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Abstract Noether's theorem a t t a i n s  i t s  maximum s i m p l i c i t y  and depthwhen 
formulated i n  curved space-time, g r a v i t a t i o n  being included. Extension 
t o  curved space-times i s  here made simple by the  use o f  a formulat ion,  
f o r  the f l a t  case, due t o  Jackiw. The expos i t ion  purports t o  be peda- 
gog i c a l  . 

1. INTRODUCTION 

The theorem o f  Emmy ~ o e t h e r '  connect ing  symmetr i es and conser- 

va t i on  laws i s  a r e s u l t  o f  g reat  importance and beauty. Modern t rea t ises  

o f  t heo re t i ca l  physics, as e.g. the  famous Landau-Lifshi tz2,  make im-  

p l i c i t  (or e x p l i c i t )  use o f  i t  by def i n i ng  conserved q u a n t  i t i e s  1 i k e  

energy o r  momentum i n  terms o f  the  symmetries t o  which they a re  associ- 

ated . 
Exposit ions o f  Noether's theorem are  by no means scarce. The 

o r i g i n a l  paper ( r e f .  (1))  i s  n o t  easy t o  f i n d .  Shades o f  i t can be 

g l  eaned f rom the pages o f  l a t e r  ed i t ions o f  H. Weyl ' s  Rawn, Zeit, Mata& 

( r e f .  ( 3 ) ) ,  and a ra the r  successful Engl i sh  vers ion  was w r i  t t e n  by H i 1  l4 

i n  the f i f t i e s .  Modern remakes include Bogol iubov and shirkov5,  ~ o r n a n ~  

and a learned, beau t i f u l  l y  w r i t t e n  vers ion  due t o  Gelfand and ~omin' .  A 

soph is t ica te ,  hypermodern presentat ion i s  found i n  T h i r r i n g ' s  lessons i n  

Mathematical ~ h ~ s i c s ' .  When General Re la t ivy  reentered the l i m e l i g h t ,  

the same s o r t  o f  problem was studied i n  the more general s i t u a t i o n  o f  

curved space-t imes. Two good references are  ~rautman '  and ~ a ~ a ~ e t r o u ' ~ .  

I n  1972 Roman Jackiw published a paper on C u r r e n t  8 1 g e b r a 1 '  

where, l o s t  amidst more formidable subjects,  a gem of a proof o f  Noether's 

theorem was presented which made the whole quest ion t ransparent  as i t  

never had been before. This f e a t  was obtained by concentrat ing the a t -  

"This i s  an i n v i t e d  review a r t i c l e .  
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t en t i on  on the dynamical var iab les  ( f  i e l ds )  , instead o f  on coordinates, 

and by c l e a r l y  de f i n i ng  what a symmetry i s .  The proof  i s ,  then, almost 

t r i v i a l .  

I n  t h i s  paper I review Jackiw's proof  and extend i t  t o  curved 

space-times, where the  theorem a t t a i n s  i t s  maximum s i m p l i c i t y  and depth. 

I n  f a c t ,  by a p o s t e r i o r i  spec ia l i z i ng  i t  t o  f l a t  space-t ime,oneis ab le  

t o  reveal the nature o f  a few remaining o b s c u r e  q u e s t i o n s  o f  t h e  

Minkowskian specia l  case. 

I n  the second sec t ion  I reproduce Jackiw's proof , fo r  f l a t s p a c e  

-time, and introduce a consistency cond i t i on  which c h a r a c t e r i z e s  the  

admissib le transformations f o r  t h i s  p a r t i c u l a r  geometry. A f ea tu re  o f  

t ha t  sec t ion  i s  a much s impler  r e f o r m u l a t  i o n  o f  t h e  Be l  i n f a n t e -  

-~osen fe ld "  const ruc t ion  o f  a symmetric energy-momentum t e n s o r  f o r  

electrodynamics, again i nsp i red  i n  ~ a c k i w ' ~ ,  bu t  going a step fa r the r .  

The t h i r d  sec t ion  contains the extension t o  curved space-times and the 

f u l l  i n t e r p r e t a t i o n  o f  the above-mentioned consistency cond i t ion .  Sec- 

t i o n  4 closes the paper w i t h  some comments and appl i ca t ions .  To a l l e v i -  

a t e  the presentat ion we consider on ly  sca lar  f i e l d s  and, when necessary, 

the me t r i c  tensor f i e l d .  The extension t o  o ther  spins i s  s t ra igh t fo rward  

except f o r  fermions on curved space-times, where vierbeine a r e  r e -  

quired.  This i s  l e f t  f o r  the  fu ture .  

