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Abstract. A rough similarity between self-inconsistent evolutions of classical solid balls in
spacetimes with wormholes (serving as time machines) and evolutions of quantum-mechanical
microparticles is discussed. Within our discussion, wormholes are specified by a microscopic
typical size of their mouths, and classical solid balls are divided into two categories: small and
large balls. For geometric reasons, small balls can move through wormholes with microscopic
mouths, while traverse of large balls through wormholes is forbidden. A new principle of self-
consistency is suggested which admits partially inconsistent evolutions of small solid balls on
closed timelike curves associated with wormholes. According to the new principle, evolutions of
small solid balls on closed timelike curves can be self-inconsistent (they can violate conven-
tional causality), but these evolutions change the past of small solid balls in the way keeping
evolutions of large solid balls unambiguous. With the new principle, self-inconsistent evolutions
of small classical balls in spacetimes with wormholes are roughly similar to unitary evolutions of
quantum microparticles. Also, in a rough approximation, specific collisions between large and
small classical balls - collisions each resulting in absorption of a small ball (having ambiguous
trajectories that violate conventional causality) by a large ball - in spacetimes with wormholes are
similar to quantum-mechanical measurement (wave function reduction) events.

1. INTRODUCTION

Quantum mechanics is a well developed and self
sufficient branch of science, describing the matter
at the atomic and subatomic scales; see, e.g., [1,2].
Besides, its representations and methods are widely
exploited in other scientific areas, in particular, ad-
vanced materials science. One of remarkable ex-
amples of such a kind is use of density-functional
calculations in examination of ideal strength of ma-
terials [3,4] and energy characteristics of general-
ized stacking faults [5-7], which serve as a basis
for analysis of mechanical properties of
nanocrystalline materials and nanowires [8-10].  At
the same time, fundamentals of quantum mechan-

ics are still under discussions; see, e.g., [11,12]. In
particular, there are several interpretations and un-
solved paradoxes of quantum mechanics [11,12].
One of the key problems in this area is in under-
standing the fundamental reasons for difference in
the behavior between microscopic (quantum) and
macroscopic (classical) particles. The problem in
question dramatically manifests itself, in particular,
in quantum-mechanical measurement (wave func-
tion reduction) events [11]. This paper discusses
the problem. In doing so, the author (i) points out a
rough similarity between evolutions of quantum
microparticles and.self-inconsistent evolutions of
classical solid balls in spacetimes containing worm-
<C]9G�� ==��GI;;9GHG�5�GC]IH=CB�C:�5�QG=N9�DFC6]9AR



196 ��	���+ �.>B

concerning dramatic difference in the behaviors of
large and small classical balls in spacetimes con-
taining wormholes; and (iii) speculates that the sug-
;9GH98�GC]IH=CB�C:�H<9�QG=N9�DFC6]9AR�A5M�69�IG9:I]
in understanding the fundamental reasons for differ-
ence in the behavior between microscopic (quan-
tum) and macroscopic (classical) particles in quan-
tum mechanics.

