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There are two different viewpoints on the Aharonov–Bohm (A–B) effect. One asserts that the A–B effect is due to

the existence of the vector potential A. The other asserts that the A–B effect is due to the interaction energy between

the magnetic field produced by the moving charges and the magnetic field in the solenoid. The difference of these two

viewpoints is analyzed in this paper. To judge which viewpoint is right, this paper suggests a new experimental method.
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1. Introduction

In 1959, Y. Aharonov and D. Bohm[1] predicted
that a phase difference between two electron beams is
produced, which is proportional to the magnetic flux
enclosed by their paths, even though they always move
in the region where the magnetic field is zero. This ef-
fect is difficult to be understood in classical physics
and has led to extensive debate. Some authors as-
serted that the Aharonov–Bohm (A–B) effect does not
exist.[2] Some authors[3] explained this effect from the
standpoint that electrons were affected by inevitable
leakage magnetic fields from the finite solenoid in
the experiments.[4] Both views were removed by the
toroidal experiments of Tonomura[5] which allowed
very little stray magnetic flux and indicated that the
Aharonov–Bohm (A–B) effect does exist. Other au-
thors suggested that the Aharonov–Bohm shift might
be based upon a classical lag effect.[6−8] In their view,
the passing charge experiences a net force, which is
a non-Lorentzian force arising from the gradient of
the interaction energy between the magnetic field pro-
duced by the electron and the magnetic field in the
solenoid. But whether the net force acting on the
passing charge exists or not was questioned by other
authors.[9] This problem has been well reviewed in the
literature,[10] which asserted that such a net force on
the moving charge does not exist.

Since the experiments by Tonomura,[5] no one
questions the existence of the Aharonov–Bohm effect,
and this effect has become a standard part of the

quantum mechanics textbook. The current view is:
the Aharonov–Bohm effect represents a new quantum
topological effect, and the vector potential A can re-
sult in some observable phenomena in quantum me-
chanics, though it is only a mathematical field in clas-
sical physics.[1] But in our view, this view does not re-
veal the physical nature of the Aharonov–Bohm phase
shift.

In our view, the concept of ‘force’ plays a key role
in classical mechanics. All the phenomena can be ex-
plained by analyzing the forces acting on the objects.
But in quantum mechanics, the concept of ‘energy’
becomes most important; in contrast, the concept of
‘force’ disappears. All the phenomena in quantum
mechanics are determined by the Hamiltonian, which
represents the energy of the system. As the A–B effect
being a typical quantum phenomenon, we should ex-
plain this effect with the standpoint of energy, instead
of the standpoint of topology or classical electromag-
netism.

In this paper, we state that the interaction en-
ergy between the magnetic field produced by the mov-
ing charges and the magnetic field in the solenoid
can affect the phase of the moving charge in quan-
tum mechanics, though this interaction energy does
not affect the velocity of the moving charge in clas-
sical physics.[10] The A–B effect is due to this in-
teraction energy but not the vector potential A.
(Some similar proposals have been suggested by sev-
eral authors.[11−14] They proposed that the A–B ef-
fect could be explained in terms of this interaction
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energy between the incident electron and solenoid).
In Ref.[15], we have provided a strict quantum me-
chanical proof for such a conclusion. If the superpo-
sition between the magnetic fields can be eliminated,
the A–B effect will disappear, even though the vector
potential still exists in the space. (For reference [15]
is a Chinese paper, to help the reader to understand
this conclusion, the theoretical proof for this conclu-
sion was translated from Chinese to English in the
Appendix of this paper).

Certainly, such a conclusion needs to be verified
by experiments. To verify this proposal, an experi-
mental method similar to that used by Tonomura was
suggested by Erlichson.[11] But as shown in this paper,
such an experimental method cannot judge whether
the A–B effect results from vector potential A or from
the interaction energy between the magnetic fields. To
verify that the A–B effect is due to the interaction en-
ergy but not the vector potential A, we will provide
a feasible experimental method to test it in the third
part of this paper.

2. Dynamical analysis of the A–B

effect

Suppose that the static magnetic field created by
the solenoid is denoted by B0, which only exists in
the region enclosed by the solenoid, and denote the
magnetic field produced by a moving charge q by B1,
which is determined by the following formula:[16]

B1(r) =
µ0

4π

qv × (r − x)
|r − x|3 , (1)

where B1(r) denotes the magnetic induction at the
point r, v and x are the velocity and position of the
charge q respectively.

