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A formal, physical analogy between plastic deformation, mainly dislocation creep, and Relativistic Cosmology is presented. The phys
analogy between eight expressions for dislocation creep and Relativistic Cosmology have been obtained. By comparing the mathem:
expressions and by using a physical analysis, two new equations have been obtained for dislocation creep. Also, four new expressions
been obtained for Relativistic Cosmology. From these four new equations, one may determine the neutrom @nbsgknowing of the
present value of the universe radius and the Einstenian gravitational constant. Another new expression gives the neutran eexdilis,
present value of the universe radilié s divided by 10°.

Keywords: Dislocation creep; plastic deformation; relativistic cosmology.

Se presenta una analagormal y fisica entre la deformatn plastica, principalmente termofluencia por dislocaciones y cosr@letp-
tivista. Se muestran la analiedisica entre ocho expresiones de termofluencia por dislocaciones y cosarelagjvista. Con la comparagi

entre las expresiones mataticas y el uso del dtisis fisico se encuentran dos expresiones nuevas para termofluencia por dislocaciones
cuatro nuevas expresiones para Cosmal&glativista. De entre las cuatro nuevas ecuaciones una permite determinarikaéelerguton,

uy, a traes del conocimiento del radio actual del Universo y de la constante Einsteniana de gravi@ica expresin define el radio del
neut®n ry como el radio actual del univerddoy dividido entre 16°.

Descriptores: Deformacon plastica; termofluencia por dislocaoi; cosmologa relativista.

PACS: 61.50.-f; 02.40.Dr; 62.20.Dc; 61.72.Lk; 62.20.Hg; 14.20.Dh; 04.20.-g; 98.80.-k; 01.55.+b

1. Introduction the Keplerian orbit of the moon with the Galilean trajectory
of a ballistic projectile, reached a theoretical understanding
Since tlme inmemorial human kll’ld ha.S been Wa'[Ching the Skbf Kep'er’s phenomenologica' IaWS by estab"shing the uni_
and wondering about its meaning and origin. In those daygersal law of gravitation. Newton also considered the uni-
the information obtained from the skies was used for praCticaJ/erse infinite in extension and in duration on time (as con-
porpouses of orientation: in terrestial space, or for the cultixjgered before by Lucretius in “De Rerum Naturae”). At the
vation of crops. For most human history it has been thoughpeginning of the twentieth century the general vision among

that stars were fixed to some sort of sphere or were pinholegstronomers was that everything visible in the heavens be-
in that sphere, permitting glimpses of a universal fire burmeqonged to “our” galaxy [1].

beyond. Whatever the model of the universe (Plato, Aristo-
tle, Ptolemy. .. models), man was at the center (quite natural In 1917 Einstein, starting from the equality between
in view of the fact that the celestial spheres seems equidistatite inertial and gravitational mass of material objects, con-
in all directions). The concept of our central position in thestructed his general theory of gravitation, which for the first
cosmos has been tenacious. time allows one to deal with the whole universe [2]. Einstein
Only after the work of Nicolai Copernicus on a hypo- himself developed a model in which he postulated a cosmic
thetical scheme of the movements, of the heavens the Eartiepulsion force, “the cosmological constant” term in the grav-
was theoretically displaced form the center of the universeitational field equation. The role of such a repulsive force was
with the sun as the center of the planetary system and, db balance gravity and yield a static model for the universe.
course of the universe. Later, Galileo’s observations of outeAfter Hubble’s discovery of the expansion of the universe,
space by using a telescope for the first time caused an inkinstein considered that the introduction of the cosmological
mense stir that led to an unavoidable conflict with the geo-constant was his “biggest blunder” [3]. With Friedmann’s [4]
centric dogma upheld by Catholic theologians. Galileo sawand Lemaitre’s [5] works published in 1922 and 1927 respec-
sunspots, the moons of Jupiter and the phases of Venus. Allely, the first relativistic cosmological models describing
this factual information established, once and for all, that thehe expansion of the universe began to appear (both models
heliocentric system proposed by Copernicus was a realityise the cosmological constant term in their field equations).
and could no longer be considered to be merely a compuFhe next big step in cosmology was crystallized in the Big
tationally convenient hypothesis. Newton, after identifying Bang theory, which is usually associated with Gamow. He
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provided cosmology with a link between the science of theanthropic principle trying to explain the small value of the
universe and nuclear physics [6]. There are three differentosmological constant [46,47]. As far as we know, there are
types of experimental data which support the Big Bang theno experimental data which give conclusive support to any
ory. The expansion of the universe according to Hubble's lawpf the previous models for the cosmological constant prob-
which describes the radial velocity of galaxies and other coslem. In other words, this problem and also associated with
mic systems as a function of the distance from any observethe acceleration of the expansion of the universe still remains
provides direct evidence for an explosive beginning [7-10].unsolved.
The Nucleosynthesis prediction for the light elements in the  The main purpose of this work is to give an isomorphic
first minutes of the Big Bang have been verified by obser-analogy between the main results of the deformation of crys-
vation of the abundance light elements [11-16]. And alsatalline materials and the relativistic cosmology theory for the
the observation of the cosmic microwave background gives axpansion of the observable universe; after that, some calcu-
fundamental support for the Big Bang theory [17-23] lations and predictions will be made. This is done by consid-
Also a long time ago, the standard Big Bang Nucleosyn-ering with Zel'dovich (1962), [48] our deep conviction that it
thesis theory was complemented by the theory of stellar elewould be naive to expect from astronomy new rules or the-
ment formation [24], which solves the problem of generatingories about nuclear reactions, the creation of the elementary
elements heavier than helium, by explaining in a general wayarticles and the laws of general theory of relativity. The
the abundance of practically all the isotopes or elements frorpoint is to use existing theories correctly, not to introduce new
helium through uranium by synthesis in stars and supernovaenes. In other words, we restrict ourselves to work strictly in
From 1965 to the fall of 1997, research in cosmologythe theoretical and experimental frame work established by
evolved as expected, without surprises, until Professor Sadhe work of human kind in our terrestrial facilities, knowl-
Perimutter, at the beginning of 1998, announced that he anedge corroborated now and then, or hundreds, thousand or
an international team of observers of supernovae, uses supenillions of times in the every day experience of humanity,
novae as beacons to judge how the cosmic expansion rate htaging to follow Occam razor very closely in order to reduce
changed over time. Not only did the results support the earlieto a minimum the use of speculative ideas without experi-
evidence that the expansion rate has slowed too little for gravmental support of some type.
ity ever to bring it to a stop; they also hinted that somethingis  Before we make the comparison between the deformation
nudging the expansion along. This discovery introduced imof crystalline materials and Cosmology, and before we ana-
portant evidence that there is a cosmological constant [25]yze its global implications and in order to make this paper
The first detailed publications on the subject support the acself-contained, let us make a brief synthesis of both subjects.
celeration of the expansion of the universe [26,27].
A review of recent observations suggests a universe that
is lightweight (matter density about one - third of the critical 2. A brief synthesis of the deformation of crys-
value), spatially flat and accelerating [28,29]. talline materials
The acceleration of the expansion of the universe requires
the existence of an energy to overcome the gravitational selflit is well known that Hooke’s law describes the elastic lin-
attraction of matter. The cosmological constant - also calle@&ar deformation of materials under the action of an external
lambda (written as\ or A) has long time been a candidate force F.
for serving as this energy reservoir. In 1967, Zel'dovich [30]  Expressed as an axial applied stressuch relationship
showed that the energy density of the vacuum should act preeads,
cisely as the energy associated with the cosmological con-
stant. Lately, theorists have been dusting it off again and o= Fe Q)
speculating about sources for the energy based on the fleeting
particles that wink in and out of existence in vacuum spacewhere e is the axial engineering strain,
according to quantum mechanics. But calculations based on
that idea lead to lambda’s that are 120 orders of magnitude e=(L—Lo)/Lo )
greater than the energy contained in all the matter in the uni-
verse [31-35]. So theorists are playing with alternatives. FotL the length of the deformation sample at timand Lo the
instance, some workers consider that the cosmological cornnitial length before deformation, and E is Young’s Modulus,
stant arises from different possibilities: local voids or non-usually with values on the order ab° Pa [49]; Eq. (1) is
homogeneities in the expansion of the universe [36,37], a trueommonly obeyed for all crystalline materials up to an upper
Casmir effect on a scalar field filling the universe [38], thelimit of about e = 0.1% [50].
acceleration of the universe [39]; or give alternative scenar- A simple microscopic explanation about Hooke’s law is

ios to a pure cosmological constant provided by a classicahe following: If we take the harmonic oscillator
scalar field known as quintessence [29,40-44], also the self

