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Prevailing views in physcs towards anti-matter and black holes are incomplete and
inaccurate because the geometry of anti-matter and black holesis misundestood By
giving a clear and complete ontological and mathematical solution to anti-matter and
black holes and describing the correct geometry, this pgper improves uponexisting
physcs undestanding and research. Anti-matter is proven mathematically to
intringcally have a negative spacetime curvature, to exist in a @pacelikeOMinkowski
spacetime as oppoed to a GimelikeCor GightiikeOMinkowski spacetime, to move
backwardsin time with a prope time -7 and to have negaive energy -E. Also, by solving
mathematically for the Gnysteriousparameter fCelicited from David HestenesCreal Dirac
equdion, it is revealed that g differentiates between the GpacelikeQ Gimelikeband
dightikeCstates of a particle and in fact describes what hgppensat and past the event
horizonin ablack hole as a paticle traverses throughit. Thisreinterpretation of anti-
matter and black holes isreferred to as the 0Theory of Conpressed Spaetime for Anti-

matterOor CSA for short.
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l. I ntroduction

When Schwarzschild discovered black holes as beng a consequence of generd relativity,
he made certain assumptionsaboutthe geometry of ablack hde. Hisdiscovery was
based on ablack hole having a spheica geometry and areal radiusr. Thedengty of a
black hole was foundto be so massive tha at a certain radius the Schwarzschild radius
not even lightwaves could escapethe gravitationd pull of the black hole. To thisday,

this conception of wha ablack holeis has remained.

This pgoer casts anew lightonwhat a black holeredlly is and mathematically and

geometrically revealsitstruenaure. A black hole has a pseudo-spheicaly symmetrical



and hypebolic geometry and the Schwarzschild radiusisin fact an imaginary ir. Thee
are phenomenain physcstha have the same geometry, the anti-particles and anti-atoms
tha make up anti-matter. Jud as a plang orbiting a star has the physca andog of an

atom, a black hole hasthe physcal andog of an anti-atom.

[I. TheAnti-ParticleIn A Box

Any college student who takes a beginning quantum mechanics course is probably
familiar with the @article in a Box with a Finite BoundayOproblem. In this problem, a
free patticle existsin aboxof length L. At theboundaies of thebox, thereis a patential
Vo and the particle can extend past the boxinto this potential region where it
exponantialy attenuaes beneath the potential. It attenuaesrapidly to Cleat 1/a
assuming awaveform

= C* exp (ax) )
a theleft bounday (-L/2) and

P =C* exp (-ax) (2)
at therightbounday (L/2). Thewaveform for theparticle contained intheboxis

Y =B* cos(kx). (3)
By matching bounday conditions the condraint equédion

k* tan (kL/2) = a (4)
isderived. Heretheeven paity solutionfor the @articlein aBoxOsused. There exists

an odd parity solutionaswell but it isnotconsgdered here.
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Figure 1. TheAnti-Particlein a Box

Now congde the exact opposte problem as depicted in Figure 1. Consder apaticle
trappead beneath some potential Vo in aboxof length L. The particle has some energy E
< Vo. Attheboundaies of thebox, thetrapped particle has the chance of escaping its
prison and becoming afree paticle. Sowe have threeregions In Regionsl andlll, we
have afree paticle with a standad waveform of

Pim =B* cos(kx). (5)
Inregionll, we have atrapped paticle with a waveform of

W =C* exp(axX) + C* exp (-ax). (6)
Using thehypebolic cosineidentity cosh('x) =(e™* +¢e**)/2 to replace the
exponantial fundionsin region|l, ¥, becomes

P, =2C* cosh (ax). (7)
By matching bounday conditionsat x = -L/2 andat x = L/2, a symmetrical condraint
equaion

k* tan (kL/2) = a* tanh (-aL/2) (8)

isderived. Thisisthe same as equdion (4) butwith theadded term tanh (-aL/2).



A numbe of significant observationscan bemade

Theanomaly of theexponentialy attenuaing paticleis given aphysca and
mathematica significance throughthe hypeabolic coaneplanewaveform. Inthe
(Particlein a Box(problem, it is undear where the attenuaing portion of the
paticleinregionsl andlll attenuaesto. Since it never goesto zero, it continues
forever. Thisdoes notmake sense. Inthe @\nti-Particlein aBox(problem, the
attenuding paticleinregion |l does not continueforever because it is met at the
other bounday by the other attenuding particleinregion Il hence forming the

hypeabolic cosne planewaveform.

. Because thewaveform in region || for the @nti-Particle in aBox(s hypeabolic in

nature, it has a negative spacetime curvature since hypeabolic geometry has
negdive curvature. If this problem is extended to thethree dimensond G\nti-
Particle in a CubeCthe space occupied by the anti-particle is pseudo-spheically
symmetrical aswell.

