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Prevailing views in physics towards anti-matter and black holes are incomplete and 

inaccurate because the geometry of anti-matter and black holes is misunderstood.  By 

giving a clear and complete ontological and mathematical solution to anti-matter and 

black holes and describing the correct geometry, this paper improves upon existing 

physics understanding and research.  Anti-matter is proven mathematically to 

intrinsically have a negative spacetime curvature, to exist in a ÔspacelikeÕ Minkowski 

spacetime as opposed to a ÔtimelikeÕ or ÔlightlikeÕ Minkowski spacetime, to move 

backwards in time with a proper time -! and to have negative energy -E.  Also, by solving 

mathematically for the Ômysterious parameter "Õ elicited from David HestenesÕ real Dirac 

equation, it is revealed that " differentiates between the ÔspacelikeÕ, ÔtimelikeÕ and 

ÔlightlikeÕ states of a particle and in fact describes what happens at and past the event 

horizon in a black hole as a particle traverses through it.  This reinterpretation of anti-

matter and black holes is referred to as the ÔTheory of Compressed Spacetime for Anti-

matterÕ or CSA for short. 
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I . Introduction 

When Schwarzschild discovered black holes as being a consequence of general relativity, 

he made certain assumptions about the geometry of a black hole.  His discovery was 

based on a black hole having a spherical geometry and a real radius r.  The density of a 

black hole was found to be so massive that at a certain radius, the Schwarzschild radius, 

not even light waves could escape the gravitational pull of the black hole.  To this day, 

this conception of what a black hole is has remained.  

 

This paper casts a new light on what a black hole really is and mathematically and 

geometrically reveals its true nature.  A black hole has a pseudo-spherically symmetrical 
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and hyperbolic geometry and the Schwarzschild radius is in fact an imaginary ir.  There 

are phenomena in physics that have the same geometry, the anti-particles and anti-atoms 

that make up anti-matter.  Just as a planet orbiting a star has the physical analog of an 

atom, a black hole has the physical analog of an anti-atom.  

 

 

I I . The Anti-Particle In A Box 

Any college student who takes a beginning quantum mechanics course is probably 

familiar with the ÔParticle in a Box with a Finite BoundaryÕ problem.  In this problem, a 

free particle exists in a box of length L.  At the boundaries of the box, there is a potential 

V0 and the particle can extend past the box into this potential region where it 

exponentially attenuates beneath the potential.  It attenuates rapidly to  C/e at 1/# 

assuming a waveform  

$I = C * exp (#x)        (1) 

 at the left boundary (-L/2) and  

$III  = C * exp (-#x)         (2) 

at the right boundary (L/2).  The waveform for the particle contained in the box is  

%II = B * cos (kx).          (3) 

By matching boundary conditions, the constraint equation  

k * tan (kL/2) = #                      (4) 

is derived.  Here the even parity solution for the ÔParticle in a BoxÕ is used.   There exists 

an odd parity solution as well but it is not considered here. 
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Figure 1:  The Anti-Particle in a Box 

 

Now consider the exact opposite problem as depicted in Figure 1.  Consider a particle 

trapped beneath some potential V0 in a box of length L.  The particle has some energy E 

< V0.  At the boundaries of the box, the trapped particle has the chance of escaping its 

prison and becoming a free particle.  So we have three regions.  In Regions I and III, we 

have a free particle with a standard waveform of  

$I,III  = B * cos (kx).          (5) 

In region II, we have a trapped particle with a waveform of  

$II  = C * exp (#x) + C * exp (-#x).       (6) 

Using the hyperbolic cosine identity 

!  

cosh(" x) = (e" x +e#" x ) /2 to replace the 

exponential functions in region II, $II  becomes  

$II   = 2C * cosh (#x).         (7) 

By matching boundary conditions at x = -L/2 and at x = L/2, a symmetrical constraint 

equation  

 k * tan (kL/2) = # * tanh (-#L/2)       (8)  

is derived.  This is the same as equation (4) but with the added term tanh (-#L/2). 

 

 

V0 
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A number of significant observations can be made: 

I. The anomaly of the exponentially attenuating particle is given a physical and 

mathematical significance through the hyperbolic cosine plane waveform.  In the 

ÔParticle in a BoxÕ problem, it is unclear where the attenuating portion of the 

particle in regions I and III attenuates to.  Since it never goes to zero, it continues 

forever.  This does not make sense.  In the ÔAnti-Particle in a BoxÕ problem, the 

attenuating particle in region II does not continue forever because it is met at the 

other boundary by the other attenuating particle in region II hence forming the 

hyperbolic cosine plane waveform. 

II. Because the waveform in region II for the ÔAnti-Particle in a BoxÕ is hyperbolic in 

nature, it has a negative spacetime curvature since hyperbolic geometry has 

negative curvature.  If this problem is extended to the three dimensional ÔAnti-

Particle in a Cube,Õ the space occupied by the anti-particle is pseudo-spherically 

symmetrical as well. 

III. Because the anti-particle attenuates to C/e after only 1/# into the box, the length L 

of the box containing the anti-particle is compressed to roughly 2/# or 2/k.  

