of the dependence x(w) an additional condition fixing the parameterization. This can have the form of an algebraic equation ω(x, x^′) = 0 , (B.14) where ω is an arbitrary function. Spacetime variations δx^ι are then no more independent, but they must satisfy the linear equation δω = ∂ω ∂x δx + ∂ω ∂x^′ δx^′ = 0 , (B.15)

so that in (B.1) must be taken the variation of (B.10) with the condition (B.14). The Lagrangian variational principle for a parametric formulation of the motion thus reads

0 = δS = δ ∫ f(x, x^′) + n(w)ω(x, x^′)dw , (B.16) where n is the Lagrangian coefficient of the variational problem with a condition.

Similarly, the Hamiltonian formalism for a parametric description of the motion can be obtained from the action (B.10), the system of equations (B.12) and (B.13) for t^′ and x^′ does not have a unique solution (the condition from the footnote^1 on p. 50 is not satisfied for f given by (B.11)). The expression p_ιx^{′ι} − f formally produced from f for x^ι analogously to the Hamiltonian (B.5) from L for x^i is identically equal to zero, which corresponds to the fact that the Hamiltonian made in this way, which can not be explicitely dependent on w, should be – in analogy with (B.7) – a trivial integral of motion. In view of (B.13) the integral in (B.6) can be expressed as ∫ p_ιx^{′ι}dw (the Hamilton function for x^ι(w) would thus be identically equal to 0). However, p_ι are not independent because they must satisfy the condition (B.13). The Hamilton – Jacobi variational principle for parametric description of the motion must be thus in the form

0 = δ ∫ (p_ιx^{′ι} − N(w)H(x, p))dw , (B.17) where N again is the Lagrangian coefficient, and the so-called superhamiltonian

H(x, p) = p_0 + H(t, x, p) (B.18)

is the expression, which put equal to zero gives the condition (B.13). Taking the variation of (B.17) with respect to p_0 we get 0 = x^{′0} − N(w) , (B.19) from where the physical meaning of N(w) is obvious.

B.2 Fields

For a general spacetime field φ_I = φ_I (x) (where the index “_I ” denotes individual components of the field φ), the action S is the integral of the Lagrangian density L = L(φ, ∂φ), i.e., S = ∫ Ld^4x , (B.20)

hence its variation is δS = ∫ δLd^4x = ∫ ∑ I ( ∂L ∂φ_I δφ_I + ∂L ∂φ_{I,κ} δφ_{I,κ} ) d^4x = ∫ ∑ I ( ∂L ∂φ_I − ∂ ∂x^κ ∂L ∂φ_{I,κ} ) δφ_I d^4x , (B.21) and the field equations read 0 = ∂L ∂φ_I − ∂ ∂x^κ ( ∂L ∂φ_{I,κ} ) . (B.22)

If the Lagrangian (density) does not depend explicitely on the coordinates, then its spacetime variation is given by the change of the field only ∂L ∂x^ι = ∂L ∂φ φ_{,ι} + ∂L ∂φ_{,κ} φ_{,κι} = ∂ ∂x^κ ( ∂L ∂φ_{,κ} φ_{,ι} ) , (B.23)

(The field index for which this expression should be summed is omitted for brevity). We can thus define the canonical stress-energy tensor T^κ_ι ≡ ∂L ∂φ_{,κ} φ_{,ι} − δ^κ_ι L + t^{[κλ]}_{ι ,λ} , (B.24)

which satisfies the conservation law T^{ικ}_{,κ} = 0 . (B.25) t is an arbitrary tensor with the marked antisymmetry due to which it cancels in the conservation law.

Index (English – Norwegian – Czech)

black hole (N. svarte hull, Č. černá díra) 31 cosmological principle 35 event (N. hendelse, begivenhet, Č. událost) 4 Mach’s principle 17, 19 manifold (Č. varieta) Noether’s theorem 20, 31 proper space (Č. vlastní prostor) proper time (N. egentid, Č. vlastní čas) Riemann geometry 3, 18

tensor 19, 47 skew symmetric (N. skjev-symmetrisk, antisymmetrisk Č. antisymetrický) spacelike (N. rom-lig, rom-lik Č. prostorový) spacetime (Č. časoprostor) 4 timelike (N. tids-lik, Č. časový) wedge product (N. kryss-produkt, Č. vnější součin) worldline (N. verdenslinje, Č. světočára) 4

Bibliography

[1] Feynman R.P., Hybbs A.R.: Quantum Mechanics and Path Integrals, McGraw-Hill, New York 1965 [2] Kenyon I. R.: General Relativity, Oxford University Press, Oxford 1990 [3] Martin J. L.: General Relativity: A Guide to its Consequences for Gravity and Cosmology, Ellis Horwood Ltd., Chichester 1988 [4] Misner C. W., Thorne K. S., Wheeler J. A.: Gravitation, Freeman & Co., San Francisco 1973 [5] Stephani H.: General relativity, An introduction to the theory of the gravitational field, Cambridge University Press, Cambridge 1982, 1985 [6] Wald R. M.: General Relativity, The University of Chicago Press, Chicago and London 1984, ISBN 0-226-87033-2 [7] Weinberg S.: Gravitation and Cosmology, J. Wiley & Sons, New York... 1972