300 | 1L 15 e ® " r—
- =, ()
:)© STI“ wi B B _@ | RETS 0006u 0006z 00
Heud)iz I i " w2 e Tty T"7q, TR, 2001 6K 94— * B
L == 200VR
= % - sT-ilsT-1Il o Low.Out
-4 104 ol T[Sl 2004 2% A 4
000545 b OA90 O N 14 Ahr—
+E * B 2y ¥ < 1 o AT3SF x L™ Q 500VR
& £ :E”T A fé:[ﬂg Si 8 ;i “ ~ 335 ggT‘" 2 f o2 1.5 o
: 0K
TRANSISTOR ; 28817 iou § 20K EOF 5K %2
—{l#%o Sguare Out — Low Level Out
g 5K 2 A3 B o H B K
Fig. 5.  Circuit diagram of demodulator.

2C AN NS N MBS

L8



58 2 M E

# 3 [T transistor TR,~TR, (3 §EkR I F6 LB TH B, & THRR L A 800 cfs,
PRI 5.5 V ORI E T LB iHAT 5, SRR O I3 £ T O ik ic EE B AR
H2OT, WRBLZTRIFREENAON B LS TR L, TOMEE4RITRTEIUH
sz ok, COEEREEANESRZCAGIRER) TtERADLINTELR (D
AR ER L, B TR, TR & & 5 —iF level TIRILL, ATHMEZ D level KIS U 12
EOEFWEFRESEE, CTNTANETE pulse [BEHI NI LKL B,

I

Out Put
Arbitrary Scale

-2 - (o] | 2v
In Put —>

-4

E4R ZHMoBEBRHE
Fig. 4. Linearity of modulator.

OB, HIE X 721 tape recorder o head iz &imi %, Transistor % L 7z
72 % head LC 13 i K impedance © & DO AFER XN 2538, 4T 27 mH o inductance % & D
head &R L, EMICIAI18mA OIEADIEHIERES X THA tape 5 B L, iE
BOITNPOFTMICHTT 2, Licdio T pulse B35 0HF & RMICHA tape L OHVEE
BHEESIN, LEOBED XS IKFHCEZ: head ZREE LI,

3. Tape Recorder

Tape recoder |33 ®BD I &4 L, head @ &4 (& impedance @& D& & V1 Z T, A%’l’@]
BB L T head @ A754 %Mo 1 channel head TH-7eh, ARRHERE B time
signal $#EH T AMHE L, 1V W 3 stereo FHD 2 channel head % 72, TIFICIZAHE 100V
ZfEA L, tape recorder HIADERIE 15kg &> THHICHEFIE B WAV, KO/MEOD
portable tape recorder T tape # D DEREMN LoD L TONEESICHER T2 2 BT,
WEFOEDTEBELRE—ATENT L EBEGSTH B,

Tape {3 6.3 mm T4 ALy, tape 6D g 19 em/sec & L,

1. & B %
B oREEEE S5 iR Lk,
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FETI AT L tape £ 4T 5 & head oA SN AFHEBEHRIELIN () ICBT 5 &
SBEAD pulse & 722, THIZRK tape & head DA HMIC L 2D TH B, T D pulse
12 TR, TR, T# 40 db #ig & /% TR~TR, 0OBFEEKICEZ b, CTT—FE level
ZLF®@ noise iZ & g ERICi E > JED pulse (X8l pulse iIKE#IN D, ZOD pulse
% TR,, TR, ® multivibrator ic 5% T, () ® X 51 8F head It 5 X -BR LR UHEOERE
EVED,

Bz high cut filter iC &> TESHL LOEBEER L, G RICTOBEREELOHT,
CDEICLTAD hf: S B3 H o #E L Brown %% oscillograph X3 & # oscillograph iz &
> TIHROFEFEZH/ET 5, Brown & T3 ##%E M O 800 /s 43 ripple & LTH-> T 348
galvanometer 1 [E7 833k 100 ¢/s X3 300c/s Db DA AT 2 55 E K LIiCi3 ripple i3
£LBEHbhizn,