Because of the negative spacetime curvature, the space L is compressed to a much 

smaller value.  For the 3-D ÔAnti-Particle in a Cube,Õ the space L3 is compressed 

to about 8/#3 or 8/k3.   

 

(In fact, integrating 2C* cosh(#x) from ÐL/2 to L/2 yields the exact result 2/k      

with  k = n&/L and C = !  and equation (10) below.) 
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IV. To take this a step further, consider that the potential V0 is actually equal to zero.  

Then the energy for the anti-particle is negative and the anti-particle is not trapped 

but is a free particle with negative energy.  Then at the boundaries of the box, the 

anti-particle can become its inverse particle with positive energy.  Let us go into 

more detail: 

Mathematically speaking, we know from the ÔParticle in a BoxÕ problem that 

 
  

!  

" =
2m(V0 # E)

h
,k =

2mE
h

.     (9) 

If the potential energy V0 is zero, then "  in (9) becomes 

 
  

!  

" =
2m(#E)

h
=

i 2mE
h

= ik.     (10) 

Because of the hyperbolic identity 

!  

tanh(x) = " i tan(ix), the right-hand-side of 

equation (8) becomes 

 

! 

" tanh(#"L /2) = #i" tan(#i"L /2)= #i (ik) tan(#i (ik)L /2)

= k tan(kL/2)
 (11) 

which is precisely the same result as the left-hand-side of equation (8)!  Is this just 

some strange coincidence?  By assigning a hyperbolic cosine waveform solution 

to the ÔAnti-Particle in a Box,Õ we have derived a constraint equation that the anti-

particle has the same energy levels as the particle but that the anti-particle energy 

levels are all negative.  Per the constraint equation (8),  

!  

E = h
2k2 /2m for the 

particle but   

! 

E = "h2k2 /2m= h2# 2 /2mfor the anti-particle. 

V. An anti-particle has a hyperbolic cosine waveform along the real x-axis (even 

parity case) or it has a normal cosine waveform along the imaginary x-axis.  This  

is because cosh(x)=cos(ix).  Likewise, a particle has a normal waveform along the 
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real x-axis or it has a hyperbolic cosine waveform along the imaginary x-axis.  At 

a boundary an anti-particle can become its particle or vice versa. 

VI. The ÔAnti-Particle in a BoxÕ problem has a direct impact on quantum tunneling.  

When a particle is at a barrier, it becomes its anti-particle.  The anti-particle 

tunnels through the barrier to the other side.  On the other side of the barrier, the 

anti-particle becomes its particle.  To tunnel through the barrier, the anti-particle 

uses negative energy ÐE and moves backwards through time with proper time -#.  

This will be explained in Section IX. 

III. The Unexpected Lorentz Transformation 

And now for something completely different.  By using a frame KÕ that moves backwards 

along an x-axis and a time-axis with respect to a stationary frame K, the Lorentz 

transformation equations are re-derived.  This is important to establish Lorentz 

covariance for the ÔspacelikeÕ spacetime that will be described in the next section.  This 

derivation is analogous to EinsteinÕs for special relativity in appendix 1 of [4] for 

Minkowski spacetime.   

Beginning with Ðx = -ct we obtain: 

  -x +ct = 0          (12) 

Then we have: 

-xÕ + ctÕ = '(-x + ct).         (13) 

Considering a third frame which moves along the positive x-axis, we then have: 

xÕ + ctÕ = µ(x + ct).         (14) 

Now adding and subtracting (13) and (14) yields: 

-xÕ = ax - bct          (15) 
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and 

ctÕ = bx - act          (16) 

where  

a =(-' - µ)/2          (17) 

and  

b =(-' + µ)/2.         (18) 

By setting xÕ = 0 in (15), we can calculate the instantaneous velocity of KÕ as 

v = dx/dt = bc/a.        (19) 

By taking a ÔsnapshotÕ of KÕ from K and setting t = 0 in (15), we obtain -xÕ = ax.  So  

(x = 1/(-a).         (20) 

By taking a ÔsnapshotÕ of K from KÕ and setting tÕ = 0 in (16), we obtain  

t = bx/ac = vx/c2.         (21)  

Subbing back in for t in (15) yields  

-xÕ = ax(1 Ð (bc/a)(v/c2)) = ax(1 Ð v2/c2).       (22) 

So  

(xÕ = (-a)*(1 Ð v2/c2).        (23) 

Setting (x (20) equal to (xÕ (23) yields  

  

!  

(" a)2 =
1

1"
v

2

c
2

;(" a) =
1

1"
v

2

c
2

;a =
" 1

1"
v

2

c
2

    (24) 

 

Note that (24) is negative.  So (15) becomes  
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!  

x'=
(x " vt)

1"
v2

c2

         (25) 

and (16) becomes  

 

!  

t'= a* ((bc/a)* (x /c2 ) " t)

t'=
(t "

vx
c2
)

1"
v2

c2

 .      (26) 

Along with 

-yÕ = -y; yÕ=y         (27) 

 and 

   -zÕ = -z; zÕ=z,         (28) 

we have re-derived the Lorentz transformation equations but have revealed a negative 

Lorentz factor in (24).  The negative Lorentz factor is important because it yields 

negative energy and negative proper time.  The reader should further consider that 

EinsteinÕs derivation could have been arrived at using imaginary space and time axes.  