- tuning bran scenario in an attempt to solve the cosmolog-

1 2
. V(r) = —=kg (r — 7
ical constant have been used [45], and some people use the (r) 9 (r—ro)
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it describes in a first approximation (for small oscillations) the extra-semi- plane is denoted by the symhb].Under

the potential energy of first neighbors inside a crystalline, cuthe action of a shear stress, the dislocation moves in the

bic lattice of a solid. Heré:,; is the coefficient which char- direction of the Burgers’ vector, b; this movement has a tran-
acterizes the potential strength, ands the equilibrium lat-  sient phase shown in Fig. 2. Under the action of the shear
tice parameter. With these conditions, the force between twstress above the glide plane, the atoms (above the glide plane)

neighborsF,; is given by, move slightly to the right of their equilibrium positions. Si-
multaneously, below the glide plane, the shear stresses move
Fop = =VV(r) = ka(r —ro) (3)  the atoms (below the glide plane) slightly to the left of their

equilibrium positions. Events occur in such a way that the
extra-semi-plane 5 displaces to the right, because during de-
formation the plane named 6 -5’ is transformed into the plane
Ko 5 - 5" with a “rupture” of continuity of the plane 6 - 5’ giv-
E= P (4) ing place to an extra - semi plane 6. As the atoms around
¢ the extra - semi plane move very little around their equilib-
This equations give the stiffness of the crystalline latice or thgjum positions, the interaction potential between them can be
stiffness of the crystalline space as a function of the strengtBonsidered harmonic, and because of the symmetry of the
of the interaction potential between adjacent lattice pointsdistortions of the atom’s positions by the semi - extra plane,
k4t and the inverse of the lattice (ganeter. Asi,; grows and  as a first approximation during the gliding of an edge disloca-
ro diminish, £ tends to grow. tion there are no net atomic forces acting on the dislocation
Also, it is possible to show that the stored strain energyat low gliding velocities as compared with the velocity of
per unit volume[J,, due to an axial stressacting on ama-  transverse waves of sound in the material) [59-61].
terial is given by [51],

and, if the elastic deformation of the solid is homogeneus
theneicro = €macro- Therefore Eq. (3) and (1) imply that,

This type of crystalline defect, which is necessary to ex-
U, = 0%/ (2E) (5) Plainthe plastic deformation of materials, is not in thermody-

namic equilibrium. Therefore, when a pseudo-particle (edge

where E is related to the shear modulys by the standard dislocation) and its pseudo-anti-particle (edge dislocation of

relation the opposite sign) are very close in position, an annihilation
process develops between them. During this process, the
pm = E/[2(147)] (6)  stored elastic energy of the field of each pseudo particle is
] ) ] transformed into incoherent sound waves, and the restoration
with  as Poisson’s ratio. of the local perfection of the lattice and the local relaxation

Note that in the following paragraphs and sections a slighty g|astic stresses occur, [see Fig. 3].
change has been made in the usual notations for physical pa-
rameters of common fields here mentioned to avoid or reduce
misunderstandings.

In 1926, Frenkel [52] developed a model to explain the
yield stress for metals (the beginning of plastic deformation,
which has an irreversible character). Essentially, he con-¢ ® ® ® ¢ ® ® ® ®
sidered that plastic deformation occurs in the sliding of one .
atomic layer over its layer immediately below. The theoret- ) ® ® ® P ® ® ® ®
ical values (of the order of magnitude of the shear modulus
of the materialu,,) were too big when compared with ex-
perimental data (a thousand or one hundred thousand time!

®
greater than the real values), and the model does not take int
account the strain hardening [52,54]. In 1934, Polanyi [55], ®
Taylor [56], and Orowan [57] propose, independently, the _I_
concept of edge dislocation. In 1939, Burgers [58] proposed
—>
‘_)‘ b |<_

® o ¢ 9o o o ® o o

® * ® ® ] ®

the concept of screw dislocation. Both types of crystalline
defects are required to explain the main and fundamental fea-
tures of plastic deformation in crystalline structures.
In the following paragraph the main topological charac-
teristics of a straight edge dislocation, and their implications
for gliding movement are described. In Fig. 1 a schematic
arrangement of the atoms in a normal plane of a straight edge
dislocation is exhibited. The characteristics of this crystalline
defect produce compressive stresses above the glide plamesure 1. Atomic arrangement in a perpendicular plane of a
and tension stresses below it. The inferior ending edge oftraight edge dislocation (Schematic), [61].
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_T N AN and Eq. (7) describes the volumetric linear momentpnof
P PSS LTS PR S-S A the mobile dislocation density. In other words, one has
m
p=-—r¢ 9)
Glliding Mb
plane” — NN/ VvV VYWY dp m dé
fe=mr = (10)
dt  Mbdt
12 34 5 6 78 12 3 a5 e Te where m is the inertial mass per unit length of dislocation.
ST N T Until now, there have been no trustable experiments to de-
(a) (b) termine the inertial mass of dislocations. However, by anal-

_ _ _ ogy with the theory of general relativity in which the iner-
FIGURE 2. () Ators r,‘er"]"r a”dedgf] d'S'Qcat'?“' (r?) Edge g;'oca' tial mass is identical to the gravitational mass of the object,
tion movement to the right, under the action of a shear siressie some authors [60,68] have considered that the inertial mass
magnitude of the displacement of the edge dislocatidn [81]. . . g . L .

of dislocations is identical to the mass arising from the elastic

field expressions for the self-energy of dislocations per unit
length,u,. The inertial mass per unit length of dislocations
is obtained from,

Ug = mo'[}‘z (11)

wherem,, is the mean value of the rest mass per unit length
of dislocation in an homogenous material. And the velocity
\ of transverse sound waves is given by [69],

! Vs =4/ Nm/pgr (12)

with p,,. as the density of the material in grams per cubic
FIGURE 3. A schematic view of the geometrical aspects of an an- Centimeter.

|
—
]
—

nihilation event between one edge dislocatiorand one edge dis- Usuallyu, is expressed [60, 68] as,
location of the opposite sign (T). In this figure it is clear that the
spatial superposition of both crystalline defects restore the crys- 1 (2-7)

2
talline perfection ( and relaxes the local internal stresses); dissipat- td = [2(1-7)] pmb” [ (2 /7o) +0.15] (13)

ing, by phonon emissions, the stored elastic energy of both defects.
Note: for simplicity has been supposed that diffusion phenomenawherez is a distance which characterizes the more distant
occurred before the situation here described. dislocation interactions, ang, = 5b is an effective core ra-

_ ~ dius. Eq. (13) implies that the mass per unit length of dislo-
Usually the external power which causes deformation intation is not a local quantity. The term with 0.15 is due to a

creases the length of dislocations per unit volumeThe  non-linear contribution arising from the core of the disloca-
increase irp causes a decrease in the mean veloeify,of  tjon.

the mobile dislocation density,,. The strain rate is given The geometrical laws of the continuous linear elastic-

by [62,63]. ity theory for static dislocations have by now been estab-
b lished in their classical form and one should not expect them
€= 37PmYs (7)  to experience any fundamental change [70]. Also specific

. . _ expressions for the static-elastic fields for deformation and
where M is a geometric factor (the Taylor factor) and b is gyresses due to dislocations are available in many classical

the modulus of the Burger's vector. Whep andv,, change  teyts [49,71-73]. And for the case of the dynamical linear
very quickly, in order to describe the plastic deformation it is g|asticity theories of dislocations the most complete version

required to use an equation féf/d¢ which reads, is due to Kosevich [74-76]. Equations (9) and (10), are based
dé b dv dp on quasi-particle concepts which are usually alien to the
— = — | pm—2 + vy — (8) elastic-field theories of dislocations mentioned in this para-
dt M dt dt graph

and is also known as Fuchs and lischner’s equation [64,65].  The quasi-particle concepts for dislocations are based on
According to the statistical mechanical analysis of plastican old analysis made by Frenkel and Kontorova in 1939 [77],
deformation by dislocations [65-67], the Fuchs and llschner'shey to study the propagation of one unit of displacement in
equation (Eq. (8)) is related to the volumetric net forée, a unidimensional infinite chain of atoms elastically bonded
acting in the center of mass of the mobile dislocation densitybetween them, which stay above another chain (or similar
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atoms) which remain still. To describe this physical situa-quantity of both sign of dislocations (dislocations and anti-
tion they obtain the following equation (expressed in presentlislocations) in both types of dislocations. This is in order

notation), that crystalline deformation can occur in an homogeneously.
52 52 The authors also consider that in dislocation creep deforma-

2070 079 _ w? sin ¢ (14)  tion, the gliding of mobile dislocations occurs at low glide

