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S u m m a r y .  - -  The relevance of the sign of mass in general re la t iv i ty  is 
examined by  analysing a simple model universe in which Dirae mat ter  
distr ibutes uniformly. Mass reversal, converting a source of positive 
mat ter  into one of negative matter ,  gives rise to a concomitant change 
in sign of the gravi ta t ional  coupling. The principle of equivalence is 
invoked in order to generalize the result to all negat ive-matter  sources. 
The admissibil i ty of a Dirac source in general relat ivi ty implies that  the 
sign of mass is i rreicvant in gravi ta t ional  interactions. 

1 .  - I n t r o d u c t i o n .  

M a t t e r  of n e g a t i v e  m a s s - - n e g a t i v e  m a t t e r - - m a y  ex i s t  in  a w a y  inacces-  

s ible  to  our  i m m e d i a t e  exper ience .  The  p r i m e  r ea son  for  o r d i n a r i l y  i g n o r i n g  

n e g a t i v e  mass  is i t s  e m p i r i c a l  absence ,  b u t  t h e r e  is no  a pr ior i  r ea son  for  i ts  

exc lus ion  f rom p h y s i c a l  theor ies .  The  ex i s t ence  of n e g a t i v e  mass  r e m a i n s  open  

to  ques t ion .  F o r  t h e  s igh of mass  to  b e  p h y s i c a l l y  r e l e v a n t ,  however ,  some 

i n t e r a c t i o n  m u s t  ex i s t  t h a t  d i s c r i m i n a t e s  n e g a t i v e  m a t t e r  f rom n o r m a l  m a t t e r .  

Such  an  i n t e r a c t i o n  w o u l d  i n d e e d  disclose  a s y m m e t r y  u n d e r  mass  reversa l .  

2NTewtonian mechan ic s ,  as BONDI p o i n t e d  ou t  (~), d i s t i ngu i shes  t h r e e  k i n d s  

of mass :  i ne r t i a l  mass ,  a c t i v e  g r a v i t a t i o n a l  mass ,  a n d  p a s s i v e  gT a v i t a t i ona l  

mass .  The  l aw  of i n e r t i a  (i.e. N e w t o n ' s  s econd  law) d e t e r m i n e s  t h e  i n e r t i a l  

mass  t h r o u g h  i ts  r e a c t i o n  to  a m a s s - i n d e p e n d e n t  force.  The  l aw  of g rav i -  

t a t i o n  descr ibes  t h e  force  a c t i n g  b e t w e e n  two  g r a v i t a t i o n a l  masses ,  one  ac t ive ,  

(*) Supported in par t  by  the United States National  Science Fundat ion.  A preli- 
minary account of this work was given in Bull. Am.  Phys. Soe., 13, 662 (1968). 

(t) H. BONDI: Bey. Mod. Phys., 29, 423 (1957). 
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the source inducing gravitation, and the other passive, the object susceptible 
to gravitation. These laws are both  empirical, abstracted from the phenomena 

of ordinary massive bodies. Whether  or not they would be equally applicable 
to phenomena involving negative mat te r  is simply untested. I t  is merely a 
conjecture tha t  Newton's  laws are all extendible by  reversing the sign of some 

of the masses involved. 
From this conjectural point  of view, a number  of ideas have been put  for- 

ward concerning various extraordinary phenomena (1-4). If  its inertial mass 

is reversed, the motion of a body will be in the direction opposite to its mo- 
mentum. If the gravitat ional  mass alone can assume either sign, then 5~ewton's 
laws assert tha t  unlike masses repel each other while like masses a t t rac t ;  as 
F()PPL first argued (2), this possible gravitat ional  repulsion could account na- 
turally for the absence of negative mat te r  in our surroundings. Assuming like- 
wise, SCHi)STEU, in his (( holiday dream ~, a t t r ibuted to ant imatter ,  which is 

to him the sink of gravitation, the cause of some surprises in the universe (a). 
Alternatively, if the ident i ty  of inertial and gravitat ional  mass, well established 
for normal matter ,  is also valid in the case of negative mass, then negative mat-  

ter c~uscs all m'¢tter to gravi tate  away from it, while positive mass at tracts  any 
matter. Under these conditions we m ay  envision the chase of a negative-mass 
particle after one of positive mass; such a process is of fundamental  importance 
to Hoffmann's  proposition for explaining the prodigious energy output  of 

