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ABSTRACT.

The contention discussed here, is that one might be able to get around
the puzzle contained in the results of Kim and Chan:— That a quantity
of inertial mass is effectively lost, (a so called non-classical-rotational-
inertia NCRI,) but that being a “supersolid” there is no path for the
normal fraction to slip past the 1 – 2 % supersolid fraction, which (it
is supposed) remains stationary within the annulus.

As a solution we argue that the effective loss of inertial mass might be
a real loss of inertial mass– that it might be intrinsic to a supersolid or
superfluid “pool,” (a portion which has gone supersolid or superfluid.)
In this way the puzzle would be resolved because the normal part and
the supersolid part do not need to slip past each other in order to
produce the experimental results.

This Essai explores some consequences of a previous writing [1]. In
that writing it was argued one could not define, (either in principle or
in practice,) the inertial frame of the superfluid part of a superfluid or
superconductor.

An inertial frame has to be based on something in the real world—
i.e., matter or an experiment. Nothing exists “in-itself,” —only in rela-
tion to something else [2]. The question we will ask here is; does, in the
context described, an inertial frame exist? The answer will be “yes” for
the normal and quasi-normal part, “no” for the superfluid part. This
will be our hypothesis [1].

To help fix our ideas, let us think of a piece of matter moving uni-
formly, relative to the fixed stars, say, to the right. If I were moving with
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that matter it would appear stationary to me. If I were inside a room,
(also moving with the matter,) I would assume the matter, myself and
the room were all stationary. That would be an “inertial frame;” the
matter would have inertia if I pushed it.

In the aforementioned writing this was taken a step further;— it was
argued that inside a quantum object (a superconductor) it was impossi-
ble to define an “inertial frame” simply because you did not know where
the matter was, or how it was moving.— Recall an Einstein Podolsky
Rosen (EPR) experiment, with entangled photons where they, or their
properties, are at both places at once or transiting between preparation
and measurement [3]. In other words definitions based on real world
things might break down for the superconducting part, the macroscopic
QM aspect, of a superconductor.

This was argued to be consistent with the macroscopic electrody-
namics of a superconductor (the Londons equations) [1]. Of course, if
you cannot define an inertial frame, then you also cannot define a “clock
period,” according to Relativity Theory. This interesting point is not
discussed further here.

Of crucial importance, in understanding what follows, is the notion of
the “two fluid model” [4]. On cooling below the transition temperature,
two fluids are thought to emerge. A normal fluid or quasi-normal fluid,
—(normal part) and a pure superfluid,— (superfluid part.) Collectively
they are loosely called a “superfluid.” The superfluid part is not really
a “fluid.”

Incidentally, it has been argued elsewhere [5], that both supercon-
ductivity and the Josephson effect are manifestations not of physical
transport, but of <quantum nonseparability> i.e., The Lorentz and CPT
invariant <telegraphing of amplitudes>. [6]. In this way the Josephson
effect is likened to an EPR pair tied in the barrier. As noted by Costa
de Beauregard and Lochak an “evanescent wave” [7] (of order coherence
length) can be thought upon as that which ties together a Josephson
junction in a “time-like separated EPR pair.”

1 The experiments of Kim & Chan and Hess & Fairbank.

Recent experiments by Kim and Chan [8], along similar lines to older
investigations by Hess and Fairbank [9], have evidenced an “effective”
loss of inertial mass, (a so called non-classical-rotational-inertia, NCRI,)
on cooling liquid (or solid) helium below the transition temperature [10].
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A schematic of the Kim and Chan or Hess and Fairbank experiment
is shown in Fig. 1. A hollow annulus containing liquid (or solid) helium
is suspended from a torsion wire, and made to rotate to and fro. The
speed of this to-ing and fro-ing is dependent on the inertial mass of the
liquid (or solid) helium contained within. A loss corresponding to a
hastening, a gain to a slowing.

Fig. 1.

Setting aside any interpretations as to what may or may not be hap-
pening inside the annulus, the fact remains, that a quantity of inertial
mass (previously present) has vanished.