?0x* Ot ’ velocity as compared with,, and then the dissipate forces

where C, and w, are the velocity and characteristic fre- acting during gliding are absent or negligible [59,80]. With
quency of the system. In this equation, from left to right, thethe use of these main considerations, the authors arrive at the
first term represents the elastic interaction energy betweef®llowing equation for the creation rate of the mobile dislo-
neighboring atoms, the second one their kinetic energy anéation densitys,
the last term the potential energy due to the existence of a )
lower chain of atoms which is at rest. This non-linear field o= o
equation, well-known as the Sine-Gordon equation, is invari- Mu
ant under Lprenz transformations with the trapsverse Wave  agfar as we know, Eq. (15) is the only case of an expres-
sound velocity playing the role of the speed of light [78,79]. sjon, for the creation rate of dislocations without any free pa-
The solution of this field equation, which does not needrgmeter. This equation has been used to explain many prob-
to depend on time, has two parts: one for large amplitudeg, s of plastic deformation [60,66,81-84]. For instance, for
where the solution is highly localized in space; and also solua|_117nin the region where shows an exponential depen-
tions arising from small amplitudes which are spatially very yence on stress [85], the theoretical prediction for the creation
extended. The solutions of this field equation called soluiate of the mobile dislocation density and the experimental

tion have the dynamic characteristics of particles, and undefat, for different stresses are in full agreement with a ratio of
the effect of disturbances behaves like deformable particlespeoretical to experimental data equal to 1-0®.03 in the

These solutions are topologically stable entities due to a dyg, range of the applied stress [60].
namical equilibrium between two opposite potential energy For power-law creep, the subgrain formation process pro-

tendencies: the dispersive effects, which tend to spread ﬂ}?eeds as follow [83]: at the beginning of plastic deformation,

wave package, are balar!ced by _the .non—llnc_ear terms of ,ﬂ“r%pid multiplication of gliding dislocations at a rage, oc-
solution that promote their agglutination. This last effect IScurs and causes the density of mobile dislocatigngo rise

due to a physical process arising from the different velocitiesl.he new dislocations glide over a mean free path,
of the Fourier components. '

Under non-quantum or realtivistic conditions, the center
of mass of one soliton obeys Newton’s Second Law, as actu-

ally occurs for one dislocation [68];. and the movement of the,'before they are held up by dislocations of the opposite sign
center of mass of a system of SOI'tO_nS alsg obeys Newton'gii an edge component which glides in the opposite direc-
Second Law, as actually occurs for dislocation creep [65,66i51, under the action of the same applied shear stress.

_ When the stresses applied to a crystalline material argy e meantime of collision between opposite signed gliding
high enough, plastic deformation occurs through the creatioryigocation. Their mutual internal stress field promotes local
motion and interaction of dislocations. The dislocation den-yigiocation movements; and eventually, if the temperature is
;lty can only increase as long as thg numb.er' of new d'SI,Ocaﬁigh enough to facilitate atomic diffusion, a steady state con-
tions and also the length of the previous existing dislocationgyiion, is attained in which the rate of increase of dislocations
grow. The only mechanical way for a dislocation to increasg, gych a region is equal to the annihilation rate of disloca-
its length is by gliding in its glide plane. Therefore, from s iy the sub grain walls structure. Therefore the creation
the nine components of the applied stress tensor, in principley gigiocations and anti-dislocations occurs at the center of
only six of them (the shear stres'ses) are acting on the gl@ngub grains (dislocations and anti-dislocations glide in oppo-
planes and are able to create dislocations; the hydrostatic Qfie girections form the dislocation sources), and annihilation
pressure components of the applied stress can only produggents occur in the subgrain wall structure where gliding dis-

vacancies or volumetric defects mechanically. By applyingq ations and anti-dislocations collide (coming from different
these ideas for the creation of dislocations recently for the'contiguous subgrains).

first time, a new theory appeared for the creation rate of mo-
bile dislocations considered as quasi-particles [60].

(15)

Ltp = Ugtcoll (16)

The subgrain diameter at steady state is given by [83],

This theory is based on the principle of conservation of 5 -
energy. For the purpose of creation events, dislocations are dsg = —— s (17)
considered as quasi-particles obeying an effective relativis- ' drr \ o0

tic equation for the self-energy of dislocation per unit length

(Eq. (11), wheren,is the average dislocation mass per unitWhereg,, = 1/M. Equation (17) relates the subgrain diam-
length which takes into account that screw and edge dislocater with the mean energy per unit length of dislocation
tions in metals are created in equal number, and also in equaind for the usual case whete,;, = 1/3 andu = p.,,b2 [60]
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this expression resembles the phenomenological expression

mb
@9=K<“) (18)
ag
with K;neo = 20 for metals and ceramics. These theo- ﬁ
retical value forK has a difference of 10% and 20% with

the experimental data df for metals and ceramics respec-

tively [67,83]. Itis the first time, that a theory of subgrain for-

mation has provided an expression which gives the numerical )
prediction of K as a function of basic parameters of plastic
deformation.

The elastic interaction between dislocations decelerates »
the mobile ones. For a long time ago [56], we have known
that the internal stress,,which opposes to glide (due to the
elastic interaction with other dislocations) is given by

o; = oM pimby/p (O)

with « as a constant that characterizes the interaction of dis-

locations and depends on the geometrical arrangement of the L
dislocation structure as a whole: = 0.5) [86]. As a first

approximation it remains constant during deformation [87]. ~T T 7T

This stresso; represents some sort of special average 11 lf\D
value of the actual positions of dislocation segments, and the !;er TT J_i_h
law that relates the glide dislocation velocityto the effec- o 4 L 1N
tive applied shear stress to the gliding dislocation (this aver- g\jT TT Y
age is determined in the region existing between the sourc&g# S
of dislocation at the center of the subgrain and the subgrain
wall) [82].

Obviously, the actual internal stress within the whole sub
grain interior must vary with the position and must have aFIGURE 4. Emission of dislocations loops from sourcgs@nd
spatial average that is equal to zero. This is because of th@bsequent anni_hilation through climb (diffusion processes asso-
symmetry of the situation in which in half of the sub grain ¢iated to edge dislocations by Weertman's model. (a) Three di-
volume the actual internal stress points in one direction, angensions and (b) two dimension’s model, after Weertman's [89-90]

in the other half of the volume it points in the opposite direc- ork-

tion [88]. . . . structure  d,=1/\/p, ~We have d,,=b/(tgbln);
oo e o S g s /(50 50 ot andt, <. i~ 1/
. L . andd, = b/0,. Therefore, by using these relations in
ries, starting from the pioneer work of Weertman [89-90] ong (19)

power-law creep and viscous glide at steady state) is createdq'

(see Figs. 4 and 4b). Many other authors [67,92-99] consider

similar arrangements to those which, schematically, could be Or = by/pm + by/Pu- (20)
represented by Fig. 5, provided that in addition to the dipolar

character of the sub grain wall structure, we add their sources And by multiplying both sides of Eq. (20), HgM.,)

that lead to this arrangement [83]. From Fig. 5, it is clearthe following equation for the mean long range internal stress
that angles are added (caused by the elastic bending of thobtained:

lattice in a region with one signed dislocations, see Fig. 1 in

Ref. 100. In each half of the subgrain, we have that the total oi = aMpmb (\V/pm) + oM pmb (V/pw) (21)

angledr, caused by the elastic bending on the lattice is,

+0p = +0,, + 0., (19)

) S.LJ.J..L

whereo; have been defined ag = aMpu,,b0r. Eq. (21)

is equal to the simplified version of the soft and hard region
where the sigr{+) is for the right hand region of the source theory [67,82-84].

of dislocations and the sign-) is for the left hand region of We note that; as given by Eq. (21) arise from an anal-
the source until the middle region of the subgrain wall struc-ysis of the lattice deformation due to the existence of regions
ture is reached. And, because the misorientation artgles of high elastic energy fields in the form of defects of the
and@,, are related to the spacing of dislocations within thecrystalline lattice. Dislocations deform crystalline space in
sub grain interiotl,,,=1//p.,, and within the subgrain wall a more o less static way.
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FIGURE 5. Schematical model for creep substructure as formed
during high temperature plastic deformation; and the topological
characteristics of the dipolar subgrain wall created through colli-
sion and interactions during the movement of mobile dislocations.
Only primary dislocations are shown [104].

With the knowledge of the topological meaningeqfand
its relation with the associated parametgy, its now possi-
ble to expressl,, as a function of the dislocation densjty
and also to understand théj, separates regions with dislo-
cations of opposite sign.

