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TeCcT Ha
BXOe> royma

2. 3ayem Bam HyeH Kypc reopuametogon?
3. Sin(11/2), grad(x), div(x)?

4. Y10 BygeT c NOBEPXHOCTbLIO OKeaHa ecrivm B NOBEPXHOCTb
3eMIn NoA HEW 3aKonaTb CBMHLIOBbLIW LLap



AckeBuy Cepren Bnagnmmnposudy  yaskevichsv@gmail.com

[MpaBuna urpbl 3a 90 6annoB Ha MOeM y4acTKe Kypca.

Kak MO)xHO 3apaboTaTb 6ansibl Ha MOEM y4yacTKe:
KoHTpoOnbHbIe paboThl

2. AxTnBHaga paboTa Ha ceMnHapax U Nekuusix, pelueHne 3agad y
OOCKM U B TETPaAU paHblUe YeM Y OOCKM NepBbIM

3. BbIicTynneHue c xxenaHmem obcyanTb KOHKPETHbIWM BOMPOC —
KOHKPETHYI0 TeMaTuKy B Buae 5-10-15 MMHyTHOM npeseHTaumm



CencmopasBeqka

Ackesuy Cepren Brnagummposud  yaskevichsv@gmail.com




[1naH Kypca

CelicMun4yeckmne BorHbl B 0QHOPOOHbIX cpeaax
OCHOBbI TEOPUM YNPYTOCTH

Cencmunyeckme BOsrHblI B HEOOAHOPOAHbIX
- cpemax

--+_Metop otpakeHHbIX BorH, *(OCT-unn-OFT)- -



CencmopasBeoka - reopnsanyeckun  Metofq
N3Y4EeHUS TeonorM4eckux OOBLEKTOB C MNOMOLLbIO
ynpyrux konebaHun - CenCcMUYeCcKMX BOMH. ITOT
METOO OCHOBAH Ha  TOM, 4YTO  CKOPOCTb
pacnpocTtpaHeHna 1 gpyrme  xapaktepuctuku
CEMCMUYECKMX  BOJSIH  3aBUCAT OT  CBOWUCTB

reoniormyeckon  cpepnsl, B  KOTOPOW  OHMU
PaCMPOCTPaHATCA: Om cocmasa 20PHbIX MopPoo, UX
rnopucmocmu, mpeuwuHosamocmu,

riroudoHaChIWEHHOCMU, Harps»XXeHHo20 COCMOSIHUS
U memrepamypHbIX ycriosul 3asie2aHusl.




Conegrs o v, Wy it Sn e Mg et

CencmopasBeika Ha OTpPaXXeHHbIX U
NpenoMsieHHbIX BONTHaX.

o KOHTpONMpyembln NCTOYHUK
 /I3y4yeHne ocago4yHoOro yexna 3eMHou
KOpbl, U InTocdepbl(Npu rMyBOuUHHLIX
nccnegoBaHUAX).

mobanbHaa cencmornorus

* /ICTOUYHUKM - 3€MNETPSACEHUS
* MaclwTab nnaHeTapHbIN

* /1300paxeHne CTPyKTypsbl
BHYTPEHHEro CTPOEHUS 3eMnun




> 3apada pa3BefgovyHOU cemcmopasBeaKu.
"~ o CnpoekTnpoBaTb CUCTEMY NONYyYEHUS
OAHHbIX.
e [lonyynTb OaHHbIE.
N : e OBbpaboTtaTb 1 NOMYYNTb CENCMUYECKUI
- e e e paspes.

e * /13Bneyb 1 NnpeactaBnTb MakCUMyM

1L LL sy
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BonHbl B
OAHOPOAHbIX
cpepax



Fig. 3.9 Propagation of a seismic disturbance from a point source
P near the surface of a homogeneous medium; the disturbance
travels as a body wave through the medium and as a surface wave
along the free surface.

Ynpyrue BonHbI — 3TO Hekas
penakcauusi KoTopasi pacnpocTpaHsieTcst
B cpefe OT UCTOYHMKA BO3DYXOeHUs,
MNOAYMHSAACH 3aKOHaM YMNpPYrocTu.




