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Abstract
The “Magnetic Potential Well” (MPW) and “One Sided Action of a Magnet” (OSAM) phenomena are
explained mainly in ideas, comparisons and testing. The passive MPW-levitation as a dynamics
problem of the free body equilibrium stability, and the OSAM as the core of a new method to
accelerate or slow down a body are demonstrated with tests fulfilled by visitors from the worldwide
companies. Inventions concerning docking in the space, maglev transportation, inertial navigation,
and super conductive bearings are represented. Acceptability of the MPW and OSAM for the modern
high-tech projects, particularly for the Swissmetro is discussed.

1

Known Magnetic Levitation Phenomena

It is well known that several physical effects allow free floating a solid body [1]. Here we shall
consider magnetic force phenomena and mechanisms that are characteristic of stability inherently
i.e. passive magnetic levitation phenomena.
Known concepts of passive magnetic levitation boil down to the following:
· the static global instability (Earnshaw’s theorem) [2-4];
· diamagnetism [5] and/or magnetic flux pinning [1,6] as possibilities to stabilize the free
equilibrium; and
· the sign-variable force stabilizing effect [7].
Results represented here touch upon the stability of static magnetic configurations. They are not
represented in comprehensible scientific review [1] or distorted in the sense [6] and can be considered
as unknown for many experts skilled in magnetic levitation and its app lications.

1.1

The Earnshaw’s Theorem

In 1842 Earnshaw came to such conclusion [8]: if ether’s particles attracted one another with a force
in inverse proportion to a distance squared, their free equilibrium could not be stable. He used the
potential energy minimum principle as sufficient conditions of the equilibrium stability and showed
that the ether’s particle interaction law could not satisfy the stability principle. This fact allowed him

to infer the ether, as a static configuration of free particles was the impossibility. It should be noted
that Earnshaw meant the Newton’s gravitational interaction between particles and didn’t consider
electric or magnetic nature of interaction between them. Subsequently others transfer red the
Earnshaw’s conclusion about instability to electric and magnetic static configurations. And what is
more, William Gilbert had analyzed correctly the stability problem of static magnetic configurations
much earlier than Earnshaw. In his De Magnete [9, p.135] issued in 1600 (we use Russian translation
of [9]) he mentions the Fracastoro’s statement about a piece of iron hanging freely in the air. In
accordance with Fracastoro, the piece of iron is unable to move neither up nor down because a magnet
fixed above can draw the iron up uj st as the latter pulls the magnet down. In other words, the iron
becomes as if it is fastened in the air. Gilbert evaluates such Fracastoro's statement as wrong because
a nearer magnetic force is always more powerful. This Gilbert’s argument drawn 90 years before the
Newton’s “Principia” contains an essential component of the modern theory of stability that is linking
directions of the force increment and deflection from the undisturbed position. However, the
equilibrium instability of electric and magnetic configurations is usually associated with the name of
Earnshaw [2-4,6].
Many authors cite the Earnshaw’s theorem. Smyth infers [2, p.25] that in the electric field a charge
cannot be in equilibrium attainable only by electric forces. Stratton examines a version of a free
charged conductor and deduces that charged bodies in the electrostatic field cannot be kept in the
stable equilibrium state under actions of electric forces only [3, p.110]. Tamm concludes that the
stable static configuration of electric charges is impossible [4, p.97].

1.2

The Braunbeck’s Diamagnetic Levitation

After Earnshaw cases not covered by his theorem were being analyzed. The case of bodies placed in
electrostatic or constant magnetic fields was thoroughly investigated by Braunbeck in 1939 [5]. He
analyzed the behavior of bodies into these physical fields using such body parameters as dielectric
constant or magnetic permeability and proved that the free equilibrium could be stable, if the relative
dielectric constant or magnetic permeability were less than one.
The relative dielectric constant is always more than one. Consequently, the stable free equilibrium is
impossible in the electric field. For diamagnetic bodies and superconductors operating in magnetic
fields lower critical levels, the Braunbeck's stability condition can be satisfied. Hence, any level of
diamagnetism assists (but does not guarantee!) passive magnetic levitation.
The Earnshaw and Braunbeck's theory cannot guarantee levitation because it is based on a property of
the potential force fields to satisfy the Laplace's equation. The last comprises three space coordinates
only. At the same time passive levitation requires the potential energy minimum with respect to all
degrees of freedom i.e. six degrees in the general case of a free solid body. Therefore only the
Earnshaw-Braunbeck's theory is deficient to solve the levitation stability problem.
Braunbeck was not only an originator of the theory but an expert also who corroborated diamagnetic
levitation by testing [10]. Pieces of bismuth and graphite of 8 milligram and 75 milligram respectively
were free suspended by him in constant magnetic field of H= 23,000 Oersted.
Arkadjev proposed the levitation experiment with a permanent magnet and lead disk concave
downward (the lead disk was in the superconductivity condition) [11]. These experiments conducted
by Kapitsa at the Institute of Physical Problems of the Academy of Science of the former USSR in
1944 proved to be successful. They are cited in numerous works as manifestat ion of the ideal
diamagnetism of superconductor [1] and, on the other hand, as the physical principle of passive super
conductive levitation [6]. However, the Kapitsa-Arkadjev’s test did not contribute any new feature
with respect to existing standpoint concerning magnetic force as a function of the distance between
two magnets. Formulae [11] of the magnetic force distance-dependent in inverse proportion to the
fourth power represent the well-known dipole law.

1.3

Super Conductive Levitation

Only single levitation condition µ = 0 pertaining to the Meissner’s state of superconductors is
rigorously substantiated. Non-performance of this condition eliminates levitation but assurance of
levitation requires supplementary conditions. The most of researchers (see e.g. review [1]) analyzes
condition µ = 0 or its equivalent only. The main problem consists in the levitation condition for type
II superconductors in the mixed state. This state is practicable because of high current carrying
capacity of type II superconductors. They contin ue to keep zero electrical resistance in the mixed state
but lose the ideal diamagnetism property. Magnetic field penetrates into the volume of type II
superconductors as a huge set of tiny current vortices carrying one quantum of magnetic flux
(2.07?×10- 15 Weber). These vortices repel one others and form a lattice that was observed both in low
and high temperature superconductors.
The lack of condition µ = 0 requires some equivalent to elucidate levitation of type II superconductors
in the mixed state. For the purpose of this, the concept of magnetic flux pinning is usually proposed
[1,6]. This concept is also used to justify sticking flux lines to heterogeneity (crystal lattice defects,
grain boundaries, etc.) as an agent to eliminate their movement owing to the Lorenz's force and to
illustrate in such way the ideal electric conductivity in the mixed state [12]. But the magnetic flux
pinning concept acceptable to explain abnormally big current densities of type II superconductors in
the mixed state can scarcely be acceptable as a concept of magnetic levitation. In order that it would
be satisfactory as the last, either some mechanism to acquire diamagnetic property or a chance to
reach a local minimum of the magnetic potential energy as a function of free body displacements must
be as a provable consequence of the flux pinning concept. This is necessary because principles based
on the potential energy minimum are practically the single scientific principle of the stable
equilibrium.
There are many works concerning levitation particularly with using high temperature superconductors
(see e.g. [6]). New experimental facts such as levitation below a permanent magnet [13-15],
continuous range of stable equilibrium positions [1,16], and friction in a levitated superconductor [1]
were established. But the flux pinning concept continues to be without substantiation satisfactory
from the standpoint of fundamental stability principles. Using the superconductor's magnetization and
hysteresis loop [1] can be considered only as another method to explain experimental results
qualitatively without quantitative relations, which are necessary to calculate and to design levitation
devices with parameters that guarantee the stable levitation without numerical experimental trials.
Braunbeck's analysis to obtain the magnetic potential energy minimum touches upon only the “µ = 0
property” i.e. ideal diamagnetism of a substance in the superconductivity state. But such the substance
possesses the second well-known property that is zero electrical resistance. Its consequence is not
only the absence of energy losses very important for many practical applications. There is another
well-known consequence of zero electrical resistance of superconductors that appears as a joint result
of the ideal electrical conductivity and the Faraday's electromagnetic induction law. This result is the
constancy of the magnetic linkage (full magnetic flux) piercing a surface with the closed zero
electrical resistance loop, as this surface’s boundary. The electrical current of such a loop at its
different positions in an inhomogeneous external magnetic field is non-identical. The current can be
assuming various values or even reversing its direction at different positions of the loop in order to
satisfy the magnetic linkage constancy (flux frozenness) condition. This, of course, influences the
magnetic interaction.
The first statement of work allowing for the mentioned feature of zero resistance closed loops must be
apparently credited Mitkevich with his taking into consideration the frozenness property of magnetic
linkage in [17]. In this book the condition of the full magnetic flux constancy is taken into account,
but some kind of unusual properties of magnetic interaction between zero electrical resistance loops is
not obtained. In numerical other works e.g. [18-20] the linkage frozenness is analyzed as an agent to
reach the stable free body equilibrium. But in these works simplified dynamic models of magnetic
interaction neglecting all degrees of freedom of a levitated body are considered. Moreover, in cited

works such a result as possibility to convert magnetic attraction into magnetic repulsion only due to
the decrease in spacing between two magnets was not derived even in the insignificantly small extent.

2
2.1

The “Magnetic Potential Well” (MPW) Phenomenon
Closed Loops of Zero Resistance

A short-circuited loop free of electrical resistance possesses the well-known property to preserve the
total magnetic flux (magnetic linkage) coupled with this loop. They say also that the full flux is
frozen. A high degree of the ideal electric conductivity is achievable in superconductors. If the
superconductor resistance were non-zero, the tested difference between resistance in super conductive
and normal states would be greater than that between copper and common insulators.
However, the superconductor is not only the ideal conductor possessing zero electric resistance ? = 0.
It displays the ideal diamagnetism µ = 0 too. Manifestation of these two properties depends on the
superconductor body shape and is restricted by the critical temperature and critical magnetic field. If
the level of operating magnetic field is less than critical one and a sample of superconductor is the
simply connected region (an extended body with non-zero volume and without “holes” for the
magnetic field penetration) it exhibits only the ideal diamagnetism. On the other hand, if
superconductor is a closed loop and ratio between the thickness and longitudinal extension is zero,
properties of the closed loop are fully determined by the condition ? = 0.
A magnet model chosen by us depends only on the ideal electrical conductivity and its exhibition in
samples like a thin closed loop. It does not depend on the superconductor diamagnetism in the sense
to achieve stability in the free position. This is because the considered closed loop has the
intentionally zero thickness. If such a loop is in the superconductivity state but with a part transferred
into the resistive state, it does not manifest diamagnetic properties. Moreover, this loop is nonmagnetic generally. If the ideal electric conductivity state of said part is subsequently restored, the
loop continues not to exhibit diamagnetic properties because these properties depend on the body
volume that is zero in our approximation. Hence, we must conclude that there is no possibility to
provide the stable free body equilibrium for such the loop on the basis of the Earnshaw -Braunbeck's
principle that is the single well-grounded scientific principle of magnetic levitation.
But the considered loop exhibits the property to preserve its magnetic linkage (full flux) as any closed
loop of zero electrical resistance. The linkage constancy remains valid irrespectively of any change in
a position of the loop and is the well-known consequence of the Faraday's law in the case of closed
loops with ? = 0. The last condition can be realized due to superconductivity. Availability of zero
resistance in the closed loop is only one bridge connecting our magnet model with superconductivity.
Superconductors made in the form of a thin closed loop of zero electrical resistance are in abundance
from Kunzler's discovery of abnormally high critical currents in Nb3Sn (1961). Critical magnetic
fields are for this material 24.5 Tesla at T = 0 K and 14 Tesla at T = 0 K for NbTi [21]. These levels of
the magnetic field were the basis to create a huge amount of super conductive magnets of different
shapes and sizes [22,23] generating and operating in magnetic fields of the 10-20 Tesla range.
Therefore the closed ideally electrically conducting loop model is applicable to the low temperature
super conductive magnets operating in the persistent current mode. This model can be applicable also
to high temperature superconductors (HTS) operating under condition of magnetic field penetration
and if such material can be represented as a set of zero resistance closed loops.
Finally, recent discovery of carbon nanotubes (fullerens) [24] and their properties to conduct
persistent currents and to freeze magnetic flux in high magnetic fields indicate our model applicability
to such a substance if it can be manufactured as a closed loop.
It should be noted that our model of the magnet does not take into account quantization of the
magnetic flux habitual for electronic super conductive circuits because we consider high current

applications mainly. We simplify also a picture of the magnetic field penetration into samples like a
closed loop. In the conventional current carrying model the current density is usually equal all over its
cross section. We consider the magnetic field and current are concentrated at a small depth of the
loop. The depth of penetration λ is assumed to be corresponding to London's one i.e. it is of the order
of (4 ÷ 6)× 10-8 m. This circumstance leads to different formulae for the internal inductance
responsible for the filed inside wires . The magnetic field of ideally electrically conducting loops and
one of the same of super conductive loops are distinguished by the field inside the loop wire. This
difference vanishes if the param eter τ = da -1 (d and a are the thickness and longitudinal size of a loop
respectively) tends to zero. We study the case of very small τ. Then the general formula for the vector
potential can be expressed as a linear integral and for the sake of convenience the loop self-inductance
and mutual inductance come into play.

