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4.1 Waves through the Earth 79
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essentially linear relationship between
seismic velocities and density known as
Birch’s law. Laboratory measurements
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pressures of (1) 0.2 GPa, (b) 0.6 GPa
and (¢) 1.0GPa, which correspond to

1 approximate depths of 6, 18 and 30 km.
(1 GPa is 10” pascal. The pascal, a unit
of pressure, is equal to | newton per
square metre: | Pa=1Nm™2. A unit of
pressure still often used today is the
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R Gebrande !98‘2.} (d) R.e!ntlonship .
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Shear Woves referred to as the Nafe-Drake curve
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y after its originators. Open circles,
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0 1 sedimentary rocks; crosses show a

1 2 3 4 5 linear model from Birch 1964. (Alter
Density (103kgm ) Ludwig et al. 1970.)




K
?'* !
(3
b
E
< =
g
1)
1)
Q.
[7p] —
4 Mantle Quter Inner A
core core
3~ -
2 i —
J
1~ =
Radius (km)
60;00 50100 40;00 30|00 2090 IOI(JO
0
] ] I ] | B ;| —
0 1000 2000 3000 4000 5000 6000 6371
: Depth (km)

Figure 6.14. Velocities of body waves (P and S) within tke Earth. Data for the

earth model by Dziewonski et al. (1975)—see Appendix G.




ONDE PIANE

R vecdionrnod fqaunamu.fouiq Vaitfmhuwmh meolart <
comm AN Astomaeude Lo, covmpoments Lusmgo x. ¢

we | .o
e = & Da

Gmieha = m‘a‘m%om d'om W wua Ldaneurnouwl < Lo Mma
AclnRoMEe T uma gueliuai Lunmriour | L cd vaalsit!
* et manmn Ln,rd.s Lo 44 Lovo coun e

L Cxrxak)
Rol cax St .G‘...M':Row- covlrmma 2 urvtwl.w. Mok 1 co. -
AMAAMML  COMAE  VWALG  ArOUA WO \v«%‘m»‘l—o Al Auan & cortan

o
a ®
.Q: () = T+ Z (a.“_ coemkx ¥ Io,“_ 3 micn)
& !

-\m&fdw u‘n}\muz_ Lo asliaviour ot 41%%!‘\0%4 d‘eud.& AMLOWLO -
A gaan oML counk

= A coe LL&-&":)

’Kﬁ(mLu‘q;mm;\uMuMWM{?«wkxbtw
M;ﬁ=mﬂt:¢otwm{vm“umﬁw Y- W"
colon ol Gl R | dar An Aot Wd\mxwkw con
vdocila . Rubandko iAo Lipe dl ocuda & dilbon oo,

b pranWibe, - ot 2 dtbon Lrvae ouM' encdaa, .

sholl




. twpubide (prava W quide casa) A coni 2o foax T 2a
hma (o qmiudl Lo tdero dishualoe ) Ve dasa froule douda,
A owduo Wogado w darweous prpesdicetos ot fiouie
dAlouda e bolr diALoUA pAds e amou Ay noggie d' ovda, .
Se ta four T M Bpe k-t | touda 4 popoglisiel Analla
AUl K poRva | A twvra T d.m\n"-o “yokt | sa
PAOROLATOM 2oun ailla dduviowt X ange Rva, .
Quaauoomenke

s YU<EA

<« ewwuda A T Ao Aara PA &0, dar! oudao.
Eacumrmioams L commporbamento al Y lesude Lma va
Al dua® voula\all |
Rea L = sk — Y=0bW) e to Lmrow corms oides -
MR elow  Ugameds B Aavamalipl 48 W s

Y= Neos [lex + wost)

wr = 2|C:-Mm

A0 Car AR du Lo ,Qom > Adpeda o gpan fn ¥ atlo “pea S AL
v ra 2= g4,

W
Tolt Wkavollo » Wmdica cown A, & # cliioawma Mg/nba_.-ﬁﬂ_
Aomde. . Daldo conks W o dien APAAANAA NSO dlcm.dm. R do.

L Maaameo da Mq.u.\\t. domda aall' Ludivatio 21,

c
] o
vy =7
'
-

A f\ A

U \/ x




Qenalizvowds o 3 dimennious | it poleuvialk soua dodo do

= Aeos (Wn-Wlat)

MQMM\&Z waa wllo s © ovendodto Aol
Al ome Al PAc pOLORROUL At oandao !