2. THE FLAT CASE 

The c lass i ca l  a c t i o n  which describes our system ( f o r  t he  moment 

r e s t r i c t e d  t o  f l a t  space-time) i s  w r i t t e n  as 

L($,a $) being the  Lagrangian densi ty,  a f unc t i on  o f  some f i e lds  @ and 
Fi 

o f  t h e i r  de r i va t i ves  a $. To s t a r t  w i th ,  @ w i l l  be a scalar ,  i n  o rder  
Fi 

t o  reveal most c l e a r l y  the  s t r u c t u r e  o f  the  theorem. 

An i n f i n i t e s i m a l  t ransformat ion o f  the f i e l d s  
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induces an i n f  i n i  tesimal v a r i a t i o n  6L(x) i n  the Lagrang ian. The trans- 

formation i s  a (continuous) symnetry when i t can be shown, trithout using 

the equatwns of m t w n ,  t ha t  

where A' i s  some 4-vector. 

ExampZe I :  L = A@*@, the  s t a r  denoting complex conjugation. The i n f i n i -  

tesimal t ransformat ion 

64 (x) = i& (x) (a rea l  ) 

i s  a symet ry .  I n  fact ,  

meaning A' = O .  This i s  

ExampZe 2: t rans la t ions 

6L = O 

c a l l e d  an interna1 symet ry .  

. Change coordinates t h i s  way: 

X'l1 = x' + E', 

E' being an i n f  i n i  tesimal constant 4-vector . This transformat ion induces 

on $ ( r )  a transformation 6$(x) t o  be computed now. As @(x) i s  a scalar ,  

@ t ( x t )  = @ b )  . (4 

' On the other hand, power expansion on E gives 

X 
x = x + X - x  aX@(x) 

X 
$ ' ( x 1 )  = + ' ( x )  + E a $(x) ' 

which, combined w i t h  eq. (4), gives 

64 (x) E $' (x) - @ (x) = - E 
X 

a,$ . 
Suppose 

so tha t  

238 
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. and, using eq.(6), 

F ina l ly ,  as E' i s  constant, 

which shows that t ranslat ions are symmetries o f  the system described by 

the Lagrangian (7). This i s  space-time symnetry. Notice that i n  nei ther 

case did we make use o f  the equations o f  motion. This kind o f  var iat ion, 

69(x), i s  ca l led the form var ia t ion  o f  the f i e l d .  

Noether's theorem asserts that t o  each c o n t  i nuous symnetry 

there corresponds a current which sa t i s f ies  a cont inu i ty  e q u a t i o n  or, 

equivalently, a quant i ty which i s  conserved. Furthermore, i t  gives an 

e x p l i c i t  expression f o r  that  current. 

Suppose 6$ i s  the symrnetry transformation. Then t h e r e  i s  A' 

such that 

sr = a $ ' .  

An independent computation o f  6L, with the use of the e q u a t i m  

of m t w n  w i l l  now be done. 

The equations o f  motion are 

and, used i n  eq. (41, g ive r i s e  to  
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Subtract eq. (13) from eq.(3) t o  ge t  

This i s  Noether's theorem. The quan t i t y  

i s  the Noether cur rent  associated t o  the  symnetry 641. 

As a simple example I compute now the quant i  t i e s  whose conser- 

va t i on  fo l lows from the f a c t  t h a t  t r ans la t i ons  a r e  s y m m e t r i e s  o f  

Lagrangian (7). From eq. (1 O) one has t h a t  

A' = - (16) 

and, from eq. (61, 

~$I(z) = - EVavm . 

Inserted i n t o  eq. (15) these g i ve  r i s e  t o  

v 
As E a r e  a r b i t r a r y  constants, the  conservation l a w  a J' = O may b e  

lJ 
wr i  t t e n  

a r V = o  
?J v 

where 

i s  the (canonical) energy-momentum tensor o f  Lagrangian (7). 

ExampZe 3: i n f i n i t e s i m a l  t o ren tz  transformations are  given by 

x'" = x' Fi ,Fi . J"J = -&)V' 
+ W v  
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where t h e  wPv a r e  cons tan ts .  