quasars {4). 
5~othing inherent in the relativistic formulation prejudices the choice of 

positive over negative inertial mass, for the mass at  rest is defined as the 
magnitude of the energy-momentum four-vector. The most  familiar relativistic 
particles are those in high-energy physics. Notice tha t  experiment, however, 

determines the rest mass mo of a high-energy particle only through its rest 

(3) A. FSI~I'L: Sitzber. Math. Phys. Kl. Kongl. Bayrisch. Akad. Wiss. Miinche~t, 
27, 97 (1890). While FOPPL developed a logically consistent theory of positive and 
negative masses, the possibility of stars composed of negative mass was considered 
by K. PEARSON: Am. Journ. Math., 13, 309 (1891). For a historical account on negative 
mass, see M. JAMMER: Concepts o] Mass in Classical and Modern Physics, Ch. l0 (New 
York, 1964). 

(~) A. SCr~i3STER: Nature, 58, 367, 618 (1898). Although our attention is focused 
on the coupling of negative matter, it is important to clarify the relationship between 
negative matter and antimatter. An interesting discussion on the gravitational prop- 
erties of antimatter has been given by L. I. SCRIFF: Proc. Natl. Acad. Sci. U.S., 45, 
69 {1959); see also S. WEINB~nC,: Phys. Rev., 135, B 1049 (1964); K. HIIDA and 
Y. YAMAGUCHI: Progr. Theor. Phys. Suppl., Extra Number, 261 (1965). 

(4) B. HOFFMANN: article in Perspective in Geometry and t~elativity (Indiana. 1966), 
p. 176. See ~lso Y. P. TERLETSKY: article in Quasi-Steller Sources and Gravitational 
Collapse (Chicago, 1965), p. 466; and Paradoksy Teorii Otnositel'nosti, Chap. 6 (Moscow, 
1966). 
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energy, i.e. through lim o (p2_~ mo~)½ where p is the momentum;  there seems 
to be no means to measure the mass itself. This situation might  indicate tha t  
the sign of mass is experimentally indeterminate;  an indeterminacy of this 
nature would imply the physical irrelevance of the sign of mass, which in turn 

reveals itself as muss-reversal invariance of the theory (5). I n  fact, it is known 
that  the strong, electromagnetic and weak interactions are symmetrical  under 

mass reversal (~). 
Confronted, then, with the question of relevance of the sign of inertial mass, 

one m a y  ask if it is possible to discern the difference between positive and nega- 
tive gravitat ional  mass. Einstein's theory  of general relat ivi ty is indeed the 
relativistic theory  of gravitation, in which the equivalence of inertial and gravi- 
tat ional  mass is required. Therefore, it would perhaps be more correct to put  

the question raised above in the following way:  Is the sign of mass relevant 
in general relativity? 

In  the present paper, we examine the gravitat ional  coupling in general 

relat ivi ty when negative mass serves as a source of gravitation.  For  this pur- 
pose, we adopt  a simple model of a universe filled with Dirac mat te r  (7). Mass 

reversal is then performed in order to replace the source of positive mat ter  
by  a negative source. The model analysis shows that  the t ransformation of 

positive mass into negative mass is accompanied by a change in sign of the 
coupling. In  other words, the gravitat ional  coupling of a special class of nega- 
tive Dirac mat ter  must  necessarily be opposite in sign to tha t  of normal matter .  

Appealing to the principle of equivalence may  allow one to extend the above 
result to any source of gravitation. Since negative mat te r  coupled to the gra- 
vitational field by  a negative coupling is equivalent in effect to normal mat- 
ter by  a positive coupling, it follows tha t  the sign of mass is irrelevant in 

general relativity (s). Throughout  this paper, we employ the metric of signa- 
ture (d-Jr  d---) and natural  units, e ~ ti ~ 1. 

(5) This experimental indeterminacy may imply more generally the irrelevance of 
the phase of mass, and the corresponding automorphism is the chiral gauge transfor- 
mation. See A. I.~OMATA: Progr. Theor. Phys., 28, 569 (1962). 

