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Synopsis:

e The remote sensing/monitoring problem
e Reciprocity for electric/electronic circuits

e Reciprocity for quasi-stationary electric cur-

rents
e Reciprocity for diffusive electromagnetic fields
e Reciprocity for electromagnetic wavefields
e Reciprocity for acoustic waves in fluids
e Reciprocity for elastic waves in solids

e Reciprocity for acousto/elastic waves in fluid-

filled porous solids

e Sensitivity analysis for integral monitoring
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Constituents of the remote sensing problem
(e.g., reservoir monitoring problem):

e Configuration to be sensed /monitored
e Physical (wave)field as sensing agent

e Electr(on)ically operated sources and

receivers

e Signal processing to reconstruct configura-

tional parameters from measured data

e Visualization of reconstructed configuration
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Remote sensing/monitoring problem
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Physical sensing agents in remote sens-
ing/monitoring:

¢ (Quasi-)stationary electric currents
¢ Quasi-static magnetic fields

e Diffusive electromagnetic fields (electric
displacement current negligeable with respect

to conduction current)

e Electromagnetic wavefields

—> sensing agents directly electr(on)ically

controllable

N A,

Remote sensing problem (physical sensing agents - 1)
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Physical sensing agents in remote sens-
ing/monitoring:

e Acoustic waves in fluids

e Elastic waves in solids (condensed mat-
ter)

e Acousto-elastic waves in fluid-filled

porous solids

—> sensing agents electr(on)ically control-

lable via electromechanical transduction

N s

Remote sensing problem (physical sensing agents - 2)
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Reconstruction procedure in remote sens-

ing/monitoring:

e Reformulate Actual configuration as its
contrast with respect to (computationally
generated or previously reconstructed) Back-

ground configuration
e Construct the contrast electr(on)ic data

e Relate contrast electr(on)ic data to con-
trast in constitutive parameters of the

media in the configuration

e Reconstruct contrast in constitutive pa-

rameters from the constructed contrast

data (e.g., via optimization procedures)
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Reconstruction procedure in remote sensing/monitoring
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The quantity that interrelates the instrumen-
tal responses in the Actual & Background
states is furnished by the (wave)field reciprocity
theorems of the time-convolution type:
e Kirchhoff/Tellegen (electr(on)ic cir-
cuits & quasi-stationary electric cur-

rents)
e Lorentz (electromagnetic (wave)fields)
¢ Rayleigh (acoustic waves in fluids)

e Betti/Rayleigh (elastic waves in

solids/condensed matter)
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Interrelation of Actual & Background responses

Delft University of Technology (©1999 Laboratory of Electromagnetic Research



e RES TN

For electric/electronic circuits the interaction
quantity for time-convolution reciprocity is,
for each accessible circuit port,

B vaw Ve - v Y e

where

V' = voltage across the port
I = electric current oriented into the port
t = time

* = time convolution
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Reciprocity quantity for electric/electronic circuits
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For quasi-stationary electric currents the lo-
cal interaction quantity for time-convolution

reciprocity is

® = electric potential

J; = volume density of electric current

x = position vector
t = time
(t) : .
* = time convolution
\_ g

Reciprocity quantity for quasi-stationary electric currents
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For electromagnetic (wave)fields the local in-
teraction quantity for time-convolution reci-
procity is

AZB ot
Emap 1\, Hp} (2,1) = €y

EA(x,t) ¥ Hf(a:,t) — EP(x,1) ¥ H;l(a:,t)
where

E, = electric field strength
H, = magnetic field strength

x = position vector
t = time

(t) : .
* = time convolution

Emrp = completely antisymmetric unit tensor

of rank three
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Reciprocity quantity for electromagnetic (wave)fields
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For acoustic waves in fluids the local interac-

tion quantity for time-convolution reciprocity

IS
AZB
p,v,} (m,t) <
t
P, t) ¥ ol (1) — P, t) W o,
where
p = acoustic pressure
v, = particle velocity
x = position vector
t = time
0 . .
*x = time convolution
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Reciprocity quantity for acoustic waves in fluids
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For elastic waves in solids the local interaction
quantity for time-convolution reciprocity is
N AZB def A 4
Ammp,q {_Tp,qv vt (z,1) = Ak,r,p,q
A ) B B ) A
_Tp,q<m7 t) * U, (iL’, t) + Tp,q(mv t) * Ur (iL’, t)
where
T,, = dynamic stress
v, = particle velocity
x = position vector
t = time
(2) : .
x = time convolution
_|_ . . .
A rpq = Symmetric unit tensor of rank four