Because the anti-paticle attenuaes to C/e after only 1/« into thebox, thelength L
of thebox containing theanti-particle is compressed to roughy 2/a or 2/k.
Because of the negaive spacetime curvature, thespace L is compressed to amuch
smaller value For the3-D GAnti-Particlein a Cube,the space L® is compressed

to about8/a® or 8/,

(Infact, integrating 2C* cosh(ax) from£L/2 to L/2 yieldsthe exact result 2/k

with k= na/lL andC=! andequdion (10) bdow.)



IV. Totakethisastep further, consde tha the potentia Vy is actudly equd to zero.
Then theenegy for theanti-particle is negaive and theanti-particle is not trapped
butis afree particle with negative energy. Then at the boundaies of thebox, the
anti-paticle can become itsinverse particle with postive energy. Let usgointo
more detail:

Mathematically speaking, we know from the @article in a BoxCQproblem that

" :1/2m(\/0# E) k_w/ZmE )
h " h

If thepotential energy Vo iszero, then™ in (9) becomes

. _~[2m#E) _iv2mE _
=¥ =

ik. (10)

Because of the hypeabdic identity tanh(x) = "itan(x), therighthand-side of
equaion (8) becomes

atanhtal /2) = -iataniol /2) = -i(ik) tan¢i (ik)L /2)
=ktankL/2)

(11)
which is precisely the same result as theleft-hand-side of equaion (8)! Isthisjug
some strangecoinddence? By assigning a hypebolic coanewaveform solution
to the @\nti-Particle in a Box,Owe have derived a condraint equaion that the anti-
paticle has the same energy levels as the paticle but tha theanti-particle energy
levelsare all negative. Per thecondraint equaion (8), E = 72°k?/2m for the
particle but E =-h?k?/2m= h’a? /2mfor the anti-paticle.

V. An anti-paticle has ahypeabolic coanewaveform alongthereal x-axis (even

paity case) or it hasanarma cosnewaveform along theimaginary x-axis. This

is because cosn(x)=coqix). Likewise, apaticle hasanomal waveform alongthe



real x-axisor it has ahypebolic coanewaveform alongtheimaginary x-axis. At
abounday an anti-particle can becomeits particle or vice versa.

VI. The@nti-Particle in a Box(Qproblem has a direct impact on quantum tunnéing.
When apaticleisat abarier, it becomesits anti-particle. Theanti-paticle
tunndsthroughthebarier to the other sde  On the other side of the barier, the
anti-particle becomesits paticle. To tunné through thebarier, the anti-paticle
uses negdive energy BE and moves backwardsthroughtime with prope time -#.
Thiswill beexplained in Section IX.

l1l.  The Unexpected Lorentz Transformation

And now for something completely different. By using aframe K&tha moves backwards
alongan x-axis and atime-axis with respect to a stationay frame K, theLorentz
trandormation equaionsare re-derived. Thisisimportant to establish Lorentz
covariance for the @pacelikeGspacetime that will be described in the next section. This
derivation is andogousto Eingein@ for specia relativity in appendix 1 of [4] for
Minkowski spacetime.

Beginning with Bx = -ct we obtain:

-Xx+ct=0 (12)
Then we have:
xOt ctO= A(-x + ct). (13)

Congdering a third frame which moves aongthepostive x-axis, we then have:
xOr otO= p(x + ct). (14)
Now adding and subtracting (13) and (14) yields

-xO= ax- bat (15)



and

ctO= bx - act (16)
where

a=(-A- L2 (17)
and

b=(-A+ u)/2. (18)

By settingxO= 0in (15), we can calculate theingantaneousvelodity of KOes

v = dx/dt= bda. (29)
By taking a @ngpshotOof KOfrom K and settingt = 0in (15), we obtain -xO= ax. So

Ax= 1(-a). (20)
By taking a @ngpshotOof K from KOand settingtO= 0in (16), we obtain

t = bxac= vx/c’. (21)
Subbing back infortin (15) yields

-xO= ax(1 B(bda)(v/c?) = ax(1 DVA/cP). (22)

AxO= (-a)*(1 DVAIC). (23)
Setting Ax (20) equd to AxQ(23) yields
G a)2 L Ca)= = (24)
1" 1"

Note tha (24) isnegative. So (15) becomes



(x" vt)

X'= (25)
2
1Il L
CZ
and (16) becomes
t'=a*((bc/a)* (x/c*)" t)
VX
tll o
e ( Cz) . (26)
2
R
C
Alongwith
-yO= -y, yGy (27)
and
-20= -z G2, (28)

we have re-derived the Lorentz trandormation equationsbut have reveaed a negdive
Lorentz factorin (24). Thenegative Lorentz factor isimportant because it yields
negative energy and negaive prope time. Thereade should further consder that
Eingein® derivation could have been arrived at usngimaginary space and time axes.
Thederivationwould notbe any different other than the

subditutionsx" ix,y" iy,z" izandt" it, butthederivationwould beandogousto
thederivation in this pgoer because moving forwardsalongan imaginay axis relates to
moving backwardsalongarea axis.