BonHbl - ba3oBble NOHATUA

HAMNpaBAeHKWe
PACNpoCTpaHeHUA BONHbI

>

nAMHa BonHel [ TOPO CTEHA 1

BNajAmHa

V=f \

CKOpOCTb BOJIHbI = YHacToTa X [/1MHa BOJIHbI
YacTtoTa = ([Mepnon)-1




Resolution of structure

When you have been mapping faults in the field what
were the vertical offsets?

Applied Geophysics — Seismic reflection 11
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NMpoponbHble BonHbl: P gosiHbl om (Primary)
CxumaHue-pasxumaHue, yacmuuybl Korebrromcecs 800711k
HaripaerieHus pacripocmpaHeHUs1 80JIHbI, Hem KpydYeHud.

Expansion Compression At rest

' l '

VA 7 T AT A

| N Hi | __ENE NN BN

Direction of P-wave travel

AP wave —

NMonepeuyHble BOSHbI: S 80/1HbI 0m (Secondary)
Cdsuau u ckpy4usaHus, obbem rnocmosiHeH. KonebaHus Yyacmuuy, HarpaerieHsbl
rioriepex fIuHUU pacripocmpaHeHUs 80/1H.(ry4a)

|

Direction of S-wave travel

yo~17-V, —




Compressional (P) Wave Propagation
in a Slinky

Successive
times

Direction of Direction of wave

Com- Dilation Com-
pression pression




—_—

A+ 2u TR

P= ¥ S r— — - «-u-v-—--
P

P P
Vi, Vg = velocity of P-, S-waves,
., u = lamé elastic constants,
p = density,
o = Poisson's ratio




BornHa gBunxeTtca c onpeneneHHou
CKOPOCTbI — cecMmuyeckas
CKOpoCTb V

Yncno rpedbHen nnum npornbos,
npoxoAsiLmx yepes
donKCMpoBaHHYO TOYKY B 1 CekyHay

- l4aCT0TeV(rJ__l)f £ 2

VIMMNyrnbC o4eHb KOpOoTKas cepus
BOJIH (CaMbI NPOCTOU criydamn —
OOWH rpebeHb 1 oanH Npormo).
MoryT co3gaBaTbCA B3pbiBaMU.

YacTo Bo30OyXaeHme konebaHnm — B
CKBa)kMHax. bbicTpoe pacwmnpeHne
— CO3aeT cxaTune, KoTopoe

pacnpoCcTpaHSAETCs BO BCE CTOPOHbI.

To4kuM cpeabl BO3BpaALLATCA B
NCXOOHOE NONOXeHne —
pacTsXXeHue.

CxxkaTtue nveet cchebudecKkvio

ground surface

. successive
- positions of“putsel ’

e

Figure 4.4 Pulse generation bv an explosion.



OCHOBHbI€ NOSIOXKEHUSA reOMeTPUYEeCKOU ONTUKU

PacnpocTtpaHeHune ynpyrmx BosiH
B rOpHbIX Nopoaax 6asmpyetcs
Ha NPUHLMNAX reoMeTpu4ecKon
OMTUKMN.

DPOHT BOSHbLI- NOBEPXHOCTD,
orpaHuymBatoLlasi obnactu, rge
cpena nedopmMmupoBaHa noa
BO3ENUCTBMEM YNPYron BOSHbI
obnacTb, Kya BOSIHa eLle He
gowuna.

BOnunan ot UCTOYHMKA PPOHT
6rn3ok no popme K cpepe. Ha
yaaneHum ero MOXHo cymTaTb

NIOCKMM. , e

CencMmnyeckni nyy — NMMHUS, =
nepneHanKynspHas pPOoHTY.; =

E

successive positions of wave or pulse

Jlyu

ray

ray
DpOHT BOJIHBI

Rays Wavefrant




NMpuHuunbl MNounreHca n Pepma.