Reciprocity quantity for elastic waves in solids
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surrounding configuration

e Each (wave)field interaction quantity is
a vectorial quantity whose flux across the
closed boundary surface of the transduc-
ing element generates the interaction in the

AT B
electr(on)ic data {V,I} (v = unit vector

along the normal)
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Instrumental interaction quantities
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For quasi-stationary electric currents the in-

strumental interaction quantity is

A<B A<B

{V, ]} = /aTVk {(I),Jk} dA
K/T () (t)
Ly JEN (ol = pl) % gV

where

07T = boundary surface of transducing element
£ = Kirchhoff/Tellegen

pr.r = resistivity relaxation function

D, = supp(pj, — piy)
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Instrumental interaction (electric currents)

Delft University of Technology (©1999 Laboratory of Electromagnetic Research



e RES TN

For diffusive electromagnetic fields the in-
strumental interaction quantity is

AZB AZB
{V,I} = /aT VmEm.rp {E,, Hp} dA
L 58 9 of, - 020 Y Blav -

o fp HE W (1), — ) W B2V

O7T = boundary surface of transducing element
— Lorentz
o5, = conductivity relaxation function

= permeability relaxation function

D, = supp(oj, — ol)

D, = SUPP(Nﬁp - Mf,j)
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Instrumental interaction (diffusive EM fields)
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For electromagnetic wavefields the instru-

mental interaction quantity is

AZB AZB
{(V.1} = |7 vmempp{Er, Hy} dA
L 9, Ip, Ep ¥ (ejir — efk) ¥ EAQV —
o fp HP W (1), — 0l ) W B2V
where

O7T = boundary surface of transducing element
— Lorentz
€r, = permittivity relaxation function

= permeability relaxation function

D. = supp(ej, — €2;)

Du — SUPP(Nﬁp — Nﬁj)
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Instrumental interaction (EM wavefields)
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For acoustic wavefields in fluids the instru-
mental interaction quantity is
AZB AZB
V., I} /aT U AD, U } dA
£y, Jp, P 54 (K — k) ¥ pAdV —

Oy /D vy >|<) — 0, 2 vAdV

where

07 = boundary surface of transducing element

L — Rayleigh
r = compliance relaxation function
= inertia relaxation function
D, = supp(r” — k")

D, = supp(pp, — pLs)
- 17—

Instrumental interaction (acoustic wavefields in fluids)
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For elastic wavefields in solids the instrumen-

tal interaction quantity is

AZB AZB
{V7I} — /87'Vm mr,pq{ TP‘]?vT}dA
B/R (1) !
é Oy /DS Ti,] (Sé,p q qu,2,3> * Tzfqdv
—0, /Dp vy ¥ (i, —p2)) ¥ vAdV
where

07 = boundary surface of transducing element

P% _ Betti/Rayleigh

Siipg = compliance relaxation function

= Inertia relaxation function

Ds = supp(Si,q — Spyij)

%,J,P,q P:q,%,]

Dp — Supp(lgk,r o pr,k)
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Instrumental interaction (elastic wavefields in solids)
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AZB
The different expressions for {V I}, used

in a multiple source /multiple receiver sens-
ing configuration, provide the basis for:

e Inversion procedures (via optimization

techniques) as to the constitutive parameters

sensed by the sensing agents

e Sensing agent configurational sensitivity
analysis through the first-order, low-contrast
approximation: Actual sensing field ~

Background field

¢ Identification of constituting material
via material <= constitutive parameter
incidence matrix
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Conclusion

Delft University of Technology (©1999 Laboratory of Electromagnetic Research