Some time ago, it was theoretically revealed that
time machines (closed timelike curves (CTCs)) can,
in principle, exist in spacetimes with wormholes;
see, e.g., [13-16]. In general, such CTCs allow one
to travel to the past and thereby are capable of vio-
lating conventional causality through change of the
past. Causality paradoxes of such a kind are well
known in science fiction. A typical example is the
Q;F5B8:5H<9F�D5F58CLR� 5�D9FGCB�HF5J9]98�657?�=B�H=A9
and killed his biological grandfather before the latter
A9H�H<9�HF5J9]9FTG�6=C]C;=75]�;F5B8ACH<9F); see, e.g.,
discussions in papers [17,18]. In order to avoid the
causality violation attributed to the existence of
CTCs, Friedman et al. [16] suggested the principle
of self-consistency which admits the only self-con-
sistent evolutions on CTCs in the sense that these
evolutions change the past in the way keeping them
(evolutions) unambiguous. More strictly, following
Friedman et al [16], the principle of self-consistency
GH5H9G�H<5H�QH<9�CB]M�GC]IH=CBG�HC�H<9�]5KG�C:�D<MG�
ics that can occur locally in the real Universe are
H<CG9�K<=7<�5F9�;]C65]]M�G9]:�7CBG=GH9BHR�CF��=B�CH<9F
KCF8G��QH<=G�DF=B7=D]9�5]]CKG�CB9�HC�6I=]8�5�]C75]
solution to the equations of physics only if that so-
lution can be extended to be part of a (not neces-
sarily unique) global solution, which is well defined
throughout the nonsingular regions of the
GD579H=A9�R�'H<9F�9JC]IH=CBG���G9]:�=B7CBG=GH9BH�9JC�
lutions which by definition do not satisfy the prin-
ciple of self-consistency - are considered as im-
possible in principle, because they violate the con-
ventional causality [16]. The principle of self-con-
sistency was successfully exploited in a mathemati-
cal analysis of time evolution of perfectly elastic solid
65]]G� S6=]]=5F8�65]]GR�G9FJ=B;�5G�G=AD]9�AC89]G�C:�7]5G�
sical particles) and other classical systems in
spacetimes with CTCs [19,20]. In terms of science
:=7H=CB��H<9�5DDFC57<�3
�4�=G�9EI=J5]9BH�HC�Q65B5B5
D95]�A97<5B=GAR�DF9J9BH=B;�H<9�;F5B8:5H<9F�D5F5�
dox. That is, there always exists a strategically
placed banana peal on which the prospective mur-
derer slips as he pulls the trigger, thus spoiling his
arm [18].

Evolutions of quantum-mechanical systems in
spacetimes with CTCs were considered in paper
[21]. In particular, it was found that self-inconsis-

tent evolutions of quantum systems do not occur in
H<9��J9F9HHGT�AI]H=KCF]8�=BH9FDF9H5H=CB�C:�EI5BHIA
mechanics. In doing so, the pairs of seemingly in-
7CBG=GH9BH�9J9BHG�C77IF�=B�Q8=::9F9BHR�IB=J9FG9G��5B8
thereby these events are interpreted as consistent
[21] (see also a discussion in papers [17,18]). In
H<=G�7CBH9LH��:C]]CK=B;��9IHG7<�3�
4��H<9��J9F9HHGT
multiwold interpretation can be experimentally dis-
tinguished from other interpretations of quantum
mechanics in spacetimes with CTCs. Also, note that
the Deutsch approach [21] is similar to multiworld
interpretations of seemingly inconsistent classical
9J9BHG� 9�;���6=FH<�C:�5�D9FGCB�5B8�QH<=G�D9FGCB�?=]]G
<=G�MCIB;�;F5B8:5H<9FR�9J9BH��5H�H=A9�]CCDG�5GGC7=�
ated with time machines in science fiction; see, e.g.,
[18]. In the classical multiworld interpretation, the
D5=FG�C:�G99A=B;]M�=B7CBG=GH9BH�9J9BHG�C77IF�=B�Q8=:�
:9F9BHR�IB=J9FG9G��5B8�H<9F96M�H<9M�5F9�BCH�=B�7CB�
tradiction.