« 3aKOHOMEPHOCTU pacrnpocTpaHeHus YB
B FOPHbIX Nopogax ycTaHaBnnBarTCA U3
NPUHLMMNOB FeOMETPUYECKON OMTUKN —
[tonreHca n Gepwma.

* [lpyHumn [ronreHca: Kaxgyr TOYKY
dopoHTa BOSIHLI MOXHO paccMaTpuBaTb
KaKk  CaMOCTOATENbHbIN NCTOYHUK
konebaHnn. T.e. N0 (OPOHTY BOSHbI B
HEKOTOPbIN MOMEHT MOXHO MOCTPOUTb
ero nonoxeHne B nwbOK Opyron
MOMEHT- Kak ornbatoLyro
afieMeHTapHbIX cpepuveckux OPOHTOB
C LeHTpaMn Ha UCXOOHOM OPOHTE.

* [lpuHumn depma: BOINHa
pacrnpocTpaHsaeTca  Mexgy  OABYyMSA
TOYKaMM NO TakKoMy T[yTWU, KOTOPbIN
TpebyeT HauMMeHbLLUEro BpeMeHn Ang
ero npoxoxaeHuna. OTcoga cnegyer
NPSAMONMIMHENHOCTb  pacnpOCTPaHEHUS
nydyen B U30TPOMHOM cpege C
NOCTOSAHHOM CKOPOCTHLHO.




npl/l‘-lI/IHbI YMEHbLUEHUA aMMNNTydbl CUTHAarna.

1. [eomMeTpunyecKkoe pacxoxgeHue.
QHeprusa pacnpenensietcda rno nnowagu
dopOHTa BOSHbI

A7
I”
wavefront

E — nepBoHa4anbHasa aHePrua UCTOYHUKa

E /4mr? —aHeprusi Ha eavHuULLy nnoLuaam

cencMmnyeckoro qopoHTa
E~1/r? AMnnuTtyaa konebanunn:A~EY2~1/r

2. 3atyxaHue




Seismic wavefronts and rays

surface of the earth

* Wavefronts are defined as
the surface at which
particles are vibrating with
the same phase

* They are spherical, but their
curvature decreases with
distance from the source,
such that they can be
approximated as plane
waves

* Rays are perpendicular to
the wavefronts and parallel
to the propagation
direction




[loBepXHOCTHbIE BoNHA Panea n
IaBa

Rayleigh Ground rpll in_plan'e of
(@) propagation direction

(a) Rayleigh wave

_ Ground shake in a

} horizontal direction
[MoBepXHOCTHbIE BOMHLI — (OOPMUPYHOTCS BONN3KN OT NOBEPXHOCTEN pa3ferna ¢ pe3knm nsMmeHeHnem

YNpyrux CBOMCTB (Hanpumep, 3eMHOWM NoBepXxHOCTK). BonHa J1sBa BO3HUKAET, Koraa Ha 3eMHOM
MOBEPXHOCTU pacroraraeTcs Crion C MOHMKEHHON CKOPOCTbIO Vs, MO CPaBHEHWIO C NOACTUNAIOLLEN V..

PO SR YT TR P T Y 7 B S %




After refraction the ray leaves the interface at 48.8°.

OnpeaeneHve nyTeun fniyya

« Jly4y, nonagaga Ha rpaHuuy,
COornacHo 3akoHam oU3nKm
MEHAET CBOE HanpaBneHune.

sin,
— V Figure 4.11 Example of refraction.
2
« JTO SIBNEHNE Ha3bIBAETCH Vckaskerie GpoHTa BOTHEI
pedpakunen. Ha TPaHMIIE CPeJl

« @opma BONTHOBOro (ppoHTa
Ha CKOPOCTHOM rpaHuue
NCKaXKaeTco.




MpuHUKMN cynepno3numu, NPUHLAN

B3aUMHOCTUA
A Y
. I_IpI/IHLI,I/II'I cynepnoanunn: npu 3
MHTEpMEepeHLnN X 7

(HANOXXEeHMN) HECKONbKUX
YNPYrnx BOJiH, NX
pacnpocTpaHeHne MOXHO
n3yyartb He3aBUCUMO 4115
Ka>kOoW BOSHbI.

