| will first introduce the concept of magnetic circuits, an ohm’s law equivalent for magnetism

First let’s make an analogy with electric circuits:

E=-VV
so,let H=VA
where A is the magnetic scalar potential

For we to define “A”, $ H - dl = 0, so we must define that a specific place/plane isn’t part of
the system .

In this problem, we may choose this place as the plane inside of the circular loop:
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Now we can define

Let’s continue the analogy.
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Electric current loop
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If we have an inductor, with inductance L, we have: [/[R=¢ =L — L=1/R

Now let’s solve the problem.

Let’s separate the problem in 2 cases:

i) The diameter of the electric wire is approximately ‘d’ (L is small)
ii) The diameter of the electric wire is A << d (L is big)

The first case:

We may assume that all the flux that goes through the current loop will go through the

ferromagnetic, because, neglecting the reluctance of the ferromagnetic (d > E) , passing

through the ferromagnetic, the field line will go through “d” in the air, against at least “rmt d” if

it passed through the air near the wire,
which has a bigger reluctance.
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The magnetic flux through the circular loop is constant, because it is made of a

superconducting material. So the energy far away from the ferromagnetic is:
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The work done is the difference of energy:
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If we don’t say use ud > a,
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The second case:

The diameter of the electric wire A << d:

Now just a little part of the magnetic flux will go through the ferromagnetic, because the
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reluctance of this path R = > %, because d >>m A

The most part of the magnetic flux will through a region really near the wire.
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The reluctance of the path that doesn’t pass through the ferromagnetic will be

Ry = 1/L



This is because most of the flux will pass in the region really near the wire, the region with the
least reluctance, so the reluctance of this is small volume is =1/L
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So we will have a parallel association or reluctances, the reluctance of the path that don’t pass
through the ferromagnetic, and of the path that does pass.

The reluctance of the path that passes through the ferromagnetic won’t change much because
of this:

the surface area of this new path, will be
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7 S,where S is the surface area of this new path.

But S~ d? « a? so the surface doesn’ tchange, and neither does the distance.
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The reluctance of one path is : I’ and the reluctance of the other path is =

Let R,qy; is the equivalent reluctance of the system.

1 1 1 na? 4Ld + ma?
L Ko _ Ho
Reui Ro Ry 4d 4d
R 4d
e 4Ld + ma?pyg

The flux will be:
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The energy is:
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The energy far away from the ferromagnetic is:
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The work done is the difference of energy:
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And as we can see, the work is always positive! If L > =R
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If we don’t use ud > a,
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Now let’s try the solutions with some numbers, knowing that the inductance of a circular loop
is:
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u = 2000, a =50cm, d =1cm, po = 4nx 1077 ——
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A difference of 20%

Now with
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A difference of 42% from the first value.

As we can see, the smaller the diameter of the wire, the bigger the difference.

But this difference is big just for really small values of A so it can be neglected almost all the
times.
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"The proof that the energy is equal to 7 from the fact that the energy is fBH dV is below.

Let’s consider the magnetic field of an arbitrary loop with current I .
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Let’s divide the entire field in small tube, whose generatrices are the field
lines of B. In the figure is shown one of them. It’s energy is BH/2 dl dS.

Let’s find the energy in the volume of the entire tube. The flux dgp = B dS through the tube
cross section is constant along the tube, so it can be taken out of the integral:

do
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Now, summing the energy of all elementary tubes:
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This formula can only be applies when the dependence of B vs H is linear, in other words,
when B = uuyH, which is the case of this problem.
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