The magnetic field B1(r) can be superposed with
the field B0 and form a total magnetic field B =
B0 + B1. The energy of the total magnetic field is
given by:

W =
∫

1
2µ0

B2dr3

=
∫

1
2µ0

B2
0dr3 +

∫
1

2µ0
B2

1dr3

+
∫

1
µ0

B0 ·B1dr3. (2)

Clearly, the first term is the self-energy of the mag-
netic field B0, the second term is the self-energy of the

magnetic field B1(r), and the third term is the inter-
action energy W ′ between these two magnetic fields.
If Ω denotes the region where the magnetic field B0

exists, then the interaction energy W ′ is

W ′ =
∫

1
µ0

B0 ·B1dr3

=
1
4π

∫

Ω

B0(r) · qv × (r − x)
|r − x|3 dr3

=
1
4π

∫

Ω

[B0(r)× (x− r)] · qv
|x− r|3 dr3

= A(x) · qv, (3)

where x still denotes the position of the moving
charge, and

A(x) =
1
4π

∫

Ω

[B0(r)× (x− r)]
|x− r|3 dr3. (4)

Using the same method as that in subsection 5.3
of the Ref.[16], we can show ∇ × A = B0 and
∇ ·A = 0, i.e. A(x) is a vector potential field describ-
ing the magnetic field B0(r) and satisfies the Coulomb
gauge. Here, the vector potential A(x) is determined
uniquely and any gauge transformation is forbidden,
for if we add to A(x) the gradient of a scalar func-
tion χ(x) and form A′(x) = A(x) + ∇χ(x), then
A′(x) · qv does not equal the interaction energy W ′.
For this reason, all the vector potentials in this paper
are determined by Eq.(4).

As shown in Fig.1, a coherent electron beam splits
into two beams at F . One beam bypasses the solenoid
through the side C, and the other through the side D.
Then, they combine to interfere at E. The direction
of the magnetic field in the solenoid is perpendicular
to the paper and points upward. AC and AD are the
vector potentials at the points C and D. According
to Eq.(4), AC = −AD. Suppose that vC and vD are
the velocities of the electrons at the points C and D,
obviously, vC = vD. So, when an electron passes by
the point C, the interaction energy W ′

C between the
magnetic field produced by this electron and the static
magnetic field in the solenoid is equal to AC · (−e)vC

where −e is the charge of an electron. Similarly, when
an electron passes by the point D, the interaction en-
ergy W ′

D equals AD · (−e)vD, obviously, W ′
C = −W ′

D.
For the wave function ψ(r, t) = ψ(r) exp(− iEt/~),
where E is the energy of the particle, this difference
in interaction energy inevitably results in the differ-
ent phases of the wave function at the points C and

1) Here, the velocities VC and VD are classical quantities. In quantum mechanics, they should be replaced by the current densities

JC and JD at the points C and D, then, the interaction energies W ′
C and W ′

D can be obtained by integration over the space. But

the analysis above remains applicable.
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D. Therefore, the pattern of interference at E should
change with the magnetic flux in the solenoid,1) i.e.
the A–B effect. So, the interaction energy can be con-
sidered as the dynamical cause for the A–B effect. If
we have a way to eliminate this interaction energy, the
A–B effect should disappear (The theoretical proof for
this conclusion is provided in the Appendix of this pa-
per).

Fig.1. Dynamical analysis of the A–B effect. The cir-

cle represents the solenoid creating a magnetic field B0.

Whereas AC and AD represent the vector potentials at

the points C and D respectively, which are due to the

magnetic field B0 in the solenoid.

To verify this deduction, a simple method is to
coat a superconductor cylinder outside the solenoid.
When the superconductor cylinder comes into the su-
perconducting state, due to the Messiner effect, it can
completely shield the magnetic field due to the mov-
ing electron out of the cylinder. Consequently, the
magnetic field produced by the moving electron can-
not superimpose with the static magnetic field in the
solenoid, and the interaction energy between them be-
comes zero. According to the analysis above, the A–
B effect should not be observed anymore. But this
conclusion is contradictory to the experiments by A.
Tonomura et al.[5] In their experiments, a tiny toroidal
magnet covered entirely with a superconducting layer
and further with a copper layer is fabricated. The
thickness of the superconducting layer (about 250 nm)
is much larger than its magnetic penetration depth.
When the temperature is below the critical tempera-
ture of the superconducting layer, the magnetic flux
φS enclosed within the superconducting layer is quan-
tized, i.e. φS = nh/2e.[17] The A–B effect asserts that
the relative phase shift ϕ between two electron beams
is proportional to the magnetic flux φ enclosed by their
paths and equals

