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Figrue 2: Trajectuies of an acnral reference point and of the corresponding srnoothed one,
attached on a speckled actin filament sliding on myosin molecules. Magnetic flux with its densrty
B (: 50nT) is applied extemally in parallel to dre planar plane on which the filament can slide.
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Figure 3: Intensity t (nm') of the cross-correlation finction of the fluctuating parallel
displacements between two achnl reference points, between pl-p2 utdbetvteen pl-p3, attrch€d
on a speckled actin filament parameærized in ærms of the delay time for estimating the
cross-correlation, and its dependence on the magnetic flrx density B (zT) applied externally.
Magnetic flux was applied in parallel to the planar plane o'n u,hich a speckled actin filament slid.
Two sanrples betweenpl-p2 and betweenp,l-p3 are displayed. The averaged distance betweenpl
and p2 was 0.8 pru and 1 .8pm between pl and p3 (Matsuno, 2001).
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Intensity of the cross-correlation at no time delay was found to increase as the magnetic
flux density applied externally increased, though, in the absence of ATP, there was no
such enhancement of the intensity of the cross-correlation with the increase of the
strength of the applied magnetic flux. This enhancement manifests the occurrence of the
fluctuating magnetic dipole moments induced along the actin filament, since magnetic
dipole moment is energetically conjugate to magnetic flux. The applied magnetic flux in
fact served as a probe to detect the induced magnetic dipoles, if any. Intensity of the
cross-correlation in the presence of magnetic flux was also found to remain almost
unchanged even though the distance between the two points over which the
cross-correlation was evaluated was increased up to the topto-end of the entire filament.
This relative invariance of the cross-conelation over varying distances reveals that the
fluctuating strength of the induced magnetic dipole moment was almost in phase over the
whole length.

Increase in the fluctuating intensity of the parallel displacements of an actin filament in
the presence of magnetic flux points up the intemal tensile force generatedthere. When a
magretic dipole carrying its moment density M fAmperelmeter] is put in the magnetic
flux with its density B [Teslal, the enerry density E' [Jouleimeter-'] of the dipole gives
E:-MB-82 21tn. Here, tn (:4n x l0-7 [Tesla meter/Ampere]) is the magnetic
permeability of the vacuum. The magnetic energy densrty À- becomes negative for
0<B<2kM, implying that the applied magnetic flux B induces the internal tensile force
between the magnetic dipole and the non-magnetic surroundings with its strength
(MB-Y 2n) Wr unit area [Newton/metef]. In fact, the difference of the magnetic
permeability across the boundary between the magnetic dipole with its moment Mand the
non-magnetic surroundings with their magnetic permeability psacts as a source of the
magnetostrictive tensile force. Conversely, the occurrence of such a magnetostrictive
tensile force manifests the presence of a spatial gradient of magnetic permeability
imputed, for instance, to the boundary between magnetic and non-magnetic materials.
The maximum tensile force plu/ 2 is thus expected at the magnetic flux density B:tttM.
Since the parallel displacements of an actin filament come to respond to the internal
tensile force generated there, the maximum displacement can be expected at the magnetic
flux density B-puM.

Figure 4 demonstrates the relationship between the fluctuating intensity of the parallel
displacements and the strength of the applied magnetic flux density, in which the large
spread in the values of the intensity was due to the fact that the trajectory of the sliding
movement was not always rectilinear. The maximum displacement responding to the
maximum tensile force was observed to occur at the flux density B:65mT lmilli Teslal.
The magnetic dipole density was thus found to be M'5.2x10'Nm. Accordingly, the
magnetic dipole moment per actin monomer was estimated to roughly be L7x I0-" Am'
(= 180 pa,where pris Bohr magneton). For this estimation, we assumed a coherent unit

of magnetization to be an actin monomer of its diameter 4x |Uemwithin which electrons
forming covalent bonds are confined.
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Figure 4: Intensity I (rm') of the cross-correlation fi.rnctron of the fluchrating parallel
displacements of two actual reference poinsp/ urd p2 (æe Fig. I ) attached on a specklod actin
filament at no time delay parameterizÊd in terms of the applied magnetic flux dansity B (zrT). The
direction of the sliding movement for each sample was in parallel to the planar plane on which the
magnetic flux was frxed, but was taken arbitrary to the linear direction of the applied magnetic
flux (Matsuno, 2001 ).