By considering thap,, > p..(in general) [82,101] and
settingpw = p, then with the use of Egs. (21) and (17), we 5 re 6.
arrive at,

Quantitative flow map of velocities on specimen
through deformation. (a) Real flow in the four (X, y) regions of
9 < u ) sample under deformation. (b) Flow lines obtained by using sym-
(22)

dsg = 5 5 metry opergtion_s on real Qata on (a), denotgd by arrows. Also is
aMey, \ pmb*\/p shown the idealized velocity flow map by which the experimental
data can be described; denoted by the continuous curves. Data on
and by using as beforg,, = ﬁ = %7 u = 1pmb?, a = 0.5, Zn/20.2% Al/1.8% Cu alloy at room temperature [102-104].
dyy = %. 23) Among other studies, with this technique it is possible,
VP for the first time, to build up the mapping of the granular flow

) . . ) during superplastic deformation as can be seen for instance
This last equations explains experimental data ALl i, Fig 6. From the analysis of these data in terms of the sec-
pctZn[85] very well. N o ond law of Newton, it is clear that grains flow along the force

_ With the use of the same condition used before, it is poSiines; the aleatory deviations around the force lines are due to
sible to show that, the finite size of the elements of the flowing material and to
the mechanical interaction between the flowing grains. From
=55 oUn (24)  an elastic point of view, the tension acting along thaxis

a’M? b - . ) . .

induces a compression lateral stress in the deforming solid.
where Egs. (5) and (21) have been used. Eq. (24) shows th&@gether such stresses are responsible for the flow of matter.
the dislocation density is a function of the volumetric densityln other words, in the plane of Fig. 6, the grains are flow-
of elastic energy in the crystalline solid. ing along the force lines corresponding to a transverse sound

Finally, a new technique for scanning electron mi- wave travelling along the - axis

croscopy which provides a mesoscopic coordinates system One we have presented the main ideas behind crystalline
inscribed in the center of a tension test specimen of 341 deformation, we now move on to our next topic. Relativistic
of gauge length has recently been proposed [102-104]. cosmology, like plastic deformation, is a very broad subject

 4(1+7) (2)2: 4(1+7)
 a?M2p,,b2 \2F
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to study, so in the next section we restrict ourselves to deinteractions, which is still a problem bristling with extreme
scribing only the results that will be compared with the ma-difficulties. Instead of this mathematical situation, he consid-
terial previously described in this section. ered the actual discrete matter distribution as a homogeneous,
continuous distribution, one like a fluid or a tenuous gas. This
3. A brief synthesis of relativistic cosmology is no doubt an e_:xtreme idealizgtion, but it yields what can be
regarded as a first approximation to the actual problem.
In Newtonian physics, space-time is an infinitely rigid con- ~ Einstein’s equation obtained in his 1915 formulation:
ceptual grid. Gravitational waves cannot exist in this the- 1 387G
ory. They would have infinite velocity and infinite energy Ryn — ggmnR =1
density because in Newtonian gravitation the metrical elas-
tic modulus of space is infinite. Conversely general relativ-where R,,,,, denotes the Ricci curvature tensor, aRds a
ity introduces a finite coupling coefficient between the curva4invariant curvature derived from,,,,,. The components of
ture of space time, described by the Einstein curvature tensathe metric tensog,,,,, are functions of the coordinates in the
and the stress energy tensor which describes the mass-enepnse that they specify the space-time geometry, the invariant
which gives rise to the curvature. This coupling is expressedlistancedsbetween two neighboring points in space-time be-

Tinn (27)

by the Einstein equation. ingds? = g,,,,, dX™ dx”, where the Einstein convention about
4 repeated indices has been used [109].
T=——R (25) Usually the quantity
81G
whereT is the stress-energy tensdt,is the Einstein curva- 8nG/C* = K, (28)

ture tensor(' is the speed of light and' is Newton'’s grav-
itational constant. The coupling coefficiefit/(87G) is an is called the Einsteinian gravitational constant. Finally,,
enormous number, on the order if*3. This expresses the is the energy momentum (or energy-stress) tensor. The physi-
extremely high stiffness of space which is the reason that theal meaning of Eq. (27) is that it relates the tensors describing
Newtonian law of gravitation is an excellent approximationthe geometry of space-time (left-hand side) with the energy-
in normal circumstances, and why gravitational waves havénomentum tensor arising from the physical content of the
a small amplitude, even when their energy density is veryniverse. These equations tell us in quantitative terms how
high. The existence of gravitational waves is intuitively ob-the physical content of the universe (sources of energy, matter
vious as soon as one recognizes that space-time is an elasgd momentum) stresses the space-time structure and causes
medium [105]. its geometrical deformation. Conservation of energy and mo-
The gravitational wave equation [106] for a gravitational mentum is guaranteed by the zero divergence of the left-hand
plane wave propagating along thexxisin the positive direc- ~ side of Eq. (27).

tion is These equations of general relativity, permitted models
52 1 o2 for homogeneous and isotropic universe which could not be
<(‘32 — 02(%2) hf =0 (26)  static. In order to ensure a universe that was static in time,

z

Einstein was led to an important change in his original equa-
where all the:*are functions oft - z/c), with the gravitational ~ tions. According to Einstein [110], on the left-hand side of
waves propagating at the speed of light to within a fractionathe field equations we may add the fundamental tepspr
accuracy ob * 10~ [107]. (in our casey,,,) multiplied by a universal constant,\, at
Einstein, takes an experimental fact from classical methe present unknown, without destroying the general covari-
chanics namely that the gravitational mass of a body is equa@nce. In place of the field equation Eq. (27) we write:
to its inertial mass and, by making a Gendanken experiment 1
with a local elevator, shows that it is not possible to distin- Ryn — 3 Imn — Agmn = —KT (29)
guish by simple mechanical observations whether a system
is in a local uniform gravitational field or whether it is in a where the dimension of the universal cosmological constant
gravity-free region, but subjected to a constant acceleratiois that of the inverse of the square of a distance. This field
of the appropriate magnitude and direction. equation, with\ sufficiently small, is in any case compatible
With this analysis, he shows the conceptual necessity ofvith the fact of experience derived form the solar system, and
the law of the equality of inertial and gravitational mass. Heit also satisfies the laws of momentum and energy conserva-
also proposed that this equivalence be a fundamental princiion [110]. The - term introduces a force of repulsion be-
ple of nature, and that all laws of physics be in agreementween two bodies that increases in proportion to the distance
with it [108]. between them. In this scheme, the evolution of the universe is
To develop his general theory of gravitation, which for thedetermined by the competition between the cosmic repulsive
first time deals with the whole universe Einstein in principle A - force and the attractive Newtonian gravitational force. In
needed to compute the motions of discrete masses (galakinstein’s static model of the universk 0), the two forces
ies, etc.) separated by vast empty spaces under their mutuale in balance, in unstable equilibrium.
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Most of the work on the standard model in cosmology to-of magnitude. There is no generally accepted explanation for
day is based on the early work of Friedmann [4], which wasthis huge discrepancy, although numerous papers have been
not fully appreciated at first, because it lacked informationwritten about it [31].
about observational consequences and his entire discussion pespite the possible conceptual difficulties in accepting

was limited to mathematics, with no attempt to incorporateihe reality of the energy density of the vacuum, there is am-
physics or astronomy. These characteristics meant that sghje experimental evidence for it; all the experiments on the

entists in both areas failed to pay attention to the points that asimir effect [118] measure the inward force existing be-

were later seen to be the essential message of the paper [11{Jeen two closely spaced conducting plates due to the shift
From that time until the present, different space-time line elin |ocal vacuum energy density [119].

ements have been used to analyze gravitational field equa-

tions [2,4,5,112], The notion of a vacuum energy is also unfamiliar because

After the independent work of Robertson [113] and that energy cannot be detected' by normal techniques. Ener-
gies, as in the case of the Casimir effect, are usually deter-

Walker [114], finally a rigorous approach to cosmologlcalmined by measuring the change in the energy of a system

”.‘Ode's e,merged. Based on two weII-dejmed g:oq5|derat|on§lvhen itis modified in some way, or by measuring a difference
viz, Weyl's postulate and the cosmological principle of ho-

mogeneity and isotropy, they were able to obtain the mosi'[n energy betwe(_an two _systems. By convention, gqergie_s are
: ' often measured in relation to the vacuum. When it is defined
general line element as in this way, the vacuum automatically has zero energy in rela-
dr? 9 /o .o 9 tion to itself. The only way to establish an absolute measure
2 " (d0°+sin®0dg”) | (30) o energy is by using gravity. As mentioned before, in gen-
] ] ] . eral relativity, energy is the source of the gravitational fields
where a(t) is called the radius of the universe, vitreccord- i, the same way that electric charge is the source of electric
ing to Perimutter and coworkers [115] taking values1,0  fig|gs in the Maxwell theory of electromagnetism. Energy
or 1, represents the three possible geometries for the Unigensity of any kind, including that produced by fluctuation in
verse: open, flat or closed. Hefe 0, ¢) are the constant he yacuum, generates a gravitational field that reveals itself
commoving coordinates of a typical galaxy. Let us to specygq 4 change in the geometry of space-time.
ify that the fact that such coordinates can be defined rest on

the assumption that the worldliness of galaxies form a bun- In the standar_d model, as in any quantum field theory,
the vacuum is defined as the state of lowest energy, or more

le of non-inter in i iverging from -tim . .
dle of non-intersecting geodesics diverging from a space-t eroperly as the state of least energy density. However, this

oint in a remote past. Thus a uniqgue member of the bundlg . h .
P P q oes not imply that the energy density of the vacuum is zero.