In this paper, we will focus our consideration on
self-consistent and self-inconsistent evolutions of
classical objects (solid balls) in spacetimes with
wormholes, taking into account sensitivity of these
evolutions to finite sizes of wormhole mouths. In
contrast to the approach [16] excluding all self-in-
consistent evolutions from classical physics, we
think that self-inconsistent evolutions are worth be-
ing considered as possible as well. Though such
evolutions violate the conventional causality, they
are roughly similar to evolutions of quantum
microparticles. The main aim of this paper is to theo-
retically examine the specific features of self-incon-
sistent and unambiguous evolutions of classical
solid balls, with their sensitivity to geometric sizes
of wormhole mouths and causality paradoxes taken
into account. We point out quantumlike behavior of
classical small balls in spacetimes with wormholes,
in which case self-inconsistent evolutions of such
balls are roughly similar to unitary evolutions of quan-
tum microprticles. In the framework of the suggested
approach, small and large classical ball exhibit dif-
ferent behaviors due to their geometric sizes allow-
ing and do not allowing them to traverse through
wormholes, respectively. The difference in the be-
havior between small and large classical balls in
spacetimes with wormholes is roughly similar to
difference in the behavior between quantum
microparticles and classical particles in quantum
mechanics. (In this paper focused on the causality
aspects only, we do not consider other problems
(like the negative energy problem; see, e.g., [22,23])
related to the existence of wormholes in
spacetimes.)
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2. SELF-CONSISTENT AND SELF-
INCONSISTENT EVOLUTIONS OF
CLASSICAL SOLID BALLS IN
SPACETIME WITH A STATIC
WORMHOLE

First, following the approach [16], let us illustrate
the conventional principle of self-consistency in the
case of a perfectly elastic solid ball which moves in
a spacetime with a CTC associated with a static
wormhole (Fig. 1). The wormhole has two mouths A
and B, spherical holes (shown as cross-hatched
circles in Fig. 1) characterized by the same radius
R and distant by D from each other in a three-di-
mensional space. The mouths are connected by a
short handle with the negligibly small length l << D.
For the aims of this paper, it is logical to assume
that l = 0. The spacetime is a flat spacetime every-
where except for the wormhole mouths and their
vicinities. There are CTCs which involve traverse
through the wormhole. The traverse means that,
when a solid ball with radius r < R enters the worm-
hole mouth A, the ball appears from the mouth B in
the past.

Within this simplest scheme, one can distinguish
self-consistent and self-inconsistent evolutions of
the ball. Following the approach [16], a typical ex-
ample of self-consistent evolution is schematically
presented in Fig. 1a. The ball moves along the tra-
jectory �, undergoes self-collision at point O (the
7C]]=G=CB�K=H<�QC]89F�=HG9]:R���ACJ9G�5]CB;�H<9�HF5>97�
tory �T�5B8�F957<9G�H<9�KCFA<C]9�ACIH<���5H�H<9
end of the trajectory �T� �=;��
5���,<9�65]]�9BH9FG�H<9
mouth A, then appears from the wormhole mouth B
in the past, moves along the trajectory �, collides
K=H<�QMCIB;9F�=HG9]:R�5H�DC=BH�'��5B8�H<9B�ACJ9G�5]CB;
the trajectory �T��,<9�65]]�HF5>97HCF=9G�� and � meet
at point O where the ball collides with itself. As a
result of this self-collision, the ball moving along tra-
jectories � and �drives itself to move along trajec-
tories �T�5B8��T��F9GD97H=J9]M��=B�K<=7<�75G9�H<9�HF5�
jectory �Tends at the wormhole mouth A and thus
forms a closed self-consistent evolution curve
O�T��� O (Fig. 1a). Besides, the ball moves along
the trajectory �T�HCK5F8G�H<9�:IHIF9� �=;��
5���!:�89�
tails of the self-consistent evolution on the CTC are
not interesting, one can consider it as that occur-
ring within a black box with the trajectory � coming
into the box from the past and the trajectory �T�ACJ�
ing from the box towards the future (Fig. 1b).