5. o EH

CORFEROBRAFPEHERIFE RO LIICE>TVE, coFTcHERO LIRE
high cut filter DEHIC I 2D TH 5, PWM CHERBWICRERSEZES L LTEVERSC
EbTE B, COEBTHAPMFHEOTIREZRET 201d 8 3K B AICHOTY 5 200 uF
@ condenser DA TH Y, 03cls T TRHRSICEEHETX B,

IOO%— :

1 ] ] J
[oX} 1.0 io 100 ¢ps

BO6H A ® % F &

Fig. 6. Frequency characteristic,

BAKEALEEORIEE G AL EDVHSNEHMIESORBRIZEALA—T, %E
AR E L TRMEERAREDIEY, ULich> THESEBEADECHMIET 2 XREND 2, 40
2 OT80~90db MIEL T3P, FMEEFERTLATZ TRV O NSRS ORI
EfRZh 3, _

CO®ED SN HIZ#H L\ tape Z{EH L7c & 13 50db Pl E, DBl REENE LN
FET 5 EEIIEH signal BELENRSRLTHED40db LS, TRDOEREEZO LT

3) B H; ARENAoMHEoRME, LANIRYEIEHRE, 10 (1963), 143.
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HEARIEES 10cm 91 noise [ 1mm L7430, CHRMEROMIBREOANPHET LD H /N
FVDOTEBICEHBEE LI,
CORFBEBEOREDOEBEI LD ELRDEDITE 3,
1) Channel %% ; signal channel 1, time channel 1
2 A 15 Tk 37 Ver AT K4 k2
_ jhigh OP. ZKk 68Ver HITEHi# 15k
" llow O.P. ik 0.65 Vep 77456059 100 2
4)  FEIEIAEI; 025~150 c/s ==1db PLpY
5 SN i ; 40db Pl

3) i

6) Tape ; 6.3 mm F, #EE 19 cm/sec
7 &\ Jit ; Tape recorder AC100V

2%, B DC 12V 32mA
Wi, HR|/i DC 12V 29mA

6. BARBAFSE

FFEO tape HEEE TA D NABHBHTHIFABRIHNBIC L5 TZD spectrum ERKH
To & TITTO 7 BOFERIC OO TRIMHE 2) OMSUCEMS LT 345, 2 0 A REH:
FIROBITIE » T 5,

a) FHEHE le/s NEZNUATECHAS,

b) GBI QAT <, RMANE S 0 UCRIRE R ORIBIENE B 750,

c) WETH 5,

FIC (b) DI IRD ORI ICEEIS TR 235 27,

III. RERH O
1. RERUEHAA
II e~ B8R EE A &> T 1961 48 11 B 10 H o @i B MicsEm Lz, oMl
HARDHTHE L2 12D ICBIETGNE /S v— REERBEL T I T, 4EEH
MEFHB~PEOFMIC & > fo, FEWARIZFREHEEFI T LEton @ dynamite %X 40 m
@ boring 7,16 A, 11 B 10 H O1 [ 07 T ok Uiz, TR 4 O BIRAE B0 76 5 BETR
B2 T B IR O A KA S L O Y C R IR B 24443 km ¢ & B,
2 BERR
BT7TH (@ ORRITEROBICER oscillograph T& - - HIBHOWRTH 5, HEEHZ
2MEML, 500 ETHTHEEHELTAOTOED, 20551 0 trace BERT
PeliFR D K 51T 2~20 ¢fs T I213 T3 B MR 2 5 B 1L 1d 6¢/s BITIC peak D &b 2 »73 D

4 H #; WBBUIEORBEANC 20T, dCRHMIRYEIIEEE, 9 (1962), 87.
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Fig. 7. Seismograms of seismic waves by explosion.
{a) Original seismogram. (b} Reproduced seismogram.
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7 (b) oS L o trace s 5 parallel 172454 & D i L tape 125tk L72 & D DHEAE