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

get -xO= -ctOWe know Lorentz covariance will hold truefor a spacetime that is based on

real axes moving forwardsintime. Wha isimportant isthat Lorentz covariance has been

proven for an unexpected case, that of real axes moving backwardsin time. This case



describes another spacetime that is Lorentz covariant with respect to theLorentz

trandormation which is discussed in thefollowing section.

V. ‘'Spacelike' Minkowski Spacetime

Consder two equaionsthat are significant for Minkowski spacetime and the Lorentz

trandormation. Thefirst equaionwhich characterizes a Lorentz trandormationis:
xB+ yB+ 2BbctB= ¢ + v + Z Dt (29)

If thisequaionisreformulated in terms of all postive generic co-ordinates { X1,X2,X3,Xa} ,

we have
Xy = X (30)
Xp =y (31)
X3 = Z (32)
X4= ict (33)

which bringsusto our next equaion representing the Lorentz trandormationin (29)
1B+ %8+ xB+ x,B= X% + X2+ X2+ X4°. (34)

This equaion has an orthonomal set of basis vectors {X 1, X2, X3, X4} which definea

L orentz covaiant Minkowski spacetime. Now multiply each of these basis vectors by an

imaginary numbe ontherighthand-sidewhich is equivalent to multiplying both sides of

1C



(29) by negaive one By doing so, we have defined awhole new set of orthonomal

basis vectors{X 1, Xz, X3, X} Which are:

X; = iX (35)
Xp = 1y (36)
X3= iz (37)
X4 = -Ct (38)

This new set of orthonomal basis vectors describes a L orentz covariant GpacelikeO

spacetime as:

XB-yB- 28+ ctB=- X -y - Z +ct° (39)
and

ds’ = -X* By B +ct° (40)
and

ds’ = X2 +30° + X2 + X% (41)

Equaions(39),(40) and (41) define a &udideanfour-dimensond coninuum Equaions
(40) and (41) also represent the gendesic for spacelike spacetime where (41) uses the
basis set from (35-38). We will see later in this pgpe how (40) and (41) describe
shortened spacetime distances because of particle interactionswith black holes and anti-
matter. For a co-ordinate trandormation from timelike spacetime to spacelike spacetime,
the spacelike co-ordinae equdsi times the Minkowski co-ordinate. Likewise, the

Minkowski co-ordinate equds B times the spacelike co-ordinae. So, X, =i1* X, and

—_— I
="|*

XTL XSL'
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Note how (39) and (29) relate to each other. All of the space co-ordinaes for (39) are
imaginary and thereal time co-ordinae for the @pacelikeOspacetime is the opposte of
theimaginary time co-ordinae for the Minkowski spacetime. Therea and imaginary
features of the spacetime have been flipped to create a @pacelikeOspacetime. Because all
of the space co-ordinaes are imaginary, the GpacelikeOspacetime is a space tha is
pseudo-spheically symmetrical and hypebolic in nature and has a negaive spacetime
curvature. The @pacelikeGand Minkowski spacetimes are orthogoné to each other

where the @pacelikeGspacetime is theimaginary part for thereal spacetime. So E

M* = Re{ MY + Im{M™ (42)

Also note how equations(35-38), (40) and (41) can beused to describea pseudo
sphaical hypeabolic geometry such astheKlein modd, the PoincarZ disk modéd, the
hypeaboloid modd or theMinkowski projective space. Consder adistance for aunit
pseudo-sphae measured in radians between two vectors u and v in these geometries as.

B(u,v)
Q(U)Q(V)

Notice tha B(u,v) isjud thedot produd of two vectors u and v tha use thebasis set from

d(u,v) =arccos( ) . (43)

(35-38) and Q(u) and Q(v) are equivaent to thegeodesic in (40). Sothereisahamonic
fit between the GpacelikeGspacetime defined by (35-38),(39), (40) and (41) and existing
pseudo-spheical hypeabolic geometries. Further congder tha the distance for aunit
sphae measured in radians beween two vectors u and v for Minkowski spacetimeis:

_ B(u,v)
d(u,v)= 44
(I/l V) arCCOS(m) ( )

12



Here we have two vectors u and v defined on a Minkowski spacetime usng thebasis set
from (30-33). Thesymmetry between (43) and (44) iselegant. Further, (44) describes
thedistance traveled donga sphae with areal radiusr and (43) describes the distance
traveled alonga pseudo-spheae with an imaginay radiusir. (For aunit sphae, r = 1.)
Let ussimplify thisabit more. If we say that u and v are unit vectors and consder
motion only alongthex-axis, then we have a @imdikeQength of traversal of:

L,, =arccosf,x," c¢’tt,). (45)
Now if we paform a co-ordinae trangdormation from timelike co-ordinates to spacelike

co-ordinaesin (45), we have:

x"ix
t" it (46)
L" iL
which yields
L, =arccosi(c’tyt," x,x,) (47)

which isthe spacelike length of traversal.
V. TheReal Dirac Equation

Therdativistic classical Dirac equaionfor asingle paticle electron predicts four
different states for the paticle because of thefour Dirac matrices. Two of these states
have postive energy E corresponding to two different spin states for the electron (spin up
and spin down) and the other two have negative energy £EE corresponding to two different
spin states for the postron (spin up and spin down.) By reformulating the Dirac equéion
in terms of a Spacetime Algebra[STA] or Clifford Algebra, David Hestenes came up
with thereal Dirac equéaion. Therea Dirac equaion eliminaesimaginary numbers from
the equaion by replacing them with ageometrical inng produd butfor more information

13



ontherea Dirac equaion refer to David HestenesGsemind papers[1][2]. Anyways, by
reformulating the classical equéaionin terms of adifferent algebra, some new things
come out of theequaion. First, condder David HestenesQequaionstha he comes up
with as postive energy planewave solutionsto thereal Dirac equaion for theelectron
and the postron.

His planewave solution for the electron (for onespin state) is.

" #:\/gRoe#ip¥X/h . (48)

His planewave solution for the postron (for onespin state) is.
v = AR PN (49)
+

The problem with (49) istha it is nota solution of thetime-independent Schrsdinger
equaion (54) for anegaive enegy state. Fromthe classical Dirac equédion, we know
tha postronshave negative energy. Also, in David HestenesOpaper [1], negdive energy

is predicted by theequaion

p= mve P, (50)
If fisequivalentto 180degrees, then

p=-nv (51)
corresponding to thepostron. By enforcing two condraints, we come up with an
aternaive planewave solutionfor the postronto thereal Dirac equdion. First, the
spece pat of thesolution mug behypeabolic. Second,the solution mug be anegdive
energy solution to thetime-indegpendent and time-dependent SchrSdinge equaions By
enforcing these two conditions we come up with the planewave solution for the postron

as.

14



1P+ — \/;(lRO)eiax +lEt/h (52)

where a=ik asin section |l equaion (10). Note tha if we make the subgitution a=ik

in equaion (49), equaions(49) andthe-a form of equaion (52) are equivaent. So
while (49) isa solutionto thetime-dependent Schrsdinge equdion for anegaive energy
solution, it is not a solution to thetime-indgoendent Schrsdinge equaionwhere (52)isa

solutionto both. Here we use thesmple 1-D version of thetime-dependent Schrsdinge

equdion:
n 2 2
h"d #; =ih d# (53)
2m dx dt
and the time-indgpendent Schrsdinge equation:
"h* d*#
— = 54
2m dx? 4)

Why is (52) significant? If we look at thewaveform for (48) , we have somethingthd is
snusidd and spheically symmetrical. Thewaveform for (49)is sinusidd butitis
peudo-sphaicaly symmetrical because theradiusisimaginary: iR, (relating i
geometrically to Ry.) But (52)is hypebolic because thei for the space part has been
eliminated fromthe supeascript of eandit is pseudo-spheically symmetrical because of
itsradiusR=1Ry. Theimportance of being bath pseudo-spheicaly symmetrical and
hypebolic istha these are both characteristics of a spacelike spacetime tha hasa
negdive curvature. A hypebolic geometry has negaive curvature. A pseudo-spheae has
negdive curvature. Thereal question is @oes a pasitron have postive energy or negdive

energy?01t has negative energy.

1t



Geometrically relating i to Ry isreinforced because (52) is Gpacelike.OIf (52) is

Gimelike,Cthen theradiusR will take theform:

R=1/x2+y2+zz. (55)

However, (52)is @pacelike,Oso theradius R takes the form:

R=+/(ix)% +(iy)? +(i2)? =iy/x2 +y2 +22. (56)
Thisleadsto a clearer geometrical and conceptud interpretation of a pseudo-spheical
hypebolic geometry such astha referred to in section1V. Animaginay radiushas a
direct physcal interpretation but anegative radiusdoes not jug asimaginary time cannot

be conaeptudized but negative time can.

