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Abstract


Proca's electrodynamics describes a theory of massive photons which is not gauge invariant. In this paper we show that the gauge invariance is recovered if a scalar field is properly incorporated into the theory. We followed the Dirac's technique to perform a detailed analysis of the constraint structure of the theory. Appropriate gauge conditions were derived to eliminate the first class constraints and obtain the Dirac's brackets of the independent dynamical variables. Alternatively, the generalized symplectic formalism method is used to study the gauge invariance Proca's electrodynamics theory. After fixing the gauge, the generalized brackets are calculated and the equivalence with the Dirac's brackets is shown.


Keywords:
Dirac's method, Faddeev-Jackiw's formalism, Constraint analysis, Dirac brackets, Generalized brackets.




Resumen


La electrodinámica de Proca describe una teoría de fotones masivos que no es invariante de gauge. En este trabajo se mostrara que la libertad de gauge es restaurada si un campo escalar es apropiadamente incorporado en la teoría. El método de Dirac es utilizado para realizar un detallado análisis de la estructura de vínculos de la misma. Apropiadas condiciones de gauge fueron derivadas con el fin de eliminar los vínculos de primera clase y obtener los corchetes de Dirac entre las variables dinámicas independientes. De manera alternativa, la formulación simpléctica generalizada es utilizada para estudiar la teoría electromagnética de Proca invariante de gauge. Después de fijar el gauge, los corchetes generalizados son calculados y la equivalencia con los corchetes de dirac es mostrada.
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Método de Dirac, Formalismo de Faddeev-Jackiw, Análisis de vínculos, Corchetes de Dirac, Corchetes Generalizados.






Introduction

Quantum electrodynamics establishes a constraint on the rest mass of photon which is proposed to be zero. However, in nonzero photon mass could exist a low level that the present experiments cannot reach. The uncertainty principle establishes that the photon mass could be estimate as Μγ ≈ 
 in the magnitude of about 10-66 g as the age of the universe is about 1010 years. Although such infinitesimal mass is extremely difficult to be detected, a massive QED is not only simpler theoretically than the standard theory [1], it also provides a fairly solid framework for analyzing the far reaching implications of the existence of a massive photon which would have for physics. Actually, some of these possible effects, such as variation of the speed of light [2], the deviations of Coulomb's law [3] and Ampere's law [4], the existence of longitudinal electromagnetic waves [5], and the additional Yukawa potential of magnetic dipole fields [6,7], were seriously studied.

The massive electrodynamics or Proca's electrodynamics is the simplest model in which the photon has a small mass. Proca's electromagnetic field theory can be constructed in a unique way by adding a mass term to the Lagrangian for the electromagnetic field, namely, the Proca field is described by the following lagrangian density,


				




					

				

			

with 
. The parameter M can be interpreted as the photon rest mass. In this spirit, the characteristic scaling length M-1 becomes the reduced Compton wavelength of the photon, which is the effective range of the electromagnetic interaction. Nevertheless, the mass term violates gauge invariance of the theory. Cornwall [8] showed that in the Jackiw-Johnson model [9] is not possible to add a symmetry breaking mass without destroying renormalizability because the term violates the Ward identity. However, the gauge invariance can be recovered if a nonlocal, nonpolynomial terms is added to the Lagrangian which is invariance gauge in a restricted sense.

In this work we are going to follow the Cornwall procedure and recover the gauge invariance of the Proca theory. We will study in a consistent way the canonical constraint structure of the theory following the Dirac's procedure [10,11]. We determine the Hamiltonian that generates the evolution of the system and considers the full gauge freedom. Appropriated gauge conditions will be deduced in order to calculate the Dirac brackets.

However, the mail goal of Dirac's method is to obtain the Dirac brackets, which are the bridge to the commutators in quantum theory. With the categorization of the constraints as first or second class, primary or secondary, this formalism has become one of the standards for the analysis of constrained theories. Nevertheless, Faddeev and Jackiw [12] proposed a geometric method for the symplectic quantization of constrained systems. This method is based on Darboux's theorem [13] in which we do not need to introduce primary constraints as in the Dirac formalism. Also, the classification of the constraints is not necessary in this method, since all the constraints are held to the same standard [14-16].