The derivation would not be any different other than the 

substitutions

!  

x " ix ,

!  

y " iy ,

!  

z " izand 

!  

t " it , but the derivation would be analogous to 

the derivation in this paper because moving forwards along an imaginary axis relates to 

moving backwards along a real axis. 

To further reinforce this, if we substitute back in -x = -ct into equations (25) and (26), we 

get -xÕ = -ctÕ. We know Lorentz covariance will hold true for a spacetime that is based on 

real axes moving forwards in time.  What is important is that Lorentz covariance has been 

proven for an unexpected case, that of real axes moving backwards in time.  This case 
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describes another spacetime that is Lorentz covariant with respect to the Lorentz 

transformation which is discussed in the following section.  

 

 

 

 

IV.  'Spacelike' Minkowski Spacetime 

Consider two equations that are significant for Minkowski spacetime and the Lorentz 

transformation.  The first equation which characterizes a Lorentz transformation is: 

 xÕ2 + yÕ2 + zÕ2 Ð c2tÕ2 = x2 + y2 + z2 Ð c2t2    (29) 

If this equation is reformulated in terms of all positive generic co-ordinates { x1,x2,x3,x4} , 

we have 

 x1 = x          (30) 

 x2 = y          (31) 

 x3 = z          (32) 

 x4 = ict         (33) 

which brings us to our next equation representing the Lorentz transformation in (29) 

 x1Õ
2 + x2Õ

2 + x3Õ
2 + x4Õ

2 = x1
2 + x2

2 + x3
2 + x4

2.   (34) 

This equation has an orthonormal set of basis vectors {x 1, x2, x3, x4} which define a 

Lorentz covariant Minkowski spacetime.  Now multiply each of these basis vectors by an 

imaginary number on the right-hand-side which is equivalent to multiplying both sides of 
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(29) by negative one.  By doing so, we have defined a whole new set of orthonormal 

basis vectors {x 1, x2, x3, x4}  which are: 

 x1 = ix         (35) 

 x2 = iy         (36) 

 x3 = iz         (37) 

 x4 = -ct         (38) 

This new set of orthonormal basis vectors describes a Lorentz covariant ÔspacelikeÕ 

spacetime as: 

 -xÕ2 - yÕ2 - zÕ2 + c2tÕ2 =- x2 - y2 - z2 +c2t2    (39) 

and 

 ds2 = -x2 Ðy2 Ðz2 +c2t2       (40) 

and 

 ds2 = x1
2 +x2

2 +x3
2 +x4

2.       (41) 

Equations (39),(40) and (41) define a ÔEuclideanÕ four-dimensional continuum. Equations 

(40) and (41) also represent the geodesic for spacelike spacetime where (41) uses the 

basis set from (35-38).  We will see later in this paper how (40) and (41) describe 

shortened spacetime distances because of particle interactions with black holes and anti-

matter.  For a co-ordinate transformation from timelike spacetime to spacelike spacetime, 

the spacelike co-ordinate equals i times the Minkowski co-ordinate.  Likewise, the 

Minkowski co-ordinate equals Ði times the spacelike co-ordinate.  So, 

!  

xSL = i * xTL  and 

!  

xTL = " i * xSL. 
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Note how (39) and (29) relate to each other.  All of the space co-ordinates for (39) are 

imaginary and the real time co-ordinate for the ÔspacelikeÕ spacetime is the opposite of 

the imaginary time co-ordinate for the Minkowski spacetime.  The real and imaginary 

features of the spacetime have been flipped to create a ÔspacelikeÕ spacetime.  Because all 

of the space co-ordinates are imaginary, the ÔspacelikeÕ spacetime is a space that is 

pseudo-spherically symmetrical and hyperbolic in nature and has a negative spacetime 

curvature.  The ÔspacelikeÕ and Minkowski spacetimes are orthogonal to each other 

where the ÔspacelikeÕ spacetime is the imaginary part for the real spacetime.  So É  

 

 )
4
 = Re{)

4
} + Im{)

4
}       (42) 

 

Also note how equations (35-38), (40) and (41) can be used to describe a pseudo-

spherical hyperbolic geometry such as the Klein model, the PoincarŽ disk model, the 

hyperboloid model or the Minkowski projective space.  Consider a distance for a unit 

pseudo-sphere measured in radians between two vectors u and v in these geometries as: 

 

! 

d(u,v) = arccosh(
B(u,v)

Q(u)Q(v)
) .     (43) 

Notice that B(u,v) is just the dot product of two vectors u and v that use the basis set from 

(35-38) and Q(u) and Q(v) are equivalent to the geodesic in (40) .  So there is a harmonic 

fit between the ÔspacelikeÕ spacetime defined by (35-38),(39), (40) and (41) and existing 

pseudo-spherical hyperbolic geometries.  Further consider that the distance for a unit 

sphere measured in radians between two vectors u and v for Minkowski spacetime is: 

 

!  

d(u,v) = arccos(
B(u,v)

Q(u)Q(v)
)      (44) 
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Here we have two vectors u and v defined on a Minkowski spacetime using the basis set 

from (30-33).  The symmetry between (43) and (44) is elegant.  Further, (44) describes 

the distance traveled along a sphere with a real radius r and (43) describes the distance 

traveled along a pseudo-sphere with an imaginary radius ir.  (For a unit sphere, r = 1.) 

