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Blak holes radiate [1℄. This Hawking radiation is generated from soureless

virtual vauum �eld �utuations of the vauum state of spaetime [2-6,21℄. The

radiated virtual partiles transmute into real partiles [2-6℄.

That blak holes radiate leads to the ontemplation that perhaps the las-

sial wisdom that nothing an esape from a blak hole is somewhat super�ial

[7℄. One might reasonably speulate that other kinds of virtual vauum �eld

�utuations exist whih an esape from a blak hole as well.

Virtual vauum �eld �utuations do also exist as exhange partiles, whih

onstitute the mehanism of quantum �eld interations in spaetime and are

governed by the rules of quantum �eld theory [13-17,20,22℄. Sine the loal

geometry of spaetime seamlessly ontinues as one rosses the event horizon

of a blak hole [2,3,5,9,28℄, quantum �eld interations ontinue in the rossing

[2,3,5,8-9℄. Messages and matter (and so virtual partile exhanges) an be

sent from soures outside a blak hole to sinks inside [3℄. Suh quantum �eld

interations persist among soures and sinks in a blak hole's interior [2,3,5,9℄.

Virtual vauum exhange �utuations di�er from Hawking radiation. Being

generated by a soure is one harateristi distinguishing these virtual exhange

partiles from the soureless virtual partiles of Hawking radiation. Further

unlike Hawking radiation, exhange partiles remain virtual and are not subjet

to diret measurement.

1

It is natural then to enquire as to whether a virtual exhange partile an

propagate from the interior or event horizon of a blak hole to its exterior. This

paper pro�ers a theoretial basis for suh a limited phenomenon.

                                           
1 Ref. [14], Sec. 8.4.2-8.4.4.

It is neessary to brie�y introdue and disuss ertain aspets of the prinipal

objets used in this paper's analyti.

For simpliity, we onsider an unharged, spherially symmetri, non-rotating

blak hole - a Shwarzshild blak hole - as the bakground spaetime. The blak

hole's event horizon is a null surfae of radially outgoing real photon world paths

at radius Rs = 2GM/c2 [3,5,9,12℄, with radius of urvature at the event horizon

II. Analytic Components

a) Schwarzschild black hole

Author: e-mail: Brian.Jonathan.Wolk@gmail.com, 3551 Blairstone Rd., Suite 105, Tallahassee, FL, 32301.
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The Black Hole Event Horizon as a Limited Two-Way Membrane

                                           
2 Ref. [6], p. 15.
3 Ref. [6], pp. 27, 29, 39.
4 See Ref. [2], Sec. 34.2-4 & Ref. [9], Ch. 12, for detailed technical analysis of these terms.
5 See Ref. [3] for definition of the term “r-coordinate”.
6 Ref. [16], Eq. 2.47 & Ref. [18], Eqs. 5.4-5.5.

given by κ−1 ≡ ρeh = 2Rs [9℄. The event horizon is onsidered to be a one-way

membrane delineating the boundary from whih nothing an esape.

2

No event

on or within the event horizon an send a �signal� out to an external region.

3

This is an e�et of the null ones of spaetime having null geodesis tangent to

the event horizon, thereby permitting matter and signals to pass inwards only

[2,3,5,21℄. At the event horizon the esape veloity from the blak hole beomes

the speed of light in vauo [6,12,21,26-27℄. The following terminology will be

used:

4

Σ0 designates the boundary (event horizon) of the blak hole;

β−
designates the interior region of the blak hole;

β+
designates the exterior region of the blak hole;

xeh represents a spaetime event loated on Σ0;

y+ represents a spaetime event loated in β+
;

x− represents a spaetime event loated in β−
;

h designates the r-oordinate distane from the blak hole's singularity.

5

We also onsider for simpliity a massless real salar quantum operator �eld

(massless spin-0 �eld) with mode expansion given by [4,14,16,17℄

ϕ(x, t) =

∫

d3k

(2π)3/2
1√
2ωk

[e−ikxâ−k + eikxâ+k ], (1)

where â−k and â+k are the time-independent destrution and reation operators,

respetively, and kx = ωkt − k · x. Eah ϕk(x, t) =
1√
2ωk

[e−ikxâ−k + eikxâ+k ] is

a mode �eld operator. Eah ϕk (t) =
1√
2ωk

e±iωkt
is a mode funtion.

Eq. (1)'s integration over wave vetors k is equivalent to integration over

momentum states p or wavelengths λk, using the de Broglie relations [13,16,18℄
6

p = ℏk; p = h/λk; k = 2π/λk; Ek = ~ωk. (2)

The eigenmode ϕk(x, t) has momentum p = ℏk [15,16℄. Sine eah p gives

the spei� momentum of a single mode ϕk(x, t) of the quantum �eld ϕ(x, t)
[16℄,

7

it thus spei�es the mode's wave vetor k with assoiated unique wave-

length λk and angular frequeny ωk [14℄.

Quantum �eld theory requires the ω
−1/2
k fator of Eq. (1) in order to main-

tain relativisti ovariane of the �eld desription [16,23℄.