The essential point of the symplectic quantization method is to make the system into a first order Lagrangian with some auxiliary fields, but the method does not depend on how the auxiliary fields are introduced to make the first order Lagrangian [12,13]. The first order Lagrangian, which consists of some symplectic variables and their generalized canonical momenta, gives the geometric structure of the manifold through the symplectic two form matrix. The classification of the system as constrained or unconstrained in the first order Faddeev-Jackiw formalism depends on the singular behavior of the symplectic two form matrix.

In this work we are going to study the symplectic quantization Proca's electrodynamics deriving the generalized symplectic brackets and showing that they are equivalents to the Dirac brackets.




Structure of Constraints

The Proca field which is described by (1) is no gauge invariance, however, it is possible to add certain nonlocal, nonpolynomial term to (1) which guarantees gauge invariance. If the transformation


				




					

				

			

is performed on the mass term, we obtain


				




					

				

			

Now, we are going to replace the gauge parameter in the following way,


				




					

				

			

Thus, we define the mass term


				




					

				

			

which is invariant under the following gauge transformations:


				




					

				

			

as long as δ2θ ≠ 0. Here, θ (x) is an auxiliar escalar field and e is a coupling constant. Thus, we come to the following effective gauge invariance Lagrangian density:


				




					

				

			

From (4), we find the Euler-Lagrange equations


				




					

				

			

and the canonical momenta associated to the fields Aν and θ are:


				




					

				

			

respectively. Then, from (6) we get the set of dynamics relation dynamical relation,


				




					

				

			

and one primary constraints [10,11],


				




					

				

			

The canonical Hamiltonian is given by


				




					

				

			

Following the Dirac's procedure [10,11], we define the primary Hamiltonian HP adding to the canonical Hamiltonian the primary constraints with their respective Lagrange multipliers


				




					

				

			

where u1 is the multipliers related to the electromagnetic constraints. The fundamental Poisson brackets (PB) between the variables of the phase space (Λμ,θ,πν,ρθ) are,


				




					

				

			

The Dirac's procedure [10,11] tell us that the primary constraints must be preserved in time (consistence condition) under time evolution generated by the primary Hamiltonian by requiring that they have a weakly vanishing PB with HP. Thus, such requirement on the constraints (8) yields


				




					

				

			

i.e., the consistence condition of Ω1 gives a secondary constraint Ω2 which is associated with the Gauss's law of the theory. It is easy to verify that there are not further constraints generated from the consistence condition of the Gauss's law because it is automatically conserved,


				




					

				

			

Then, there are not more constraints and (8) and (12) constitute the full set of constraints of the theory.




Constraint classification and gauge condition

The constraints Ω1 and Ω2 have vanishing PB among them, therefore, they are first class constraint [10,11]. Here we are in position to write the total Hamiltonian


				




					

				

			

where u2 is de Lagrange multiplier associated to the secondary first class constraint Ω2. Now, we are able to calculate the canonical equations of the system for the variables (Λμ,θ,πν,ρθ). For Λμ we have the equations


				




					

				

			

which just means that the canonical variable Αμ is defined as a linear combination of the still arbitrary Lagrange multipliers. The Hamiltonian equations for the momenta πμ are given by,


				




					

				

			

The time evolution of the dynamical variables of the scalar field are:


				




					

				

			

From (15), (16) and (17) it is easy to obtain


				




					

				

			

These equations are compatible with the Lagrangian field equations (5) only if suitable gauge conditions are chosen in order to eliminate the Lagrange multiplier u2.