Th is  i s  a p a r t i c u l a r  case o f  t h e  genera l  i n f i n i t e s i m a l  t r a n s -  

f o r m a t i o n  

r'" = xu + EU(x) 

where E'(x) i s  an i n f  i n i  tes ima l  4 -vec to r  f i e l d .  For a s c a l a r  we can j u s t  

repeat  t h e  computat ion which leads t o  eq.(6),  g e t t i n g  

As t h e  Lagrangian i s  i t s e l f  a s c a l a r ,  one i s  l e d  t o  guess t h a t  

T h i s  r e s u l t  t u r n s  o u t  t o  be t r u e ,  b u t  r e q u i r e s  a cons is tency  

condi  t ion, t o  be d iscussed below. For Loren tz  t rans fo rmat  ions eqs. (23) 

and (24) lead  t o  

X v 
6 + ( ~ )  = -W v~ aX+(x) (25) 

Because o f  t h e  ant isymmetry  o f  wUv t h i s  may be w r i t t e n  

The Noether c u r r e n t  then s a t i s f i e s  

T h i s  can be w r i t t e n  

o r  , us i ng eq. (20) ,  

wABa,,{xB11;) = o . 

The wXB a r e  n o t  e n t i r e l y  a r b i t r a r y ,  be ing  ant i- symmetr ic.  There- 

f o r e ,  i t  f o l l o w s  f rom eq.(30) o n l y  t h a t  t h e  an t i - symmet r i c  p a r t  ( i n  XB) 
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o f  the term ins ide  brackets has a vanishing divergence: 

a G P - X,~;) = O . 
1-i i3X 

This i s  usua l ly  w r i t t e n  

a #  = O  
ii BX 

1-i where MBX i s  the (4-dimensional) angular-momentum tensor 

ExwnpZe 4 :  Electiornagnetism 

1 
L = - 6 Fiiv F" 

F = ~ F P ~ - ~ A  . 
'V v li 

I n  the canonical formal ism the var iab les  a r e  the A " Taking 

them to  transform, under t r a n s l a t  ions, as scalars,  one has 

X 
6~ (x) = - E a A (x) , 

1-i 1-i 

and f o r  the Lagrangian, i t s e l f  a scalar ,  

Noether's cur rent  eq. ( I  5) then reads 

I t  i s  a simple matter  to  see tha t  

so tha t  

jU = -€'L - F ~ ~ E ~ ~ ~ A ~  

The conservation law a J' = O may be w r i t t e n  
lJ 
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and t h e  second o r d e r  tensor  

i s  t h e  canon ica l  energy-momentum tensor .  

I t  i s ,  however, n o t  symmetric, and t h i s  makes 

p a r t i c u l a r l y  i n  General R e l a t i v i t y .  To c i r c u m v e n t  

i t a l m o s t u s e l e s s ,  

t h i s  p r o b l e m ,  

Bel i n f a n t e  and ~ o s e n f e l d ' ~  in t roduced  another  tensor  which i s  symmetric 

and has t h e  same conserved q u a n t i t i e s  as t h e  canonica l  energy- momentum 

tensor .  T h e i r  method i s  wel lknown (see, for  instance,  r e f . ( 2 ) )  and r a t h e r  

invo lved .  We p resen t  here  a d i f f e r e n t  way o f  o b t a i n i n g  t h e  B e l i n f a n t e -  

-Rosenfeld tensor  which i s  much more i n t u i t i v e .  I t  r e l i e s  on  gauge i n -  

va r iance .  Consider aga in  t h e  r e l a t i o n  

X 
and add and s u b s t r a c t  -E a A (x), so as t o  g e t  FXv i n  t h e  second member: v X 

I n s e r t i n g  t h i s  i n t o  t h e  express ion  f o r  t h e  Noether c u r r e n t  we 

w i l l  now have 

P . - P - E X ~ F i v ( ~ X v  + a V A X ( x ) )  . 
The conserva t ion  law reads 

Now, t h e  l a s t  term i s  zero, as a v ~ v V  = O ( ~ a x w e l  1 e q u a t i o n s )  a n d  
P F  a a A = O (ant isymmetry o f  Fvv) .  Then, t h e  tensor  

Fi v 

s a t i s f  i e s  
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and 
= 

As a matter  o f  f a c t ,  i t  i s  p rec ise ly  the Be l i n fan te- Rosen fe ld  

tensor. 

