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In this paper, we consider the nature of defect interactions in the Spacetime Continuum
and how this process provides an explanation of quantum overlap interactions within
the Elastodynamics of the Spacetime Continuum (STCED). Strain energy is the funda-
mental defining energy characteristic of defects and their interactions in the spacetime
continuum. In STCED, the interaction of dislocations and disclinations is mediated
through the overlap interaction of their strain energy densities. One source of this over-
lap interaction comes from displacement defect interactions of different types of defects,
characterized by their Burgers and Frank vectors. We derive the interaction terms of dis-
locations and disclinations arising from the defect displacements derived by deWit for
the dislocation and disclination displacements and provide a sample calculation of dis-
location strain energy densities from the dislocation displacements to calculate strain
energy densities for defect interactions. Another approach considered is to calculate
the force between the defects from the stress tensor, and obtain the strain energy of the
overlap based on the work performed by the application of the force over a given dis-

tance.

1 Introduction

In this paper, we consider the nature of defect interactions in
the Spacetime Continuum and how this process provides an
explanation of quantum overlap interactions within the Elas-
todynamics of the Spacetime Continuum (STCED) [1-11].

1.1 Elastodynamics of the Spacetime Continuum

The Elastodynamics of the Spacetime Continuum is a natural
extension of Einstein’s General Theory of Relativity which
combines continuum mechanics and general relativistic de-
scriptions of the Spacetime Continuum. The introduction of
strains in the Spacetime Continuum as a result of the energy-
momentum stress tensor allows us to use, by analogy, results
from continuum mechanics, in particular the stress-strain re-
lation, to provide a better understanding of the general rela-
tivistic spacetime.

The stress-strain relation for an isotropic and homoge-
neous Spacetime Continuum is given by [1,11]

2jip " + Ay g e =TH (1)

where Ay and fig are the Lamé elastic constants of the Space-
time Continuum: fi is the shear modulus (the resistance of
the Spacetime Continuum to distortions) and A is expressed
in terms of k, the bulk modulus (the resistance of the Space-
time Continuum to dilatations):
- _ 1 _
Ao =Ko — 5 fo (2)
2

in a four-dimensional continuum. 7#” is the general relativis-
tic energy-momentum stress tensor, £*” the Spacetime Con-
tinuum strain tensor resulting from the stresses, and

e=¢&" 3)

a?

the trace of the strain tensor obtained by contraction, is the
volume dilatation £ defined as the change in volume per orig-
inal volume AV/V [12, see pp. 149—152] and is an invariant
of the strain tensor. It should be noted that the structure of (1)
is similar to that of the field equations of General Relativity,

RY — % g"R = —nTW “
where R*” is the Ricci curvature tensor, R is its trace, ¥ =
87G/c* and G is the gravitational constant (see [11, Ch.2]
for more details).

In STCED, as shown in [1, 11], energy propagates in the
spacetime continuum (S7C) as wave-like deformations which
can be decomposed into dilatations and distortions. Dilata-
tions involve an invariant change in volume of the spacetime
continuum which is the source of the associated rest-mass
energy density of the deformation. On the other hand, dis-
tortions correspond to a change of shape (shearing) of the
spacetime continuum without a change in volume and are
thus massless. Thus the deformations propagate in the contin-
uum by longitudinal (dilatation) and transverse (distortion)
wave displacements.

This provides a natural explanation for wave-particle du-
ality, with the massless transverse mode corresponding to the
wave aspects of the deformations and the massive longitu-
dinal mode corresponding to the particle aspects of the de-
formations. The rest-mass energy density of the longitudinal
mode is given by [1, see Eq. (32)]

pc? = 4kye (5)

where p is the rest-mass density, c is the speed of light, kg
is the bulk modulus of the STC (the resistance of the space-
time continuum to dilatations), and ¢ is the volume dilatation
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as seen previously given by (3), which is an invariant of the
strain tensor, as is the rest-mass energy density. Hence

mc? = 4ky AV (6)
where m is the mass of the deformation and AV is the di-
latation change in the spacetime continuum’s volume corre-
sponding to mass m. This demonstrates that mass is not inde-
pendent of the spacetime continuum, but rather mass is part
of the spacetime continuum fabric itself.