Now let us discuss, following the approach [16],
a typical example of self-inconsistent evolution (Fig.
2a). The ball moves along the trajectory �and en-
ters the wormhole mouth A at the end of this trajec-

Fig. 1. A typical example of self-consistent evolu-
tion of a classical solid ball in spacetime with a
wormhole. (a) The solid ball (full circle) moves along
the trajectory �, collides with older itself at point O,
moves along the trajectory �T�5B8�F957<9as the
wormhole mouth A (cross-hatched circle) at the end
of the trajectory �T��,<9�65]]�9BH9FG�H<9�ACIH<���
then appears from the wormhole mouth B (cross-
hatched circle) in the past, moves along the trajec-
tory �, collides with younger itself at point O, and
then moves along the trajectory �T��,<9�65]]�HF5>97�
tories � and � meet at point O where the ball col-
lides with itself. As a result of this self-collision, the
ball moving along trajectories � and �drives itself to
move along trajectories �T�5B8��T��F9GD97H=J9]M��=B
which case the trajectory �Tends at the wormhole
mouth A and thus forms a closed self-consistent
evolution curve O�T��� O. Besides, the ball moves
along the trajectory �T�HCK5F8G�H<9�:IHIF9�� 6��!:�89�
tails of the self-consistent evolution on the CTC (as-
sociated with the wormhole) are not interesting, one
can consider it as that occurring within a black box
with the trajectory �coming into the box from the
past and the trajectory �T�ACJ=B;�:FCA�H<9�6CL�HC�
wards the future.

tory (Fig. 2a). Then the ball appears from the mouth
B in the past and moves along the trajectory � (Fig.
2a). The ball trajectories � and � meet at point O
where the ball collides with itself. As a result of this
self-collision, the ball moving along trajectories �
and �drives itself to move along trajectories �and�,
respectively, in which case both the trajectories �
and � do not end at the wormhole mouth A (Fig. 2a).
If it is so, the ball does not move along the worm-
hole handle AB, does not appear at the mouth B,
does not collide with itself at point O; and, as a
corollary, the ball moves along the trajectory �, en-
ters the mouth A at the end of this trajectory, and so
on (Fig. 2a). To summarize, the ball enters the worm-
hole mouth A, if and only if it does not enter the
wormhole mouth A. Thus, the self-inconsistent evo-
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Fig. 2. A typical example of self-inconsistent evolu-
tion of a classical solid ball in spacetime with a
wormhole. (a) The solid ball (full circle) moves along
the trajectory �and enters the wormhole mouth A
(cross-hatched circle) at the end of this trajectory.
Then the ball appears from the wormhole mouth B
(cross-hatched circle) in the past, moves along the
trajectory �. The ball trajectories � and � meet at
point O where the ball collides with itself. As a re-
sult of this self-collision, the ball moving along tra-
jectories �and �drives itself to move along trajec-
tories �and �, respectively, in which case both the
trajectories � and � do not end at the wormhole mouth
A. If it is so, the ball does not move along the worm-
hole handle AB, does not appear at the mouth B,
does not collide with itself at point O and, as a cor-
ollary, moves along the trajectory �, enters the mouth
A at the end of this trajectory, and so on. That is,
the ball enters the wormhole mouth A, if and only if
it does not enter the wormhole mouth A. (b) If de-
tails of the self-inconsistent evolution on the CTC
(associated with the wormhole) are not interesting,
one can consider it as that occurring within a black
box with the unambiguous trajectory �coming into
the box from the past and the two ambiguous tra-
jectories � and � moving from the box towards the
future (for details, see text).

lution (Fig. 2a) produces the paradox (called the
(C]7<=BG?==T�D5F58CL�3
�4��K<=7<�G9FJ9G�5G�5B�5B5�
log of the grandfather paradox in science fiction.
/=H<�H<9�(C]7<=BG?==T�D5F58CL��H<9�5IH<CFG�3
�4�7CB�
cluded that the self-inconsistent evolutions are im-
possible in principle, because they violate the con-
ventional causality.

