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ABSTRADY

The ausrgy observsd in the selscle waves P ond pP in 2 lsrge
ausbor of surthguskes 1s sonpsrsd with the theosretlosl snergy ealous
leted from s stenderd soqustlon, usisg twe pardly independent methods,
The resulta ers anslyeed uwelug we verishles depth o Poeuns, dlstanes
fror episantor fo reoording stetion, geoprephiosl lonstion of epleenter
and sximuth Trom statlon, Yhen compored aith the thevvetidel veiue, the
ratin of the svergy in ¥ 4o the snergy in P aversged over s dlstsnde
vengs BO*G0* Lo obswrved o degreess with depth, by 0.8 on & logarithe
mie sosle of enevgy bebwsen 100 and 800 ke. dopth of fosus. The roesults
for the bwo wavss sre somparsd separotely with theurstinsl values snd
the obgerved «Plent sppsoerg 10 be sdout suuelly due t0 an fnsrasse of
P aneryy and o Jeorsase of pP energy with depth,  The theopstissl forauls
is vowesxemined to debermive if poppissible chenges ip the sseunptions or
numariosl wolues sen sodount for the resulis,. %o such chenges srs found;
sevtsln sneumptione ne 10 inorvenssd shsorstion of snergy nesp the surfage
provide « pertisl suslitetive explemetion, but guentitetively thsy cene
not be recopeiled with date fros othar svureces. “he veriztion with dlee
tuaoe betweon shservsd and aclenlsted sosrgies i sob Isrge soough to be
trovte? quentitebively; alisht ohengez in $he socerted cheange of velosity
v, dopth curve sre tanbatively sugrested on the basis of i3, The
snergy retio pBfF te sleonifienntly too lerge in shellow earthquakes
poouyring In the Alsutian wveglon, ssd can be sticibuled to pP rathor
bhen F,  Par shallow ghooks in the Hew Hebeides veglon end very dsep
ghooks of the Southwest Paeirie, thers is soae Indiostlon thet the
soorgy rebio is spsller Shan for comparshle shooks alsoshere, in at-
tempbed gorraletion of repionsl muomsliss with the dip of largs soele
feult systems ie suocessful in the Meubisns, Inconsistent oleewhors,

The of fset of Al eranoas hobwosn inetrossnts is sonsldareds
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THPRODUOTION

The purposse of thin resssreh i to study the rslstive energy
gbserved iz the selemic weves P and p¥, snd 1 posaidle to draw
sonelusions an to the intornal constitution of the earth, P
raprosants the direst longitedinsl weve, the first srrivel in the
distante venge ueed here, P ig reflecbed onee from the surfece of
the sarth, close to the eplesnter, It should be distingisbed from
Py reflacted onss frow the surfegs sbout widwsy bebwesn soures snd
obssrving stetion, limited dets frow TP ave usad in this report
in counestlon with a pevticular problem. ¥g. le shows Lhe paths through

the sarth of pP, ¥, sud ¥P,



e snergy in P ond pf {and 79 for s resteicted disbangs vange)
5 sniouleted fron the suplitudes aad pepdods obseyvsd on & largs
nusher of ssissogvens, This {5 sonprred with She dupected snavay,
gowputed from & stepderd Pornuls given balaw,

iw oan slbormetive, using ¥ only the differendss botwesn theory
ol observations ape used to provide sorrestsl thevrsblesl waloms, IP
goherionl symaeber of the serth be segeuned, the snergy sxpsobsd ia
PP st & dlskanoe O balween eplownter end obswrving stetion {ses Fig.
| le} is the seme ae the snovgy in P for & {eeloulable} elishily shorter
fletanee Oy, subleet L0 & dorredtion for the additionsl petk Lo the
surfees end beok to the rpedsnber, In this way, Sheorstisal snerglen
Por p? wrs determinnd, The &1FPsrense batwasn those and observed
susryioe cun be ebtribobed to the path AR0 I ¥ lp or 2lse to
sonditiong ot Ehe hypossabear.

{a in degress vofors to the sogls suntendsd et the osnuter of
the earth, ‘his is relsted to dlstencw swlong ths surfess by the
wepragsion 1% « 111 Ru. b



BATREIALE

The sslsmogrens used fop thiz work wers reourded st Fessdens
from 1985 to 1945, DBecprds eorifor thaw 195% favolve oo mush
vaserbninty in lssbroment eovetenday after 1048 ot snough date
Bave Yoen sooumnictsd for & gessrel debarsinction of seribgueke
megnltudeg,

The ianstrements sbieh provide vecords vseful for this rursose ara
of the Teniloff typs, ons vertiesl end two horizontel cowponents with
pondolun perdod 1 sevond ond denping consbent Oulle  Beoh instrusent
pomords by sesns of Both 5 shorb peviod (0.8 secont) end B long period
{80 senond} pelvenvmster. & Pew veullnge were boken from torglon lssteue
mante, Pub in genersld the torsion snd straln eslsuoprayhs do ot
aﬁﬁifg@ suffislemtly, The distributlos of rendings, sfter resolving
hovizontal sompornante inte single veedines, lsg

short pericd vertiassl g5 =/
long pariod vevsiesl ae
short perlod herizontel 8

lang perind horimontsl v
{{noduding toreionl

oo of'Tent of 4lffsrest ingbreuments on observebivns kes Besn studied,
page 81 ot men, Iesbrucental doncslents were seléuleted by Mertuer (12}
The relstive siplifiestion [vepiztion with imput Prauwency] ia move
papuretaly basen than the abselube smplificstion, 89 tha petis of the
smplivudss of twe phosey resd on the sass record asn B detapmined

2 & Blgher srder of ssguresy then the lodlividusl smplivudes, Ik

ahuuld e wobed, Bowsrse, thet Ghe bechaloue of enloulsting the eypacted

soargy of oF from the obgerved snergy of P bonds $2 invelvs anly the



relebive snplification®, and in conssyuencs lews untertsinty from instruw
mentel constante,

The neburs of the problom restsiots ussful dsbe bo perbloular
enrthaueke loestiong, neomely shocks arigineting ot Jepths prestar thyn
BO hme snd digtesnt J0E108¢ from the obsssear,. 407 vasdlngs reprssanting
#69 shooke wers used, The diatribubion of thess sheoks with depth end
distanoe Ls ghown in Flg, B, dhoud 400 siditiocwsl vesdings were rajscbed,
for recsons wileh fnsludey

1) wngertalnty an to {dontiffioation oF & phuss on the vegord,

upually pP oy 78,

w) Pa¥ Qongltodinel wave roflestel from the cors) srrives
st the sawe Liwe ez pP for distenoes whish wary fros 8%
tfor shogks «% 100 k=, depth to 48% &% 600 ka,

B Batwesn O0% end 90%, pPe¥ overlupe pl.

@] Ab shallow dopbbe &0 arwives so soon sfter PP ss to fnbpow
duse unesrbainty, since it is ofton lergerp 3P e turn
oftan overleps ¥, sapseiclly i the lsyger shodke.

A} The possibility of construotive labseference bebwasn ovars
Tupping wevas nusts be osnsidernd, es well as Ineoressh
{denbifioation, Oonetrustive iaterference betwsen pi and
PeP, for owsaple, sight preduse g seriously incovrast
apparont soplltade for pP.

&) The phszes sore somabtlmes 00 smell bo be mogsursd with

pufiticient sooursey, In povtieuler, thig i often Lrue of

* ohis saiat is Aiscusssd Pfuorthsy undey Detopmiastion of & Values.
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¥P in vory deep shooks, so these resulis sey be siighily
walghtad in faver of larger oF.
£} P is nearly always alesrer than p¥, helng the first motisn
a5d veselly lorger. Dosatises, howeesr, $he Desk ampli-
tude 8 ot ressched befors tho sprivel &? obher phesss;
somabines the shord pericd verbissl saplitudse is so grent
a2 o e Invisible gun the reoord; someokiszes the phasw
in simply sot slear.
gl In the yenge H = £0%00%, FP san s sonfused with #Pa¥
{80%, 290 km, dopth to 8%, 600 ke )y pPeP (B0, 480 km,
to 86°, 600 km, )y snd 8P (B0%, 470 km, to UH%, 800 km, ).
The oklef AirPienliy, howsver, arises from smell enpli«
tudes, In meny sssez, only sn upper limlt o the tyus
. snplituds oy be apseifiaed, |
2} Unserteinty duve to wave forw, The most Imsediste problem in
thiz comention {2 in mespuremests of weve periods. Fariods
must be kooen for both snergy eslouistions snd for dstermtzation
of true growad motion, sinee theorstisel formulos pud instrue
mant .mmﬂm%;m supves sre derived on the sssumption of
eonbinucus single freognansy sinugeldel inpub. OB seny recovds,
partisularly from long period instrosests, the veosrded potion
&ifters more or loss murkedly frosm sinveoidel, The seausntion
i3 st best on spproxisetion, The wave Porm gensveted ot the
gourse Ls prodebly highly irregular, & roundlpgeoff affact
is introdused Suping peowoge of the disturdanes throuph the

serth, In 8 complex wave, short peviod instruments will tend



&
o rospond to the snergy conbained fu the short period sompdnends,
snd Jong peried fustprumente thet in the long period somponents.
In sddition, sbort peciod waves ars mors essily found snd wessured
o the rosords of short then of loog pevied luebruments, snd
wige verin, The apswmstion of sombimvous ainpls fresusnsy
sinvstidel foput ie Justirfied, iherefore, selely bedsuss it fe
the galy conveniend ons to meks with present isabruments and

Lol asie,



The mejor thaoyotiend problew lnvolvas deterniving the euergy 1o
bs wxpashed 1an P snd pP for shooks lomsbed sb varylng depths snd dlse
tonges pelobive fo the chasyviag station, Mollowing Subtenberg 4] 13
s conventant t0 desd with a2 quettiiy 4, defizned balow, whish son be
anjauletod Both theorstionlly Mﬁ;&ﬁ@%ﬁm&w a1 %} snd feom ohsare
vebions (Sypampaas OF dgle 4 4w defined fn sush » way thab

1} 4% 1o slweys positive in setusl cenes,

23 kb Lxsludey w bers which is proportions) Yo the Jogeritis of

asplitude/period, shewrved or oalenlebed, Yub

3} laxgs 4 latisstes smnll swplitude, obssrved or ssleolobed, sod

&} & positive MifTerense, A, « 4, mesns bhat the obwerved

sopiivude/period vebis 1 larger then ewpsebed, snd sunversely,

Befors proosedliog to selavlete thearstiond quantitios, thwes lmportant

spsiiony sud the sssvwertiony underlying then will be dlsoussed,

# ain i
¥

reyy  (Beferring to » perbiouler polnt along the ey peih,

= K, n oopsbant along the peth of 9 glvsn solesie {1}

o rudiedl distense from bhe cenber of the enrbly ¥ g the
valogity oF the wave, 01 § Lhe sngle of insldsnos betwssn vey
end povmel $o the lavel surfene. Bew Plgs 1b, This follows by
# siaple gosmstriend prood {fer ewenple, Ballen, refarencs 1,

te 0B} feom Suellte Yow ool the secwsption of spherionl sy
webyy of the saebl, Peom this Pfoymde the suede beobwesn facidest
rey snd vovesl $9 Lhe surfued of o glven dipcontinuity esn be
salealeted 1€ She veloolby ab the dloesnbinudity and the sonebont

Paatar are Tnown. Hoks Shet the constent sus be detorsinaed.
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frow the spperent veloolhy ¥, et the surfeve,

Yo * Yyurfues’ #18 Loyopouy = Yyurtaan'B §

¥, in ture oen be found from She slops of the trovsl-ilme durve
ot the gelsched distanse.

1} The snergy serivisg por walt sven »t the surless of the

garth 1% propurtisonl do

E2% W, R 2 ain lg @iw%%
stn & oon Qg

whors the ¥ terme ropresent losses 32 sisrgy eb reflactions

end yelfeechions, D is peth leoghh end ¥ I8 sbaorption coefficiant
per unit pebh lewgth, iy ent 1, ave iocidonce augles of hypoosnter
and supdace, aad & ds sgeln snenlar distence belween sourss

st stadion, See Fig. 1b.

