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Bl Abstract

Earthquake Early Warning System, which is delivered via television, smartphones, and other media
immediately after the occurrence of a large earthquake, constitute one form of a system to issue
earthquake early warning. Although public dissemination of Earthquake Early Warning Issued by the
Japan Meteorological Agency (JMA) began in 2007, the underlying concept dates back as far as an idea
proposed in 1868 by a medical doctor in San Francisco. This concept sought to exploit the difference
between the propagation speed of seismic waves and that of electrical communication by detecting
earthquakes near the epicenter and rapidly transmitting warnings to the distant city of San Francisco.
However, the technology available at the time was insufficient to realize this concept.

Approximately 100 years later, a similar concept known as ‘A Plan for Strong Earthquake Alarm System
10 Seconds before it Attacks the City of Tokyo’ was proposed in Japan. This plan aimed to issue warnings
before strong ground motion reached the Tokyo metropolitan area by installing seismometers in Sagami
Bay. However, this plan, too, never progressed to a practical stage.

Strongly intrigued by this concept, Japanese National Railways (JNR) initiated research and development
on an Earthquake Early Warning System in the 1970s to manage unforeseen events during earthquakes.
First, mirroring the earlier concept, a system was deployed on the Tohoku Shinkansen that used
seismometers installed near potential epicenters to detect tremors and issue warnings. Subsequently,
to enable faster and more precise alerts, JNR developed the UrEDAS (Urgent Earthquake Detection and
Alarm System). This advanced system estimates seismic parameters from the primary wave (P-wave) and
issues warnings based on expected damage, calculated from the relationship between an earthquake’s
magnitude and its distance from the epicenter. Launched in 1992 alongside the debut of the Nozomi
service on the Tokaido Shinkansen, UrEDAS was the world’s first operational Earthquake Early Warning
System to issue alarms triggered by the initial detection of P-waves.

The successful implementation of UrEDAS was followed by the development of new Earthquake Early
Warning Systems, informed by the experiences of major disasters such as the 1995 Southern Hyogo
Prefecture Earthquake (Great Hanshin-Awaji Earthquake) and the 2004 Mid Niigata prefecture Earthquake.
Then, in 2007, an Earthquake Early Warning System, which had been utilized mainly for railway operation
control, was launched for public use as the Earthquake Early Warning Issued by JMA. This shift played a
significant role in raising public awareness and engagement with earthquake disaster prevention.

Looking abroad, Earthquake Early Warning Systems were first implemented practically in Mexico and
the United States during the 1990s. Development has since progressed in numerous other countries and
regions in anticipation of major seismic events. Furthermore, a service rolled out by global technology
giant has expanded worldwide, rapidly accelerating the global adoption of these Early Warning Systems.

This historical survey traces how Earthquake Early Warning Systems emerged and evolved over time.
In particular, it focuses on the circumstances leading to the birth of UrEDAS, the world’s first practically
implemented Earthquake Early Warning System, the underlying concepts and philosophies that shaped
its development, and its subsequent evolution. This survey also provides an overview of the history of
research related to seismometers, seismic observation, and earthquakes proper.
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STRONG-MOTION EARTHQUAKE OBSERVATION COMMITTEE

STRONG-MOTION EARTHQUAKE RECORDS
IN JAPAN

VOLUME 1

PUBLISHED BY

EARTHQUAKE RESEARCH INSTITUTE
UNIVERSITY OF TOKYO

MARCH 1960
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[STRONG-MOTION EARTHQUAKE RECORDS IN
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D Vol64 Tid 12 ¥ 3,124 &5 (b2 4R 1E1E 43 B
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B2 722 e DX bh b,

X 217 2. STRONG-MOTION EARTHQUAKE
RECORDS IN JAPAN VOLUME 1] ®F#& & Ik &
N72WROBIZ R, BIIEEE, ¥4 225 7L
EHIT A HNCHEEICEHRI S, Y ZMELR T W»
EIICHE SN2 DI 5> T b,

Earthquake No. 3. Feb. 14, 1956, Site 101, Underground vault

(b) SEFZDFI (1956 £ 2 B 14 HOHE & R R KFHEN
AT D SMAC-A BB EET CEAIL =26 D)

2.17 [STRONG-MOTION EARTHQUAKE RECORDS IN JAPAN VOLUME 1|
(RHREAFIETFRERRER) (BHFTH)