If (54) describes negative energy, then planewave solutionsfor theanti-particle are going
to be of theform A*sinh(ax) and B*cosh(ax) or of theform (52). If (54) describes
postive energy, then planewave solutionsare going to of theform A*sin(kx) and
B*cogkx) or of theform (49). Of course a = ik for anegaive energy solutionas seenin
section |1, butwha isimportant is we have a hypeabolic negdive energy solutionto the
time-indgpendent Schrsdinge equaion (54) for some as yet unddermined condant c.
Thisisbecause " h? /2m* (ik)* (ik) is postive for postive energy in (54) but

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

Of course, " 1% [2m* (#)* (#) is postive for (53)if we condder tha « = ik butfor
negdive energy this requires anegaive righthand-side of thetime-dependent (53) which
both (49) and (52) yield. Hence both (49) and (52) are solutionsto thetime-dependent

form of the Schrsdinge equaion for negative energy which aso questionsthevalidity of
16



clamingthat (49) isapostive energy solution. Only waveform equaionsof theform
I(px DEt) andi(-px - Et) are postive energy solutionsto thetime-dependent equation.
Equdionsof theformi(px + Et) andi(-px+ Et) are negaive energy solutions Equéion
(49) isof theform i(-px+ Et) so it isanegative energy solution. Thisfurther reinforces
the mathematical form of (52) as bang correct since if (49) isanegaive energy solution
to (53) then it mug bea negative energy solutionto (54) aswell and theonly way tha is
posibleisif (52)isusd. Theplanewaveform solutionsare important as well because
they relate to the Lorentz trandormation from section I11. The plane waveforms px-Et
and Bpx-Et relate to Eingein® deivation. The planewaveforms px+ Et and Bpx+Et
relate to thederivation in this pgoer which reveals anegative Lorentz factor for a

spacelike spacetime.

From quantum mechanics, we have further that thekinetic energy E = p/2m This
presents a problem if the momentum is negative and theenergy is negaive aswell. The
only way to resolve tha isto say that themomentum isimaginary or tha themassmis

negative or if we consder thedternaiveform E =1 (-mv)v for thekinetic energy and

themomentumisasin equdion (51). What thisrevealsistha sometimes a different
form or areinterpretation of the same equaion can reveal something aboutthe physcs
tha ishidden. Similarly, equdion (52)isjud adifferent form of (49) butnew physcsis
revealed by the structure of (52). Thenew physcsistha theequaion describesa

hypebolic and pseudo-spheica geometry for anegaive energy solution.
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From the @\nti-Particle in a BoxQproblem in section |1, negative energy is required to
changeaparticle into its anti-particle state for a patential energy of zero andfor that anti-
particle then to exponentially attenuae into aregionit should nat bein. Soin sectionll
we see this negdive energy for the anti-particle and we see this anti-particle take on a
hypebolic waveform. Similarly, (54) describes a negative energy for the anti-paticle
and a postive energy for the paticle and since (52) is both pseudo-spheically
symmetrical and hypebolicin space, it describes the correct geometry for the postron

and is the correct waveform.

The Mysterious Parameter '

Oneof themost significant discoveries of David HestenesCreal Dirac equaionisthe
mysteriousparameter BJ2]. We have already seen this parameter in (50). When Bis
zero degrees, we have a postive momentum mv and postive energy corresponding to an
electron. When g is 180degrees, we have a negdive momentum Bmv and negaive
energy corresponding to apostron. g aso patialy deermines theform of theplane
wave solutionto thereal Dirac equation because part of thesolutionis €/?. When Bis
zero, the planewave solution contributionis 1. When g is 180degrees, the planewave
solution contributionisi and we see this contribution in equaions(49) and (52). This
would suggest tha at thevery least, g differentiates between the plane wave states of an
electron and apostron. Thetheory aboutthetruephyscal naure of the parameter B0is
now given. There may besome redundancy in thefollowing material butit isimportant
to show how g relates to state changesin different contexts. There are three different

contexts. First we jus describewha hagppensto a paticle as the paameter changes.

18



Next, we discuss how the Minkowski light conerelates to the state changesand a
spacetime circleis defined that is supa-imposed on the lightcone Lastly in section VI,
we describe how the paameter changes relate to a particle traversing througha black

hole.

Propostion 1: @Q's a parameter that differentiates between the @imelikeQ GightlikeGand

QpacdikeOstates of a particle.

When g is zero degrees, we have a @imelikeQparticle moving with prope time# When
S moves from zero to ninety degrees, the paticleis still @imelikeGand accelerating
towardsthe speed of light. When Sis ninety degrees, the patticleis QightikeCandits
mass has been completely conveated into energy. When g moves from ninety degrees to
180degrees, the anti-particle is @pacelikeGand being decel erated from the speed of light
to an anti-particle moving with prope time -#at 180 degrees. When S moves from 180
degrees to 270degrees, theanti-particle is @pacelikeQand being accelerated towardsthe
speed of light At 270degrees, the anti-particle again becomes GightlikeCand the anti-
mass is exchangead for energy. From 3 equds 270degrees to 360degrees, theparticleis
@imelikeCegain and decel erating from the speed of light back to moving at its prope