Recndion an K= co. —» \_‘1 \? U:) £ Le -Q\.AMHOW codemo
CAMMAMLAR  Yodow  URMOL pa Aaumtbiptl i vt
W= A ws (o - kb)

\Lit = Zt-m,

MMWMM-(OM dm&&om\:m d.p,)o Uaa
\“\-L&uo-”-ﬂo-\.&un\nm

W
WX

x = = T

\ L
Tole takuwollo dicar perieodo aalt' owd a : AM&M-L“' - -{:-
e o ,R-rc,a\w._.\ﬁto.. ' omdan , & A don W Mmasaen N
osalllaxoun mell' vnla Al -\-th-o

¥

. 18
2 T te- "'.“-,‘,5
A

"NANAAN,L g -
INAVAVAVA'A

La (WA‘V'\‘-; kﬁ( e Jduba Sandn -‘f"Lu"-utu?u oh\uiaLM W .
Soun \w baunko

2W A
et =

AL Z‘Kg. s W
€ pefloamws MECAVAL Y cous

@ = A cos (e =-wt)




Ter oMdeaent “ QPSMM' M&Mu&h Alod'nw ol W‘o
s’ oude ¥ ‘WW V-Mw&u M-\—o&u:\:m scoloan \p
wh = T

- (2 W 2‘1)

= (—- A\ st e (x-oet) y ¥y - )

bo. v la ©2/ot reuas  pedaante

%: = (\Aqk‘usk(s-ut) , © ,°>
ha  dewsala d‘mu.,ada.‘a AR unm'ouds poma T dbaala couse
cmegla Cmelica AMMOMAMMO e wuile 40 yoluaue -

= =f,L_MA'\?:{\J - %?k%%:‘“

= T g N

= Lo (A)w
Do molaar dan Lemmtaga 4l owda T etonouns ercke Mo poriiowote.
o.u\a\mvv:.c\-m dlla Aherma | e amdar olla (fw-gumm!

Uan Moo dlouwde a Losta MWM (?Lu‘;odv; MW\M (:u.iud-."
a W\:& a BAUPAONA | Amerno AMAQIG A wamo ad “‘u"“‘f“‘l"““l“

Ao  couns dabo ’F“W AL ,Qwamauu- Coeuo count Aplurioud
et 2guUAROUL douds & BuRtvNAND n‘wl—.d.o coun decaus audis um g,
Rzl Lo \.u:; Yok colaramente while coum dian wna Qv Cowlelaaiions :
i
Y= A ([ os Lln-at) + isin k(g-ut) )
= N ay £ flx - wt]




\a %\touﬂ. Loprmen FWall = "Mw—: -F&I-;UAAGMJ& denvoalaile <

vt =let
W= Ae"" e
¥ o :tﬂ‘g* -f,ﬁ{:}
Le=9YY = ALk e
RIFLEESIONM € RAFLAZLONL DL ONDE TFTLANE

A addeoamnd couidiioko Lo pwpogaious 4 ouwdd u Mmaern
oo gianss  Spomatamente WMBAE . Coumlduloams so com meecde
A U doudo WacidL Aaa W‘\uh_g&ogyta ehaa Acproaa  ds AMeE
omw.i AV . Se L“\Al-t-n%ﬂ-u&u\ foldo  due Ammaery) | oleco
AL doune aatat  couhmadild L tpo stoum et o sfern alliaverio
ervo = adhiamenk ay fewdoclle ad oAprAns w‘?mb%q.d)w tea
Vb el . Llodko Mye al tudwfouia T palie b mano
Losleo ed & Wuolo - cowre o aupainbde leevretn £ e dude
MMI\':LCL Lo, Su dats Mu&dd&. ag.a S.R—ot%'. o O Mnullon?
e ol  ANALUAL

San ® Say = Sy =0

Nedramne come Yol Wweol - dUN o das coudsHour 4 coudoruo -
?qw!.mo Mmoduanodamede  alle -h.% A /\;Mam e M.‘G'Ah.m ,
Corh dmanans um ouda SN aus WM dL  comn um Mfu T Aga

wa W len %-o»u)tck W doar  amaevn eladrel e WMo ool wotbe
do. ‘K\,fgx .‘Lm‘-‘dﬂd—&?;,&z.wnm Petows svote

oA -0 M o Untade & Mmormals odle ddAzoun 4 WW}?GL&& &Tkﬂauk.

AN LANARR & o tuama o a St I\A"-QIM«; POAAMME oM@l
ladmate AAe Ao amuodo = AMAMAMOIM e ot ouols B,




((\Q« LSRN, N f\“

%uGMM, (\Mud.; wn' cwdae

Mediym 1 SN uadeude dot Lbosts | coune
Pi. B
K tw {-’?{um
Mdéum?. 1 ' e A eadoaamo con g:‘!‘n"“-
P2:Pa J : -
s Vowbon Muummens d'ovda
oo ok ot paade QMO‘M‘
SH
’ Mo o arfolbo . Saui:
W A W A LW A
L A T
f,: L%“wa L o cos T‘.\} = (_hi%.“.\,.i" , © =eos .'F'\) M = (Q‘L‘--i w,v, sk

Se  BAMAMMAA GAMO levs'e.\-\-c. dtl! eude ‘aed dewde count u,wf\LM‘a,
¢ sposktumedh oo tiols ol vgus  emda Al PrliOUr Lopriauent ol