2.2

The Magnetic Potential Energy Minimum

If L11 and L22 are self- inductance of two closed loops and L 12 is their mutual inductance, the Ampere’s
law defines the magnetic interaction force between currents I1, I2 of these loops [25]

Pk = I 1 I 2
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(2.2.1)

where Pk is a magnetic force in the xk – direction.
Represented formulae are inconvenient in the case of zero electrical resistance loops. Really, the total
magnetic flux frozenness property of such loops entails variations in the current according to their
positions in a non-uniform external magnetic field. As the magnetic field generated by a closed loop
current is usually non-uniform, electrical currents in these loops vary with a relative loop
displacement x k. It means that I1 and I2 are functions of xk. Formulae (2.2.1) do not take into account
this feature of the currents I1 and I2 directly. In order that functional dependence of currents upon
displacement xk could be allowed for, we write the known relations
(2.2.2)
Y1 = L11 I 1 + L12 I 2 ,
Y2 = L12 I 1 + L22 I 2 .
and solve (2.2.2) as an equation system with respect to the currents

I1 =

Y1 L22 - Y2 L12
,
L11 L22 - L212

I2 =

Y2 L11 - Y1 L12
.
L11 L22 - L212

(2.2.3)

It follows from the substitution of (2.2.3) into the first formula (2.2.1) that

Pk =

Y1L22 - Y2 L12
∂L
(Y2 L11 - Y1 L12 ) 12 .
2 2
( L11L22 - L12 )
∂xk

(2.2.4)

Instead of loop currents in the formula of magnetic force (2.2.4) we have the total magnetic fluxes Ψ1
and Ψ 2, which are strictly constant values in the case of zero electrical resistance closed loops. The
self-inductance L11 and L22 of two rigid (non-deformed) loops are constant quantities too. Only the
mutual inductance L 12 in (2.2.4) is a function of the relative displacement xk. To emphasize the fact
whether the quantities appearing in (2.2.4) depend or do not depend upon the relative displacement xk
of these loops, we rewrite this expression in the form

Pk =

Y1 L 22 - Y2 L12 ( x k )
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12 ( x k )

2 2

[Y2 L11 - Y1 L12 ( xk )] ¶L12 ( x k )
¶ xk

(2.2.5)

The derived formula expresses the magnetic force between two current loops not in terms of currents
and coordinates as usually but in terms of magnetic linkages and coordinates. In the particular case of
zero electrical resistance closed loops this version is free from inconveniences of the usually applied
formulae (2.2.1). It should be noted that expression (2.2.5) in its meaning is the Ampere’s law and
none other content is in it. This expression differs from (2.2.1) by one pair of variables replaced with
another on the basis of two linear relations.

Let us now formulate the problem of the Magnetic Potential Well in the following way. Consider two
(and not some other number of) zero electrical resistance closed loops (i.e. in their possession of
frozen magnetic linkages). The loops are rigid (non-deformed) and oriented so that the magnetic force
of remote loops is attractive in nature. This relative orientation between loops is invariable dur ing
their approach process. Only the distance x between loops (x can be any rectilinear or curvilinear
coordinate) is slowly changing i.e. the loops are approaching one to another at a negligible relative
speed. The greatest distance x1 and the smallest distance x2 between loops satisfy the condition 0 < x2
< x1 < 8 . It should be noted that x 2 can exceed a size of the larger loop. Any artificial action on any
loop (e.g. destruction of the ideal current conductance, connection of the loop to a current source etc.)
is forbidden in the loop approach process.
If the aforesaid conditions are satisfied, a minimum of the potential energy of the magnetic interaction
between currents I 1, I2 is sought for U as a function of the distance x varying over the interval [x 2, x1].
In other words, we search for the zero of the magnetic force P at a position x = x0 within interval 0 <
x2 < x0 < x1. And at the same time we search for such a change in the magnetic force that at x = x0 +
dx the magnetic force is attractive in its behavior, and at x 0= x – dx this force is repulsive in its
character (dx > 0 is a small increment of the distance x).
Note first of all, that the mutual inductance L 12(x) is usually the monotonically decreasing function of
x. Hence the derivative ∂L 12/∂? is negative within the interval [x 2, x1] and goes to zer o anywhere (the
case of ∂L 12/∂? = 0 is considered below and in [26,27]). Furthermore, the product L11L22 is always
greater than L212. Therefore, the denominator in (2.2.5) is always positive.
Remembering the above remarks the following two conditions can be easily derived from (2.2.5)
under which the magnetic force equals zero at x = x0
(2.2.6)
Y1 L22 = Y2 L12 ( x0 ),

Y2 L11 = Y1 L12 ( x 0 ).

(2.2.7)

These relations are formally necessary conditions for existence of the magnetic potential energy
minimum (zero of the first derivative as the necessary condition of the minimum of a function). Let us
note that the self-inductance and, as a rule, the mutual inductance are positive values. Therefore the
linkages Ψ1 and Ψ 2 must be of the same sign in order to satisfy condition (2.2.6) or (2.2.7). For the
definiteness sake, assume that Ψ 1 and Ψ2 are positive.
Let us show that at least one of condition (2.2.6) or (2.2.7) can be physically realizable. Taking into
account that for two loops the self-inductance of any loop is greater than their mutual inductance we
derive that for Ψ1 < Ψ2 condition (2.2.6) is physically realizable. Condition (2.2.7) therewith is not
adequate because always L 11> L 12 (x0). On the contrary, if Ψ 2 < Ψ1 only condition (2.2.7) is realizable
physically. When Ψ1 = Ψ2 none of the necessary conditions is satisfied. Indeed, in the last case there
must be L 11 = L12 (x 0) or L22 = L12 (x0). But this takes place if loops coincide that is not interesting
from the physical point of view. The case of zero of any frozen linkage is equivalent to the Magnetic
Potential Well position for the infinite spaced loops that does not make sense too. So there must be
(2.2.8)
Y1 ¹ 0, Y2 ¹ 0
and

Y1 ¹ Y 2 ,

(2.2.9)

Thus, the fact that the mutual inductance of two loops is always less than any their self-inductance,
imposes constraints on the existence possibility of the Magnetic Potential Well. Notably, the frozen
magnetic linkages must be different in value one from another and both must differ from zero. In this
aspect it is interesting to note that in [17] the case of equal frozen linkages is studied and that [18, 28]
investigate the event of the zero magnetic linkage. This explains why the Magnetic Potential Well was
not derived in the known works.

Condition (2.2.6) or (2.2.7) indicates that the current of one loop at a position of the Magnetic
Potential Well equals zero. The substitution of condition (2.2.6) into the first formula of (2.2.3) or
condition (2.2.7) into the second formula (2.2.3) provides conclusive evidence of this statement. Then
it follows from (2.2.3) that if e.g. the current I 1 = 0, then the linkage Ψ1 of the first loop equals the
product L12 (x0)·I1 that is the flux of mutual inductance of the second loop whose frozen linkage is Ψ2
> Ψ1. And vice versa, if the current I2 = 0, the linkage Ψ2 of the second loop is equal to the mutual
inductance flux of the first loop whose frozen linkage is Ψ1> Ψ2.
Let us show now that one of condition (2.2.6) or (2.2.7) is not only necessary but also sufficient. For
the definiteness sake assume that Ψ1 < Ψ2 and necessary condition (2.2.6) is satisfied. Using (2.2.5)
we can find the derivative of the magnetic force with respect to x and evaluate it at position ? = x0.
When computing the derivative, it is convenient to consider the right side of expression (2.2.5) as a
product and, at the same time to allow for condition (2.2.6). Because of this all summands of the
product derivative equal zero except for the derivative of the term Ψ1L 22 - Ψ 2L 12(x). Consequently
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(2.2.10)

As it is noted above, for many practicable cases the derivative of the mutual inductance with respect
to spacing x and the denominator in (2.2.10) go to zero anywhere. The sign in expression (2.2.10) can
be found in the following way. The fraction on the right side of (2.2.10) is positive if condition (2.2.6)
and inequalities Ψ1 < Ψ 2, L11 > L12(x 0) are satisfied. The frozen linkage Ψ2 and the rest of the terms in
(2.2.10) are positive too. Therefore, ∂P/∂x|x = x0 < 0. If linkage Ψ2 were negative, this would not
influence the sign ∂P/∂x|x = x0 as the numerator of the fraction on the right side of (2.2.10) were also
negative.
Thus, the derivative of the magnetic force with res pect to the distance x calculated at a position where
necessary condition (2.2.6) is satisfied is negative. If condition (2.2.7) would be satisfied instead of
(2.2.6) then, as it can be easily shown, the derivative of the magnetic force would be also negative.
The negative sign on the right side of (2.2.10) indicates that the second derivative of the magnetic
potential energy U is positive at the position where the necessary condition of the minimum U is
satisfied. This proves the sufficiency of (2.2.6) or (2.2.7) for the minimum of energy U.

2.3

The Simplest Explanation of the MPW

Of some interest is an easy-to-graph explanation of the Magnetic Potential Well existence that relies
on the constancy of the total magnetic flux for a zero electrical resistance clos ed loop. The total
magnetic flux coupled with any zero resistance rings in Fig.1 is assumed to be equal to the number of
the directed lines of force perforating its area. So, Ψ1 = 5 = const in the ring 1 and Ψ2 = 9 = const in
the bottom ring 2. As usually we assume that lines of force emerge from the North Pole N and enter
the South Pole S.
At the top position of ring 1, rings 1 and 2 face each another with the opposite magnetic poles.
Because of this they magnetically attract each another. If ring 1 occupies its lowest position, seven
lines of force of the magnetic field of the bottom ring 2 perforate the area of ring 1 (these seven lines
can be calculated in Fig. 1). But in virtue of constancy of the total magnetic flux only five force lines
must be coupled with the smaller ring. Such condition can be realized only when the “own” magnetic
field of ring 1 “kill” two superfluous lines of force. In Fig. 1 the “killing” field is represented by
dashed lines of force directed oppositely to the direction of said seven force lines. Then 7 - 2 = 5 lines
will be the full magnetic flux of ring 1 and the magnetic linkage frozenness condition will be satisfied.
Magnetic polarity of ring 1 changes owing to the direction reversal of its current at the lowest
position. Instead of attraction the rings 1 and 2 repel one another just as magnets facing with
analogous poles. At some intermediate position of ring 1 its current equals zero because all five lines

of force are created by the magnetic field of ring 2 (see Fig. 1). Zero current is equivalent to zero
magnetic force between rings 1 and 2.

Fig.1 Magnetic lines of force as clarifying the MPW
Thus, we obtain the Magnetic Potential Well when the magnetic attraction turns into the magnetic
repulsion only due to the decrease in spacing between two closed loops of zero electrical resistance.
This result is based on the well-known property of the full magnetic flux frozenness and approximate
picture of lines of force of the magnetic field generating by electrical currents of two coaxial rings.
Before the MPW-discovery the full flux frozenness property and ability of a super conductive closed
loop to change its current in a heterogeneous magnetic field were obvious facts. Vasyl’ Kozoriz first
paid attention to the current ability to change not only the value but the direction also. It is precisely
fact that explains the original cause of the MPW discovery by him. Really, the self- fulfilling current
direction change in one of two current loops during a change in spacing between them indicates the
self- executing force change in magnetic interaction between them.

2.4

Zero of Mutual Inductance Derivatives

Substitution of the right sides of formulae (2.2.2) for the currents I1, I2 in the doubled magnetic field
energy expression 2W = I 1Ψ1+I 2Ψ 2 yields a presentation for the magnetic interaction energy in terms
of Ψ1, Ψ2 and mechanical coordinates (L 12 is a function of mechanical coordinates)
1
-1
W = L22Y12 - 2 L12Y1 Y2 + L11Y22 L11L22 - L212 .
(2.4.1)
2

(

)(

)

The frozen linkages Ψ1, Ψ2 must be considered as some constants in this formula. From the formal
viewpoint, magnitudes of these constants may be arbitrary but they are actually bounded from above
by the critical magnetic field and/or and critical current destroying the superconductivity.
It is a common knowledge that the magnetic field energy expressed in terms of magnetic linkages
(fluxes) and coordinates is the potential energy [29]. Therefore, the magnetic force P can be defined
as the first partial derivative of energy (2.4.1) with respect to a mechanical coordinate x, which is
taken with the opposite sign

P=-
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In this formula the numerator of the first multiplier can be equal to zero, i.e.

(

) (

)

2
Y1Y2 L12
+ L11L22 - L22 Y12 + L11Y22 L12 = 0,

(2.4.2)

(2.4.3)

if

L12 = L22 Y1Y2-1

L12 = L11Y2 Y1-1 .

or

(2.4.4)

that coincides with (2.2.6) and (2.2.7) respectively that is derived above by another way.
Let us find the second partial derivative of energy (2.4.1) with respect to the coordinate x and
calculate it at one of "points" (2.4.4). To do this, (2.4.2) must be once differentiated with respect to x
and a value of L 12 expressed in terms of the constants L11, L 22, Ψ1, Ψ2 must be substituted according to
the chosen formula (2.4.4). Performing the differentiation and calculation we obtain
2
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(2.4.5)

The addend in this expression equals zero in virtue of the fact that ∂W/∂L12 = 0 at points (2.4.4). The
term (∂L12/∂?)2 is usually a positive value (the case when ∂L 12/∂? = 0 will be examined below).
Because of this the sign of ∂ 2W/∂?2 is determined by the sign of the second derivative of the function
W in L12, i.e. the function whose explicit form is given by (2.4.1). From this formula it follows that
(2.4.6)
¶ 2W
Y 2 L-1

¶ L212

=

2

22

L11 L22 - L212

,

i.e. the second derivative of the potential energy with respect to x is positive at points (2.4.4) (L11L22 >
L212, L12 > 0). This means that the sufficient conditions for the minimum of U are satisfied. It should
be noted that it holds true for ∂L 12/∂x ≠ 0. If this is not the case, the necessary conditions of the
minimum existence are satisfied (equality of the magnetic force to zero) but it is unknown that
sufficient conditions are satisfied.
Therefore, let us consider the case ∂L12 /∂? = 0. Represent potential energy as a complex function of
the coordinate U = U (L 12(x)) and write down its derivatives to the fourth order inclusively
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It follows from the above formulae and from the condition ∂L 12/∂? = 0 that at the point with ∂U/∂L12=
0 all derivatives of energy are equal to zero except for
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(2.4.8)

As indicated above, the term ∂2U/∂L212 is positive at the point with ∂U/∂L12 = 0. Then it follows from
(2.4.8) that the fourth-order differential d4U is positive if ∂ 2L 12/∂x2 ≠ 0 at the equilibrium point. Thus,
the case when ∂L12/∂? = 0 destroys the mechanism originating the Magnetic Potential Well by second-

order infinitesimal terms. However this mechanism begins to take effect in the fourth-order
differential if the second derivative of the mutual inductance with respect to the coordinate differs
from zero.
It can be shown that the growth in the order of the non-zero derivative of the mutual inductance with
respect to the coordinate x, is it even or odd, results in the even non-zero differential of the potential
energy, i.e. in the minimum. Further computations of higher -order derivatives give a convincing
evidence of this statement.