BB EMEERMORRILARIRSE  Vol.35 2026. March



I 2.6 #EHAEOES

WEEHE, HRCRET A2 L THZooiEh
DORESEMY, THIHED W2 BEITHIR ZDOHO
MR ENWELTHEIENTELILIFEIETTD
e Ll BALZHBOMERSKES (7=
Fa—F) B EERIEMICIEEL, WERZDO b 0D
VB R BRET 5 LI AR O M EBN 0 5 4
RHD I LRMBWELRWT L KOBE2S, B
HTr—% Z2HUET 5720124 OMER 2 @80 i
BLCHEBNMEEERETLZ I LIIEFICEETDH
bo WALHAEMNIZBWTH, xR HWDz0%
COMBBINMEIHELINTELDOT, T2 TIEEN
5EMBIT %,

HWEBNEOFTH, HWEERICEROEIEET
VAT 2007 —2 v ay 7L LTHILRT
WA DIE, 1978 4RI T A THEIBHE T.22% IAEE %
UNESCO % &2 & ) Bifit S 7z [INTERNATIONAL
WORKSHOP ON STRONG-MOTION EARTH
QUAKE INSTRUMENT ARRAYS] T 5 *™?, D
ERT—2 v ay S THEET VA BINCHW 5 H5ERT
WZDOWTId, MRS & SRS B 001 B Citks 5 2
& MBI A S ORI LEHT LI LD TEDL LD
W25 BOT7) ARV GBIE) AEY =%z 52 L,
FAFIv 7L yYV%E0001 G~2G, KL vy
%01 Hz ~30 Hz IZHERT AT LR LD EE SNz,

ZOH%. AREEDS L OETHEBINE i <
NTwo7225 L ITHARIZB W T 1995 4F Jt i I
PR E & AR & L CRh SRR BRI e T © K-NET
ZIIL®O LT 2L OMBBINMOMES N, O
R U TR ORERARIENICHZ Twol, £
7oy B LTH IERAN IR EARTRIE (MR
5 IEBER A BLEETE | b T, mIERE - R E
FHR R GPS o Bl & SR BI & L C R i
FTAHHEBHENT, SHICE ) ERAE LICEMKT 2
BRERRT 72U T < B KR A BARATZERT © Hi-net
@ 500 KU L ORREMBEFORES LI, 5
12y 2002 AR ITIERZARALR)T OB R 2 I 2 72 1,100
HUL E O REMEEHNC £ 5 15 km~20 km O =418
THELZE ) BIMThbNs X)Xk -7,

CZTld, HEREIHELE A SR R LR
PEIZRL 2 & S TR & AL 72000 o0 3 32 B4 %
HUMZ, REN R D DERNT 5. & ICEFOIME
BIMEE, EEICRY KO Sh - AHEHEEMETH 5
PRBEDRE L REME R TAHIZDIIHEL TV o72d

DT, S UL M 5 DA LS BE LS H AR AN 400 12 BA
FoiEE L UCERENRHICHKE L, [T L
ATHENAROPE 2 BRI L 2o Tz, 35
12y FEBIERIER 2 o> THIERF O S HEST 0%
BV EMRT 272D ORI L ZOREE LTO Y
AT DO EMZ % CATwv, Hae LFEAELTE
722 EH, SEOTF—<ORMHEERD AT LD
BHoTVu-7228bd D, L ZORBORMEE
HTnw{,

2.6.1 E#HB KU JR OHhEER RIS FISEFHITE

BB X512, HARICBIF A E#EREF L LT
SMAC #UR 5 EHASB 56 S MBI % 4 & 72 D 13 1953 48
(HEFI28 4F) Td 5 A% EFRIZ 3 TSI 30 441
IR R HIE L7 B MR 2 BRI LR
72r, 7272l T OMEEEHE — @ LKA BN
WEABANT 2 L BME AT 5 L LI, ROk
MR C IR AN LA 2 BERG FLE% 3 5 & O T MBI
ZDBDIFRETE Lh oz ENENOHETHIIMN
HEOKE S TZIFFHLXHMOFEEEIE L, &
WENSHEE L HEVIERBITrOHEESNE
JEf A b L AAREASEIR TR & W % & v ) FIEAS
ED SN Tz,