We now t u r n  back t o  eq. (24 ) .  I t expresses the f a c t  t ha t  L i s  a 

sca lar .  I f  we e x p l i c i t l y  check i t s  v a l i d i t y ,  we ob ta in  r e s t r i c t i o n s  on " E (x )  which must charac ter ize  those t ransformat ions under which L i s  a 

scalar .  Taking, f o r  instance, the Lagrangian o f  eq. ( 7 )  and consider ing 

j u s t  the  troublesome p a r t  which contains de r i va t i ves ,  one has' 

So, eq. (24) i s  t r ue  provided t h a t  the t ransformat ions 

XJ' = x" + E" (x) (35) 

s a t i s f y  the  r e l a t i o n  
aUEv + avEv = o (36) 

which should be considered a consistency cond i t ion .  A consequence o f  i t  

i s 
a"& (x) = O 

!J 
(37) 

Combining now eq. (24) and eq. (37) i t  i s  seen tha t  the transfor- 

mations obeying eq. (36) exhaust the s p a c e - t  ime symmetries o f  our 

Lagrangian*. T h i s  r e s u l t  can  be e a s i  1 y e x t e n d e d  t o  a1 1 r e a s o n -  

ab le  Lagrangians o f  specia l  r e l a t i v i t y .  The extension o f  Noether's 

*We q u a l i f y  t h i s  statement. What we cal1 space-time symmetry i s  a t rans- 
format ion which, besides being a symmetry i n  the sense we def ined above, 
does not a l t e r  the nature o f  the  space-time. A f l a t  space-time i s  kept  
f l a t .  This excludes, f o r  instance, conforma1 t r a n s f o r r n a t i o n s  (see eq. 
(37)) These wi  1 1 be included i n  another note. The proof  o f  the statement 
should be obvious by the end o f  the paper. 
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theorem t o  curved space-times w i l l  reveal a deeper i n t e r p r e t a t i o n  o f  

t h i s  consistency cond i t ion .  

3. THE CURVED CASE 

An i n f  i n i  tes imal coordinate transformat ion i n cu  r v e d  space- 

- time* 
x l "  = xv + p'(x) (38) 

induces on a sca lar  f i e l d  (O(x) the same form v a r i a t i o n  we have met be- 

Let  us compute the  form v a r i a t i o n  induced on the  me t r i c  tensor 
Ii'J g ( x ) .  From 

which character izes i t  as a second order tensor f i e l d ,  i t  fo l lows,  f o r  

the  i n f  i n i  tesimal transformat ions (38) , 

whereas, f rom a Taylor  expansion, 

Using both eqs. (41) and ( 4 2 ) .  one a r r i v e s  a t  

o r ,  equ iva lent ly ,  

GgvV (x) = Sp + ;l.i , (44 

the semicolon standing f o r  covar ian t  d i f f e r e n t i a t i o n .  

Vector f i e l ds  cP(x) which s a t i s f y  GgUv = 0 ,  t ha t  i s ,  which ge- 

nerate t ransformat ions (38) which do not  change the form o f  the me t r i c  

* Up t o  the paragraph contain ing eq. (54) everyth ing i s  t r ue  a l so  f o r  
f l a t  spacetimes w i t h  c u r v i l i n e a r  coordinates. We choose t o  ignore t h i s  
case as the curved s i  tua t ion ,  i nvo l v ing  g rav i t y ,  f a r  ou t w e i  g h t s  t h e  
f l a t  one, i n  physical  mot iva t ion .  
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f i e l& -a re ' ca l l ed  K i l l i n g  f i e l d s .  Therefore, a K i l l i n g  f i e l d  i s  charac- 

t e r  i zed by 

<,;v + 5v;?J = 0 (45 )  

Suppose two observers a re  connected by a t ransformat ion (38) i n  

which cu(x) i s  a K i l l  ing  f i e l d .  I t  fo l l ows  t h a t  both observe prec ise ly  

the same g r a v i t a t i o n a l  f i e l d .  The systematic study o f t h e  K i l l i n g  f i e l d s  

o f  a me t r i c  í s  therefore equivalent  t o  the study o f  the geometric sym- 

metr ies o f  the corresponding space-time. This i s  p a r t i c u l a r l y  important 

i n  cosmology, where assumptions about these symmetries, namely the cos- 

mological principie, are  made a p r i o r i .  A ra ther  complete study o f these  

symmetries i s  found i n  r e f s .  (2) and (14). 