Let us simplify this a bit more.  If we say that u and v are unit vectors and consider 

motion only along the x-axis, then we have a ÔtimelikeÕ length of traversal of: 

 

!  

L
TL

= arccos(x1x2 " c2
t1t2).      (45) 

Now if we perform a co-ordinate transformation from timelike co-ordinates to spacelike 

co-ordinates in (45), we have: 

!  

x " ix

t " it

L " iL

         (46) 

which yields: 

 

!  

L
SL

= arccosh(c2
t1t2 " x1x2)       (47) 

which is the spacelike length of traversal. 

V. The Real Dirac Equation 

The relativistic classical Dirac equation for a single particle electron predicts four 

different states for the particle because of the four Dirac matrices.  Two of these states 

have positive energy E corresponding to two different spin states for the electron (spin up 

and spin down) and the other two have negative energy ÐE corresponding to two different 

spin states for the positron (spin up and spin down.)  By reformulating the Dirac equation 

in terms of a Spacetime Algebra [STA] or Clifford Algebra, David Hestenes came up 

with the real Dirac equation.  The real Dirac equation eliminates imaginary numbers from 

the equation by replacing them with a geometrical inner product but for more information 
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on the real Dirac equation refer to David HestenesÕ seminal papers [1][2].  Anyways, by 

reformulating the classical equation in terms of a different algebra, some new things 

come out of the equation.  First, consider David HestenesÕ equations that he comes up 

with as positive energy plane wave solutions to the real Dirac equation for the electron 

and the positron. 

His plane wave solution for the electron (for one spin state) is: 

   

!  

" # = $R
0
e#ip¥x /h

 .      (48) 

His plane wave solution for the positron (for one spin state) is: 

 
  

!  

"
+

= #iR0e
+ip¥x / h

   .      (49) 

The problem with (49) is that it is not a solution of the time-independent Schršdinger 

equation (54) for a negative energy state.  From the classical Dirac equation, we know 

that positrons have negative energy.  Also, in David HestenesÕ paper [1], negative energy 

is predicted by the equation 

 

! 

p= mve"i#
.        (50) 

If " is equivalent to 180 degrees, then  

 p = -mv          (51) 

corresponding to the positron.  By enforcing two constraints, we come up with an 

alternative plane wave solution for the positron to the real Dirac equation.  First, the 

space part of the solution must be hyperbolic.  Second, the solution must be a negative 

energy solution to the time-independent and time-dependent Schršdinger equations.  By 

enforcing these two conditions, we come up with the plane wave solution for the positron 

as: 
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! 

"+ = # (iR0)e±$x + iEt /h      (52) 

where #=ik as in section II equation (10).    Note that if we make the substitution #=ik  

in equation (49), equations (49) and the -#  form of equation (52) are equivalent.  So 

while (49) is a solution to the time-dependent Schršdinger equation for a negative energy 

solution, it is not a solution to the time-independent Schršdinger equation where (52) is a 

solution to both.  Here we use the simple 1-D version of the time-dependent Schršdinger 

equation: 

 
  

!  

" h2

2m
d

2#
dx

2
= ih

d#
dt

       (53) 

and the time-independent Schršdinger equation: 

 
  

!  

" h2

2m
d 2#
dx2

= E# .        (54) 

 

Why is (52) significant?  If we look at the waveform for (48) , we have something that is 

sinusoidal and spherically symmetrical.  The waveform for (49) is sinusoidal but it is 

pseudo-spherically symmetrical because the radius is imaginary: iR0 (relating i 

geometrically to R0.)  But (52) is hyperbolic because the i for the space part has been 

eliminated from the superscript of e and it is pseudo-spherically symmetrical because of 

its radius R = iR0 .  The importance of being both pseudo-spherically symmetrical and 

hyperbolic is that these are both characteristics of a spacelike spacetime that has a 

negative curvature.  A hyperbolic geometry has negative curvature.  A pseudo-sphere has 

negative curvature.  The real question is Ôdoes a positron have positive energy or negative 

energy?Õ  It has negative energy. 
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Geometrically relating  i to R0 is reinforced because (52) is Ôspacelike.Õ  If (52) is 

Ôtimelike,Õ then the radius R will take the form: 

 

!  

R = x
2 + y 2 + z 2 .       (55) 

However, (52) is Ôspacelike,Õ so the radius R takes the form: 

 

!  

R= (ix)2 +(iy)2 +(iz)2 = i x2 + y2 + z2 .    (56) 

This leads to a clearer geometrical and conceptual interpretation of a pseudo-spherical 

hyperbolic geometry such as that referred to in section IV.  An imaginary radius has a 

direct physical interpretation but a negative radius does not just as imaginary time cannot 

be conceptualized but negative time can.    