∆ϕ = 2π
φ

h/e
. (5)

Here, φ = φS . If φS = (2n + 1)
(

h

2e

)
, i.e. the

phase shift ∆ϕ between two electron beams equals
(2n + 1)π, each interference fringe inside the ring

should lie just in the middle of two fringes outside

the ring. If φS = 2n

(
h

2e

)
, i.e. the phase shift ∆ϕ

equals 2nπ, the interference fringes inside the ring
should align with the fringes outside the ring. Both
cases have been observed in their experiments. That
is to say, though the solenoid is coated by a supercon-
ducting cylinder, the magnetic flux enclosed by the
solenoid can still affect the quantum phase of the elec-
tron passing outside the cylinder. Obviously, these
experimental results are contradictory to our analysis
about the A–B effect. But further analysis can show
that our viewpoint is not wrong. The cause for this
contradiction is that the superconducting layer in their
experiments can only confine the magnetic flux within
it, but cannot shield the magnetic field produced by
the electron beams.

In their experiments, an electron beam can be re-
garded as a system of successive wave packets, and
the coherent length of each wave packet is about 3–
5 µm.[18] The wave packets are separated with each
other and the quantum interference that occurs in
forming an electron hologram involves one electron at
a time. Each wave packet produces a magnetic field
at the tiny toroidal magnet. According to Eq.(1), the
magnitude of this magnetic field is inversely propor-
tional to the square of the distance. So, the mag-
netic field at the tiny magnet forms a pulse, and its
maximum is produced when the wave packet passes
through the plane where the tiny magnet lies. The
time width of this pulse equals the length of the wave
packet ∆l divided by its velocity v, i.e. ∆t ≈ ∆l/v.
In their experiments, the velocity of the electron wave
packets is about 2 × 108 m/s so, ∆t ≈ 2 × 10−14 s.
If the Fourier transform is introduced, the main fre-
quency of this pulse is about ν ≈ 5 × 1013 Hz, i.e.
hν ≈ 2 × 10−2 eV which is much larger than the en-
ergy gap in the Nb film (about 3×10−3 eV). Obviously,
the Nb film cannot shield the magnetic field variation
with such high frequency. Therefore, the magnetic
field produced by the moving electron can still pene-
trate the superconducting film and be superposed with
the static magnetic field in the tiny magnet. Just for
this reason, the A–B effect was observed in their ex-
periments.

If one wants to verify what is the dynamical cause
for the A–B effect, the vector potential A or the in-
teraction energy between the magnetic fields, a new
experiment has to be designed, in which the super-
conducting film must be able to completely shield the
magnetic field produced by the moving charges.
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3. A new experimental scheme

We have proposed an experimental method to test
this proposal, but this method is very difficult.[15] This
experimental method is to judge the origin of the A–
B effect by measuring the resistance of a metal ring,
through which a solenoid coated by a superconduct-
ing cylinder passes. The diameter of the metal ring
in this method should be less than 1 µm. Moreover,
a superconducting cylinder and a solenoid must pass
through this metal ring, which is extremely difficult.
In addition, the amplitude of the h/e oscillations is
about 0.1% of the resistance at B = 0. Even though
this h/e oscillation disappears in the experiment, it is
still difficult to assert that the A–B effect is due to the
interaction energy between the magnetic fields but not
the existence of the vector potential A, for many other
unexpected factors can result in the disappearance of
the h/e oscillations. So this experimental method is
not a good one. To help the physicist to study this
problem with experiments, here, we will design a much
easier experimental scheme.