SIS DOTEKFRDUTHEO LA Z R A Pl
B EAMEAICERE L oI AL T, Eiks
KT, ETIED L) BREMEAHRE SN TV D0
1982 4E 72 & 1983 4RI T T THE S iz £ D
R HBRBTE O S 2 WEHH ATt 6 FERE 257 1.
WD % T i BT 2 54T 3 BAE 30 53t 287
BANEEOERBOPHIHE SN TW5E I LATEE
EN7ze FRRBEHIICOVTIR, Bl 5 TIEOM
AT XA, AstHE, ftio BT, Rl
Wik e E OB A2 TR0 ATk &,
REASIEFICBRIN SN 2WE D REE8H 52 L 25h
Hofoo AREM 5 AE 2 IRE) S L CRRHIR Lz &
Th, BLEREEY B E G 2 R BB 0
BNz L, BRI YR8 HEZ L LD
Molze ZOPRARERICLY, —~HOIHEIZL > TE
WEMITLEOD LB E > TIIEF ICHIEDI R X
W ENFDbRY, ESITERIERE LTHhDHRESE
MERETHILE R o] ZOHRBAERBIZOVT
1d 40 Gal DB EREMEFIHKDT 5720, HEBHO
IR 8 L TR 40 km~50 km FIFS CEHbERT
DOFBEHHED LNz TS LFRMOTHIER %
FibwC, 1995 420 L L R B L ER OO g 1 TR A EIS
400 UL E L, MK E L CTIZENT D A KO

BHMEERY X7 LORMILAE
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WEEEN 2 A3 2P 2 R B S Tz,

WIZBERE RN HEHHOE 2 T Th 255 EHk
R JR THIHAZ I H 2 b 52 5T (5 HE AT %
52720 [HEHREE] & dF95) 13, FENIC
(&5 Gal THERTOBEAVESE) L. 40 Gal THIHAE L
DIzDDMFEEREFENT Do I EE DI 511
DOMEEDOERAETH V. 40 Gal (&b LH TEUM L 72
PROREMVICHS T 5L L CRkES NIz, Tk
DNSWEOEAE L. LD T 7% S &5 H)
DRI & 2 BHEE) GREIEH) 2°% 2 5 W ReED D
%o F7o, BHMBEFHIMBEONDIICHEINL I L
AL N DFBREFHIZOVWT LRI SR TEY), ar
7L — )V OEFRX % KE# 60 km ~ 80 km THEATY
% M EEOY A TRIEHL2 5 55 mBih/-L 25
Tk 9 Gal, 25 m#in/2& 2 A CTixE 15 Gal & v
IMERERD D %o THUTHRIEE X HOIRER L 0 &
BOHLEWHNHER LI L IR 2 ZE L T, M,
DAL 20 mBEIIH L CRRET LI LT
Lwk &7z,

F7o, WEREHIC X AF LD, B
RN DB AT B EHIRUIIEFE 7L —F 300D
HEIICBEELT 2, ZOROEEIICERbET
AHELALTORIBELZEILETZ LIV AT A
AR I NIz, TIUICKH L THERBROYAIE, BHEO
BaTomEMEIELThEL, BT
BB LEL DD NS, FIHEEZELESEDL 20
WIIE BRI 2 EALTEL 2 B 7 &, 7] U i
o TV THREIFNEZFILIELDDY AT
2IR LS O T TREF LT 5,

e AEAT S B BRI LT 27, 1964 4E 6 )
16 HO#riE s (M 75) 2288 & LT LW ibie B
FEOMEAIE L SN 2hs [4E 10 A o S E
R BH SRR L AT R & ) Ui 5 19 2 B B B s ik
S, SR O 297 S AERBO b OIZHER L T
W7z, BISEDBAED 1965 4 KIFIEA AT TH AR
L7258 (M 6.1) 12 & 1) SO 7 it O R 3 W | st
GBS EALZZEDH Y, BE LX)V % 40 Gal
2L 7B o B b 52 5T & A R R & LTIy
M 25 71 T OZEBITIH 20 km RIFECREE L. 1965 4
11 HicHBSFflE v 25 208 LTI 2 BiiG L
720 E5121966 4F 10 HICiE, MBI 2L Ty
AT K OEEIRD & GRS 5 72912 SMAC-B2 Al
Eal b I Nze €Dk 1966 4E 12 A HZ DY
AT AFERATE MG S . 40 Gal OZEHZ I L
BN OWMBEOLENE COXMT [EE] (%
MADOKE) 2451 L TZ O X BN OFHE % B2k
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S8, RS ORKINEEEME D O AT 2 TR
ERRABIT A SHE SN B OEEMIC L Y D
A H L CEEBHET 2 TFIHE o720 LA L,
O HKX TR OB EIMRNZ & E DA
VBB ED LN H 0, FBEEORELRE
D7D R BICRER 2502 % R EO RN D - 726
ZO7®. 1968 4E 10 H 121387212 80 Gal TEHIFE
43 Bl AR &8 L TR L. 1970 44 5
2 BRSO B ER O BR &L Uiz, BB SHIL
80 Gal Kiii D& 1342 H AR L T 70 km/h OIEAT
RIS TR, TR EIESRIC X B RIENC & 2 B
WHERRE L. [T ORI S 2 WFRIHE 25 72,
CO80 Gal ik EDSHET L LEZONDEERV