* [lpyHUMN B3aMMHOCTU: €CNU
NOMEHATb MECTaMMN NCTOYHUK
N NPUEMHMUK, TO BPEMS
npuxoga curHana, gopma
ny4yen n xapakrtep KorebaHum
4yacTuL, reoriorm4eckon cpeabl
He U3MEHSTCS.




I'Ipop,oanble U nonepeyHbie BOJIHbI

T.K. P 1 S BOSTHBI NO pasHoOMY
oedopmMumnpyoT Nnopoabl CKOPOCTb
NX NPOXOXAEHUSA pa3nuyHa. P —
BOJSTHbI MPUXOOAT paHblUe S BOSIH.

T.K. XXngkme cpeabl MOryT
NpUHUMAaTL N6y POPMY —OHU HE
COMPOTUBIMAKTCA NoNepeyHbIM
aedopmaumnam - S BOnHbI He
NpPOXOAST.

P 1 S BOSTHbI CO34aloTCA
OOSbLUMHCTBOM CEMCMUYECKNX
NCTOYHUKOB. Kpome Toro, oHu

co30aloTcs B pesynbsrare SIing,, / _sini OTpa)KCHHBIC
«BOJTHOBOW KOHBEPCUM. le Vls

P BOMHbI — OTPAXAKTCA U

NPSTIOMTAIOTER, sini,, _ SIni,, MPEIOMJICHHBIC
S BOMHbI — OTPaXatoTcs 1 2 v,

NPEeroMnsTCS P



[MpnHUMn cynepno3svumn: [lencreme Kaxxgoro CEMCMMUYECKoOro MCToYHMKa
He3aBMCUMO.

MpuHuun MNounreHca: Kaxayo Touky ppoHTa BOSTHLI MOXHO paccMaTpuBaTth
Kak HOBbIW MCTOYHUK KonebaHmin

MpuHunn Pepma: Bpems pacnpocTpaHeHust nyya — MMHUManbHO

MpuHUMN B3anMHoCTK: B3anmMHasa 3ameHa NCTOYHMKA U NMPUEMHMKA He
N3MEHSIET BPEMEHWN pacrnpoCTPaHEHUS YPYron BOMHbI



CBAI3b CKOPOCTU U NNOTHOCTU



Vp, km/c

CpeaHue 3HauYeHus CKOPOCTU NPOAONLHbLIX BOMH B HEKOTOPLIX NOpoAax,
rasax 1 XMOKocTax




OcCHOBbI
Teopum
VIMPYrocTu



OCHOBbI TEOPUU YNPYrOCTH

= [eH30p HanpaXeHud

= [eH30p gedopmauyumn

=3aKoH ['yKa

= OCHOBHbI€E Yyrpyrme
KOHCTAHTb

=[lpeaens! ynpyroctu



TeH30p HanpsXXeHUU

Hanps:keHue: cuna gencreyowas Ha eaAnHuLy
nnowaaun K Hen NPUNoXxeHHas

— HopmanbHOe HanpsiXeHue: YacTb HanpsKeHUst
OEeNCTBYHOLLIAsA MO HOpManu K nNroLlaake \

L

— COBuUroBoe HanpshKeHne: YacTb HanpsKeHWN:
NEeNCTBYOLLIAsA NO KacaTenbHOM K NNoLiagke

- ED.MHV”—“DI VIG;IVIepeHMS;I . after Shearer, 1999
e 1 Pascal =1 N/m2 =1 kg/ms t — BEKTOP HaNpPshKeHust

e 1 bar = 10-5 Pascal



Principal axes and planes of strain

Find the direction of n for which strains are in
the same direction.

u=An-=en

Solutions are eigenvectors (n(1), A, A)) with
associated eigenvalues (e, e,, &)