2.5

Some Generalizations

If there are more than one coordinate or more than two loops as above, the study of magnetic
interaction becomes more complicated.
Let a loop have n degrees of freedom in its motion. Derived magnetic energy minimum conditions
(2.4.4) can be interpreted as interrelations between coordinates, which ensure constancy of the mutual
inductance. For n = 1 there is a point (location). For n = 2 there is a line (relation between two
coordinates) where the magnetic potential ener gy is minimal. For three coordinates there is a surface
instead of the line, etc.
Developing this idea let us consider specific cases of two ideally conducting rings of radii a1, a2 with
more than one independent relative displacement of rings. If axes of the rings intersect at the center of
the smaller of them (Fig. 2) and a 2 << a1, the mutual inductance can be represented as the series in
terms of Legendre’s polynomials P2 n+1(cosϑ). The series principal term represented in our notations
with taking account of (2.4.4) is

L12 =

π
µ0 a12 a22 R -3 cosϑ = Y1 Y2- 1 L22 = const ,
2

(2.5.1)

where it is assumed that Ψ 2 > Ψ 1. Then the equation for lines with minimal magnetic potential energy
is R -3 cosϑ = const (Fig. 2) with values of the constant determined by the frozen linkages ratio.

Fig. 2 MPW – conditions for more than one displacement

For two coaxial rings in Fig. 2 when the distance between their centers is much less than the radius of
the larger ring with three independent displacements x, y, z of the smaller ring we can derive an
approximate equation of surfaces with the minimal magnetic potential energy [26]

x 2 y 2 2z 2
+
= -1,
A2 A2 A 2

A=

2
,
3(1 - C )

C=

2Y1L2 a12
,
πµ0 a22

(2.5.2)

that represent hyperboloids of two sheets with the rotation axis z.
Consider finally a practicable case of the MPW-conditions for two arbitrary pluralities of zero
electrical resistance non-deformed small thickness closed loops [27]. For such a system the magnetic
energy status is fully determined by the loop geometrical configurations and loop magnetic linkages
that are constant values (frozen magnetic linkages). Let the first loop plurality is fixed on a nonmagnetic solid body 1 and the second one on a non-magnetic body 2 that is capable of displacing in
any of three independent linear space directions x, y, and z without a contact between bodies. A loop
self inductance is designated by L with subscripted indices so that the first number of the index
corresponds with a body number and the second value is a letter of arbitrary loop designation on each
body. It means e.g. that L1i is the i-loop self-inductance affiliated to body 1 and L2j is the j-loop
inductance affiliated to body 2. In a similar way, frozen magnetic linkages are designated as ? 11, ? 12,
…, ? 1i, …, ? 1m for loops affiliated to body 1 where m is the quantity of loops fixed on body 1, and as
? 21, ? 22, …, ? 2j, …, ? 2n for loops affiliated to body 2 where n is the quantity of loops fixed on body 2.
The mutual inductance between any pair of loops affiliated to different bodies is designated as Mij
where the first index i = 1, 2,…, m denotes the membership to body 1 and j = 1, 2, …, n to body 2.
Any mutual inductance Mij is a function of linear displacements x, y, and z of body 2.
For the considered pluralities of closed loops magnetic interaction is determined by currents flowing
in closed loops that are in the zero electric resistance state. By definition, a generalized magnetic force
at some position and in a chosen displacement is the corresponding negative partial directional
derivative of the magnetic interaction potential energy, calculated at this position.
The MPW means the local minimum of this energy, which is considered as a function of any one
linear relative displacement between two bodies. At the MPW-position the generalized magnetic force
must be zero and for increased separations between bodies this force must be attractive in nature and
repulsive in nature for decreased separations. Values of displacements corresponding to the MPWposition are designated as x0, y0, and z 0.
Energizing (flux pumping) any loop as a super conductive coil can be provided by well-known
standard methods. These methods are reduced to destroying the zero electrical resistance state for a
small part of closed loops during current injections. After that restoring the zero electrical resistance
state and establishing the frozen magnetic linkage mode follow.
If loops of body 1 are energized first so that their said frozen magnetic linkages are achieved by nonzero electrical currents I11, I12, …, I1j, …, I1m and zero currents I21, I22, …, I2i, …, I2n, frozen magnetic
linkages of body 2 providing for the MPW-phenomenon existence are determined from n equalities
(2.5.3)
Y2 j = I11 M 1 j + I 12 M 2 j + ... + I 1i M ij + ... + I 1 m M mj ; j = 1,2,...,n
where any mutual inductance Mij must be calculated at x0, y 0, z 0.
And if body 2-loops are energized first so that their said frozen magnetic linkages are achieved by
non-zero electric currents I21, I22, …, I2i, …, I2n and zero currents I11, I12, …, I1j, …, I1m, the picture is
another. Then the frozen magnetic linkages of body 1 providing for the MPW-phenomenon existence
are determined from m equalities
(2.5.4)
Y1i = I 21M 1i + I 22 M 2 i + ... + I 2 j M ji + ... + I 2 n M ni ; i = 1,2,...,m
where any mutual inductance Mji must be calculated at x0, y 0, z 0.

Conditions of the MPW-existence represented by (2.5.3) or (2.5.4) show that the frozen magnetic
linkage of any zero resistance closed loop of one body must be equal to the sum of mutual inductance
magnetic fluxes from all loops of another body previously energized. The mutual inductance magnetic
fluxes that vary with separations between bodies must be determined at the MPW-position. Not only
electrical currents of closed loops energized previously can be sources of mutual magnetic fluxes but
also e.g. permanent magnets or "warm" electromagnets can generate them.

3

The MPW-Levitation of a Body

As it is follows from above, the Magnetic Potential Well is an interaction property of two spaced
magnets when only spacing between them is variable. This property is the minimum of magnetic
potential energy that is a function of this spacing. Such a minimum guarantees the stability with
respect to the spacing. The spacing can be any linear or angular coordinate defining the magnets
relative disposition. If the magnets relative disposition in the space is characterized by more than one
coordinate, we can realize the MPW-interaction i.e. the potential energy minimum with respect to one
of coordinates of the magnets relative displacement. But with respect to the minimum of the magnetic
potential energy as a function of all coordinates defining the magnets relative disposition the question
proves to be open.
In the practically important case of magnetic levitation we can image that one magnet is fixed and
the second one is free i.e. possesses six degrees of freedom. It is obviously that a rigorous proof of the
stability of some motion (e.g. equilibrium as a particular case of motion) of the free magnet is
equivalent to the substantiation of magnetic levitation. Thus, the MPW-levitation problem must be
considered as the dynamic problem of a free body when the MPW-manifestation is provided for the
direction of one linear degree of freedom.

3.1

Super Conductive Rings and MPW-Levitation

Consider more in details the problem of magnetic levitation when one super conductive ring with the
axis parallel to the gravity force is immobile and the second super conductive ring is affiliated to the
free solid body as shown in Fig. 3. This problem was considered first in [26,30].

Fig. 3 Free magnetic pendulum, two super conductive rings, trihedra and vectors

With the aim to determine the “magnetic part” of the potent ial energy we introduce three systems of
coordinates (see Fig.3). The axis Oζ of the inertial trihedron Oξηζ that is parallel to the gravity force
G is directed along the magnetic axis of the immobile super conductive ring. The unit vectors i1, i2, i3
are directed along corresponding axes of trihedron Oξηζ, and the origin O coincides with the ring
center. Origins of other two coordinate systems are located in the mass center O 1 of the free body
(Fig. 3). In the motion process the axes of trihedron O 1ξ0η 0 ζ0 remain parallel to corresponding axes of
trihedron Oξηζ while trihedron O1ξ1η1 ζ1 with the unit vectors i´1, i´2, i´3 is rigidly bound with the free
body. Its axis O 1ζ1 is directed along the magnetic axis of the second super conductive ring affiliated to
the free body that is a dynamically symmetrical body whose center of mass is shifted with the value l
along the current ring axis (“magnetic pendulum”).
Employing a standard expression for the mutual inductance

L12 =

µ0
4π

òò

equality

d l1 × dl 2
,
R12

(3.1.1)
(3.1.2)

R12 = a1 - a 2 + ρ + l
that is obvious from Fig.3, and representing vectors

ρ = ρ cos α i1 + ρ sin α i 2 + ζ i 3 ,
a 1 = a1 (cos ϕ 1 i1 + sin ϕ 1i 2 ),
a 2 = a 2 (cos ϕ 2 i1¢ + sin ϕ 2 i 2¢ ),

(3.1.3)

d l1 = a1 (sin ϕ1 i1 - cos ϕ 1i 2 )d ϕ 1 ,

(

)

d l 2 = a 2 sin ϕ 2 i ¢ - cos ϕ 2 i 2¢ dϕ 2
where on the basis of the table of directive cosines [31, 32]
i´1
i´2
i´3

i1
cosϕ cosψ – sinϕ sinψ
cosϑ
– sinϕ cosψ – cosϕ sinψ
cosϑ
sinψ sinϑ

i2
cosϕ sinψ + sinϕ cosψ
cosϑ
– sinϕ sinψ + cosϕ cosψ
cosϑ
– cosψ sinϑ

i3
sinϕ sinϑ
cosϕ sinϑ
cosϑ

(3.1.4)

after transformations we can obtain for the mutual inductance in the simplest particular case of equal
ring radii (a1 = a2 = a)
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(3.1.5)

+ ψ - α )] + 2 aζ sin λ1 sin ϑ + 2al sin λ sin ϑ - 2 ρl sin(α - ψ ) sin ϑ - 2ζl cos ϑ }-1 / 2 d λ1 .

The potential energy after adding the term ± Gζ to the “magnetic part” is
1
-1
U = Y12 L 22 - 2Y2 Y2 L12 + Y22 L11 L11 L 22 - L212 ± Gζ .
2
where L12 is determined by (3.1.5).
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(3.1.6)

Using the known formula of the free body kinetic energy
1
1
1
T = m ρ&2 + ρ 2 α&2 + ζ&2 + A ψ&2 sin 2 ϑ + ϑ&2 + C (ϕ&+ ψ&cos ϑ )2
2
2
2
and La Grange’s equations
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(3.1.8)

q i : ρ , α , ζ ,ϑ ,ψ , ϕ ;
q& : ρ&,α&, ζ&, ϑ&,ψ&, ϕ&
i

initial differential equations of the free “magnetic pendulum” follow
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(3.1.9)

]

where m is the mass of the free body, A and C are central mass moments of inertia with respect to
axes O1ξ1 and O1 ζ1 respectively. Parameters L11, L 22, Ψ 1, Ψ2, G in formula (3.1.6) are specified
constants and the sign “minus” corresponds to the gravity force direction in the O ζ-direction (ζ is a
vertical coordinate). In this case the gravity force tends to draw together rings, i. e. the magnetic
“cushion” occurs. By contrast, the sign “plus” refers to the magnetic suspension when the gravity
force is directed towards the increase in spacing between current rings.
When either condition is satisfied

∂U ∂ζ
at the point q = q0

ρ = 0,

ζ = ζ 0 = const,
ρ&= ζ&= 0,

0

±G=0

π
, ϑ = 0, ϕ = ϕ 0 = const;
2
α&= ψ&= ϑ&= ϕ&= 0,

α -ψ =

(3.1.10)

(3.1.11)

i.e. when the rings are coaxial and their planes are spaced with ζ0 = h one from another, the necessary
and sufficient conditions for the equilibrium existence (the vector sum of forces and force moments
acting on the free body are zero) are satisfied. From the physical standpoint these conditions indicate
that a weight G of the free body is balanced by magnetic interaction between ring coaxial currents. A
magnetic cushion is in one case (a free body ring is above a fixed one) and suspension in another case
(a free body ring is under a fixed one).
Introduce small perturbations x1 = ρ, x3 = ζ - (h + l), and x4 = ϑ of coordinates ρ, ζ, and ϑ
respectively. Furthermore, consider perturbations x2, x 5, and x 6 of corresponding coordinates α , ψ, and
ϕ to be arbitrary. Nearby the current rings coaxial position the full energy integral (the sum of
potential and kinetic energies) chosen as the Ljapunov’s function V of all perturbations can be
expanded in terms of the small x1, x3, and x4

(3.1.12)
1
1
1
1
U ρρ x12 + U ζζ x 32 + U ϑϑ x 42 + U ρϑ x1 x 4 + V1
2
2
2
2
with non-zero coefficients Uρρ , defined in [30, 26] and V1 that is a positive definite function with
respect to perturbation of speeds dx i /dt (i= 1, 2, .., 6).