CHRHEBREFO X NE 2 L) O FRAEMM & LTED
LMNTzo & HIZRABIT DEERE DR EORALIZ L D |
1973 4E 2 5 1% 80 Gal AKiiii O H5 A1 O MR D=
FEAS T LLF TH IR E OTREIC L % Kl % H W T
&2 L) ICFEPETE I NI,

] kAT HL R DO FE MO AT R B Z T ) 55 R
W7 BB 2 HI8 L 72 @i B FIEOZ B % % 26
E e b,

B, 19924ELEIE T2 L ¥ 2] (4.3THH) IS
X% M-AB: (42 TREIL) ITBATL, K26 D=2
TIVIZEEIE S 7z,

F 72, 1982 FEICBIZE L 2 AL H it < Uk, fe ke
DIRFETA40 Gal L E o RS 2 s 5 L [&E]
LT B 0RO EHIEEHIM A T, AT 0O
R ERER S A 7 AFEME S Nz, 2, H ik
WHICLWKPFEEICER Y HOMEE2 TE 5210 H
BN % 72 D AP PRI R S e A R & 3L
ZITH S OMIETHEEEE LI HICEILE S 2 5T
TH5LDTHo7ze BZENS 122 HEME L7z 1982 4
7 H 23 HICHKBIR R (M 7.0) 234 L7205 20
AT AT XD IR T 40 Gal 2 Z % F TIS
10 BRRE O KBRS b7 2 L AME S Tw
52,

COX ) ICWERIIEEILE 5 v 5 4 o GEITE
1RIRER) S & B L CERIL) O FIHOLE %
BTIEVED, W L THERMER A —ED L
NVEMBR 22 ETHHEEIEEZ 52 LI2I3ED Y &
{V HUBEBEHMDSRA SN Th O RE L MESH»FHT
% F TORR A B IED N G b I REE DS
HbH, FLEMEFLBEOHT NI =F2—FOKRE
CHRVHIETHEICERAZHLTLE), LWIHIARY
WRMEEZ RS L ERTE Rl TOMHER
PT B72DICEZLNEON, ARMILHETE D S



x26 RBEHNHROEGBRFIROEE (PHROFHI > £ EEEIE)

HIREE

SeR 40 Gal 40 - 80 Gal 80 - 120 Gal 120 Gal
o Fifh P il [y
BaRs T EEEE
1l 30 km/h BRINAE
WV ELE oK
1966 &£ nerr 70 km/h Es= B
vV PEE N 30 km/h E= B
VELE 3]
1970 & - B Ly 5+ 38
1983 &F 70 km/h
lIE>Ya o =
£
5 B 3K
IV Bk :EE@
=
1985 &F N 70 km/h 30 km/h
i ECE FEEE FEEE
[ B 1K
N a5 S0k ﬁimg o130
VELE S #_EKE

T RHHEER Y AT LA TH D, ZOBFRHRICD
WCIEES 4 ECRER T B

B, EHE2 S JR O LM F Tl #EHE
T 5 7% ERERICHER L TBAREMBEICO VTR, Egk
RO MR FL Fk & Bk TR 2 & % BB HAMIFTERT A3
F L. 1983 0 HARMBHEHIEICOWTE L DT [H
P2 A No. 1] & UCTHEFI LT LA, [ E$k i s2 1
(REALLBR I EREAR A HAMBITEANC & 5 [JR HEETH
) & LTHATL, MRz ESEN A5 20
A 6T, FRIZIZE S T Z SRS iR
FHEDWTHIIT 2 2 L oEHFSLBI LO RS 2 L
2R L. HEERFSDIE S LI TTE 72,