passes through each space-time point. The time coordinate_ﬁ1e energy density can in fact be positive, negative or zero

that measured by a galaxy as its proper time. This is Weyl's . . .
postulate. The cosmological principle tells us that the hy_dependlng on the values of various parameters in the theory.

persurfaces=constantare homogenous and isotropic. Thus There are three different terms which contribute to the total
Weyl's postulate and the cosmological principle single out a/acuum energy density. First there is the bare cosmologi-

. . . cal constant. That is, the value the cosmological constant
lobal coordinate system. The time coordingteommonl . ' . : .
9 Y ney y would have if none of the known particles existed and if the

called cosmic time, arises in this way. There is no contradic- . . )
nly force in the universe were gravity. The bare cosmo-

tion between this global symmetrical coordinate system an{i:) ical constant is a free parameter that can be determined
the local covariance of general relativity [116]. 9 P

According to Einstein's general theory of relativity, the only by experimentally measuring the true value of the cos-

geometrical properties of space are determined by the densiPPZOIoglcal constant. Secon.dly, we have the contrlbgtlon ans-
of energy-matter in the universe. The most obvious energI g from quantum fluctuations (this term usually is due to

sources that come to mind are ordinary matter and radiatior%/he local fluctuations in energy allowed by the Heisenberg's

A much less obvious source of energy, which potentially ca uncertainty principle). The third term represents the contri-
have an enormous impact on the struc’:ture of the universe r{;lbsutions due to additional particles and interactions that may

: : . ) exist but we do not yet know about. The value of this term is
we figured out is the quantum empty space itself: the quan-
tum vacuum of course unknown [31,117].

Quantum fields theory predicts a huge energy density for 1N the Big Bang theory, the effect of ordinary matter on
the vacuum, and this high value of energy density should havé'® expansion of the universe is to decelerate this expansion
very large gravitational effects. A conservative calculationdt an ever decreasing rate. However, a positive cosmological
estimates that space-time geometry appears with severe gegnstantA > 0, would tend to make the galaxies accelerate
metrical distortions over distances of one kilometer or less@Way from one another and increase the expansion rate of the
so according to Quantum field theory then we can not sedniverse, as has recently have been observed [26,27]. This
our own fingers before our open eyes [117]. However thests the reason behind the renewed interest in the cosmological
effects are not observed (even at a distance of abditlle- ~ constant problem, and all related subjects.
meters), and the discrepancy between theory and observation In the following paragraphs, some known expressions in-
of the energy density for the vacuum is of about 120 ordersolving A, are presented for purposes of comparison, also

ds*=C?dt*—a*(t)
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with expressions from the plastic deformation of crystallineu® = dz®/ds;a = 1,2, 3,4, where the vectodx* trans-
materials. forms with the following lawdz® = (9z/0x”)dz”, and

As mentioned before, in general relativity the energy dends is the line element. Since material constituents are con-
sity of the vacuum has an absolute meaning, and it can benuously generated by the decaying vacuum, the above four-
determined by measuring the gravitational field produced notector (Eq. (32)) satisfies a balance equatéfj = ¢ or,
by matter but by the vacuum itself. According to Einstein’s equivalently, '
theory [2,117], the cosmological constant can be related with
the vacuum energy density];,, through the following ex- n+nt =g (34)

ression: . -
P where the over dot denotes covariant derivative along the

A world line (for instancey := u®y,,, with  as the fluid en-
ez ergy density) and = u, is the scalar of the expansion. And

also, the cosmological constant can be related with the radiug,efaﬂ}ﬁ ps;téﬂﬁrﬁomugc deepl( ﬁsO)ozzti;gk;pn;n?l}stte I:r)rg.rellzz;re d
R, of the universe) = 1/R%, [2]. Or in other way, ying » 1S P '

with the variation ofA as follows:

_ 8nG

« Uy (31)

1 .
Ry — —. 32 AC*
U NG (32) e =By (35)

So, the square root of the reciprocal of the cosmologicajyherey; is a positive-definite parameter in order to guarantee
constant is a distance, but not any distance. According tenat for, > O, we have\ < 0.
Abbott [117], this distance has a direct phySical meaning: it According to a recent ana'ysis due to Chao_Guang

is the length scale over which the gravitational effects of ayyang, Lia Liu and Bobo Wang [139] for a static de Sitter
nonzero vacuum energy density would have an obvious angniverse where its line element of universe is

highly visible effect on the geometry of space an time. So,
in principle, by studying the geometrical properties of the ds’=— (1—H?r?) dt*— (1—H2r2)71 dr’+r2dQ?  (36)
universe over length scales on the order of that distance, the

value of the cosmological constant can be determined. r being the radial coordinate:
All galactic surveys agree that there is no evidence for any 1
global (non local) space-time distortion to the furthest dis- r<H = 3/A (37)

tance accessible to astronomers, namely 15’000 mil!ion Iight('Here Hubble’s parameter which is fixed by the rate of change
years, or about 1.5*#8 kilometers. According to this last of the expansion parameter, is independent of time).

expression, this implies that the magnitude o_f the cosmologi- Several other expressions have been obtained, some of
cal constant must be smaller than: 1/(.1.53?lB|Iomete.rs)". _which are of interest in our synthesis.
In another vein, more recently, mainly in connection with From the line element Eq. (36), they can define the

inflationary universe scenarios, c_osmo_loglca_ll applications OI3-vqume” of the spatial hypersurface &tconstantinside
vacuum decay have been extensively investigated [120-126,

~_the event horizon by:
and many authors have also proposed phenomenologlc:ﬂ y
models with a slowly decaying vacuum energy density, con- 47

sidering that the vacuum energy density is a dynamic vari- Viae = 3H3' (38)

able [127-138]. . . . )
According to Lima in their study about the thermodynam-The energy density contribute from the cosmological con

. - . . stant is

ics of decaying vacuum cosmologies [124], vacuum is re-

garded as a second fluid component transferring energy con- Uv — 3H?C* (39)

tinuously to the material component. In other words, the VT T8G

slow decay of vacuum energy de.nsny prowde; the SOUrce e pressure of the Sitter universe coming from the cosmo-
term for matter and radiation. Without going into the de- logical constant is:

tails of Lima’s analysis, we can say that their relevant results
(for our purpose) are as follows: Lima considers that, in or- 3H2C4

der to have a complete fluid description, besides its vacuum P, =-Uy = 837G (40)
energy-momentum tensor, it is necessary to define the parti-

cle currentN® and the entropy currer® in terms of the
fluid variables. The currenV is given by

From the thermodynamically quantities of the de Sitter
universe [139], the area entropy of the horizon satisfies

27
H
where n is the particle number density of the fluid compo-whereE,,. is the vacuum energy of the Sitter universe within
nent, andu® as usual is the four-velocity of the particle, the event horizon.