The saoowpbions wede In il Bk the Cirst tun Leras ean ‘%mv
gess froé the deplestion, using Pig. b, IF ¥ repraseuts the
anorgy lesving the poures in a periieulsr type of wove, then
the aneryy eniried by sll the vays whilch lesys 3 5 suell selid
angle rouge, 8y, ob on ovornge plane sugle iy 15
{t/an} 2w sin 1) 4y, sesuming the ensrgy spresds equally
tn all dlrections from the sourse. The snepgy in thisz pensil
of roys Lo aprend oub over su wres sb the surface b distente &
of 2 2l gl & 42 nowmal to the yay, or ths sume quentity times
so8 i, alowg the surface, Thus the snwegy arriving por unilt ares
#t the surface s prepsrtionel 4o

el tyjen
win & wos ip




9
Usine this reletionship, Gutenburg {5) shows thet
2} the theprstical ground sleplevesent [ hoelizontsl or
w yeriloul) is given by
e Olu &y ddy s
wwe agz & oNB [ e Gy A i, @

whare § « vsilo of ground dispincansnpt te lseident amplituds,

E 48 the frection of the onorgy % eolng imte » partlicular
Lype of wave, and T 1w the pordod of the wavae, This souetion
hes been dicsucesd In deteil by Gutenberg (2,5,4,8).
- o e 1 W .
S, Theorstiesl A By » O = log ﬁ% o ()

Shawryad & By = B« log i’"’%“}akwvas}

o a8 - 7] {4}
whears O 1% o conedsad sosuned shavecterietis of weves starking
¥s v perdioulsr type: B s the megoltnds of the whosk (Ridhier,
veterenos 153, These Jerivetions sre corried through by
tptanbhery {9l They lovelvs:

1} the stetoment thet ensrgy fs proportionsl to Ghe squeve
of the pebis, smplitude divided by the pevioed,

#1 the definition of segaitude {Mlokber 18, (utesberg 5,8) end
and supkeiosl rolation bebwesn mugnituvde aod snsrgy
{Mutanbseg sad BMobber, trelerense LU},

#} the ssavmpbion thet duration of » phesy invresass with
& ab kho saoe yebe a8 the pevisd faovensou, end

4} the sesuaption thet O §p She sswe for all woves starting
By Bo¥e Py

fatanberg {¥) hes dotormined & velus of @ = £,8 for 7, which
inoludes o7 end PP ag wall, s volue will be uesd fop cons

veniones, althoush in bhe method of celevleiing 2 for F fron



1o

& for P, only the gifferenca between Cp and U . (sssumed

pp
0 in 4 sbove) uffects the results,



il

The salsulatlion of the various terms enterdng inte equation
{2) above will now be discussed, Depths of 100, 200, 400, and 600 km. were
usad, with a & range of 20°-103° for pf and Po  Por PP, o was restricted
to 60°-90° , and in caleulstions of dihﬁﬂﬁg values for F at A/2 were uaed at
the two shallower depths,

1) éih/ﬁa produces mest of the lrregulsr saplitude varistions with
distancs, It 1s the only quentity involved which doss not very
suoothly and in the same direction throughout the sntire disbance
range for s peyrticular depth. The following senipulations requirsd
to determine 1t introduce such of the uncerteinty into the
theoraticul va&aész

8) Measurs alopes of travel~time curves, for 1° steps in
Mahe for pP in some ceses), In order to kesp the results
an ub&sativa #p possible, this was done in four different
ways for P and three for pP, and the resulis avepraged,
These ways include the dats of Tables 6 and 8 from
Hateriails I (9) with 4° and 8° apresd of & {5° and 10°
for pi'}y Pasadens Seismologlcal Laboratory work shests
with 2° gpread; actual straightesdge messurement of slopes
from tyavel tlse curves; and caloulsted slopes using
interpolated bravel times from the curves, These methods
e of course not sxeclusive,

b} Galeulste i, from the equatlon, m%»“i“ iﬁ w T

v, %

whers 7, is the slope Just measured, thab is, the spuarent

surface velocily; subscripts b snd o refer respectively



iz

to the depth wnder consldersilon and the surface of the
sarth, Velocllles v, sssuned sre 7,95, 8.26, B.97,

and 10,25 ko, /sec, ot depths 100, 200, 400, and 600 i,
{Bullen, reference 1, p. 21,

¢} Fleb 4, 6. & for the vericus depths (Fige 344) snd
suaoth the curves to ellminete slope reversals, slnce this

5.5" phyrsically Lupossibvle dn Light of the known veloeity
distribution culside the core,

d) Heagure the slopes of these curves to get daly/da . (Note
that this guantily sust be negative; since a smell
desrasne Lo f“h ag defined em&a;;‘aﬁeg.@z %é % 8llght lncresse

in o . The sbsolute value of this guantity ig used in
caloulation,)

2) sin i‘h* cos i, are ealoulateod in the sourse of the preceding.

3) #in A Lo taken frow trigoronebric tables,

b) &5B, D is messured approxisately from sn sctusl plot of the
ray pakh, Outenberg (5) suggests & value of k = 1,210%/ku,
for body waves,

5) & dapends only on iﬁ and Podsson’s ratlo, here sssumed 0,25,
both messursd ab the surfuge of the esrth, 4 hes besn
caloulatoed by Gubenberg as & funebion of L {reference &, Flg,
3ny; curve 2},

&) (Fl?gu.}. Haing the semupbions of Silchter (34) in his cale

| culations of reflected and refracled energy, a orustal structare

is sssumed as follows:



valosliy dapth

ounbinental strusture 5.6 k. sec, Qwld im,

6,5 35«40
767 4o
Paplfis structure 8.3 4

It i found thet the diseontinuity ob 15 ku, d¢an be neglected,
and the effect »f the 40 ko, bresk is small, although not o
be neglectkad,

With velocities given, tho angle of incldencs ab any
discontinuity ls compuled from the eguation W » K.
The velues of By /7, J¥; IF, /¥, (see Fig, 1d) are

read {rom Outenberg, relerence Ly os followss

‘/.F_ ”J-'Fl; ;‘f?_s Fig. b curve &
J&% s “
,/I*‘i3 la 4

fo illustrave the order of xagnitude of all these guantities ot
variocus depthy and distences, Tuble 1 hes been prepureds The resulin ars

sufficient to calculste 4

5 whith hes bess plobbed in Flgs, 5-10.
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TABLE 1

Typioal Magnitudes for Guantitles in Theoreticel EZxpression for P

ow 300 o = 60 A = ghe

Depth 100 200 i%ﬁw 100 200 400 600 100 200 40U 600
N 1.76 1,77 1.81  1.85 1.85 1,86 1.86 1,94 1493 1,92 1.93
& F6 W96 86 78 T VBT Bl W52 J5L L5L
-, 96 96 97 W97 97 W98 98 98 98 98,98
tﬁg J3 0B 82 .81 8L .8 90,90 .90 S0
*EE; S8 .98 98 9B .98 98 .98 98 98 98 .98
W& 96 96 97 ST 9T 9T W97 S8 .98 98 .98
Ji?; 7 W37 9T 9T 97 9T W97 98 58 .98 .98
¢kb 6 L6666 L4b Wb 46 b SR 32 .32 W32
sin i L6h W66 .80 L5l .53 5B L68 3h W35 W39 W47
ai, /A W3 W63 1.2 15 L7 66 92 A6 33 L33
sln & .50 .50 .50 87 LB .87 .87 1,00 1,00 1,00 1.00
cos L, .90 90 .92 95 9 9 .9 97 97 97 9T

{# For pF rather than P, by definition ofyF terms,)

TABLE 2
Hagnitude of 4 « Li {Fig. ie)

Ly w4 h = 100 o= 200 ho= 400 h o= 500

1 4 = R6°-103° Ly = 79°-103°

2 20°=25° L7°o-78°

3 2°whée oy = 74°-103°

A 60°=73°

5 4y = 79°-103°

6 72°78°

7 67°-71.°

8 59 *»66 °
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DETERADATION OF & VaiEDE

As Bhe perameter used a8 & measure of snorgy, will be debare

mined in several ways. T evold ponfuaion, these will be liatad

a4 depacibed,

Subsaripts £, o, P, and p¥ vefor pespectively to

theory, cbsurvation, eod the Yyos of wave lavolved, 28 Indlonted

an pege B,

Bumbers ls cerenthesss will b zpplied as supsps

gerlpbs when Tlasriminetion is sevessery.

is&g }gﬁ {1} Q@aimhﬁﬁ by formuls directly from travel time

auvves a8 degeribed in the lset emoblon, Resultw

are showm in Fige. 5§ sad &,

sany, sorrosted for obssywetions, Corrections ave
mede as follows: bhe differance (4 = 4, )y 48 plotted
for sll points in 8 given dopth rengs, graphs 15 to
1%, The eversge vesidusls, thet is, the devistions
frow O of en sversge line drswn $hrough the points,
ars sttributed to &b, Then Af ﬁi « residuale

Plas, 11 and 12 show the ragulting weloes, Yor
asmparison, o Mg, 11 are shown resulbs obtsinad by
fubenbere {referense §, Fiz. £l.  The results are

ot ptrlatly sompereble %@wﬁm 1} Oubanbers uses
vary few Fesudons vesdings, sud ) his Tig, © repres
gents & gomewhet Aflavent sonbinebion of thovrstioal
snd obmarved velues, The vozperison is consldersd

further on page 27,

iﬁ%ﬁ {1} sems us (1) above, Hesulbe are shown in Plee. 7 and 8,

PP

{2} sems, corpacted usiog residusls of {2) above, Ihis
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assumes thet the resiiuals for P at 4 (Plg, Ib)
are thoe ssms as Por ¥ et “ge  Table 8, sdspbed from
Gutenterg {9) indicetes the megnituds of the 4ifference
by 33;1,.. Hinse the svarags Pegultes sy only
#ilehtly from those obtained in {B) below, thoy heve
nob besn inaluded in bhis roport. |

(3] onleuisted from {ﬁ%?w e follows: using suustion 8,

poge 7, and referving to Vig. 18 for ¥ momenclature,

ﬁt P $ %ﬁr& %ﬁ‘ -
* ( ; [ P ﬁmkﬁ gin iﬁ i&ihfﬂﬁ
Bydp = 6~ l0g [ @ [ .
3 F S 4 — .

snd ob Ly for pP . _,
Pr #in & oom 1, Jﬁ

fssuning spheriesl symmetry of the emyth (st losst
within the distencs renge &y = &y which is wsuslly 1
ap £%, never mores thes 8% in this work), 1% follows
that sin 4 ﬁiihfﬁléa i the seme in both equations,
Elisionting £, O csncele) the torms O F, and 4
depand only on inpddence snplss *esm:ﬁx rery alowly with
& wud wers aomoubed g@ﬂh suffisiont mmmmmz? in the
preceding sootion, This ylelds (4 Jpp in terms of
%ﬁﬁ %s; i superssript ¥ {8 spplied $o the lstier, the
fopmer Ls Lhereby dafioed and sey bo apbifisdg by
supsracript 5. The resulbing values sre shows in
Hage 13 and 4,
Shen bhis velus of i&% 5‘335 i6 sompsred with
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obssrvetions by forming the diffsronce (4 = %iwi
1% Ly belisved thet any evorsge residusls sen bs
stiributad to the path ABD of ¥igs 1o or to conditions
at the hypotantor which affant P and nP differently.
Anpther sdvantegs in the use of tBls -uyantity 5 &
tendenoy o olimisete srrvors sriging Trom fnecourssies
in the ghaoluts smplification curves for the instrue
monts. To Lllustyate, L the true zround meplitude i
dwive asx large ss domputsd for all weve puriods on &
parblenlsy instrusent, the messurel averegs veslinals
of £ Por P shuuld beo decrenssd, ssd In consenusces
{ﬁf}w #leo by 1iks smownt, The sams ervor in smplile

flostion bee osnsed the compubed §%}w to be oo
smell, howsver, ao the 43fference (}i » ﬁé;}w hes
vomaived roughly the sene. |
The evrer mey nob be vosplebely sliminsted, The
aversged cwyvas involve date frow soveral instromente,
sad In sddition the emplificstions wey not have remsined
sonstent during the period under study, In partisl
sompansation, 78 */, of the dets wee tcken from the
shory period instrumente, and Py, 58 shows no slignifie
gant Riffasrance betwesen borizontel and vertiesl
sompanants, shord poriods
Eﬁﬁ'}?a value galouleted from the definition, pags 7, Por s
partisulsy pending.
(B, hopt samo.
An empivienl "ground festor® of 0,2 for Fesmdens (0.0 for the
fow Yount $ileon readings) ig sdded to log tﬁﬁr}wm oveqt BHUS

raducing A 'The faetor, deternined by Gotenberg {6), erisss from



i

# oonsboent aversge 4ifferenve betwasn meenitudss osldsulsted Trom
Fasedens selsmogvems ond mepnitudes sversged over the resdings

from & number of stetions throuchout the world,
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VITRODB OF PRISENTING DaTe
It is desivable to ksen the varisbles %o o sininum in sny bl hgl
Stoulay presentekion of the dubs. Therefors in g,zia%ing Lhe guone
titdes dsseribed below se & Tonstlon of Alstenve, danth vasges wers