WIETh 2, co5 B L, B (flter 2 3710) 1§24 L7 trace TH O L & X~ LTW

Z, g I BAEOFHICR LI X278 L, 0F
THO I, ERFIT R WTOBTLERHT RS THL, D
EL 2 ORI L TACBOREN A ON ST EEEIRLTED,

ROBRE S R B L & RHIRET

17 A T HE- f2 filter %0 L 7z trace

17 later phase # 1t 2 B4 13 4 H

3. EBESH

Tape D T O S R SR 6D B F DTS O W AT IS ) TR EE f, AT O
WL L IEORTEE 0.1~40¢/s TH 578, B8N Z O—AE R L, JTTHTRD I
O trace 13 IO 72D fitler HAFMI T OFEAFIETH D, FTO trace MR T 2

LizlHch b, © oBs, A o@i Qi 17 & Ui,

C ORI 9 NITRT &5 1 spectrum A5 A SNt & & C GNUZRIEIELE LI O ground
noise @, Iy FHIEHES O spectrum % 7k LPL T 4 phase & T spectrum TH 5, (38X
)

Ground noise (GN.) (2D Tt 0.9 ¢/s 17 peak 73dH 278, EEHES TET L TWL 2 DM
Z OO (857 5 R) 12k 350 THEE® ground noise J D (3R o ik ) 2548 4
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Fig. 8. Seismograms through the frequency analyzer. (Q=17)




B HEREA O SN E#E I >0»T

bEHEEIND,

Signal @ spectrum @ 9 BRIE) (L) 1DV T
2 cfs 1z peak A0 curve OWFMHHL later phase
@ spectrum I HE L THEPHTH 5,

& DT signal @ spectrum % noise D
spectrum “CEf- 7z SN LD curve T, 3c¢fs ATIC
peak 23H b, 2~Tcfls TS/IN>1 EitoTW5, 8
2 phase, # 3 phase |3 3.0¢/s IC peak ZFDOMHE 4
phase T #E 12 & A &% L 21cfs 12 peak %
o TS, 7272 L% O spectrum curve DJELE]
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4. Filtering

oz ot SNILO curve iT i S&xF & L

THIT % & D RN I B CRi« ORHED filter
ERORREE I,

5 10 TR (a) WANITR L & 2 iIc¥ B D
SN curve (48 1< &8 72 Bk o flter 12 k- T4
Liiletcd s, TR LU MEIZHEHNE -
EDEHHLNTVS, R (b) i3 peak 21313 SN
curve 7 -—F X 4 72 80 0% D TSR O Rk h it
Ze Fi o filter 12 & 3 PRAEIETEC (a) 1IT1E U S50 TR
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waves by explosion,
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Fig. 10. Seismograms through various filters.

B8 B AHT B ORI A FEENIC B, DD QA 17128 » HBEOR IR
B I 2R ThHory, HIUIEN KO0 QA SICFHT, 377405 Rikd curve
ERER M LB G ORRERT, JHRENED 2 cfs LT 3 efs DRGSO THEIIRSICE
g s&, B8NLOE L OL ARG, ©IE) &5 2 phase DK BIALHR & T, & 7037
T HIL, 810 (@) @ SN curve I &4 7 filter 12 X AR L DR ChH 2, TDLD
1285 10 (X (b) D & 13 B D band s signal (2% LT3 % 5 & noise & & & 17 signal
LB L, T ORI SN AT 5
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5. EmBIKE
Filter #35°% | X 1T signal & spectrum % S(w) & L, noise ¢ power spectrum*®® %
Nyw) & U724, signal 5 noise DA FEKRITT 5 & 5 13 flter O {5 [Hiﬁ( Y(w) i

S*{w)

Vo) =

oot ‘ (I111-1)

TH5b, 72170 S¥w) i3 Slo) ORBERRTH 5, %71 OBED signal 3t noise DA fEIE

S\ _ /1 ¢ [SeP .
<Ah>nmx 9 N (I11-2)
THA BN B,

DX HIT signal & X DEEFICH I 720103 SN D curve [T 44 72480 filter 735724
THEEEBEALNDN, TCICALNI SNInEOREOFERYEND 201 L TR#EMOF
WD 5,

