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2. Refraction/Wide-Angle
Reflection Seismology

2.1 The Slope-Intercept Time Method
2.2 Asymptotic Ray Theory

# Elastodynamic equation

+ High-frequency solutions

# Basic equations of the ray method

Eikonal equation

Transport equation
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2. Refraction/Wide-Angle
Reflection Seismology

2.3 Ray Tracing
o Fermat’s principle
o Euler’s equations
& Examples
2.4 Travel Time Inversion
¢ Time-term method

¢ Travel time inversion
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2. Refraction/Wide-Angle
Reflection Seismology

2.5 Reflectivity method
& Displacement potentials

# Displacement-strss vector and
potential vector

+ Boundary conditions and layer matrix

o Integral representation
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2.1 The Slope-Intercept Time Method

Horizontally two-layered case
(e.g. Palmer, 1986)
Dipping layer case (e.g. Palmer, 1986)
Horizontally multi-layered case
(Kennet, 1976)

2012/4/11 Lecture 2003




Receiver

)

|Reflected Wave Refracted Wave

¢Direct Wave

re- | osticritical
crtl;tcal-p .

Xec  Xo

2012/4/11 Lecture 2003

Direct wave : 7;(x) = x/v,.
Refracted wave : 7, (x) =x/v, +T,,,

where T,, = 2H,(1-v} /v3)""? /v, (intercept time).
Reflected wave : T\ (x) =2(H +x*/4)"* /v,.

Critical angle : i, =sin™ (v, /v,).

Critical distance : x, = 2H, tani_ =2H, /(v /v —1)"'"%.

o 1/2 1/2
Crossover distance : x, =2H, (v, +v,) " /(v,—v,)"".
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(1) Slope of direct wave : 1/v, --->v,.
(2) Slope of refracted wave : 1/v, --->v,.
(3) Intercept time : H, using v, and v,.
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Tz (x ) Refracted Wave
TBi(x)

Tao(x) TBo(x)

Direct Wave Direct Wave

T(x)= '\‘/vl P

T,(x)=x/v,+T

A0°

where v, = v, /sin(i, —a) and T,, =2H ,(1-v{ /v})"* /v,.

Tho(x)=x/v,,
T (x)=x/vy +T,

where v, =v, /sin(i, +a) and T,, = 2H ,(1-v] /v;
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Travel time of the n-th segment : 7, (x) =x/v, +T,,

n—1
where T, = Z2H/.(l—v_f. v v,
J=l

(1) Slope : 1/v, ->v,.
(2) Intercept time : 7, --> H, ,

with aids of v, (j =1,..,n—1) and H,(j =1,..,n-2).
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Receiver
(0)

a

J=1 J=1

where p =sin(6,)/v,.
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Exact

(T (x))> =(2H, /v,))* +x* /v forn=1.
Approximation

(T @) =(T) +x 17,

n0

where T =2 H /v, =2> At,,
j=1 j=1

and V,” = Ziijj /iH, /v, = 2i VIAL /'Z’Arj,
j=1 J=1 J=1 J=1

with Az, = H, /v,.
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V._

n—-1)0" n-1

V-T2 =2H,y

n (n—-1)0 n’'n

=2v:At, =v (T =T

n0 (n 1)0

()72 ) _2 (r) ) 2
:(T 4 T(z -1)0 ,7_1)/(T1(; _T(—I)O)_)V

n0 " n 7 no

=LV -1 V2)/2V, > H,

n (n-1)0

= (T -1 W, /2> H,.

n0 (n 1HOo n—1

: RMS velocity, Vo

1

Interval velocity.
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2.2 Asymptotic Ray Theory

Elastodynamic equation

High-frequency solutions

Basic equations of the ray method
# Eikonal equation

o Transport equation

(Cerveny and Ravindra, 1971; Cerveny, Molotkov, &
Psencik, 1977, Cerveny, 1985)
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Geometry and coordinate system
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Elastodynamic Equation

Cyj = Py

with o, =A0,u, , + u(u, ; +u;,).

High-Frequency Solutions

o0

u, = exp[—io(t — 7)Y U™ (iw) ™"

n=0
—> u, =U, exp[—-io(t —1)].
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(iw)* N,({U) +(io)M ,(U) = 0,
where
N, (ﬁ) =U,[(A+ 7,7, +upd,7 7, — po,],
M.(U)=(A +w)( U, +7,U,,+U7,)+ut U, +Uz ;)
Tz U +u,;(z U +7,U)).
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Eikonal Equation

N.(U)=0.
- U, -9;)=0.

nyy
—'LZ’_.Z'A

where I, = A
' P

det(T", —5,) = 0.

M

2 A+2
- —rr,=Vir, T, =1, e

R
Ly =Verr, =1
yo,

Eikonal Equation

r,0, =1V, v, =1/V],
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Transport Equation
M (U)=0.
—>U=U"e +U, +U"t.
U=U"t forP waves,

U=U""e +U)",  forS waves.

M, (ﬁ)-t =0  for P waves,
M, (U)-e1 = Ml.(l_f)-e2 =0  for S waves.
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dU“"
ds

1

2

)

dU, IU;‘“ vd j+iln(p¥ ) |=
ds ) Jds d

dUu'? 1 d .
L +—UY —In(Jpv)=0,
ds 2 ' ds (Jov)

+=UP{w? T+diln(px ) =0.

Y,

(c )
"(s) - Geometrical spreading

V)P ()]
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Ray Tube
ox, /Oy, Ox, /Oy, Ox; /0y,
J =|0x,/0y, Ox, /0y, Ox,/0y,|.
ox,/0s Ox,/0s 0Ox;/0s

do, = ﬁxﬁ_x dydy,,
o 07,

do=do.t=Jdydy,.
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Geometrical spreading

Ray Tube

2012/4/11 Lecture 2003

12



Lecture-2003

2012/4/11

2012/4/11

2.3 Ray Tracing

Fermat’s principle
Euler’s equations

(e.g. Courant & Hilbert, 1966; Julian and
Gubbins, 1977)

Examples (Iwasaki, 1988)
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travel time : 7 = L das/v.

Lecture 2003

13



Lecture-2003

2012/4/11

2012/4/11

Eikonal equation : 7,7, =1/v".

Fermat's principle : 7' = L ds /v — stationary.

— Euler's equations.
af1(a] (1)
ds| v\ds %
or

i{ 1, ﬂzvV(l :—le,
dt| v V V

where ds = vdt.
Lecture 2003

Lecture 2003
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vcos@siné
vsingsiné |,

vcosd

and
¢'=(v,sing—v,cosg)/sin.

0'=—(v,cosg+v,sing)cosd+v,sind.
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r'
s = — (slowness vector).
v

=s-t (tangential), s") =s-n (normal).

Snell's law : s, -t=s,-t=s, -t.
") _ 0
(n) 1/ (12 12 (N)/ (n) fracti )
v —(s3") AR (refraction
and
(0 _ O )

S, =8, 8. == (reflection).
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