BRAIN-SURGERY: SELF~TAUGHT

Jon F. Claerbout

Teaching and learning modern geophysical data-processing d1deas 1s not
straightforward. Not long ago 1t was satisfactory to proceed through my book
Fundamentals of Geophysical Data Processing (FGOP) and then through a few SEP
research papers. Since FGDP was published in 1976, however, there has been
astonishing progress; furthermore, few SEP articles were intended for wuse 1in
teaching. Taking advantage of my sabbatical leave and the deadline pressure
of a March 1980 one-week class in Singapore, I reorganized and extensively
revised the old materials. || expect to use the results both at Stanford and
for one-week industry classes. They should also be suitabie for anyone
interested 1n self-teaching. On subsequent pages are the results of recent
efforts, a carefully organized, referenced outline of materials in FGDP and
SEP reports, followed by eleven new written lectures which fit in at various,
random places in the outline. The eleven lectures are mainly a revision of
earlier research papers, intended to get the meaning and the results stated
befaore the mathematical details. I am always interested in including more
field examples of textbook quality and would be delighted to receive them from

anyone.
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1980 LECTURE NOTES

TABLE OF CONTENTS

reference

14,1-3 = SEP-14,p.1-3
F = FGDP

[ ] = not written

Overview

1.1 [Introduction] slides

1.2 Assumptions, Assumptions cutline
Seismic Imaging Concepts 14,1-3
Seismic Imaging Principles (Walt) 14,5-12

1.3 Introduction to Wavefield Extrapolation 20,179-90
(needs more figures)

1.4 Sign Convention in Fourier Transform 16,361-62
How to Transpose a Big Matrix 11,211-12
Two-Dimensional Fourier Transforms without Transposing 15,247-50

(Clayton)
1.5 Derivation of Acoustic Wave Equation outline

Dispersion Relation, Evanescence, Migration in
(w,kx,kz)-space

1.6 Derivation of F-K Migration and Diffraction ?
Equations (Lynn)
Implementing F-K Migration and Diffraction 11,9-28

Wave Extrapoilation

2.1 Finite Differencing this report
2.2 Wave Extrapolation 1in Optics F 189-94
15-degree Monochromatic F 194-203
2.3 Introduction to Stability this report
2.4 Dispersion-Relation Derivation of Wave Extrapolation this report
2.5 Difficulty of Higher Space Dimensions this report
2.6 Splitting and Separation this report

2.7 Tutorial Programs (Lynn & Clayton) outline



Retarded Coordinates

Finite Differencing (x,z,t)-space

Recursive Dip Filters

Migration Techniques
Migration in (z,t)-space, with quiz
Two Techniques for Wave Equation Migration
Migration in (x,z,w)-space

Lateral Velocity Variation Examples

Anisotropy Dispersion and Wave Migration Accuracy

Frequency Dispersion and Wave-Migration Accuracy
[General theory of causality and dip filtering]
Impedance and Wave-Field Extrapolation

Impedance, Reflectance, and Transference Functions
[Bullet-Proofing]

Numerical Viscosity for 45-degree..Morley

Stable Extrapolation

Absorptive Side Boundaries for Migration
Stability of Absorbing Side Boundary Conditions

Sensitivity of Migration to Velocity Error

Subjective Comparison of Migration Methods

Source-Receiver Offset
A quiz problem which illustrates sections and
gathers
Some Exxon data which illustrates the difference
between common midpoint and common shotpoint
The Doubtle Square Root Equation
Geometric Interpretation of DSR Equation (Clayton)

CMP Separations of the Double Square Root Equation
(Claerbout and Yilmaz)

[Radial prestacks]

263

outline
F 208-11
see also Tecture 3.7

outline
F 243,F 211-12
20,235-241

outline
1,73-86

F 243-44,208-11

15,1-20
outline

20,207-220
movie{supers8)

this report

this report
16,141-54

16,109-19
16,83-87

10,10~14
11,111-15

outline

15,273

outline

outline

15,73-80
20,201-8

16,5-12
16,18
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Slant Stacks and Radial Traces

Snell Waves (velocity part only)

Slant Stack Migration and Velocity Analysis

Two Types of Migrated Time Sections

Reconstruction of a Wave Field from Slant Stacks
(Thorson)

Short Review of Retarded Snell Midpoint Coordinates

Migration in Media with Strong Lateral Velocity
Variations

Multiple Reflection

Stide show

Snell Waves and Multiple Reflections

Time-Series and One-Dimensional Multiple Reflection

Slanted-Ray Mulitiple Reflections

Wave Equations for Snell-Wave Multiple Reflections

Diffracted Multiple Modeling and Inversion

5,1-12
15,57-71
15,89-95
16,171-80
14,81-85

slides

this report
this report
this report
this report

F 253-63