1.2 Energy in the spacetime continuum

In STCED, energy is stored in the spacetime continuum as
strain energy [5]. As seen in [1, see Section 8.1], the strain
energy density of the spacetime continuum is separated into
two terms: the first one & expresses the dilatation energy
density (the mass longitudinal term) while the second one &
expresses the distortion energy density (the massless trans-
verse term):

E= 8“ + SJ_ (7)
where | |
Si= =gl = 204 8
1=y Roem = b (3)
p is the rest-mass density of the deformation, and
&, = iy Py = — 11, ©)
dpg "
with the strain distortion
e = g% _ esgaﬁ (10)

and the strain dilatation e; = is“a. Similarly for the stress
distortion % and the stress dilatation 7,. Then the dilatation
(massive) strain energy density of the deformation is given by
the longitudinal strain energy density (8) and the distortion
(massless) strain energy density of the deformation is given
by the transverse strain energy density (9).
The strain energy W of the deformation is obtained by
integrating (7) over the volume V of the deformation to give
W=w+W,., (11)

where W is the (massive) longitudinal strain energy of the

deformation given by
W = ~I~f3nd‘/
4

and W, is the (massless) transverse distortion strain energy
of the deformation given by

W, =f8¢dV,
v

where the volume element dV in cylindrical polar coordinates
is given by r dr df dz for a stationary deformation.

12)

13)

2 Quantum particles from STC defects

In [8, 10, 11], we show that quantum particles can be repre-
sented as defects in the spacetime continuum, specifically dis-
locations and disclinations. Dislocations are translational de-
formations, consisting of screw and edge dislocations, while
disclinations are rotational deformations consisting of wedge
and twist disclinations. As shown in [10], Table 1 below pro-
vides a summary of the identification of quantum particles
and their associated spacetime dislocations and disclinations.

The basic Feynman diagrams can be seen to represent
screw dislocations as photons, edge dislocations as bosons,
twist and wedge disclinations as fermions [10], and their in-
teractions. The interaction of defects results from the over-
lap of their strain energy densities. In QED, the exchange of
virtual particles in interactions can be seen to be a perturba-
tion expansion representation of the forces resulting from the
overlap of the strain energy densities of the dislocations and
disclinations. In STCED, the perturbative expansions are re-
placed by finite analytical expressions for the strain energy
density interactions of individual screw dislocations as pho-
tons, edge dislocations as bosons, twist and wedge disclina-
tions as fermions [10].

3 Strain energy density interactions of STC defects

Strain energy is the fundamental defining energy characteris-
tic of defects and their interactions in the spacetime contin-
uum. In this paper, we consider the interactions of defects in
STCED, and how they relate to quantum overlap interactions.
In STCED, the interaction of dislocations and disclinations is
mediated through the overlap interaction of their strain energy
densities.

We find that this interaction of the strain energy density
results from the overlap of the strain energy densities of de-
fects, a process akin to the wavefunction overlap of quantum
mechanics, which is physically explained by this process in
STCED. One source of this overlap interaction comes from
displacement defect interactions of different types of defects,
characterized by their Burgers and Frank vectors as derived
in [8, 11]. Another source results from the overlap of the
strain energy densities of multiple defects, including of the
same type, as will be shown in §4.

