International Journal of Theoretical Physics, Vol. 17, No. 8 (1978), pp. 643-649

Gravitational, Electromagnetic, and Nuclear Theory

David Apsel

Physics Department, University of California, Berkeley, California
Received August 16, 1978

Through an examination of neutron lifetimes we shall propose a new theory
of gravitational, electromagnetic, and nuclear fields. The fundamental
assumption of our theory is that the motion of a particle in a combination
of gravitational, electromagnetic, and nuclear fields is determined from a
variational principle of the form & f5 dr = 0. The form of the physical time
is determined from an examination of classical equations of motion. The
field equations are determined from an examination of Maxwell-Einstein
theory and Yukawa theory. Utilizing the standard elementary model of
the deuteron, the theory predicts that at a proton—neutron separation
r ~ 107 cm the neutron lifetime is infinite and that nucleons have a
repulsive core. These predictions have been experimentally verified.

1. INTRODUCTION

This paper is a continuation of a previous paper (Apsel, 1979) in which
we introduced a new theory of gravitation and electromagnetism. Our
previous investigation led to the prediction that physical time can be altered
by electromagnetic potentials along with gravitational potentials. A recent
measurement of muon lifetimes in the presence of strong electromagnetic
fields performed at CERN by J. Bailey et al. (1977)® indicates that this
prediction is correct.

In free space the neutron has a lifetime of about 10° sec. However, in a
deuteron the neutron lifetime is infinite. This suggests that nuclear potentials,
like gravitational and electromagnetic potentials, can alter physical time,

In Section 2 we shall propose a new formalism which will satisfy the

* This experiment and its relation to the prediction that electromagnetic potentials can
alter the lifetime of a particle are discussed in Apsel (1979).
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conditions imposed by the observed alteration in neutron lifetimes. In Section
3 we apply the theory to an investigation of the deuteron. We make the simplest
possible assumption: that the nuclear potential acting on the neutron in the
deuteron depends only upon the proton-neutron separation. This is the
standard elementary model of the deuteron first investigated by Wigner
(1932). We find that the radius of the ground state deuteron is ¥ ~ 1013 cm,
and that at a proton—neutron separation of r the neutron lifetime is infinite.
We also find that for a proton-neutron separation less than r the “force”
acting on each nucleon becomes strongly repulsive. Thus each nucleon has a
“repulsive core.” The existence of a “repulsive core” was first proposed by
Heisenberg (1933) and first observed by Jastrow (1951).

2. EQUATIONS OF MOTION AND FIELD EQUATIONS

From our previous paper (Apsel, 1979), we have that space-time is a
Riemannian space with metric g,,, and that the law of motion for a particle

in a combination of gravitational and electromagnetic fields is & f i dr = 0,
where

1
dr = - [(g,w dx* dx*)12 + # A, dx“]

It is natural to assume that 8 f j dr = 0 is the correct law of motion for a

particle in a combination of gravitational, electromagnetic, and nuclear
fields. This implies that dr must be further generalized.

Our primary consideration is that our equations of motion reduce to the
usual classical equations of motion for a particle in a classical nuclear field.
A natural choice for d= which will achieve this goal is

1
dr = - [(1 + ;{%)(gw der dx + L 4, dx“]

c

where f is the “mesonic charge” (see Born, 1962) and ¢ is a scalar which

represents the nuclear potential. Inserting dr into 8 f dr = 0 our equations
of motion become

a (el e, S &Y - vy
—(-ZS_ + {va}u u’ + mee {a +f¢>/mc2) (?S.agvv ¢,7gav uu

e 1 v
me? (1 + fé/me?) Fyu 0
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where ds = (g,, dx* dx)'? and w* = dx*/ds. Or, uysing the parameter A,
where

M4, B) = LB (1 + ﬁ-) (g dx* dx¥)2

mc?
and thus
a_ (1, L
ds (1 + mc2)
we have

dewt " v o _f_ g‘w - V0
wt {w}“’ O A T fpmed Probr ¥ ke = dugrute

_4qa 1 y
mc? (1 + féfmc?) e’ =0

where w* = dx*/dA.
If we consider a system in which g,, = ¢,,, 4, = 0, and v < ¢ our
equations of motion become

d2%x f 1 iy O .
TE T TmO T fgmd O a I = 123
For f$ « mc? this is Newton’s law of motion for a nuclear potential.

Light signals are assumed to travel along null lines. In our previous paper
we showed that g,, and A, are measurable. If we measure dr of a nucleon in
a known g,, and 4, field we can determine #. Thus ¢ is measurable.