The maximum speed of the to-ing and fro-ing ω should be kept be-
low the critical speed ωc above which vortices are thought to enter the
superfluid. This is in analogy with the lower critical field Hc1 of super-
conductors. Above this critical magnetic field Hc1, vortices (flux lines)
enter the SC matter [9].

We shall now illustrate two different ways of looking at the experi-
mental results. That is, two different interpretations. One we shall call
“quasi classical thinking,” the other we shall call “new thinking.” These
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are shown schematically (superfluid & normal parts are depicted logically
separated) in Fig. 2 and 3 respectively.

Fig. 2. “Quasi-classical thinking.”

In the quasi classical thinking, it is as if some of the superfluid /su-
persolid inside the annulus has decoupled from the moving walls [11].
There is a natural tendency to think of the superfluid /supersolid part
as a substance of the same kind as the normal part,— still a “fluid
/solid,” but with a vanishingly small viscosity;— the normal part slips
past the superfluid part which can remain stationary within the annulus.

Fig. 3. “New thinking.”

As shown in Fig. 3, the superfluid /supersolid is confined in such
a way that the superfluid /supersolid part cannot slip past the normal
part, as is the case in the quasi-classical view (fig. 2). We shall call this
arrangement the “superfluid pools experiment.”

In the new thinking, the loss of inertial mass is intrinsic to a super-
fluid pool, and not due to the particular way in which it is measured
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[12,13].
A form of the “superfluid pools” experiment seems to have been

performed in the paper of Kim and Chan in their so called “control
experiment” with a blocked annulus. Here, the inertial mass appears
to have vanished even with the blocked annulus. However, as Kim and
Chan note, there are a number of possibilities for this, including, for
example, a small gap may have been left in the blockage wall.

2 Superfluid pools experiment

A crucial experimental test of the “new thinking” is simply to confine
the superfluid or supersolid to pools around the annulus, as shown in
Fig. 3, and repeat the NCRI experiment of Kim and Chan or Hess and
Fairbank.

If again the inertial mass vanishes [14], this will indicate an intrinsic
loss of inertial mass, illustrated schematically in Fig. 4.

Fig. 4. “Intrinsic” loss of inertial mass for sf. part.

3 Superfluid weight experiment.

If the loss of inertial mass (NCRI) is real or intrinsic to a supersolid
/superfluid “pool” rather than effective or a consequence of the particu-
lar way of measuring it, then, from the principle of equivalence between
inertial and gravitational mass (mi = mg), one would expect to see a
weight loss on cooling a cup of liquid (or solid) helium below the super-
fluid transition

Decoherence may hamper this effect, (if it exists.) If it does exist,
it should show up wherever the loss of inertial mass is evidenced— for
example in the Hess and Fairbank or Kim and Chan experiments

This loss would be proportional to the superfluid (or supersolid) frac-
tion ns, of the two fluid model n = ns + nn. In the experiments of Kim
and Chan it was estimated that around 1–2% became the supersolid
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fraction. For a cup of liquid (or solid) Helium weighing 13 grammes,
with 1–2% becoming the superfluid fraction, we might expect a weight
loss of order 0.1 grams.

The suggestions here are of very tentative nature. We do not think it
inconceivable, however, that a weight loss, for say a thin film Josephson
junction or a cup of superfluid or supersolid helium has hitherto been
overlooked.

The considerations below are for a charged superfluid— that is a
superconducting body. It will be argued below that some key properties
of superconductor can be traced back to the hypothesis of the difficulty
of defining the inertial frame for the superconducting part.

4 Superconductivity in a Minkowskian “Welt.”

The laws of Euclidean geometry are “invariant” with respect to orienta-
tions, (in general linear orthogonal transformations,) of the system:

ds2 = dx2
1 + dx2

2 + dx2
3 (1)

Similarly, the laws of Physical Philosophy are invariant with respect to
the orientations of the system [15]:

ds2 = dx2
1 + dx2

2 + dx2
3 + dx2

4 with x4 =
√
−1 ct (2)

Why must this be so? Imagine one is looking over one’s shoulder
speeding away at velocity v from a fixed reference frame— say a labo-
ratory performing an experiment. Then it is obvious that your view of
that experiment must coincide with the account of the experiment given
by the people located in the fixed laboratory frame. It can be argued,
therefore, that Relativity theory is, at root, inter-subjective. It has inter-
subjectivity [16] at its core;— the moving and stationary observer must
agree on the observed reality.