3.1 Strain energy densities from defect displacements

We derive the interaction terms of dislocations and disclina-

tions arising from the defect displacements derived by deWit

for the dislocation and disclination displacements [13-16].
With the constants @ and 8y given by

_ Ho
do= —22 14
O 200 + Ao (14)
= fio + Ao

_ford 15
Bo 20+ (15)
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STC defect Type of particle Particles
Screw dislocation Massless boson Photon

Edge dislocation

Wedge disclination
£3 Twist disclination

¢ Twist disclination

Massive boson

Massive fermion
Massive fermion

Massless fermion

Spin-0 particle
Spin-1 Proca eqn
Spin-2 graviton
Quarks
Leptons
Neutrinos

Table 1: Identification of quantum particles and their associated STC defects; quoted from [10].

the deWit dislocation displacements are given by [16] and
[11, §9.5]

S A 5 U
U, = o (9+ﬂ0r—2)+ ﬁ(a() lnr+,80r—2),
bgf) } o2 (y.t/) _ xy 16
uyz—zﬂ(a/glnr+,80r—2)+ E(Q—ﬂoﬁ), ( )
b(S)
uz=22—'ﬂe,

where we have specifically appended superscripts to the Bur-
gers vectors for clarity: b'¥ for the edge dislocation proper,
b(yg) for the gap dislocation, and bgs) for the screw disloca-
tion. In general, we will not append these superscripts except
where required for clarity. We can obtain specific expressions
for screw dislocations by putting b, = 0 and b, = 0, for edge
dislocations by putting b, = 0 and b, = 0, and for gap dis-
locations by putting b, = 0 and b, = 0, and similarly for the
other expressions below.

The deWit disclination displacements are given by [16]
and [11, §10.5]

o -] XY
= ———z|lagInr+Bo = |+ =—z|6+ —]—
! 2n Z[ao nr ﬁorz ZRZ[ ﬁorz
Q(w)
- ——[yb-apx(nr-1)],
2n
® Qo >
x _ox g | _ X
Uy === z[@—[g’or—zy - ﬁz[afolnr+ﬁor—2 +
17
w a7
+ —=—[x0+ayy(dnr-1)],
n
Q(S)
u, = 2x [y6—ayx(nr-1)]-
g
o
— Y [x+agy(nr-1)],
o [x6+ay(nr—1)]

where we have specifically appended superscripts to the Frank
vectors for clarity: QY for the splay disclination, Q(y’) for

the twist disclination proper, and Qg'”) for the wedge discli-
nation. As for dislocations, in general, we will not append
these superscripts except where required for clarity. We can
obtain specific expressions for wedge disclinations by putting
Q, = 0and Q, = 0, for splay disclinations by putting 2, = 0
and Q. = 0, and for twist disclinations proper by putting
Q, = 0and Q, = 0, and similarly for the other expressions
below.

Sample calculation of dislocation strain energy densities

We first provide a sample calculation of dislocation strain en-
ergy densities from the dislocation displacements to calculate
strain energy densities for defect interactions.

From the deWit dislocation displacements (16), the com-

ponents of the strain tensor are derived from &*” = %(u”“’ +
u”**) and the volume dilatation & from (3) to obtain:
1 [ byy—b,x
- Ho Y- T (18)

_7_1' 2ﬁ0+/_l() r2

The negative sign arises in this formula from the convention
used to define the Burgers vector. It can be eliminated by
using the FS/RH convention instead of the SF/RH convention
for the Burgers vector [17, see p.22]) and can be disregarded
by taking the absolute value of (18). Substituting (18) in (8),
the dislocation longitudinal dilatation strain energy density is
then given by

1 /_<O Iaz (bxy - bl x)2
&= 55— . (19)
2m (2/,10 + /1()) r4
Expanding the quadratic term, we obtain
E =& +&] +& (20)

|| int »

where the edge dislocation longitudinal dilatation strain en-
ergy density Sﬁ , the gap dislocation longitudinal dilatation
strain energy density &,

longitudinal dilatation strain energy density Sﬁ:nGt are given

and also the edge-gap interaction
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by the formulae

1 b(e)zyZ
E - =2 Yx
8” 27‘[2 Ko T 5 (21)
1 b(g)2x2
G = =27y
&f = 55 k0@ —7— (22)
~ 1 bgce)b(l/)xy
Wi = =5 Kol — (23)