If details of the self-inconsistent evolution along
a CTC are not interesting, one can consider it as
that occurring within a black box with the trajectory
� coming into the box from the past and both the
trajectories � and � (whose realizations are uncer-
H5=B�=B�577CF85B79�K=H<�H<9�(C]7<=BG?==T�D5F58CL�
moving from the box towards the future (Fig. 2b).
Hereinafter we denote the trajectories �and � as

Q5A6=;ICIG�HF5>97HCF=9GR�=B�CF89F�HC�8=GH=B;I=G<�H<9A
from classical (unambiguous) trajectories. Also, the
G5A9�H9FA�Q5A6=;ICIG�HF5>97HCFMR�K=]]�89G=;B5H9�5BM
uncertain trajectory resulted from a self-inconsis-
tent evolution of a classical ball in a spacetime with
wormholes.

3. QUANTUMLIKE CHARACTER OF
SELF-INCONSISTENT
EVOLUTIONS OF CLASSICAL
SOLID BALLS IN SPACETIME WITH
A STATIC WORMHOLE

The existence of the two ambiguous trajectories (�
and �) of one classical solid ball (Fig. 2) is roughly
similar to quantum-mechanical uncertainty in spa-
tial localization of quantum objects like electrons in
the textbook experiment with electrons moving
through two slits of a screen. As with the case of
electrons whose spatial coordinates in the mentioned
experiment are uncertain, one can not unambigu-
ously identify spatial coordinates of the classical
ball having the two ambiguous trajectories (Fig. 2)
in a spacetime with a wormhole. In the context dis-
cussed, self-inconsistent evolution of one classical
solid ball at its ambiguous trajectories can be treated
as a rough analog of unitary evolution of a quantum
microparticle.

More than that, within the description of behav-
ior of classical balls in spacetimes with CTCs, one
can define also approximate analogs of quantum-
mechanical measurement (wave function reduction)
events. To start their discussion, let us consider
the specific features of evolutions of classical sol-
ids balls divided into two categories: small and large
balls, depending on their radii in a spacetime with a
wormhole. All the small solid balls have the same
mass m and radius r smaller than the wormhole
mouth radius R. The small solid balls with radius r
can in principle move through the wormhole with
radius R > r. In this context, if small solid balls move
through the wormhole, their evolutions can be self-
inconsistent, as with evolution of the previously con-
sidered solid ball (Fig. 2) having the two ambiguous
trajectories �and �.

All the large balls are similar to each other. The
mass of each large ball highly exceeds the mass m
of a small ball. Also, large balls are characterized
by the same large radius RL larger than the radii of
the wormhole mouths and small balls: RL>R>r. As
a corollary, in contrast to small balls, large balls
can not move through the wormhole with the mouth
radius R < RL. In these circumstances, one logi-
cally concludes that large balls always have unam-
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Fig. 3. A collision of two small solid balls in the
situation where one of these balls initially (before
the collision) has ambiguous trajectories in
spacetime with a wormhole. The ambiguous trajec-
tory (dashed line) � of the small ball 1 (full circle)
meets the unambiguous trajectory (solid line) � of
small ball 2 (full circle) at some point P of the
spacetime. Due to uncertainty in realization of the
ambiguous trajectory � of the ball 1, its collision
with another solid ball at point P is uncertain, too.
As a corollary, the initially (before the collision) un-
ambiguous trajectory of the ball 2 at point P trans-
forms into two ambiguous trajectories �1 and �2 .

biguous evolutions in the spacetime with the worm-
hole.

Thus, for geometric reasons (expressed in in-
equality R>r), small solid balls can have self-incon-
sistent evolutions on CTCs associated with worm-
holes, and thereby their past can change producing
H<9�(C]7<=BG?==T�D5F58CL��!B�7CBHF5GH��:CF�;9CA9HF=7
reasons (expressed in inequality RL>R), large solid
balls can not evolve on the CTCs, and thereby their
evolutions are always unambiguous.

We briefly discussed behaviors of isolated small
and large balls in spacetimes with CTCs. Let us
consider their collisions and sensitivity of such col-
lisions to the presence of CTCs. Since large balls
always have unambiguous evolutions, collisions
between large balls in a spacetime with CTCs are
not influenced by the presence of CTCs. Such col-
lisions are identical to collisions between classical
balls in a spacetime free from CTCs.