Owdn e daande. - 9 e < (L-% -wt)
Ol bioaammerrn T%'—“—‘{';L&-:&—wt)

Owa. R 1T A0 \ coedh et AL MMOM&. e hacrmmiasione
W oamcko dolots Al M0 2 T dato daite anwiwe 4ot e
WG dtak © 8 quatta Amltana . ha coubimnlia  dagss pohann ek
aN-Lanesso .l\'tuLus(aLc.-ta yoston " 2=0 da

Y eop L (Lx-wt) v RG wept (amt -ot) = TG 2ep i (o2 —cot)

Lo Al peirdiinie MT«-MJ‘-. ZMWMW o defan ¢ FHuaavbig 2
evp A (L0 v Lyyr232)= oep ilLox)

eAtnto 2,7=o e T=20 . RPulbaals awatmwp




UL?:('--H&) + R.ouwl(_ﬂ,&\" Tuu?il!\\,.,r.\
Rold. La Allowous Ave et Volidm v opud yumbe x|, La comon
AN "14#\.\0\\’- relo A Lo ferwa dute Lumviou T ufw-&.».uo(w' furmidue ;
Lu=my,=2m,
v oba i

S w W
— = — \ = e
o) PAw L = (bz_‘“ J % stu ¥

k& P?\;\M.n WQ\M“ Ca d—;- Lol I_J,w d_,; A‘;—‘.!,Q/V':C"-‘l,
T=13
et Lo Meowmda o da 2o Lagay dr M f_—wx‘k—tow (Legge dr Sneld )

8w L = sinw 'K

—— -

o e,
e condiniown & coubsmaala degln q—»mm pekonde o di'e s
Ax»R =T

W valer di cofhi et BT a mMeowo innies doalls cobmiibla
dagln d‘oh\‘ . A Laevi o omammeitaue 1 celeol’ dLowde ovteo

]
WL Aaselieto
2 et,sl C-O&I Q:T-L
T = b s+ gafycosl

Nedlome dar B e T aipwdowe datte guambla  eft cosl
W oegar Mae¥ro . Elto AX o Wqu:gg,.

Don mubour molbu dae 3 coedfidents BT dlperidown M-U'ﬂw'a&d-ﬂ
A luet duave ' oanda !




-
free surface # B

(=«B) I!

) : m
I ! "
/
,//sv
Core odoa ¥

Wes doude 24w vana W%g{ 24 beco,
kWuMMMoMWIoWSLMm | emtido
eAaa \,-Ué.,ot_as—o\. I’V\M\”M’\L

cotdhh ek da s flesmoun wv“”’?“'w‘ \w Lamriow dutes
~ ~ - \ 1

oMRote O ™aduna . Nelaa tatene 4 seunuinioue P=S

Y W dunre movausts (I=J) e Lo comwuaowd Lol i ey TaEEE*!

1.5 I T 1 1 V.11

I, degrees




Core oude © SV

Wel coro dullt oude X cd &V lucldewh am wme  diswoubl v oo

v padelowne = Leggiiamenk x‘s&; complicate u guambo u genusls
Lrme Al w0 Mma mwoke T el SV L dubaln Ma pur < P
au yar e SV W ammolo T counbwebo mal plawe xr . iaiammends
MOV MWL Wustts gAML M Sppdoauento Lo Yy ,c:o-:'

AMOA  NUAA SO kl.uu-ua.k osle SW. Nean Jt‘k‘-“'“‘" Q#W ’?o.f.‘m'
Mgco\o e Mo

Covnln dtanonrano Lo waeln SAanelt wa \M"\AL{AM‘ Lea dune

MAe  ed \wda clrosare cou L .l‘o.a.«tol.o da wel denre , cou T x'nu&db
A /\RM%M (M&Ham). BevoAao o A wir'ouda ¥

AAm T oo,

AN T the

Nk coso Ra. T=90° | L‘Wlo AN W e dags e dico e mulde

" =& %y

Vea w\)\ An el duae Wot{ di Quello cobw

, AMOU N Lo LIgie
M.R'\Ah ML Al oAl AAENO .
' Reflected
Incident 1 sV
SV \ Reflected
1 P
1
I
i
1rg=i
'.
iqrp
Medium 1 v’
A Medium 2 ;

. dP
’ Refracte

|

}

: Refracted SV
\

1




Incident SH : 353556‘ :

Incident SV’ \/

- -
L

Incident P

Com Aol otn' Mer duave  dotd etlo s L\.A.-L?P« i ouwda A wa
Whafac'a ba due e ( goudst puskiggdoto | Leurdo \elames ).

Energy coefficient

Angle of incidence

WM";‘M':"’W &~ “‘;'(’L‘-""";'w Ma Wan ' owda ® WO dule = Lano
Ru\ruf@\ (FS TN PPN dan 2ol 4.

oA
':i'.';‘o" 'g(él“:z %:l.g? %‘-s-ﬁ’ = |_?-z )




