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APPENDIX: MATHEMATICAL DERIVATION OF FOUR-SPHERE MODEL

The four-sphere model equations for radial and tangential dipoles are given in Equations (5), (6), (17) and
(18). Here we describe how the seven unknown coefficients (Equation (7)–(16) can be determined by the
seven boundary conditions (Equations (2)–(4)). We show the calculations for radial dipoles only, however,
the derivation presented applies to both radial and tangential dipoles, due to similarity of the models.

We start by finding the derivative of Φs(r, θ) from Equation (6):
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For the Neumann boundary condition on the scalp boundary, Equation (4), we make use of the relation
above, and get:
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Next, we apply the Dirichlet boundary condition on the skull boundary, i.e., Equation (2) for s = 3:

Φ4(r3) = Φ3(r3)
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Inserting the expression for B4
n, Equation (20), using the notation rij ≡ ri/rj :
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Note that the multiplication factor n+1
n is missing in Nunez and Srinivasan (2006), Appendix G,

Equation (G.2.9).
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Further, we look at the Neumann boundary condition on the skull boundary, i.e. Equation (3) for s = 3,
using the notation σij ≡ σi/σj :
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Inserting Equation (20),

nA4
n

(
rn34 − rn+1

43

)
= σ34

(
nA3

n − (n+ 1)B3
n

)
,

and applying Equation (21),

n
n+ 1

n

A3
n +B3

n

n+ 1

n
rn34 + rn+1

43

(
rn34 − rn+1

43

)
= σ34

(
nA3

n − (n+ 1)B3
n

)
.

From this we find that,
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which we can write as:
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Here, the σ34-term in the numerator of Vn differs from Nunez and Srinivasan (2006) (Equation (G.2.1))
and Srinivasan et al. (1998) (Equation (A-2)) in the sense that the multiplication factor is inverted.

For the CSF Dirichlet boundary condition we can follow the same procedure as for the skull Dirichlet
boundary condition, and we get,
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Inserting the expression for B3
n from Equation (22):
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Here, we notice a typographical error in the expression for A3
n in Srinivasan et al. (1998), Equation (A-8):

there should be an A2
n-term in the numerator, not A3

n.

Next, we apply the Neumann CSF boundary condition. Starting out with,
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Note that there’s a subtle difference between the Yn presented here, and Nunez and Srinivasan (2006)
(Equation (G.2.2)) and Srinivasan et al. (1998) (Equation (A-3)): The second term of the numerator is a
fraction. Here, the rn23 factor should not be multiplied by the whole fraction, but rather only the n

n+1 -term
in the numerator.

The Dirichlet boundary condition on the brain boundary is:

Φ2(r = r1) = Φ1(r = r1)
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Inserting the expression for B2
n from Equation (24):
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Finally, we solve the Neumann boundary condition on the brain boundary,
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Inserting the expressions for A2
n and B2

n from Equations (25) and (24), we find,

A1
n =

n+ 1

n
σ12 + Zn

σ12 − Zn
rn+1
z1 where Zn =

rn12 −
n+ 1

n
Ynr

n+1
21

rn12 + Ynr
n+1
21

. (26)

The A1
n-term in Srinivasan et al. (1998) (Equation (A-5)) is not consistent with Nunez and Srinivasan

(2006) (Equation (G.2.4)) equal to Equation (26): a multiplication factor p/σ1 is lacking, rn−1zl should
be rn−1z1 . Moreover, B1

n needs to be defined in order for the model description in Srinivasan et al. (1998),
Appendix A to give potentials in brain tissue.
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