The screw dislocation longitudinal dilatation strain energy
density Sfl = 0 and is massless.
The distortion strain energy density is calculated from (9)
and (10),
&L = fpe™eys,
eaﬁ — EQB —e gaﬁ’

where e, = 41'1' Then

1 1
e()/ﬁeaﬁ — (S(Yﬁ _ Z 6gaf,3) (Saﬁ — Z ggaﬁ) (24)

and the distortion strain energy density equation becomes

1

&1 = o (aaﬁaaﬁ - 82) (25)

4
for g% = P,
This expression is expanded using the non-zero elements
of the strain tensor to give

oo b* b,y — b, x)?

g = Lo Uy Fo g by = byxy
812 r2  4x? r

fo - (box+by? 3

* 272 Po 4

- (26)
0 Iao/lo bxby Xy
212 2[{0 + 20 r ’
Expanding the quadratic terms, we obtain

_ oS E G E-G
E =8 +&E+E+E,,

27)

where the screw dislocation distortion strain energy density
&S, the edge dislocation distortion strain energy density &,
the gap dislocation distortion strain energy density &7, and

the edge-gap interaction distortion strain energy density 85‘12
are given by
— (s)2
s _ Mo b;
&, = 82 2 (28)
o p@2(=2.0  hE 2
gr = o b, (aroy +2B0x) -
LT a3 s , (29)
o o (28 0
L 4n? r ’ (30)
- JAQI
-G Ho (.o a2 - x Oy XY
& =55 (@26 +3%) ——. 6D

where

_ Ay
Yo = o+ o (32)

Note that there are no interaction terms (cross-terms) be-
tween screw and edge dislocations for a dislocation line al-
though there are interaction terms between edge dislocations
(edge and gap dislocations).

The dislocation strain energy is calculated by integrating
the dislocation strain energy density over the volume of the
dislocation, as per (12) for the longitudinal massive compo-
nent and (13) for the transverse massless component.

3.2 Strain energy densities of mixed defects

The sample calculation procedure can be used for disloca-
tions or disclinations using (16) or (17) respectively. For
mixed dislocations and disclinations, we need to use defect
displacements that combine both to calculate the resulting
strain energy density interactions.

We consider the interactionterms of dislocations and disc-
linations arising from the general displacements derived from
the general combined deWit dislocation and disclination dis-
placements, see [16] and [11, §17.2], to obtain:

by 5 XY by [ o y2
”x=ﬂ(9+ﬁ°ﬁ)+ﬁ(%ln”ﬂ°ﬁ -

Q, AT 5 XY
-—zlaglnr+ —+—(6+ —)—
ZﬂZ(ao nr ﬁorz) 2t Po r?
Q
- —=@WO-ayx(nr-1)),

2n

by [ 2 X by 7 XY
MyZ—E (o4 lnr+,8()r—2 + E(g—ﬂo—z)—

(33)
Q, _oxy\ Q. _ o2
—Ez(g—ﬂor—z)— Z{Z (Zolnr+ﬁoﬁ +
Q
+ = (x0+ayy(nr-1)),
2
b Q,
U, = —0+—@yo-apx(nr-1))-
2n 2
Q, _
—— (xO0+ayy(nr-1)),
2n
where again
_ Ho
agy=—""—"—=—, 34
0 Yo+ 1 (34)
_ fo + A
g = 0T 0 (35)
2fip + Ao

The components of the strain tensor are derived from

1 . .
et = E(u“"’ +u”H).
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As this is a linear operation, the combined components of the
strain tensor are obtained from (33). The volume dilatation &
is then obtained from (3):

I jo
7T2,l_1()+/_1() r

byy—byx
- -

I (0,x+0,) S 66
o _
+—Z(’u—0 Inr+

1 fg+ 4o
2fio + Ao .

