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Starting point

Equation of kinematic ray tracing

d dr | _
“oum ) - Vu ()

Travel time integral

T= [ u(r(s))ds
r(s)

Three perturbations

1) Slowness perturbation:

u(r) = ug(r) + eu(r)

2) Reference ray need not be a true ray:

d drg | _
Vg - 2 |u,—2 | = eR
uo [uodso] € b

3) Endpoint perturbations *

r(0) =ry(0) +ea , r(S,) = ro(Sgy) + €a

Then

so) = 1g(s0) + ery(sg) + ezrz(so) + ...

T=Ty+eT{+eT?+ ...

e



Role of the stretch factor

[w—dfe (u0§1) ] + M’-f-l +N'r; = R, + R,

® First order system for component / reference
ray

aS . .

— =1+ e(rpr

95 (rg'ry)
uplrgry) = (gry) + F

1t

momentum along reference curve

z’?;(uol.'l) + Ml.'l + N'l'l = Rb + Rl

+ terms dependent on F.bpExa

Two effects (physics)




Two effects (mathematics)

1) Change in path length

d _ %0 d
ds as dSO
aSO .«
o 1-e(rgry) +€......

2) Change in slowness sampling

u(r) = uglrg) + € (1) + £y Vug(ry) )+ €

NB. =4
dSO

T

Travel time

So

Ti= [ uydsg+ [uglrgr)]s’
0

So

1
J r (R, +Ry) ds
0

2% 5

+ terms quadratic in endpoint perturbations and

Note that T'5:
® Does not depend on r,
® Can easily be computed once r; is known

¢ (Contains nonlinear source relocation effects
such as [ u; (ryry) ]5°



Snieder and Sambridge (1992)
Ray perturbation

d . .
dSO (uol‘l) + Mol‘l + N'[‘l = Rb + R‘[

u
Ry = uyV (=)

ds
For —— = constant
aSO

. . Snieder and Spencer (1993
M = I‘OVuo — 2Vu0r0 P ( )

N = .I:OVMO + [.‘O.divuo _ VVUO
50

Qe



Example: g = Vuy, F = 4,C

d . 1
Esg(uoﬁ) - EL:EVVLL& =Ry, + Ry + 2CVu,

TRAVEL
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TTKUC ) TﬂéF
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Velocity bias in 2 random medium

® Reference medium homogeneous
(uy = constant)

® Gaussian autocorrelation function, correlation
length a

© e

X =zo X:L

Vm

Capp = Co (1 + 3

2 L
Hoa)

The apparent velocity is not an intensive pro-
perty of the medium!

Ray perturbation

-~ For 05 = constant
aSO

L ughy + My ¢ Ny = Ry 4Ry
0

v (=
Rl—uo I—(uo

M= ;-OVuO - 2Vu01.'0

0

2R



RPT vs. raytracing

raytraced rays
RPT roys
RPT starting "curves”

10% anomalies
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ve tt error (s)
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0.150
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Accuracy of RPT travel times
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raytracecd tt
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Advantages of combining

1) Slowness perturbations
2) True bending (R, # 0)
3) Endpoint perturbations

in seismic tomography

I) In tomographic inversions one can simultane-
ously update the slowness model, the source
location and the ray position.

) One can explicitly account for the fact that
the ’reference ray’ is not a true ray. (Tomogra-
phy without true rays!)

Furthermore

By a suitable choice of the stretch factor (g and
F) one can obtain solutions that can be solved
analytically for a variety of parameterizations.

2.

Travel time

So .
Ty = [ updsg+ [ug(ror)]s®
0
1 50
Ty=75 J rr(R,+Ry) dsg
0

+ endpoint terms

Note that T';:
® Does not depend on r,

® Can easily be computed once ry is known

® Contains nonlinear source relocation effects
such as [ uy (rgry) ]5°
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(A) SS-wave kernel (B) SSS-wave kernel
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latitude
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