With a Lagrangian which i s  a sca lar  under general c o o r d i n a t e  

transformations, an i nva r i an t  ac t i on  may be constructed, 

whose response t o  va r i a t i ons  o f  the f i e l d  reads 

For the l a s t  p iece consul t, f o r  instance, re f .  (2)  and r e f .  (14). 
I;v 

i s  the symmetric energy-momentum tensor. For so lu t ions  o f  the equations 

o f  mot ion,FV ;V = O ,  as a consequence o f  i n v a r  i a n c e  u n d e r  general 

transformat ionç. Using eqs. (39) and (42) one has 

X If 5 (x) i s  a K i l l  ing f i e l d ,  then 8gvv = O,  o r  
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so tha t eq. (48) becomes 

i s ,  

o r ,  s t i l l  simpler, 

X as = - r d4x J-9 5 a,L . 

The K i l l  ing equations 5Piv  + cV;' = O lead t o  = 0, 

a,(G $) = o 

so tha t  we can r e w r i t e  6S, a f t e r  a pa r t i a1  in tegra t ion ,  as 

as = i d4x al(-i-g 5%) . 

I n  eq. (3 )  o f  sec t ion  2 we def ined a symmetry i n  the case o f  f l a t  

space-time. The extension t o  a curved space-time i s  simple. An i n f i n i -  

tesimal t ransformat ion o f  the  f i e l d s  

i s  a (cont 

be w r i t t e n  

where A' 

K i l l i n g  

prov i  ded 

t a t i o n a l  

inuous) symmetry i f  the induced v a r i a t i o n  6s o f  the a c t i o n  can 

, without the use of equations of mot.ton, as 

i s  some vector  densi ty.  We imnediately see from eq.(51) t h a t a l l  

f i e l d s  o f  the  me t r i c  g generate symnetries o f  the ac t i on  S, 
,v 

L i s  a sca lar .  

The general case i s  obtained by adding t o  the  ac t i on  the g rav i -  

con t r i bu t i on .  Le t  i t  read 
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Its variatíon is 

X So, if 5 is a Killing field, 

is a symmetry of the complete action. As no other transformation can be 

a symmetry of the gravitational part, the transformations (56) exhaust 

the space-time symmetries of any action which includes gravitation. 

As the last step, we construct the Noether currents. Rewriting 

6s as 

and finally using the equations of rnotion 

and 

one arrives at 
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Subtract ing eq. (60) frm eq. (55) one has 

where use was made o f  eq. (39). The ob jec t  w i  t h i n  c u r l  y brackets i s  the  

Noether cur rent .  Recognizing the expression w i t h i n  parentheses as the 

energy-momentum tensor, we r e w r i t e  eq.(61) as 

We can now have a b e t t e r  understanding o f  the consistency con- 

d i t i o n  i n  eq. (36). It i s  j u s t  the  f l a t  space vers ion  o f  the cond i t i on  
h t h a t  5 be a K i l l  ing f i e l d .  F l a t  space-time i s  pecu l ia r  i n  t h a t  the  co- 

var iance group, t h a t  i s ,  the group o f  t ransformat ions under which the 

main physical  q u a n t i t i e s  a re  tensors, coincides w i t h  the group o f  space 

- t ime symmetr ies.  I n  the general case (curved space-t imes) the covar i- 

ance group i s  the group o f  general coordinate transformations, whereas 

the group o f  s y m e t r i e s  may even be r e s t r i c t e d  t o  t h e  s o l e  i d e n t i t y  

transformation. This p e c u l i a r i t y  o f  Minkowski space-time made i t  d i f -  

f i c u l t  even f o r  E ins te in  t o  f i n d  the way t o  a general r e l a t i v i t y .  

4. COMMENTS AND APPLICATIONS 

Noether's theorem f i n d s  i t s  na tura l  ground when g r a v i t y  i s  in -  

c1 uded among the  phys i c a l  agents : the resu l  t s  conta ined i n eqs. (62) can 

be proved i n  an extremely simple way as fo l lows.  The (symmetric) energy 

-momentum tensor s a t i s f i e s ,  due t o  general covariance, the r e l a t i o n  

Because o f  t h i  s, 
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as i s  K i l l  ing.  Now, 

and eq.(62) f o l l ows .  Th is  i s  so s imp le  t h a t  the N o e t h e r  i a n  c u r r e n t s  

could even have been guessed. A r r i v i n g  a t  them through Noether 's  the- 

orem adds, however, t he  i n f o rma t i on  t h a t  a1 1 Noether ian c u r  r e n t  h a v e  

the  form eq. (62) .  Other conservat  i on  laws may, o f  course, ex i s t , c o n -  

nected t o  d i s c r e t e  symmetries, topology,  e t c . .  

