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IHTRODUCT LOK

The problem originally chosen for my

doctoral researeh was an analysis of the S-wave
motion of natural earihquakes. Thres methods

of &pyra&ﬂh were trled, bubt for one reason or
another falled to solve the problem. These el-
foétﬁ are diseussed in the following pagess 'Th&‘
lasb of these attempbs led to the more specific
problem whileh appesrs as the title.

Before going inbto a discusslion of the
research, it mlght be well %0 consider the backe
ground of the original and {linal problems. As
will ée seen 1aﬁar; 1t was necessary Lo solve
the more partleoular problem beforve abttempting to
anlve the orlginal one.

As early as 1829 poissont? recognized
that there were two types ol %@&g waves, longle
todinal and transversal, possible in an isobtropic

;
92 pecosnized the iproba-

elastlec solid. Stokes
tiopal and equlvoluminel character of these two
types of waves and also showed thabt an elastile

s0lid way be put Into a state ol lsochronous vie
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bratlons

According bo Wilne®® "the earliest writer
who had the ldea that an earbhquake was a pulse-
1ike motion propagated through solldd ground ap=
pears to have been Franciscl [sie] Travaginil . »
in 1679." However, he stabkes that Thomas Young
(ps 43) seems bHo have been the Lirst to have a
true co&cay%i&ﬁ of earthguake moblon and iis &anﬁ@f
of propagation, and that Gay Lussae moulded this
same lden Into a more dellnlbte form.

Ever since 1832 instruments have been de-
sicned and bullt to record the earthquake mobione
The early dlvisilon of the records thus obbalned
was into "Freliminary Tremors! and "Large Waves".
In 1894, von Hebeur-rFaschwitz®® obtained the first
complete record of a dlstant earthquake with his
selsmograph and he suzgzested the possibility of
ident ifving the body waves reguired by the theory
of elssticity on the selsmograme.

‘However, K. D. 0ldhand® was the first to
clearly establish in a complete record, the exls-
tence of two diatinct phases in the Prellminary
Tremorst the first consisting melnly of condensa-

tional srd the mecond of transversal vibrations.
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1t would seem that von dem ﬁﬂ?ﬂ@% was the {irst
to use the present designation "PY and "s% to
identily these phases; however, he abtributes his
éamamelaﬁayg Lo Wilecherts

In the years following the publisatlon of
Oldham' s work, many invesbilyg ater& attempted b0
draw up Travel~Time Tables for these {and other)
waves; with ﬁh@ increased sensitivity of the la@@r
instruments and an lmproved tiwme conirol, thase
tables have been revised or reflned by J%fff%yaﬁ%,
'Eacalﬁaﬁass, and others. Special charts® by
Brunner and tableslg'by Gubenberg and ﬁi@ﬁ%@rléave
been constructed for use In the case of deep-focus
earthquakes.

Tha first mathemat lecal application of the
ﬁhaary Qi elastlcity to selsmologlcal problems was
given by ﬁmattg? &lﬁhaugﬁ Enott recognized the
quasi=elastic charscter of the earith and hence the
limitations of his appllcatlons.

Even before the inventlon of the aelamo=-
graph, efforts were made to deduce the nabure of

the ground wotion during an earthguake both from

#In a less complete form, this work was
first publlished in the lransgactlions of the Sels.
Soc. of Japan by Knott in 189Y.




the effecbs of the earthquake within bthe epicen=
tral reglon and from the solsmoscopese

Even Oldham tried to determine the wmollon
of the earbh particle durling each of the threa
phases which he ldentifled on the selsmograms of
the Assam, Indla, Ear%hqm&ﬁ@ of 1897,

However, He. Arnold® was the first to abbempl
to inbegrabe av@ﬁiﬁmagr&m and thereby obtaln an
aarbh=displacenent curve. MJurlng the course of
this inveshipgatlon, Arnold found that In splte of
all he could do the axis of his "firet integral
curve or "velocity” eurve had a definite slope with
reaspect to his originslly chosen horizontal tlime=
axis and that the axls of the "second integral®
eurve ar.ﬁéigylacem@at“ curve was parabolics DBa=
cause of this, Arnold abandoned the works

The complete mathematical sxpresalon of

the earth displacement in terms of the derivative,
the trace amplitudesn, and the integrals of a sels=
mogran for an electromapgnetlic selswmograph was [irst

published by Prince Galitzintls
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Galitzin also trled to analyze the S-wave
%ﬂﬁiﬂﬁll’lg and thought that he observed polariza-
tion, bhe plane of which could bé debermined in
bermns éﬁ the azimubhs if the place of observablon,
the animath of the epleenter, and the angle of In=
cldence of the vay. The derivation of Ualitazin's
forrmila was sbrietly mathematleal, based on an
analogy from opbles; however, he presupposed that
he was dealing with a pure Lransverse wave. In
fact, Neumann developed a m@tﬁﬁﬁéﬁ for construct=
ing "displacement dlagrama" because of his hypoble
ssls as bo the nabure of the B8~waves which seans
to be closely related to that of walltzine