2 2ﬂ0+/_10

The mass energy density is calculated from (37), specifi-
cally

pc? =4kpe =22 + o) €. (37

Substituting for & from (37), using the absolute value of &
as seen previously, the mass energy density of the combined
deWit dislocation and disclination displacements is given by

4 Kofto
2 + ;l() r

byy—byx
- -

pc’ =

4 %
L4 Koo
7 21 + Ao
_Ak0Q [ Ao
e 2/,_10+/_1()

(Q x+Q, y) (38)

1 fp+ A

2 2ﬂ0+;lo

and using @, and By,
4 _ byy—-byx
pcz:‘_mao_zy_
n r
4 z
+ — Koo Qe x+ Quy) — +
— kol (Qux + Q) - (39)
4koQ, [ _ 1.
- aolnr+ 5,6’0

T

The rest-mass density is thus the sum of the rest-mass density
of edge dislocations, wedge and twist disclinations. Screw
dislocations are not present as they are massless. The nega-
tive terms indicate a decrease in total rest-mass energy due to
bound states.

4 Overlap interaction of multiple defects

In this section, we consider the interactions of dislocations
of multiple defects, including of the same type, which are
seen to result from the force resulting from the overlap of
their strain energy density in the spacetime continuum [17,
see p. 112]. There is no longitudinal interaction strain energy
density between edge dislocations and screw dislocations in
a mixed dislocation, as the latter are massless. In addition,
as shown in the sample calculation, there are no interaction
terms (cross-terms) between screw and edge dislocations for
a dislocation line which is a mixed dislocation. This is due to

the perpendicularity of the two types of dislocations. How-
ever, multiple dislocations separated by a distance R can un-
dergo defect interactions due to the overlap of their strain en-
ergy densities, both dislocation and disclination interactions.

These interactions can be calculated using various meth-
ods. Till now, we have concentrated on the calculation of
the strain energy of the overlap based on the defect displace-
ments. Another approach [18, see Chapter 3] that can be used
is to calculate the force between the defects from the stress
tensor, and obtain the strain energy of the overlap based on
the work W performed by the application of the force F' over
a given distance d, from the well-known relation

W=F-d. (40)

Conversely, the force can be calculated from the negative of
the derivative of the strain energy W with position. For exam-
ple, for a dislocation line parallel to the z-axis positive along
the z-axis, the force on the dislocation line can be written as

ow ow
F=—-—,—/—]. 41
( dx  dy ) @b
This allows us to calculate the overlap interaction strain en-

ergy.

We consider the total strain energy W for two neighbour-
ing defects in a 3-D spatial continuum. This can be written in
terms of the strain energy density & for the two neighbouring
defects as an integral over the volume

szSdV.
v

& can be expressed in terms of the stress density o using the
stress tensor portion of (9). Following Weertman [18, see
p. 62], as the stress density equations are linear, we separate
the stress density o into a sum of two terms

1
=—_f<m+crz)2dv,
2fig Jy

where o, is the stress density of the defect (dislocation or
disclination) of interest in an otherwise strain-free continuum,
and o1, known as the internal stresses, is the stress density
of the rest of the continuum including the neighbouring de-
fect(s), but excluding the defect of 0. Then o + o, repre-
sents the stress density of a continuum including a defect of
interest and internal stresses.
The total strain energy W can then be written as

1
a’ldV+—f0'2dV+—f0'10'2dV (44)
" 27

The first two terms are position independent. Only the third
term is position dependent, and leads to a force on the defect
as per (41) and contributes to the interaction strain energy
W123

(42)

(43)

1
W12=_—f0'10'2dv. (45)
Ho Jv
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4.1 Opverlap interaction strain energy

As seen in §1.2, the energy-momentum stress tensor 79 is
decomposed into a stress deviation tensor 1 and a scalar ¢,,
according to

T% = (P 4 1,g% (46)

where 7, = i T®,. Separating 7% into the sum of two terms
as per (43), we have

T® = | T® + , 7% 47)
and using (46), we obtain
T = 11 + 11,9 + 2P + 51,9 (48)
Hence we can write
1% = 1l‘aﬁ + zlaﬁ y
(49)

ty = 1ty + 2ofy.