V =

The stability of the equilibrium (3.1.11) can be strongly substantiated on the basis of the stability
theorem with respect to a part of dynamic variable [33]. We select the equilibrium stability with
respect to three coordinates ρ, ζ, ϑ, and all velocities that is equivalent to magnetic levitation of a
body in the free equilibrium from the physical viewpoint. Under above conditions the quadratic form
(3.1.12) must be a positive definite function when x1, x 3, and x 4 are small and x2, x 5, and x 6 are
arbitrary. First this problem was numerically solved in [30, 26]. It proves to be that conditions of the
positive definite quadratic form (3.1.12) are equivalent to complex relations between system
parameters k, τ, and η. The full elliptic integrals modulus k = 2(a1a 2) 1/2[(a1 + a2) 2+ h2]-1/2 connects
ring radii a1, a2 and levitation gap h between rings. The parameter τ = (a 1a 2)1/2 is the non-dimensional
pendulum factor (l is the distance between free body super conductive ring and mass centers).
Parameter η = Ψ1Ψ2- 1(L 11/-L22) 1/2 is the product of the linkages ratio and square root of the rings selfinductance ratio (parameter η ?is the linkages ratio in the case of identical super conductive rings). To
make the explanation of the stability domain represented by points of the section-lined area in Fig. 4a
more illustrative we use the qualitative graph of the magnetic force P as a function of levitation gap h
between coaxial rings in Fig.4b.

(a)
(b)
Fig. 4 Magnetic linkages ratio η versus modulus k as the free equilibrium stability domain (a), and
MPW- force P versus spacing h between coaxial current rings (b)
The curve 1 in Fig. 4a is plotted according to the equation η = y. This curve corresponds to the
Magnetic Potential Well position or to the magnetic force zero (the point h = h0 in Fig. 4b). For η > ?
the magnetic force P is attractive in character, for η < ? it is repulsive in nature. In both cases the
necessary condition of the equilibrium (3.1.11) existence can be satisfied by selection of the “gravity”
part of the potential energy U 2 in the form U2 = +Gζ or U2 = - Gζ. However, U ρρ > 0 only for η > ?
(points above the curve 1 in Fig. 4a). This indicates attainability of stability in system with magnetic
attraction and its impracticability in system with magnetic repulsion. Because of this the inference
about the equilibrium stability for a free body in system of two magnetically repulsing super
conductive loops can be erroneous, if the one-dimensional dynamic model is chosen to describe a
free body dynamic behavior. The one-dimensional dynamic model hides the inequality η < ? that
occurs in the case Uρρ < 0 for the free body model. This inequality indicates the instability appearing
in the direction perpendicular to the magnetic force action line. The mention may be also pertinent

here in connection with [18,28] where the conclusion about instability of two magnetically repulsive
loops is based on more simple dynamic analysis. In other works (see e.g. [6]) a rigorously
substantiated theory of the suspension levitation of superconductors is absent and replaced with
numerical ex perimental results.
From the plot in Fig. 4b it follows that the stiffness (rigidity) of magnetic attraction within the hinterval from h0 to h 1 corresponds with the stability along the vertical direction. It is obvious that in
the interval h > h 1 it is impossible to gain stability along the gravity force direction because Uζζ < 0.
Curve 2 in Fig. 4a is plotted by the equation U ζζ = 0 with Uζζ> 0 for the points below this curve. So
the stability domain is placed between the curves 1 and 2 in Fig. 4a.
Location of vertical segment 3 in Fig. 4a is defined by the equation S = UζζU ϑϑ -U2ρϑ = 0. What is
more, the inequality S < 0 therewith is achievable for the points to the right of this segment and the
inequality S > 0 for the points on the left. Location of this segment depends on the pendulum aspect
of a body [34]. Specifically, if the pendulum aspect is nonexistent (l = 0), k max ≈ 0.73 [30]. The
positive pendulum aspect (τ > 0, l > 0) shifts the segment 3 in Fig. 4a to the right (the domain of
stability widens). If τ < 0, l < 0, segment 3 shifts the to the left that narrows the domain stability.
Note curves 1 and 2 in Fig.4a correspond to the case of ∆ = 5 in the self-inductance formula L =
µ0a∆. For other values of ∆ their qualitative nature remains the same and location of the segment 3 is
∆-independent.
The well-grounded result of the MPW-levitation [30] and its explanation represented here is
distinguished by three factors. The first of them is the MPW as the new magnetic levitation
phenomenon with exactly established quantitative conditions of its manifestation, instead of magnetic
flux pinning concept without ones. The second factor is the free body dynamic problem as the
theoretical statement of the magnetic levitation problem. And finally, deriving conditions under which
the Ljapunov’s function is the positive defined function with respect to a part of perturbations as
sufficient conditions of the equilibrium stability or the guarantee of levitation is the third factor.

3.2

The Equilibrium Stability of Other Magnetic Systems

Behavior of a magnetic system substantially depends on the number, form, relative orientation of free
magnets, and mode of their undisturbed motion (equilibrium, orbital motion etc). Different cases were
considered in [26,30,34-38]. They are based on the approach represented above and demonstrate a
complexity of the strong mathematical statement of the magnetic levitation problem.
Particularly, for the case of two free super conductive rings of radii a suspended in the magnetic field
of the same immobile one, the sufficient conditions of the stable equilibrium nearby their MPWpositions reduce to the unique inequality [36]
(3.2.1)
k1 < 0 .69
Physical sense of this inequality consists in the following. At nearness identical coa xial rings under
currents of the same direction are unstable in sense of the angle between their axes, while the remote
ring strives for the coaxial orientation with another ring. But if with one free ring and zero pendulum
aspect the top bound is k ≈ 0.73, with two free rings, naturally, there is a more rigorous top bound on
the proximity between these rings as free equilibrium sufficient stability conditions. Note that only the
condition concerning the position of vertical segment 3 in Fig. 4a is discussed here instead of the
stability domain as a whole. The other conditions nearby the Magnetic Potential Well position are
satisfied in the considered case. Corresponding unwieldy expressions and numerical computations are
omitted here.
Not only the number of free rings influences sufficiently the stability conditions. Another parameter
essentially influencing stability is the ring radii ratio. E.g., it is sufficient for the free equilibrium
stability that the radius of the immobile ring is more or less relatively one of the free ring.

Different practicable problems of the MPW-levitation are based on the explained above dynamic
theory first developed by Vasyl' Kozoriz [39-41]. He and his followers investigated these problems.
Among them Oleg Tcheborin, Vjatcheslav Shablij developing the MPW-levitation problem of a
vehicle [37], Gennadij Slavko developing MPW-bearing problems (see [38] and articles submitted to
the MAGLEV’2002), Vasyl’ Kaschkan, Iryna Kobrzhytska, Ljudmyla Verbytska, and others can be
named.
Thus, the MPW-levitation as the stability theory of the free body equilibrium together with the MPWphenomenon that is the basis of this levitation can be considered as strictly substantiated results. They
were first published in central scientific magazines of the former USSR in 1974-1979 (see [30,3436,39-41]). Represented periodicals were and are being propagated continuously in the USA. The
monograph samples [26] are in the US Congress Library. To put in briefly, the information about
MPW and MPW-levitation is in abundance. It was published much earlier than suspension levitation
discovery in 1988 [13-15]. But our results proved to be imperceptible and were not used to justify
suspension levitation.
As for the authors, suspension levitation [1,6,13-15] is a particular case of the MPW-levitation. The
basis of this levitation is not the magnetic flux pinning, which is only a baseless supposition. The
basis of this levitation is the MPW i.e. the force property arising owing to currents flowing in closed
loops of zero electrical resistance. Such loops are present in type II superconductors having lost
diamagnetism in the mixed state but possessing ideal electrical conductivity.
The flux pinning concept is not an object of our disrespect. We only propose to use the levitation
phenomenon that is a consequence derived from classical strictly substantiated scientific laws. Our
approach can be more effective than variety of testing [1,6]. Not only the suspension levitation
attainability as one simple conclusion from the MPW-levitation theory [26] shows new possibilities
inaccessible with approaches on the basis of flux pinning concept. On the basis of the MPW-levitation
concept, the continuous range of stable equilibrium positions or orientations [1] can be strictly
substantiated [27] as the multiple MPW-manifestation with the “saw teeth” magnetic force law .
This non-typical MPW-behavior in the form of “saw teeth” is shown in Fig. 5. In [38] it was
experimentally obtained for the samarium -cobalt disc magnet of 40 mm in diameter and 8 mm in
thickness, and thin niobium ring of 40 mm in outside diameter as shown in Fig. 5 also. After
positioning of the ring on the magnet pole at room temperature, the magnet-ring pair was cooled in
liquid helium cryostat and then the magnetic force as a function of separation between the coaxial
magnet and ring was being measured. The saw-toothed character of the measured magnetic force law
in Fig. 5 can be explained in the following way.

Fig. 5 Magnetic force versus spacing between permanent magnet and niobium ring under condition of
the superconductivity state destruction caused by spacing

The magnetic field of the magnet at the ring location measured before force testing showed that it was
0.1 Tesla, which was less than the critical magnetic field for niobium at temperature 4K (app. 0.14
Tesla). After cooling below the ring superconductivity transition, some magnetic linkage was frozen
in the ring. To satisfy the linkage invariability of the ring as a closed loop of zero electrical resistance,
an increasing current in the ring was arising during increasing separations from zero. The sum of the
“own” magnetic field generating in the ring by this current and the part of the permanent magnet field
coupled with the ring must be constant. At a corresponding magnet-ring separation during the increase
of separations from zero (point A in Fig. 5) the magnetic field critical level was reached for niobium at
4K, which destroyed the superconductivity state of the ring. After that some transient contrary
processes took place. First of all the ring as an inductance loaded by current was generating heat as a
resistor due to flowing the exponentially reducing current in the ring. Liquid helium was cooling the
ring, the ring “own” part of magnetic field was decreasing that restored the ring ideal
electroconductivity etc., so that at point B in Fig. 5 the superconductivity state for the ring was
restored before zero current in the ring. With the ring at the new separation a lesser part of the magnet
flux coupled with the ring together with the new “own” magnetic flux corresponding to the current at
point B were frozen and the second MPW-law revealed between points B and C in Fig. 5. At point C
the second destruction of the superconductivity occurred as a result of the increased “own” field of the
ring etc. The points α, β, γ and γ of the same force level in Fig. 5 are the points of stable balancing
with the saw-toothed magnetic attractive force as a function of spacing. Thus, only quantum levitation
states are possible for a body with MPW-interaction and destruction of the superconductivity caused
by relative displacements between a superconductor and magnetic field source.
If the high temperature superconductor sample can be represented as a big plurality of loops of
different sizes and orientations, floating like “sticking in an invisible heap of sand” [16] can be
explained as an obvious consequence of the saw-shape MPW-force. According to this concept, the
continuos range of stable positions ascribed to levitation of high temperature superconductors [1] is an
approach from a set of discrete (or quantized in said formulation) equilibrium positions of the solid
body to continuity of these positions. It is possible due to the infinite number of loops of zero
electrical resistance operating nearby the critical magnetic field level. Therefore destruction of their
superconductivity state can be caused by a free body displacements similarly to Fig. 5. We tested this
phenomenon not for high temperature superconductors but for low temperature one in order to have a
possibility to measure magnetic forces and in such way to obtain a simple and visual proof.

4
4.1

Stability Testing
The Equilibrium Stability of Other Magnetic Systems

Findings about the MPW-existence were tested with several experiments. One of them is shown in
Fig. 6. Two super conductive coils 1 and 2 as representatives of the zero electrical resistance closed
loops were placed inside the cooling chamber 3 that held liquid helium. Coil 2 was fixed relative to
the frame 6 while coil 1 was movable with respect to frame 6. Coils 1 and 2 were identical with
diameters in 44 mm and 34 mm, and thickness in 5 mm. Both coils were wound with 300 turn of a
copper-clad niobium-titanium wire of 0.33 mm in diameter. A rod 4 was utilized to position the
movable coil 1 and to transmit magnetic forces between coils 1 and 2 to a gauge 7, which measured
these forces. The persistent current switch 5 was used to change the zero electrical resistance state of
coil 1 into the normal electrical conductivity state by heating a small part of coil 1 and, vice versa.
Experiments verifying the MPW-existence conditions were conducted in two stages. The first stage
started from cooling coils 1 and 2 below the superconductivity transition temperature. After that coil 1
was positioned below coil 2 so that spacing between these coils was h = h0. Then a wiring part of coil
1 was transferred from the zero electrical resistance state into the state of normal electrical
conductivity by switch 5. After that a persistent current I0 was induced in coil 2. Subsequently switch
5 was shut off and the zero resistance state of coil 1 was restored. And finally, the magnetic force
between coils 1 and 2 as a function of spacing h was being measured by gauge 7. The second stage of

tests was conducted in a similar way except for switch 5 was being always turned on and the normal
electrical conductivity state for coil 1 was being kept during magnetic force measurements.

Fig. 6 Installation for magnetic forces measurements between two coaxial super conductive coils
Graphs of measured magnetic forces between coils 1 and 2 are shown in Fig. 7 by three pairs of
curves 1, 2, and 3 [42]. Any pair consists of one dashed curve corresponding to the results of the first
stage measurements and one unbroken line corresponding to the differences between results of the
first and second test stages.