Now let us consider a collision of two small balls
in the situation where one of these balls has am-
biguous trajectories. Let a small solid ball (herein-
after denoted as the ball 1) have the two ambiguous
trajectories � and � in a spacetime with a wormhole
(Fig. 2). Let the ambiguous trajectory � of the small
ball 1 meet a trajectory � of another small ball (here-
inafter denoted as the ball 2) at some point P of the
spacetime (Fig. 3). Due to uncertainty in realization
of the ambiguous trajectory � of the ball 1, its colli-

sion with another solid ball at point P is uncertain,
too. In these circumstances, after the ball 2 has
reached point P, its evolution has become uncer-
tain. The trajectory of the ball 2 at point P trans-
forms into the two ambiguous trajectories �1 and �2

(Fig. 3). (Roughly speaking, the trajectory �1 corre-
GDCB8G�HC�H<9�(C]7<=BG?==T�D5F58CL�Q7M7]9R�5H�K<=7<
the ball 1 does not move in the future, and, as a
corollary, the balls 1 and 2 do not collide at point P;
see Figs. 2 and 3. The trajectory �2  corresponds to
H<9�(C]7<=BG?==T�D5F58CL�Q7M7]9R�5H�K<=7<�H<9�65]]�

moves along the two trajectories in the future, and,
as a corollary, the balls 1 and 2 collide at point P;
see Figs. 2 and 3.) Thus, a collision of a small ball
having ambiguous trajectories and a small ball hav-
ing a classical unambiguous trajectory results in
transformation of the unambiguous trajectory of the
second ball into the two ambiguous trajectories (Fig.
3).

Note that, if the ball 1 moves through the worm-
hole and thereby has ambiguous trajectories, the
collision of the two small balls (Fig. 3) does not
forbid traverse of the small ball 1 through the worm-
hole in the past. That is, the collision does not pre-
vent change in the past of the solid ball 1 having
self-inconsistent evolution.

The situation is dramatically different for colli-
sions of another kind, the namely collisions between
small and large balls with associated absorption of
small balls by large balls. As to details, let us con-
sider the small ball 1 which moves along ambigu-
ous trajectories �and �; collides with the large ball
3, when its ambiguous trajectory �meets the clas-
sical trajectory of the large ball 3; and then is ab-
sorbed by the ball 3 (Fig. 4a). Due to the absorp-
tion, the small ball 1 looses its individuality. The
ball 1 becomes a part of the large ball 3. Since large
balls can not traverse through the wormhole and
have the unambiguous evolutions, the absorbed
small ball 1 (Fig. 4a) as a part of the large ball 3 can
not traverse through the wormhole and should have
the unambiguous evolution. In other words, the ab-
sorption event (Fig. 4a) changes the past in the
sense that the absorbed small ball 1 can not move
through the wormhole in the past, and thereby the
65]]�
�8C9G�BCH�9LD9F=9B79�H<9�(C]7<=BG?==T�D5F58CL
after the absorption.

In general, the absorption of the small ball 1 by
the large ball 3 (Fig. 4a) is not a definite event, be-
cause the small ball 1 has ambiguous trajectories �
and �. In these circumstances, the small ball 1
moving along ambiguous trajectories �and � can be
absorbed by the large solid ball 4 (Fig. 4 b), as with
the large ball 3 (Fig. 4a). That is, with ambiguity of
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Fig. 4. A quantum-measurement-like event of collision of a small solid ball (having two ambiguous trajecto-
ries) with a system consisting of two large balls in spacetime with a wormhole. Two versions of the absorp-
tion event are possible. (a) The small ball 1 (small full circle) moves along ambiguous trajectories �and �,
collides with the large ball 3 (large full circle) and is absorbed by it. Due to the absorption, the small ball 1
looses both its individuality (it becomes a part of the large ball 3) and thereby capability of moving through
the closed timelike curve in the past. (b) The small ball 1 (small full circle) moves along ambiguous trajec-
tories �and �, collides with the large ball 4 (large full circle) and is absorbed by it. Due to the absorption, the
small ball 1 looses both its individuality (it becomes a part of the large ball 4) and thereby capability of
moving through the closed timelike curve in the past.