 

If (54) describes negative energy, then plane wave solutions for the anti-particle are going 

to be of the form A*sinh(#x) and B*cosh(#x) or of the form (52).  If (54) describes 

positive energy, then plane wave solutions are going to of the form A*sin(kx) and 

B*cos(kx) or of the form (49).   Of course # = ik for a negative energy solution as seen in 

section II, but what is important is we have a hyperbolic negative energy solution to the 

time-independent Schršdinger equation (54) for some as yet undetermined constant #. 

This is because   

!  

" h2 /2m* (ik)* (ik) is positive for positive energy in (54) but 

  

!  

" h2 /2m* (# )* (# ) is negative for negative energy in (54).   

 

Of course,   

!  

" h
2 /2m * (# )* (# ) is positive for (53) if we consider that # = ik but for 

negative energy this requires a negative right-hand-side of the time-dependent (53) which 

both (49) and (52) yield.  Hence both (49) and (52) are solutions to the time-dependent 

form of the Schršdinger equation for negative energy which also questions the validity of 
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claiming that (49) is a positive energy solution.  Only waveform equations of the form 

i(px Ð Et) and i(-px - Et) are positive energy solutions to the time-dependent equation.  

Equations of the form i(px + Et) and i(-px + Et) are negative energy solutions.  Equation 

(49) is of the form i(-px+Et) so it is a negative energy solution.   This further reinforces 

the mathematical form of (52) as being correct since if (49) is a negative energy solution 

to (53) then it must be a negative energy solution to (54) as well and the only way that is 

possible is if (52) is used.  The plane waveform solutions are important as well because 

they relate to the Lorentz transformation from section III.  The plane waveforms px-Et 

and Ðpx-Et relate to EinsteinÕs derivation.  The plane waveforms px+Et and Ðpx+Et 

relate to the derivation in this paper which reveals a negative Lorentz factor for a 

spacelike spacetime. 

 

From quantum mechanics, we have further that the kinetic energy E = p2/2m.  This 

presents a problem if the momentum is negative and the energy is negative as well.  The 

only way to resolve that is to say that the momentum is imaginary or that the mass m is 

negative or if we consider the alternative form 

! 

E = 1
2 ("mv)v  for the kinetic energy and 

the momentum is as in equation (51).  What this reveals is that sometimes a different 

form or a reinterpretation of the same equation can reveal something about the physics 

that is hidden.  Similarly, equation (52) is just a different form of (49) but new physics is 

revealed by the structure of (52).  The new physics is that the equation describes a 

hyperbolic and pseudo-spherical geometry for a negative energy solution. 
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From the ÔAnti-Particle in a BoxÕ problem in section II, negative energy is required to 

change a particle into its anti-particle state for a potential energy of zero and for that anti-

particle then to exponentially attenuate into a region it should not be in.  So in section II 

we see this negative energy for the anti-particle and we see this anti-particle take on a 

hyperbolic waveform.  Similarly, (54) describes a negative energy for the anti-particle 

and a positive energy for the particle and since (52) is both pseudo-spherically 

symmetrical and hyperbolic in space, it describes the correct geometry for the positron 

and is the correct waveform.   

 

The Myster ious Parameter '" '  

One of the most significant discoveries of David HestenesÕ real Dirac equation is the 

mysterious parameter Ô"Õ [2].  We have already seen this parameter in (50).  When " is 

zero degrees, we have a positive momentum mv and positive energy corresponding to an 

electron.  When " is 180 degrees, we have a negative momentum Ðmv and negative 

energy corresponding to a positron. " also partially determines the form of the plane 

wave solution to the real Dirac equation because part of the solution is 

!  

ei" / 2.  When " is 

zero, the plane wave solution contribution is 1.  When " is 180 degrees, the plane wave 

solution contribution is i and we see this contribution in equations (49) and (52).  This 

would suggest that at the very least, " differentiates between the plane wave states of an 

electron and a positron.  The theory about the true physical nature of the parameter Ô"Õ is 

now given.  There may be some redundancy in the following material but it is important 

to show how " relates to state changes in different contexts.  There are three different 

contexts.  First we just describe what happens to a particle as the parameter changes.  



 19 

Next, we discuss how the Minkowski light cone relates to the state changes and a 

spacetime circle is defined that is super-imposed on the light cone.  Lastly in section VI, 

we describe how the parameter changes relate to a particle traversing through a black 

hole. 

 

Proposition 1: Ô"Õ is a parameter that differentiates between the ÔtimelikeÕ, ÔlightlikeÕ and 

ÔspacelikeÕ states of a particle.   

 

When " is zero degrees, we have a ÔtimelikeÕ particle moving with proper time #.  When 

" moves from zero to ninety degrees, the particle is still ÔtimelikeÕ and accelerating 

towards the speed of light.  When " is ninety degrees, the particle is ÔlightlikeÕ and its 

mass has been completely converted into energy.  When " moves from ninety degrees to 

180 degrees, the anti-particle is ÔspacelikeÕ and being decelerated from the speed of light 

to an anti-particle moving with proper time -# at 180 degrees.  When " moves from 180 

degrees to 270 degrees, the anti-particle is ÔspacelikeÕ and being accelerated towards the 

speed of light.  At 270 degrees, the anti-particle again becomes ÔlightlikeÕ and the anti-

mass is exchanged for energy.  From " equals 270 degrees to 360 degrees, the particle is 