We know that the physical essence of the SQUID
(Superconducting Quantum Interference Device[19,20])
is similar to that of the A–B effect. The critical cur-
rent IC passing through the SQUID depends on the
flux Φ enclosed by the superconducting loop,

IC = I0

∣∣∣∣cos
(

πΦ
Φ0

)∣∣∣∣ . (6)

Where Φ0 = h/2e, for the current carriers in the
SQUID are Cooper pairs. Our experimental scheme is
shown in Fig.2. A SQUID with two Josephson junc-
tions is placed in the plane of z = 0. A magnetic field
B0(x) confined by a long and straight solenoid is per-
pendicular to the plane and passes through the region
enclosed by the superconducting loop. The vector po-
tential due to this confined flux is denoted by A0.
The solenoid is divided into two parts by the plane of
z = 0. The part above the plane is coated by a super-
conducting cylinder and the part below the plane is
naked. Therefore, the magnetic field produced by the
currents in the SQUID can only be superposed with
the magnetic field B0(x) below the plane, with the in-
teraction energy being equal to

∫
1
2A0(x) · J ′(x)dx3

instead of
∫

A0(x) · J ′(x)dx3, where J ′(x) denotes

the current density in the SQUID.

Fig.2. A new experimental scheme which can be used to

test the dynamical cause of the A–B effect.

So, if the A–B effect results from the interaction
energy between the magnetic fields, the critical cur-
rent IC passing through the SQUID should be deter-
mined by the following equation:

IC = I0

∣∣∣∣cos
[
π(Φ/2)

Φ0

]∣∣∣∣ . (7)

When Φ = 2nΦ0, IC = I0; when Φ = (2n + 1)Φ0,
IC = 0.

If the A–B effect results from the vector potential
A0, but not the interaction energy between the fields,
the critical current IC should still be determined by
Eq.(6). No matter for Φ = 2nΦ0 or for Φ = (2n+1)Φ0

both the critical current IC should be I0.
Therefore, this experimental scheme can provide

us with a direct method to judge that the dynamical
mechanism of the A–B effect is due to the interac-
tion energy between the magnetic fields, or due to the
existence of the vector potential A0.

The technology of SQUID has been developed for
many years and has been an ordinary experimental
method. Now, it is not difficult to shield the geo-
magnetic field to less than 10 nT by permalloy. In
this case, provided that the diameter of the super-
conducting loop of the SQUID is less than 300 µm,
the geomagnetic flux enclosed by the superconducting
loop will be less than Φ0, then, the influence of the ge-
omagnetic field on the experiment can be neglected.
Moreover, it is not difficult to put a solenoid in the
superconducting loop. So, this experimental scheme
is much easier than before. In addition, as analyzed
above, if the A–B effect results from the vector poten-
tial A0, the critical current IC of the SQUID should
be I0, no matter the magnetic flux Φ enclosed by the
superconducting loop equals 2nΦ0 or (2n + 1)Φ0; But
if the A–B effect results from the interaction energy
between the magnetic fields, the critical current IC of
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the SQUID should be I0 when Φ = 2nΦ0, or should be
zero when Φ = (2n + 1)Φ0. These two experimental
results are quite different, which will help us to draw a
more conformable conclusion on the origin of the A–B
effect.

4. Conclusion

The current viewpoint about the Aharonov–
Bohm effect asserts that this effect results from the
vector potential A. However, it is only a mathemat-
ical description on the A–B effect, not a physical ex-
planation. We tried to explain the Aharonov–Bohm
effect as a result of the interaction energy between the
magnetic field due to the moving charge and that in
the solenoid. If the solenoid is not shielded by su-
perconductors, the same conclusions can always be
drawn from these two different viewpoints. But if the
solenoid is shielded by a superconducting cylinder and
this superconducting cylinder can completely shield
the magnetic field produced by the moving charge
out of the solenoid, these two viewpoints will result
in different conclusions. Based upon this difference,
we have designed a new experimental scheme to dis-
tinguish which one is correct.
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Appendix A

Here, to help the reader to understand the exper-
imental scheme proposed in this paper, it is necessary
to show our viewpoint with the quantum mechanical
method. In Ref.[15], we have shown such a conclusion:
suppose there is a straight and infinitely long solenoid,
outside which an infinitely long superconducting cylin-
der coats. The depth of this cylinder is much larger
than its magnetic penetration depth. A charge system
G lies outside the cylinder. If the superconducting
cylinder can completely shield the magnetic field pro-
duced by the system G out of the solenoid, then the
magnetic field enclosed by the solenoid cannot have
any effect on the charge system G.