Kl@tzgﬁﬁ in 1920, applied the Henrlecl
Aﬁalyﬁ@r.@é gelamograms, bubt wes only able bto con-
elude that the Sewave motlon was somewhat complil=
cabeds

Heumann examined the nature of the S-wave
mot Lon® by constructing the "dlsplacement diagrams™
mﬁmﬁiwﬁ@d above and found thab
e ¢ o bhree elementary actlvitles eppear in
the majority of cases in the followlng
order: (1) a slisht acbivity with a horlzon-
tal component apparently normal to the line
of propagablon, iﬁ) a major activity follow-

inz the rule expreszsed in the loregolng equa-
tion,




le@ey, Bgp ® Agp * AL = A

]
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the azlmuth of the S-wave abt bhe

where g%a -
origin
Agp = the azlmuth from sbation to spie
center
Ausy ¥ the azlmuth of the S-wave lmpulse
at any observabory
Ape ® the azlmubth from eplcenter to ste-

tione

o & » and, (3) a major setivity with hori=
zontal motlion in the line of propazeblion,
probably with PS groude « « -

Before any S-waves emerge, Lthere las
nearly always a minor activity which may
be a prolongation of the compresslional
wave actbivity. « »

The early applicatlons of the mathematical
theory of slastlcelty assumed that the two types of
sbrailn were simultaneously released and hence bthat
the two types of bodlly waves started from a common
origin simultaneously and that the two phases (ons
of each type) recorded at a given statlon had trave
eled along the seme path with different velocltilese.
This would requlre thel the travel-time curves for
both ¥ and § pass ﬁhr@ugh;ﬁh@ origin of the blme~

dilastance curvess.
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, Py V
Jeffreys — made a sbatisbicsl stuly of
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the btravel=tises for the Jersey Harthguake and
apdd fomnd theb the Securve had s posiblive time
inbercept with reapect to tha Peourves His more
recant®S works seem to Jeffreys to conflrm bhise

@g@y&y gheerved a similer phenomens 1n
he sass of the Cslifornis farbthgueskes. In addls
t1ion o the "Corteey"® with which he found the &
moblon usually to begln, Dyerly observed a phuse
having a trevel=time curve parallel to, but pre-
ceding by sboul £0 seconds, that of the true S.
This phase bhe deslgnated as "TY for "Palse §%.
The wobion gpecmed Lo Byerly o be 1&3@%@%@2@%1 in
charachers

iy drawing "displscement dlazrems”, alter

%@m@&ﬁ&é ﬁ?@rﬁy notad for the S-wave oroper thalb

althoush the firat cwrest or bwo of 5 ghows
that the ﬁ@?i%*ﬁill &ﬁﬁ@ﬁ?ﬁn@ &% ?%ﬁﬁlj

chanses to 0V, ahaw i&, tm% hﬁ?igﬁﬁiﬁl com
ponent becomes purallel wlth the line Join=
ing the @g&ﬁiﬂ%%ﬁ ard sbatione

e éz{} gl £a . LYY g,
delireys™ ? has ziven the name 5V to that
component of a pure shear wave which vibyabes in a

plane parallel to the plane of Incldence and the

4 bo bheb cospunent which vibrabesg perpens
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dieularly Lo Ibe

Heing %&liﬁ%iﬁ‘ﬁil Bauation, mentloned
ahove SharpeS® had sowe of the records of the
eapbhquake of Hovember 13, 1952 snalysed on the
pIT ¢iflerential analyser and thereby obbained
dlaplacement ourves fop the P=mobiohs

%&mﬁaﬁgﬂﬁ’%éfﬁga devised an ingonious

mothod fop the pusmerical integratilon ol selswog
obbalined from pochanical=opbleal selamographie

Tn his parblevlar work, he could consider his in=
struments LO Do socoleroneleras ﬁ#umaﬁa’ﬁ ok
standing conbribublions ares {1} thab asrnold's re-
gults are precilsely whabt one should expect (2)
that by inbrodueing determinable consbants of in=
tepration, a8 displacement CuPve way be obbained
for which the axlg, or Baro 1ine, ie parmllel to,
or colncident wikth the orizinally choson ones

Aakingt working under Byerlys shndied the

Lol
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records of the Alaskan Earthquake of June R, 19oTs
A porblon of thls study was also devobed o the
Sewave moblon. In thls work, Miins drew displases
ment @isgrams altey vewsann and Sverlye. From thest,
ne was able to verily the sxistence of e longlbud=
1nal bype wave sboub o0 seeonds shead of the Lrue

e 2R
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‘ Adkine found from his dlagrams that the remainder
of the & woblon could be considerved as composed

of two parts which he called 8y and fn where :‘?31

ig nelther pure 2 nor 5V ~-=- bhereby disazreeing
with Neumann and Byerly == and 5o 1s approximately

pare SHa.