ÔtimelikeÕ again and decelerating from the speed of light back to moving at its proper 

time #. 
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          Ôhypersurface of the presentÕ 

Figure 2: The Minkowski light cone super-imposed with the parameter " 

 

Consider a light cone in Minkowski spacetime as in figure 2.  Any point within the future 

light cone is going to coincide with a real radius r.  Any point outside of the future light 

cone is going to have an imaginary radius ir.  So anything within the future light cone is 

going to be spherically symmetrical while anything outside of it is going to be pseudo-

spherically symmetrical.  When the particle moves from being ÔtimelikeÕ to ÔspacelikeÕ to 

Ôlightlike,Õ the radius becomes imaginary and stays that way until the particle moves back 

from ÔlightlikeÕ to ÔspacelikeÕ to Ôtimelike.Õ  Of course, when the particle is ÔlightlikeÕ it 

does not have a radius because the spacetime is flat. 

 

 

 

 

 

 

" 

ÔspacelikeÕ 

ÔtimelikeÕ 

time 
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                                                -& /2 ÔlightlikeÕ 

Figure 3: The Spacetime Circle 

 

Now consider a circle that describes the movement of the parameter Ô"Õ from zero 

degrees to 360 degrees as in figure 3.  Zero degrees will correspond to the positive x-axis 

of the circle and ninety degrees to the positive y-axis.  Now align the positive x-axis of 

this circle with the positive time axis of the light cone from figure 2 and the positive y-

axis with a vector along the future light cone at 45 degrees and center the origin of the 

circle with the origin of the light cone.  Now the circle that describes " describes the 

changing of the state of the particle in the spacetime for the light cone.  As " goes from 

zero to ninety degrees, the particle moves from the positive time axis to the future light 

cone and becomes Ôlightlike.Õ  As " goes from ninety degrees to 180 degrees, the anti-

particle moves from the future light cone to the Ôhypersurface of the present.Õ  As " 

moves from 180 degrees to 270 degrees, the anti-particle moves from the Ôhypersurface 

"  

 

 

 -!                       ! 
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of the presentÕ back to the future light cone where it becomes ÔlightlikeÕ again.  From 270 

degrees to 360 degrees, the particle moves from the future light cone back to the positive 

time axis.  Note that while the particle took on different states, it never moved 

Ôbackwards in time.Õ  It was always at or above the Ôhypersurface of the present.Õ 

 

  

!  

h 

 

        ÔspacelikeÕ                     ÔlightlikeÕ                       ÔtimelikeÕ 

Figure 4: Spacetime squares.  These can all be extended to spacetime cubes. 

 

 

 

 

Figure 5: High energy spacelike square 

VI . The Motion of a Particle through a Black Hole 

So what have we done?  Why is this circle that describes the sweeping out of the 

parameter " physically significant? 

 

Proposition II:  Sweeping the parameter " from zero degrees to 360 degrees describes 

the state changes for a particle as it approaches, enters and leaves a black hole. 

Proposition III:  At the event horizon of a black hole, the black hole becomes Ôlightlike.Õ   
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Proposition IV:  Inside the event horizon of the black hole, the black hole is pseudo-

spherically symmetrical, hyperbolic and ÔspacelikeÕ corresponding to a negative 

spacetime curvature. 

 

Consider a particle floating through spacetime approaching a black hole.  The particle is 

initially stationary with its proper time #.  As " moves from zero to ninety degrees, the 

particle is accelerated from rest towards the speed of light at the event horizon.  At ninety 

degrees, the particle reaches the event horizon and becomes Ôlightlike.Õ  From " equals 

ninety degrees to 180 degrees the anti-particle is decelerated from the speed of light to its 

proper time -#.  At 180 degrees, the anti-particle is at the center of the black hole in the 

Ôeye of the storm.Õ  From 180 degrees to 270 degrees, the anti-particle is accelerated back 

towards the speed of light and towards the event horizon on the opposite side of the black 

hole from which it entered.  At 270 degrees, the anti-particle becomes ÔlightlikeÕ again at 

the event horizon.  Past 270 degrees, the particle decelerates from the speed of light as it 

leaves the black hole and is again at rest with its proper time #. 
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         pseudosphere 

     e- 

 

 

Figure 6:  The motion of an electron as it approaches, enters and exits a black hole.  

Before entering and after exiting the black hole, the velocity of the electron is unchanged 

in both magnitude and direction (before being accelerated and after being decelerated 

from the speed of light that is.)  Bear in mind that the electron is moving at the speed of 

light once it reaches the event horizon and upon exiting the black hole. 

 

Let us give this particle an initial velocity v0 before interacting with the black hole.  At a 

point a in spacetime, the particle begins to be accelerated towards the black hole.  At a 

point b in spacetime on the other side of the black hole, the particle will no longer be 

interacting with the black hole and will again have its initial velocity of v0 (given that 

there is always ÔsomeÕ interaction between two gravitational bodies but the interaction is 

not significant.)  Now let us consider an identical particle with a velocity v0 that moves 

from spacetime point a to spacetime point b but does not interact with a black hole.  The 

distance that the particle that does not interact with the black hole travels from point a to 
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point b is going to be much longer than the distance traveled by the particle that does 

interact with the black hole.   