time#

19



Gimeiked

Gpaceliked

I

Mypersurface of the presentd

Figure 2: TheMinkowski light conesupea-imposed with the parameter

Congder alight conein Minkowski spacetime asin figure 2. Any point within thefuture
light coneis going to coincddewith areal radiusr. Any point outside of the future light
coneis goingto have an imaginary radiusir. So anything within thefuture lightconeis
going to bespheically symmetrical while anything outside of it is going to be pseudo
sphaically symmetrical. When the particle moves from being @imelikeCto Gpacelikelto
dightlike,Ctheradius becomes imaginary and stays tha way until the particle moves back
from QightikeCto GpacelikeCto Gimelike.O Of course, when the particle is GightlikeGit

does not have aradius because the spacetime is flat.
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Figure 3: TheSpaetime Circle

Now consder acircle tha describes the movement of the parameter GBOfrom zero
degreesto 360degrees asin figure 3. Zero degrees will correspondto the postive x-axis
of thecircle and ninety degrees to the postive y-axis. Now align the postive x-axis of
this circle with the postive time axis of thelight conefromfigure 2 and the postive y-
axis with avector dongthefuturelight coneat 45 degrees and center the origin of the
circle with theorigin of thelightcone Now thecircle that describes 5 describes the
changing of the state of the particle in the spacetime for thelightcone As f goesfrom
zero to ningty degrees, the particle moves from the postive time axis to thefuture light
coneand becomes Qightlike.OAs S goes from ninety degrees to 180 degrees, the anti-
paticle moves fromthefuture light coneto the Giypersurface of the present. O As g

moves from 180 degrees to 270degrees, the anti-particle moves from the Gypersurface
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of the presentOback to the future light conewhere it becomes QightlikeCagan. From 270
degrees to 360 degrees, the paticle moves from the future light coneback to thepostive
time axis. Note tha while the patticle took on different states, it never moved

Gackwardsin time.O1t was always at or abovethe Gypersurface of the present.O

h

Gpaceliked Qightiked Gimeliked

Figure 4: Spaetime squares. These can all beextended to spacetime cubes.

Figure 5: High energy spacelike square
VI. TheMotion of a Particlethrough a Black Hole

So wha have we done€” Why isthiscircle that describes the sweeping out of the

paameter g physcaly significant?

Propostion|l: Sweepingtheparameter S fromzero degreesto 360degrees describes

the state changes for a particle asit approades, enters andleaves a black hole.

Propostion|ll: At the event horizon of a black hde, the black hole becomes Gightiike.O
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Propostion1V: Ingdetheevent horizon of the black hole, the black hole is pseudo
spheically symmetrical, hyperbolic and @pacdlikeGcorresponding to a negative

spacetime curvature.

Consder a paticle floaing throughspacetime approaching a black hole. Thepaticleis
initially stationay with its prope time# As 8 moves from zero to ninety degrees, the
paticleis accelerated fromrest towardsthe speed of lightat theevent horizon. At ninety
degrees, the particle reaches the event horizon and becomes Qightlike.OFrom g equds
ninety degreesto 180degrees the anti-paticle is decelerated from the speed of light to its
prope time-# At 180degrees, theanti-paticleisat the center of theblack holein the
@ye of thestorm.O From 180 degrees to 270 degrees, the anti-particle is accel erated back
towardsthe speed of light and towardsthe event horizon on the opposte side of the black
hole fromwhich it entered. At 270degrees, the anti-particle becomes Qightikebeagan at
theevent horizon. Past 270degrees, the particle decelerates from the speed of lightasiit

leaves the black hole andis agan at rest with its prope time #
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pseudophae

Figure 6: Themotion of an electron asit approades, enters andexits a black hole.
Before entering and after exiting theblack hole, the velodty of the electronis undhangel
in both magnitudeanddirection (before being accel erated and after beng decelerated
fromthe speed of lightthatis) Bear in mind that the electronis moving at the speed of

lightonee it reaches the event horizon and uponexiting the black hole.

Let usgivethis particle aninitial velodty vp before interacting with theblack hole. At a
point a in spacetime, the paticle beginsto be accelerated towardsthe black hole. At a
point b in spacetime on theother side of theblack hole, the particle will no longe be
interacting with theblack hole andwill agan haveitsinitia velodty of v, (given tha
there is always GomeQinteraction between two gravitationd bodies but theinteractionis
notsignificant.) Now let usconsde an identical particle with avelodty vo tha moves
from spacetime point a to spacetime point b but does notinteract with ablack hole. The

distance tha the paticle tha does notinteract with the black hole travels from point a to
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point b is going to be much longe than the distance traveled by the paticle that does

interact with theblack hole.