We mentioned i n  the i n t r o d u c t i o n  t he  p o s s i b i l i t y  o f  d e f i n i n g  

conserved quant i  t ies  (as energy and momentum) through t h e i  r connect ion 

w i t h  c e r t a i n  symmetries. Energy, f o r  instance,  may be de f i ned  as t h a t  

q u a n t i t y  whose conserva t ion  i s  a consequence o f  invar iance  under t ime 

t r a n s l a t í o n s .  I n  t h i s  way we can cons t r uc t  d i r e c t l y  t he  energy 'densi ty ,  

say, o f  t h e  e lect romagnet ic  f i e l d ,  ins tead  o f  having t o  i n f e r  i t s  ex- 

press ion  from p a r t i c u l a r  instances i n  which t h e  f i e l d  exchanges energy 

w i t h  mechanical systems. We can a l s o  understand why energy i s a  problem- 

a t i c  concept i n  General R e l a t i v i t y .  I n  f ac t ,  t r a n s l a t i o n s  a r e  cons tan t  

K i l l i n g  f i e l d s ,  and, f rom 

i t  f o l l o w s  t h a t  a space- time w i t h  a r b i t r a r y  t i m e- l i k e  t r a n s l a t i o n s  must 

have ( i n  some coord i n a t e  system) a t ime-  independent metr  i c  tensor .  Th i s 

excludes, among o thers ,  the  space- t imes o f  t he  standard cosmology ( r e f .  

(14)) ,  where, i n  f a c t ,  energy i s  no t  conserved ( r e f .  ( 15 ) ) .  The energy 

problem i n  General R e l a t i v i t y  has a s a t i s f a c t o r y  s o l u t i o n  o n l y  f o r  space 

- t imes t h a t  a r e  asympto t i ca l  l y  f l a t  (see r e f .  (16) ) .  

I t  i s  perhaps wor th  remarking t h a t  t he  usual p r e s e n t a t i o n s  

d i s t i n g u i s h  between a f i r s t  Noether theorem, f o r  s y m e t r y  groups w i t h  a 

f i n i t e  number o f  parameters (g loba l  symmetries) and a second Noether 

theorem, f o r  groups w i t h  i n f  í n i  t e l y  many parameters ( l o c a l  symmetr i e s )  . 
I t  i s  a v i r t u e  o f  t he  present  t reatment ,  which uses t he  fundamental 

!J r e l a t i o n  6L = a h t o  d e f i n e  a s y m m e t r y  (quasi-in~ariance o f  t h e  u 
Lagrangian), t h a t  t he  two theorems a r e  u n i f  ied.  Examples 1, 2 and 4 o f  



Revista Brasileira de Física, Vol. 17, n? 2, 1987 

t h e  t e x t  e x h i b i  t g l o b a l  symmetries, whereas space- t ime symmetries (and 

l o c a l  gauge symmetries) a r e  l o c a l  'ones. They a r e  a11 encornpassed i n  t h e  

same f o r m u l a t i o n .  

Once t h e  extens i o n  t o  curved space- t imes i s l earned, one cannot 

h e l p  f e e l i n g  t h a t  t h e m e t h o d  i s  be ing  used below i t s  f u l l  c a p a c i t y .  I n  

f a c t ,  extens ions o f  Noe ther ' s  theorem t o  more compl i c a t e d  s i  t u a t  i o n s ,  

as f o r  t h e o r i e s  employ ing  non-Riemannian man i f o l d s  (e.g. ~ ins te in -Car tan) ,  

o r  f o r  s p i n o r i a l  formal isms, a r e  reasonably  s t r d i g h t f o r w a r d .  

I t  i s  a  p leasure  t o  thank João Car los Barata f o r  a  c r u c i a l  ob- 

s e r v a t i o n ,  and Professores Enr i co  Predazzi and Maur ice G i f f o n  f o r  ve ry  

i l l u m i n a t i n g  d iscuss ions .  The au thor  acknowledges a FAPESP f e l l o w s h i p .  
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i t y  Press (198 

O teorema de Noether alcança sua máxima s impl ic idade e profun- 
didade quando é formulado em espaços-tempos curvos com a inclusão da 
gravidade. Sua extensão para es te  caso é aqui ob t i da  de modo simples pe- 
l o  uso de uma formulação, para o caso plano, devido a Jackiw. A exposi- 
ção pretende ser pedagógica. 