 

Proposition V: Black Holes and Anti-Matter shorten real spacetime distances. 

VI I . The Freeman Dr ive 

In accordance with proposition V, the concept of the freeman drive is now presented.  If 

we consider the preceding paragraph, if the black hole were to be moving at a speed v0 in 

the same direction as the particle and the center of the black hole were to be placed just in 

front of the particle, the particle could travel from one place to another in a lot less time 

than if the black hole were not present.  

 

If the particle is replaced by human beings in a container and the black hole is replaced 

by a chunk of anti-matter, than we would have something that is important for travel.  I 

call this invention ÔThe Freeman Drive.Õ  The container is any kind of passenger vehicle 

and the engine for this vehicle (like the engine for a car) is a chunk of anti-matter that is 

not stationary and moving Ôjust in frontÕ of the container at the same speed and in the 

same direction as the container and its passengers.  

 

One way to consider the feasibility of  Ôthe Freeman DriveÕ and test the theories in this 

paper is to pass a photon through a stationary anti-hydrogen atom and see how it is 

affected.  From the theories in this paper, the photon will enter and exit the anti-hydrogen 

atom unscathed but will arrive at its destination in a shorter time than if the anti-hydrogen 

atom were not present.  This brings up the issue of how much anti-matter creates how 
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much negative spacetime curvature or how much negative spacetime curvature creates 

how much anti-matter since the two are intrinsic to each other.  There would have to be 

enough anti-matter that the arrival time for the photon is measurably smaller.  What 

quantity this is has not yet been determined but can be calculated using the equations 

presented in this paper.  Another experiment is to measure the amount the photon is 

deflected and it is exactly the amount from the experiments that have been performed 

before for general relativity but in the opposite direction.  So the photon is not Ôbent inÕ 

by the gravitational pull but it is Ôbent out.Õ 

 

VI I I . Mathematical Form of "   

An ontological meaning has been attributed to " but it needs to be given some 

mathematical formalism.  From special relativity, proper time ! is related to time t by: 

 

! 

" = t * 1#
v
2

c
2

.        (57) 

For the parameter ", ! is going to be positive from zero to ninety degrees and from 270 to 

360 degrees and ! is going to be negative from 90 to 270 degrees.  So ! = t * cos(").  

Relating cos(") to (57) gives: 

 

!  

cos(" ) = 1#
v
2

c
2

.        (58) 

Relating spacelike proper time 

!  

" SL to timelike t by using the Lorentz factor from (24) in 

section III, 

 

!  

" SL = #t * 1#
v2

c2
.        (59) 
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So, 

 

!  

cos(" ) = ± 1#
v
2

c
2

.        (60) 

depending on whether the proper time is spacelike or timelike. Using the standard 

trigonometric identity 

!  

sin2(" )+cos2(" ) =1, we have 

 

!  

sin(" ) =
v
c

         (61) 

and 

 

!  

tan(" ) =
v /c

± 1#
v2

c2

.        (62) 

Further, a rotation R for David HestenesÕ spacetime algebra (STA) can be defined as: 

 

!  

R = ei" = cos(" ) + isin(" ) = ± 1#
v
2

c
2

+ iv /c.    (63) 

and a rotation 

!  

R
~

 can be defined as: 

 

! 

R
~

= e"i# = cos(#) " i sin(#) = ± 1"
v2

c2
" iv /c    (64) 

where

!  

RR
~

= R
~

R=1.          

If " is 180 degrees for the positron and we make the substitution * = "/2 = ninety degrees 

in equation (63), then (63) = i  and we have the positron plane wave contribution to (49) 

and (52) from section V. 

 

Also, from David HestenesÕ paper, we can now give an alternative physical definition to 

the divergence equation for the vector spin density as: 
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!  

" ¥(#s) = $m#sin(%) = $m#v /c.      (65) 

I am not sure what the physical significance of (65) is but perhaps the alternative form of 

the equation will reveal something about its physics.  We now know that the divergence 

of the spin density when the particle is ÔlightlikeÕ is -m+ since v = c. 

   

IX. Backwards in Time? 

An anti-particle moving backwards in time with a proper time -# is elicited from the time-

dependent Schršdinger equation (53) and from the real Dirac equation and negative 

energy.  This is because of the term +iEt /  

!  

h in the plane waveform solution for the 

positron (52).  If a particle moves forwards in time via -iEt /  

!  

h, then an anti-particle 

moves backwards in time via +iEt /  

! 

h. 

 

A particle and its anti-particle are not two separate entities.  An anti-particle and a 

particle are two different states of the same entity.  The Dirac equation for a single 

particle electron predicts four different states for that electron.  It does not predict four 

different particles.  From particle physics, it may Ôseem likeÕ the electron and the positron 

are two different particles.  But they are not.  So we can say that a particle and its anti-

particle are one and the same.  An anti-particle moving backwards in time with a proper 

time -# is the same as its particle not moving forwards in time.  A particle moving 

forwards in time with a proper time # is the same as its anti-particle not moving 

backwards in time.  So when the anti-particle becomes active, the particle becomes 

inactive and vice versa.  So when the anti-particle has a negative energy ÐE, its particle 

has an energy of zero and when the particle has an energy E, its anti-particle has a 
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negative energy of zero.  Note that this is not necessarily absolute.  If a particle has some 

energy EÕ < E, then its anti-particle has negative energy EÕ Ð E but this may not be 

observed in nature because energy is quantized. 