At this stage we consider the set of first-class constraints Ω1 and Ω2, that must be considered as generators of gauge transformations. Our objective is to use the gauge freedom in our system to fix two components of Αν so that the first class constraints become second class. The problem of choosing proper gauge conditions has to be solved to fully eliminate the redundant variables of the theory at the classical level and, therefore, to proceed with a consistent quantization of the theory. Since π0 ≈ 0, one logical choice is to set:


				




					

				

			

The second gauge gauge fixing condition can be determined by closely inspect the Euler Lagrange equations of the system [17].

Thus, if we look for the ν = 0 component of the (18) equation, it produces


				




					

				

			

Then, the equation (20) will hold for all time only if:


				




					

				

			

Thus, (12) is similar to a secondary constraint following from the gauge constraint, therefore, it can be considered like the second gauge condition.




Dirac Brackets

The next step is to calculate Dirac Brackets for the set of ten constraints of the theory. The set of the first class constraints and their gauge fixing conditions, defines as:


				




					

				

			

constitute a set of second class constraints. With (22), we can construct the matrix of PB with elements:


				




					

				

			

and with the following matricial representation:


				




					

				

			

where 
.The inverse of the matrix is calculated from the following relationship,


				




					

				

			

Imposing the boundary condition that the fields vanish at infinity, we can find that the in inverse of (23) exists and takes the form


				




					

				

			

With this inverse we are able to define the first Dirac Brackets for two observables A (x) and B (x) [10,11],


				




					

				

			

This definition implies the elimination of the second-class constrains and the definition of an extended Hamiltonian where Ωi are strongly zero. Under the definition of Dirac brackets, the constraints (22) are strongly zero, i.e.,


				




					

				

			

The relation (28) determines that Ak and Πk could be considered as independent variables of the theory, therefore, the Dirac brackets associated to them may be computed from (27) to be


				




					

				

			

Now, using the relations (28) we can deduce the other set of DB, i.e.:


				




					

				

			

Under the definition of the Dirac brackets, the Hamiltonian which determines the evolution of the system in the reduced phase space is


				




					

				

			




Symplectic analysis for the Proca's electrodynamics

The initial set of symplectic variables defining the extended space is given by the set 
, and so the starting Lagrangian density is written in first order as follow [12,13] 1:


				




					

				

			

where the zero iterated symplectic potential has the following form:


				




					

				

			

Using the initial set of symplectic variables 
, we have from (32) the canonical momenta


				




					

				

			

Then, we obtain the zero iterated symplectic two-form matrix defined by


				




					

				

			

with the components


				




					

				

			

The symplectic matrix is singular and it has a zero mode


				




					

				

			

where vAo (x) is an arbitrary function. From this nontrivial zero-mode, we have the following constraint


				




					

				

			

With vAo (x) arbitrary, the constraint is evaluated form (38) to be


				




					

				

			

According to the symplectic algorithm, the constraint (39) is introduced in the Lagrangian density by using Lagrangian multipliers, thus, the first iterated Lagrangian density is written as


				




					

				

			

where the first iterated symplectic potential is


				




					

				

			

Now, we enlarged the space with the first iterated set of symplectic variables defined by 
 The new canonical one-form is


				




					

				

			

and the first iterated symplectic matrix is written as


				




					

				

			

The modified symplectic matrix after the first iteration is again singular. As it can be seen, there is one new zero-mode associated to this matrix and it is written as:


				




					

				

			

where α (x) is a new arbitrary quantity. A new constraint can be result from (44), then, we have that


				




					

				

			

Thus, Ω(1) is identically zero, then, the relation (45) indicates that there are no more constraints associated in the theory and as a result the symplectic matrix remains singular what characterizes the theory as a gauge theory.