(6) j .  TIOMNO: .tYuovo Cimento, 1, 226 (1955); S. HORI and A. WAKASA: Nuovo 
Ci~ento, 6, 304 (1957); J. J. SAKURAI: Nuovo Ci•ento, 7, 649 (1958). 

(7) A. INOMATA: NUOVO Cimento, 46 B, 132 (1966). 
(s) The theoretical assumptions determining the sign of the gravitational force 

have been extensively studied by S. D]~SER and F. A. E. PIRANI: Ann. o/ Phys., 43, 
436 (1967). It is reported that in general relativity the sign of the coupling is arbitrary 
mlless the gravitational field energy is ensured to be positive-definite. An exceptional 
case is the interaction between gravitational geons, in that the sign is completely deter- 
mined. The present model may be considered as belonging to the latter case since it 
can be looked upon as a geometrization of the massive Dirac field in Rainich-Misner- 
Wheeler's sense. For geometrization of the massless Dirac field, see A. II~OMATA and 
W. ~k. ~CKINLEY: Phys. Rev., 140, B 1467 (1965). 
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2. - The  p r e m i s e .  

The Einstein equat ion 

links the geomet ry  of space- t ime to the stress-energy tensor  Tu~ of the m a t t e r  
source, with u the gravi ta t ional  coupling (9). Through eq. (1), a n y  type  of 
matter can, in principle, serve as the source of geometr ized gravi ta t ion.  Inas-  
much as the q u a n t u m  version of general re la t iv i ty  is unclear, the source will 
be limited to classical entities. The s tandard  m a t t e r  sources are those of perfect  
fluids and radia t ion fields. A source not  given much  at tent ion,  bu t  well suited 
for our consideration, is t h a t  provided by  the  Dirac  field (lo). 

The physical  real i ty  of the  Dirac  field in the status quo ante-quantization 
is somewhat obscure. This obscur i ty  m a y  be ascribed to the classically unfa-  
miliar feature of spin (u). ~Tevertheless, i t  seems reasonable to assume t h a t  
the Dirae field has its own office in the c-number theory,  a t  least, as an appro- 
ximate description of some physical  f~bric. ~Ve premise, then, t ha t  Dirac  
matter, described b y  a c-number field, is an admissible source to geomet ry  in 
the Einstein equat ion (1). 

3. - The  p r i n c i p l e  of  e q u i v a l e n c e .  

The principle of equivalence, basic to general relat ivi ty ,  works to keep 
local physics in order. The principle is usual ly unders tood as requiring the  
universality of grav i ta t iona l  coupling. The null result  of the  EStv6s experi- 
ment shows tha t  the  passive gravi ta t ional  mass  is equivalent  to the inertial  
mass and strongly supports  the universal  coupling of normal  mat te r .  This 
requirement, however,  is not  always compat ible  with the  premise just  made.  
As we shall see, the Dirac m a t t e r  of negat ive  mass couples to g rav i ta t ion  only 
with a negat ive sign. The li teral in te rpre ta t ion  of the universal  coupling leads 

(9) We ignore the cosmologicM term from the Machian aspect; see A. INO~IATA: 
Progr. Theor. Phys., 39, 1071 (1968). 

(10) In the view that the Einstein equation (1) is derivable from the Lorentz-invariant 
field theory, the Dirac source is quite natural; S. GUPTA: Rev. Mod. Phys., 29, 334 
(1957); W. E. TZdIRRING: Ann. o] Phys., 16, 96 (1961); V. I. OGIEVETSKY and I. V. 
POLUBARINOV: Aun. of Phys., 25, 358 (1963); S. WEINBERG: Phys. Rev., 138, B 990 
0965). 

(11) See J. A. WhEeLER: Geometrodynamics (New York, 1962), in which the problems 
associated with geometrization of the Dirac field are extensively discussed. 
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one to reject  all source-dependent  couplings, including the negat ive coupling 
specific to a negat ive source. 

