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Variational Derivatives and Currents
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Why?

Why does a Chern-Simons mass in three dimensions not 
ontribute to the

energy momentum tensor?



Jet-Spa
e
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Lo
al A
tion

The Lagrangian density L is a fun
tion of jet-spa
e

L :

�

R

4+n+4n

! R

(x; ; � ) 7! L(x; ; � )

whi
h gives rise to the lo
al a
tion S

S :

�

F ! R

 7! S[ ℄ =

R

d

4

x (L Æ

�

 )(x) :

The equations of motion state that the Euler-derivative of the Lagrangian

vanishes for physi
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Noether Theorem

In�nitesimal transformations Æ are maps of the jet-spa
e to R
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To ea
h in�nitesimal symmetry of the a
tion there 
orresponds a 
onserved


urrent and vi
e versa.



Se
ond Noether Theorem

In�nitesimal gauge symmetry, if Æ is linear in an arbitrary fun
tion �
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To ea
h in�nitesimal gauge symmetry of the a
tion there 
orresponds an identity

among the Euler derivatives of the Lagrangian and vi
e versa.
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Frozen Gauge Theories
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If the matter �elds satisfy their equations of motion
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In frozen gauge theories the Noether 
urrent is, up to improvement terms, the

variational derivative with respe
t to the gauge �eld.



Example

In gravitational theories, the gauge �eld is the metri
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energy-momentum tensor 
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Charges from Boundary Values
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In gauge theories, 
harge is determined by boundary values.
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Gravitational Energy Momentum Complex

Gravitational energy density 
annot be 
ovariant, be
ause gravitational e�e
ts


an be made to vanish along ea
h 
hosen geodesi
.
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Violation of the 
onservation of energy and momentum of matter by

gravitational e�e
ts (by ex
hange?).

Do the Einstein equations 
ontain exa
t 
onservation laws?
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Non
ovariant identity whi
h holds in all 
oordinate systems.



Proof of the Symmetri
 Identity
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Determination of X
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Landau Lifs
hitz Energy Momentum Complex
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00

not de�nite. Stati
 gravitational energy density is negative (Newton).

Gravitational Waves in 
at spa
e-time to be investigated.



Transformation of the Energy Momentum Complex
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Conservation Laws
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Cru
ial (Kreuzer) Lemma

Let 
 and � denote invariant di�erential forms in jet-spa
es with star-shaped

base and target manifold, whi
h depend on tensors only
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Proof to long to be given here: Part of a series of le
tures (available).

Enumerates all topologi
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Conerstone to determination of all anomaly 
andidates.