In order to obtain a regular symplectic matrix a gauge fixing term must be added to the symplectic potential. We choose the gauge 

				2. Using the consistency condition by Lagrange multiplier η (x), which will increase the size of the configuration space, we obtain the second iterative Lagrangian, i.e.:


				




					

				

			

where


				




					

				

			

As before, we set the symplectic variable 
and from (47) we determine the canonical momenta


				




					

				

			

Now, from (48) we obtain the second-iterated symplectic two-form matrix


				




					

				

			

This matrix is still antisymmetric because 
 = 
.Since this matrix is not singular, we finally have the inverse matrix after a laborious calculation as follows:


				




					

				

			

where


				




					

				

			

On these relations and Eq. (58), we immediately identify the generalized brackets as follow:


				




					

				

			

which are equivalents with (29) and (30).




Remarks and conclusions

In this paper we have analyzed the canonical structure of the gauge invariance Proca's electrodynamics. We have recover the gauge invariance adding a mass term with the help of an auxiliary field which has an appropriated gauge transformation. We constructed a consistent Hamiltonian formulation for the theory that includes the constraints and their algebra. The Hamiltonian that generates the evolution of the system and considers the full gauge freedom is determined. We studied the problem of gauge fixing for the theory, determining the appropriated gauge condition which result of the motion equations.

The fundamental Dirac brackets for the dynamical variables have been constructed and are compatible with the constraints.

In this paper we have studied Proca electrodynamics gauge invariance with the symplectic quantization method. We have shown that the symplectic approach is more intuitive in the sense that the constraints are related to the generalized canonical momenta and the Lagrange multipliers to the symplectic variables in the enlarged symplectic structure of the constrained manifold. For the Proca electrodynamics we have shown that the number of the constraints is fewer and the structure of these constraints is very simple because we do not need to distinguish first or second class constraints, primary or secondary constraints, etc. We have easily obtained the Dirac brackets by reading directly from the inverse matrix
 of the symplectic two form matrix. Finally, we can observe that the potential symplectic obtained at the final stage of iterations is exactly the Hamiltonian which is obtained through several steps with the usual Dirac formulation of the constrained systems.
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A. Faddeev Jackiw formalism

We start by reviewing very briefly the Faddeev-Jackiw (FJ) quantization method [12,13] in field theories A general first order Lagrangian in time derivative is described by the symplectic variables ξ
 Α is given by


				




					

				

			

where ξ
 1 = ξ
 1 (x) = ξ
 1 (x, t) are the field variables. Based on the canonical one-form α
 A (ξ) the symplectic matrix f
 AB
 (x,y) is defined by


				




					

				

			

which is called the symplectic two-form. Generally, the geometric structure of the theory is fully described by the canonical generalized canonical momenta
 (ξ), and the symplectic matrix 
 gives the geometric structure of the phase space. Using variational principle, we obtain the dynamical equations of motion:


				




					

				

			

Theories are classified as unconstrained and constrained depending on whether 
 has an inverse or not, respectively. In the unconstrained case, when 
 has an inverse, we can obtain the equations of motion such as


				




					

				

			

In this case, we can obtain the generalized symplectic brackets as


				




					

				

			

Compared (55) with (57) we have the relations between the symplectic two-form matrix and the generalized symplectic bracket


				




					

				

			

which correspond to the Dirac brackets [18].

When the symplectic matrix is singular leads us to constraints [14-16], which can be expressed as


				




					

				

			

where 
 are the zero-modes associated to the matrix 
and α denotes the the number of constraints. The quantities Ω(α) are the constraints in the FJ symplectic formalism, and are introduced in the Lagrangian by using Lagrange multipliers:


				




					

				

			

In this point one can run the symplectic algorithm once again. Enlarging the configuration space by considering the set of variables ξΑ(1) = (ξ, λ(α)), by redefining the λ(α) variables, relating to 
we can set


				




					

				

			

therefore, the first iterated lagrangian is written as


				




					

				

			

where


				




					

				

			

In terms of the new set of dynamical variables ξA(1) one can now introduce a new symplectic matrix as,


				




					

				

			