The empirical ly tenous na ture  of negat ive mass serves as a warning to be 
cautious in accepting the conventional  in terpreta t ion.  To unders tand  the 
significance of the principle of equivalence for relat ivi ty,  DICKE makes  a dis- 
t inct ion between the weak principle of equivalence suppor ted  direct ly b y  
the  EStvSs exper iment  and the strong principle of equivalence t ha t  Einste in 's  
theory  rests upon (12). The principle in the weak form states  t ha t  the  local 
gravi ta t ional  acceleration is substant ia l ly  independent  of the composit ion and 
s t ructure  of the m a t t e r  being accelerated. The strong principle requires more  
severely t ha t  all laws of physics be locally reducible to the s tandard  Lorentz  
invar ian t  forms. He  points out  tha t  the  s t rong principle of equivalence is also 
basically suppor ted  b y  the EStvSs exper iment  except  for the question of the 
invar iance of small constants  in local physics;  the question is left  open because 
of a finite accuracy of the experiment .  

How then does each of these principles app ly  to untes ted negat ive  ma t t e r ?  
The EStvSs exper iment  does not  guarantee  the val id i ty  of the  weak principle 
for negat ive  mass. Insofar  as negat ive  m a t t e r  is t rea ted  within the f r amework  
of general relat ivi ty ,  however,  the principle of equivalence m u s t  be accepted 
in the strong form. This is af ter  all our fundamenta l  assumption.  Therefore, 
all particles, of normal  mat te r ,  of negat ive mat te r ,  and p resumably  of anti- 
ma t te r ,  are considered to fall down with the same accelerat ion in the gravi- 
ta t ional  field induced b y  a posit ive source. A question remains whether  they  
fail up or down under  the influence of negat ive mat te r .  5Teither the weak nor 
the strong principle specifies the sign of coupling. The universal i ty  of gravi- 
ta t ional  coupling with a fixed sign is not  at  all a necessary consequence of the 
principle. The weak principle, which claims the  universal  coupling of normal  
mat te r ,  m a y  be regarded as suggesting the universal  gravi ta t ional  a t t ract ion.  

In  view of the dear th  of empirical  evidences, a more careful in te rpre ta t ion  
of the principle of equivalence is war ran ted ;  namely,  tha t  the gravi ta t ional  
coupling is universal  to all m a t t e r  of the  same sign. The coupling of negat ive  
m a t t e r  m a y  be of the same sign as, or opposite sign to t ha t  of normal  mat te r ,  
though our model  analysis yields a result  in favor  of the universal  a t t ract ion.  

4 .  - T h e  m o d e l .  

The principle of equivalence enables us to discuss the general character  
of the gravi ta t ional  coupling through a par t icular  model. Once the detail  

(12) R. H. DICKE: Experimental Relativity (New York, 1964), p. 4. 
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of coupling is known for a par t icular  source, the same should be true, in ac- 
cordance with the principle, to all other sources. 

To form a simple model  for this purpose, we consider the Dirac field of 

mass m, which is constrained b y  

(2) V ,  ~ = - -  } m y .  V~, 

where Vt~ is the covar ian t  differential operator  (~3) and  the y 's  are the Dirac  

matrices satisfying 7,Y~ + Y . 7 , - -  2g~ and V,y,  : 0. The adjoint  field of 
is defined by  ~ ~v*~? with the help of a Hermi t i an  ma t r ix  ~ such tha t  

+ 
y, = - - r /y ,~  -~ and Vj,~ 0. The Dirac field of this type  has the stress-energy 
tensor of the form (7) 

where 

a) e--  ~m@.  

From eq. (2) and its adjoint  equat ion it  follows tha t  the scalar bil inear v~y~ 
appearing in eq. (3) is constant  in space-time. Thus,  eqs. (3) and (4) imply  the 
physical s i tuat ion tha t  the mass,  or energy, of this constrained field distr ibutes 
uniformly th roughout  the  entire space-t ime. 

When the Dirac  m a t t e r  of this type  acts as a source of gravi ta t ion,  the 
Einstein equat ion tells us t ha t  the geomet ry  of space-t ime is character ized 
by the Einstein tensor  

(5) G,v =- - -  3Kg,~ 

with 

(6) K = ~ e .  

Note that  G,~ = R , ~ -  1 Rzv = and R ~g,~R, R , ~  ~, : R ~ ' ,  where R ~ o  is the 
Riemann curvature  tensor. Then we find a simple solution of eq. (6), 

(7) R ~ , :  K(g~eg~,--g~,~g~Q) , 

which describes a space-t ime of constant  curva ture ;  this we adopt  us our model. 