N =nu® (33) Svac = Evac (41)
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Also in general relativity, the stress-energy tensor hasnean value of the gliding velocity of mobile dislocations
to satisfy the conservation law expressed by the covariant,, andn, the particle number density of the fluid compo-
derivative of ¥, nent with the mobile dislocation density of dislocatigng

(whose dimensions are: number of centimeters of disloca-
Ty = O. (42)  tions per cubic centimeter). We note, th#b? has the dimen-
sions of N*, and an equivalent physical meaning; therefore
N% is proportional to the four-momentum density of particle
oTF of the fluid.
L —TuT) =0 (43) By comparing Eq. (24) and Eq. (31), it is clear that,
in dislocation creep plays the role &f, in Relativistic cos-
wherel'(; is the Cristoffel symbol. According to Weyl [140], mology. In fact, by using Eqgs. (12), (2), and (6) in Eq. (24)

Thatis,

8l‘k

the first term is the “real” total force per unit volume: it is possible thap can be written as:
oTk 9 {z <1+u>}2
F=-— 44 30| *FE
D (44) S AU A (47)

a2M2b%p2, vl
which, in general not vanish m nter bal- | . I :
ch, In ge ?a, does OI,, anis but : ust.bg cou te bawhlch clearly exhibits the resemblance respectively between
anced by the “pseudo force” which has its origin in the met- .
rical field, namely: respective the role gf and .
' ' Also, from Eqg. (23) which describes the length at which
1 9gap s 45 the presence of the dislocation dengityauses an observable
9 (45) elastic distortion of the crystal lattice it is clear that this equa-
. tion plays an analogous role to equation (32), which describes
As we |f“°W’ two Clos‘ily related circumstances characyhg gistance at which the presence of a volumetric energy of
te_rlze the “pseudo fprces arising fr_om the metrlgal field: yacuum (proportional to\, Eq. (40)) causes an observable
Firstly, the acceleration which they impart to a point-massy,ayitational distortion of the cosmic space-time geometry.
situated at a definite space-time point (or, more exactly, on€ 1 js important to note that, also equation (23) and its
passing through this point with a definite velocity) is inde- gquivalent Eq. (17) for dislocation creep indicate that this
pendent of its mass.,. the force itself is proportional to the  gjstanced,, corresponds to the geometrical region where
inertial mass of the point-mass at which it acts. Secondly, it gislocations and opposite-signed dislocations collide af-
we use an appropriate coordinate system, namely, a geodesig gliding along their mean free path (see Eq. (16)) from
one, at a definite space-time point, these forces vanish. e respective dislocation sources. In these collision regions
Now we have provided all the background required foreyentyally annihilation events eventually occur.
our.subsequent discussion. In the foIIowmg sectlonl acom-  Equation (15), which describes the creation rate of dislo-
parison between the results of the two previous sections wilkations per unit volume, has the classical form of expressions
be carried out. for particle-antiparticle creation events of matter in nuclear
physics. This expression (Eq. (15) could be rewritten by us-

4. A comparison between deformation of crys- ing Eq. (24). In this case:
talline materials and relativistic cosmology dpt  4(1+4y) dU}

. . dt  a?M2p,,b% dt
Equation (1) and equation (25) have a formal analogy pro-
vided that we identify the following parameters: the axial where the(+) symbols are used to denote creation events.

F,=T%T° =
o 2 (‘33:1

(48)

applied stresgwith the stress-energy tensdr, the Young After comparing between Eq. (48) and Eq. (15), itis
Modulus of the Crystalline material with the “stiffness” of clear that
vacuum spacéC*/8rG), and the axial engineering strain e dU+ a2 M2 .
with the Einstein curvature tensdt. Therefore, an elastic & 1 ity o (49)
Young modulus of the vacuum spads, ,,,, can be defined ] ) o
by: This analysis suggests that for Relativistic Cosmology the
equation corresponding to Eq. (48), will be,
04
Eyvn =35 (46) d\T  87G dUy

G i Cf dt (50)

where we note thaky,,,,, has dimensions of an elastic mod- |t ) is associated to the dislocation densitythen the

ulus time the square of a standard distance. This is due tgeaning of/\* /dt could be found by multiplying this equa-
the fact that the tensdk, has dimensions of the inverse of a tion timeg108°/ Ry ). Then we have,

squared distance. N 0 %0 N
The currentV* given by Eq. (32) is equivalent to Eq. (7) dnp _ 10% dA™ _ 10° 87 G « dUy (51)
if we identify the four-velocity of the particle® with the dt Roy dt  Roy C*  dt
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and(10%°/Roy ) (dAT /dt) could be considered to be propor- And, if for short we renameSy, as the entropy per unit vol-

tional to the creation rate of matter per unit volumie;g/dt. ume of the Sitter universe, then we have that the change with
After comparing between Eq. (48) with Eq. (51), we time of the entropy density in the de Sitter universe is pro-

note that in Eq. (48) the inverse of an energy per unit lengttportional to the time derivative of the density of the vacuum

of dislocation appearé~ .,,b%). Therefore it is possible energy of cosmic space,

to suggest that in Eq. (51) in some way the inverse of the

energy required to form a neutrony, is described by the dSy _ 2m dUy (58)

factor facingU;'. In other words without taking into account dt  H dt’

some minor numerical factors, ) . .
Therefore, by using Eq. (31) in Eq. (58) the following

4
uy = myC? = Rou * 1% (52)  relationship fordSy /dt can be obtained,
1080 831G
or, in terms of the Einstenian gravitational constant dSv — 2m 1 dA (59)
dt HKdt
~ fou, 1 53
I I ®3 o
We note that, if the formal analogy here presented has ds Ct A
some deep physical meaning, then Eq. (53) has the following =V (60)

interpretation: the self energy of a neutron is directly related dt 4HG dt

to the actual universe radius and to the inverse of the Einste- Finally, by taking Eq. (17), it is possible to find another

nian constant of gravitation. In other words, the value of th&eresting result for cosmology. Equation (17) could be writ-

self energy of a quantum particle arising, in principle, from a;op, a5

guantum field theory, is linked to a universe scale parameter,

Roy and to a general relativistic gravitational constent obR., = M2 uy (61)
Obviously Egs. (34) to (35) from some cosmology model =4

previously described are related to Egs. (48) to (51).

From Eq. (5) applied fot/,,is clear that: where sy = ds/2, andgy = 1/M has been used. Equa-

tion (61) admits the following physical interpretation: as we
U. know, Ref. 4970 is the force per unit length acting on a dis-
o; =2F (2‘” ) (54)  location. Therefore if such force per unit length acts through
alengthR,, (corresponding to the subgrain radius), work per
This expression shows how an elastic volumetric densitynit length with magnitudé/2u, is developed. In this case,
of energy inside a crystal causes an internal stress. This fathe swept area istimes R,,. Equation (61) relates stresses
is in analogy to Eg. (40), where a volumetric energy aris-and distances through which stresses perform work in order
ing from vacuum cosmic spacé)y,, causes a gravitational to lead to the creation energy of the unit length of disloca-
pressure (or stress) in the de Sitter model of the universe. tions.
Also, in a crystalline solid the longitudinal and trans-  In analogy to the previous case, for cosmology it is obvi-
verse sound waves obey wave equations [141], which haveus that we have
the same mathematical structure of the gravitational wave
equation given by Eq. (26). Uy * 4m
It is also very interesting that, following in the vein sug- 3
ested by the previous results, it is possible to obtain some . .
gomplemyentar)?expressions involvingn the cosmology of where 10° corresponds to the bar)_/on number pf this uni-
the de Sitter universe. If we use Eq. (41) and (38) an areySrse [48], anduy is used for denotlng the creation energy
entropy of the horizon per “3-volume” of the spatial hyper- of one neutron. Eq. (62) can be rewritten as follow:
surface at = constant inside the event horiza#,, can be

(Rov)® = 10% x uy (62)

defined dr, (Bov\®
efined, < Uv (1gw | Rouv =un. (63)
Swvach 2m Evac
Sy = =4 . (55)
Voac Voac This equation, resembles Eq. (61) from dislocation creep,
Obviously, in this schem&y, is given by, but in Eq. (61) we have a distance of magnitudehich
E swept an area of magnitudeR,, and here, we have the
Uy = % (56)  square of a distancéRo;,10%°)?, an area which swept a

volume of magnitudg4r /3) (Rou/1040)2 Roy. By tak-
ing into account this situation Eq. (63) may have the fol-
27 lowing physical interpretationi/y/ (ROU/1040)2 gives the
Sy = —Uy. (57) L .
H force arising from the energy momentum tengbtimes an

andSy can be written as:
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area(ROU/1040)2, and this force timefoy gives the en- 5. Discussion and conclusions

ergy required to create a neutron. If we defineas, ]
As far as we know, a formal, and physical analogy has never

before been established with Relativistic Cosmology in the
almost exhaustive way presented here. Eight mathematical
expressions for dislocation creep resembling cosmological
expressions have been presented.