The magnetic dipoles induced along an actin filament exhibited a mesoscopic magnetic
alignment along it. This was seen in the relationship between the fluctuating intensity of
the parallel displacements of an actin filament and the direction of the magnetic flux
applied externally, as demonstrated in Figure 5. The fluctuating intensity increased as the
direction along which an actin filament slid on myosin molecules maintained a certain
angle against the direction ofthe magnetic flux applied externally.

Magnetic dipoles induced over an actin filarnent sliding on myosin molecules in the
presence of ATP to be hydrolyzed were found to aligrr with each other coherently over the
entire filament though the strengths of their moments were fluctuating. Even in the
presence of thermal agitations inducing rapid decoherence (Tegmark, 2000), the
magnetic dipoles in ATP-activated actomyosin complexes maintained their coherence
over the entire actin filament (Matsuno, 1993, 1999', Matsuno and Paton, 2000). The
energy of the magnetic dipole-dipole interaction ry,r acqin monomer was estimated to be
ofthe magnitude of the magrretic moment I.7x I0-"'Am- of each dipole multiplied by the
magrretic flux induced by the nearest neighbor dipole placed roughly 4 x l7-vm apart. The
dipole-dipole interaction energy was thus found to be about I.l x 10 " Joule, which is far
less than the thermal energy per degree of freedom available at room temperature, that is;
of the order of 4x 1çzt louie. llttrere were no mechanism for a magneticàlignment other
than the magnetic dipole-dipole interaction, thermal agitations would destroy its
likelihood and no magnetic ordering along the actin filament could be expected, despite
our observation of the ordering to the contrary. Even the applied external magnetic flux
whose strength was less than 100 mT was not strong enough to align those magnetic
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dipoles fluctuating as responding to the surrounding thermal agitations. The applied
magnetic flux with its strength 100 zJ could impart to each actin monomer the magnetic
energy only of the order of I.7x Il" Joule, which is far less than the available thermal

"n".gy 
per degree of freedom, 4x l0 21 Joule. The observed magnetic alignment along an

ATP-activated actin filament now suggests participation of a factor other than the
magnetic dipole-dipole interaction and the applied magrretic flux.
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Figrne 5: htensû | (rr ') of the cross-correlaûon finrction of the fluctuatlng parallel
disptacements of two achral reference pointsp/ andp2 (see Fig. 1) at no time delay parameterized
in ærms of the direction and the strength of the aprplied magnetic flux density B (mT). The
direction of the sliding movement of the filament was measured relative to the direction towards
which the magnetic flux was applied (Matsrmo,2001).

One likely candidaæ for the observed magnetic ordering along an ATP-activated actin
filament may be a quantum entanglement (Matsuno, 1999). A bare actin filament that is

not yet ATP-activated forms an electrostatically coherent alignment of individual actin
monomers. Each monomer is electrostatic in its cohesive interaction with other
monomers in the neighborhood. Actin filament as an electrostatic alignment of actin
monomers is certainly stable quantum mechanically and remains robust enough against
thermal agitations available at room temperature. In contrast, an ATP-activated actin
filament, that is stable electrostatically, can also form a magnetostatically coherent
alignment of individual actin monomers, in which each monomer is magnetostatic in its

cohesive interaction with others inthe neighborhood. Consequently, each actin monomer
in an ATP-activated actin filament can quantwrFmechanically be in either a pure

371



entangled state out of both the elecrostatic and magnetostatic states or in a mixed state
out of the two individual states.