Recall:
ds2 = dx2

1 + dx2
2 + dx2

3 + dx2
4

This is a Euclidean geometry of 4-dimensions, or more correctly a “stat-
ics” in four dimensional Euclidean continuum [15].

Each “static” orientation of these co-ordinates corresponds to a ve-
locity (of an inertial frame.)

Such an orientation can be represented schematically as shown below
in the Minkowski diagram [17].
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Fig. 5.

Here x′, t′ represent a static orientation in 4-dimensional space time.
This is a dynamic representation in 3 dimensional space— a velocity v.

Rotations from one static orientation to another would then represent
changes in velocity in ordinary 3 dimensional space and time— that is
accelerations.

Neither velocity nor acceleration can be defined for the superfluid
part, since the inertial reference frame, (and so the orientation of the 4-
co-ordinate system,) cannot, in principle or in practice, be determined.

A magnetic field exists where there is 1) (charged) matter and 2) a
fixed inertial frame.

An electric field exists where there is 1) (charged) matter and 2) a
fixed inertial frame.

Both the magnetic field and the electric field are properties of
(charged) matter. They are also properties of a fixed inertial frame.
If one removes the latter, in that we can no longer define a fixed inertial
frame, (either in practice or in principle,) then one might expect this
property—the magnetoelectric field— to disappear from the interior of
a superconductor.
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This is the Meissner-Ochsenfeld effect and the E = 0 effect.
This hypothesis, by extension, becomes a powerful predictive rule-of-

thumb. The concept of a “force” is associated with acceleration. Once
again, because of the impossibility of defining a fixed inertial frame for
the superfluid part, we expect the force concept to be absent.

The concept of “force” is very closely related to that of “rigidity.”
This ties in with an interesting remark made by Anderson in a dis-

cussion of the results of Kim and Chan: that “rigidity seems to be an
emergent phenomenon of the classical limit” [18].

5 Discussion of— “the photon becomes massive.”

It is not clear, experimentally at least, whether a fieldless electric or mag-
netic potential (V,A) can exist in the interior of a SC body. However,
the above arguments do suggest, like the fields, the potentials should be
absent from the interior.

The vector potential A can remain at the perimeter as a screening
current mv = −eA. In regions of this perimeter— (so called penetration
depth λ,) the inertial frame can be defined, and hence A and V can here
exist.

That “the photon becomes massive” is sometimes cited as the reason
for the Meissner-Ochsenfeld effect i.e., The photon A → mv + eA(= 0)
at the perimeter. This is “true,” however it can be framed in a converse
way, namely that the “superconducting matter at the perimeter becomes
massive,” on coupling with the electromagnetic field i.e., m = 0 → m,
and so again we have mv + eA = 0. Higgs [19,20] deduced the following
equations from a Lagrangian L along the lines of a similar Goldstone
“massless” model, by treating real scalar fields ∆ϕ1,∆ϕ2, and real vector
field Aµ as small quantities.

∂µ{∂µ(∆ϕ1)− eϕ0Aµ} = 0 (3)
{∂2 − 4ϕ2

0V
′′(ϕ2

0)}(∆ϕ2) = 0 (4)
∂νFµν = eϕ0{∂µ(∆ϕ1)− eϕ0Aµ} (5)

The important point here appears to be the appearance of 4- vectors, in
particular the electromagnetic potential Aµ, now coupled with the scalar
fields. That is— the terms inside the curly brackets in (3) & (5). For
example, compare (as Higgs does) equation (5) with

∂lH
kl = jk (6)
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where Hkl is the magnetoelectric field, the equation of conserved
current. The term on the right had side is definitely a 4 vector.
In the absence of a vector potential Aµ coupling, equations (3) and (5)
describe a situation of zero mass scalar and vector bosons respectively
[19].

So there seems to be a connection between the emergence of relativis-
tic covariance, in this case the appearance of the 4- potential Ai into the
description, and mass– that is inertia and weight.

