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1- Grid dispersion

2- Rapid expansion method (REM)
3- Tal-Ezer

4- Chebyshev polynomials

5- Time-evolution solution

6- Heterogeneous

7- Leapfrog
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1- Cartesian coordinates
2- General solution
3- Second order spatial differential operator
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1- Leapfrog-Rapid Expansion Method (L-REM)
2- Discrete Fourier Transforms (DFTs)
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1- Stormer-Verlet-rapid expansion method (SV-REM)
2- Ricker wavelet


http://www.sid.ir

s n Shz Wz sadse b 4l 0o

Oley ol (ol S8 i 5 (SaSTn goue glax el gl el 4 axg b
Oley il b b o gl o Loy (B9, p0 ) 5SS (A7) ) gl paiges
Shand oy ey g, 5l coliul L a5 Jlps il oo Gl e (6)ls paiges
b el oalosls rals ol jlows lade 4y S>o5 slas )b paiges gl Uas ool 3,20
—go baas (g, slp dal Cans @ gllad gSlas a5 0gd o ab>de O JSS axg
oolidl slast gl 5l eS a0 VIV (55 sl a5 audl o slasl Ar=Ams o S1,a.]
Ay Loy s nl uizmes sl AT=FMS L )b - a9l @y b iy, sl
ey Jolgd SSAI=YMS L S eyl o by gy sl ookl 3Ll sl
Sl s by s b 5 abn ol b5 al 2blgn 4 ¥ 51 555

el S5 Sley slos,lo paiges sl g YU ey C8s G gl yls culiadl )|

S S 4z =Y

Ored g 0dbShy (See zae dslae 355 > lp (oBy) Wl 4 ol aslllas s
ssba Shaed b9y s REM) @ Lo (b9, oS 5 5l (lgion &5 Conl oaosls plis
wiz 5l S LR b5 oges oolitul floj o zge s HLaml sl S50 L gy
@ e REM lag ol %on jlone 5l osliinl b ool in i Giensr slagslalex
Slese Iy 6 S LGl 5o eolaiwls jge ol jlie slaws .ol waly> ol 5 380 ol Al
Obey ln e @l (S bl oolituls oo ol s (ol Slle 55 akin b
b 25l jobar 1) s3lue 23 Glime (lgies siladie ;o mizres 23,5 900 olgsds
oolsle Lrals olgsds S slacasdse sly b wain> slaglalas iz jogad 0,53
S5k jsbar ealdill ) aes e AalS 1) (gilwe 35 4 5l 6ok Sl Ol 4 ol
oy 52 )3 Eae Gl 3,5 o0 J8 osliiuld g0 piie S g oleds Sloy slapls sl
sbaglie Sl anwss sl REM (rizxen 39 sals som o5 sl adsl g9,8 by
@l 4 s cex o S slitie sl oS5 Sl SIS L S 5 O jgen e
Ol 85 s by poes o 390 Lol g, b aalie o (losls ayjo a5 5 Il
5 e b by w55 &5 wasee i adlhe @l 0pS o )13 esliiuls g
Gl g 09er Vb (65l 5 b Sl gl b @l 4 i ST (oS 5 15 1S
Sede s RTM) ogSiae Sloj &y2len (B9 5 sl s3lwde 5o oolatal (sl altnwe
S5 ULl g m e s (B9, 90 o 3uali Sl eolaiul ISG) asdlas () o 1 og waly>

el 0atl)] (ol Jgar8 9 418513 (o) 9 Eoud )90 SThdd (o5 5


http://www.sid.ir

PLOWOPYRYY

S ) Elizge Linss sdijle glasliing b 45 pyime olls 5l alie oSaias
5 4,25 S lasl K08 g pime oo Sle) l nisren 5 Wo sl eal 8 1) allis
)l Ty Sloyad g S LS L2b, 4 iy il alxe o2

&=l

[1] Alford, R.M., Kelly, K.R. and Boore, D.M. (1974). Accuracy of finite-
difference modelling of the acoustic equation, Geophysics, 39, 834—842.

[2] Kelly, K.R., Ward, R.W. and Treitel, S. (1976). Synthetic seismograms:
A finite-difference approach, Geophysics, 41, 2-217.