¢ PBO-U80, 380800, and S00-700 kn. To show

shogan of B0«150, 190280

dnpandenss o depth, dlgbanoes of SE%P0%, TOP85* wers usedy no

other dlshenes rauges offersd the Tull weoge of Jupth, ae sun be seen
rom the disbribabion of dets, Mg. 3, Ths following methods of

prasenbubion bevs besn saels

{1} Pied diwsebly the observsd smplisude ratin o ”
R

F o)
depth ond dlebanss, fay curve whish sould by Avown Yhrough

theoe dats would bave ¢ gipiticense indepondant of the penumpe
tions fnenlved v theoretical Jotersinetions, noed wonld i_z-:zwl%
anly relative peplifissbion asongbente for the insbegnunte,

ig stateld sbove, the lsiber are koown elith srontsr sgoursay
bhen ebgolute ohavsoterioties. Figs %8 mud 37 sre sypienl

of the verulis oblelngd

bt the pustberiag is Y00 ek te
yeenit mors then the gensrel sorelusion Shat $he mebio baonues
srmilor o deuper shooks,

i siternsbive 16 4o ovse the logrrithe of the wvetis. This
roduyssy the socle suld revoves the disadventsgs of eompresaling
Lhe teble rasge D1 while sxprading the remsinder. WMo 59

shaws the ragulibs for Lthe sume dets wa shovs,.

iy s DBSSPT] peiio
{5} Yot %ﬁ@‘w"ﬁx@?& radie *

tuge os {1}, vobalng & physies) signifiesncs, end in somson

This affers the sewe fostrumantsl sivens

with the reseining sathbods persites slimiomtion of effects



(3}

1%
whish sre olreedy prodicted Yy thasry, The logeriths of
this susnbity L6 related to the payemetor & by

s Burved eetis e - ;
I0g et ratis ™ M * falgp ~ {8y ~ By

wherm &, o a8 befors pefer %o theovy and ohaswpvebion, This
#en be seen Prom the Jdefinitions on page 7, by notling thet
{a/Thop ia soneidered,

| lu/Tly
Hehor vneorrocksd e [& Wity g i?% }ﬁ?’:&?’] oy sorrected

fy ¥, snd B(% drop out when the retio

'8 [{ g‘t}}% (&%‘tg&] mey he wsed in Ehs sbove, The latter

two ere preferred bocauss of the silaht wioerbainty an 30

how far the first Swo pro enmperebla the two travel tine
surves from w&iaﬁa they wers debarsined ave Loows to &ifTering
Asprens of pregiston. 4 leber result, Teble ¥, shows thet the
averaged reeulty, =6 lewst, sgres very slossly, On the svarsge,
af aourss, {éﬁ% » Ao by = U, beownss (255 15 o0 derined, e

oun thus give the remsinlvg ters, (4 = talpp » the physioel

gﬁg};ﬁ% : xﬁi‘z « Thie is method {4) below,

significanes, log
& posedbility exists thet devistion froz the avernge i@sg - ﬁ_@}?,
mey sdd significsstly to w(gf - %iﬁ? for some distance or

dapth, Thevelore the guantliby {‘3’%# %%@ - iﬁi’ " ﬁ%a}@ 1§
plotted on the Jower wert of flgs, 52.28,

Plot {4} » 4,) for P esd §P sepavetely, (Y% will bs vecelled
theth poslilws valuss of this nuentidy indlecis obowrvationg
lavper theo sapected ), In thiw wey 14 sen be determined whether
s ampliteds petlo lorger, sey, Shsn swpeoted wee ssussd by
large o7 smplituds, mell P asplitede, o o sosblostion, This

Weg bhesn done fn Fiags. 16-88, upper pard. 48 sendioned in



2G
the preseding popsgesrhy ths dsde of Teblo % faticate that
the somewhet lewer prosiegion of pP travel time daote compared
with P doas a0t serisusly effest bhe resulbs,

{4} Plot {ag - ﬁg}ppw The path osusing the observed affects
ghould be SBO in Pilge Iby  the theoretisel v:lues heve besn
gorraobad Por obsdpvellons weing svoreged spplituds voives
of P tekon from the seme shoeks end ths gome records,. Hesults

are shown on the lower pret of Tigs, 158l
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EFrear OF DIDPIRERT INOTRURSHTE ON ORSURVAD ROl IR
& poseiblility svleba thet the obsarved alPosts 36 be dlge

susged under dnslvels of Dets sre prodused in peet by 417Cerenses

wobween insbrumente, Fhoss 89 end 40 sompore She residunls obisivned

from diffaresut lostromants.  Yor essh shook obieh produced uheble

reapdings on mors then ops fostrument, the 4iffurence bhebwesn vesldusls

ta plotked by uslng s ordinste

g% - ﬁ%}aﬁwﬁ pariod vorsiesl %"% - %%ﬁ,ﬁﬁ period harizontal, Ple, 58
ar long period vertloel, Fig. 40 |

sapuvetald by wove bype [P and oP) end by depth of Pocus (B0.180 sad

BOo0-700 kmy b I8 wiil De pobed thet pomibive veluss of this aueatiny

indicats gre-ter suevgy uhasrwad on the ghort period vertivel instrie

ment then on the instrument with ehich 1% s boelng compeved, Sumssedising

Lhe sveraged resnlbs,

Baord Paviod Varblosl ves Ilong Perlod Yertlesl Instruments

Dapth L4 B Hushor &2
Headings

BO=150 #0, 50 3,87 ' 42
BOO.700 #2, 80 L i3
Short Perlod Varilaal ¥s. Short Foried Gordsoutel
80150 il 08 «0, 11 o
HOO-T00 B0 #0310 &
¥o sianifisant 4lecvepsnoy ouaurs belwesn bordzuptel and vertiosl
short paricd ingbruneats, The short period verbicel logtrument sonelebe
snbly izdiosbes nore snergy 1o the seay wave fhon the long peviocd

varkionl., Wo wvaristion with & lg iadiested fn alther figues, I may



2%

be someluded, tharefore, theh the anelysls of variation of pesiduals
#ith dwoth sust take labo sesount the 44fferenss batween Jonz mnd
ahort period instruments, bub thet the werietion with & peed nob.

Several ressony ey be sugpestad for the 4diserepunsy batwden
snerglies detepnined frowm shord and lspg periced isstruments. Oone
have alrendy been mentlonsd on pegs 8, i ertlouler the seloction
s Gifferent componente Trom w&ﬂm wave by the two lasbroments,
Siso, the supiifiestion curves neseassry for obleiniog ground
ssplitadss sy bs in svvor, perbieulsrly with respeot 4o sheslute
anplificetions ag m%mmﬁ o page 3.

Fve periods soy conbribute o the digserepanoy sines, For
sonple, pP and ¥F ueuelly Show Ienger poviods Shey ¥ hesoe arrors
in the relstive swplifiostion surves would prodoce systasetis
Airfareness, This nolnt hos been chasked by plotting residosle
ageinst assovisted veriods, Wes. 4881, 3 deflnits tetdonsy is
pridont for rosiduels o becoss more positive #ith lergsy pw&&&a
on the shord poricd inehrumsst; oo such tendeney s ohwerysd on
the long period fnsbrawest, Both depth rsuges show the sese affast,
however, a0 1t =11l sot be sonsidered in siudring warielion of
papidunls with depth, Tinoe the affest sppseps on only on instouw
mant and doss not shenge with depth, 4% suggests thet dhe relative
papdifiondion suree in woe for she shord peplod Lasbrtimest sey
Seorasse LU0 shurply for the higher freouencias,

Flgs, 48-01 should show sny ¥esonsnos offest shaveotspristio
of the ground undoriying Pesudens, In the fore of o tendency towswpd
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Bighar realduals ot some pevtisaley weve parled.  ¥o sueh affsct

in obapread,



DATE ON TAVE PBRIODS

Pafaranse 18 meds sbove bo 4ifferensss in periods obssrved
1} &n the thres waves snd 2) on the long snd short peried inetruments.
T ghiow thig move elesrly, Flge. 41-47 prosend duts on the following

guontitiss plotbed sgeinst & [T « perliod in secondsly

nantity Inet ruments Faws Dapth FMaurs
Frone_pertod Vorticel P 60w150 41
phort period BP0
ingtrusents
PP HO=180 42
BOQeTHG
PP 50w150 43
B0 P00
Ty Vortiosl end short perted 50=150 44
Ty Hordmonbel

long period
short pevicd SO0.700 45

long poriod

Ton " ghort perlod BOw180 46
Ty long pariod

short porisd SO0WY00 4
Jong pariod
fartain tropds sre suggesbtod; the medisus of the verious sets of dute
heve best tebulebed, Table B, to show Lhess trends, but copeddering
the seatter of the dets ¢ 1s not DPelt thet much sigpificoncs esn be
sttached Yo gusatitetive trestmont, From Teblo 8 snd Flos, &1-47, 1t
mey be connluded that

1} the 4ifforsnse between ths poriods observed on long and ahord
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TaBLE 3

Hedian Values of Period Rutios, from Figs, A1~i7

{Bumber of readings is shown in parentheses)

%laag period instruments

Tshﬁrt period instruments

Depth P
§0m150 1.6 (41)
500700 1.2 (14)

Depth

50150 short period inst.
long " "

500-700 shopt ¥ "
long ™ "

¥
1.6 (41}
1.5 (14)

T o/
1.1 (165)
1.0 (46)
1.2 (51)
1.5 (16}

PP
2,0 (27}
1.7 (13)

Tpp/Tp
1.2 (75)
1.3 (29)
1.2 (43)
1.6 (14)



i

pariod instrusents %s lesy Tor all thwes weves lo desp Shen
in sheliow shooks,

%) this differance tucds Lo inerssss i the arder P, pP, ang #¥
for bath depkh Msuges.

%} the diffevonse in poriod bebwsen pP sud ¥ and botwsan ¥F and
¥ is sesentuatel by the long povied lnstruwsent for dseper
BRouiE,
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ANALYRTE OF DATA
The following thres secbions will off'er & guantitetive snalyels
of the dete prosented in Plge. 1028, using ez varisbles dupth of fooum,
zﬁi&ﬁm«m from obeerviog stedlon, and reglon sud saimutk z‘iﬁm %m&aﬁim

gtation,

I, Taristion of Teersy with Tepth of FRusus.

#L wvidente, o sebier how obbelsed, lndlostas thed the wetis
of the energy oboerved Lo PP B0 theb chsepved In P desrsaszss with dopbh
of foous, Thble & wsasserdves bhe verletion, usiug dets from nll iasbrue
manty, The tabulstad susbers represent sverege Yelues of the dnslipgs
mabted quantities mescursd frow grephs IB-08, Thres dietsnes runges soe
wasd, BO%-40%, 60307, sud 20%100%;  She letter ineludes oll dude, but
only the reoge 50%-80% will e eonsiderad for depkb stwdy deonues nepely
il shooks balow BIO he. Sepid sppser within $4. Mmbers 1o porentheses
indients the misber of readisgs. ‘he vetulis for & s BY-80% grs ghown
arsphivally on Pla. 58,
| In sn esrllar swation 1% is shoun ket Uhe shoyd sl loog period
varbioel Issbranents wield slpnilicently Aiffersnt residunls for thy
eune shook, ond further $heb the difTuronss dves wb vousin the sene
s the fooxl depkh vordess Theus Jwo lostrumonts repressat ths greatesd
digarapnsney: residusls obislnsl feom thy sbord poriod hosluontal fnstrge
mant agras with Lhose Prom bhe gherd period vertlssl, and dete from
abher Lnstioments are ted fow o greotly affect the resulbe, 37 reslduale
from 21} lastrussnis snd from shord end long perdod vertivel instruments
b avarsged ssperataly, 36 follsws $hed suy vecietion with dapth

whioh supesrs 3n only ong o7 $u9 Nay o may aot bo Instrunestal, bub that
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TABLE &
Hesidusle using Date frow 511l Instruments
{Nusber of resdings shown in psrentheses)
(2} {2) (3} (&) (5} (6) N

] ln ) 1%« ~3"-:‘?‘ . 3«: 1 %v ’
Repth Ug = dolp (i = Aol Uiy = Aol (G = Rodgp 108 O ted ratio
{a)r (b)*® {ofun {d)ae
Lw 20 Wl °
0-150 (43)  +D,04 20,25 +0,19 +0,2 +0,14
150-250 (10)  #0.15 0,36 0,52 40,2 +0.8
VA i R s
50-150 {150}  +0,23 0,20 0,4 ~0,23 3,04 03,03 +0,01
| (X3} (3148)
150-250 (49)  +0.32 0,0k m?a,? *@{3%*? o3, 28 (3,28 il 2
{35y (&)
Eﬁﬂ“‘ﬁﬁ ﬁ%} "@;#3 *ﬁ%% “"%»QB ”‘“ﬁti;x *{}03{? ""'{}ﬁ«s? *’ﬁﬁ;ﬁa
n a7 ()
J50-500 (30)  +0.50 1,04 w?gé; »?,;z% 0,52 w0 i =439
(59} (64}
L w20 %0 °
S0-150 (432) D2 a3 +0,08 +0,01 3,02
150250 (80}  #0.30 3,17 w3 8 3,13 0,14
RE0-350 (23} 0,47 0,03 o lidy wi} whids «~{}s 51
380-500 (31) +0.5% *{3,63 w51 0 b w0455
5%"‘?% ‘;ﬁ?} *‘ﬁa% «é}miﬁ, ‘”&#5& “‘"’305? ""‘t}*é&

