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Abstract. By generalizing the Schrodinger equation to include nonlocal discrete 
time effects induced by high matter densities we demonstrate that the effective 
inertial mass of an electron or a neutron decreases. This in turn increases the 
degenerate Fermi pressure and leads to larger equilibrium radie for condensed 
stars and neutron stars. If the discrete interval reaches a critical value, it may 
inhibit the formation of black holes. 

PACS number: 98.80.Dr, 98.80.Hw 

1. Introduction 

The existence of black hole solutions in GR has opened up a field of inquiry that 
includes innovations from quanh1m field theory, general relativity and thennal physics 
[ 1- 3]. If black holes exist as solutions to the field equations of general relativity along 
with the field equations associated with scalar, vector and tensor fields then it might be 
impossible to inquire into just how black holes fom1 [4]. However, if black holes form 
as a result of gravitational collapse of conventional matter then dynamical mechanisms 
exist that catalyze or inhibit the fommtion of black holes [5]. The current belief is that 
when a neutron star becomes massive enough, the degenerate neutron pressure cannot 
support the gravitational attractive forces and eventually a black hole will fonn [6] . 
There are also numerous mechanisms for black holes to form from fluctuations in the 
gravitational field at high curvatures driven by quantum gravitational effects [7]. In 
the present note we point out that if the laws of quantum mechanics are modified at 
high densities the degenerate pressures of electrons and neutrons are modified which 
increases the equilibrium radie of stellar configurations of degenerate electrons and 
neutrons, in the relativistic limit these modifications give rise to additional energy 
terms dependent on the volume that allow both white dwarf configurations and neutron 
star configurations to have masses well above the Chandrasekhar limit [8]. Such a 
mechanism might also inhibit the formation of black holes, and if black holes do 
form from stellar beginnings our analysis generates specific values for black hole mass 
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that will fonn from a quasi-steady state evolution in a gas of degenerate electrons or 
neutrons. 

The modifications of quantum mechanics that we study emerge from the historical 
studies of Caldirola (9, 10] where due to a fundamental uncertainty principle in time (or 
an uncertainty between the application time of the Hamiltonian and the response time 
of the wave function) the time derivative in the Schrodinger equation is replaced by a 
discrete time difference [11]. We have applied these ideas to discrete time spin polar
ization precession [12] , electron spin resonance [13], spectral shifts in hydrogen [14] 
and to a variety of problems involving the internal transition of elementary particles 
[ 15 - 17]. In the present note we demonstrate that due to the presence of a discrete time 
difference, a new type of nonlocality filters into the quantum equations of motion which 
increases the eigenvalues of the energy of a free particle [ 18]. As mentioned above this 
in turn generates new terms in the degenerate electron and neutron pressures of non
relativistic stellar configurations that increase the equilibrium radiation of degenerate 
configurations. These modifications also give rise to the above mentioned additional 
volume dependent energy terms that allow relativistic configuration of electrons and 
neutrons to be in equilibrium at masses far exceeding the Chandrasekhar mass and 
in fact these additional terms give a mass volume relationship in the relativistic lin1it 
which does not exist in the usual theory. Lastly, we discuss how these modifications 
to QM might inhibit the formation of black holes from degenerative neutron stars. 

2. Nonlocal Quantum Effects and the Equilibrium 
of Stellar Configurations 

We begin our analysis by referring to the results of Ref. [18] where the relativistic 
Schrodinger-like equation is modi.fed to read 

iii [ ,P ( t + ;:) ~ ,P ( t - :l) l ~ .,/ P'C' + m' C' ,P (1) 

( T is the discrete time interval). 
When Eq. (1) is inverted we have 

in,D'ljJ = 2 in sinh-1 (-Ti J-n2c2v2 + m2C4) 'ljJ. 
at T 2n 

(2) 

Actually Gursey [19] has applied the operator VP2C 2 + m 2C 4 to the com_posite 
system involving the q- ij states to generate masses that are in good agre~ment with the 
quarkonium spectrum. For a free particle we may write the wave funct10n as 

'ljJ = A exp [*(Px - Et)] 

When Eq. (3) is substituted in Eq. (2) we obtain 

E = 2 in ::;inh-1 (-Ti (C2 p2 + m2C4)112J 
T 2n 

(3) 

(4) 
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Expanding Eq. ( 4) to order T 2 we have 

E = mC 2 + + P 2 
- + ---T

2
ni

2
C

6 
( 1 mC

4
T

2
) 

. 24/i2 2m lGfl,2 
(5) 

(Nonrelativistic limit) 

(6) 

(Relativistic limit). 