FIZ, 1995 fF LR RO E T L o7z [JR
IR No23d |*™id—#Ic b A S, Thilfhib
F BB DTS L OREEERZ HIY & L CRAi
EN7ze 2 TH JR VG HADBIERA EOftiz (DUF,
JR IO 1281 2 WEHE I, BB 2 B
FCTdh % Z &Rl HARR T VIl R R E T A 1A
BOBFMEAOBELE LTHRASTWEZL LD
D Ik < el s 2 % L QRS B X E
FEIED S PAERRIE L v - T2\ 1995 4E 7 H o g
THWMARRRTHIHEINTWS ™I, 0%k
D& B S LT B M2, 2:80

B, JR B & 0PI H 7 1 ORI AT 2% h
KEBULTT— PR\ EINTVE 2, ZOF—
ZI2L 5 JREFICBIT 2 RERERBEOWRE %
[ 2.18 127" o

(Gal)

218 1995 FEEREEMEDED JR BEED K

(HEERIBMRBHRR ICIVREIN T -2 EICEEFR)

2.6.2 [RTOHADESE

HAIZBT % E 1 % #8573 2 /50072 o 7o a2 shiilix
BRTIE o TR ENTVEZD, I TIEZDORER
. BEEBI A IS UTHERE S B 28020

(1) BROMEFFADIAE D MRSt ORFHT
HAOMEBIMIE, 18724274 F - 7Ry F
(Guido Verbeck) 512 & » T AMIZIH{D 725,
KELEZL LD TOMBEBINIZ, 1873 F I KA
WA CREEZ R U2 & 2ilfkd 52 L Thh
F 0. 1875 EITIET N B L L )s) B A 4 (1887 4F
WA GH L TR, 1956 4E 2 B IS GTAIT) A8l
AN OV I L) HIEERF 2 B K A B & B L 7.
o3I ) HEEHE, 1856 EICT = AT 4 A K
XHETNVA Y - 739032 1) (Luigi Palmieri) 25BH% L

BHIMEERY X 7 LORFKLAE
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219 JNLI I HES (Exes) v

7oy WKL ZOMA 23T 52 E0TE S, b
WBIRERTH D, T2, 2OV I Y WEEAHAIC
BASN-BHOHIE, WA IR 25T A3 &
FREBD LD, WEPOMFEIZ X IERfE
WA RET D% D TH - 7229 JET =
AT A4 FRLABEEE LTSS 5 ) 7 EHERY
KA 78T (INGV, Istituto Nazionale Geofisica
e Vulcanologia) 12 X 578V I =) BB cE %
219 1Z/R 7,

KIS, WEGFEKRFOZ VA, Iy, 2—A V7
DEANPHEWIE & R %2l dkT & 5 ER %
1883 AFICHAFE T 5 & AL HIT OV I 1Y) HigERT
Wb TZD3IANDHBEDOAHIZ L5727 LA -
INY - a—A Y THREERE L. SRASNBA
WHEIC X 2 O 2 BN OB E ) T
Hbo Tl THITHVEELAL R 1884 47 [H5E
Wt e ] Zdle L. SE O - BT - BE5%ET
KRR R E LB o), hEshotke,. M
HofllE LBESEOMEZRR L7 LA- IV
I—A v 7R 1923 1213 39 ORR B H 1T
EINTwi,

Z0H%. EEORLEEZITIE, 1900 FICHE S
7o RER 2 O RFEAGREE L, 1910 FE IS S 1
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2N 2HEOSHNMERDPRES N, S5
2 PIRASRE T 1927 EICI3IRRE 1 Lz
AR GRMER ZHE L, RELZ. £0O®KD
YA R B 1941 SR ICBITE L 728 h s Sd R Ui
AE (41 BUBREER) & AENCEB L 72, Rk OB
AUEERN & LTy 1950 42> 5 1952 4F 12 A1) T 50 &Y
~ 52 BIBEM N — R mEREN 2 B8 L T 1961 4£ £ T
106 &5 % & iE L 720

(2) Bt st

ZCETWL IRY FOWB % M H T B B
R TR AT bILT L 245 IR O R & LT,
REFFTHIRYD TOB & & BRI E R LTy
B BN ORI Z D, 1950 412 59 Bk
BRI A & 59 MEHABRIER & LA SR
HZEWZhoTze T2, 1960 4EICF ) HIGEIC X A3
WHEEATE LS L b b, EARNE 5 LTl
DERHAE 2 BT % 2 61 BB TR b 1%
EE BRI L7,