Field equations cannot be chosen independently of equations of motion.
Therefore we must choose field equations that both reduce to accepted
equations and yield the proper internal consistency. From our previous paper
the gravitational and electromagnetic field equations are

8k 4

Guv = ot Ty, Fr., = 7']”: A%, =0

N3

For g,, = ¢, the Yukawa potential (Yukawa, 1935) satisfies the
equations

my2e?
hZ

' . + ¢ = —4nP

where my, is the =-meson mass, # is Planck’s constant divided by 2, ¢ is the
Yukawa potential, and P is the source term. The success of Yukawa’s theory
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suggests that we choose this as our field equation for ¢. For any g,, we have

8"y + Bt

For a system of N point particles let us define the scalar densities

1 ds

r= g Il - ) g
' 1 dS
p = —-———(_g 7 ;qA S(xi _ ‘%:1) =

N S i) 98
- 3ol - )
where 4 = 1, 2,..., N, 8 is the three-dimensional delta function, and &' is the
A

position of Ath particle. The expression for J# in terms of source parameters
takes the usual form

= p'cu®
According to Yukawa’s theory, the expression for P should be
P — P”

We shall now find an expression for 7" by using the standard technique
of determining T for g,, = €,, and then generalizing to arbitrary g,,. For
g,y = €,, We can write our equations of motion in the form

dr  , dh 1
A pc? ‘Z + p"e (P v€ — P,y )UU" — EF‘”’J,, =0
where
A _ Sub
ds (1 t e

along with Ath trajectory. The left-hand side of this equation is a natural
choice for 7+’ ,.2 By conservation of mass (pcu’),, = 0, and consequently

A L\ A,
“E(PC ﬁ)_ZE(PC W),y

2 Another possibility is to define

T, = pc? dl + ds ”€“7(¢ v€ys ¢ veav)u u - %Ed‘zF‘NJv
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Along the Ath trajectory (m,/fy)p" = p, and consequently
dA
Y0y, uoyy = |- cz by ¥
P P eys (ds),vp wu
It now follows that
dA . 1
Tuv’v = ($ pczuuuv)'v —p e‘“'qs’v — EFquv

We have

1
—p”e"vgﬁ’v = 4-77 [Euaev7¢,gv¢,‘y - %Euvedy(‘ﬁ,a'vqs,v + ‘){’,a?{‘,vv)]

S

where the term in the first square bracket can be shown to vanish by a
rearrangement of dummy suffixes, and the remaining term on the right-hand
side can be shown to equal the left-hand side by use of the field equation for
¢. Rearranging terms we have

1 2,2
B, = g | @ A b, + 4 T ]

oV
We can show in the usual way that

—%F‘”Jv = Z:-(—F%F”" + F7F ),

and consequently we can integrate T»"

2.2
TH = g_? pczuuuv + 4_17" [(euaew —_— _%iuveay)(ﬁ,atﬁ,y + % mzzc ¢2Euv:|

1
+ (= F*,F" + YF°'F, )
For arbitrary g,

dai 1 2.2
T" = 4 pcu'u’ + 1= [(g‘“’g” — 18°8Nbby + % m};zc ¢’>2g‘”]

+ g (=P, P 4 1FoIF, )



648 Apsel

Using the correspondence principle it follows immediately that for
v < ¢, the quantized version of our theory is formally identical to the usual
nonrelativistic quantum nuclear theory.

3. THE DEUTERON

The deuteron is composed of a proton and neutron. Consider a coordinate
system in which g,, = ¢,,. For the neutron we have

dr =% (1 + ,ﬁ—i) (e dx* d?)1i2

where f and m are the mesonic charge and the mass of the neutron. We have
dr = 0 when

Lo 2
mc

We make the simplest possible assumption: that the nuclear potential
acting on the neutron depends only upon the separation between the neutron
and proton. This is the standard elementary model of the deuteron first
investigated by Wigner (1932). It follows from our field equations that ¢ is of
the form

¢ = R (mocify]

r

Inserting this into our condition for dr = 0 we have

_ ¢Xp [—rfro] _
_¢, _ff. =

Using the well-known values m/m, ~ 7.0 and f2 ~ 15#c, we have k ~ 15/7
and

r~09r, ~ 13 x 1073 ¢cm

For the neutron, (e,, dx* dx")*2 = (¢ — v?)Y2 gt is positive. Therefore,
a proton-neutron separation of less than r would yield a negative physical
time increment for the neutron, a result which we exclude as a possibility.
Thus r is the minimum proton—-neutron separation; that is, the radius of the
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ground state deuteron is r. In the ground state deuteron the physical time
increments of the neutron are zero, and consequently the neutron lifetime is
infinite.

Assuming v < ¢, for ¢ = 0 or 4, = 0 we have shown the equations of
motion to be

xS 1 P
dt? m(l + f¢/mc? ~ ox’

from which it follows that for the proton—neutron separation to become
smaller than r each nucleon must pass an infinite repulsive force. Thus each
nucleon has a “repulsive core.” The existence of a “repulsive core” was first
proposed by Heisenberg (1933) and first observed by Jastrow (1951). '
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