 

Proposition VI:  A particle and its anti-particle are different states of the same entity.  

Because of this, energy E and proper time ! are exchanged between the particle and its 

anti-particle depending on the state of the entity. 

Proposition VII:  An anti-particle moving forwards in time along its imaginary time axis 

is equivalent to that anti-particle moving backwards in time along its real time axis. 

 

 

Imaginary 

time-axis 

 

 

                 

                 time-axis 

Figure 7:  Diagram showing an electron becoming a positron and then becoming an 

electron again.  While the electron is a positron it suspends the electron from moving 

forwards along the time axis.  Note that the positron moves forwards along the imaginary 

time axis which is orthogonal to the real time axis. 

 

 

                                                  e- 

                                       

                   e-               e+ 
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X. The Anti-Hydrogen Atom 

As was mentioned before in this paper, the anti-atom is a physical analog for a black 

hole.  Consider the anti-hydrogen atom.  The anti-hydrogen atom has a positively charged 

positron that orbits a negatively charged nucleus.  If we use the plane wave equation for 

the positron (52) and the Dirac equation to solve for a Coulomb  potential, we can come 

up with the equations for the anti-hydrogen atom.  While that has not been done here, this 

paper proposes that the form of the anti-hydrogen atom will have the same form as a 

black hole, that it will have an imaginary radius ir, be pseudo-spherically symmetrical 

and have a hyperbolic geometry and a negative spacetime curvature.  The anti-hydrogen 

atom is a miniature black hole. 

XI . General Relativity 

For the time being, let us not consider the cosmological constant or the Big Bang Theory 

and focus on the physics of general relativity as it relates matter to spacetime curvature.  

It is left as a future exercise to incorporate CSA into general relativity.  General relativity 

stems from the concept of a ÔtimelikeÕ geodesic in the gauge theory of gravity (GTG) 

taking on the form: 

 

!  

ds2
= dx2

+ dy2
+ dz2 " c2dt2.      (66) 

This ÔtimelikeÕ geodesic has a positive spacetime curvature and positive energy as it 

relates to the stress-energy tensor.   

Now consider the ÔspacelikeÕ geodesic: 

 

!  

ds2 = " dx2 " dy2 " dz2 +c2dt2.      (67) 

From CSA, relating the ÔspacelikeÕ geodesic in (67) to the stress-energy tensor in general 

relativity will reveal a negative spacetime curvature and a negative energy.  Of course, 
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this is all assuming that a flat Minkowski spacetime or flat spacelike spacetime can be 

used as the geometry for general relativity.  This was a point of contention for Einstein 

and PoincarŽ but from the work of David Hestenes and the Cambridge group [8][9] on 

the gauge theory of gravity (GTG), a flat spacetime can be used in general relativity if 

one asserts that spacetime is homogeneous and isotropic. 

 

XI I . Conclusion 

In no way is this paper trying to suggest that one can move backwards in time or that an 

H.G. Wells time machine can be constructed.  Traveling backwards in time is 

paradoxical.  That is why in section V it was pointed out that a particle moving through 

all angles of state changes in spacetime never in fact goes into the past.  It never goes 

below the plane in the light cone that defines the Ôhypersurface of the present.Õ  In section 

IX, it was further explained how an anti-particle moves backwards in time and how that 

does not imply that particles move backwards in time.  An anti-particle moving 

backwards in time is the same as a particle not moving forwards in time or moving along 

the Ôhypersurface of the presentÕ from the Minkowski light cone.  Time can be suspended 

for the particle but it cannot be reversed. 

 

The most salient feature of this paper is that it gives an ontological meaning and shows 

mathematically how compressed spacetime, anti-matter and black holes are real as they 

relate to quantum mechanics, the Dirac equation, Lorentz covariance and relativity.  

Black holes (past the event horizon) and anti-matter have these properties: 

1. a ÔspacelikeÕ Minkowski spacetime 
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2. they are Lorentz covariant with respect to the Lorentz transformation 

3. an imaginary radius ir 

4. a negative spacetime curvature 

5. they are pseudo-spherically symmetrical 

6. a hyperbolic geometry 

7. a negative energy ÐE 

8. a negative proper time -# 

and last but not least É  

9. they shorten real spacetime distances 

The most important point this paper makes is that a particle and its anti-particle are 

different states of the same entity.  This paper also gives an ontological meaning and 

mathematically solves for the mysterious parameter Ô"Õ that is elicited from the real Dirac 

equation. 

 

Physics is most beautiful when it is simple and elegant.  This paper takes a phenomena 

that is viewed as a Ôcosmological dumping groundÕ and gives it a geometry that is more 

easily digestable. The solutions for anti-matter primarily stem from original thoughts 

towards black holes.  Everything in nature that is cosmological in scale has a smaller 

analog.  The planet orbiting a star has the analog of an atom.  For the black hole, its 

analog is the anti-hydrogen atom. 
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