TeH30p HanpsXXeHUU

after Shearer, 1999

) @ @] [r. T,
t(x) t(y) t(®] |t. T,




TeH30p HanpsXXeHUU

XX Xy
T = VX yy
_'L':’\, 'L':.\_

XX

Xy

-—
Ty,

after Shearer, 1999

Xy

2 V‘\‘.\'I




HanpsixeHne Ha NPoON3BONbLHO OPUEHTUPOBAHHOMN

t(h) = 7h =

nnouwanke

XX

’X'))

b

17
Yz

)7
L

Ao d

e )

- )

)

A\




anIHLanMaﬂ bHbl€ HalnpsaxXeHus



OaHomepHaa gedopmauus

* The strain in the x direction is the fractional

change in length of an element along the x-axis
Before stretching

X X+d
Au
After stretching .<L> ‘< /
= Eu+AQ} :
- -
X+U (x+d)+(u+Au)
. , ou
Longitudinal strain: Au=—d

ox



Displacement in 3D

The displacement u at a position r,a small distance
(d) from ry can be expressed:

ou ou.  ou

X X X

oo T ox dy 02 g

o gu.  ou c?; <
u(r)=|u, (=u(r,)+|— — —|d |=u(r,)+Jd

’ ox  dy Z d

i) ou.  du.  du. L%

L L L

ox dy 0z



ou, ou. ou,
ox dy oz
u, du, Jdu,
J=|— — —|=e+ (2
ox oy 7
ou., oJu. du,
|l ox  dy oz

Divide | into symmetric and antisymmetric parts:
e is the strain tensor, which is symmetric

(2 is the rotation tensor, which is antisymmetric




|

2
1

2

|
|

Strain tensor

U, 1

ox 2\ oy
ou,  Ju ) au,

E + X 4
@ Iy Ay
ou.  ou\ 1(du
” - + - ) _ - = +
aox dz ) 2\ 0y

Symmetric: e,

|

ou,

ox

( U

Ju,
oz

|
|

Diagonal elements: dilation

N
\ 2
[du, ou.
(e & B
\ 0T dy
Ju,

0zZ

ou_

1
2
1
2

Off-diagonal elements: shear strain

)_
|




Rotation tensor

5 ]_(ﬁu.\ ~ (3’M~\.) 1 N _du, i
2\ dy ox 2v02 9% )
(é’uh\_ d'u_\.\ 0 ] /d'uh\. é'u:\
Kd’y_o'bc) E\é'z_&y)
(du,  du ) l( au, (MJ 0
\ 07 Ox 2\ dz oy

Antisymmetric: e;=-g;




Example I:
cube experiencing shear strain but no

rotation
.,

. 0z e
du, ut—-

0 L v o /=

u. 0 0 o/
— &l O L 1 /\

Wise

after Shearer, 1999



J

Example 2:

cube experiencing rotation but no
strain

Q2

0

c?uz

| dx

ou

'
”~
0z

0

0 0

dl"x
7

g ——

-0 0

L 4
o ’
'
o .
——e ) : -
0 Syou
e ’ A
bl v ~
ey ¥ “»
el 1 e
b O .
ol '
.

X
after Shearer, 1999



Expressing stress and strain in index
notation

e. = %(&iuj + &jui)

y

i=1,2,3andj=1,2,3
l,2,3 for x,y, z directions

du,
ou, =—
o &x




Hooke’s law

Linear relationship between stress and strain in an
elastic medium

Ty =Cpp = E 2 C ki€

k=1,3[=1,3

* Where ¢, is the elastic tensor

* Elastic tensor has 81 components (34)

* Because of symmetry of stress and strain tensors,
there are actually only 2| independent elements



Isotropic: elastic properties not vary with
azimuth

Anisotropic: elastic properties do vary with
azimuth

For isotropic case, ¢, reduces to:

Co = 20,0, + u(0,0, +6,0,)

Where A and g are the lamé parameters and O is the
kronecker delta (0 ;= for i=j and 0 for i #))



For isotopic case, Hooke’s Law reduces to...

7, =[ 20,0, + (0,0, + 0,0, ) le,

Using e;=e, to combine terms, this
reduces further to...

