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Ot = me(x) Sinm(x)d(x — x,)dl
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1) The relationship between 6t and éu

The cross-correlation between synthetic data and observed data is:

t

C(r) = f 2u(t — T)U,yps (t)dt = f u(t — o)[u(t) + du(t)]dt
t t

1 1

ou(t) 1 5 0%u(t)

Do Taylor expansion foru(t — ) = u(t) — ——t Tt —t PYE=aY

We have

ou(t) azu( t)
T

t2 g "(g)
Ju(t)dt +J [u(t) _Tau(t) =, ](Su(t)dt

C(r) = [u()—r . & T3F

‘. ot 2
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1) The relationship between 6t and éu

ty t2
_ou@®) o*u(®) f _qu®) su(t)dt = 0
t

0.C(7) = ftl [ 3t 3e2 Ju(t)dt + ™

1

)
f B azg(tt) u(®)dt = u*(t;) —u*(t) = 0 = uts) = u(tz)
t

1

So, we get the the time shift due to the displacement perturbation:

[Zumsumar _ <u(t), sSu(t)>,
ot= T =—— = —
r w(Ou(t)de <u(t), u(t)>,

The above mathematical derivation does not involve in wave equation theory
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2) Therelationship between éu and 6f

02%u

pﬁ—V[T‘l'@T]:f

The solution:
u=6 Qf
u+ du=(G+46G)QR (f +8f)

We get the difference:

SuU=GRf+66 QR f~GQ Sf
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3) Calculate the corresponding kernel of source

oy = 2 sr tObS Lsr

Using the following relationship

<u(t), ou(t) >,
<u(t), u(t) >,

Su=G6Q 6f
So,

Nr
6)( - Zr:]_[t — tS(')TI?S]

= Z;IY;1[t _tObS]

<u(t), du(t)>,

<ii(t), u(t)>,
<u(t), GRS f>t

<i(t), u(t)>,
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3) Calculate the corresponding kernel of source

<u(t), GRSIf>,
<u(t), u(t)>,

NT'
Sy = Zr=1[tsr - tgrl?s]

Since we have:
<h GRf>,=<G"Qh, f>,

G*(t)= G(—t)
we further get:

<G*Qu(t), §f>,
<u(t), u(t)>,

Ny
Oy = Zr=1[t5r — tgps]
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3) Calculate the corresponding kernel of source

<G*Qu(t), 6>,
<u(t), u(t)>,

Ny
oy = Zr=1[tsr — t.g'rps]

The adjoint source:

+ Ny __ +0bs u(t)
=550t -t u(t)>,

The adjoint wavefield.
st=G(-)Qf*

So the variation of cost function:

5)( =<S+’ 5f >t
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3) Calculate the corresponding kernel of source
f oy, t) =h(t)«8(x —x5) * 6y —¥s)
h(t) = (—2a°/m(t — t)exp(—a?(t — ts)?))
Taking the variation of f(x,y,t),we get
§f (x,y,6) = —h(t) * §(x — x5) * 5y — ¥s) * St +
h(t) * 0y [6(x — x5) ¥ 6(y — ¥s)] * 6xs +
h(t) * 0y [6(y — ¥s) * 6(y — ¥s)] * 85

Sy =<s*, 8f >= [ [ 6f(x,y,6)s*(x,y,T — t)dxdydt

11
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3) Calculate the corresponding kernel of source
§f 6,y ) = —h(t) * §(x — x5) * §(y — ys) * 6ty +
h(t) * 0y [6(x — x5) * 6(y — ¥g)] * 6xs +
h(t) * 3y [6(y — ¥s) * (¥ — ¥s)] * 8y
Then, recalling the cost function
Sy =<sT, 8f >
= fOT Jo 6f 0y, )s™(x,y, T — t)dxdydt

= - fOT h(t) * s*(xs,ys, T —t) dt * St + fOTh(t) * axss+(xs,ys,r —t)dt * 5xg +

T
] h(t) * 0y 5" (x5, y5, T — t) dt * Sy
0 12
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3) Calculate the corresponding kernel of source

Sy =<st, 6f >

= - [T h(t) * 5% (x5, Y5, T — £)dt % 8ts + + [ h(t) * Oy 5t (X5, ¥5, T — £)dit Sx5 +
T
f h(t) * 0, 5" (x5, y5, T — t)dt 5y
0

T
oy = = [ A0« 5* Cos T = O
0

T
ey = [ () % 00y* Cas 35, T = 00
0
7
Ky, = J h(t) * 0y s" (x5, ys, T — t)dt
0 13
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