For simplicity, we assume that the moving charges
in the system G are only electrons. Obviously, the
current distribution in the system G will produce a
magnetic field around itself, and induce a shielding
current distribution on the outer surface of the super-
conductor cylinder ensuring that the magnetic field
arising from the system G cannot penetrate the su-
perconducting cylinder. When the current distribu-
tion in the system G changes, the shielding current
distribution on the outer surface of the superconduct-
ing cylinder will change with it. So, the electrons in
the system G and the electrons in the superconduct-
ing cylinder should be taken as one system, denoted
as Σ. We assume that the wave function of the system
Σ is |ϕn〉, which includes the electrons in the system
G and the electrons in the superconducting cylinder.
The Hamiltonian Ĥ of the system Σ can be divided
into two terms: Ĥ = Ĥ1 + Ĥ2, where

Ĥ1 =
∫

dx3ψ̂†1(x)
1

2m
[− i ~∇+ eA(x)]2 ψ̂1(x) + V̂1,

(A1)

Ĥ2 =
∫

dx3ψ̂†2(x)
1

2m
[− i ~∇+ eA(x)]2 ψ̂2(x) + V̂2.

(A2)
Here, Ĥ1 represents the Hamiltonian of the electrons
in the system G, ψ̂†1(x) and ψ̂1(x) represent the cre-
ation and annihilation operators of these electrons re-
spectively, and V̂1 denotes all the other potential terms
in G which is not related to the magnetic field. Ĥ2 rep-
resents the Hamiltonian of the electrons in the super-
conducting cylinder, ψ̂†2(x) and ψ̂2(x) represent the
creation and annihilation operators of these electrons
respectively, and V̂2 represents all the other potential
terms in the cylinder, which is not related to the mag-
netic field either, including the effective interaction
between the superconducting electrons due to phonon
exchange.

The vector potential A in Eqs.(A1) and (A2) in-
cludes two parts A = A0+A1. The first vector poten-
tial A0 is defined by the static magnetic field B0, i.e.
∇×A0 = B0, where B0 is created by the solenoid and
only exists in the region enclosed by the solenoid. The
second vector potential A1 is defined by the magnetic
field B1, i.e. ∇×A1 = B1, where B1 is produced by
both the currents in the system G and the currents
on the outer surface of the superconducting cylinder,
obviously, B1 only exists outside the cylinder.

When the superconducting cylinder comes into the superconducting state, the magnetic flux enclosed by
it should be quantized in units of h/2e. So, for simplicity, we assume that the magnetic flux Φ created by
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the solenoid equals nh/2e. In this case, when the superconducting cylinder comes into the superconducting
state, no current is formed on its inner surface, and only the currents on its outer surface need to be taken into
account. Therefore, the Hamiltonian of the system Σ can be rewritten as:

Ĥ = Ĥ1 + Ĥ2

=
∫

dx3ψ̂†1(x)
1

2m
{− i ~∇ + e[A0(x) + A1(x)]}2 ψ̂1(x) + V̂1

+
∫

dx3ψ̂†2(x)
1

2m
{− i ~∇ + e[A0(x) + A1(x)]}2 ψ̂2(x) + V̂2. (A3)

According to the variational method, the wave function |ϕn〉 satisfies the following variational equation
δH̄ = δ 〈ϕn| Ĥ |ϕn〉 = 0 under the normalized condition 〈ϕn |ϕn〉 = 1 Besides this boundary condition, the
Meissner effect provides another boundary condition. For the magnetic field B1(x) only exists in the region
outside the cylinder and cannot be superposed with the magnetic field B0(x) enclosed by the solenoid, the
interaction energy W ′ between B1(x) and B0(x) must be zero, i.e.

W ′ =
∫

1
µ0

B0(x) ·B1(x)dx3 =
∫

A0(x) · J(x)dx3 = 0, (A4)

where, J(x) is the current density, including the current density J1(x) in the system G and the shielding current
density J2(x) on the outer surface of the superconducting cylinder. J(x) can be rewritten as

J(x) = J1(x) + J2(x)

= 〈ϕn|
{

i e~
2m

[
ψ̂†1(x)∇ψ̂1(x)−

(
∇ψ̂†1(x)

)
ψ̂1(x)

]
− e2

m
[A0(x) + A1(x)] ψ̂†1(x)ψ̂1(x)

+ i e~
2m

[
ψ̂†2(x)∇ψ̂2(x)−

(
∇ψ̂†2(x)

)
ψ̂2(x)

]
− e2

m
[A0(x) + A1(x)] ψ̂†2(x)ψ̂2(x)

}
|ϕn〉 .