From the comparison between mathematical expressions,
(65) and by using a physical analysis, two new equations have
been obtained for dislocation creep. Also, as far as we know,
In this regard from Eq. (51) it is clear that it can be inte- five new expressions have been obtained for Relativistic Cos-
grated over volume, so: mology. In principle, two of these equations for Cosmology
allow us to determine physical parameters never determined

/ 1080 Dty — 1080 873 / dU‘J;dU (66) before. One of them, Eqg. (53), makes it possible to calculate

_ Rou
= 10%

N (64)

the Eq. (63) may be rewritten as:

3 unN
Roy = ———.
OV~ Un UvT’JQV

Rou Roy C4+ the neutron energy, y, from the knowledge of the universe
Vou Vou radius (present) and the Einstenian gravitational constant.
The other expression, Eq. (64), defines the radius of the
neutron,r,,, as the present universe radius divided by°10
1089 873 4 Elementary calculations give the right order of magnitude for
10% = TFUV <37TR%U> (67)  eachuy andry. Reluctant to follow the analogy between
ov dislocation creep and Relativistic cosmology to the limit, we
and by using Eg. (52), the following equation is obtained: feel obliged by the above results to search for the ultimate
implications concerning the possibility that vacuum cosmic
3 __uv_ (68)  Space could have a crystalline structure with lattice parameter
dm [Uv (%)2} rn = Rop/10%*°. This investigation into the general impli-
cations of a possible vacuum cosmic space with crystalline
Now it is clear that Eq. (51) leads to Eq. (68) or to Structure will be analyzed in other papers.
Eq. (65) [by using Eq. (64)]. This analysis proves that, as
proposed above10%°/ Rorr) (dAT /dt) is the creation rate of Acknowledgments
matter per unit volume, and also shows internal compatibility
between Equation (51) and Eq. (62). The physical analysi$Ve are grateful to Prof. M. dpez de Haro for his careful
following Eq. (63), and the comparison between Eqg. (68)comments and enlightening discussion of the main ideas in
and Eq. (17) suggest thaty = (Rou/10%Y), possibly plays  this paper, and also for his painstaking corrections on the
the same role in Eq. (68) thatplays in Eq. (17). This fact type script version. To Prof. G. Torres-Villdss for his
suggests the possibility that vacuum cosmic space has a cokindness in several discussions concerning the possibility that
stant characteristic distance called. In other words, there vacuum space could have a crystalline character. To Prof. J.
is a possibility that vacuum cosmic space has a crystallin€ujioka, Prof. R. Morones Ibarra, Prof. A. Morales Mori and
structure with a lattice parametey = Royr/10%°. Prof. P. Ugalde Velez for their patient discussion about this
The general possibility that vacuum space could have ananuscript. To the style corrector technician, to the librarian
crystalline character has been suggested before. See for ifiechnician G. Moreno Moreno for her stupendous work, and
stance Ref. 142 for the case of a 4 dimensional electromadinally to O.N. Rodrguez Pé&a for her patient and skillful
netic space. typing work.

which is integrated and leads to:

Roy =

1. J. Silk, Cosmic EnigmagThe American Institute of Physics, 6. G. Gamow,J. Washington Academy of Scier82(1942) 353.
NY.,1976) p. 4. 7. E. Hubble and M.L. Humasowstrophysical J74 (1931) 43.
2. A. Einstein, The Principle of Re'atiVit)(DOVer, New York, 8. J. GIanZSciean85(1999) 318.

1923).
9. W.L. Freedman,Phys. Reports Review. Sec. Phys. [333
3. J. Glanz Science228(1998) 2156. (2000) 13.

4. A Friedmann, Cosmological Constants: Papers in Modern 10. J. Ferreras, A. Melchiorri, and J. Silkonthly Notices of the
CosmologyJ. Bernstein and G. Feinberg Eds. (New York 1986) Royal Astron. So@827(2001) L47.

p-59. 11. M. Peimbert and S. Torres-Peimbefstrophys. J193(1974)
5. G. Lemaitreibid p.92 327.

Rev. Mex. 5. 51 (5) (2005) 461-475



474

12. M. Peimbert and S. Torres-Peimbeftstrphys. J203 (1976)
581.

13. B.E.J. PagelPhysica ScriptaT36 (1991) 7.

14. D.N. SchrammPhysica Scripta 36 (1991) 22.

15. D.N. Schramm and M.S. TurneRev. Mod. Phys70 (1998) 49.
303.

16. K. A. Olive, G. Steigman, and T.P. Walkdé?hys. Reports Re- 50
view Sec. Phys. Le333(2000) 389.

17. A.A. Penzias and R.W. Wilsosstrophys. J142(1965) 419,  °!

18. J. Silk, Physica Scripta36 (1991) 16. 92

19. E. Gawiser and J. SilkScience280(1998) 1405. 53

20. J. Glanz Science284(1999) 1448. 54

21. M. Kamionkowski and H. Jaffdnt. J. Mod. Phys. A6 (2001)
116. 95

22. R. Caldwell and M. Kamionkowskici. Amer. Januar{2001) 56
28. 57

23. L. Knox, N. Christensen, and C. Skordiastrophys. J563 58
(2001) L95. 59

24. E.M. Burbidge, G.R. Burbidge, W.A. Fowler, and F. Hoyle,
Rev. Moderns Phy29 (1957) 547. 60.

25. J. Glanz,Science279(1998) 651.

26. A.G. Riesset al,, Astron, J.116(1998) 1009. 61.

27. S. Perlmutteet al, Astrophys. J517(1999) 565.

28. N.A. Bahcall, J.P. Ostriker, S. Perlmutter, and P.J. Steinhardt?Q'
Science284(1999) 1481. 63.

29. J.P. Ostriker and P.J. Steinhar8ti. AmerJanuary (2001) 37.  64.

30. 1.D. Novikov and Ya. B. Zel'dovichAnnu Rev. Astron. Astro-  65.
phys.5 (1967) 627.

31. S. WeinbergRev. Mod. Phy$§1 (1989) 1. 66.

32. E.L. Turner,Annu. Rev. Astron. Astrophy&0 (1992) 499.

33. R.J. Adler, R. Casey, and O.C. Jac@imer. J. Phys63 (1995) 67.
20.

34. L.M. Krauss,Sci. AmerJanuary (1999) 35. 68

35. P. Horava and D. MinicPhys. Rev. LetB85 (2000) 1610.

36. J. Stelmach and I. Jakackalassical and Quantum Graviti8 69.
(2001) 2643.

37. K. Tomita, Monthly Notices of the Royal Astronomical Society. 70.
326(2001) 287.

38. E. Elizalde,Phys. Lett. B516(2001) 143.

39. P.D. MannheimAstrophys. J561(2001) 1. 1.

40. P.J. SteinhardPhysica Scriptal85 (2000) 177. .

2.

41. A. Hebecker and C. WettericRhys. Lett. B497(2001) 281. -

42. A. Vale and J.P.S. Lemo#jonthly Notices of the Royal Astro- '
nomical Society325(2001) 1197. -

43. R. Ritis and A.A. MarinoPhys. Rev. 4 (2001) 083509. '

44. V. Majernik, Phys. Lett. 282(2001) 362. 75.

45. S.M. Carroll and L. MersiniPhys. Rev. 54 (2001) 124008.

46. M.M. Cirkovic and N. BostromAstrophys. and Space Science. 76.

274(2000) 675.

47

48

J.A. MONTEMAYOR-ALDRETE, J.D. MINOZ-ANDRADE, A. MENDOZA-ALLENDE, AND A. MONTEMAYOR-VARELA

. T. Banks, M. Dine, and L. MotlJ. High Energy Physic2001
(2001) U742.

. H. Kragh,Cosmology and ControvergPrinceton Univ. Press,
Princeton New Jersey, 1996) p. 264.

J.P. Hirt and J. LotheTheory of DislocationgMcGraw-Hill,
Series in Mater, Sci. Eng. 1968).

. G.E. Dieter,Mechanical Mettalurgythird edition (McGraw-
Hill Book Company, New York, 1986) p. 279.

. ibid p.53.
. J. FrenkelZ. Phys.37(1926) 572.
. M. Polanyi,Zeitschrift fir Crystallographie61 (1925) 49.

. R. Reed-Hill and R. Abbaschia®hysical Metallurgy Princi-
ples3"¢ Edition (PWS Publishing Co., New York 1994).

. M. Polanyi,Z. Phys89 (1934) 660.

. G.l. Taylor,Proc. Roy. SA145 (1934) 362.

. E. Orowan/Z. Phys.89(1934) 605.

. J. M. BurgersProc. Ned. Akad. Wetenschdp (1939) 293.

. C.R. Barret, W.D. Nix, and A.S. Tetelmaithe Principles of
Engineering Material¢Prentice-Hall, Inc. New York, 1973).

J.A. Montemayor-Aldrete, J. Soullard, Ro@®ez-Rarirez, and
A. Calles,Scripta Metall.20 (1986) 1075.

P. Ugalde, A. Canales, A. Mendoza-Allende, and J.A.
Montemayor-AldreteRev. Mex. Fs.45(1999) 501.

E. OrowanZ. Phys.89(1934) 634.
W. Blum, Phys. Stat. Sol. (85 (1971) 561.
A. Fuchs and B. llschneActa Metall.17 (1969) 663.

J.A. Montemayor-Aldrete, G. Cocho, and E. OrozRey. Mex.
Fis.36(1990) 100.

J.A. Montemayor-Aldrete and E. Orozc&ev. Mex. Hs. 36
(1990) 407.