¥ {a) excludes, {b) includes rasdings whers only an upper limit could
be detersined for the observed auplibudes of PP,
(60 (b = &)p = (53 « &3)p
¥t log Observed ratic %= folgp = U5 = boly
. espected ratio 53 wh 3w (AR w i
vy (d)r Loy %}@? (A =~ &),




Beslavals using Data from

Depth (% » Ag}p Qﬁ% e ﬂa}p}ﬁ {*ﬁ% = ﬁ%ﬁh"? {;‘igﬁﬁﬁ ﬁ;} &
{a}® (b

50-150 (97) 40,36 +0,31 ~0,16 0,1y +0.35
{&5) {93)

1350-250 (33) +0.45 +0,12 0,0k «0,08 +0,32
{21) (32}

250-350 {12) +0.58 *0,17 a1 3,09 ¥}, 20
(%) {11)

350-500 (21} +0,64 +0,06 “,007 «3,07 *0,42
{13) {a)

Sﬂf}w*fﬂ‘& (iis} ""{}« ﬁg “"i}aﬁi& ““5#99 “ﬁﬁl& *Q‘w
(h2) {u8)

Residuale using Data frow Long Period Yert Instrument Only
(29) {38)

15{)"&5& iﬁ} ”&gﬁ& ‘”ﬁsﬁl *ﬁ»&ﬁ *‘"5‘}*5 «{3,10
{10} {11)

250350 (7) 40,19 2016 <0k -0k -0.0k
{7) (7}

350-500 (7} +0.3L «0,09 -0 18 5y 2y ~0.19
{6) (N
{12) (14)

# (&) sxoludes, (b) includes readings where only an upper limit could
be deterwined for the observed auplitudes of FP,

i égg + values glven by Uutenberg in vefersnce 6, Fig, 2,
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veristions shown on sll thres say ba sttributed to the lncident waves,
Thegs aversges srs zlven fn Yables 4+% end Flge. 58-84,

The relative rellebllity of sbort end Yong period vertiosl instrie

menbe I3 aot Xnown with serdeinty. Pigs, 52304 show thed for P, the

5% paliskle wave, theory and obsepwntions agres meeh sove sluzsly for
the lpug period ineteusent than Lor the &web. 48 Porbher aevidonee, Telle
B Hsts the quentily (4f « 4 )y detorsined frow he bus Instruneabs
ssperabely, shorvs ,.sv;f s the wvalue of g delarained by futenbepg {referenca
&, M. &) %;?’ sopresponis Lo :&?E of this papsy, 1o thet Bodl reprasent
theoretitel values sorrzetad do aesord wilth odesrvetiond. Js poted on
page 14, the ferssy 1o dstarmined walng wvery few Fassdens resfinge,
the latter saly Pessiens resilage, (# « 4.}, 18 deflusd ta be O for
sll deptlis, {{gg w dgtp s L5 sxpeoted, showe a0 gonelebent dopth #Tachy
the reeidund 1o seaply ¢ for the logp poviod vorbicsl lostoumsay, which
indfeates thet roslivsle detovaingd froa this lusdruwent spree with
residunlie sversged over & lerge ousber of other statious throughout the
worlds Yhis way bo fue 4o the Poet Bhet mest stailons woe lnstraments
with pesburel period lopger fhen thet of She Pessdons short pepied
fngtrunent.

It doos oot Tolleow, howsver, thet the waristlon with depth oon e
studisd more relishly pu the long peried isebrusent. Any ereor i the
shgolnts paplificstion suyve Por the aboprt perlod Instvuoent wpuld proaws
duse wffeets ipdopesdouh of dupth, snd the veletive wmplifisstion {vasdation
of suplificetion with fnslident wuwe peried] is believsd to be wore
agsureatsly known then bhe cheolube ewplifiecilon, luy evror iz the

Povser would produes 2 dopth affsed enly Vhrough o seslerniid veristion
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of wave poviods with Jupthy Teble % sd Has., 41-47 show thet thiy
varietion in pod greed; perdiouierly on ths shord period instrozent.

Merbher, the syevopling proosss should be sere rellabla Por the shapt

pariod instrument, whars wove fate sre sveilable,
Bensd on thess onusiderations, o obdserad vaplation with Jdepth

#ill o povelidersd highly vrobobls when 1% apmeors g0 the grephe for akork
snd long pepiod wertinel 28 on thad for all lnsbroments senesetaly) bhe
genersl 1avel of tha quress, aowresarding to & wough avoregs avdlmise,
will ke tulken freon dobe bagsd on Whe lsng weriod eartlos) Encbroment . but
in traeting vorizstion with dewth Ple, 42 Inslodine dete fros all Laoctruments
will Be sonalderad soes walickia then the osthey Swd. Hovers) conslusions
are gugpestad by Tohlen 4«8 snt ¥lgs, B0.54:

1} The ahoewrsd anargy wobin, PR, when aowosred wih thy theorabiosl

{%ﬁsiﬂ‘m’ ?‘@Kig}g\ ﬂm%ﬁﬁ%%ﬁ Wﬁ’.‘;ﬁ"e"#"iﬁi%z3? W’:%% %E‘??thw
Qbﬁ yad ra tn .

¥ prpeaied setio

eolumn B, maraly veflactn the fest thed tﬁg = R0, = O on the

2} The soveenant bhabwsan log s dolwen ¥, aad f &% » A iﬁg
eveveas, by dafinition of iﬁ 3 his noint {n disovesad on pope
W, Tae Jerosst dldcrsmeney sscurg n ths depth pengs 290850
kmer thin iy the auly vonge whioh fneluded ne firset caloulstion
af & 4 ¢ bt vagnized Intoroolsbion Ymbusew welyss foy 200 and 400 ¥,
£} “he twny snbhade of dstoradning the aynastoed SRBPLY ¥ rabio gleld
revultn slocaly sonsishont in beend end smenitule, (o =411 %
roaniled Sthet thene tws methods sps, flrsb, %o selsulets the
anarny Mreatly by formele uning trevel time debe ap the row

mekaria), soluss § in Tehle &, wnd gecond, to ofrrect snloulatad
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¥ snergles uning sbeapvetions end sssues thed the peth of pb is
simopt identienl, eulusn 7 In debisl, Jn ¥lg, 52, the lowest

surrs reprapsnts the rosults obleloed with the Plret wetbnd and the

pavosinted x%s the resulss with the swcond mebhod. Yhe comparisen
o of sourse nob welid on Flgs. B804, sines the corpestion applied
o ¥ in the second methold ie Yessd on dobe from sll insbruments,
4] e reblo of the enevgles of the two pheses, ¥ and P, iz sboub
whut L8 predieted by Sheory sk s depth of 100 ke, This bolds for
&ow GORG0% and POIO0M, bub not for S0%40% where oV sssms 1o
e too levaey  the rasult 8 uot affseted by any conelssions regwrding
whioh phess produces the depth effuvt,
5} The sasompbion, that Lhe sopstent O fu the defining eyustion

1 u,w f ,
by = G~ log g%_?h %‘* iz the sens Tor pP end ¥, i olosely

sorrast far & ﬁa@:ﬁ}g of 100 kee This follows Prom ths nesely
sguel veloes of ;&% - %3 Tor ¥ sod p¥. & velus of 0% 8.4 lostsed
of £,% ey need, however, would produse theorelisnl veluss sove
slowely 1 asoopd with obasvvetion using long peviod vertissl lnsbroe
ment date.
£} Yhon sowmprred with the oxpsobed ensray paleulated fron equations fud,
& the ansrgy observed fn ¥ lnsvsstes with fooul depihy the average
rosidunl of {e% » & ?;%3 avor 81l depth venpes besed on loag
poried date fo voughly 0,00,
b the snergy observed in pF probobly decrsssss with fosel depth,
bub diffarent iustruments yield conflisting vesults. Ths aversge

rasiduel i nboub 0,29,
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¢ the susrgy obperved in FP probebly inerssses with fooel Septhi

wore sotably, Lhe surve voughly perellels the P supve st » lowel
Lowar by Out undta,

4 reletive to the theoretinel value, the wnergy rstin pP/F decrenses
by shout 0,5 units bstwesn 100 end 600 km,, s6 shown by the difference
batwgan turves for o0 and Py o sliernctively, by the glingle surve
for {aﬂ% - %%?g@ This opn be sbiribubad elither to soxditions =t
the sourss of the esrbhquakes or 40 -the sdditfoml peth of pl over
¥, ut mot o the path somawn bo pP oand ¥,

Geaph 88 sad the gonolusiong dreen from 16 {8 polut 4 sbove will now
be sonsidered fn sove detslls o pepticuler, the sssuspiions zade in
dariving theoratlionl welueg of A will Yo re-exumined, to debermine i¥
phyaigelly seoepbable shanges i thes owk adoount for the observed
affeate, The vesidusl Eﬁ% ® &) Tor any ome of the thras waves dsn
ba weitben, by the definting "m;mmw 3 and 4, poge 3,

L o i w6 tow o 107 oKD EIR Gy ApEn o L oo (G
i% Ay = & » log -%ﬁ?##&? # ﬁzgg@. ﬁf;g iy - ¥4 l%i Ky z@%@&wm (8}

s wiil sometines be pouvendent i the foliowisg %o meks ealsulations

e a periloular distenoe, &= T8 or 80%, abomen to be neer the middle of

the distence reage being sonsidersd.

e Faobor G, 0w 3 was sssunod for sil weven starting ss ¥, This

vaius was obieined by Jutenbarg (8] from sbsllow shooks, For 100
By Abooks, O ® et would vield & O residusl for both P and pd,
bub wpuld 0% pemeve the dlevropensy o PP, Gutenberg glves
thaorebionl rensons for pajetting the possibility thet & bus
dittarant wnlves Por ¥, oP, sad TP, Sven 1f soseptebls, such &

bypothesis would heve noe beering on bhe sbserved verietion with
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dapth, Thus uo signdfioent chenge in O ls indicated by the dats,
Be Fostoys 3, ¥, sin i, oad cos %”’ These depend only om angles of
inoidonee and Polsson's Retis. Mo phyateslly vermissible changs
in ths latter san esvs- & slgnifizent slierstion, 7o explisin
the nost elesrsput offeel of Flg, 52, naely the lneressing diffarsnos
botwosn P and pP &b graster depths, ueivg only thase fsobors,
the rolovent Serns 1 ssustion & nan be writhon:

11k o A3 wish w i’ v P o Ly, 99B A
(8 - ag), ing Aﬂtwumg% walagm

#in 3{“ P

¥ % log. + log

ain ﬁh p¥ fya

fSee Fige 14 for & disgrem llinstrating the F terms. 70 the
precision of 4hess enlovlstions the gusobity on the left may be
taken to be 0,0 ab 100 kot., snd-=0.5 ab 600 km,
1} It log %g# »0e8 at 800 Mm., then «ﬁr, w B8 ﬁ%ﬁ}q ReTarring
to maw%e&m {rafarenes 4, Flg. 3a), this requires fmpossible
ruluas oy i&, tha ineldent asgle et the surface of the esrib.
2} I %- log M‘? w 0,8, then econ ié p* Uyl o8 ig pp°
Similar results ars obteined for 1,. Toth of these slso

gan be ralosted.

8) I log "ﬁfé‘«@% = w08, then ?ﬁ?ﬁi’% » 0,87 ot 800 ke,

and similsriy 1,0 ab 100 kn, {The welues oripineslly essumed
for these gquantitios are of courss sivesly included im the
residualsl, / i“:, is vary close $o unity in the & vange being

b
someidared and mey b onitted, f?; aﬂé[ﬁ; de not very mors
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then B */, for Ly » D=50¢ {rofovense 4y ¥ leo bl thig
renge sluost septalnly ineludes 1,5 which wae Inftlally
seleulated Lo be botween 15%-28* for fasldenos abovs and
20UB0* for loeidesse below i ssvbbouedes oxlplacting st
#1) depths below 100 m, The vemsiuing tevs, (¥, , wes
found Lo be shout 0,085 Por all Jueubhe ob 0 o« 78% Ln the
origlinal eslauleblon of & 4} the raguivonsnt besomes, therelors,
shat (B » (0,881{0.82) = 0,87 vt 600 hm,, snd similazly 0,85
#h 100 bes  Trom reference B, Mg, 1o, thls regulred thet
ig ™ 1 os onlovlebed eb 300 oy, und 46° lostesd of 18°
2k 8O0 ¥ue  The letbter value i3 isprobable,

The seaupkion of perfeoily slestie reflactlion sb the gur-
fucs of the sordh is nesd by Sabvesborg {4 in ecalovnloting
raflaotion ond relrection coafficlonte. I8 iw based on weve
Yenpthe munk lesy then the thiokneds of the uppersost leyer
in which reflsotion Selkes ploga, & weloelty of & ¥m./esa,
and paried of 1 %jw poopnds soypespond te g wevslength of ¥ k.
10 Sepsrisg sbove the lohovowidil dlseontinuily bs dfsvegerded,
this is 1o be sompered with sun uppernost leyer thiokosss of
BOBG ke o less o the vegions under sonsiderstios, I
nay reupensbly be consluded, therslors, thed sore svergy ls
lopk ot the surfecs peflestion of p¥ then was predisted by
the Ldeslized bheory.

