

























































































































































































































































































































































































































































































































































































































































































































































































































































































ordinates. The resulting partial differential equation may then be separated into two
ordinary differential equations using separation of variables. The result is an expression
relating the voltage V(0) and current density distribution J (0) to one another, and to
the parameters that describe the conductive region. As a result of the use of polar co-

ordinates, the eigenfunctions involved in the solution incorporate terms in cos® and

sin0.

Let J,(0) be the optimal current density distribution impressed on the

boundary, then the Fourier series of J_(0) is given by:
J.(0)=A, cosnb+B,_ sinnbd (G.1)

where n=1 is the best injection current because it produces the maximal
distinguishability. The distinguishability decreases as n increases. By solving Laplace's
equation in polar co-ordinates using equation (G.1) as the Neumann boundary
condition, the boundary voltage can be expressed as:

V_(0) =C, cosnO +D_ sinn6 (G.2)

where n=1,2,.. etc.

Assuming that B_ = 0 and expressing the relationship between J,,(8) and V_ (0) as:

. = vV, _ C, __ N (1+a)+(1—a)B: (G.3)
" J A nc, (1+a)—-(1-o)p

where o and B are defined in Figure G.1, and z,, is the driving point impedance, when

a =1 (i.e. a homogenous object), the driving point impedance becomes:

=D (G4
nnh no_b
and
Vnh = znan (G.S)
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Two parameters can now be defined:

Visibility is defined as:

e 9
Substituting equation G.3 and equation G.4 into G.6 gives:

v, = (l;‘LO)LBn (G.7)

Sensitivity is defined as a fractional change in voltage for a fractional change in
conductivity contrast. For cosine injected currents:

V.(0)=A_z_cosnb (G.8)
Differentiating the above equation with respect to o, and multiplying by o/ V_(0)

gives:
8V/6a 3 —4afp"
V a (@(+a)-(1-a)*p"

s, =1 (G.9)

where s_ is the sensitivity, 3V /V is the fractional change in voltage or the maximal
admissible noise, and a. / a is the conductivity resolution.

The relationships developed so far are derived for a centrally placed circular
region. These relationships may be modified so that they can be applied to off-centre
circular regions. This is achieved by conformally mapping any off-centred region on to
an equivalent central region, and then using the earlier relationships. This approach is
valid because the solution to Laplace's equation remains invariant under conformal

transformation.

Consider the conformal transformation illustrated in Figure G.2
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T~
(a) (b)
Figure G.2
Let z=x+ jyand w = u + jy then:
z=(d-w)/(wd-1) w=(d+z)/(d-2) (G.10)
and
r=[1-c*+ro®—[(1-c* +ro?)’ —4roz]%]/2ro (G.11)
d=[1+c¢*-ro’ —[(1+c* -ro?)? —4r02]%]/2c (G.12)
ro ={1(1—;%2% (G.13)
cz(iil(_l——;%zzl) (G.149)

This describes the manner in which the resolution varies throughout the conductive
region, provided the accuracy, contrast and noise remain fixed. The improvement in
resolution, as compared with that at the centre, may be expressed by the ratio r/ro as a

function of position ¢. r/ro depends only on ¢ for most values of ro. The relationship is

given by:
li r/ro)= 1
im T (1-¢Y) (G.15)

ro—90

which can be arrived at after expressing the square root in the expression for r in

equation (G.11) as a binomial expansion.
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