T, = A0, +2ue,



[MpooonbHaA BonHa
Compressional waves in 1D

* Effect of plane wave in I1D e b s e e

(a) O0DCO Q0 O O @ COOODOO D O O G 0 00DCOO
C R C R C

* When a plane wave passes x, there is a

displacement (u) and force (F,)
y

* At position x+dx, plane wave produces /Ax

displacement (u+du) and force (F, E, _
(b) - - - - - = 2= 2 <= x-axis
+dF) |

* Net force acting on a little volume /
between x and dx is the difference
between the force at x and the force i
at x+dx )
oF
(F\ T dF\) - F\ = de = }_\ dx
oxX

i
Y
i-to

a3
&
o ¢
o

R =S
‘._



| D equation of motion

Force equal mass times
acceleration (Newton’s Law):

F =ma

m = pdxdydz
J”u
dt’

=

d 7}

dF. = (pdxdydz
(pdxdydz) 7

Force equal stress times area:

F =T dyd 7
F
dF. =2 g
D
dF. = 7 dxdydz
' ox

k> ( pdrdvd")

dx




Stress-strain-displacement
relationship in ID

* Relationship between stress and strain for elastic medium

(Hooke’s Law):
Ty = Cim€u
* Relationship between stress and strain for unaxial stress

and longitudinal strain:
du

T =FEe = FE—
ox

where E is Young’s modulus



O.EI,HOMepHOG BOJIHOBOE€ ypaBHEeHUE

(ded}’dZ) 4. = dxdydz;—= i
Jt’ ox

o> p ox

(}’214 _ V2 & I v E

ot : dx = 0




PeweHue BONHOBOIo ypaBHeHU S

A —amnnutyaa, T- nepuoa

e K — BONMHOBOE YNCIOo, W YrroBas YacToTa, ¢ — dha3oBast
CKOPOCTb



ONEeMeHTbI pacnpocTpaHeHUA ynpyrnx BoJiH B cpee.




NCTOYHUKM CEMCMUNYECKNX BOSH:

BosaywHbie nyLwkn (Air Gun) — Mpy MOPCKUX
paboTtax

B3pbiB

BubpaunOoHHbIE NCTOYHUKM

IMnynbCHbIE CTOYHNKU

I'Ipmmep CrnekTpa n3rny4yaemMmoro UICTO4HUMKOM

10°

8-gauge shotgun
o === |2-gauge shotgun
104 E o o) ==== 75 kg weight drop
o 7.3 kg hammer

Energy

0 200 400 600 800 1000

Frequency (Hi)

Figure 2-26 A comparson of relative encrgies and frequency comtent for shotgun and
weight-drop seismic sources.

P 23 LRS 351
P-WAVE
VIBRATOR

O U RIEC ES

Shotgun

Hammer
Explosive

Air gun

higher to
lower
frequency
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Leof
/0 Spring

[TpMeMHnK cemcMmn4veckmx BosriH(OCHOBHbIE
MOMEHTBbI):
YyBCTBUTENLHbLIW SNIEMEHT — UNNUHAPUYECKasd
KaTyLlKa B rnose NocTosHHOro MarHuTa, B
KOTOPOW reHepupyeTcs TOK Npu ee

nepemMeLleHnn.
[eodoHbI(Takom TUM CENCMOMNPUEMHMKA)
YyBCTBUTENIbHbI K CKOPOCTU CMELLEeHNA YacTuhl Hydrophones
e Used at sea
—— " e Use piezoelectric minerals to
sense pressure variations
OTKNUK npm6opa —3TO 10 — - e Natural frequency (14 Hz)

COOTHOLLEHME MEXOY CMELLEHNEM
3eMNU U SNEKTPUYECKUM CUTHANOM
Ha BbIXoAe.

CobcTBeHHast YacTtoTa npubopa —
YacToTa Mpu KOTOPOU Ha BbIXoae
MakcMmarnbHasa amnnutyna ee
06bIYHO NOAABNAIOT.