the trajectories �and �taken into account, both the
absorptions presented in Figs. 4a and 4b can come
into play. (Hereinafter, the absorption events shown
in Figs. 4a and 4b will be denoted as absorption A
and absorption B, respectively.) However, the large
balls can have only unambiguous trajectories. Thus,
we have the two statements/conclusions: (i) both
the absorption events A and B can come into play;
(ii) the large balls can have only unambiguous tra-
jectories. These statements are not in conflict, if
only one of the absorption events (Figs. 4a and 4b)
occurs. That is, the absorption of a small solid ball
having ambiguous trajectories by a large solid ball
having a classical unambiguous trajectory results
in transformation of the ambiguous trajectories into
one unambiguous trajectory of the small ball (Fig.
4). In doing so, selection of either the absorption A
or the absorption B as a real event is not a definite.
The selection can not be prescribed in advance due
to ambiguity of the trajectories �and �of the small
ball taking part in the absorption. This situation
roughly resembles a quantum-mechanical measure-
ment at which a macroscopic device initially (be-
fore the measurement event) has two classically
distinguished states, and the selection of one of
these states in the measurement event can not be
DF9G7F=698��6975IG9�=H�=G�A589�6M�QIB79FH5=B�=BH9F�
57H=CBR�C:�H<9�A57FCG7CD=7�89J=79�K=H<�5�EI5BHIA
microparticle.

To summarize, the small ball 1 moves along
ambiguous trajectories �and �, collides with either
the large ball 3 or the large ball 4, and is absorbed
by the ball 3 or 4, respectively (Fig. 4). Due to the

absorption, the small ball 1 looses both its individu-
ality (it becomes a part of the large ball 3 or 4) and
thereby capability of moving through the wormhole.
In other words, the absorption changes the past in
the sense that the absorbed ball 1 can not move
through the wormhole in the past, and thereby the
65]]�
�8C9G�BCH�9LD9F=9B79�H<9�(C]7<=BG?==T�D5F5�
dox. In this context, the absorption of the small ball
1 by one of the large balls (Fig. 4) can be treated as
a rough analog of a quantum-mechanical measure-
ment of a spatial coordinate of a microparticle (be-
ing a rough analog of the small ball 1) due to its
interaction with a macroscopic device (being a rough
analog of the system consisting of the large balls 3
and 4).

The suggested scenario for evolutions of small
and large balls corresponds to the new principle of
self-consistency, which admits partially inconsis-
tent evolutions of small solid balls on CTCs in
spacetimes with wormholes. According to the new
principle, small solid balls on CTCs can have self-
inconsistent evolutions with ambiguous trajectories.
However, these self-inconsistent evolutions of small
solid balls change their past in the only way keep-
ing evolutions of large solid balls unambiguous.

Note that, though large balls can not move
through wormholes, their behavior is influenced by
wormholes. It is because large balls interact with
small balls whose behaviors are dramatically af-
fected by wormholes. The quantum-measurement-
]=?9�9J9BH�P�56GCFDH=CB�C:�5�GA5]]�65]]�6M�5�]5F;9�65]]
 �=;��
��P�A5?9G�7CBB97H=CB�69HK99B�IB5A6=;ICIG
classical world of large balls and ambiguous trajec-



201Quantumlike behavior of classical particles in spacetimes with time machines

HCF=9G�C:�GA5]]�GC]=8�65]]G�=BJC]J98�=B�H<9�(C]7<=BG?==T
paradox.