If the matrix 
 is regular, then we have succeeded in eliminating the constraints. If not, one should repeat the procedure above as many times as necessary. If we get the nonsingular f
 AB after a finite number of iterations, we stop the iterations and obtain the generalized symplectic brackets from the inverse of f
 AB, the brackets are exactly those the Dirac brackets. On the other hand, in some cases the iterations are repeated infinitely. In such a case, the zero mode plays an important role, generating a gauge symmetry. Then, we need some gauge fixing conditions Φσ with σ = 1, 2,... number of gauge conditions. Now, the basic spirit of the method is maintained exactly the same because the gauge fixing conditions are nothing but a kind of constraints. We may write the gauge fixed Lagrangian as follows:


				




					

				

			

where the subscript (k) denotes the iterations numbers the generate the modified symplectic matrix and the potential symplectic at the (k) iteration


				




					

				

			

The relation (64) is most general form of the first order Lagrangian. Note that the constraints and the gauge fixing conditions are considered as the generalized canonical momenta, while the Lagrangian multipliers are as their conjugated variables in the symplectic formalism. After following the procedure as above, we obtain the generalized symplectic brackets, which are the bridge to the quantum commutators.









1.  See Appendix A







2.  See equation (21).




Referencias


[1]  A. Y. Ignatiev and G. C. Joshi, Phys. Rev. D 53, 984 (1996).



[2]  A. S. Goldhaber and M. M. Nieto, Rev. Mod. Phys. 43, 277 (1971).



[3]  E. R. Williams, J. E. Faller, and H. A. Hill, Phys. Rev. Lett. 26, 721 (1971).



[4]  M. A. Chernikov, C. J. Gerber, H. R. Ott, and H.-J. Gerber, Phys. Rev. Lett. 68, 3383 (1992).



[5]  L. Bass and E. Schrödinger, Proc. R Soc. Lon. Ser. A 232, 1 (1955).



[6]  E. Fischbach, H. Kloor, R. A. Langel, A. T. Y. Lui, and M. Peredo, Phys. Rev. Lett. 73, 514 (1994).



[7]  J. D. Barrow and R. R. Burman, Nature 307, 14 (1984).



[8]  J. M. Cornwall, Phys. Rev. D 10, 500 (1974).



[9]  R. Jackiw and K. Johnson, Phys. Rev. D 8, 2386 (1973).



[10]  P. Dirac, Lectures on Quantum Mechanics, Belfer Graduate School of Science Monographs Series (Belfer Graduate School of Science, Yeshiva University, 1964).



[11]  K. Sundermeyer, Constrained Dynamics, Lecture Notes in Physics, Vol. 169 (Springer, Berlin, Heidelberg, 1982).



[12]  L. Faddeev and R. Jackiw , Phys. Rev. Lett. 60, 1692 (1988).



[13]  R. Jackiw, arXiv:hep-th/9306075 (1993), 10.1142/S0217732392001439. [CrossRef] 



[14]  J. Barcelos-Neto and C. Wotzasek, Mod. Phys. Lett. A 07, 1737 (1992).



[15]  J. Barcelos-Neto and C. Wotzasek , Int. J. Mod. Phys. A 07, 4981 (1992).



[16]  C. Wotzasek , Mod. Phys. Lett. A 08, 2509 (1993).



[17]  A. Hanson, T. Regge, and C. Teitelboim, Constrained Hamiltonian Systems (Acc. Naz. dei Lincei, Roma, 1976).



[18]  A. Foussats, C. Repetto, O. P. Zandron, and O. S. Zandron, Int. J. Theor. Phys. 36, 2923 (1997).