In the second tenn of Eq. (5) we have an effective modification to the inertial mass 
of a particle given by 

1 1 mC4 T 2 

--=-+---
2mefT 2m 16/i2 

or 

m2C4T2 
rnefT = m - Sli2 (7) 

where m is equal to the rest mass without modifications due to nonlocal Q.M. 
If we consider a degenerate configuration of nonrelativistic electrons we have a 

degeneracy pressure given by 

p e- = n,27r3 ( 3N e) 5/3 v-5/3 
15me 7r 

(8) 

(Ne is the number of electrons in the sphere of volume V, and m e is equal to the 
inertial mass of electrons). 

For the gravitational pressure of N nucleons [20] (here we let N = Ne- = number 
of protons = number of electrons) we have (assuming a unifom1 massive sphere) 

1 (47r) 1/3 2 1 
Pg= -5 3 G(Nffii,) V4 /3 (9) 

where rnp is the gravitational mass of proton. 
Since Eq. (8) and Eq. (9) must balance we have 

( 
Sl 7r2) 1/3 n,2 ( m2 0 472) R = -- --- 1 + e N-1/3 . 

4 m 2m 8/i2 
p e 

(10) 

In Eq. (10) we have inserted the nonlocal quantum corrected inertial mass of the electron 
(Eq. 7) and left mp as the gravitational mass of the proton. 

For a neutron star we have for the equilibrium radius 

R = -- -- 1 + N N-l/3. 
(

Sl7r2)1 /3 /i2 ( m2 c472) 

4 m}v 8/i,2 
(11) 
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In Eq. (11) only the inertial mass of the neutron gets a correction since it appears 
to the first-order in the degenerate pressure. Thus in Eq. (10) and Eq. (11) we find 
an increased equilibrium radius for both nonrelativistic white dwarf configurations and 
neutron star configurations due to T. 

We now turn to the relativistic calculation of the degenerate electron energy, for N e 
electrons we have 

PM ? 3 
N _ J 2(41f P~v d _ 87f PM 

e - h3 p - 3h3 V 
0 

(PM is the maximum momentum of degenerate electrons). 
For the relativistic energy we have from Eq. (6) 

Pu _ j ( T
2
C

3
P

3
) 87fP

2
V U - GP+ !i2 13 dP . 

24 L 
0 

Integrating Eq. (13) and using Eq. (12) we have 

or 

= C h (27r) (3N) 4
/

3 
C3 h7 2!!_ N2

. 
U v1 /3 87f + 32 V 

For the degenerate electron pressure we have (Ne =Np = N) 

d U 27f ( 3 ) 4/3 N 4/3 7f N 2 N 4/3 N2 
p = - dV = Ch3 87f V4/3 + C 3hT2 32 v2 = aV4/3 + bv2 . 

For the gravitational pressure of N protons we have from Eq. (9) 

cN 2 

Pg= -V4/3 . 

For Eq. (15) and Eq. (16) to balance we have 

aN413 bN2 cN 2 

V4/3 + v 2 = V 4/3 

a ( M )
2
1

3 

N2/3 = b = mp 

c - v2/3 

or solving for M 

( 

a ) 3/ 2 

M=mp b 
c - v2/ 3 

(12) 

(13) 

(14) 

(1 S) 

(16) 

(17) 

(18) 
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Thus Eq. (18) gives a mass volume relationship for degenerate relativistic white 
dwarf configurations or neutron stars configurations (with mp = mN) in the relativistic 
limit. We see that a minimum critical radius exists for Eq. (18) of 

( ) 

1/ 2 
C 3 hT2 

R,....., ---
- Gm2 

p 
(19) 

If discrete time interval appears at T = 10-25 s [21] then Re= 105 cm= I km. 
Thus nonlocal discrete time effects disallow an equilibrium configuration of rela

tivistic electrons to be smaller than about I km. To solve for the possible black hole 
masses in Eq. ( 18) we set 

V = i7r (2GM)3 
3 c 2 

and solve the equation for Af. We see that Eq. ( 18) would require larger masses for 
smaller volumes which would inhibit black hole formation from an initial distribution 
of finite mass. 

3. Conclusion 

We have seen that the introduction of a discrete time interval increases the equilibrium 
radius of nourelativistic degenerate configurations of electrons and neutrons and also 
generates a mass, volume relationship for relativistic configurations. Since Eq. ( 18) 
would require larger masses as the Schwarzschild radius is approached it is doubtful 
that black holes would form from this degenerate configuration. Also an estimate of 
black hole masses from Eq. (18) would be rather inaccurate since we have calculated the 
gravitational potential energy from the Newtonian theory. And actually post-Newtonian 
and higher order effects should be included for a better estimate. Nonetheless our 
discussion has given us sufficient reasons to believe that degenerate white dwarfs 
exceeding the Chandrasekhar limit can exist on the basis of discrete time quantum 
theory and a relativistic mass volume relationship exists for white dwarfs and neutron 
stars that is not present in the usual theory. 
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