∗ ∗

What one is asking people to believe is that a toy train pulling a series
of carriages around a track, with one carriage full of would be supersolid,
superfluid, or superconducting matter, speeds up on cooling below the
transition temperature, —(just as the annulus does in the Kim and Chan
experiment.)

This is because, as questions of simultaneity (time ordering) in Spe-
cial Relativity, collapse for the superfluid part, (as they certainly do
for EPR experiments,) then so does the property of inertia. In other
words inertia, like simultaneity, can be thought of as a “perspective”
effect, and disappears when the possible modes of perception (reference
frames) become indistinguishable from one another.

Scholium

Retro-causality, and by necessity from the framework of Special Rela-
tivity (SR), advanced causality, are aspects of EPR correlations. Insensi-
tivity to the distances, motions (velocities), and timings of the preparing
and measuring apparatus, by SR, also follows. This is formalised con-
cisely as the Lorentz and CPT invariance of EPR correlations. So much,
has been established in fact [21].

Geometrical reversal ΠΘ of all four space-time (or momentum-
energy) axes, is the ΠΘ = CPT = 1 scheme, where C is “particle-
antiparticle exchange,” and PT “covariant motion reversal” [22].

Prop. I. Theor. I.

The superfluid part of a supersolid, superfluid, or superconducting
body is a substance, which, like an EPR substance, is time symmetric.
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Meaning, in particular, that it is Lorentz and CPT invariant. For such
a substance, I say, that its inertia, or “force of inactivity” vanishes, by
the arguments hitherto given.

Prop. II. Theor. II.

By the same token, it follows straight away from the principle of
equivalence between inertial and gravitational mass, that the perspective
effect of being accelerated in a gravitational field also vanishes. That is—
weight is lost in proportion to the fraction of the substance which can
be said to be of the pure superfluid part.

A more instructive demonstration can be given as follows:—
Consider:

d2xτ

dt2
= −1

2
∂g44

∂xτ
(τ = 1, 2, 3) (7)

the equation of motion of a material point, as a first approximation,
according to Newton’s theory [23], where the g44 are the forth or “tem-
poral” components of the metrical tensor guv and differ from 1 only
by small magnitudes (as compared to 1.) g44/2 plays the part of the
gravitational potential.

Mathematically speaking, our above considerations can be repre-
sented by the g44 “flicking” or “transiting” between g44 and −g44. That
is— between a full reflection of the space-time coordinates.

So, we would have, instead of (7):

d2xτ

dt2
= −

{
1
2

∂g44

∂xτ
+

1
2

∂ − g44

∂xτ

}
= 0 (8)

This is the equation of motion for the superfluid part. It illus-
trates that a time-symmetric substance— an EPR-like substance, being
Lorentz and CPT invariant, does not, in the first approximation, suffer
acceleration in a gravitational field.

6 Conclusion

We do not consider it experimentally proven, especially considering the
puzzling results of Kim and Chan, (& Hess and Fairbank,) that the
superfluid /supersolid part or the superconducting part, has, of itself,
“inertia.”
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The hypothesis of the experimental inaccessibility, (both in principle
and in practice,) of determining the inertial frame, seems to have pro-
duced some physical results. Among them appear to be the Meissner-
Ochsenfeld effect and the E = 0 effect, possibly the loss of the inertia
principle, and possibly also, (from the Einstein inertia-gravity equiva-
lence,) the question of a loss of gravitational mass.

Lastly, at the risk of supererogation, we note a remarkable and singu-
lar passage in Poe’s “An Essay on the Material and Spiritual Universe”
[24]. Poe appears to have grasped à priori what we have adduced à pos-
teriori :— “Now the very definition of Attraction implies particularity–
the existence of parts, particles, or atoms; for we define it as the ten-
dency of ’each atom &c. to every other atom’ &c. according to a certain
law. Of course where there are no parts– where there is absolute Unity–
where the tendency to oneness is satisfied– there can be no Attraction:–
this has been fully shown, and all Philosophy admits it.”

————————–

The idea for this MS. presented itself during a conversation with H.
Stoelum. The latter portion was prompted by a conversation with A.
Betteridge.

In thanking H. Stoelum and A. Betteridge I extend my gratitude to
G. Lochak without whose interest and kind encouragement this essai
would never have been completed.
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