4. CONCLUDING REMARKS

Thus, quantumlike behavior is exhibited by systems
of small and large solid balls in spacetimes with
wormholes. The key geometric difference between
small and large balls is in typical values of their
radii: a typical radius r of a small solid ball is lower
than the wormhole mouth radius R which, in its turn,
is lower than a typical radius RL of a large solid ball
(r < R < RL). As a corollary, large balls can not move
through wormholes, while small balls are capable
of moving through wormholes. Due to traverse of a
small solid ball through a wormhole, evolution of the
small ball can be self-inconsistent in the sense that
it violates conventional causality and has two am-
biguous trajectories. In doing so, one can not un-
ambiguously identify spatial coordinates of the clas-
sical small ball having the two ambiguous trajecto-
ries (Fig. 2). The considered uncertainty in spatial
coordinates of a classical solid ball in a spacetime
with a wormhole resembles quantum-mechanical
uncertainty in spatial coordinates of quantum
microparticles (such as electrons moving through
two slits of a screen). In the context discussed,
self-inconsistent evolution of a classical small ball
at its ambiguous trajectories can be treated as a
rough analog of unitary evolution of a quantum
microparticle in quantum mechanics.

In contrast, evolutions of large balls in a
spacetime with wormholes are always unambigu-
ous. Thus, small classical balls can have self-in-
consistent evolutions with ambiguous trajectories,
while large balls always have unambiguous evolu-
tions in a spacetime with wormholes. In order to
describe cooperative evolution of small and large
classical balls in one spacetime with wormholes,
the author suggested the new principle of self-con-
sistency. According to the new principle, evolutions
of small solid balls on CTCs (related to wormholes)
can be self-inconsistent, but these evolutions change
the past of small solid balls in the way keeping evo-
lutions of large solid balls unambiguous.

Note that the new principle generalizes and
modifies the conventional principle of self-consis-
tency. The conventional principle [16] describes the
situation where all classical balls are capable of
moving through wormholes. The conventional prin-
ciple [16] admits only self-consistent evolutions re-
sulting in unambiguous trajectories of classical balls.
All self-inconsistent evolutions (resulting in ambigu-
ous trajectories) of classical balls are treated as

impossible [16]. The new principle deals with the
situation where small balls can traverse through
wormholes, while large balls can not. The new prin-
ciple admits self-inconsistent evolutions of small
balls, if they keep evolutions of large balls unam-
biguous.

With the new principle of self-consistency, ab-
sorption of a small ball (having a self-inconsistent
evolution) by a large ball in a spacetime with worm-
holes transforms the self-inconsistent evolution of
the small ball into one of the unambiguous evolu-
tions of two large balls (Fig. 4). In doing so, since
the small ball has two ambiguous trajectories, only
one of two different absorption events A and B (see
Figs. 4a and 4b, respectively) can come into play in
the real world. Selection of one of the absorptions A
and B as the real event is not definite; it is probabi-
listic. The selection can not be unambiguously pre-
scribed in advance. The selection of the absorption
A is specified by some probability, as with the ab-
sorption B. This situation roughly resembles a quan-
tum-mechanical measurement at which a macro-
scopic device initially (before the measurement
event) has two classically distinguished states, and
the selection of one of these states in the measure-
ment event can not be unambiguously prescribed
=B�58J5B79��6975IG9�=H�=G�A589�6M�QIB79FH5=B�=BH9F�
57H=CBR�C:�H<9�A57FCG7CD=7�89J=79�K=H<�5�EI5BHIA
microparticle.

The rough similarity in question is of particular
interest in the situation where the wormhole mouth
radius R is in the microscopic range typical for real
quantum-mechanical microparticles. In this situa-
H=CB��H<9F9�=G�H<9�A=7FCG7CD=7�QGHFI7HIF5]R�G75]9�*�C:
the spacetime with the wormhole, and this scale
naturally differentiates behaviors of large (macro-
scopic) and small (microscopic) classical objects.
In the situation under discussion, one may specu-
late on a new interpretation of quantum mechanics
in terms of evolutions of small and large classical
balls in a spacetime with a wormhole having micro-
scopic mouths.
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