On the othey bend, thls proposed sdditlonsl soergy loss
should »rToeh shocks of 100 wnd 800 En, squslly, exsept for &
#1ight fiffevanoe in foeidenve angle &t the surfeds and 5 Gons
doney fov desp shooks o exhiblt blighse fm@%&zmwm PP shows

g lsrpe deficisney in ensygy sompered to ¥, roupghly the ssps



B

A

ua

tor all shoek Jepths, The supgestios that this be atiribubed
Lo surfase lose mey be oppossd by noblng 1] thet most IF yoe
fisotiong fn the sboeks considersd here soeur in the Feelfie
baging whers the granitic loyer 1o Isching and he uppsraost
Ieysr b6 promumsbly mich thioker, and 2) thet p¥ should be afe
foobed in the swo way 2 FF bt sore ﬁﬁ‘mmwg The tressmission
of snergy lute the ogeun Ltself hes been shown to b2 segliaible,

:@a BUBMRTY, the susrgy lost st the surfeoe reflestion
of oF and FF gay Yo gresber thon valeulebsd, B3ub such un sseumps
tion probebly Soes not secount for the observed results,
Fanbor sln &  Thls bers osnpet he slgaificently in syver.
Yaoboy aﬁikgfé&* A systemstic veristion with Jepth Ls considered
snlikely bossuss

1} the date are basad on trovel time ourves which have

basn slosely checksd by nmany observers., Hodersba

puserbaintiss oceur Tor partlenisr o veluss, but the

shemrvotions balng sonsldared pepresent averegss over

8 vange o8 O

B} the ohask afforded by the bwd methode of caloulebing the

sxpaatad energy vabie, pBf¥, sugmests ervors such

smelior thean the discropunoise Lo be expleined have,
Pastor X2, shsorption, Veing only this term in squstion
8, and sussming that Lhs velus kﬁ ® 1.2 x i’”’*ﬁfﬂm siveady
ineiuded £ bthe debs is in erzor by an sdditive fzotor k*

to by deversined {l.e., & = K, * %], then the residusl besones



%

%"‘% “ A = - log o

2 o gus14 w0
i} the penerpl leval of the eurves, or eversge residusl fop
all depthe, cennob adsquetaly be explsined by abevrpiion
sonxidorations. Mg, 54, long peried verbleal Lustranant
fnbe, will ba consideved hera, Tor ressons sentinasd o
pags 8%, Averses srdiostss In Tle, 34 are roughly +0.08
for P, 0,88 for p¥, aud 0,30 for PR, :i%'mg whporption
hean seglested sntirely, the gemerel level of all ourves
would be reducsd (e€ BOY, may) by (0.218)1{1L.% x 10™* {8800
K § = 0,8 unite., Similerly, sbeorption grester dhan
asssumed (k' popitive) would relse the level. The former
s9omi fmprobeble, suneidering svidence fov sbaverpkion
offarsad by Gutenberg {6)) the lstter wmekes the observed
dsarepenny worse for B
The aversge PP reslduel in relstion to the svarsge
P peyidunl, howsvar, mey perheps be sypilosble in torms
of wbsoppbion, The path of FF is olower Yo the ssrithts
gupfeee then the path of P [deevest polnte on the rays
for o o« §0% pre P80 apd 2400 kw. ! end It might De exposted
that absorption is grester of smeller deptha, Yriting
(B = glp = Ui = &) = 0,206 D (k= k) 9)
poll substitubing «0.0% on bthe left snd 0w B600 ¥m.,
Bkt LO o
aF 1f 16 be nssumed Sheb ¥ _» 1,8 x 107

e

B8 s sversge along the pebh. Soume support i glven thls

s thag

hypothenis by & prelieted sod pevily obhesrved distavce

effast, discussed in the naxt seskivn.
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2) the verintion with decth of the curves suggesta the
existanae of a0 sbeorbing laysr i8 the peglon above 380
ke dapbh, Susk o laver would cause the obseryed amplie
tudes of ¥ ged FP 4o incresse sud of p¥ to deerease in
passing from Poenl depthe of 100 km, %o 380 ku, snd mows,
for tha Mrst two, stextisg dowawerd fron the sovress, would
paes Shyough progressively less of the hypotheosized layer,
while 5P would trevel s lorgsy distanss within 14 before
balng reflectad st the supfuoe, The evidenos of Figs,
B84 Lo not sompletoly sonsistent, But in penersl it
appenrs thet the %% " gﬁ} surves
a for ¥ ool PP inerenss botwosn 100 and 3850 ke., by
ahout 0,885 gnlba,
b for p¥ dsorssss from 100 $o 380 kwm., by roughly
.15 undby,
& for gll three bshave sbout the ssne below B850 km.
4 for P end pF 4iffor is ardinete by 0,08 st 100 ku,
depth end by 5,40 at 230 Xum,
To troat thess resulbs guentitetively, let 1% be sgouned
that the absorpiton doefflcient within this layer is &
constent k= k, + X, whees ¥k, 1s the origisally assuned
spalficiont wirveady ineluded in the residuals, Differsntisting
aguation {8}
alad - 5,) = 6,218 K 4D,
40 may refer to additions) peth lengbh of & particular
wiye within the hypothesized lsyer for different focal
“depths, B and b above, or to sdditionsl path length of
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pF eonparad to P at Lhe sews foosl depbh, 4 above, The
lelt side of the equativa vepresents the eorresponding
differangs in gordinatas, To illustrate, mersursmente
from » scole plot of wave path sbow thet P travels 208
km, further within the 100550 km. depth range for
shooks orfginstisg st 100 km, depth then for B850 bm,
shocks. The ordinste differsncs, from s chove, is 0.28
vaite, Substituting,
D88 = 0,218 ¥ (298 ka. )
or &t w 42 x 10”4, Similer ssleuletions give
P o b P - p¥
k' 4 x 10" B x 10 g8 xatt 1 x 207t
ar an sveregs k » k. ¢ X' e 38 x 10"% /i,  This velue is
sonsidersd mush to0 large to be possible. To show what
it implles, woaves travelling with the extire path shove
the S50 ks, lovel arrive ab dlgtancss up to &= 18%1 {he
abzorpbion debermined adove would ragquire bhet the
auplitudes of such waves bo wveducsd by & fastor 18
sysry 400 k. of poth lenghh, & resuld grossly inconsisbent
with losel sertbguske observetions.
In swemery, sbsorption ssanot bs used to socount for the resulis
obtained, with a possible exception thet low PP gaplitudes a8
sompered with T mey be dus ko moderstely higher absorption
near the surface,
Peotor ¥, The megnitude ¥ of an emrihovebs is originslly datermined
{fiahter 13, dutenberg 5,8) from obssrved swrplitudes snd periods
using a varisty of stations, instruments, weve types lohiefly ¥,

¥P, and § for desp shosks), end disbenows, Yhen averaged ln this
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,

a7
way, ¥ mey be sonsidered welid sves i the study of e perticular
wive sueh as P aged to determine 1%,

Frotor Iog fu/T) Bowrnsss of weror In this muantity hove

ohearyed®
bawn disonsged on prgas Be8, o svatensiis veristlon with fdepth

oy Alstonse {8 exysoted,

fpmumetion of sousl dlatpibution of spergy shout ths souros,

To the sxtent thed ¥ vesidusls inevessw with doptl snd pf
ropidusls deersase with Aepth, the sbearved effects sre oompetible
with & 4ifforent sssvmpbion, Bhst w=ith inovessing depth of fosus a
greator propordion of the ssorgy stevts downwerd, In Ehis wey P
gnerey would be disluniabed, ¥ and PP lnsrvessed with depth, The
vapintion with depth of ¥P is obeerved t8 be roughly the saxs an
that of ¥ {the congtant #1iffurents in ordioste must in this sese be
sttrideted to some obher faobor.) ¥ reasun dun be offersd why sush
sy affeot should gxlsat, however, The varistion requirsd by this hypos
theels is oot wall shows on the lowg peried imebrusent dsts, Plg. S
I sdddtion, the ¥icious givels mentionsd fn pert ¥ {l.a., asplie
tuder Yo goloulste mepnitudes o selsulets f,, & quantity veed
o represent ohserved supiitudag ] esnuot be avolded heve, for
in deop shooks the waves udsd to detevsins sugnitude sterd downwsred,
Thus Shs hypothaslend offest ounset be uned %o sxplein the shape
of T ond ¥P gurens,.

An aliwenstive pasuwnpbion s fhet the smpyy Aistribution
abouk the source is indepeandent of depih tut verles sontisusnsly
Teom & mexisun In gome direotion 4o & nlalsus in sandhsr, say oi
0% or 180% to the Cirst, Sol an sssuspiion fen be obeoked in

sevarsl ways. TFar ¥, the angle iy st whioh the ray lesves Lha
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soures {meseursd from a line verbisally downwerd) incresses from
#4* ot 100 ke, depth to 258% at 600 ke, depth; sad the sbserved
vosidusle inereese, 7The sems is Yrue for FP {(with i, somewhet
lergesrds Tb might thus bs coneludsd that a lize verbicslly dowse
ward sorvesponds 1o an ensrgy sindsum, Mevtaer {18), howaveyr,
bss reportad smplitudes of the core-refleotod weve Pe¥ from surface
shocks signifisently lerger then predicted by theoryy &, for
PoF is smeller than for ¥ op PP, When spplied $0 ¥, for which
1, {msssured from s vertisel lime upwsrd) indrssses with depth
snd the residunis decresse lo gonersl, the further sonslusion
wight be dprswn thet o sexismus of snorgy lewvss the souras poling
upwsrd, The polnt is Aldeussed furthsr in the next sectien. In
gongral the evidonos for an sgsuspbion of this sort seens

fnsuftriclent and sonflicting.

I, Verishion of Smevgy with Distance o,

Grapghs 18919, BE«26, and 28.35 ghow yasldugls for the various pheses
a8 & funetion of 4. A8 noted on pege 22, the varietion with & csn be
poneldareald independent of instrumental differences. Mo oleer trends
ars svident on these grophi. A& tho shorber distenses (& = 20%<40%),
date are sufficient Tor the depth vange 50.180 km. {(Figs. 18, 22,
soarés for 150250 ke, (Migs. 14,25}, snd leoking elsewhere, N6 varistions
peradtting guantitetive treatment cocur within the distenve rangess
& % BO*40% and BO%-30%; table 4 susmerizes ths compavisons which nan
be msde bebween theds renges. For B0-150 Jm., the vesiduals for pf
{eciumn B} sve the sems end for F {(eolumn 2} lerger by 0.2 wndts at the
grepteor distsncs Tange. For 150880 km,., oP residunls sya smellar by 0.3



3%
angt ¥ reshduals larger by 0,4 st the grester dlabance, bul the daks apre
aﬁ%ﬁﬁ*’u
Three ssswipblons of the preceding section amy be digsussed in

taras of thege resulis. Ureaber sbacrpbion of ensrgy nesr the susface
of the esprth should, 1 it exisbs, produce & distence elfect, Let 1b
be sosumed, first, that the exbrs sbaorpilon is confined te s murfoce
layer 350 km, thick, Hessurements frowm o divest plot of ray pathe, fovel
depth 100 kin., show thet the sddltions) path length within this layer le
200 kon. for pPy 140 Wm. for P oab n diatonse & » 30° when soupered wilh &
distence A= 75°, Simllur messursments for focsl deplh 200 km, give 220
kme for p¥, L2D ks, for ¥, Applylag sguedion 10, the ssoumption predicits
that all residusks will be sseller For O = 30° than for &= 75° by

(8] 0.6 kY (L0 k)  far Py, b o« 100 k.