[3] Dablain, M.A. (1986). The application of high-order differencing to the
scalar wave equation, Geophysics, 51, 54—66.

[4] Etgen, J. (1986). High-order finite-difference reverse time migration with
the 2-way non-reflecting wave equation, Stanford Exploration Project,
48, 133-146.

[5] Chen, J. (2007). High-order time discretization in seismic modelling,
Geophysics, 72, SM115-SM122.

[6] Soubaras, R. and Zhang, Y. (2008). Two-step explicit marching method
for reverse time migration, 70th Conference & Technical Exhibition,
EAGE, Extended Abstracts, FO41.

[7] Zhang, Y. and Zhang, G. (2009). One-step extrapolation method for
reverse time migration, Geophysics, 74, A29—A33.

[8] Kosloff, D., Filho, A.Q., Tessmer, E. and Behle, A. (1989). Numerical
solution of the acoustic and elastic wave equations by a new rapid
expansion method, Geophysical Prospecting, 37, 383-394.

[9] Tal-Ezer, H., Kosloff, D. and Koren, Z. (1987). An accurate scheme for
forward seismic modelling, Geophysical Prospecting, 35, 479-490.

[10] Etgen, J. (1988). Accurate wave equation modelling, Stanford
Exploration Project, 60, 131-147.


http://www.sid.ir

s n Shz Wz sadse b 4l oy

[11] Araujo, E.S., Pestana, C.R. and dos Santos, A.W.G. (2013). Symplectic
scheme and Poyting vector in the reverse time migration. 83rd Annual
International Meeting, SEG, Expanded Abstracts.

[12] Araujo, E.S., Pestana, C.R. and dos Santos, A.W.G. (2013). Symplectic
scheme and Poyting vector in the reverse time migration. Geophysics
79, 1-10.

[13] Arnold, V.I. (1989). Mathematical methods of classical mechanics (2nd
ed). 60, Springer.

[14] Bonomi, E., Brieger L., Nardone, C., and Pieroni, E. (1998). 3D
spectral reverse time migration with no-wraparound absorbing
conditions. 78th Annual International Meeting, SEG, Expanded
Abstracts, 1925-1928.

[15] Sexton, J.C., and Weingarten D.H. (1992). Hamiltonian evolution for
the hybrid Monte Carlo algorithm. Nuclear Physics B, 380, 665.

[16] Skell, R.H., Zhang G., and Schlick, T. (1997). A family of symplectic
integrators: Stability, accuracy, and molecular dynamics applications.
SIAM Journal on Numerical Analysis, 18, 203-222.


http://www.sid.ir

OA OLKes 9 (5 90050 013,

A New Formulation for Extrapolation of Seismic Wave-field
Response and Its Derivative

Farzad Moradpouri*, Ali Moradzadeh**, Reynam C. Pestana  and Mehrdad
Soleimani Monfared

F aculty of Mining, Petroleum and Geophysics, Shahrood University of
Technology, Shahrood, Iran

" Department of Mining Engineering, College of Engineering, University of
Tehran, Tehran, Iran; Attendant Professor, Faculty of Mining, Petroleum and
Geophysics, Shahrood University of Technology, Shahrood, Iran.

""Center for Research in Geophysics and Geology (CPGG), Federal
University of Bahia (UFBA), Salvador, Brazil

Abstract

The aim of this study is to present a new symplectic integrator for the case of
spatially varying velocity based on Leapfrog (L) and Rapid Expansion
Methods (REM). First, approximation of the wave field at each time step has
been considered using rapid expansion method. Then the wave equation is
rewrite as Hamiltonian system. It can provide an accurate solution for the
acoustic wave equation to simulate the wave field response at each time.
After that, for much more accurate and stable solution to extrapolate the
wave field and its derivative, a new formulation based on leapfrog and rapid
expansion methods has been presented. The obtained results of simple model
indicate that this new formulation provides a very high level of accuracy and
stability for estimation of wave field response and its derivatives.

Keywords: Seismic wave field, finite deference method (FDM), Leapfrog
method, Rapid Expansion Method, Integrated L-REM.
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