Appendix C

Diagonal Metric Formulae

The expressions defining the Christoffel symbols and the Ricci tensor components can be greatly simplified for the special case where the metric is diagonal. This appendix presents results given by Landau and Lifshitz.^1 In this appendix the usual convention that repeated indices are summed is dropped, and all sums are made explicit with the ∑ symbol.

The metric is first expressed in the form g_{αβ} = δ_{αβ}ϵ_αe^{2fα} , (C.1) where ϵ_α is the sign of g_{αβ}, e.g. e_0 = �1, e_1 = e_2 = e_3 = 1. The Christoffel symbols are Γ^α_{βγ} = δ_{βα}f_{α,γ} + δ_{αγ}f_{α,β} � δ_{βγ}ϵ_αϵ_βe^{2(fβ}�^{fα)}f_{β,α}. (C.2) This expression can be simplified by examining three separate cases Γ^α_{αβ} = f_{α,β} (C.3) Γ^α_{ββ} = �ϵ_αϵ_βe^{2(fβ}�^{fα)}f_{β,α} (α 6= β) (C.4) Γ^α_{βγ} = 0 (α 6= β 6= γ). (C.5) The Ricci tensor components are similarly divided into two cases R_{αβ} = ∑ μ6=α,β^{(fμ,β fβ,α + fα,βfμ,α} � fμ,αfμ,β � fμ,αβ) (α 6= β) (C.6) R_{αα} = ∑ μ6=α [ f_{α,α}f_{μ,α} � f^2_{μ,α} � f_{μ,αα} + ϵ_αϵ_μe^{2(fα}�^{fμ)} �^(fμ,μfα,μ � f^2_{α,μ} � fα,μμ � fα,μ^∑_{ν6=α,μ} fν,μ^{)]}. (C.7) 1 Landau L D and Lifshitz E M 1975 The Classical Theory of Fields (Oxford: Pergamon Press) p. 267.

References

Bonanos S and Kyriakopoulos E 1994 Class. Quantum Grav. 11 L23. Bonanos S and Sklavenites D 1985 J Math. Phys. 26 2275. Bonazzola S and Schneider J 1974 Ap. J. 191 273. Butterworth E M and Ipser J R 1976 Ap. J. 204 200.

Carmeli M 1982 Classical Fields: General Relativity and Gauge Theory (New York: John Wiley & Sons).

Carminati J, Devitt J S and Fee G J 1992 J Symbolic Computation14 103. Carter B 1969 J Math. Phys. 10 70. Carter B 1970 Commun. Math. Phys. 17 233.

Char B W, Geddes K O, Gonnet G H, Leong B L, Monagan M B and Watt S M 1992 Maple V Library Reference Manual (New York: Springer Verlag).

Chinea F J and González-Romero L M 1990 Class. Quantum Grav. 7 L99. Chinea F J and González-Romero L M 1992 Class. Quantum Grav. 9 1271. Eisenhart L P 1949 Riemannian Geometry (Princeton: Princeton University Press).

Friedman J L, Ipser J R and Parker L 1986 Ap. J. 304 115. Harrison B K 1968 J Math. Phys. 9 1744. Harrison B K 1970 Phys. Rev. D 1 2269.

Harrison B K and Estabrook F B 1971 J Math. Phys. 12 653. Heck A 1993 Introduction to Maple (New York: Springer Verlag). Herlt E 1988 Gen. Rel. Grav. 20 635. Kramer D 1984 Class. Quantum Grav. 1 L3.

Kramer D, Stephani H, MacCallum M and Herlt E 1980 Exact Solutions of Einstein’s Field Equations (Cambridge: Cambridge University Press).

References

Kyriakopoulos E 1987 J Math. Phys. 28 2162. Kyriakopoulos E 1988 Gen. Rel. Grav. 20 427. Kyriakopoulos E 1989 Gen. Rel. Grav. 21 125. Kyriakopoulos E 1992 Class. Quantum Grav. 9 217.

Landau L D and Lifshitz E M 1975 The Classical Theory of Fields (Oxford:

Pergamon Press).

Misner C W, Thorne K S and Wheeler J A 1973 Gravitation (New York:

W. H. Freeman and Company).

Papapetrou A 1966 Ann. Inst. H. Poincaré A iv 83. Quevedo H 1990 Fortschr. Phys. 38 733. Senovilla J M M 1987 Class. Quantum Grav. 4 L115. Senovilla J M M 1987 Phys. Lett. 123A 211. Senovilla J M M 1992 Class. Quantum Grav. 9 L167. Sklavenites D 1985 J Math. Phys. 26 2279. Sklavenites D 1992 Gen. Rel. Grav. 24 935 Stephani H 1988 J Math. Phys. 29 1650.

Stephani H 1990 General Relativity: An introduction to the theory of the gravitational Field (New York: Cambridge University Press).

Stephani H 1992 Differential Equations: Their Solution Using Symmetries (Cambridge: Cambridge University Press).

Stephani H and Grosso R 1989 Class. Quantum Grav. 6 1673. Synge J L 1960 Relativity: The General Theory (Amsterdam: North-Holland Publishing Company).

Wahlquist H D 1968 Phys. Rev. 172 1291. Wahlquist H D 1992 J Math. Phys. 33 304.

Wahlquist H D and Estabrook F B 1966 J Math. Phys. 7 894. Wald R M 1984 General Relativity (Chicago: University of Chicago Press).