OEBPS/Images/69823-380007-1-PB.jpg
oA = 7*
= 7%+ 0 Ao

80 =

&

i

— Ao,





OEBPS/Images/69823-380004-1-PB.jpg
c=—tewg, a4 Lo0]
=—"Futs b+ 20| -





OEBPS/Images/69823-380068-1-PB.jpg
H® (€)=

HED (€)

(b
n*-Y_g





OEBPS/Images/69823-380001-1-PB.jpg





OEBPS/Images/69823-380074-1-PB.jpg
(0)





OEBPS/Images/69823-380065-1-PB.jpg
HO (&) = H(E)

Qay=0





OEBPS/Images/69823-380059-1-PB.jpg
O (&)
04 (x), 608 (y)}
{err e, m0 00} = {¢
M (x) =

DEOB (y)
-1 OHO (§)

(57)
= [fO%(xy)] PEOE(y)"





OEBPS/Images/69823-380013-1-PB.jpg
 (z)

{wo(z),Hp}zﬂjw*+epgzﬂ2(z






OEBPS/Images/69823-380083-1-PB.jpg





OEBPS/Images/69823-380086-1-PB.jpg
1)
7





OEBPS/Images/69823-380010-1-PB.jpg
He

[

/d“yHc:/a“’t [‘rr“bn/l,‘-(»p‘a@n@—ﬂ]
/(ﬂ { +§Wp,,+1a¢10-p/4.,p,7

2
L e L
+4FA-:Fu+2AI [Ak+ rakg] }





OEBPS/Images/69823-380077-1-PB.jpg
)
D = (A7, 0,p0.






OEBPS/Images/69823-380028-1-PB.jpg
{A(r),B(y)}D = /d“ud’ INCRX u)
¢t (w, n){ 5 (@), B} @)





OEBPS/Images/69823-380022-1-PB.jpg
2
A?Ea,,A,,+%Hz0. (21)





OEBPS/Images/69823-380031-1-PB.jpg
{o@mw}, =

{A@.nw},
{#@.0m},






OEBPS/Images/69823-380037-1-PB.jpg
©

fap (x.y) = #x-y). (36)

ccecle
cccon

olooco
coroo
cococoo





OEBPS/Images/69823-380019-1-PB.jpg
8,F" + M? [

9 [Aulm] ~ Gl

1

A”+Aif’ﬁj| ~ 0.

e

e

(19)





OEBPS/Images/69823-380016-1-PB.jpg
A= 8[54 ] — 5}0a,





OEBPS/Images/69823-380040-1-PB.jpg
QO = gr* +epp =






OEBPS/Images/69823-380043-1-PB.jpg
(H = Po;

oV 5 Bt + epy





OEBPS/Images/69823-380034-1-PB.jpg
2 1, 1
+ 3 3EPs + ™ 0o — edopo + TFuFi

2
M [Au- aka] »

(33)





OEBPS/Images/69823-380025-1-PB.jpg
0 0 -1 0
0 D, 3
cen=|1 o0 o F|fe-n. e

0 -D, 0 0





OEBPS/Images/69823-380052-1-PB.jpg
0 =Pg
o g
o 0
o 0 B Bx-y),
9 u? 0
© 7 =4
=l L5 at
[_,Anm] (x,¥) —a2of : x
0 N 0
Ld Dz (50)
~D:





OEBPS/Images/69823-380029-1-PB.jpg
(28)





OEBPS/Images/69823-380058-1-PB.jpg
3 - (0)
9= [y O] HEE (s





OEBPS/Images/69823-380011-1-PB.jpg
Hp=He+ / Ly (1)), (10)





OEBPS/Images/69823-380046-1-PB.jpg
s
Qv = /d“za“”mm/d’vﬂ“’(y)

[rac0 {oram, (9 - M2z [A- )+ Lo “X)}

+M29% [Ak (x)+ %aze(x)] }
= (45)





OEBPS/Images/69823-380000-1-PB.jpg
%M?A,,Aﬂ = %MZ (A +0,A ) (A" +07N)





OEBPS/Images/69823-380017-1-PB.jpg
# =6 (B + ep] +8 {aﬂk _a [Ak + %ake] } (9





OEBPS/Images/69823-380060-1-PB.jpg
{gmu (x),608 (y)} = [fO18 (x y)] ",

(

8)