If each actin monomer is in a mixed state out of the electrostatic and magretostatic ones,
thermal agiations would easily destroy a coherent alignment of the magnetic dipoles
along the filament because of the presumed absence of any coherent correlation between
the two individual states. The magnetic dipoledipole interaction alone would not be
strong enough to hold the coherent aligrcnent of the dipoles as being subject to thermal
agitations. On the other hand if an ATP-activated actin monomer is in a quantum
entanglement out of both the electrostatic and magnetostatic states, it can participate in
forming a coherent magnetostatic alignment along the filament, as having recourse to the
entanglement with the underlying robust quantum coherence of electrostatic origin giving
the filament its structural stability. What is more, the quantlrm entanglement out of the
electrostatic and magnetostatic states is constantly preceded and followed by a quantum
disentanglement imputed to internal measurement derived from the hydrolysis of ATP
molecules since a myosin molecule carrying its ATPase activity keeps detecting or
measuring target ATP molecules internally.

5 Supervening on an Entangled Hilbert Space

Magnetic ordering in an ATP-activated actin filament contacting myosin molecules
demonstrates the occurrence of a sustainable entangled quantum state on an empirical
ground. This empirical demonstration ofa robust entangled quantum state is significant in
that quantum coherence at a meso- or even at a macroscopic scale can obtain at the
ambient temperature of the natural context, not necessarily limited to extremely low
temperatue. Robustness of a sustainable entangled quantum state now imparts to
whatever viewpoint placed inside the state the competency of synchrony even at the
available ambient temperature strictly in the sense that every qwmtum is perceived from
within as a synchronous whole ernbodied in the corresponding Hilbert space. The
viewpoint placed inside the entangled qwlntum state, however, differs in what it
perceives depending upon whether it points towards its inside or the outside. The
difference is that while non-local synchrony is associated with the view towards the
inside, local causation is specific to the view towards the outside in being constantly
subject to quantum disentanglement imputed to intemal measurement originating
elsewhere. The entangled quantum state is thus seen as an almost compleûe closure of
migrating inconsistencies from the perspective of internal measurement. The robustness
of such a closure is what a quantum is all about in the ernpirical domain. A descriptive
means to make an access to non-local synchrony intrinsic to the entangled quantum state
is an entangled Hilbert space.

What is more, the robust entangled quantum is sustainable as being subject to
measurements of intemal origin (Penrose and Hameroff, 1995; Hameroff, 2001; Penrose,
2001). The robustness ofnon-local synchrony is in fact identified internally as referring
to the basis set specific to the entangled quantum. This identification is associated with
the measurement activity of reducing its state to one of the states belonging to the
quantum itself. That is nothing other than a form of self-awareness by the quantum.
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Self-awareness of non-local synchrony rests upon the measurement activity of the
quantum to secure its robustness from within. Synchronous time is just another name for
a product out of self-awareness of non-local synchrony. Descriptively, the entangled
Hilbert space that can remain robust even as being subject to internal measurement comes
to provide a means to make an access to synchronous time. That is synchronous time
supervening on the entangled Hilbert space, rather the other way around.

The basis set unique to the robust entangled quantum, however, does not rernain
invariant because the quantum is constantly in the process of passing migrating
inconsistencies forward. The basis set can spontaneously be varied and transformed so as
to meet the requirement that no migrating inconsistencies may be left behind in the record
registered in the present perfect tense. The attentive focus of self-awareness can be
altemated as with autonomous transformation of the basis set. This does not mean denial
of synchronous time. Rather, what has been meant is a change in the representation of
synchronous time.

Practicing quantum mechanics in a Hilbert space supervening on ordinary spacetime
space has its own advantage in skimming symchronous time out of ordinary spacetime,
but has the disadvantage in failing in making an access to asynchronous dynamic
movements that are ubiquitous in the empirical domain. In contrast, practicing quanhrm
mechanics in synchronous time supervening on the robust entangled Hilbert space is
modest in admitting that such a synchronous time is merely a precipitation from the
underlying asynchronous dynamics. The robust entangled quantum certainly equips itself
with the capacity of updating its dynamic movement asynchronously. The matter side of
consciousness undoubtedly comes to take advantage of the asynchronous movement of
the robust entangled quantum.