Q)RR T —TIC. ZLTT I Y ILEEERIE

DiEE
KETTIERMICD 72 0 M & 58 & e,
RyFERE, WITNRLT7TFE W E LTRESHFHL T
X72h O b H ) ShEBRT — TICBAET
5 ENTELWEFOMIELIE LD, 67 AR T —
TREBRERAEE L7z S EEER 60 T
HEEN, E5IZZOHD 4 EBIZOWTIZEETH
e 2 BALT 2720128l T — 5 2 TV 4 5T
L A= 9 23E b ) Al s, BULH 2 81
IZEDWz, COMEINIEHMOREERERTH
D, HEEBAT LA OWE LA TE S &) 1T
P DR IE SNTze 7272 LIEERLERO SME DML & v
IRMABD Y, 76 R T — 7 RNEMIRER &
ELTwoz,
CCETHPHL AT HEDOY S =F 22— D
PeE R HW P2 E O DICHLE L TW» 2 A,
B 1 R L FIEN A EMEITH Y. wbWw 5
BRAERT &3V R & R E) TIERLEIR D I s &
LB oz THITH LT, 1978 4RI b2 5 3k &
EBho [HRETFHMOHEAEIZE T 245 4 KEHH O TRl
DWT PP OREEED R S, K - - N EEEII & 41
ML TVWEEALTIH LTI, DUF2aYR Sz,
BEAF o B O K52 (259 2 BEIRE ) D #ER#H) 1
2B KRS, MERBIRRY O 720 TR MR D5 4R
Fkx HIY &3 2 mEEEH& FSEAM3 5



DI ) KRHEDOWESCEIREIEI NN LD
WEINTBHBY, TheZTARTTIERIETH W

JEATLERT & BHER OMRE 720 ZOHRE L
o RO R LB Y 5 v

RLERT & 5 83 MR FEET, M\ T 87 MM MG RT A%
BgE SN AER 80 7 T UL EORREH BRI S,
B, 87 MEMAER THI S M- IB I, 1993 4F
DM FE 2 5 1995 F O LEEEHBE T To
SHEIZOVTHTHAMINT NS 29, 5T
IR 2 2 L LC, TN FTIIARETRBLT
WZRE R BMETIL T A 2 L2 RETIE 95 7
RER RS L., 87 MEMAMER A HEMRZ L L L
DI OIT % K> 720 2025 FHAETIE, 95 BIE
JERHENME K 07 TUREBERHICHEH S, 2B re Al 2 7
W 20 & AT, 2EO 671 T o Bl o1
WEHANTY 7 =F 2= FREEOHE N ZIT->TW5,
C DL BT TR B 2001, BN & 0
N5 HEEHERRAEOBETT2SB L0 L,
HH LTINS /GBI S NIRRT o
—HEHEHFLDbOBH L, INOORKOFFEILS
7 Fr A MERELITIENS, BRMBEERRO-ODE
I ERREEZHBRLTVWE I EICH S, X220 ([2HHE
Mo i R BRSNS B R Hh R B 2 i 2
B 221 |25 GUT ORHA R EEBIAHE 2 R 29,

AT T

B

v)

/rﬁT ) .
| 500 km
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@ SR @:HALKEN O EUHRREREABIRERITHER
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2.6.3 ZDfthDithEER A

HAIZBW T, $FIC 1995 4E LR ML iR % & -
FICE L OWTRBMHE AR A S, B SR gE T
HIEEFREBIINE K-NET & LT 1,000 5% @82 % HhE
RHARRE L. B oM S0 2 3 BRI L &
b THRERELX AMT %L, BUETIIARINT
VLD TOLRTAOMBERPRESN, 0k
BEHIERTIHABEOIDELZS>TWS, 29 Lz
EEHEOR TS, IEEBAIIZEAT (B ¥ 223 Bt
WEZERT) (X EOWERRICE < SRR 2B L, £
OB REARLTETVWS, T-RHE&HTHS
HO A A B S U R 0 72 DA © 7o 9% B 7 M 2 B
MW2REELTHBY., SHICHREBENG#EED LS
WZHEBEFDZMNT 2 HEERROBIIRES AL T b,
SO S R R DLRT 0 & MR B o M E
Rk L. ZR M RBIIE AR L T&, 22
TIXEINORER 72 R BIIHE /5 5.