Fig. 7 Magnetic forces P, P2 between coaxial super conductive coils versus spacing h. Force P
includes interactions obliged to both diamagnetism and currents flowing in rings; force P2 caused by
currents flowing in rings is the “pure” MPW-force
The pair of curves denoted by 1 in Fig. 7 corresponds to initial experimental conditions h0 = 5 mm and
I0 = 10 Ampere. Curves 2 correspond to values h 0 = 3 mm and I0 = 10 Ampere. And the pair of curves
denoted by 3 in Fig. 5 corresponds to h0 = 3 mm and I0 = 15 Ampere.

The magnetic force measured in the first stage of experiments consisted of two parts. Currents
flowing in short-circuited super conductive coils 1 and 2 generated one of them. The second part was
obliged by the ideal diamagnetism of these coils. The solid curves in Fig. 7, which represent the
“pure” MPW-forces were obtained after reducing the “diamagnetic” part of the combined magnetic
forces measured in the first stage. Forces measured in such a way validated the existence of “pure”
MPW-forces and substantiated the MPW-existence conditions obtained previously theoretically.
Really, as it is visible from Fig. 7 the zero of “pure” MPW-forces are at spacing h0 = 3 mm and h0 = 5
mm as must be in accordance with the theory (formula (2.2.6) or (2.2.7)).

4.2

MPW-Phenomenon Nearby Critical Current Mode

In the aspect of practical applications it is important to estimate the MPW-levitation magnetic force
maximum. This problem was dealt with by measuring the forces between coaxial super conductive
coils when two constraints were satisfied: one, existence of the MPW; and two, existence of the
current conditions approaching the critical mode of one of the coils [43]. Three coil windings were of
niobium-titanium composition. Two smaller coils were movable and the third larger one was
immobile. Before testing two smaller coils kept close against one another were placed symmetrically
inside the larger coil (i.e. at x = 0 in Fig. 8) and were transferred into the non-zero electrical resistance
state by the thermal keys. In Fig. 8 dimensions of coils are given in mm.
First the critical current Ic destroying super conductive condition energized the larger coil. After that
the larger coil was repeatedly energized by a current I, which was a little lesser than Ic, and first the
larger coil and subsequently two smaller coils were transferred into the short-circuited super
conductive state. Thereupon, two smaller coils were moved apart symmetrically and owing to this
they formed the gap. Subsequently this gap was invariant. Finally, the pair of smaller coils was being
displaced and the magnetic force P was being measured as a function of spacing x.

Fig. 8 MPW-suspension nearby the critical current mode
We managed to find an unusual law of the force P in the form of a wave plot as shown in Fig. 8.
Furthermore, during testing displacements of two smaller coils destroyed the super conductive state,

denoted by the + sign plotted as the end of the curve in Fig. 8. It is significant this destruction depends
on the gap between smaller coils but does not necessarily correspond to the maximum force. The
magnetic force P shown in Fig. 8 increases from zero at x = 2 mm to a maximum of 90 kG at x = 5
mm as a function of increasing levitation spacing x that guarantees the axial stability.

4.3

Super Conductive Magnets with Force Level of 2,000 kG

MPW-testing were conducted also in a side wall lev itation configuration with three same super
conductive coils of 600 mm in inside diameter, 100 mm in height, and a small ratio between a coil
thickness and its diameter [43]. An individual metal cryostat was fabricated for each coil. They were
of the cylindrical form with the horizontal-working axis. The coil was located at the bottom of the
cryostat while the helium and nitrogen volumes were at the top of it. Detachable cooled input
terminals, the maximum effective current was 300 A, were incorporated in the design together with
special-purpose power units. They ensured the transfer of horizontal and vertical forces up to 1000 kG
and 2000 kG respectively as well as reliable operation of the coil in the super conductive state. The
distance separating ends of w
t o outer super conductive magnets could vary so the axial “warm”
spacing between the ends of the moving and fixed super conductive magnets could also vary over a
range from 0 mm to 200 mm.
Some imagination about scales of this experimental installation tested in the Cryogenic Laboratory of
the Nuclear Physics Institute of the National Academy of Sciences of Ukraine in 1992 can be obtained
by photographs in Fig. 9-11.
Dimensions of the side wall levitation configuration in comparison with an author stature can be
imaged from Fig. 9. Two super conductive magnets were mounted to the frame by screws. Such
design allowed fixing different spacing between immobile magnets and movable one. In Fig. 9 the
movable super conductive magnet is placed on the special stand behind of the frame though during
testing it was being disposed in the space between super conductive magnets fixed to the frame.

Fig. 9 Three super conductive magnets of the side wall configuration and frame before testing
The frame, bodies and all main details of super conductive magnets were manufactured from stainless
steel. This frame, immobile super conductive magnets and space between them, flexible hoses for
input of liquid helium and output of gas helium, and screws fixing immobile magnets to the frame are
clearly visible in Fig. 9, 10.

Fig. 10. Stationary super conductive magnets fixed to the frame by screws
Fig. 11. Moving super conductive magnets on the special stand before testing
Fig. 11 demonstrates the movable super conductive magnet placed on the above-mentioned stand
welded from a thin stainless steel pipes. Two vertical pipe branches for input and output of helium
and the “warm” hole eccentric to cylindrical body of the magnet and concentric to its coil, which are
apparent from Fig.11 fill up the image about the considered magnetic configuration design.
The super conductive magnets, frame and stand were designed and manufactured by the Special
Design Bureau. It was a division of the Donetsk Physical-Technical Institute of the National Academy
of Sciences of Ukraine. The Ukrainian businessman Victor Ochrimenko financed this work and
testing. During testing the movable magnet was being held, lifted, and lowered by an elevating crane.
The platform for a load (lead ingots of known masses) measuring vertical magnetic forces between
immobile and movable magnets at different vertical and fixed horizontal “warm” spacing was
attached to the movable magnet bottom. Upon cooling, all super conductive magnets were energized
by individual low voltage sources. For preventing possible bumps of the movable magnet against the
stationary ones, we were inserting foam plastic and wood spacers. They were being removed before
magnetic force measurements.
The major result of these initial levitation experiments was the vertically stable MPW-levitation of
750-kg mass with a minimal “warm” spacing more than 120 mm. Moreover, tests were being
conducted without artificial stabilizing system of any kind. The magnets were disconnected with
power sources as they were operating in the persistent current mode.

5

Inventions Based on the MPW-Phenomenon

In order to better understand possible applications of the “Magnetic Potential Well” (MPW)
phenomenon, it is desirable to explain inventions made by Vasyl’ Kozoriz and his followers. Here a
part of these inventions submitted as Applications of the Institute of Cybernetics of the Academy of
Sciences of the former Ukrainian SSR to the State Patent and Discoveries Committee of the former
USSR is presented in Table.
Number Priority
675720 11.09. 76
716362
854102

Table

Title
The Method of Automatic Docking of Space
Apparatuses and Device of Realization
02.22. 78
The Super Conductive Inertial Navigation
Device
Super Conductive Magnetic Suspension of a Rotor

1049694
934598
1116926
1184169

04.09. 79
Magnetic Suspension of a Rotor
04.29. 80
The Three-Axial Accelerometer
04.29. 80
The Super Conductive Magnetic Support
04.30.82 Triggering a Body to the Super Conductive Magnetic
Support
220505 08.24. 84
The Super Conductive Inertial Navigation
Device
247774 12.02. 85
The Controlled Cryogenic Inertial System
1369415 12.25. 85 The Pumping Unit of the Cryogenic Liquid Transfer
1417552 10.18. 85
Super Conductive Magnetic Suspension of
the Vertical Rotor
1340519 11.04. 85
The Method of Magnetic Suspension of a Super
Conductive Loop
1396458
1362196
1382337
1428046
1429689
263711
276123
274850
278877
280948
299185
305855

01.20. 86
Triggering a Body to Magnetic Suspension
02.03. 86
The Turbodetander Unit
05.26. 86
Super Conductive Magnetic Suspension
05.26. 86
The Gravimeter
09.16. 86
The Helium Liquefier
05.21. 86
Super Conductive Magnetic Suspension
07.06. 87 The Super Conductive Inertial Navigation Element
07.20. 87
The Cryogenic Gravimeter
09.07. 87
The Super Conductive Gravimeter
10.26. 87
The Cryogenic Gravimeter
06.21. 88
The Cryogenic Gravimeter
01.30. 89
The Cryogenic Gravimeter

As we can see from this Table, the USSR Author's Certifications registered from 1976 to 1989 refer to
various fields of the MP W-phenomenon applicability: inertial navigation, gravitational measurements,
docking in the space, cryogenics, magnetic levitation transportation, magnetic suspension of rotors.
We shortly present some inventions from the Table above.

5.1

The Method of Automat ic Docking of Space Apparatuses

This method demonstrates a “direct and full manifestation” of the MPW-phenomenon. The distant
apparatuses launched separately into their relative nearness change themselves their relative
orientation to magnetic attraction between super conductive magnets mounted on these apparatuses. It
is possible if spacing-dependent and orientation-dependent magnetic interaction between apparatuses
begins to be noticeable. As a result of self-attained mutual orientation, apparatuses begin to approach
one towards another by the magnetic attractive force between them. These magnets were energized on
the Earth before launching of apparatuses under condition of the MPW-phenomenon manifestation
between super conductive magnets. Magnets operate in the persistent current mode up to the docking
end and possibly longer.
During approaching the magnetic energy accumulated in super conductive magnets is directly and
without losses conversing into the kinetic energy of the apparatuses relative motion. Remember that
MPW-manifestation means conversion of the magnetic attraction into the magnetic repulsion owing
to only approaching of apparatuses. Therefore in the apparatuses approach process the spacing arises
from which the magnetic attractive force between super conductive magnets is decreasing up to zero.
At spacing corresponding to the magnetic attractive force zero, conversion of the magnetic energy
into the kinetic energy of the apparatuses relative motion ends. But the space apparatuses continue to
approach one towards another by inertia. Owing to the MPW-phenomenon manifestation after the
zero magnetic force spacing between super conductive magnets, repulsive magnetic forces emerge.
These magnetic forces are increasing in magnitude in the approach process. Directions of repulsive
magnetic forces are opposite to speeds of the apparatuses relative motion that brakes apparatuses.
Therefore they are slowing down in their subsequent relative motion. Such breaking is not entailed by
energy dissipation. It is a self-carrying out process of the direct conversion of the apparatuses relative

motion kinetic energy into magnetic energy of their short-circuited super conductive magnets. At
some minimal spacing between apparatuses their relative motion kinetic energy runs out and turns
into the magnetic energy fully. In this moment it is necessary to turn on coupling locks because space
apparatuses can begin to move in opposite directions by magnetic repulsive forces between their super
conductive magnets.
The described mechanism of the docking is the self-executing process and does not need any other
movers, energy supply, and automatic system guaranteeing precise and non-impact docking. The
theory of this docking is represented in [26, 27]. Energy accumulated in super conductive magnets can
be kept after docking or be utilized in following for board needs or to undocking owing to repulsive
magnetic forces that are in presence between super conductive magnets at the docked apparatus
position.

5.2

The Magnetic Suspension of a Rotor

In this invention the MPW-phenomenon is used to realize the stable passive (without automation)
magnetic suspension of a rotor by the force interaction between super conductive current rings on a
stator and ring permanent magnets on a rotor. This suspension operates at the positive axial stiffness
range (decreasing the axial magnetic force during approaching between magnets and rings is provided
by the MPW-phenomenon) together with the positive radial stiffness as a consequence of the
attractive nature of magnetic forces. In proposed invention with the aim to increase the suspension
stiffness they use opposite current directions in neighboring stator rings and opposite magnetization
directions of neighboring rotor magnets. It is shown in Fig. 12, where 1 is stator, 2 – rotor, 3 – super
conductive rings, and 4 – ring permanent magnets. Magnetic lines of forces are depicted with pointers
and current directions with signs + and *.

Fig. 12 MPW-suspension of a rotor realized by in turns directed super conductive ring currents and in
turns radial-magnetized permanent magnets

5.3

Triggering a Body to the Super Conductive Magnetic Support

This invention concerns magnetic levitation transportation. It can be clearly explained by Fig. 13
where 1 is a vehicle, 2 – super conductive magnet, 3 – short-circuited super conductive coil, 4 – twowire direct current line on the guide way, and 5 – stock of the variable length.

Fig. 13 MPW-suspension of a vehicle

First the vehicle 1 is set in a touching position between magnet 2 and oper ating line 4 owing to stock
5. Then in this position they provide the short-circuited super conductive condition of coil 3 or
shortly-term destroy this condition if it exists. After that they decrease a length of stock 5. As a result
of these actions and force of gravity G, vehicle 1 drops down. The increase in the spacing provokes an
increasing attractive magnetic force P owing to the MPW-manifestation. This force is directed
opposite with respect to the gravity G. Therefore vehicle 1 will be suspended in a free stable state
under the guide way after some dropping down. The vertical stability is guaranteed by the MPWphenomenon. The lateral stability and stability with respect to the space orientation is provided owing
to attractive nature of the magnetic force P and pendulum factor of suspension. This suspension does
not need automation In the case of the super conductive line 4, the MPW-suspension of the vehicle is
practically without energy consumption (energy is needful only to support the temperature level of
superconductors). Low temperature high current density superconductors (e.g. niobium-titanium and
niobium-tin joins) make possible 100 mm and more in spacing of suspension capable of reliable
operation at speeds 500 km/h and more.