(b)  0.236 B* (300 &u,) g

(o) .26 &' (120 Wm,) &0

{d} 0,216 k' (220 ka, )} p¥
To produce the obsurved residusls of the preseding peregraph, k' = 70x.0"%
par ka. &8 reguived by (8) and (o), k' mepatdve by (b) end (4}, Hobh
sre consldered luprobsble,

altepnstlvely, et 1t be sasomed that the inaressed absorption neat

the surfsce Ls gowshow digbeibuted a0 58 o reduce Lthe ampilbudes of ¥F
sors then of P. On page b & value k, « 3,383.0°% km, slong the uniire
path wae found sufficlent %o produoe the effsct. The psth of ¥ at
Aw 30° be the sums as bold the peth of PF &b 0% 60° and o should be
affected in the seas way, Subetitubing b = 3700 ku., k' = 1500 in
sguntion &, this sssunpbion predicks that reslduals for F at o= §)°
{ang spproxivately for A= &0°=90°) will axsesd vesidusls for o= 30° by
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{1.9x10™4 {0,816 1{3Y00 km. ) » 0,08, Foughly this vesult is chssrved for
¥, ot bobh 100 and 265 k. fovel depths PP, on bhe other hund, shows ne
gaoh offaot eb X00 ke dopbh snd wapies ix the wpong divestion by 0.8
umite Top 200 ko

Tha ssoond ascowpbion of part ¥ of the lsst seotlon, $hst o meximum
| af spergy lseves Lhe gouree In soms pariiculap ﬁim@w#ﬁ iﬁ&g@s&!&ﬁt of
faenl fapth, sen slus be chetked sgeingt theze reselte., Por either ¥
o ¥, slbher B % 100 or 800 km,, serlier seloulstises gews approslustely
i, » 5pv fose Mg, 14} fur & « T8 and 40% for o » 80%, We B,
ohesrved asplitudes s lerger Pop 4w 75% then Por o = J0%, both 100
#8d 200 ke dupth, which {8 soasistont with thw &m«éwzxﬂmx thet & maxisum
¢ wnergy lewven Avwowsrd., For o, vbiseved seplitwies see sasiler for
& o= TEY, mush moere 86 Por b ow 200 b, thes for b o= 100, This sugpests »
rdadaum of snergy wweed {ln sunbtreet with the mevious oF the lest seetion)
and does not egroes with the prafistion of slisght change with deptle,

The verietion of ¥ pesifunle with & s@asf bg weud auelltetivaly to
suzpgert wlight sbenges in the slope of the waloelly vi. depth euryn of Plg.
B, btulken fros velerenees I {p, 813} axd 8, IX {Teble 183, The suvve is oo
woll substentisted by puperous lnvestig:bors to pormit substesntisl shanges,
fo iosrsuse of veloofty with depts within & pertloular ssell depth resge
in the sardh produses s soncenbretion of energy for selssls reye ﬁzama have
thelr deepesd point ndsy this levely $hiz sen be wndevetood by nobing
thet & rey exbenting Jush below the level will be refrscbed apwerd sope
sheaply bhen 8 vay neb suite reschlng 6, thus %ﬂw«aﬁgim inbe 5 seelley
sprueg sachion She asaprgy zz&aﬁmimﬁ batveen the twe reys. Jonterasly,
Iarge chesrved papiitudes fn & purtiouler resge of & oun be stiributed
$& 5 fester inervesss of veloeity with depth then orviglnelly weed, &n

aversge line dvewn Sheouph the vesidusls of P Bﬁ% - iy Piga, ;,Mﬂ



A1
provides the dabe fur the purposs. The despest point os the way for shooks
ab the sote distense & bud origineting et 4ifferent focel depiha is, of
gourng, neb bhae mume, Bab the supves nuy be redused to an esgnivelent sumaon
founl depbh, sey 4U kum. {shomen for cowvenisnss in saleulstisnl, bz s
silght shange in 4. Flae 49 1llustystes the Yechaiqus of redustion
sl the vesultiog suvrves. Oeserelizisg the repidusde fov all dapbhe:
| Imapest Fuint

%@:&:ﬁim Segiduele RErB0e ﬁﬂmﬁyg%g

Fositive bl A BEROG5D

Positive FEPWBLY BUAL-2400

Hogntive Sarune BEAO-E8AD
Deepest point dele are teken fyom reforsnss By IT (Teble 18}, Smell
arrows, aok to sgels, su Mg 50 show the yeuulred shuoge in the slops
of the veloeity v8, dapth surve.

&8 » geswrsl gonclusisn, the veristion of residusis with & is %08

sl Yo permit ouasbitetive trestmont,

ITT. Veristion of Upergy with Swimuth snd Seglon.

Two bypos of residusls swy be used iz this sseilon, {a% ~ ’%}W
or (& = Ay)yp e (A = 4.),, slther of whieh my be glves the physiesd
ohserved vatio pff
sxpsstal pable pi P *
daphli, 1% is found thet, eversged oveyr & lavge mmbee of resdisgs, those

signifiennce, log In tho ssotion o5 veristion with
two guenbitles are glosaly the sems.  The vonslusion de dygen thet the
dirfaring prastetion of dhe trevel time dela oo whiek {éé‘ }%& wud %’%‘}%
sre based dods ot sdvapsely affest the resulis, In 6 woglsssl study,
fewer dets are svellable for ssch raglon and Aifferansss batwaen the

Yoo susntitisn seour, Bepresenbebion sad interpesbstion o dabn avs
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based o8 the Pollowings

1} Hore signitisenss cunt be stiachod to the flrst quantity,

{gg " %}W* bhmn Lo Ghe seeond, 1% A thevelows nsed in Mg,
87 o show gnograpblael dlebrdbubion.

2] Ths signdfiossse of » veglonsl vawintion 4% grester if indlceted
by both types of residusly seperstaly, oy thls recson sienlifis-
panon driteris will s bussd on ths svarage of these bwo,

3} I this svercge duvistes by 0.5 usits in ey compurisss, the
dlesrapaney will b sonsidered ﬁig&iﬁ%ﬁﬁ; 7 by 0.8 unile,
possibly stonilissnt,

Tables 8 and ¢ and Plg. BY abow the vesulis of anelyels by ssleutd,
rogion, spd eplospiesl lousbion, The folleming counslusboos wey be drawn
s Axtmuthel verletions in shellow shocke ape doo small Lo be signls
i‘i&mﬁ; & teadengy san be noted for w&&éumm in Douthwsst Pegific
ghovks to be slightly wegetive, 1o Gastrel snd South .ﬁmwiégm ahonlks
to be siightly posibive; 0 the Jepeneflsutien azimnth prefoninsntly
negetiva and positive reglons combine to produss O residusls,
Be Bhellow shooke
1) ovdpginetiog in the Asvtlen wroglon ghow slagaifiauntly positive
résidunin,  The sffeet i Jdue %o Inrge »¥ relher bhex smell P
auplibudeg,
%) srigineting 1o the Mew Hebrides reglon show possibly signitieant
nogetive restduede. The sepsration funbo pP apd ¥ i inconelusive,
#) eripinebing in South Amerios snd in the Kemehatke-Yupen reglon ssn
be compured uelng the sems Oetenge, BS%E0* approxtwmetely, 23 well
us the some depth revge. The $iffevense, 0.8 fo the dlvection
of lerger obgervad retios in Couth lmevics, is possibly
slgnitisnnt,
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&y In dosp shooks, the bhese tosprrisons whlsh sees werrentad
show the residusls for the Southwsst Pasifie vesing Lo bs nove
negnilee Yhen these for obhey reploss by o posnibly significent
Pactor, The digsorepenty sonnod be sssigned sonslusively to elther
P oay o¥e  The sooty eompurvisong opposs Yhe segpestion that the
shgayeal varletlons aun b %ﬁﬁﬁm%ﬁ i bhe goneral tendensy for
rauldneie Yo Sagony sore napebive ob poasber foual dupbhe.

e soveantion Teater gabariag inte {% }w and @%3 p ghould be
wankivend, Pop the surfeee vellection shermctorliatio of p¥F, the peflevtion
soafPislent would be supactod to be menllse Tor Feolfde then or coutie
gountel ptrosturey  this csn br undervebood by asting thet o highoy surface
| yatneity [tsken havs o8 8.0 bun Bess Pesilfic wa, 8.5 ko, Moo, sonbinsstall
Losrsases iw the foperiure frim rorsel lasidesse ub the mefece, Tsla
af the typs in Tebls 2 and a map oF the undesite 1ine bebween Faolfle snd
sontinentsl structurs lundfests thet 12 */, of 211 vesdives should b brested
ek Papdfle reflovbions. Thls sorpectlion hay besu wede vhare roquired.

The meber of yesdings elffected ip sech region i aoded in Tebles § sud

Pe  The mugaitele of the sorpechicn veries feow 8,2 in the Alovblang and

O 1 in Seoaleble-Tugon to lesy then 0,00 olueehers, in & dlrsotion suck se
Lo meke the residusls wove nogebive. Bt this covesctlon not besn spylisd,
b most slonifioent chenge In Teblos € end ¥ would remudd in vesiduals
For the sleutian woplon of «L.56 Instesd of +0,89,

The poesibility of o disbenco offest Lo bhe Jlavkiss end Wew Hebrides
ropiong tun uot Be wreluded. The distenes wenges for the ¥ardesas zad bhe
P Mebrddes ore yooghly compursble, bowever, snd indlowbe lese rather
then soes slzatifisense for Shs Hov Hebrides residosis. Yo the oxbest thet

vounrds oF ghoskys Prow the Aleublans sen bo goupabed with those Trom the
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same distance wenge in Ussbrel nud South feapios, = rosl pepinmsl offaet
ia suggeatad for the veserds of sleutlan shooky,

nbenbere and Blakbsr (11) Bove dlseusssd thess srese i terms of
ovarsll selsviolby, strooturs, sad releted eheratboristing The
foliowing notes are bessd on thie pofarenns,

& bwplenl Peelfie ave, se doveloved Por steepie in She Tapene
nohurie weplon, bew heap deseribad ip referanse 11, Stevbing fron the
Paoifio benin end progsedingy bowerd the contlnentel swes, on vosanie dsep
i rollowsd in owvder by veglons of negebivs grevity snopelies snd
shaliow sarbhouskes, posibiee gravity sweweliss pud #lightly despar
ahooki, aotive sy resant volosnoed auf shooke &% eboent 100 bn, foesl
daptl, oldey voleenten nud Lntevwadiods shovks, and dwsp shoske. The
Jowus of serthousls fool in sometimes intevpeshad ss z bhrush plane
dioping swey frow the Teoifle besin,

The stewtiss are 0ffare fyom this mtbory in that the lsab two
fontures aye mlisiog  gievidy suommlien huve ned bean atudtied
suftiolontiy b dsbesning whethey they 248 the patbores  The dodpest
shuaks peowr st sbagl 190 kw. dopth, snd precise dopthe sre wors d47Flenlt
b5 dabormine hove than 1o most othey rogions,

In the Hee Sebrides, the syranl sgpuioes fron the Paedfis basin
the Peelfis

sonbinentward 1 vossdbly voveresd, The e Lo ennver sway fro
busin, the vosan despy 1ies B the southwest, sod shellow whovks, volosnoss,
wad iotermediste shooke fems 0 dwarlep or asany in roverse opler, The
®theust plene® wonld eppesr to Yo voytissl or dioping toward the Fasifie
Bagia, & 4isiinsd beesk in sefends pebiviby coours betwoen bhis wegion

end the Wi Tolevds 42 (he sosh, with some supessbion of sp offdet te the
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goutk on the wastorn olds of winbtever strostursl festure detorsines
this sativity, The despost shocks ik this reglon oseur st ghout 200
Eme A8 in She Aleutlcsng, depih detersisstions ere 4iffieult, pertly
boapuse shooks sevur b nll desths down o 300 km,

Pow hinks vun be found In reglonel notes besying on the South
Imarige~Tapuy psuperiens, Japsn fu on sxesedingly ssionle resion. The
totel solnmle mswergy relossod 1o the two aress ls zot greatly 4iffarset}
South foeriés, Mowaver, hee layger shouks in sseiler ourber, and the
ghallow shovks show u gresber sversge Toopl depbh.

The deep fooue shooks of Yhe Soutbeast Peoifio mmr iz the Tonge
galient, ALl the festures of # typlosl Peoific ars ars developsd heve sud
the locabion of the sndegite line i well detormined, Comparet with
tha other tuy reglons of desp Poves shooks, She surfase Slstencs bebwess
the Piret sud the last festures shernctoviztic of the ere is smaller,

Phare s no iadicetion thed in oo many or oo Tew insbences Paolfic
PP roflections heve baas sesused, The deserivtion of the Bew Habrides
raglon adght bo teken $o suggest Feeilis types reflectiony, but the offeut
of such an assunption &5 %o slightly lnsresse the sbswrved diserepensy.