(A5)

Therefore,

W ′ =
∫

A0(x) · J(x)dx3

=
∫

dx3A0(x)· 〈ϕn|
{

i e~
2m

[
ψ̂†1(x)∇ψ̂1(x)−

(
∇ψ̂†1(x)

)
ψ̂1(x)

]
− e2

m
[A0(x) + A1(x)] ψ̂†1(x)ψ̂1(x)

+ i e~
2m

[
ψ̂†2(x)∇ψ̂2(x)−

(
∇ψ̂†2(x)

)
ψ̂2(x)

]
− e2

m
[A0(x) + A1(x)] ψ̂†2(x)ψ̂2(x)

}
|ϕn〉 . (A6)

Using the integration by parts, and noticing ψ̂†1(x), ψ̂1(x), ψ̂†2(x), ψ̂2(x) → 0 at x →∞, we have:

W ′ = 〈ϕn|
∫

dx3A0(x) ·
{

i e~
m

ψ̂†1(x)∇ψ̂1(x)− e2

m
[A0(x) + A1(x)] ψ̂†1(x)ψ̂1(x)

+ i e~
m

ψ̂†2(x)∇ψ̂2(x)− e2

m
[A0(x) + A1(x)] ψ̂†2(x)ψ̂2(x)

}
|ϕn〉 = 0. (A7)

This is a boundary condition due to the Meissner effect, called as the second boundary condition.

Now, we deal with the variational equation δH̄ = 0:

δH̄ = δ 〈ϕn| Ĥ |ϕn〉

= δ 〈ϕn|
∫

dx3ψ̂†1(x)
1

2m
[− i ~∇ + eA0(x) + eA1(x)]2 ψ̂1(x) + V̂1

+
∫

dx3ψ̂†2(x)
1

2m
[− i ~∇ + eA0(x) + eA1(x)]2 ψ̂2(x) + V̂2 |ϕn〉 . (A8)
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Expanding the above equation, we obtain

δH̄ = δ 〈ϕn|
∫

dx3

{
ψ̂†1(x)

1
2m

[− i ~∇ + eA1(x)]2 ψ̂1(x) + V̂1

}

+
∫

dx3

{
ψ̂†2(x)

1
2m

[− i ~∇ + eA1(x)]2 ψ̂2(x) + V̂2

}
|ϕn〉

− δ 〈ϕn|
∫

dx3A0(x) ·
{

i e~
m

ψ̂†1(x)∇ψ̂1(x)− e2

m
[A0(x) + A1(x)]ψ̂†1(x)ψ̂1(x)

+ i e~
m

ψ̂†2(x)∇ψ̂2(x)− e2

m
[A0(x) + A1(x)]ψ̂†2(x)ψ̂2(x)

}
|ϕn〉

− δ 〈ϕn|
∫

dx3 e2A2
0(x)

2m
[ψ̂†1(x)ψ̂1(x) + ψ̂†2(x)ψ̂2(x)] |ϕn〉 = 0, (A9)

where δH̄ consists of three terms. The first term does not include the vector potential A0(x). The second term
represents the interaction energy between B1(x) and B0(x). According to the second boundary condition, this
term must be zero, which is an inevitable result of the Meissner effect; The third term is the square term of A0

and can be neglected, for the vector potential A0 is a small quantity. Thus, we can obtain

δH̄ = δ 〈ϕn| Ĥ |ϕn〉

= δ 〈ϕn|
∫

dx3

{
ψ̂†1(x)

1
2m

[− i ~∇ + eA1(x)]2 ψ̂1(x) + V̂1

}

+
∫

dx3

{
ψ̂†2(x)

1
2m

[− i ~∇ + eA1(x)]2 ψ̂2(x) + V̂2

}
|ϕn〉 = 0. (A10)

In this equation, the vector potential A0 which describes the static magnetic field created by the solenoid
has disappeared. It means that the magnetic field enclosed by the superconducting cylinder has no effect on
the wave function of the system G which lies outside the cylinder. In fact, this variational equation is the
same one which describes the case where the magnetic flux in the solenoid is zero. So, if the magnetic field
produced by the charge system G is completely shielded by superconductors, the A–B effect will vanish outside
the superconductors.

This appendix is translated from the 4th part of Ref.[15]
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