B noeanbHom cnyyae »xenateneH ; . :
MaKCMManbHO MOS0 OTKITUK. . - s 5% " -

Frequency (Hz)

[MOYEMY? (BONpoC Ha NOHMMaHWe) Applied Geophysics — Waves and rays - II

0.2 eratically damped

i S (AT S G B |

0.7 eratecally damped

1

Geophone owtput (relative) (vicmds)
]










Synthetic Seismogram
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Example of a synthetic seismogram showing (a) the direct wave, (b) the
reflected wave, and (¢) the critically refracted wave, Parameters of the
model are that ' = 600 més; V5 = 1200 més;d = 10 m.




- Refracted
— Reflected wave

———

Wide-angle %

( reflection

refraction

7

.A

N/

Composite of All Principal Phases: Direct Wave, Wide-Angle
(Large Offset) Reflected Wave, Critically Refracted (Head) Wave



3akoH CHennuyca (oTpaxeHus) ans i

- Retracton bends
MOHOTUIMHBLIX BOJTH '\\Tp&”:n""""
zT\ -

4 CencMmunyeckne rny4dn )
noguYnHATCA 3akoHy CHennuyca
(aHanorn4yHoO ¢ ONTUKON)

Yron nageHus paBeH yriy oTpaxeHus, a
Yron NpoxoXxaeHusi CBsi3aH C yriom

Ve, nafgeHusi Yepes COOTHOLLEHME
Vs, \ CKOpPOCTEMN. /
p ' %
| sini, sinR, sin7,
e ONgitudinal | 94 = — —
mmpwnn transverse IPI Ipl Ipl
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3akoH CHennuyca (oTpaxeHua) ong

OOMEHHbIX BOJIH . o] e

o of prism

Seismic rays obey Snell’s Law
(just like in optics)

The angle of incidence equals the
angle of reflection, and the angle of
transmission is related to the angle of
incidence through the velocity ratio.

Vs But a conversion from P to S or vice
versa can also occur. Still, the angles

are determined by the velocity ratios.

?

E

mmmm 'Ongitudinal
I transverse

stnd, smR, sy  smR,  siiE
TR WE T e
S1 S2

P1 P2

where p is the ray parameter and is constant along each ray.
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3aBMCcUMOCTb KO3 dULIMEHTA NPENOMIIEHUS - OTPAXXEHUS OT yrna

nageHnd BOJiHbl Ha rpaHnLy.

Simple case: Normal incidence

Reflection coefficient

H = Ag - PV, —pl
© 4 p.V, + pb

,’r
i 1

Transmission coefficient

_1 2 I/, Angie of incidence
T = T _1—-R. = A Reflection and transmission coefficients
c 7 7 for a specific impedance contrast
1 oV, + p,V e 3
-y 2”2 11

These coefficients are determined by from the product of velocity
and density — the impedance of the material.

Rc usually small — typically 1% of energy is reflected.
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Kputnyeckui yron nageHus

sini, sz,

r r

IPl rP?.
when V, > V,, rp > ip

therefore, we can increase i, until rp = 90°

e

When rp, = 90° i, = i. the critical angle

sz
Vs, % : J
% e - Pl
l s, =<
2 A v
P2
s ONgitudinal l' ‘q

s S URINEFS0. The critically refracted energy travels along the

velocity interface at V, continually refracting energy
back into the upper medium at an angle i:

= a head wave
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Resolution of structure

When you have been mapping faults in the field what
were the vertical offsets?
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PekomeHayemas nutepartypa ans YTeHUs:

<«— MAGNETIC —> | Geophysical
- EM > affected
< SEISMIC —>
Electric and
magnetic storms
Weather Power
. 7, Fences lines
wind J=—p  anenen Heavy (retaland [ Stone walls
i 8 t A
Engine/ B it ain electric) with Sources
ship noise . i Vehicles magnetic rocks P
Sea state Breaking BRORRARNAY ey R a
Wi ‘é noise
—_— \\:\ \\:\\
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Root vibration
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Figure 1.10 Schematic illustrating
some common sources of geophysical
noise




