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I t  i s shown how t o  construct  a theory w i t h  general covarian-
ce but  w i thout  the  equivalence p r i n c i p l e .  Such a theory i s  i n  disagree-

 ment w i t h  experiment, but i t  serves t o  i l l u s t r a t e  the independence o f t h e  

former p r i n c i p l e  from the l a t t e r  one. 

Mostramos como const ru i  r uma t e o r i  a com covari ância gera l mas 

sem o p r i n c i p i o  de equivalência.  Tal t e o r i a  está em desacordo com a ex- 

per iência,  mas serve para i l u s t r a r  a independência do pr imei ro  p r i n c í p i o  

com relação ao segundo. 

1. INTRODUCTION 

Some texbooks on the theory o f  general r e l a t i v i  t y  (GRT) i n -

troduce the equivalence p r i  nc i  p l e  and the general covariance p r i  nc i  p l e  

almost i n  the same breath (see, f o r  example, ~ i n s t e i n l ,  p.56; paul i2,  

pp.143-144; Tonnelat3, p.262; 

Wha t happened2 y 3  

the theory o f  specia l  r e l a t i v  

how t o  incorporate grav i  t y  i n  

s t ha t  soon a f t e r  E ins te in 's  discovery o f  

t y ,  two problems presented themselves: ( 1 )  

the new theory, and (2) how t o  general i ze  

covariance i n  i n e r t i a l  frames o f  reference i n t o  covariance i n  accelera- 

ted frames. As i s  we l l  known, E ins te in  coupled and solved these two pro- 
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blems simultaneously, p rec i se l y  through a ctose asso&a.tion o f  the two 

p r i n c i p l e s  under discussion. 

But then we fee l  t h a t  the student may f a i l  t o  appreciate the 

import o f  general covariance per se, seeing i t perhaps as a mere conse- 

quence o f  the equivalence p r i  nc i  p l e  . 
Therefore, we make some conjectures based on the assumption 

o f  general covariance without equi va lence . Thi s serves t o  i i l u s t r a  t e  the 

independence o f  the former concept from the l a t t e r  one5. 

I n  t h i s  s p i r i t  we discuss i n  Sec.2, the 

p a r t i c l e  under the inf luence o f  a force,  and i n  Sec. 

quations o f  electromagnetism as well as a hypothet ical  

the g rav i t a t i ona l  f i e l d .  We conclude remembering the 

o f  t h i s  paper. 

law o f  motion o f  a 

3 we present the e- 

se t  o f  equat ions for  

pedagogical n a t u r e  

2. THE MOTION OF A MASSIVE PARTICLE UNDER THE 
INFLUENCE OF A FORCE 

I n  a Lorentz system o f  reference (x') w i t h  me t r i c  

the equation o f  motion o f  a 

f luence o f  a 4- force FV i s  

p a r t i c l e  o f  i n e r t i a l  mass 4 0 ,  under the i n -  

where s i s  the p a r t i c l e ' s  proper t ime (c-1) and 

i s  i t s  b v e l o c i t y .  FP i s  the net  externa1 fo rce  appl ied  on the pa r t i c l e ,  



f o r  example the electromagnetic fo rce  as usual, but  here a l so  the g rav i -  

t a t i o n a l  force. ' 

I f  we now go t o  an a r b i t r a r y  system (x"), w i t h  

the me t r i c  i nva r i an t  becomes 

according t o  the general r u l e  f o r  covar iant  tensors6. The 4 - v e l o c i t ~  i s  

def i ned as i n Eq .(h), 

and u' and F" are  given by 

and 

Equat ion ( 3 ) ,  however, takes a d i f f e r e n t  look, because we 

have t o  replace du" by the covar iant  d i f f e r e n t i a l  

The equation o f  motion i s  there fore  



I n  the absence o f  forces (3'' = 0) ~q . ( l 3 )  becomes the geode- 

s i c  equation 

I n  the absence o f  matter ,  Eq .  (14) i s  the same as i n  GRT. 

Thus, f o r  instance, the questions discussed by Adler  e t  aZ.7, Ser. 4.2, 

about space and time i n  a uni formly r o t a t i n g  system remain v a l i d  here.An 

i n te res t i ng  fac t  i n  t h i s  connection i s  tha t ,  on the one hand, space-time 

i s  f l a t  i n  the r o t a t i n g  system ( t , r ,g,z) ,  s ince curvature i s  an i n v a r i -  

ant .  On the o ther  hand, the 3-spat ia l  geometry i s  curved. The reason i s  

t ha t  the d e f i n i  t i o n  o f  distances demands the concept o f  s imu 1 t a n e i  ty, 

and t h i s  i s  obtained by dt* = 0, where t* i s  a non- integrable time-coor- 

dina te7.  

For completeness, l e t  us ca lcu la te  the Gaussian curvature o f  

a plane z = const. i n  the r o t a t i n g  frame. The l i n e  element dk i s  given 

- - 3~~ < O . 
( I-  u2r2) 

We observe here tha t  our theory pred ic ts  a ro ta t i ona l  red 

s h i f t  (see Ref.7, p.126), but  no g r a v i t a t i o n a l  red s h i f t ,  since g r a v i t y  

does not  inf luence the met r ic .  This i s  why we say tha t  the theory iscon- 

t rad i c ted  by experiment. 



3. THE ELECTROMAGNETIC AND GRAVITATIONAL FORCES AND 
FIELDS 

The equat ions o f  electromagnetism are expressed i n t h  e  sarne 

way as i n  G R T ~ " .  Thus the fo rce  on a  p a r t i c l e  o f  charge q i n  a  f i e l d  

F" i s  

Maxwel I ' s  equations and the con t i nu i t y  equation are  

v  
where I l v  indicates the absolute de r i va t i ve  wi t h  respect t o  3: , jU i s  

the b-current  densi t y ,  and *FVv i s  the tensor dual t o  FUV 

But o f  course there i s  a  d i f fe rence w i t h  GRT: our g 's  are 
?Jv 

not  i n f  luenced by the presence o f  the f i e l d  FUV, 

Now we must face the problem o f  deal ing w i t h  g rav i t a t i on .  We 

sha l l  consider on ly  the s implest  s i t ua t i on ,  i .e., we assume the grav i  t y  

f i e l d  t o  be der ived frorn a  sca lar  po ten t i a l  $(x). We general ize Poisson's 

equation 

v2g = 4a G 
P 

(I!)) 

i n to  

where the 4-scalar p(x) i s  the densi t y  o f  g rav i t a t i ona l  mass. 

Eq. (20) i s  fo rmal iy  s i m i l a r  t o  the equation f o r  Brans and 

Dicke's sca lar  f ie ld7,  bu t  there are  two important d i f fe rences:  our coii- 

p l  ing  constant G i s  the usual gravi  t a t i ona l  constant, and our source can- 

not  be the energy-momentum tensor, because t h i s  tensor i s  re la ted t o  i - 
n e r t i a l  rnass. 



F i n a l l y ,  the law o f  fo rce  on a p a r t i c l e  o f  g r a v i t a t i o n a l  mass 

i s  a general i z a t i o n  o f  the Newtonian law 

which goes i n t o  

f o r  the motion o f  a p a r t i c l e  under the ac t i on  o f  grav 

(22) 

the expression 

4. CONCLUSION 

We emphaslze tha t  we have no i n ten t i on  o f  i n v a l i d a t i n g  the 

equivalence p r i n c i p l e .  Our purpose should ra ther  be viewed as a pedago- 

g i c a l  e f f o r t  t o  c l a r i f y  the independence o f  the general covariance p r i n -  

c l p l e .  
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