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Biot-Savart law describes magnetic field due to the electric current in a conductive wire. For a long
straight wire, the magnetic field is proportional to (I/r). The curl of magnetic field is proportional
to (dI/dr). For a constant current, the curl of magnetic field is zero. Consequently, the surface
integral of the curl of magnetic field is zero but the line integral of the magnetic field is not. Stokes’
theorem can not be applied to the magnetic field vector generated by a constant electric current
because the magnetic field is not a differentiable vector.

I. INTRODUCTION

In 1820, Hans Christian Oersted accidentally observed
that a current flowing through a wire would move a com-
pass needle placed beside it.[1] This showed that an elec-
tric current produced a magnetic field.

Francois Arago brought the news of Oersteds discovery
to Paris on September 4, 1820. Andr-Marie Ampre and
the team of Jean-Baptiste Biot and Flix Savart quickly
set to work to establish a quantitative expression for this
effect. However, their approaches were quite different.

The relationship characterizing the magnetic field gen-
erated by a electric current was first described by Jean-
Baptiste Biot and Flix Savart. Their original experiment
involved passing current through a very long vertical wire
which moved magnetic some needle distance away from
the wire. They built this experiment together in 1820.[2]

Andre Marie Ampere also started to work on a electro-
dynamic theory in 1820. He showed that two parallel
wires, carrying current, attracted each other if the cur-
rents flowed in the same direction and opposed each other
if the currents flowed in opposite directions. In 1825, Am-
pere formulated a mathematical expression for magnetic
field.[1]

Both mathematical expressions are intended for the
magnetic field outside the wire. However, both expres-
sions explicitly also describe the magnetic field inside the
wire. A singularity becomes embedded in both expres-
sions unintentionally.

II. PROOF

A. Biot-Savart Law

The magnetic field at a distance of r from the electric
current I can be represented as

B =
µ0I

2πr
(1)

Equation (1) can be derived from Biot-Savart law[2]
under the conditions that the electric current is constant
throughout a straight conductive wire of infinite length.

FIG. 1. Biot-Savart Law

Let the wire points in the z direction. The magnetic
field vector in the cylindrical coordinates is represented
as
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The curl of a vector ~A in cylindrical coordinates is
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The divergence of a vector ~A in cylindrical coordinates is
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From equations (2,3),

~∇× ~B =
µ0

2πr
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(0, 0, 1) (5)

The current is zero outside the wire. Therefore, the
curl of magnetic field is also zero outside the wire. If the
current I remains constant inside the wire,

~∇× ~B =
µ0

2πr
(0, 0, 0) = (0, 0, 0) (6)

From equations (2,4),
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At r = 0,

~∇× ~B | r=0 =
µ0

2πr
(0, 0, 0) | r=0 = (0, 0, 0) | r=0 (8)

~∇ • ~B | r=0 =
1

r
(0, 0, 0) | r=0 = (0, 0, 0) | r=0 (9)

From equations (8,9),

~∇× ~B = 0 = ~∇ • ~B (10)

B. Stokes’ theorem

Stokes’ theorem[3] states that a differentiable vector ~A
satisfies ∫∫

~∇× ~A • d~S =

∫
~A • d~l (11)

From equation (10), the curl of magnetic field from a
constant current is

~∇× ~B = (0, 0, 0) (12)

The surface integral of the curl is zero.∫∫
~∇× ~B • d~S = 0 (13)

The magnetic field exists outside the wire. From equa-
tion (2),

~B =
µ0I

2πr
(0, 1, 0) (14)

The line integral is not zero at r > 0.∫
~B • d~l = µ0I (15)

From equations (13,15),∫∫
~∇× ~B • d~S 6=

∫
~B • d~l (16)

Stokes’ theorem can not be applied to the magnetic
field vector generated by the constant electric current in
a straight conductive wire of infinite length.

Stokes’ theorem requires a differentiable vector. The
magnetic field vector from Biot-Savart law is not a dif-
ferentiable vector. Therefore, the surface integral is dif-
ferent from the line integral.

For another example, let ~F be a differentiable vector.

~F = (1, 0, 0)(
1

r
− 1

r
) (17)

~F is zero at r=0 while 1
r diverges.

III. CONCLUSION

The cross section of a conductive wire is of finite size.
It is not the original intention of Biot-Savart law to de-
scribe a magnetic field inside the wire. However, a factor
of (1/r) appears in the mathematical expression of the
magnetic field. This factor generates singularity in the
magnetic field as r becomes zero.

Stokes’ theorem can not be applied to the magnetic
field vector because it is not a differentiable vector.

It is fabrication of physics to identify the curl of mag-
netic field with a delta function. An absolutely wrong
approach that will result in erroneous theory far from
reality.

The correct approach is to establish an accurate ex-
pression for the magnetic field. The first step is to clar-
ify the scope of Biot-Savart law that the law is valid only
for the magnetic field outside the wire. Stokes’ theorem
will remain incompatible with Biot-Savart law because
the magnetic field vector is not defined within the cross
section of the wire.
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