Begional difParvannes in the dip of the “hhrust slsne” puy contridubs
40 vartetions in the snapgy vebie pP/P.  The slzobis pebound theory of
sayilicunke srdols dus to feultlng sngeoetes Shet s meximen of energy is
pradused in bhose longitudinel waves losving gerallel to feuld motion, snd
& mintmum of enopey 2 vioht sngles. {See for exennle Stesborg, seforanes
2i, Plgures le,? illastvate the possidle orbresss. I35 3o, o would be
sxpasted to reesive s talatively bigh provortion of the svalleble snsrgy,
st pisilerly ¥ dn M  The enimubh of the observing steblion from the verticsl

plens sontolning the stespeet dip wiil oftsot both weves syually, hencs
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nasd pet be sonsdderelds (36 will be hove mosumed bhet the feulie sPe
dipanlip, 1.0, with motion persllsl $o the direstion of dip, W svidongs
an direvtion of feult mobion is evelledisl, Using 9 duts of Tigs. 3.4
Ziving ﬁ;m the sngle at whieh the weves lenve the @%wmmm the dip

4 the “Shrust plene® {eway from the Faeifie baain) whioh would ceuss

pexinue shergy o go foke 3P i

Meutisne patsyr  (AB%.E0¢ }

TopuneBanshuris foegre f4u*} suepge  {40v)
Gouth Ameries gossrs  {s0%) spenge  {60%)
Raw Hohrddes gmerer  {90v%)

Southwent Faolfie Bodsge (450 )

In parentlases are given prelininery 4ip date by Deniaff and Dubsuberg,

- obtained by plotbisg earbhausike hypocenbers on eriéusesnctionsl weps of
the varlona rogiond.  On the hypothasls balpg sonsidered, the sloser the
twe angﬁiw the levger w11l be vP energy. The large 3P obssrred in the
Aloutinos mey thus be sorpsloted with the “thrust plang™ &1y in thek

| region, he negebive vesidusle of the Bee Habrides eys ot dovonsistent
with the hypothesiz, the Jepso-Soath ﬁwmm eompnrison slightly dpposss
%, and the deop shosks of the Southwest Pecific support $he
Hypothands when sompered with South fwerdes bub alightly sppose it when
gompered with Yenshupis. The ovidenes therefors supporks the hypothesls

in the most dlear-gut ssomely bub Li not comslsbent wleowhers,
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BUNGARTY oF Ui
Besults 241l b sumerized 1o tersa of “rssldusia® whioh represant
the logewithan of She retiog sbsarved snergy ivided by theovstiesl

anevgy for & partiauler wave,

A Bffost of Instwdmentul DIfPerances.

The shopt peviod vertioel el hovizontal Tonlefd instrusesta
profuts ehout the sums residunls Dor She seme shouk, The sbort period
vartiosl replebers ,mwgw asuergy conbent than the long period vertisaly
on thes loperithade gseale of sowvgy, She S1rTsrenos betwasn the two
vanges from 0.8 for shocks st 100 Mu, depth %o 0.8 b SO0 %o for Py
with simlisy veluss for o Bo offech of distorse is indiested for
any of the lustrussrbel sowpsristns, Realdusle detemined frow the
long perisd vertlesl fnebrument sorresposd wore alessly Lo resulis by
fabenbapg beted o5 won-Feiadens selsvograns, whlsh ey be pacily dus to
the fast i&m%; the syerege daturel pevied for fnetrussnts in use ab
gtations theoughout the world tonds to b4 Jouper then thed of fhe

Pusaldony short pericd instrupend,

B Tmta on UYeve Yeriods.
The Ioug perisd wvertical insbrusent registers lsvger periods then

the short peried woptionl, bhe petls of periods looressing by weve type

in the sedey P, o, snd PP ond deopessisg with depbhs, ¥or all depths

wnd fastruments the poeplod of PP is loveer than thed of oP, wnd of pF
largor thon thet oF Py thie ofrest 1s ipgrossed with depth of foans and
sooantusted by the loug peviod vertiosl ipstrumsnt. Besidiels for sll
thres waves besome wope positive nn bhe wove period ingrscses, Indsovondent
of depthy Shis gpplies Lo the shoph peviod bub not to the long perded

voriiael instroment,
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S Vardation of Beaddusls with Depth,

The anergy ratio yE/F dogvenuen by Dud»0.8 unite on the Jogperitheie
aonly s the denth of fosue lnavesises from 100 b0 600 %m,, when everspsd
ovey the distenee roage SD%G0%, The effest sppeirs to Do dus ehout
sanelly to insrerss of T energy sbd desvesse oF p¥ snersy with Zmpth,
slthough saperation of dete Yy insteowssts yislds partly ineoasisbont
romlbe, The onewgy of FP verdss with depth in the some senner ss ¥,
bk ghoes for @‘:ti% denths o delicienoy of soughly 0.4 snits.

The woriction with dapth of pP/¥ snevey retic cemwt be expleinsd by
physieslly peraiseibie ehanges 5 the qusatitles fovelved in sxloalstions
of theopetionl suesgies, & levgsr logs of wneysy then eslouluted st the
surfose refloction o pP [ewd o0 » lesser sxtent, Y¥) 48 probabla, since
the seounpbion of u surfose loyer sueh thicker then # wews longth mey not
ba ssbiefied, but the lovge vardetiss with dapth of focun reguired by the
ohamvations sesny reesstelly saly to the erbant thet wave freguencies sve
highar Pow grenter depth of Toous, /Jhsorpiion must be lnorssssd st elullow
Aaptha (sey O350 k) by & Paotor 30440 bines the ssoumed volun Lo sesount
Por the ghaarved offact, This s lncomsiotent with other septhoveke dets.
The ohasrved PP energy deficlensy mey bs eosounbed for by shsorption Ywias
a8 great wlong She path of PP ss slong the peth of P for o distancs renge
imag0v, whlsh sovrespond to mexlaus roy dopths of 1000 end BROD ke,

raosetlvely.

By Verletion o Teeldusls with Uiatants.

T vlesr trends sve indlonted, Compering the oversge ovey the
fistence ronges DOYAU* snd G0%-00% for shallow {100 kw.) shocks,
rasidusin ers lupgor by 0,8 uwnlbe for P fa the lattor end unabssged fur

PPy The hypsothasis of gresber sbesypbion at shellowsy depbhe, mentioned
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ebove in conmesblion with PP, elould produse & distence effechy shserved
residunis of P show suoh an affest, Wb net of P Hepll verietions of
# resiffonis with dlvtenve suggesh thet the presently stoepted veloalty
gletribution with depth shenld be aliered olightly in the direstion of
Pratay inevercs of valosity with Jepth for dovbhe BH0UB0, BOEO-2400
kme nud swaller fosrense for SU0-B40, READ-E640 ku,

e Varistion of Besidusle with fulouth ond Raglon,

Terlotions with suiondh from Pesndeme sve ssall. In shellow shooks
# tendeney i noted for mealdusls o b sepetdve in the Southuest Penifis
oed posttive 1o Centrel end Douth leswdesy I the Jepaosiiouvtien szlsuth
raoulba from yegloss with profosinently segetive residusle senssdl rosulbs
fron reglone with ¢hlefly postitive roadfusls 49 produce sn svevags of O,

Shellow ghooks of the flevbien region show slgnifisnodly tov levge
p¥ enevey, By 0% usite, The pP/P soorgy retio le too sosll by 0,2 4in
the Haw Hebrides sogion snd smeller by 0.2 e eospereble diotense and
dapth in Japss thes in South Auevies, hob sepavstiown iote P and pP is
fneonglogive and Yhe diserapenoy i of the gene order pe the probabls
arror of Lhe debn. Deap shoeks of the Jouthweut Fasific show s swelles
pR/Y vetio than those of Houbh lmerles ond Memehurie, but the stmments of
the Iset sentence spply here ap wolle The offeed of teking ints soovund
Fuaitie p¥ roflsstisas is 49 seks residusls mord magetlve by 0.8 units
ot distanse B0, G, % 80%, aud 0.08 o lees bowond P0*, 12 */, of the
raedings ars trevted ep Feoliio reflectises, But peecalding resulite sre
nod sffsobod by poscible drrors in this figure.

Ty Ioous of seithouake fool in verious m:g;é@m Gefines 8

Bypothetical "theust vlaue™ ur "eult systaw™)  longiSudinal weves
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Teaving the hypocunber searly papallel to motlon alenz $this plans should
ghow lezrgey spepgy Bhan waves leaving in vome other &lresiion. Whe
slesr regicnal atgssly of the Alebisn pepien atpoorie sudh & hypotleels,

et shher rewl¥s shoub equeily suppord snd eppose L
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SORNOR TN

e Be Dobunbarg sugrestod the resspreh problem w6d hes provided
halpful supsreisicon b o1l stoges of (he work, Uy O B Rlehter has
bonn genepous with tine snd mogesstions, Opy e Benieff proposed

mamerous Ieprovesents in the finel deaf,
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BABIC DATA
The dsts on whileh the proceding work 1& beoad sre glvss in

the following pegen.

1) shosk sunber, The nstebion of Cubenberg snd Rlshier {11) is
follawsd] the first susbey refers to yaglon as deseribed in
raference 11, the letter indiestes soresl ¥, fnteposdlate I, or
desp D shooks, snd the finel noober speclfies the perbisulms
shook, Tor axemple, 120189 denoles deep foous shook 1885 in
roglon 12,

2} 4 de given in degrass. The observing stetion is Tesadens ualess
markad NF for Noust Filson.

8} Dopth of foous 18 glven in kilomwbars. » » Fpsifis P rerisctisg,

4] Instraments will be idewtified by Shres lettars, S or L indicstes
&ark or long pariod lostrimente, ® or T Benloff or torsion types,
and ¥V, B, e ¥ verdlosl, sseb, or norkh compounepta. The sonsbsnbs
for the Penlof? lastruments ere dsssribed under Yaberisls: 4he long
end shoyk poriod btareisns heve nefursl poriods € end 0.8 sweonds,
Tor gxanpls, LNV indlostes long poried beniof? instrusert, vertiosl
gomponant, In enses whers wesiioge from Hoth nopth and esat
gokponents bevs bosn combined, ¥ will be uged for the fisal letter,

6§} Yegnitude of shonk,

&) Amplituder sys piven fn miorons grousd mublon, peskebo~posk/8,
hened on anplifiostion curves by Hertusr on file st Selssologiosl
Istorstory in Fesedonn, Hount ¥ilasp ssplitedes are oslovlsbed
4n the useunpbion that the 83V emplifisstion ig 1.5 tises thet of

ths sorrasponding Passiena instrument. Thers two hordzontsld
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components sre svaileble, they bave besn resolved vectorislly;
& aingle horizontal saplitude hus besn sulsiplied by l.d.

7} teriod in sosonds,

81 4 guestlion wark following PP readinge means thet the amplitude
2 unowetein but oot grester than the velue given, and the

mardod 1s probedly nob telinble,
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Shook a¥y  Dopth Inet, Meg, P BE o L A
Hamber  Ste.  {km. ) imp,  FOP. D Pap, fmp, Pear,
AN00 B8 80 sBv 5;% 8% 1.0 1.2 L1
140 50 Yo SEY 9 L4 L1 B0 L0

SR 1.2 1.0 24 1.0
1080 47 9o 9By ﬁ% £ 1.0 1,6 1.0

Lra 8.0 5.9 10 2%
11400 @7 Yop  SEY e% 65 LD L85 1.0

SBE 28 1.0 51 1.

11420 38 BOp BBV 7.0 3.2 1.3 2.4 1.

8B 1.6 L1 LB L0
11460 87 7Bp SBY  Bp .56 0.8 WBL 0,9

SI DB 0.9 #3008

11500 37 170 SEV 62 5.0 1,0 10 1.7
) 8,1 1.5 4.2 1.8
LBV 2,0 B0 B5 2.5
1720 85 190 SBV  BZ: .20 0,7 .70 L5
1iv80 B 100 oY ag_g B2 0,8 .88 1.2
11940 55:% 80 SEV 7.2 7,7 1,3 58 2,5
LRy 7Y 2.8 B 4,0
SN 2.7 B,2 18 3.2
e .9 Z7 18 4,0

5175 22 100 ZBY 1.1 0.9 Lo 1,0

it

aBH B2 1.0 1.7 L1
5I1P5 BB 90 8By ﬁ%ﬁ: S8 1B 8.0 1.8

* For horizontal components, two resdings {H)} have been resolved

veutorially 243 single resdings (N or B} multiolied by 1.4,
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81260

HI87%
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1600
BI5HG

81600

BI850
51675

51ve8

51780
51778
ﬁz?ﬁﬁ
53800

o

&

Hhne

22

gn

28

26

e

&8

27
28

Depth
{kme }

110
o0

100

180
20

280

110
100

110
240
116
110

Inst, ¥agz,.