Propostion V: Black Holes and Anti-Matter shorten real spacetime distances.
VII. TheFreemanDrive

In accordance with propostion V, the concept of thefreeman drive is now presented. If
we consde the preceding paragraph, if theblack hole were to bemoving at a speed vp in
the same direction as the particle and the center of the black hole were to be placed jug in
front of the particle, the paticle could travel from oneplace to another in alot lesstime

than if theblack hole were not present.

If thepaticle isreplaced by human beingsin a container and the black hole isreplaced
by a chunkof anti-matter, than we would have something that isimportant for travel. |
cal thisinvention (The Freeman Drive.O The container is any kind of passenge vehicle
and theenginefor this vehicle (like theenginefor a car) is achunkof anti-matter tha is
not stationay and moving Qug in frontCof the container at the same speed and in the

same direction as the container and its passengess.

Oneway to condder thefeasibility of @Ghe Freeman DriveQand test thetheoriesin this
pape isto pass a photonthrougha stationay anti-hydrogen atom and see howit is
affected. Fromthetheoriesin this paper, the phobon will enter and exit the anti-hydrogen
atom un<athed butwill arrive at its destinaion in a shorter time than if the anti-hydrogen

atom were not present. This bringsup theissue of how much anti-matter creates how
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much negative spacetime curvature or how much negaive spacetime curvature creates
how much anti-matter since thetwo are intringc to each other. There would have to be
enoudh anti-matter tha thearrival time for the phaonis measurably smaller. What
guantity thisis has notyet been determined but can be calculated usng theequaions
presented in this pgper. Another experiment isto measure theamountthe phoonis
deflected and it is exactly the amountfrom the experiments tha have been performed
before for general relativity but in the opposte direction. So the phaonis not®entind

by the gravitationd pull butit is ®ent outO

VIIIl. Mathematical Form of g

An ontological meaning has been attributed to g but it needsto be given some

mathematical formalism. From special relativity, prope time risrelated to timet by:

T=t* 1—£ (57)
C2.

For the paameter g, Tisgaingto be pogstive fromzero to ninety degrees and from 270to
360degrees and T isgaingto be negdive from 90to 270degrees. So r=t* coqp).

Relating cogp) to (57) gives:

2
cos(") = 1/1;:”—2. (58)
C

Relating spacelike prope time "¢, to timelike t by usng the Lorentz factor from (24)in

section 1,

oL =Ht L IH—. (59)
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2
cos(’) = iw/l#v—z. (60)
C

depending on whether theprope time is spacelike or timelike. Using the standad

trigononetric identity sin®(")+cos (") =1, we have
sin()=Y (61)
c

and

tan(") = LCZ (62)

Vv
+.1# —
c2

Further, arotation R for David HestenesQspacetime agebra (STA) can beddiined as:

2
R=¢' =cos()+isin(")= 11{1#V—2 +ivie. (63)
C

and arotation R can bedefined as:

o 2
R=e P =cos@)-isin(ﬂ)=¢1/1-"—2 _iv/c (64)
C

whereRI;{: I;&R:L
If Bis180degreesfor the postron and we make the subditution y = /2 = ninety degrees
in equéion (63), then (63) =i and we have the pasitron plane wave contribution to (49)

and (52) from section V.

Also, from David HestenesOpaper, we can now give an aternative physcal definitionto

thedivergence equéion for thevector spin dengty as:
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" ¥(#H) =Im#sin(@) =$mAv / c. (65)
| am not sure what the physcal significance of (65) is but perhgpsthe aternaive form of
theequaion will reveal something aboutits physcs. We now know tha the divergence

of the spin densty when the paticle is QightikeOis-mp sincev = c.

IX. Backwardsin Time?

An anti-particle moving backwardsin time with a prope time -#is elicited from thetime-
dependent Schrsdinge equdion (53) and fromthereal Dirac equaion and negdive
energy. Thisisbecause of theterm +iEt / h in the planewaveform solution for the
postron (52). If aparticle movesforwardsin timevia -iEt/h, then an anti-paticle

moves backwardsin timevia +iEt / h.

A particle and its anti-particle are nottwo separate entities. An anti-paticleanda
particle are two different states of thesame entity. The Dirac equaionfor asingle
paticle electron predicts four different states for that electron. It does not predict four
different particles. From paticle physcs, it may Geem likeCthe electron and the postron
are two different paticles. Butthey arenot So we can say tha a particle and its anti-
paticle are oneandthesame. An anti-particle moving backwardsin time with a prope
time -#isthe same asits particle not moving forwardsin time. A particle moving
forwardsin time with aprope time #isthe same as its anti-particle not moving
backwardsin time. So when the anti-particle becomes active, the particle becomes
inactive and vice versa. So when the anti-particle has a negaive energy £E, its paticle

has an energy of zero and when the particle has an energy E, its anti-paticle has a
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negative energy of zero. Notetha thisis notnecessarily absolute. If aparticle has some
energy EC< E, then its anti-particle has negative energy ECDE but this may not be

observed in naure because energy is quantized.