J.A. Montemayor-Aldrete, A. Mendoza-Allende, and A.
Morales-Mori,Recent Res. Devel. Metallurg. & Materials Sci.
(1999) 151.

U.F. Kocks, A.S. Argon, and M.F. Ashbirog. Mater. Scil9
(1975) 69.

E. Mayer and E.G. NeumanRhysical and Applied Acoustics.
An Introduction (Academic Press, New York, 1972) p. 18.

E. Kroner,Continuum theory of defects: Physics of DefeBts
Balian, M. Kleman and J. P. Poirier Eds. (North-Holland 1981)
p. 217.

J. Weertman and J.R. Weertmd&tiementary Dislocation The-
ory (McMillan Co. 1964).

J. Friedel Dislocations(Pergamon Press, Oxford 1964).

G.E. Dieter, Mechanical Metallurgy thrid edition (Mc-
Graw/Hill Co. 1986).

A.M. Kosevich,Soviet Phys. JEPTENglish Transl)15 (1962)
108.

A.M. Kosevich, Soviet Phys. UsfEnglish Transl)7 (1965)
837.

A.M. Kosevich,Dislocations in Solid¢Editor F.R.N. Nabarro,
North Holland, 1979) Vol. 1 p.33.

Rev. Mex. 5. 51 (5) (2005) 461-475



ANALOGY BETWEN DISLOCATION CREEP AND RELATIVISTIC COSMOLOGY

"
78

. J. Frenkel and T. Kontorovdprn. Phys. U.S.S.R.(1939) 137.

. A. Barone, F. Esposito, and C.J. Mag&avista del Nuovo Ci-
mentol (1971) 227.

A.R. Bishop, J.A. Krumhansl, and S.E. Trulling®hysicalD
(1980) 1.

W.D. Nix and B. llschnerProc. ICSMASP. Haasen, V. Gerold,
and G. Kostorz eds. (Pergamon Press, Oxford, 1979) p. 1503.

J.A. Montemayor-Aldrete Ph.D., Thesiilgunas Aplicaciones
de la Mednica Estadktica a la deformadin Plastica por
Dislocaciones Facultad de Ciencias, Universidad Nacional
Autdbnoma de Mexico (1992).

J.A. Montemayor-Aldrete, A. Mendoza-Allende, and E.
Orozco,Mater. Sci. EngA160 (1993) 71.

E. Orozco and J.A. Montemayor-AldretdJater. Sci. Eng.
A174(1994) L5.

J.A. Montemayor-Aldrete, A. Mendoza-Allende, and M.
Lopez-De-HaroRev. Mex. Fs.42(1996) 598.

J. Hausselt and W. Blunfycta Metall.24 (1976) 1027.

A. Orlova, Acta Metall. Mater39(1991) 2805.

A.S. Argon and G. Easfrans. JIM9 (1968) 756.

J. WeertmanActa Metall.25 (1977) 1393.

J. Weertman). Appl Phys16 (1955) 1213.

J. Weertman). Appl. Phys28(1957) 362.

J. WeertmanTrans. ASM61 (1968) 680.

U.F. Kocks, T. Hasegawa, and R.O. Scattergcaatjpta Met-

all. 14(1980) 449.

D. Kuhlmann-Wilsdorf and J.H. Van der Merw#)ater. Sci.

Eng.60(1983) 79.

F. Prinz, A.S. Argon, and W. MoffattActa Metall. 30 (1982)

821.

D. Kuhimann-Wilsdorf and N.R. Comind/ater. Sci. Eng60

(1983) 7.

J. Cadek,Creep in Metallic Materials(Elsevier, New York,

1988).

W.R. Cannon and T.G. Langdoh, Mater. Sci23(1988) 1.

98. J.N. Wang and T.G. NielMater. Sci. EngA202 (1995) 52.

99. J.N. WangActa Mater.44 (1996) 855.

100. D. Kuhlmann-WilsdorfScripta Metall. Mater27 (1992) 951.

101. T. Hasegawa, Y. Ikeuchi, and S. KarashinMet. Sci. J.6
(1972) 78.

102. J.D. Muioz-Andrade, A. Mendoza-Allende, G. Torres-
Villasefior, and J.A. Montemayor-Aldrete]. Mater. Sci.36
(2001) 795.

103. J.D. Muioz-Andrade, A. Mendoza-Allende, G. Torres-
Villasefior, and J.A. Montemayor-Aldretéater. Sci. Forum
357-359(2001) 551.

104. J.A. Montemayor-Aldrete, J.D. Mioz-Andrade, G. Torres-
Villasefior, and A. Mendoza-Allend&recent Res. Devel. Met-
allurgy & Materials Sci.5 (2001) 11.

105. L. Ju, D.G. Blair, and C. ZhadRep. Prog. Phys63 (2000)
1317.

106. L.D. Landau and E. Ma. LifschitZleofia Clasica de Campos
(Editorial Reveré S.A., Barcelona, 1966) Vol. 2 p.405.

107. K.S. Thorne,Three hundred years of gravitatipedited by

S.W. Hawking and W. Israel (Cambridge Univ. Press, Cam-
bridge, 1989) p. 330.

79.
80.

81.

82.
83.
84.

85.
86.
87.
88.
89.
90.
91.
92.

93.
94.
95.
96.

97.

Rev. Mex. k5.51 (5)

475

108. A. Einstein, Relativity, the Special and the General Theory
(Wings Books, New York, 1961) p. 75.

109. A. Einstein, The Principle of RelativityDover, New York,
1923) p. 111.

110. Ibid. p. 177.

111. H. Kragh,Cosmology and Controverg¢princeton Univ. Press,
Princeton New Jersey, 1996) p. 111.

112. A. Einstein and W. de SitteRroc. Natl. Acad. Scil8 (1932)
213.

113. H.P. Robertsonip. J.82(1935) 248.
114. A.G. Walker,Proc. London Math. So@2 (1936) 90.
115. A. Goobaret al, Physic Scriptar85 (2000) 47.

116. A Different Approach to Cosmolog¥. Hoyle, G. Brubidge
and J.V. Narlikar (Cambridge University Press, UK, 2000) p.13.

117. L. Abbott, Amer. J. PhysMay (1988) 82.

118. H.B.G. Casimir, Koninklijke Nederlandsche Akademie Van
Wetenschappen. Proceedingresident A.J. Kluyver, Secre-
tary: M.W. Woerdeman (North-Holland Pub. Co., Amsterdam
1948) Vol. LI, No. 6 p.793.

119. J. Feinberg, A. Mann, and M. Revzefnnals of Physic288
(2001) 103.

A.H. Guth,Phys. Rev. [231(1981) 347.

A.D. Linde, Phys. Lett. BL08(1982) 389.

A. Albrecht and P.J. Steinhard®hys. Rev. Let#48(1982) 220
S.W. Hawking and I. Moshys. Lett. BL10, (1982) 35.
J.A.S. Lima,Phy. Rev. (54 (1996) 2571.

A. Linde, Physic. Scriptal 85 (2000) 168

126. P.J. Steindhart and N. TuroBcience296(2002) 1436.

127. P.J.E. Peebleg\strophys. J284(1984) 439.

128. K. Freese, F.C. Adams, J.A. Frieman, and E. Mottdacl.
Phys.B287(1987) 797.

129. W. Chen and VY.S. WWPhys. Rev. D41 (1990) 695.
130. T. Nishioka and Y. FujiiPhys. Rev. D45 (1992) 2140.
131. A.M.M. Abdel-RahmanPhys. Rev. D45(1992) 3497.

132. J.C. Caravalho, J.A.S. Lima, and J. Wa@dys. Rev. D46
(1992) 2404.

133. J. WagaAstrophysics J414(1993) 436.
134. J.A.S. Lima and J.M.F. Mai&hys. Rev. B9 (1994) 5597.
135. A.M.M. Abdel-RahmanGen. Relative Gravit27 (1995) 573.

136. L.M. Krauss and M.S. TurneGen. Relativ. Gravit27 (1995)
1137.

137. J.A.S. Lima and M. TrodderPhys. Rev. 53 (1996) 4280.

138. J. Lopez and D.V. Nanopoulobjod. Phys. Lett. A1 (1996)
1

139. Chao-Guang Huang, Liao Liu, and Bobo WaR{pysical Rev.
D 65(2002) 083501.

140. H. Weyl, Space-Time-MatterFirst American printing of the
fourth Edition (Dover publ. 1922) p. 223.

141. S.P. Timoshenko and J.N. Goodi€fheory of Elasticity
(McGraw-Hill Co. London third Edition, 1970) p. 487.

142. G. Torres-Villas@or, Rev. Mex. Hs.45 S1(1999) 141.

120.
121.
122.
123.
124.
125.

(2005) 461475