(13) The covariant differential operator V~ varies in form depending on its operand. 
Obviously operating eq. (2) with y ,  yields the Dirac equation (10); the generalized form 
of the Klein-Gordon operator working on ~ is given by [~]= (y~V~) 2. 
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For  the model  to be complete,  however,  the  solution of eq. (2) mus t  be 
ensured to exist everywhere  in the space-t ime (7); t ha t  is, the constra int  (2) 
mus t  be complete ly  integrable in the cons tant ly  curved geomet ry  (7). The 
in tegrabi l i ty  condition to be satisfied is 

(s) 

Subst i tu t ion of eqs. (2) and  (7) into (8) yields 

i9) ~Q ~m ~ 

the  condition necessary for the  model  to be self-consistent. 
I n  brief, our model  is a universe of constant  curva ture  filled with the Dirae 

m a t t e r  specified b y  eqs. (2) and  (9). This is indeed a de Sit ter  universe respon- 
sible for Mach's  principle. 

5.  - The mass  reversal .  

The Dirac equat ion is a linearized form of the Klein-Gordon equation. 
Although the mass s y m m e t r y  of the  la t ter  is apparent ,  i t  is not  in the  case 
of the former.  This does not  necessarily imply  t h a t  Dirac% theory  is asym- 
metr ic  with respect  to posit ive and  negat ive  mass. The rise of this awkward  
s i tuat ion m a y  be t raced back to the  fact  t ha t  the l inearization is not  unique. 
There are, in fact ,  a number  of linear equations equivalent  (up to invariance 
under  proper  Lorentz  t ransformat ions)  to the Dirae equation,  all of which are 
re la ted b y  a class of s imilar i ty  t ransformat ions  (14). 

To see the  mass s y m m e t r y  of the Dirac equat ion 

(10) (y~'V~, + m)v~-  O, 

defined in curved space-t ime, let us introduce a ma t r ix  Y5 b y  

1 

(14) ~i G. SOLOVIEV: Nucl. Phys., 6, 618 (1958); S. OZA~:I: Progr. Theor. Phys., 
23, 221 (1960). 
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which ant icommutes  with ~ and all y's.  I t  also has the propert ies  

(1. °) 75 ~ = 1 ,  V ,ys  = 0 .  

The chirality t rans format ion  

(13) ~f-~ y5 y3 

is a similarity t ransformat ion  which conver ts  the Dirac equat ion (10) into 

(14) (7~ V, - -  m) ~p ~-- O. 

This t ransformat ion has the effect equivalent  to the  mass inversion 

(15) m --> - -  m .  

lq~turally the combined t ransformat ions  (13) and (15), which defines the  mass  
reversal of TIos~NO at  each point  in space- t ime (~), leaves the  theory  invar iant .  
The idea of mass reversal  presumes the gaugelike charac te r  of the  sign of mass.  
However, if the physical  real i ty  of negat ive  mass is to be t aken  seriously, a 
question arises as to which equation,  (10) or (14), the negat ive-mass  field is to 
obey. 

Suppose the Dirae equat ion with a negat ive  mass pa rame te r  (16) is the basic 
equation for the  negat ive-mass  field while the  posi t ive-mass  field satisfies the 
Dirae equat ion (10) as usual. Then the  signs of mass and  energy are independent .  
A field of negat ive mass, obeying eq. (14), m a y  have  bo th  posi t ive and  negat ive  
energy solutions. Le t  ~o(x) be a solution of eq. (10). Then Y5 ~(x) is cer ta in ly  

solution of negat ive  mass. Since y~ an t ieommutes  with V, the scalar bi l inear 
~ charges its sign under  the chiral i ty t ransformat ion.  As a result, the  mass  
density ~, defined b y  eq. (7), reverses its sign. 

