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Introduction

In writing out the equations in section of Hamilton prin-
ciple in my recent paper [1], inadvertents errors led to
errant numerical expressions in �Field equations�. The
main results and conclusions of my paper remain un-
changed. All of the a�ected formulas are corrected be-
low.

Hamiltonian principle. Field equations

In the case of the real symmetric �eld we obtain the �elds
equations most simply in the following manner. We use

as Lagrangian function the scalar density

LG =
√
−ggµνRµν (1)

where

Rµν =
∂

∂xρ
Γρ
µν + Γλ

µνΓ
ρ
λρ − ∂

∂xν
Γρ
µρ − Γλ

µρΓ
ρ
λν

is the curvature tensor in the relativistic theory of grav-
itation.

If we vary the volume integral of LG, i. e.

δ
∫

LGdτ = −
∫
dτ

[
∂

∂xµ (
√
−ggµν) +

√
−ggλνΓµ

λρ +
√
−ggµλΓν

ρλ −
√
−ggµνΓλ

ρλ

]
δΓρ

µν

+
∫
dτδνρ

[
∂

∂xλ (
√
−ggµν) +

√
−ggλσΓλ

λσ

]
δΓρ

µν −
∫
dτ

√
−g

(
Rµν − 1

2
gµνR

)
δgµν

independiently with respect to Γ and g, then variation with respect to Γ yields

−
[

∂
∂xµ (

√
−ggµν) +

√
−ggλνΓµ

λρ +
√
−ggµλΓν

ρλ −
√
−ggµνΓλ

ρλ

]
+δνρ

[
∂

∂xλ (
√
−ggµν) +

√
−ggλσΓλ

λσ

]
= 0

or
∂gµν

∂xρ − gανΓ
α
µρ − gµαΓ

α
ρν = 0, and variation with respect to g yields the equations Rµν − 1

2
gµνR = 0, or Rµν = 0.

If we apply the same method in the relativistic theory of the �eld

δ
∫

L dτ = −
∫
dτ

[
∂

∂xρ (
√
−ggµν) +

√
−ggανΓµ

αρ +
√
−ggµαΓν

ρα − 1
2

√
−ggµν

(
Γλ
ρλ + Γλ

λρ

)]
δΓρ

µν

+ 1
2

∫
dτ

[
∂

∂xλ

(√
−ggµλ

)
+

√
−ggαλΓµ

αλ −
√
−ggανΓσ

ασ
∨

]
δνρδΓ

ρ
µν

+ 1
2

∫
dτ

[
∂

∂xλ

(√
−ggλν

)
+

√
−ggλαΓν

λα +
√
−ggανΓσ

ασ
∨

]
δµρ δΓ

ρ
µν

+ 1
2

∫
dτ

(√
−ggµαΓσ

ασ
∨
δνρ −

√
−ggανΓσ

ασ
∨
δµρ

)
δΓρ

µν +
∫
dτδ (

√
−ggµν)Rµν

with L =
√
−ggµνR∗

µν and

R∗
µν =

∂Γρ
µν

∂xρ
− 1

2

(
∂Γρ

µρ

∂xν
+

∂Γρ
ρν

∂xµ

)
− Γλ

µρΓ
ρ
λν + Γλ

µνΓ
ρ
λρ. (2)
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Then we see a complication, since the variation with respect to Γ does not inmediately yield the equation

∇ρgµ
+
ν
−
=

∂gµν
∂xρ

− gανΓ
α
µρ − gµαΓ

α
ρν = 0. (3)

which we wish to keep in any case. The variation with respect to Γ yields

−
[

∂
∂xρ (

√
−ggµν) +

√
−ggµαΓν

ρα +
√
−ggανΓµ

αρ − 1
2

√
−ggµν

(
Γλ
ρλ + Γλ

λµ

)]
+ 1

2
δνρ

[
∂

∂xλ

(√
−ggµλ

)
+

√
−ggαλΓµ

αλ −
√
−ggµαΓσ

ασ
∨

]
+ 1

2
δµρ

[
∂

∂xλ

(√
−ggλν

)
+

√
−ggλαΓν

λα +
√
−ggανΓσ

ασ
∨

]
+ 1

2

(√
−ggµαΓσ

ασ
∨
δνρ −

√
−ggανΓσ

ασ
∨
δµρ

)
= 0.

(4)

The �rst bracket is ∇ρ

(√
−gg

µ
+
ν
−
)
; the second and third brackets are contractions of this quantity, i. e.

−∇ρ

(√
−gg

µ
+
ν
−
)
+ 1

2
δνρ∇λ

(
√
−gg

µ
+
λ
−

)
+ 1

2
δµρ∇λ

(√
−gg

λ
+
ν
−
)

+ 1
2

(√
−ggµαΓσ

ασ
∨
δνρ −

√
−ggανΓσ

ασ
∨
δµρ

)
= 0.

(5)

If there were no fourth bracket in (4) would imply the vanishing of ∇ρ

(√
−gg

µ
+
ν
−
)
, that is,

∇ρg
µ
+
ν
− =

∂gµν

∂xρ
+ gανΓµ

αρ + gµαΓν
ρα = 0. (6)

However, this would require the vanishing of Γσ
ασ
∨

to which demand we have no right for the time being.

We can resolve this di�culty in the following manner. We can compute the equations of (4)

−
[

∂
∂xρ (

√
−ggµν)−

√
−ggµνΓα

ρα +
√
−ggµαΓν

ρα +
√
−gg

µα
∨ Γν

ρα
∨

]
+ 1

2
δνρ

[
∂

∂xλ

(√
−ggµλ

)
+

√
−ggαλΓµ

αλ +
√
−gg

αλ
∨ Γµ

αλ
∨

]
+ 1

2
δµρ

[
∂

∂xλ

(√
−ggλν

)
+

√
−ggλαΓν

λα +
√
−gg

λα
∨ Γσ

λα
∨

]
−

(
√
−gg

αµ
∨ Γν

αρ
∨

+
√
−ggανΓµ

αρ

)
= 0

and

−
[

∂
∂xρ

(√
−gg

µν
∨
)
−

√
−gg

µν
∨ Γα

ρα +
√
−ggµαΓν

ρα
∨

+
√
−gg

µα
∨ Γν

ρα

]
+ 1

2
δνρ

[
∂

∂xλ

(√
−gg

µλ
∨
)
+

√
−gg

αλ
∨ Γµ

αλ +
√
−ggαλΓµ

αλ
∨

]
+ 1

2
δµρ

[
∂

∂xλ

(√
−gg

λν
∨
)
+

√
−gg

λα
∨ Γν

λα +
√
−ggλαΓσ

λα
∨

]
−

(
√
−ggανΓµ

αρ
∨

+
√
−gg

αρ
∨ Γµ

αρ

)
= 0.

Therefore, we form of the second equation

− ∂
∂xρ

(√
−gg

µν
∨
)
−

√
−ggανΓµ

αρ
∨

−
√
−gg

αν
∨ Γµ

αρ −
√
−ggµαΓν

ρα
∨

−
√
−gg

µα
∨ Γν

ρα

+
√
−gg

µν
∨ Γα

ρα + 1
2

∂
∂xλ

(√
−gg

µλ
∨
)
δνρ + 1

2
∂

∂xλ

(√
−gg

λν
∨
)
δµρ = 0.
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