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1t is proved that a complete line-current loop exerts, according to the Ampere force law in magnetostatics, a force on a line-
current element which is normal to it, irrespectively’whether or not the element belongs to the current loop exerting the force. It
is therefore shown that the so-called longitudinal Ampére forces do not exist.

There has been a controversy recently over the
question of which of the two force laws in magneto-
statics, Ampére’s or that of Biot-Savart, is the cor-
rect one to use when evaluating forces of a current
loop on parts of itself [1]. There have been claims
that Ampeére’s law predicts forces exerted by the loop
on a current element which are longitudinal, i.e. act
along the current element [1-3] and may be detected
experimentally [1,3-5], thus giving the correct the-
oretical interpretation, in contrast to the Biot-Savart
law which fails in this respect and should therefore
be discarded, with serious consequences on the
validity of the special theory of relativity.

Proof that the two laws are equivalent in magne-
tostatics and preclude the existence of longitudinal
forces [ 6-8] when used in their correct volume-cur-
rent-element form and not the line-current-element
form, as well as alternative theoretical interpretation
of phenomena such as wire fra’mentation by high
currents [9,10] do not appear to have settled the
matter [11-13].

Far from questioning the correctness of the proofs
of equivalence of the two laws, it is our intention to
present a simple proof of the fact that even in its line-
current-element form, Ampeére’s law does not pre-
dict longitudinal forces. For this purpose we con-
sider a closed space curve C (fig. 1) as representing
the current loop. At the origin O there is a line-cur-
rent element I' dl. The line current element 7 dr at
the position r exerts a force on d/, which according
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Fig. 1. The current loop C and the line current element I d/.

to Ampere’s force law is
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Taking the scalar product of this with d/ we have
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with dl being constant.

The Ampére force on dl exerted by the part of the
loop from A to B (moving in the direction of I), has
a scalar product with d/ equal to

B
dl-dF(AB)= Jdl'sz
A

_toll'((dlry)* (dl-rA)Z) _ -

an \ 1} ri

Since C is a closed loop there is no discontinuity of
the integrand in eq. (4).

When dl does not lie on C, and if A and B coincide,
eq. (4) reduces to

dl-dF(C):é;Cdl-szzo , (3)

showing that a complete current loop C exerts an
Ampére force dF(C) on a current element not lying
on the loop, which is normal to the element.

For dl on the loop, we take the origin at d/ and
express the curve C by the expansion

r(s)=r(0)+r (0)s+ir"(0)s?

+3r"(0)s3+... (6)

in terms of the distance s from the origin, measured
along the curve and being positive in the direction of
I. The derivatives of r are with respect to s and eval-
uated at the origin. Then,

r(0)=0, (7
r(0)=T, (8)
r'(0O)=kN, 9)
r"(0)=—x*T+x'N+xktB, (10)

etc., with T, NV, and B the unit tangent, principal nor-
mal and binormal vectors at O respectively and « the
curvature, 7 the torsion and k' =dxk/ds for the curve
at O. Taking r,=r(sp) and rg=r(—5), i.c. A and B

130

PHYSICS LETTERS A

9 February 1987

at distance s, from O along the curve in opposite

directions, expanding the terms of eq. (4) in series

of ascending powers of s, keeping the denominators

positive, and with d/=d/ T and I' =1, we obtain
1dl)?

dr-dr(AB) =L a a11)
lérw

where higher powers of s, have been neglected. It is

seen that as A and B approach O and coincide closing

the loop with d/ on it, i.e. 55— O, then

dl-dF(C)=0. (12)

This shows that the Ampére force from a complete
current loop on a line-current element is always nor-
mal to the latter, both when it does and when it does
not belong to the current loop exerting the force. The
longitudinal Ampére force must therefore be consid-
ered as a result of improper application of Ampére’s
force law. The use of the law in the form given in eq.
(1) is likely to create problems, as mentioned above,
not the least of which is the fact that the forces exerted
by the loop on parts of itself are found to diverge at
all points except those on rectilinear parts of the cur-
rent loop [6,14]. For this particular purpose, use of
the law in this form should therefore be avoided in
favour of its volume-current-element formulation,
which also givesidentical results with the Biot—-Savart
law in magnetostatics.
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