Suppose, a l ternat ively,  t h a t  the  posit ive- and negat ive-mass  fields are 
simultaneous solutions of the  normal  Dirac  equat ion  (10). Since the  local Dirac  
solutions consist of only those corresponding to four  independent  spin and  
energy states, the signs of mass and  energy are no longer independent  05). 
To find the negat ive-mass  solution, let us associate with the chiral i ty  t ransfor-  
ma,tion (1 ~) the space-t ime inversion 

(16) x --> - -  x , 

(15) The center of a wave packet formed of negative-energy solutions describes a 
uniform motion of velocity in the opposite direction to its momentum and behaves 
like a negativc-mass particle; see A. MESSIAH: Quantum Mechanics, vol. 2 (Amster- 
dam, 1962), p. 952. 
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defined at every point of space-time. As far as the local operational effect is 

concerned, this space-time inversion (16) and the mass inversion (15) are equi- 
valent. The covariant  differential operator V., working on yJ, takes the form 
~ , - - 1 ~ ,  where /~  is the Fock-Ivanenko connection (~6) having the p roper ty  
l,(" x ) -?  Fg(--x)  = 0 .  The space-time inversion (16) therefore reverses the sign 

of the differential operator and transform eq. (14) back into eq. {10). I t  is 
then apparent  tha t  ys~v(--x) is a solution of eq. (10) as well. Al though the 

scalar bilinear changes its sign after the chirality transformation, it is by  the 
constraint (2) a constant  in space-time and hence an invariant  under the space- 
time inversion (16). Again the mass density ~ simply reverses its sign. 

Clearly, either of the transformations 

(17) ~(x) -+ ~ w0(± x) 

causes the conversion of the positive mass source to the negative source 

(18) e - ~ - - ~  

and nothing else. This shows that  if ~f(x) represents a solution corresponding 
to positive mat te r  then either ysy~(x) or 75YJ(--x) corresponds to negative 
matter .  I t  is impor tan t  to note tha t  the presence of such choices for the nega- 
tive-mass solution is specific to the present model in which the scalar bilinear 

is a space-time constant.  In  general, the simu]taneous solutions ~p(x) and 
~5 ~f(-- x) can be identified with those locally describing the two states of energy, 

positive and negative (~7). 
According to the necessary requirement (9) for the self-consistency of the 

model, the product  x~ must  be positive definite regardless of the sign of mass. 
The alternation of the sign of ~ therefore carries with it the change in sign of z, 

(19) x - ~ - - ~  . 

In  other words, in order for the model to accommodate  the negative source, 

it is necessary to ~dmit the negative gravitat ional  coupling peculiar to the 

new source. 

(is) See, e.g., J. L. ANDERSON: Principles o] Relativity Physics (New York, 1967), 
p. 360. 

(17) Under the transformation ~(x)-+5%~,( x), the stress-energy tensor o~ the Dirac 
field free from the constraint (2) transforms as Tt,~(x)-+--Tt, v(--x). The energy is 
defined in the vicinity of a local space-time point by E =fT00(x) dax. Since this is con- 
stant in time, one can carry out the space integral at t = 0 without loss of generality. 
Apparently, the integral remains unchanged under the inversion of all space variables. 
Thus, in general, the energy evaluated for the transformed field has the opposite sign 
to that of the original field. 
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6 .  - C o n c l u s i o n s .  

An immedia te  conclusion tha t  can be drawn f rom the model  analysis pre- 
sented in the preceding Sections is tha t  the  negat ive source of the Dirae  ma t -  
ter constrained by  eq. (2) entails the gravi ta t ional  coupling equal in magn i tude  
but opposite in sign to tha t  of the posit ive source. The principle of equivalence, 
as we reinterpret  it, requires the universal i ty  of the gravi ta t ional  coupling to 
all sources of the same sign, thus generalizing the above  conclusion as follows: 
If negative ma t t e r  exists, then the gravi ta t ional  coupling of any  source of 
such ma t t e r  is equal in magni tude  bu t  opposite in sign to tha t  of a posit ive 
8 o l l r c e .  

In  tile model we have  employed,  mass and energy are synonymous  in the 
preseuce of the self-induced gravi ta t ional  field. Consider the  case where the 
negative-mass solution is equivalent  to the negat ive-energy solution. As is 
well known, the negat ive-energy solution is indispensable in forming a complete  
set of Dirae solutions. Thus, excluding the negat ive-mass  solution amounts  
to abandoning the Dirae  source altogether,  cont ra ry  to our premise.  I t  is 
important in this context  t ha t  the principle of equivalence does not  rule out  
the negative coupling of a negat ive  source. Once the mass  s y m m e t r y  is estab- 
hshed in general relat ivi ty ,  however,  the sign of mass  would have  to be con- 
sidered, like the electromagnet ic  gauge, physical ly irrelevant,  and the reinter- 
pretation of the principle of equivalence will be redundant .  