6 Concluding Remarks

Synchronous time, or time in short, is difiicult to unlearn once we are convinced to have
leamed it. This is due to the very nature of our linguistic institution. Any ordinary noun
appearing in statements made in the present tense assumes its synchronous ubiquity and
applicability. This problematic situation would become most acute if one wants to figure
out the extent to which time could be synchronous in reality. If one tries to employ some
basic terms to cope with this sturdy problem of time, they must be free from the
stipulation of predestined synchrony. Ordinary nouns of definite implication do not
satisfu this requirement. Imposition of synchronous time would become imperative
insofar as one commits oneself to making statements in terms only ofthose definite nouns
in the present tense. One attempt to avoid such an entrapment by the forceful imposition
of synchronous time that we have tried is to make an appeal to a noun of indefinite
implication. That is internal measurement.

Internal measurement addressing the capacity of passing migrating inconsistencies
constantly forward is a noun, but remains indefinite in its implication because of its
inevitable association with the dynamic transference of inconsistencies. The matter side
of consciousness can ground itself upon internal measurement since it does not
presuppose the occurrence of synch'ronous time, the latter of which is a sine qua non for
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the mind side of consciousness to the contrary. The present emphasis of internal
measurement is, howeveq by no means anthropocentric. Synchronous time is no more
than a consequence precipitated from internal measurement that is ubiquitous in the
material domain. This understanding of synchronous time as a derivative is in accord with
our linguistic practice of letting the movement in progress, that is in the present
progressive tense, precipitate the record registered in the present perfect tense. There is,
ofcourse, no chance ofanthropocentric monopoly ofthe present tense over the present
progressive tense since there is no material means to coordinate everything to everything
else everywhere in a synchronous manner. This makes the matter side of consciousness
non-anthropocentric.

Underlying non-anthropocentric agency of internal measurement is the occurrence of a
robust entangled quantum. This may suggest an association of the brain with a robust
entangled quantum on a mesoscopic or macroscopic scale. One thing quite unique and
peculiar to the operation of the brain functioning is that both non-local synchrony and
local causation coexist. A typical example is a phenomenon associated with what is called
qualia. The redness of a color red to be experienced, or similarly the painfulness of a pain
to be suffered, points to the necessary connection between the mind side and the matter
side ofconsciousness. The brain as a robust entangled quantum can descriptively be taken
to point to a non-local synchrony that may remain invariant, by referring to the
corresponding entangled Hilbert space, which is certainly accessible to the
anthropocentric mind side of consciousness. At the same time, the brain as a robust
entangled quantum is locally causative in its own maintenance through successive
quantum entanglement and disentanglement. In particular, suppose that the redness of a
color red to be experienced by the brain is descriptively associated with one of the
quantum sktes constituting the basis set specific to the brain as a robust entangled
quantum. Then, the nonlocal invariant character of the redness could be saved at least to
the extent that the robustness of the brain is maintained.

The mind side ofconsciousness, that is anthropocentric, is a descriptive property ofthe
brain referred to in terms of the basis set unique to the brain itself. The self-referential
complication would, however, come to necessarily mask the underlying dynamics. The
dynamics in charge of generating and transforming the basis set, on the other hand, is
explicitly anchored at the matter side ofconsciousness that is non-anthropocentric. In fact,
the matter side ofconsciousness is linguistically grounded upon the present progressive
tense, but not upon the present tense. Although the present tense can be retrieved form the
present progressive tense only to the extent that the leftover kept in the record registered
in the present perfect tense can be referred to in the present tense, there constantly remain
migrating inconsistencies to be passed forward. The mind side of consciousness
eventually supervenes on the matter side ofconsciousness. That is to say, the issue of
consciousness cannot get rid ofthe irony that nonlocal consistency supervenes on local
inconsistencies. The brain as a robust entangled quantum is just a material vehicle letting
consistency feed on inconsistencies.
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