SBY
S8y
any
LRy

a8v
LBy
LaE
BrE

SBY
SBE

1By

SRI
LEwv
a8y
By
SBY
nav
sv
SRy
51 g

57

> b

@ﬁg ib??m

o

o

s afhenfl ol

e

B8

280
244
1.0

£E8

81

» 88

28

+45

#5%

adl

» S8

+ 65

«8R

£27

1,3

« 5%

+ 16

«51
L4
1.2

« 38
B8
« 20
<68

Far, ﬁmﬁ*i Fars

1.8
1.2
1.8
.
1.0
1.0
1.0
1.0
1.1
1,1
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Shock &%, Depth  Inst. Meg. k. DE. e
Rumbayr Ste,  {km, ) lmp,  POT, AmD,  Pare Amp, ers
51876 32 80 SEY a% 7.0 1.2 5.2 1.4

SPE 1.9 1.0 1.2 1,0

LBV 2,8 2.0 1,1 1,8
5IS00 32 7o 8BV z%. 6,2 1.6 7.3 2.3

BB 5.8 1.8 5,8 1.8
819v5 83 80 BV i%ﬁ A9 0,8 .30 1,0
6Ti80 95 76 SEV 6 WS 08 495 1.0

P 24 0,8 .47 1.0
61600 45 86 SEv a;s%e W44 L L,18 1,0
81800 3% g0  oBy s«.% 5 0.9 15 0.9
PI450 53 100 GBY a% W28 1,0 .28 1.0
71600 65 160  SEN &% W67 1.0 L36 1.0

B 24 2 4 5

180 Ll 2,5 244 3.8

s 2.0 3.7 BB 5.7
susI0 55 g0 SV f.s% 76 2,0 3.5 1.5
BNBE0 61 60  SEV B A3 12 88 1,0 08 1.2
ByS90 74 80 OBV 6% A% 1,0 LB 1,0 .08 1,0
aweo 78 B0 ITE 7.0 4D 4 6.8 BB 3,7 3
815 48 80 GBY  6f 8 L6 30 1,0

BI8  BOMG 160 OBV 7.0 W8 L3 2,0 1.8
5.5 12 3.5 7.0 5.6
BIAS  BEMY 190 SOV Tl L% 08 5,0 L4
1BV a4 o2 4
LRE W80 1.7 &1 2.7
e L8 8 7.8 4
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Shoek cey,  Depth Ingt. Heg. T . 4 P
Husbar Ste.  {dme ) MiDs  PODe MEDe P8P, AND.  POY,
8150 B4 140 4By 8 28 1.0 35 1,0

8IH0 82 180 SBv sé.a: BB 1,8 1.9 1.0

43 1,0 .82 1,0

8I8% &% 120 3BV a% 13 1.8 2,5 1,0
anm Sl 1.0 L3 Ll

BI90 82 100 SBV 8 B7 LB 49 1.8

81110 86 1m0 oW s%: 5.6 1.6 1.9 17
1Y LY 2 L8 8

g s¢ 116 4BV 5%& 6.3 1.8 1.8 1,9

SIIE 57 140 0@V s%;- 0 L5 W84 L

BN 5B 160  SEV & B3 L W88 1,5

8I155 60 1820 oOv a% 2.8 1.6 3.8 1,6  ,10 1,0
B 4B L0 B9 L4 08 1,0
187 Ll L8 L7 2.0 .82 1.7

BINGE 60 10 SEV  § A4 L1 W30 L2 L07% 1,0
v 28 1,2 54 2,0 L1l 2,0

BII80 62 180 OBV s%r 18 dud 4B 1.8 87 1.8

snm 56 L2 16 L4 W24 L1
81186 62 120  SEV a-gg 27 12,30 1,4 L0871
BI195 65 100 9BY 7,0 1,9 1.0 17 20 Ll 1,8
BN 49 L0 LB L0 .56 1.8
LBV 7.2 4 5.8 2,5 .85 5.4
LB Bl 4 LS Dud .27 2.4

e Bu7 A8 BB 03 .2 4
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Shoak &%, Dspth  Iost. Nag. . LA <
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BIZ10 88 - 2O0  SAV 7% 4.1 L0 89 B9 B 1.8
LY 60 LS .91 £,2 2.6 4
81280 66 . 190 S 75 6,1 1.0 LS 1.5 54 L2
1av 4,1 2.2 95 2.4 82 3,0
81238 88 280 OBV 71 5.6 1.0 2.7 L3 2.6 2
LB 43 2,0 L4 2.0 L2 8
piz4s 86 180  ©EV %’. 1.1 1.0 .46 1,0 L0871
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BINSS 84 110 say B3 1.8 1.8 2,0 .18 :z%
OV L7 3 S0 2 34 ‘:%;

8IR75 67 80 8BV #3510 18 1,1 1B 1,3
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SIZ85 68 160 GW B 40 0,9 37 1,0 L0687 L0
81205 70 100 OB 6k L7 10 L1 L0 .3 1,0
BIZ0 69 140 SRV 6 L3 1.2 L6 L8 137 L5
BISIS 69 110 SBY B .29 0.0 .37 0.9 087 L0
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8ise0 &9 120 IV 19 1.0 P 13 S 300 1.0

BI38 68 150 SEV SR .28 1,0 .88 L0 047 L0
BISES 70 150  SBY 7.8 10 L2 8,5 1.0 1.2 1.8
LBy 63 2 74 B 153 3
i 2.8 2,1 2,7 B .74 2,5

BIZ0 71 100 BBV 6% E8 ded L7 L4 L10 1.0
BIZ85 75 290 SOV 6% Bl 0.7 24 L3 .65 L5
1BV 2.7 L& 1,1 2 29 2
87418 71 110 BEV  Gj .37 LO 482 L5 067 Lo
LBY 23 1.2 .26 1.6 L30T 4

81420 72 240 OB 5% BB 0.8 L15 1.0 JO9 1.0
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81440 74 240 =W 6 WOl DuB 18 1.0 J0B% 1.0
BI450 72 110 SEV £F L1 L2 .8 L2 .20 L6
| L 1.0 2.4 49 1.8 75 67
81475 74 260 O 6k 87 L3 51 L2 .0 1.8
LBV 1.7 2. B4 BB 6 B

81476 74 260 BV 7.2 87 1.4 7.8 1.8 3,8 2
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8I510 72 130  &W B39 1.0 W41 1.2 (3% 1.4
BISe5 74 200 oW JB7 0,8 J07 1,0 08 1,3
BIS4s 74 110 SWV 95 1.2 W46 L0 067 1.0
81550 73 100 G W35 1.0 L1P 1.8 L08? 1.0
aIs6s 76 180 4OV 2.5 1.4 L19 L3 LAl 1.0
BISYTS 77 206 Gmy 89 1.1 W11 1.0 087 L0
81560 74 60 G 35 148 1.5 1.5 W56 1.6
gIS8Y 76 250 OBV Ll a8 L
BIS90 74 220 SBY 12 1,8 1,3 18 L1 18
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120660 72 5505 SV 6 92 0.9 L5 Ll L6 1.2

12:890 77 SE0p SV Ge9  hel  LeU GBI 1.0 2,0 1.2
LtV 2.6 240 Wb .5 1.3 2.5

12070 77 Govp ey s% 2ok 1.0 .22 1.1 G20 1.0

130200 7% Fp @V 6k A8 L0 24 2.0 W Lk
1V 20 % s }« ° fS'}' 2.0 bl &*
oL Lot :L 10 s ?5‘ 3‘0":3 01‘3 1 o

IR0 73 3pop LUV Bt Ll Lo PS5 T Y «137 145

5%
[
1800 73 00p  SBY 6% 3.0 1.0 31 1.3 1.1 L.k

1IN0 8EHE 160 SBV  6R W67 0.8 o1k 09 427 Lé
C1AI120 a7 120 MW T2 o22 (b 23 0.7 o127 Lok
143280 88 G0 SRV T2 96 1.0 o1 1.0 ohli 1e5

IO 88 90 BBV 6.9 1.9 Qo7 Lok 162 Jhh Lol
Ly 60 1.0 W37 L L19 el
W63 87 70 SV G 22 L0 .59 L0 .6 L
Lisv 1 1.0 .38 18 W27 1.8
161290 87 230 suv 7.0 L 0.8 W6 10 W51 1.6

WINO &7 280 BV 6 21 09 .22 L0 w2 2
LBV L7 1.0 J15 1467 L17 2,07

ALI80 87 10 S TeS b3 140 18 1uh W23 1.5
Luv C he® laE 2,0 2.0 163 2.5
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141030 86 180 sy 7,2 «33 1.1 ¢33 L0 £3 1.5

LBV b 2 La 28 L7 B
1ATRED 86 WO S 7. 12 2.4 13 2.0 11 2.1
115 kel 37 6.5 37 33 3
141560 83 120 B3 7. L5 10 2.9 15 55 2
LBV 5.0 2.5 13 2.8 5.0 2.8
141620 81, 100 sBv z% 23 0.9 .20 1.0 a1 1.0
15V 15 3 29 2 B0 4
1670 85 150 S & .25 0.8 67 L1 .09 L0
D700 85 360 SBY 6F L0 0.9 W6 L3 L7 L3
LBV 57 2 23 2 b 2
15H555 92 60 suv a}% 17 1.0 L L
151160 88 80 SBV 7.3 18 1.8 34 12 1.0 1.6

isIa0 %1 60 &gy .9 1.0 2.4 1.6
5B 52 1.0 2% 1.2

i

151320 91 150 SV b 1.7 L 1.3 1.8
151360 92 100 S 6t L 1.0 .67 L0
151600 92 W00 swW 7.0 22 10 W73 1,2
151660 93 160 SV 6§ 2.0 1.2 .28 1.0
151680 92 90 SBY 6}% Gl 1.0 .22 14
150800 93 350 s 6 27 11 a3 L0

161150 98 190 SV 6.9 1.0 1.0 o7h  Lled
MW Sav «Th 1.k +46 1.1

161200 97 0 SEV 2.2 1.0 9 1.3
5BH Fi 1.0 20 1.0

o
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151400 B8 140 BEv 9 1.0 «13 1.0

g

%
181530 S8 80 ou f% WA 1.0 del 1.2
kﬁiﬂﬁﬂ 99 1@3 TRV ?yﬁ 1*1 1.0 +5 L1aB
161600 99 180 SBV 65 74 1.0 .38 1,1
181950 88 180 287 6.9 J46 L.l .42 1.1

181500 99 180 GBv 7al #3210 79 1ok

1m0 87 80 gy s% bl 30 L9 L2 08 L2
L5V A8 L2 B7 1.8 L7 8%
16M15 82 50 S 6% .31 L1 .88 a3 i
18120 90 A0 SV 6.9 B3 L 488 3.8 047 1,0
1BV 1.8 2.0 48 1.2 .8 aé-
18180 88 80 GEY 7.0 6.1 L2 B8 L L2 1.9
5 L5 L1 L4 L1 .83 L.
L8y 2.1 1.8 10 1.6 0B 9.8

18I0 83 &0p a8y Tolh 7.7 1al G0 1.0 28 1.5

10 2.0 Lul B2 Ll W88 1.3
LBV 9.5 L& 28 LD 25 02
1 5.0 400 5.0 4.0 844 B
181640 83 80 HBY 7,3 2.5 1,8 f.1 2.0 54 2,0
j3:14 2.6 28 2.5 2.4 38 B

181360 84 190 oY &% A8 1,2 .80 1,0 L0891
181620 64 280 RV % A1 1.0 I 1,0 W% 1
1Y L85 1,0 L51 2.0 .11 8%

181780 80 100 SRV Bhe 44 1.1 .37 1.4 W02 1
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18080 85 s30p  any BB 1.0 L8 10 W65 L%
us aBY 27 lad W73 LB 76 1,5
107200 €5 500 SBY 6% LB L .87 L0 5 11
T B9 1,0 L83 L0 16 led
1 S0 1D W38 LS L0864
18620 83 500 SEV 6k .26 00,07 L0 ,047 1.0
160640 82 4BD BNV 6F 24 LS5 L19 RO L0867 Lo
187860 83 BP0 SW 62 L4 L1 L8 L1 L0671
10M8 98 B0 BBV 6.9 L0 S.1 4 2.0 18 1.
LBV BB BE BB 8.0 B0 3
1988 %0 90 SHY 7.4 4.8 2.0 5,8 1,8 88 1P
1350w B0 SBY M0 JIB L0 LE9 1,0 147 1,2
WNIZO 78 BD GBY  BE .48 L. L8 1,0 08 1,2
Mz 9o 80 SHF 7.1 Ll L5 L3 L0 1B 8,2
Lav RS 75 T TR T Y S 2 X
1980 78 80 SBY T8 L4 L3 20 L .89 1,2
1BY BB DO LBD B0 38 0.4
199455 68 g0 1= 72 LT 8% B2 3% 92 o
168808 64 50 BHY Bk 488 1.0 08 1.0 .28 1.5
10W888 57 Bop DIV M0 4.6 Ld 1,8 1,0
B 1,8 1.2 L4 Ld |
1010 80 80 0By a%; 2.7 LB L0 15,16 1.2
191180 79 80 omv @%&, B8 L.l .80 1,0 (4% 1.0
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