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Abstract. We present a method how to describe analytically a magnetic field distribution in
the vicinity of a large interplanetary flux rope. The field consists of the pre-existing one and
an additional current-free part. This work was supported by INTAS grant 03-51-6206, AV ČR
project S1003006, and RFBR grant 03-02-16340.

1. Introduction
The problem is formulated in toroidal coordinates, µ, η, and ϕ,

x =
a sinh µ cos ϕ

cosh µ − cos η
, y =

a sinh µ sin ϕ

cosh µ − cos η
, z =

a sin η

cosh µ − cos η
,

and it is a continuation of our previous work (Vandas et al., 2003). The parameter
a =

√
R2

0 − r2
0 = const., where R0 and r0 are toroid major and minor radii, respectively.

A toroid with a variable minor radius r0(ϕ) is defined by µ = µ0(ϕ), cosh µ0 = R0/r0

through r0(ϕ) = r00/2[1+q+(1−q) cos ϕ], where r00 = rmax and q = rmin/rmax. Normal
components of an external field Btot on the surface must be zero:

Btot,0
µ sinh µ0 − Btot,0

ϕ µ′
0 = 0 . (1.1)

Here Btot
µ = Bamb

µ + 1
hµ

∂Ψ
∂µ , Btot

ϕ = Bamb
ϕ + 1

hϕ
∂Ψ
∂ϕ , hµ and hϕ are the Lamè coefficients,

the prime is a derivative by ϕ, Bamb is a pre-existing ambient field and Ψ is a magnetic
scalar potential of an additional field Badd = grad Ψ,

Ψ = B0a
√

cosh µ − cos η
∑

Pm
n−1/2(cosh µ)×

(αm
n cos nη cos mϕ + βm

n cos nη sinmϕ + γm
n sin nη cos mϕ + βm

n sinnη sinmϕ) . (1.2)

By selection of coefficients in (1.2) we can satisfy (1.1). The additional field vanishes at
large distances because the Legendre functions Pm

n−1/2(cosh µ) → 0 when their argument
is approaching 1. We have the following relationships:

∂Ψ
∂µ

=
B0a sinh µ

cosh µ− cos η

√
cosh µ− cos η

∑ [
1
2
Pm

n−1/2(cosh µ)+(cosh µ−cos η)Pm/

n−1/2(cosh µ)
]

× (αm
n cos nη cos mϕ + βm

n cos nη sin mϕ + γm
n sinnη cos mϕ + δm

n sin nη sin mϕ) ;

∂Ψ
∂ϕ

= B0a
√

cosh µ − cos η
∑

mPm
n−1/2(cosh µ)

× (−αm
n cos nη sin mϕ + βm

n cos nη cos mϕ − γm
n sin nη sin mϕ + δm

n sinnη cos mϕ) .

The prime is a derivative by the function argument.
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One can rewrite (1.1) in the form:

− sinh µ0√
cosh µ0 − cos η

(Bamb,0
µ sinhµ0 − Bamb,0

ϕ µ′
0) =

B0

∑
(αm

n rm
n cos nη + βm

n sm
n cos nη + γm

n rm
n sinnη + δm

n sm
n sin nη) , (1.3)

where
rm
n = pm

n cos mϕ + qm
n sin mϕ ,

sm
n = pm

n sinmϕ − qm
n cos mϕ ,

pm
n = sinh3 µ0[

1
2
Pm

n−1/2(cosh µ0) + (cosh µ0 − cos η)Pm′
n−1/2(cosh µ0)] ,

qm
n = (cosh µ0 − cos η)µ′

0mPm
n−1/2(cosh µ0) .

Writing (1.3) for a number of points on the surface we have a system of linear equations
from the least squares method for coefficients αm

n , βm
n , γm

n , δm
n .

The components are

Badd
µ = B0 sinh µ

√
cosh µ − cos η

∑
[
1
2
Pm

n−1/2(cosh µ) + (cosh µ − cos η)Pm′
n−1/2(cosh µ)]

×(αm
n cos nη cos mϕ + βm

n cos nη sin mϕ + γm
n sin nη cos mϕ + δm

n sinnη sin mϕ) ,

Badd
η = B0

√
cosh µ − cos η

∑
Pm

n−1/2(cosh µ)

×[
1
2

sin η(αm
n cos nη cos mϕ + βm

n cos nη sinmϕ + γm
n sin nη cos mϕ + δm

n sin nη sin mϕ)

+n(cosh µ−cos η)(−αm
n sinnη cos mϕ−βm

n sin nη sinmϕ+γm
n cos nη cos mϕ+δm

n cos nη sin mϕ)] ,

Badd
ϕ = B0

(cosh µ − cos η)3/2

sinh µ

∑
mPm

n−1/2(cosh µ)

×(−αm
n cos nη sinmϕ + βm

n cos nη cos mϕ − γm
n sin nη sin mϕ + δm

n sin nη cos mϕ) .

On Figure 1 a modified field is shown.

Figure 1. A modified uniform field around a toroid with a variable minor radius.
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