OEBPS/Images/69823-380023-1-PB.jpg
7~ 0,

"+ epy 0,

Ay~ 0, (22)
2

NAr+ Te ~0,






OEBPS/Images/69823-380064-1-PB.jpg
LY = af) () £O4 40,6 —HW (€) = o)) (6) EAV—HW (¢), (61)





OEBPS/Images/69823-380012-1-PB.jpg
{a@7w)=586-n . {0@.nw}=56-.
(1)





OEBPS/Images/69823-380076-1-PB.jpg





OEBPS/Images/69823-380018-1-PB.jpg





OEBPS/Images/69823-380041-1-PB.jpg





OEBPS/Images/69823-380035-1-PB.jpg
(0

(©)
py

5

b=

0, aR=0

o) =






OEBPS/Images/69823-380069-1-PB.gif





OEBPS/Images/69823-380024-1-PB.jpg
M EREACR AT @)





OEBPS/Images/69823-380053-1-PB.jpg
M2
B - (51)






OEBPS/Text/nav.xhtml


  

    Índice de contenido



    

      		

        CANONICAL STRUCTURE OF GAUGE INVARIANCE PROCA'S ELECTRODYNAMICS THEORY

      

        		

          ESTRUCTURA CANÓNICA DE LA TEORIA ELECTRODINÁMICA DE LA INVARIANZA GAUGE DE PROCA

        



      



      



      		

        Abstract

      



      		

        Resumen

      



      		

        Introduction

      



      		

        Structure of Constraints

      



      		

        Constraint classification and gauge condition

      



      		

        Dirac Brackets

      



      		

        Symplectic analysis for the Proca's electrodynamics

      



      		

        Remarks and conclusions

      



      		

        A. Faddeev Jackiw formalism

      



      		

        Referencias

      



    



  



    Hitos



    

      		

        Índice de contenido

      



      		

        Portada

      



    



  





OEBPS/Images/69823-380006-1-PB.jpg
L
9(@h)

M





OEBPS/Images/69823-380039-1-PB.jpg
Q@

= [l [ &)

_/a“m-‘" (09 [ 0 (x) + epo ()]
0.

(38)





OEBPS/Images/69823-380030-1-PB.jpg





OEBPS/Images/69823-380081-1-PB.gif





OEBPS/Images/69823-380033-1-PB.jpg
£

£

2 1 ; B Lo ™
R e R VY [Ak+emﬁ]

Ar® + 6pg — HO, (32)





OEBPS/Images/69823-380048-1-PB.jpg
£ = Ayr* + 0pp+ QOX + 07 — HO (46)





OEBPS/Images/69823-380027-1-PB.jpg
) & a-y). (26)

~ocoo

Hay) = (

i

C;





OEBPS/Images/PORTADA.jpg
ISSN 0121-4470

0MEeNTO

>
Revista de Fisica No. 5 6

ENE-JUN/2018

FIRST COSMIC EVENT OBSERVED IN
GRAVITATIONAL WAVES AND LIGHT

HLIGO “wfEEE, %

%%‘ UNIVERSIDAD

Facultad de Ciencias | 9
d Q2]

Sede Bogotd DE COLOMBIA





OEBPS/Images/69823-380045-1-PB.jpg
0 (x) = (Falx) 0 —ea(x) 0 a(x)),  (44)





OEBPS/Images/69823-380082-1-PB.jpg
{(0)
AB





OEBPS/Images/69823-380042-1-PB.jpg
HY = HO, Le g, 1
0. + iW’"g +FuFu

e faslag
5 ;+zaw] @)





OEBPS/Images/69823-380051-1-PB.jpg
[y = EW O )
Y. A (x) ~ 56B@ (y)
0 -8 0 0 -3
s0 [ )
0o 0 -1 0 &
= 0o 0 0 e o |T&-%
- 0 0
0 0 0






OEBPS/Images/69823-380036-1-PB.jpg
£ (x,

y)=

dajy (v)

SEOA(x)

daf (x)

308 (y)'