5.4

Triggering a Body to Magnetic Suspension

Field of this invention is transportation. The proposed method comprises the following operation
consequence. First there are placing and fixing a super conductive closed loop under a source of the
constant magnetic field before transferring this loop into the zero electrical resistance condition. After
that they concentrate the magnetic field in the area of the loop, transfer the loop into super conductive
state, and dismiss the loop from fixation. An example of devices based on this method is shown in
Fig. 14. Here 1 is a source of the constant magnetic field (permanent magnet), 2 – soft ferromagnetic
(magnetic conductor), 3 – super conductive loop, 4 – cryostat, 5 – input of helium (He), 6 and 7 –
connecting rods, 8 – plate from a soft ferromagnetic, 9 – useful freight (e.g. vehicle), 10 – fixing unit,
11 – platform.

Fig. 14 The first of two stages to realize the MPW-suspension by permanent magnets
First the unit 10 fixes the movable part of system with spacing δ0 (without fixation the movable part
of system can move to magnet 1 by magnetic attraction between plate 8 and magnet 1). In fixed
position they are pour out the liquid helium in cryostat 4 (Fig. 14) and in the short-circuited loop 3 the
super conductive condition emerges . After dismissal from fixation the movable part begins to move
upward by magnetic attraction between plate 8 and magnet 1, but the decrease in the air gap and the

MPW-manifestation cause the magnetic repulsion between magnet 1 and loop 3. Therefore the
movable part stops at some spacing δ 1 < δ0 and levitates under magnet 1 (Fig. 15).

Fig. 15 The second of two stages to realize the MPW-suspension by permanent magnets
Some inventions (the USSR Author's Certifications ## 1428046, 283041, 274850, 299185, 305855
and others) based on the MPW-phenomenon concern gravitational measurements. In these inventions
the MPW-phenomenon provides the stable energy non-loss super conductive suspension of a free
sensitive element and, moreover, super conductive quantum interferometer devices (SQUIDs) fix its
space displacements.
Some inventions (the USSR Author's Certifications ## 220505, 247774, 276123 and others) based
on the MPW-phenomenon concern sensitive elements of inertial navigation systems. In these
applications the MPW-phenomenon provides the energy non-less super conductive levitation of a
sensitive element. The Vasyl’ Kozoriz’s idea of the controlled MPW-suspension of the sensitive
element is used. The control provides for measuring six degrees of freedom of the free sensitive
element and forming corresponding controlling magnetic forces so that the free sensitive element is
space-immobile relative to the device frame. In order to attain such the space-immobility, SQUIDs fix
three displacements of the mass center of the sensitive element and three angels of its space
orientation relative to the frame. Any change of fixed parameters causes currents and corresponding
magnetic forces in controlling coils. These forces compensate any possible linear and/or angle
displacements of the free sensitive element relatively the frame. Exact and full information about
currents in controlling coils that is measured by the SQUIDs is sufficient for the most precise solution
of the inertial navigation problem.
Some inventions (the USSR Author's Certifications ## 1369415, 1429689 and others) based on the
MPW-phenomenon concern cryogenics particularly pumps for the liquid helium transfer. In this case
the positive potential effect is evident because today’s operating requirement of the high current
density superconductors (the level of helium temperatures) is satisfied naturally as an operating
condition of cryogenic devices.

6

“One Sided Action of a Magnet” (OSAM)

Fig. 16 shows the well-known property of the magnetic interaction. First we consider positions of a
magnet 3 at remoteness with respect to magnets 2, which are fixed to a platform 1 (such a position x1
is shown on the left of the magnets 2). Vectors of magnetic forces P1, P 2 construct the vector P of the
resultant magnetic force. The modulus P of the vector P is a function of the distance to magnets 2 (or
position x) as depicted with the curve l 1 in Fig. 16b. For remote positions to magnets 2 the attractive
magnetic force P increases as distance x to magnets 2 decreases. Aft er that at position x = x2 force P

reaches the maximal magnitude. Then force P decreases as distance x to magnets 2 decreases and
force P is equal to zero at position of the maximal nearness to magnets 2 (x = 0, Fig. 16). In the
process of translocation of magnet 3 to magnets 2 on the left side of magnets 2 in Fig. 16 their
magnetic energy is conversing into kinetic energy of magnet 3. The quantity of transformed energy is
equal to the magnitude of the hatched area S1 in Fig. 16b between the curve l1 and ax is x over the
interval x1 < x < 0 (x1 – remote position).

Fig. 16 The OSAM -phenomenon as a new method to accelerate a body

Fig. 17 The OSAM-phenomenon as a new method to slow down a body

If on the left of the magnets 2 in Fig 16a the magnetic force P is accelerating in its nature, from the
right of ones in Fig. 16a it becomes a decelerating force and depends on distance x as depicted with
the curve l2 in Fig. 16b. The curve l2 is symmetrical to the curve l 1 (the point O is center of this
symmetry). On the right from the point O the force P is a slowing down force for magnet 3.
Therefore, its kinetic energy is transforming into magnetic energy. The quantity of the transformed
energy is equal to the magnitude of the hatched area S 2 in Fig. 16b between the axis x and the curve l2
over the interval 0 < x < x3. The algebraic sum of areas S 1 and S2 is equal to zero. Consequently, the
summing acceleration or braking effect in this case is equal to zero also.
The operations discovered by Vasyl’ Kozoriz eliminate the curve l2 in Fig. 16b without energy losses
practically and without any additional unit transferring converted energy. This means that the
magnetic force P law in Fig. 16b can be transformed into the law in Fig.16c. In this case the hatched
area S3 in Fig. 16c is equal to the magnetic energy converted into the kinetic energy. Therefore, we
have the most energy effective conversion between magnetic and mechanic energies.
If Fig. 16 demonstrates the new method of acceleration (obtaining kinetic energy from magnetic one),
Fig. 17 shows the usage of the OSAM-phenomenon as ? slowing down method. There are four
designated positions (x1, x 2,, x = 0, and x3 in Fig 17) of the magnet 3 moving from the left to the right
relatively a super conductive magnet 2 fixed on guide way 1. Without energy losses and additional
devices transferring converted energy, the magnetic force acting on magnet 3 is zero on the left with
respect to magnet 2 (between x 1 and x = 0 in Fig 17) on the basis of operations discovered by Vasyl’
Kozoriz. Moreover, it is oppositely directed to the velocity vector of magnet 3 between x = 0 and x3 in
Fig. 17. Therefore it is slowing down magnet 3 under the law like to the one to the right of the point O
in Fig. 16b.
The stopping character of the magnetic force modulus causes the decrease in the kinetic energy of the
magnet 3. This energy is converting into magnetic energy of loop 2 practically without energy losses.
The quantity of converted magnetic energy is equal to the hatched area S 4 in F ig. 17b.

7

Testing the OSAM-Phenomenon

For the observation of the OSAM-phenomenon and accelerating/braking processes, three
experimental models were performed and sampled. In fact, their two magnetic systems corresponded
to ones for exploration of the MPW-phenomenon with an addition of the measuring subsystem and
special automation for elimination of the right part (for acceleration) or left one (for braking) of the
magnetic force curve in Fig. 16b. The main goal of testing the OSAM-phenomenon was to prove a
possibility to realize the picture in Fig. 16c for acceleration and picture in Fig. 17b for braking (or,
more exactly, for slowing down) without energy loss in both cases.

7.1

System A

The magnetic part of the this system consisted of the super conductive coil inside the immobile liquid
helium cryostat of 700 mm in external diameter and 1100 mm in length, the inner “warm” hole of 100
mm in diameter, and a set of the neodymium -ferric-boron magnets. The photograph of the immobile
super conductive magnet is shown in Fig. 16 where the cryostat, winch, steal cable, white ruler, and
red arrow of dynamometer are visible. Time keeping of the helium was equal to 10 days. Testing this
system demonstrated the energy efficiency no less than 90% (compared to the magnetic energy level
of super conductive coil).

7.2

System B

In this system instead of the permanent magnet set of System A, the super conductive coil was
applied. It was mounted in the individual moved cryostat. The measuring subsystem and automation
to eliminate corresponding parts of the magnetic force law in Fig. 16 were the same. Tested efficiency
levels of the energy transformation in both directions (from magnetic to mechanical and, vice versa)
for these two super conductive coils were no less than 95%. The level of maximal magnetic pull and

braking force for these coils was 250 kG. It was restricted by the cable durability rather than magnetic
force possibilities of the used super conductive coil materials (niobium -titanium joining).

7.3

System C

In this system each of three identical super conductive magnets in the attache case shape included
inside its volume two similar coils of 200 mm in external diameter and 170 mm in inside diameter, 60
mm in height, and 290 mm in the distance between coil horizontal axles. The same measuring
subsystem and automation were applied during testing. The niobium-titanium wire was applied for
winding. The “warm ” air gap between movable and each immobile magnet was 50 mm. In tests the
maximal magnetic force level was attained up to 400 kG. This level was restricted by the cable
durability. Tested efficiency level of the mutual energy transformation was no less than 95%.

Fig. 18 The basic stationary super conductive magnet with central “warm” hole and force measuring
subsystem
During 1991-1993 the OSAM-phenomenon sampling were being demonstrated to many
representatives of other countries (Japan, Germany, USA, Italy, and Russia). Specifically, the
magnetic force measuring experiments on the system B were being demonstrated to:
· F. Wyczalek, President, FW&Lilly Inc. USA, 1991;
· V. Antonov, Defense Minister of Ukraine, 1992;
· P. Zhemanjuk, Vice-President, “Motor Sich”, 1992;
· D. Kiva, Vice General Designer of the Antonov Aircraft Design Bureau, 1992;
· B. Fedorovich, General Dynamics, USA, 1992;
· H. Coneway, Rocketdyne Division Rockwell Intern. Corp., 1992;
· M. Yarymovich, Rockwell Intern. Corp., 1993.
Representatives fulfilled themselves sampling to be confident into the OSAM-phenomenon reliability.
Some photographs below show details of these demonstrations. After clarifying all details of
sampling, Michael Yarymovich, Vice-President of the Rockwell Intern. Corp. is turning the winch
and observing the response of the dynamometer measuring force between immobile super conductive
magnet and movable one (Fig. 19).
After measurements fulfilled by M. Yarymovich, clarifications of experimental results obtained by
him were being conducted (see Fig. 20). In any known case the changeover from the magnetic force

law in Fig. 16b to the force law in Fig. 16c entails the energy losses during acceleration process. The
order of this losses is equivalent to the energy level of accelerating magnets i.e. app. 500 Joul in
sampling fulfilled by M. Yarymovich. Similarly, transformation of the law in Fig. 16b to the law in
Fig. 17b during a slowing down process needs to lose at least all kinetic energy for all known braking
methods. But in the case of the OSAM-phenomenon manifestation the level of energy losses is much
less than energy level of small batteries visible on the table in Fig 20. That is exactly what was used in
the automatic subsystem to obtain measurement results in tests executed by Yarymovich.

Fig. 19 Michael Yarymovich of Rockwell International (now a part of Boeing) examines the
reliability of the magnetic force law less energy loss in Fig. 16c

Fig. 20 Clarifications of the chief characteristics of future OSAM -movers
Fig. 21 Hal Coneway of Rocketdyne Division turns winch verifying the magnetic force law in Fig.
16c for the system B with m aximal force level of app. 200 kG
Hal Coneway, a representative of the Rocketdyne Division (the Rockwell Intern. Corp., now a part of
Boeing), visited and participated in the OSAM-testing also (Fig. 21).
Finally, conclusions based on carried out experiments with A, B, C systems can be made:
1. OSAM-phenomenon can be realized in system of super conductive magnets and for permanent
magnet-super conductive magnet sets;

2. OSAM-mutual conversion between magnetic and kinetic energies can be direct, without sliding
contacts and any additional device transferring converted energy, and with energy efficiency more
than 90%;
3. Efficiency and fullness of the OSAM-mutual conversion between magnetic and kinetic energies
are irrespective of the vehicle speed;
4. OSAM-movers with applying modern materials can generate pressure levels up to 1000 kG/ cm2
and operate with air clearances of 100-300 mm for “cold-cold” super conductive magnets;
5. OSAM-movers with applying modern permanent magnets and “cold” superconductors can effect
pressures of about 50 kG/ cm2 and operate with air clearances of 10-50 mm.

8

Possible OSAM Applications

As for the authors, the OSAM-mover is the historically first engine of the reiterated use of the same
energy with theoretically infinite number of iteration times. It can be the basis of many new moversbrakes for existing and designed (e.g. magnetic levitation) transportation systems. Here we consider
only two new transport proposals “The Magnetic Moving System” (MMS) concerning automobiles
and “The Aircraft Take-Off and Landing System” (ATOLS). These proposals are currently being
patented in the U.S.A.

8.1

Magnetic Moving System

MMS is able to convert mutually and directly a great amount of magnetic and kinetic energies with no
less than 90% efficiency, quickly and non-contact. First energy of the alternating-current mains owing
to the low-voltage unit with 95% efficiency is converting into magnetic energy, which is being kept in
super conductive magnets without a leak of energy.
The MMS -acceleration process of cars is a direct transformation of the kept magnetic energy into cars
kinetic energies practically without energy losses. The quantity of magnetic energy suffices for
acceleration of many cars.
The MMS -braking process has the unique peculiarity. If all operating cars are losing energy during
braking, MMS is not heating braking shoes. Braking is a direct and complete inverse conversion of
kinetic energies of moving cars into magnetic energy, which was being kept in super conductive
magnets without energy los ses. Stored magnetic energy can be utilized to accelerate cars again.
Braking of cars is “the speed-independed return of fuel into a petrol tank”.
MMS does not change a car design. There are only additional detachable devices weighting about 50
kG for a car and 200 kG for a truck. MMS is an ideal ecological system. It has nothing pollution.
Pistons and transmissions are not acting. Only wheels, their shafts and bearings are revolving. Pulling
forces of MMS guarantee the lateral stability of cars and stability about their orientation with respect
to the road. MMS operates more quickly and precisely than drivers of many cars can be acting on a
road. MMS insures 100% safety irrespective of a speed. MMS is able to achieve a reality even in the
concept of a highway called today futuristic, where an instrumented car enters an instrumented lane
and the driver becomes a passenger.
MMS is the best actuator not only on highways but also in big cities with a large number of
intersections, stop lights, and crowds of people and cars.