(1) B S aEe Al

VRE IS BT B IR, B ES A L7
W CHESTICHHCE WL TH L, B
BOMBIFEZHWT 5 28, TRNEORSE R
BE)yFIUNCIERTAZ L. &% HME LT 1962 4
(211 5 SMAC-B2 BUREERHC X U Bl#s S 7z 290,
C OREBIIAE T, EERRE R ENRER M
R Z ATV, IEEEARIIZE AT (B VB 22V Bl i 7e
HT) 2SRlEk AT 234 LB ), BIIGLEI WSS H
EREBIIAEIR & L C 1968 4F12 1963 - 1964 4D b D
NELEOLNZD RO L DI 2025 4E 9 H 123847
SN2 2022 2O & o T b,

F 72 BB B W QI HERR SR WS
ORI 24T 9 72012, Mg b L fEw B 2R
IEEAE R R 7 & — v (BUWH ) IR 2 f i
LCBIMAEIT S BB H L, L L. SMAC BliaE
FHEt ¥ — LRSI AL S TV THA OB
EPLET, TOLIHILZHWICHVEZENTER
Vi, D720, PEEHITICE L E o= & LT
VEE AT ZE TN FEhi AT 7 5 13, R R & Gl R iE
ZOHEL. BLERD BREMICIT) T LA TE B HERTE
L CREMAHEE 2% L. ERS BIBRER & AT
T2 70020 e BT QAT TR IEIEE O
% Pk (Earthquake Resistant Structures Laboratory)
PHROLNIZHDTH B 29,

HADHEBI T D R % 750 WA Hh e i 2
BN Cid, 1968 4E 5 H 16 HIZFE 4 L 7= T i vl b 22
(Mw 7.9) OB NFEOFLER (WbWw 5 [/UFH]) A
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MEFORI 2 RELSRE LTHON 5. Z DI,
155 TSR DT B2 22 VRS O 72 O (B FRAT 217 9
B 2R & REI55 % & T R O D A3
ThH. BUETH mEEEY O Et OB OFR#ER
RERENTHER & L THwHRTwng 29,

B, ZOMBBNMEIE. 1995 4 o L LR S
BAFEAET 2 LA 0 1994 KO pi T, 42[F 56 ©
HEEIC 89 AOMERI R E SN THB Y 29, AN
2025 4E 3 HBUETIZ. &E 702167 AL ko TW
% (X222 &81),

(2) EfEthEE AR R ST 0 21

1995 4E IC SRR IR SR MR 12 & 0 RS A O iR S E
WCHBEEDbDN S F T [HRICIIRE ZHEIRZVD
TRRWA] &, FZELRREEbDRTVE, 20
9 RWMICH Y o3S, FUERRFHIZ (L) o1
I 3 = & KBt B A BRPT T & (M 1RE) O G I If BL o I
O COEEFRROmEBN 7oy =7 M LT,
R MR L LT oo B4 52 B E S 1 i 23 8 1991 45
WZHER L7ze Wik Tl o8BIl A 10 REE L
72030 BT Z 9 O 72 1S 2 2 T 1994 48
POBINZ GOz, S ME OBIR R TIE, KICE
BICHAEORAMMERZ ¥ — 7y b LT, #E
W — RRBRERL & 70 & VIR 2 LA A DTl
AT, BEHITE RIS ERE R AR 7 v P XVIZ X D1
HURE STV 7z 1995 47 S WL o FB 3t 58 O AR 2 R
RN OHBBM > A7 202 X ) BFEEORRE
PALsEE LT S ., Z ORI 5124
SRR SNz,

ZOHIMA OB, ZECHM AL ITHImL,
2024 4F 7 AW T ERT OB 20 M A, B
AR HRBINECER O % 5201 T B BT 5 1
DAEE 29 BN A2, KBRCFEF 2 dl & LT, Zid -
SEHPER & EA O IR E S N TWb, /- O
WD FELPNIA XY b YT ERmE & B IR
335 5) HROBWY A F L THo72dDH%, 2018 4
A S I A B USRAT L T %,

C ORI & 5 MR HIE A B email TR
ENBELEBLHEZOT =T A P TRASINS,
B, WhiEsiE, 2024 R T RFENEE 8 A%
IS, BAEAEDTI6 DEBICE DHIR I T
Wb,

(B)EREHAD SIGNAL 8KV SUPREME
A FHEDL 75 LTCHEBICEETH
HH, BEOMWBICI VMY BELEELZIFTE
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1978 D E WL MR OB EIZ L > TH A AEED
BEEDIFEA L, Ihae 2l LT [HEN SRR A
R4 V] PRESN 2, ZohTtray 74k
X B BEAGEE L IEHIE Y X 7 LA OB ST
Wb,