OEBPS/Images/69823-380070-1-PB.jpg
F, =8,A, - 8,A,





OEBPS/Images/69823-380057-1-PB.jpg
I @808 =

SHO ()

Se0A





OEBPS/Images/69823-380054-1-PB.jpg
{47}
{009,709}
{4 mm}
{#@.0m}

(52)





OEBPS/Images/69823-380005-1-PB.jpg
8, P 4+ M2AM = —%M’b“& 6 [A" + LM] =0, (5)
¢





OEBPS/Images/69823-380063-1-PB.jpg
AS = (e,





OEBPS/Images/69823-380072-1-PB.jpg





OEBPS/Images/69823-380002-1-PB.jpg
1 -
M [Ay +;a,9] i





OEBPS/Images/69823-380066-1-PB.jpg
daf (y) _ 8ay (x)

(1) - _
Tas (=9 = 580 %) ~ 5B )

(63)





OEBPS/Images/69823-380075-1-PB.jpg
&) = (A, 7*,0,p,))





OEBPS/Images/69823-379998-1-PB.jpg
,,FWFV 2
w+ Liraae, 1)





OEBPS/Images/69823-380055-1-PB.jpg
O = a_(f) (&) €91 9O (g),

(53)





OEBPS/Images/69823-380084-1-PB.jpg
(0)
fAB





OEBPS/Images/69823-380026-1-PB.jpg
/ &2 Cae(,2) O (21) = 650 (= 1)





OEBPS/Images/69823-380085-1-PB.gif





OEBPS/Images/69823-380020-1-PB.jpg





OEBPS/Images/69823-380078-1-PB.jpg
2 (x,y)





OEBPS/Images/69823-380061-1-PB.jpg
ot ()
0, = /

8

&
[ ©=o





OEBPS/Images/69823-380032-1-PB.jpg
o [5()
= o [} + ppatort+ b @

L 2
+2M Ak—MzﬁA&A:) .





OEBPS/Images/69823-380067-1-PB.jpg
£0 = o® () A0 1 3,37 —H® (¢), (64)





OEBPS/Images/69823-380014-1-PB.jpg
{n2 (z),Hp} =0. (13)





OEBPS/Images/69823-380049-1-PB.jpg
)





OEBPS/Images/69823-380008-1-PB.jpg
(8)





OEBPS/Images/69823-380044-1-PB.jpg
dag) (v) _ day) (x)

L) = e~ )

(43)

0 —6f 0 0 o0
& 0 0 0 -5
=0 0o 0 -1 0 |[Fx-y
0 0 10 e
0 -8 0 — 0





OEBPS/Images/69823-380073-1-PB.jpg
£ = (Ai,7*,0,pg, Ag)





OEBPS/Images/69823-380015-1-PB.jpg
Hp=He+ [y [W 2w+ @ 2w, 01)





OEBPS/Images/69823-380080-1-PB.jpg
[faB@)] i





OEBPS/Images/69823-379999-1-PB.jpg
Ay (x) = Ay (2) + A (2),





OEBPS/Images/69823-380050-1-PB.jpg
o?

ey,

o

2)
a!

=7 d®50 o p,

~ 0 ., “'adw + epa,

"
S aa+ o,

(48)





OEBPS/Images/69823-380056-1-PB.jpg
z,y) =

_ Sag'(y) _ day (x)
€0 (x)  5EWE (y)

(54)





OEBPS/Images/69823-380003-1-PB.jpg
Au(z) 5 Au(2)+ QA (z) , O(x) = 0(z)—eA(z), (3)





OEBPS/Images/69823-380038-1-PB.jpg
PO =(0000 v™(x)), 37





OEBPS/Images/69823-380062-1-PB.jpg
L0 (6.6) =af OO - X0 -HE).  (©0)





OEBPS/Images/69823-380021-1-PB.jpg
0P 4 M2 [A“ i %a"y} ~a [o,,Ak +

M2

e

(20)





OEBPS/Images/69823-380079-1-PB.jpg
—f v, x)