Signal iz DUV T3 & phase OHEFIERE D 82 CTCRO S EOBINE T % % 31 Ty
LOEY, TDD

D<7b=7%
THBHCE, RUERE D signal @ spectrum @ band 1 & O & FECHHNC EDDE, T
Z bt spectrum (3 signal OWEEE LK EA TR ERB LTI THEA D, KX LED
BUVGEREOD filter 2 AW NERHERSHAE D BT B,

L # L ground noise I DT, DGRBS EN T &S signal ERIICH S T &
RTERY, BICHE Lbhd TRIGONREOT » 54T, 4EOEMICET % ground
noise v75§ Gaussian noise” TH -7z & & 5 DF 2 NRMB AN TH A 5, Gaussian noise &
Fﬂ(&iﬁ(@k'“ KB BIRBAARIEESAEZTL LT A28, IRIEFNEO 4 %2R 5 L8E
ZIRTHERG 32X 1070112 A7, TID bMEHC R & BRBEMERT C LRIERBICHEILA
ERRnEn- TR, HHEAFICEOYTHEHET 2B EZWROBEEFIRICANS T
ERWETH AL, noise DD EHIBHWHGMAMICHMELTNEEEFEZ LI,

Gaussian noise @ spectrum IC DWW TEME - FHEY L X>THELOKFEMRLZ I T
505, NI X B & spectrum curve ASAHTIC L 3 filter QRHEICILE L TW B2 R0 1841
i, MERCE BT B AEIRNE T #25 filter 258 L THBUT A2 &Ik b £ filter )
5 IEDYRE D power spectrum FHEAET B EMTFRETH B, 1277 LED power spectrum
&@&%%&3<¢5hwmuﬁmr@ER&Q%xmgmﬁ%<?%c&m<,itﬁﬂ%

(I11-3)

) S. GOLDMAN; Information Theory, (1953), Prentice Hall.

) B MEET (1961), HEE

7) B ZEH; Hw (1958), EiE

8 H H-#HHE %, wEBHREOBBEESKoLT (20 2) Sk NERY IS L 11 (1963), 103,
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BT ZRARICEZ L EBMBRETH B,

CDXHINREBENSSTORBITICEBIT 3 flter DI A 1253 5 & ground noise (Z%F
UCRESCVELOBREERLTOEEVZ Z, (B8R F=08c/, 1L0c/sBM) Lich-
TZ ZICA 5t spetrum {3 noise D[ spectrum ZIE LS ER LT EdDEHRIN

5THA,

IV. & & 8 &

T T TR ¥z spectrum | ground noise IZ LT &, signal ic U T4 RIOMEHAISICEHT D
BOTH-T, OB ZOFTETHATE S D TR, SEO XS SEHC signal D
FAEEEERE D ICHARSPSEEL, TO/BRERESOERT 5 EB—RICHNONT
VB, ZOEMOBFIERILADHEHE, WROMAENEHITsbDLHEEIN, »ID
WHTH B, Fi ground noise ILE-> TR IV L OEMLED R NITEMISHERITE
0, ABIO XS RO E RS E S - L EBRE RS < EJE L noise KU signal DHIEE
BABNNWTEPHBHNOFEICOER BN ENFgTE 5,

B icidhiEE A O D s b R B B, BRI R U r IS A T
Z U h- b RREHIE, WHZE, SEHHE* ORKICESERTIRETDH 2,

* OB ARETFHSHEER R

5. Improvement of Signal to Noise Ratio in
Explosion Seismology

By Susumu KUBOTA*

(Department of Geophysics, Faculty of
Science, Hokkaido University)

A portable magnetic tape recorder has been designed for the purpose of observing
seismic waves in the field. The system is modulated by pulse widths and the frequency
range lies between 0.25c.p.s and 150 c.ps.

The present apparatus was used in the explosion seismology of the Research Group
for Explosion Seismology on Nov. 10, 1961. The seismic signals recorded were analyzed
with a frequency analyzer, resulting in spectra of the signal and of the ground noise. The
most preferable frequency characteristics to the filter have been found on the basis of

signal to noise ratios.
* at present; Earthquake Research Institute, University of Tokyo.