8.2

The Aircraft Take-Off and Landing System

An aircraft is taxing very long time before take-off and landing before stop. A descending flight takes
a long time. Energy efficiency is no more 30% on any part of the flight. The aircraft kinetic energy
and energy for braking are going to waste during landing. Aircraft engines pollute the air and produce
noises. Aircraft comfort and new possibilities of airlifts are limited by the engine power inadequacy.
But the multiple growth of the engine power under conditions of the same overall sizes and mass is
impractical.

Only ATOLS is able to realize inaccessible possibilities in the aircraft transport. ATOLS executes
mutual transformation between magnetic and kinetic energies of billions of Joules directly, with more
than 90% efficiency, quickly and non-contact.
Regardless of the aircraft mass, owing to ATOLS the takeoff and landing time and runway can be
reduced to 20 second and 300 meter respectively and landing speed can be 500 km/h and more.
Immobile super conductive magnets placed along the runway accelerate or slow down up to stop
aircraft even without changes of the airplane design. During ATOLS-acceleration the magnetic energy
stored in advance in immobile super conductive magnets is converting into the aircraft kinetic energy
directly, without sliding contacts, and practically without energy losses. During ATOLS-braking of
the aircraft along runway its kinetic energy in a like manner is accumulating in the form of magnetic
energy into the immobile super conductive magnets. The accumulated energy is being preserved in
these magnets without energy losses.
The accumulated magnetic energy can be reused again to accelerate aircraft. ATOLS eliminates the
problems of carrying capacity and pollution around the airport. Only ATOLS is nowadays the hope to
decrease essentially the airport territory.

9

The MPW-Concept of Ground Transportation

As regards principles of hanging in the free state by the use of magnetic forces, it would by desirable
to remember the existence of the Earnshaw’s theorem that forbids “magnetic hanging” [2-4, 6].
Therefore any practicable magnetic levitation has to foresee the fulfillment of special conditions when
Earnshaw’s theorem is inapplicable.
Now there are two well-known concepts to achieve practicable magnetic levitation. The first of them
is automated electromagnetic levitation with feed- back control of magnetic forces to provide a
constant gap and the second one is passive (uncontrolled) elecrtodynamic levitation [22, 6]. It appe ars
only at some velocity between a magnet and electrical conductor, e.g. aluminum plate.
There is less known concept to achieve magnetic levitation. It is based on the “Magnetic Potential
Well Phenomenon” (MPW) [27, 37, 43- 45]. This phenomenon signifies that magnetic attraction
between two magnets, if at least one of them is a persistent current mode super conductive magnet,
can change into magnetic repulsion only due to the spacing decrease between these magnets. The
MPW-concept makes “magnetic hanging” similar to usual spring hanging that is possible if some
exactly determined restrictions on the system parameters are fulfilled.
Calling a spade a spade, magnetic levitation is not the universal panacea. Except technical
complications, its realization entails appearance of some problems extraordinary for the vehicle-rail as
a traditional friction pair. Particularly it is important not only to suspend statically, but guarantee noncontact magnetic suspension during the motion process. This condition requir es providing some
restrictions from below for the stiffness of magnetic levitation. In other words, the heat release and
other disadvantages of usual friction pairs arising at big velocities transform into the problem of
satisfying some magnetic force parameters for non- contact kinematic pairs.
Any of above mentioned magnetic levitation concept possesses some restrictions particularly in the
part of the stiffness level. On the base of analysis [27], the MPW-levitation guarantees the highest
level of the stiffness of non-contact magnetic suspension. It is caused by the fact that only the MPWlevitation can be realized in magnetic fields of the levels of 10-20 Tesla. Other versions, e.g.
automated electromagnetic suspension is restricted by the fields of the level app. 2.5 Tesla that
corresponds with magnetic saturation of the best commercial ferromagnetic materials. Better
permanent rare-earth magnets that are used as a source of magnetic field for super conductive passive
magnetic levitation [6] are somewhat more restricted with respect to the magnetic field level. These
data mean the magnetic forces that are in square proportion to the magnetic field level in the case of
the MPW-suspension are capable to provide operating magnetic pressures inside diapason of 500-

2000 kG/cm2. Such a level of supporting magnetic forces can guarantee stiffness sufficient for the
non- contact vehicle velocity up to 1 km/sec and more.
Vasyl’ Kozoriz who discovered the MPW felt the need to verify experimentally the MPW-magnetic
force parameters from the instant of the MPW-discovery in 1975. But the Cybernetics Institute of the
Academy of Sciences of the former Ukrainian SSR where he was ? scientific worker did not possess
cryogenic equipment at that time. All other authorities considered such experiments as a waste of
money and time. Only Professor I. D. Ko lodjejev of the Kharkiv High Aviation School, who could
use cryogenic equipment of the Kharkiv Physical-Technical Institute of the Academy of Sciences of
the former Ukrainian SSR agreed to carry out these crazy experiments. In such way results
represented above in Fig. 7 and the first non-secret publication [42] concerning the MPWphenomenon with its experimental corroboration came into the world in 1976.
But real progress in the MPW-testing proved to be possible owing to one private person that was
Ukrainian businessman Victor Ochrimenko. Only after his decision to finance the MPW and OSAMtesting, which was incomprehensible for many wise people, the experimental matter was going well.
First of all, the super conductive magnet within the cryostat with “warm” hole of 100 mm in diameter
was bought as one basic magnet (Fig. 18). The second magnet was planned in versions of the
neodymium-ferric -boron permanent magnet set and super conductive magnet inside the individual
cryostat with their freedom to move along the “warm” hole. The measuring subsystem was
manufactured to verify the MPW-force law. It consisted of a winch, cable connecting the second
magnet with the winch and dynamometer by means of blocks, a ruler and red arrow that are visible in
the right side of Fig. 18.
Nikolaj Tarjanik, a scientist of the Special Design Bureau of the Donetsk Physical-Technical Institute
of the Academy of Sciences of the Ukrainian SSR, rendered invaluable assistance in designing,
manufacturing and testing super conductive magnets shown in Fig 9, 18. He advanced a number of
interesting ideas concerning a magnet design, carried out analysis, and devised methods for
preparatory tests. Nikolaj Pelykh, Chief of the Cryogenic Laboratory, a division of the Nuclear Physic
Institute of the Academy of Sciences of the former Ukrainian SSR was fault lessly providing
experimenters with liquid helium and nitrogen during testing.
The first MPW-tests with usage of the basic super conductive magnet shown in Fig. 18 revived an
interest in some experts and the public. Particularly, in July 1991 Florian Antony Wyczalek, President
of FW&Lilly Inc., U.S.A. was visiting in Kyiv. His interest was the MPW-suspension of the
permanent magnet set in the hole of the super conductive magnet in Fig. 18, the MPW-force law
between a pair of super conductive magnets. And, of course, the OSAM-phenomenon was
demonstrated for him. Fig. 22 shows a seminar at the Kyiv House of Scientists during this visit where
F.A.Wyczalek is the first from the right.

Fig. 22 Discussion about magnetic levitation principles at the Kyiv House of Scientists (July 1991)

Possibly, this contact initiated some publications [46,47] where MPW-concept of maglev
transportation was recognized as independent one and on an equal foot with other maglev concepts
worldwide. F.A.Wyczalek and George Korol of Ford Motor Co. promoted our participation in SAEConferences in 1991 and 1992 and publication of our results [37,44] as preprints of the USA’s Society
of Automotive Engineers (SAE).

Fig. 23 Prize champagne on better reports is on the table in two black packets, Portland, 1991
Some par ticipants of the SAE-Conference in 1991 demonstrate an Americanized smile in Fig. 23.
Here from the left to the right are represented:
· George C. Smith;
· Bohdan Fedorovich, General Dynamics, USA;
· an employee of SAE-Conference;
· Halyna Kozoriz, Senior Research Worker of the Power Engineering Modeling Institute of the
Academy of Sciences of the former Ukrainian SSR;
· Floyd A. Wyczalek, FW&Lilly, USA;
· Vasyl’ Kozoriz, Chief of the Super Conductive Controlled Dynamic Systems Department of the
Cybernetics Institute of the Academy of Sciences of the former Ukrainian SSR;
· Richard Thornton, Professor of the MIT, USA.
Photograph in Fig. 24 shows our second participation in SAE-Conference in 1992 (Costa Mesa,
California). Vasyl’ Kozoriz, Igor Jaremenko of Rockwell Intern. Corp. and Hisashi Tanaka of Japan
from the right to the left are visible.

Fig. 24 Our second participation in SAE- Conference, USA, 1992

Generally speaking, our investigations demonstrate that the MPW-suspension of the vehicle can have
a large clear ance of about 100 mm and more. Application of this suspension offers the lowest power
consumption because the MPW-support power needs only to compensate cold drains in the super
conductive magnets. These drains are expected to be of about 0.01 kW per one suspended ton. Also
the widest range of the vehicle suspension stiffness makes possibility for natural oscillations within a
frequency band up to 104 Hz and, what is more, they can be different in different directions. Special
stabilizing system is absent. Further levitation of not only one but also several free bodies is possible.
This can be achieved through a judicious choice of geometric and magnetic parameters. Also, the
MPW-levitation operates regardless of a vehicle speed and this widens the super conductive
application vistas to include both urban low speed and suburban high-speed transit.
Magnetic levitation as a tool to eliminate wheels, wear, and friction in a considerable degree is only a
part of the problem of high-tech in transportation. The second problem of significant importance is a
compact mover of high power capacity. As far as known acceleration principles concerned, there are
two well-known versions. One of them is the asynchronous linear motor (ALM) and the second
version is the synchronous linear motor (SLM).
A three-phase current carrying winding that is usually placed on an immovable part of the LAM
generates magnetic field running along the acceleration direction (Fig. 25). This field induces eddy
currents into the electrically conducting material mounted on a body intended for acceleration.
Interaction of the winding magnetic field and one of the eddy currents produces the accelerating force.
The ALM is capable to operate regardless of synchronism between velocities of the accelerated body
and magnetic field generated by the three- phase winding. The ALM’s drawback is a relatively low
level of accelerating forces that is entailed by low levels both generating and generated magnetic
fields.

Fig. 25 Linear Asynchronous Motor principle allows the vehicle speed variety at the constant speed of
running magnetic field pulling the vehicle
The main advantage of the SLM is powerful super conductive magnets instead of aluminum plate in
the LAM. As a rule, these magnets are mounted on the vehicle (Fig. 26). Without energy losses they
generate the high level magnetic field that substantially increases the level of accelerating forces.
From the other hand, operation conditions of any synchronous electric motor require synchronism
between the vehicle magnetic field velocity and velocity of the three phase winding magnetic field
running along the acceleration direction. The mains feeding windings to produce magnetic fields have
usually constant frequency. At the same time, the accelerated body velocity must be variable “by
definition”. Therefore SLM needs a smooth frequency converter. The last is an additional bulky
device transferring all energy that is needed to accelerate the vehicle. This necessitates the substantial
lowering the energy transformation efficiency.

Fig. 26 All energy required to move the vehicle must be transferred through frequency converter in
the LSM to obtain concordance between the vehicle and running magnetic field velosities
In the three-phase winding place, another version of the SLM uses a set of separate accelerating
magnets placed along the motion direction (Fig. 27). In the case of super conductive magnets this
schema is very effective. Any accelerator produces a pull that increases beginning from remoteness
and approaching to the accelerating magnet. Then the pull reaches maximal value and after that
decreases to zero at the maximal nearness to the accelerating magnet. After passing the last, the
accelerating magnet must by switched off because it will begin to attract in the opposite direction
producing the slowing down force instead of pulling one. From the other hand, instantaneous
switching off super conductive powerful magnets is a complicated technical problem when
considerable heat release and other un desirable processes, e.g. short-circuit are arising. Therefore,
practically this schema transforms the smooth frequency converter problem into the short energy
evacuation problem applied to the powerful inductive super conductive energy storage.