Propostion VI: A particle andits anti-particle are different states of the same entity.
Becaus of this, energy E and prope time 7 are exchangel between the particle and its
anti-particle depending on the state of the entity.

Propostion VII: An anti-particle moving forwardsin time alongits imaginary time axis

Is equivalent to thatanti-particle moving badwardsin time alongits real time axs.

Imaginary

time-axis

time-axis
Figure 7: Diagramshowing an electron becomng a postron andthen becomng an
electronagain. Whiletheelectronisa postronit sugpends the electron frommoving
forwards alongthetime axis. Notethatthe postron moves forwards alongtheimaginary

time axis which is orthogonalto thereal time axs.
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X.  TheAnti-Hydrogen Atom

Aswas mentionead before in this paper, theanti-atom is a physca andogfor ablack

hole. Congde theanti-hydrogen atom. Theanti-hydrogen atom has a postively charged
postron tha orbits anegatively chaged nudeus If we use the planewave equaionfor
thepostron (52) andthe Dirac equaionto solvefor a Coulomb potential, we can come
up with theequaionsfor the anti-hydrogen atom. While tha has not been donehere, this
paper proposs tha theform of theanti-hydrogen atom will have the same form asa
black hole, tha it will have an imaginary radiusir, be pseudo-spheaically symmetrical
and have ahypebolic geometry and a negaive spacetime curvature. The anti-hydrogen
atomisaminiature black hole.

Xl. General Relativity

For thetime being, let usnot consder the coamological congant or the Big Bang Theory
and focuson the physcs of general relativity asit relates matter to spacetime curvature.
It isleft as afuture exercise to incorporate CSA into generd relativity. Genera relativity
stems from the conaept of a @imelikeCyeondesic in the gaugetheory of gravity (GTG)
taking ontheform:

ds® = dx? + dy? + dZ* " c?dt?. (66)
This GimelikeQgendesic has a postive spacetime curvature and postive energy as it
relates to the stress-energy tensor.
Now consder the GpacelikeOgeodesic:

ds” ="dx?" dy?" dZ* +c?dt>. (67)
From CSA, relating the @pacelikeOgeodesic 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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thisisal assuming tha aflat Minkowski spacetime or flat spacelike spacetime can be
used asthegeometry for generd relativity. Thiswas a point of contentionfor Eingein
and PoincarZ butfrom thework of David Hestenes and the Cambridgegroup[8][9] on
the gaugetheory of gravity (GTG), aflat spacetime can beused in generd relativity if

oneasserts tha spacetime is homogeneousand isotropic.

XIl. Conclusion

In noway isthis pgper trying to suggest that onecan move backwardsin time or tha an
H.G. Wellstime machine can becondructed. Traveling backwardsin timeis
paadoxical. Tha iswhy in sectionV it was pointed out tha a particle moving through
al angles of state changesin spacetime never in fact goesinto thepast. It never goes
bdow the planein thelight conetha defines the Biypersurface of the present.O1n section
IX, it was further explained how an anti-particle moves backwardsin time and how tha
does notimply tha particles move backwardsin time. An anti-particle moving
backwardsin time is the same as a particle not moving forwardsin time or moving along
the Gypersurface of the presentOfrom the Minkowski light cone Time can be supended

for theparticle butit cannotbereversed.

Themod salient feature of this pgoer isthat it gives an ontological meaning and shows
mathematically how compressed spacetime, anti-matter and black holes arereal asthey
relate to quantum mechanics, the Dirac equdion, Lorentz covariance and relativity.
Black holes (past the event horizon) and anti-matter have these propeties:

1. a@pacelikeOMinkowski spacetime
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2. they are Lorentz covariant with respect to the Lorentz trandormation

3. animaginay radiusir

4. anegdive spacetime curvature

5. they are pseudo-spheicaly symmetrical

6. ahypebolic geometry

7. anegaive energy EE

8. anegdive prope time -#
and last but notleast E

9. they shorten real spacetime distances
Themod important point this paper makes is tha a particle and its anti-particle are
different states of the same entity. This pgpe aso gives an ontological meaning and
mathematically solves for themysteriousparameter @CQthat is elicited fromthereal Dirac

equdion.

Phydcsis mog beautiful when it issimple and elegant. This pgper takes a phenomena
tha is viewed as a @osmological durmping grounddand gives it a geometry that is more
easly digestable. The solutionsfor anti-matter primarily stem from origind thoughs
towardsblack holes. Everythingin nature tha is cogmological in scale hasasmaller
andog. Theplanet orbitinga star hastheandog of an atom. For theblack hde, its

andogistheanti-hydrogen atom.
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