f-k filters
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a line source sifts values

of f(x,y) at x, for all y. j_w5(x — %o)f (x,y)dx = f(x0,)
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The mathematics of the 2-d FT is ambivalent to our choice of units so one choice can
be time and space, a seismic reflection line for example.

O(f, k) = F[p(t,x)] = j j O (t, x)e PrULHRX) gty

MEMPHIS



The mathematics of the 2-d FT is ambivalent to our choice of units so one choice can
be time and space, a seismic reflection line for example.
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Where f is the familiar frequency in cycles/second and k is spatial frequency in
cycles/length.

A is the wavelength

/\ = % is the spatial frequency
» X
\/ Wavenumber is k* = 2rnk = Zf

similar to w = 2nf.
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The mathematics of the 2-d FT is ambivalent to our choice of units so one choice can
be time and space, seismic reflection line for example.

O(f, k) = F[p(t,x)] = j j o (t, x)e ErULHEN) dtdx

Spatial frequency not wavenumber.

Where f is the familiar frequency in cycles/second and
cycles/length.

is spatial frequency in

A is the wavelength

= % is the spatial frequency

Wavenumber is k* = 2ntk = Zf
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similar to w = 2nf.

We use k* here to distinguish wavenumber from spatial
frequency k though you may encounter k for both. Know which
it is by context.
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A few familiar properties in 2-d

Flg(x — xo,t — ty)] = G(k, f)e 2™ kxo+fto) Shifting property
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A few familiar properties in 2-d

Flg(x — xo,t — ty)] = G(k, f)e 2™ kxo+fto) Shifting property
Flg(x,t) + ag(x — xq,t — tg)] Where a is a real scalar.
= G(k, f)(l 4 ae—i2n(kx0+fto)) Replication property (an echo)
Flg1(x,8) * g2 (6, )] = Gy (k, /)G (k. f) ﬁf”go'“t“’” Propegygiinicls
ilter
where

g1(x,t) * go(x,t) = f j g1(u,v)g,(x —u, t — v)dudv

F[gl(x’ t)gZ (.X', t)] = Gl(kr f) % GZ (kr f) WindOWing
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V. V. VOV VI V-V Incidence angle

v
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Plane wave fronts

c, = apparent velocity = r

6 — 90° Horizontally traveling wave (ground roll and surface waves)

6 — 0° Vertically traveling wave (body waves and reflections)
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V. V. VOV VI V-V Incidence angle

v
A

cx = apparent velocity =

L

Plane wave fronts

sin 6

6 — 90° Horizontally traveling wave (ground roll and surface waves)

6 — 0° Vertically traveling wave (body waves and reflections)

7 1/ f Nt\g b $A1 A horizontal seismic line
A f L e
=7= 1/ & I Ax Ak measures ¢, & k, not v
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V. V. VOV VI V-V Incidence angle

v
A

cx = apparent velocity =

L

Plane wave fronts

sin 6

6 — 90° Horizontally traveling wave (ground roll and surface waves)

6 — 0° Vertically traveling wave (body waves and reflections)

7 1/k f f Nt\g b $A1 A horizontal seismic line
T:V:E CX:E_)(A_x) AR measures c, & k, not v
f / \ & k.

Slope in Slope in
t-d plot f-k plot
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Consider a rectangular surface array recording of a horizontal plane wave traveling
in the x, direction.

= S8 2 A e W This looks like a DC offset in the x;
——————————————— 2 direction and a constant frequency sine
= [0 wave in the x, direction.
_______________ =
_______________ _ ;
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Consider a rectangular surface array recording of a horizontal plane wave traveling
in the x, direction.

> X4
= S8 2 A e W This looks like a DC offset in the x;
LCA LT 2 direction and a constant frequency sine
——————————————— e wave in the x, direction.
_______________ =
_______________ _ ;
\ 4
X2
—k
/ 0

The FT of a constant frequency sine
> k, wave is a delta function. When traveling
in the x, direction the impulses lie on the

/+k° k, axis.
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Similarly
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There is a great deal more that can be done with F-K analysis (e.g.
reflection seismology) and with arrays (they don’t always have to be

rectangular or evenly spaced; array analysis) and it would be easy to
spend an entire semester on just one of those topics.
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