Fig. 27 Individual magnetic accelerators along guide way require transient removing energy nearby
maximal nearnesses between the vehicle and accelerator magnets
We have an experience in designing and testing a linear motor based on the use of the “One Sided
Action of a Magnet” (OSAM) phenomenon. The last means the magnetic force on one side with
respect to a magnet-accelerator producing this force disappears and this magnet does not produce any
force after passing a position of the maximal nearness between accelerator and accelerated magnet.
The required law of the accelerating force along the motion direction e.g. constant acceleration can be

achieved by a set of magnet-accelerators, when any of them operates in the OSAM-power condition.
Such a set of the OSAM-movers is capable of converting magnetic energy, which is stored in
powerful super conductive magnets, into kinetic energy of the accelerated train in the best way.
Similar advantages in the inverse energy conversion (from kinetic form to magnetic one) can be
realized during slowing down processes. Really, these both conversions are non-contact, irrespective
of velocity, directly i.e. without any auxiliary device transferring energy converting from magnetic to
kinetic form or vice versa, and fully i.e. without a need to remove non-utilized energy of inductive
storage. The energy efficiency of the OSAM -conversion of super conductive storage energy can be
more than 90%. We tested various experimental models of the OSAM-movers with force level from
200 kG to 1500 kG and substantiated 90%-95% of the energy efficiency (see above).
We can make conclusions from above:
1. Earnshaw bequeathed impossibility to hang freely by magnetic forces, and connoisseurs and
newcomers during more than 150 year are refuting the Earnshaw’s theorem or trying to search an
exclusion from this theorem. There are only two strictly substantiated exclusions as bases of
modern magnetic levitation transportation projects: controlled gap electromagnetic attraction
levitation, and elecrtodynamic repulsion levitation;
2. The MPW-phenomenon is the third exclusion from the fundamental Earnshaw’s theorem without
its repudiation. The MPW-levitation is a new method of passive magnetic levitation irrespective
of the Braunbeck’s diamagnetism (including one of superconductors) as an exclusion from the
Earnshaw’s theorem. The MPW-levitation operates irrespective of the vehicle speed and
automation. It does not require power supply except for cold drains. It is inherently stable and
attains this stability by selection of design parameters. Consequently, the MPW-concept greatly
expands the potential magnetic levitation options available in the field of transportation;
3. The novel principle of the linear motor is proposed. It is based on the OSAM-phenomenon.
Advantages of the OSAM-motor relatively other known linear motors are caused by the highest
level of the energy efficiency of mutual conversion between magnetic and kinetic energies during
accelerations and slowing down up to stop. The OSAM-motor is the historically first motor of
reiterated use of the same energy with very big number of iterations.

10 MPW and OSAM Phenomena and High-tech
Data about current magnetic levitation transportation development in the world can be obtained
particularly from transactions of 15 th MAGLEV’98 in Japan and 16 th MAGLEV’2000 in Brazil
Conferences and Internet. E.g. maglev status in Germany, Japan, and U.S.A. is discussed in
[http://www.epri.com/EPRI_Journal/jan_feb97/22.html] dated May 28 th, 1999:
“Considered ready now for commercial passenger service, Germany’s Transrapid maglev design had
been extensively tested with full-scale prototypes. It employs an electromagnetic suspension system in
which conventional iron-core magnets underneath the vehicle are attracted upward to steel rails. The
close clearance (1 cm) between vehicle and guideway translates to tight tolerance that contributes to
high costs for the guideway.”
“The Japanese maglev program is developing an electrodynamic system based on repulsion-mode
concept first proposed and patented by Americans James Powell and Gordon Danby in 1960s. The
system features super conductive magnets on the vehicle board that induces currents in stator coils
contained in the guideway sidewalls. Once magnetic liftoff is achieved – at about 100 km/h (62 mph)
– the vehicle is levitated about 15 cm; at lower speeds it rolls on rubber tires. The new double -track
test guideway in Yamanashi Prefecture will enable operating testing of full-scale prototypes,
including 500-km/h (310-mph) runs through tunnels.”
From this and proceedings of last International MAGLEV Conferences it follows that only controlled
electromagnetic suspensio n and electrodynamic repulsion as magnetic levitation concepts are being
used now, particularly in the most developed projects. The MPW-phenomenon is unknown and is not
being used in transportation at this time. Additionally, known data signify that in the most developed

maglev transportation projects only well-known principles of linear asynchronous and synchronous
motors are being used to drive the magnetic levitated vehicles. The OSAM -movers are unknown and
are not being used also.
From the cited Web site, the USA maglev transportation projects are represented particularly in the
part of operating principles:
“Three of the advanced U.S. concepts feature an electrodynamic system in which super conducting
vehicle magnets interact with guideway conductors. The fourth design uses an electromagnetic system
similar to that of Germany’s Transrapid but with super conductive vehicle magnet coils. A team led
by Bethel, which included Hughes Aircraft, General Motors’ electromotive division, MIT, and the
Draper Laboratories conceived a system featuring single-car vehicles designed to tilt on curves. They
would have onboard null-flux super conductive magnets and ride a box-beam guideway with null-flux
coils built in. Part of the guideway would be constructed of fiber-reinforced plastic to limit energy
losses from magnetic field interaction with metal in guideway.”
“A team led by Foster-Miller, which included Boeing, Morrison Knudsen, Bombardier, General
Dynamics, and General Atomics, designed a system that is similar to the Japanese maglev but that
features an innovative propulsion concept based on a locally commutated linear synchronous motor
(SLM)… Individual inverters in the guideway sequentially energize propulsion coils on the underside
of articulated passenger modules…The inverters synthesize a magnetic wave that travels along the
guideway at the same speed as the vehicle.”
“Magnetplane International (now Magplane Technology) led a team that included two MIT
laboratories, Raytheon, and Failure Analysis Associates. It developed a concept for a lightweight, for
levitation and guidance… Super conductive levitation and propulsion magnets are grouped in bogies
underneath the vehicle at the front and rear. Magnets at the centerline interact with conventional SLM
windings for propulsion and produce some electromagnetic torque for a roll-righting keel effect.
Magnets on the sides of each bogie react against the aluminum guideway for levitation…”
As we can see from these data, magnetic levitation concepts underlying in the projects of Germany
and Japan are not subjected to inspection. They are being improved only. As it follows from above,
the first three U.S. concepts cannot be utilized for urban transportation like underground or transport
with frequent station stops. For all maglev projects based on these concepts and the Japanese TokyoOsaka maglev project the problem of lacking (accidentally or predominantly) magnetic lifting at
speeds less than 100 km/h will emerge always. This drawback is a peculiar payment for energy losses
in “warm” windings of conventional electromagnets providing suspension in Germany’s Transrapid.
“A team led by Grumman (now part of North Grumman) and including Parsons Brinckerhoff, Gibbs
& Hill, Battelle Laboratories, and Intermagnetics General des igned an electromagnetic system similar
to Transrapid. Unlike the Transrapid, however, the U.S. design uses a common set of super
conductive magnets for levitation, propulsion and guidance. Guideway rails are ferromagnetic, with
SLM windings for propulsion…”
Super conductive magnets as a tool to eliminate levitation energy losses require automatic control of
magnetic forces that complicates system. At the same time the MPW-levitation of a vehicle does not
need any magnetic force artificial control i.e. something is free in the air as invisible ropes attach it.
“Several of the engineering and technology companies that participated in the National Maglev
Initiative’s system concept definitions are now contractors in Department of Defense-funded maglev
R&D. This work, which aims to develop a type of maglev technology for possible rocket-testing and
catapult-launch applications, is apparently the only currently active U.S. maglev-related R&D.”
Similar aspects of the U.S. maglev status are visible
[http://www.dot.gov/affairs/levmag.htm] dated May 28th, 1999:

from

another

document

“The Federal Railroad Administration and the U.S. Air Force today announced an agreement to
develop magnetic levitation technologies for use in missile defense warhead testing and high-speed
ground transportation…”
“This partnership is an excellent example… to develop high technology both military and civilian
applications. Magnetic levitation (maglev) trains have the real potential to help relieve congestion
along our nation already overcrowded highways and airways…”
Information in http://www.cyber-br.or.jp/linear/e/press/ index.html represents data concerning current
status of maglev in Japan. Some data of them are:
”On December 12, 1997 we verified the fastest speed of 531 km/h, both with manned and unmanned
runs, on the Yamanashi Maglev Test Line. The speed exceeds the world record of both 517 km/h of
Super Conductive Maglev at the Miyazaki Maglev Test Track and 515.3 km/h of France’s TGV, and
our Maglev is now the fastest in the world. On December 24, 1997, we further confirmed in the
maximum speed verification test the speed of 550 km/h that will push forward with assuring reliable
run at the speed of 500 km/h in the actual operation. On April 14, 1999, we confirmed the speed of
552 km/h, on the Yamanashi Maglev Test Line. In this running test our Maglev of 5-car train-set
exceeded the world record again with our 13 men and iron weight, imagining a full train.”
In [http://www.cyber0br.or.jp/linear/e/le_2b1.html] there is such information:
“A linear motor is a motor which is unrolled in line. In the Maglev system, the super conductive
magnets on-board are corresponding to the rotor inside of the rotary motor and the propulsion coils
on-ground are the stator outside. This is a ground-based system where propulsion coils are powered
and propulsion force is controlled on the ground. By passing current through propulsion coils on the
ground, a magnetic field (north and south poles) is produced, thus the train is propelled forward by the
attractive force of opposite poles and the repulsive force of same poles acting between the ground and
the super conductive magnets built into vehicles.”
From this it is visible a need to convert frequency. As Japanese experience shows, in order to achieve
this purpose the world’s lar gest inver ters are necessary. Really, in [http://www.cyberbr.or.jp/linear/e/le_2b24.html] there is such information, June 5th, 1999:
“The world’s largest inverters automatically control the Maglev Trains. In the Magnetic
levitation system, train operations – starting, travelling and stopping – are carried out automatically by
the equipment at the ground facilities, while conventional trains are human-controlled on the trains.
Almost all stages have been automated, from the control of vehicle doors and boarding system on
platform up to the traffic control system which generates and administrates running schedules. In
addition, the Maglev Train Protection System assures the safety of the train. Substations for the
magnetic levitation supply the electric current to the propulsion coils with the amplitude and
frequency suitable for the velocity and the acceleration/deceleration of the train. They can also stop
the train with high precision at the stations as well as realizing its very high speed travelling. The
newly developed inverters, which are the largest in the world, realize these functions.”
Our OSAM-movers can carry out all mentioned operations and do not need any inverter (see above).
On the other hand, the world’s largest inverters in Japanese project (and in all ones, which rely on
traditional linear synchronous motors with super conductive magnets onboard) require big production
areas and entails superfluous energy losses. Therefore, the use of the OSAM -mover would cause
much less energy consumption, costs and other resources for building and operating of the magnetic
linear propulsion system.
There is information about Swiss metro [http://www.epri.com/EPRI_Jornal/jan_feb97/24.html] on
May 28,1999:

“Initially conceived over 20 years ago, a proposed 420-mile (680-km) network of partial-vacuum
steel-lined tubes excavated through the Swiss Alps is the focus today of a broad government,
academic, and industrial collaboration headed by Swissmetro, a Geneva-based company. With almost
no air resistance in the evacuated tubes, the 800-passenger pressurized maglev vehicles would be
propelled with particular efficiency. The proposed network, with vehicles operating at about 250 mph
(400 km/h) and spaced 12 minute apart, would link Switzerland’s principal urban and regional areas.
A ride from Zurich to Geneva would take an hour, compared with 3 hours by conventional modes.
Underground stations would be linked to surface transport, primarily railroads. The system is
projected to take 25 years to complete and to cost 28 billion Swiss francs ($ 21 billion); the company
says construction could begin on a pilot section sometime after 2002.”
This project is nowadays under study with respect to two main parts that are levitation and driving
concepts. Magnetic levitation concepts underlying in the magnetic levitation transportation projects of
Germany, Japan, USA, China, Brazil and other countries are not being subjected to be substituted
with respect to levitation principles. They are only being improved developing electrodynamic
repulsion (EDR) concept in design and using super conductive magnets in classical controlled
electromagnetic attraction concept.
It is clearly that any EDR-concept cannot be utilized in urban transit like underground or transport
with frequent station stops. In addition, an accidental or predominant loss of the magnetic lifting at
speeds less than 100 km/h will always emerge for all maglev projects based on EDR concepts allied to
the Japanese Tokyo-Osaka maglev concept.
From the other hand, super conductive magnets as a tool to eliminate levitation energy losses in the
EMA-levitation require the magnetic force control that is a very big problem for powerful super
conductive magnets operating in the persistent current mode. It is noteworthy that the MPW-levitation
utilizes super conductive magnets operating in the persistent current mode also, but needs nothingartificial magnetic force control and operates irrespectively of the train speed. And chief thing for the
projects like Swissmetro with the central idea to minimize energy and other resources would be the
MPW-levitation as the champion in the part of minimal energy expenditures.
Web-sites and other information show known better solutions in the sense of the train pulling-slowing
down, e.g. in the Japanese project, require big areas to place substations and the largest in the world
inverters to control the current supply frequency eliminating a non-concordance between the train
speed and this frequency. Big substation areas would be unacceptable to the Swissmetro since they
will alienate big territories, deteriorate Swiss Alpine landscapes, and attract as a convenient object for
terrorists. On the contrary, OSAM-movers can carry out all operations pulling or slowing down trains
and need no inverter s transferring big amounts of energy and transforming current supply frequency.
Therefore, the use of the OSAM-mover would cause much less energy consumption, eliminate
alienated territories, lower significantly costs and other resources for building and operation of the
future magnetic linear propulsion system.
The strategic advantage of the Swissmetro project, as a probable consequence of the Swiss thrift, is
the idea to vacuumize the train movement space that substantially reduces aerodynamic friction and
corresponding energy losses. For the most success of this project in general, it would be desirable to
spread this ener gy saving idea to suspension, guidance and propulsion of trains. As it is clear from
above, the best proposals in this sense are the MPW-phenomenon for the passive stable levitation
during all stages of the train motion along the guide way and stops, and the OSAM-phenomenon to
realize starting, travelling and stopping of free magnetically levitated trains.
We hope that represented novel magnetic force phenomena unknown for many experts and developers
in the field magnetic levitation technologies will help better to find out their attractive possibilities in
applications. Maybe this understanding will lead to effective collaboration in solving global problems

of resources saving and ecological problems in power industry, transportation, and other branches of
high-tech.
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