Going back to (42) and using (12) and (13), we have

W= f(SH + 8J_) dv, (50)
\4

where

1 2\2 1
= —_— = — ]
g 327 (pC) T f (51

where p is the mass energy density of the edge dislocation,
and

& 11, 52
L 4# 8- (52)
Substituting (51) and (52) into (50), we obtain
W= 2 I t B | dV 53
f ( e ﬁ) (53)
and using (49), (53) becomes
1
W= f [__ (lts + 2ts)2 +
v [2ko
1 (54)
(B o
+4” (11‘ + of )(1l‘aﬁ+ 2l(,ﬁ)]dv.
Expanding and re-arranging, we obtain
W = f 1l + —_— 1l‘aﬁ tlap +
fo
+— o+ ! 1% 5o + (55)
21_<0 2L 4,UO 2 2lap
L L(lt"ﬁ stog + 2% 11, )]dV
I_(() s 2ts 4[10 af ap s
which can be written as
W = f[au +8L]1 dv + f [SH +8L]2 dv +
1% 1% (56)

+f[8|\+8L]12 dv
|4

which is equivalent to

W=W +W,+Wp. (57)

Hence the overlap interaction strain energy is given by the
third term from (55):

1 1
Wip = — by ot + — (11 2t + 2t 11,5)|dV. (58
12 fv[l_q) 1ts2 4700 (1 atap + 287 ﬁ)] (58)

Substituting from (46) into (58), we obtain

1
= — T¢ >T¢ dV +
16R0ﬁ1 @2 «a

1 1
T(Y,B _ - T(y af Ta/ — — ,T¢ | +
il et
w1 1,
)T _Z T g 1Ty, —Z]Tagaﬂ ]dV.

Expanding the second integral, we obtain

1
Wi = F 1Taa szd dv +
Ko
1 1
— TP 3 Tos— = 1 TP 3T Gos—
4#0 [1 21 ap 41 214 4 Yop
Y LI L S 60
41 9% 2Tap+ 76 1T% 2 9 gap (60)
af 1 af a
+ 2T lTaﬁ_ZZT 1T Gop —

1 1
= =T g% \Tos +

T \T® w3|dV.
4 162 al a/g gﬁ

Using g%g.s = n*1nas = 4, expanding and simplifying the
second integral, we obtain

1
Wi = ——— T¢,,T°% dV +
12 16/?0[‘/1 a2l

1 [
— T )Top + 2T 1 Top - (61)
40 Jy 1 2Lop T 2 1L ap
! T¢ T"]dV
) 1 a2l o )

_ 2 _ 2
where |T%, = p1c” and ,T¢, = pyc”.

Hence the overlap interaction strain energy can be written
as

Wiy = Wiess 4wl (62)
where W{%** is a pure mass longitudinal term given by
WSS = L f 1T, ,T¢,dV (63)
12 167(() v a a
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and W{Z’Hd is a pure massless transverse field term given by

; 1
Wh = f [ 1T 2Top + 2T | Top~
4ig Jy

) (64)

—51T% ZT‘;] av.

Alternatively, (61) can be written as
1 aff af
W12=H [1T 2Top+ 2T 1 Top—
o Jv
1 (65)

-2 _T°,,T |dv.

Ho + 24

It is important to note that the overlap interaction strain en-
ergy is usually expressed as energy per unit length of the de-
fect Wi, /¢.

5 Discussion and conclusion

In this paper, we have considered the nature of defect interac-
tions in the Spacetime Continuum and how this process pro-
vides an explanation of quantum overlap interactions within
the Elastodynamics of the Spacetime Continuum (STCED).
The interaction of dislocations and disclinations is mediated
through the overlap interaction of their strain energy densi-
ties.

We derived the interaction terms of dislocations and disc-
linations arising from the defect displacements derived by de-
Wit for the dislocation and disclination displacements. We
provided a sample calculation of dislocation strain energy
densities from the dislocation displacements to calculate
strain energy densities for defect interactions. We also con-
sidered another approach based on calculating the force be-
tween the defects from the stress tensor, and obtaining the
strain energy of the overlap based on the work performed by
the application of the force over a given distance. The results
obtained are found to provide a physical explanation of quan-
tum mechanical phenomena in terms of the interaction result-
ing from the overlap of defect strain energies in the spacetime
continuum in STCED.

Submitted on March 3, 2026
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