What  is the the effect of the negat ive coupling of negat ive  m a t t e r  in the 
5"ewtonian limit? To see this, let is consider Schwarzschild 's  solution 

( ( (20) ds ~ = 1 4ozr] d r 2 -  1 4zr] dr~-- r~"(dO~" + sin2 0 dF ~) , 

where m, the act ive  gravi ta t ional  mass, appears  as a p roduc t  with x, the  coup- 
ling constant. For  x > 0 and m > 0, test  particles will, in the first approxi-  
mation, describe the Newtonian orbits corresponding to an a t t r ac t ive  case. 
The orbits corresponding to a repulsive force occur when z > 0 and m <  0. 
What our result  tells us is tha t  the signs of z and m are in phase;  namely ,  tha t  
the product zm can never  be negative.  Consequently,  no repulsive solution 
is possible. This seems to indicate tha t  the phenomenon of a negat ive  mass 
chasing a posit ive mass is implausible.  

Helpful conversat ions with Prof. R. H. DICKE are grateful ly acknowledged. 
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R I A S S U N T 0  (*) 

Si e s a m i n a  l ' i m p o r t a n z a  del segno del ia  massa  in  relativit /~ genera le  ana l i zzando  
u n  sempl ice  model lo di un ive r so  in  eui la  m a t e r i a  di D i r ac  si d i s t r ibu isee  u n i f o r m e m e n t e .  
L ' i n v e r s i o n e  di massa ,  c o n v e r t e n d o  u n a  sorgen te  di  m a t e r i a  pos i t i va  in u n a  di  m a t e r i a  
nega t i va ,  d/~ or ig ine  ad  ~ma va r i az ione  concomi tance  de1 segno de l l ' a ceopp iamen to  
g rav i t az iona le .  Si i nvoea  il p r inc ip io  di  equ iva l enza  pe r  genera l izzare  i l  r i su l t a to  a t u t t e  
le so rgen t i  di  ma~er ia  n e g a t i v a .  L ' a m m i s s i b i l i t ~  di  u n a  so rgen te  di Di rae  ne l la  re la t i -  
v i t £  genera le  i inpl iea  che il segno del la  massa  b i r r i l e v a n t e  nel le  i n t e r az ion i  g rav i t az iona l i .  

(*) T r a d u z i o n e  a cura  d e l l a  I~edazione.  

FpaBHTaHH01~aH KOHCTaHTa CBR3H ~ H  OTI}HHaTe~bHOFO BellIeCTBa. 

Pe3toMe (*). - -  Hcc~e~yeTc~ yMeCTHOCTb 3naKa MaccBI B o6IJ2e~ TeopHn OTHOCtt- 

TeYlbHOCTH, IIocpe~CTBOM ana~43a  rlpocTo~ MO~e~buO~ Bcenenno~ ,  B rOTOpO~ BemecTBo 
~ p a r a  pacnpe~eneuo  neo)~Hopo)xno. I43MeHenne 3Hara Macc~I, rryTeM npeo6paaoBaHrLq 
nCTO~HHKa r lo~o~nTenbHoro  BemecTBa B I/ICTOq/rIltI( OTpHI~aTe~buOrO BemecTBa, rlpH- 
BO~HT K CotlyTCTBylOmCMy M3MeneHl~IO 3HaKa rpaBHTalDIon~o~ I(OHCTaHTIaI CB~I3M. I/]CHOYlb- 

3yeTc~t IIpHHlmrl 3KB/4BaYleHTHOCTH ~J1g TOFO, ~ITO6BI 0606/IU4Tb pe3yJTbTaT ~J3fl Bcex 

OTpHLIaTeJ~bHbIX ~ICTO~IHHKOB Beu/eCTBa. 1-lpneMYleMOCTI~ ~ p a K o B c r o r o  ~iCTOqH/4ra B 

0 6 ~ e ~  Teopm~ OTHOCHTeYlbHOCTtt 03naqaeT, ~ITO 3naK MaccbI $1BYDteTC~I HeyMeCTHb~M B 
FpaBHTaHHOHHblX B3aHMO~e~CTBHflX. 

(') Hepeae~)eno pec)aKttuert. 