S0, WEAATRANFATFT—Ya v
AR Y — L WX HNF SRS Y 7O
AL L TG ERIE O HI T 2 4T > T & 720 & LT 1987
FICHRBERICTAGEMOWEO KRG E ER
MICHR T 52 L2 HWE LT, SIGNAL (Seismic
Information Gathering & Network ALert system)
&) R ERCENEE Y A T A OMRICET L,
1994 4E 70 & B f8) & & 7z 21002109 0 = id, BT A
WZRT B, WhWwB Y TV A L HER DS O%E
MLy 27 5 & LTRIERMOHBTH ). B>
1995 4F o> S JiE U5 1 50 5% AR LSR5 L 725 ko B
BYATFATHbDo

SIGNAL 3 MEBE =% ¥ 7 ¥ A5 A, B
EVAT AL, WEHELATLD3IDDOHF TV AT
DX DR SN, FRNICHBEREE R DT -5
N—ZAZEML VL, ZOhTHREGE=5") >
AT Ad. BRI 331 EET (RIEKE T e v o
(2 3 ) OB AT SIMEZFHIT 5 ST o4 4 v
FNT—2Thb, B, TOSIHEE VI DIE, 214
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Earthquake Indicator

EDITOR BULLETIN Since the Japanese magnet indicator has proved a failure, we are now
obliged to look for some other means of prognosticating these fearful convulsion, and I wish to suggest
the following mode by which we may make electricity the means, perhaps, of saving thousands of lives in
case of the occurrence of more severe shocks than we have yet experienced. It is well known that these
shocks are produced by a wave-motion of the surface of the earth, the waves radiating from a center just
as they do in water when a stone is thrown in. If this center happens to be far enough from this city,
we may be easily notified of the coming wave in time for all to escape from dangerous buildings before
it reaches us. The rate of velocity, as observed and recorded in Dr. J. B. Trask’ s work on Earthquakes
in California from 1800 to 1864, is 61.5 (six and one fifth) miles per minute, or a little less per hour (40
miles) than the tidal wave is reported to have traveled across the ocean to this port from the Sandwich
Islands or Japan.
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On a smaller scale if it should be thought desirable we might, in a familiar manner warn ourselves
against many land shocks. For a shock to travel from Yokohama to Tokio, passing directly through the
two places, it would have to traverse about fifteen miles of soft earthy and rocky strata, to do which it
would probably take a minute and a half. Round Tokio and Yokohama. We have at the present a ring of
telegraph stations at distance of from 20 to 60 miles. To cause a shock as it passed any of these stations
to complete an electric circuit would be a matter very easy to accomplish. Such a current being com-
pleted it might almost instantaneously be made to Gro a gun in Tokio or Yokohama, and the inhabitants
of those places would thus have from two to six minutes warning of at least a large propagation of all
the shocks which visit them. The nature of the shock which was to be exposed would, to a great extent,
depend upon the adjustment of our instruments. If the instruments were delieate we might often be
alarmed at hearing the report of cannon and afterwards only receive a tremor. To make a contrivance
like this practical it would be necessary so to construct it that the circuit could only be completed by
a shaking that was tolerably severe, and that the cannon loud a report easy to distinguish. Those last
remarks have been made, not with the hope that I shall ever see them realized, but with the hope that
they may help to convince those who regard the foretelling of an earthquake as a problem too difficult
to be solved, and to show them it is by no means so utterly beyond our reach as might, at first sight, be

anticipated.

A very simple mechanical contrivance can be
arranged at various points from 10 to 100 miles
from San Francisco, by which a wave of the earth
high enough to do damage, will start an electric
current over the wires now radiating from this
city, and almost instantaneously ring an alarm
bell, which should be hung in a high tower near
the center of the city. This bell should be very
large, of peculiar sound, and known to everybody
as the earthquake bell. Of course nothing but the
distant undulation of the surface of the earth
should ring it. This machinery would be self-act-
ing, and not dependent on the telegraph operators,
who might not always retain presence of mind
enough to telegraph at the moment, or might
sound the alarm too often. As some shocks ap-
pear to come from the west, a cable might be laid
to the Farallone Islands, 25 miles distant, and
warnings thus given of any danger from that di-
rection.

Of course there might be shocks the central
force of which was too near this city to be thus
protected, but that is not likely to occur once in a
hundred times.

J. D. COOPER, M.D.
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