8

The amplitude for

ourrene of a quantum �utuation of a mode ϕk(x, t) is given by [4℄

9

δφk ∼ ω−1/2
k . (3)

Thus δφk → 0 as ωk → ∞. Sine ωk → ∞ as k → ∞, it follows from Eq. (2)

that δφk → 0 as λk → 0. As wavelength dereases the amplitude for ourrene

of a quantum �utuation of the assoiated λk-�eld mode dereases.

The vauum state |0〉 is de�ned as that quantum state with the lowest possible

energy [4,8,10℄, and is taken to satisfy the equation [4,13,14,16℄

â−k |0〉 = 0. (4)

b) Massless real scalar quantum field

c) Vacuum state

                                           
7 Ref. [16], Sec. 2.4.
8 Ref. [23], pp. 54-6, 86; Ref. [16], pp. 22-3. RQM requires the same factor to maintain unity of   

probability - Ref [14], pp. 46-7, 63.
9 Ref. [4], Sec. 1.4 & 4.4-4.5.
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The Black Hole Event Horizon as a Limited Two-Way Membrane

10 Ref. [9], Sec. 14.2; Ref. [21], Sec. 24.3 & 30.4.
11 Where designates the vacuum state for a fiat (Minkowski) spacetime region.
12 See Ref. [4], Sec. 4.3-4.4 for full rendition of this quantization procedure.

Various issues arise when attempting to de�ne a unique vauum state in

a general urved spaetime [4,8-11,21,29-30℄. For instane, in a general spae-

time it is onsidered that no analogue of a positive frequeny subspae exists

and the notion of a unique time-translation operator or time parameter is not

well-de�ned [11,21,29℄.

10

This lak of a positive frequeny subspae leads to am-

biguities regarding frequeny mode deomposition of a quantum operator �eld

suh as ϕ(x, t) [1,4,8,11,29,30℄.

Despite these issues, a neessary ondition to permit interpretation of |0〉 ≡
|0M 〉 as the unique vauum state of minimum exitation energy in a region

of spaetime an be framed [4,11℄.

11

Framing this ondition begins with a

quantization proedure for the quantum �eld ϕ(x, t).12 We �rst put the �eld

expansion

ϕ(x, t) =

∫

d3k

(2π)3/2
1√
2
[ν∗k (t) e

ik·xâ−k + νk (t) e
−ik·xâ+k ], (5)

with the νk (t) mode funtions to be determined. Postulating the quantum

ommutation relations

[

â−k , â
+
k′

]

= δ (k− k′) and using Eq. (4) along with the

normalization onditions ν̇k (t) ν
∗
k (t) − νk (t) ν̇∗k (t) = 2i on the mode funtions

νk (t) [4℄, it is found that |0〉 an be interpreted as the unique vauum state only

if the νk (t) of Eq. (5) take the form

νk (t) =
1√
ωk

eiωkt
� ϕk (t) . (6)

This ondition on the mode funtions for use of |0〉 thus also generates Eq.

(1) for the form of the quantum �eld ϕ(x, t). The generated subspae with

well-de�ned positive frequeny modes and quantum operator �eld permits for-

mulation of a propagation mehanism for a well-de�ned set of virtual exhange

modes.

What we term virtual exhange partiles are atually quantum superposed vir-

tual propagating waves [25℄, or put another way - propagating virtual va-

uum �eld disturbanes [14,15,17,25℄. This beomes evident when onsidering

the quantum �eld's ation on the vauum state: ϕ(x, t) |0〉, whih exites the

vauum reating a virtual �utuation or disturbane [14,15,17℄. This virtual

vauum disturbane is omprised of an outward propagating ontinuous super-

position of an in�nite number of k-eigenstates [14-17℄, eah eigenstate asso-

iated with a unique wavelength λk via the de Broglie relations of Eq. (2)

[14-17,22,25℄.

13

This virtual exhange partile propagates to a separate spaetime event

where it is absorbed [14-17,22℄. Of ritial import is that though the virtual

exhange partile is o� its own mass shell [14,15℄,

14

it must remain on-shell of

the dispersion relation related to the mass that it arries from soure to sink

[14,15,20-22℄.

15

To larify, a soure at a spaetime event X emits a virtual exhange partile

Q of mass mQ whih propagates to event Y where it is absorbed by a sink. The

soure partile loses mass mQ, and the sink partile gains this equivalent mass

d) Virtual exchange particles

                                           
13 Ref. [15], Ch 1.4; Ref. [17], pp. 47-8.
14 See Ref. [21], Sec. 26.7 for a discussion.
15 Ref. [22], Sec. 17.4; Ref. [14], Box 8-1. Closed-loop (self-energy) Feynman diagrams and their 
processes are not being considered herein (which would permit such off-shell propagation), as these 
processes are not applicable to this paper. See Ref. [14], Sec. 8.4.2, 8.4.5-8.4.6 regarding the virtual 
photon and closed-loop analysis; Also Ref. [16], Sec. 6.2.

|0M 〉



 
 

 
 

 
 
 
 
 
 
 
 
 
 

16 Otherwise, the Feynman propagator threatens to blow up [13-17].

[22℄. Thus Q must maintain mass mQ throughout the propagation, and energy

onservation at the verties of the assoiated Feynman diagram is given by the

dispersion relation [14,22℄

EQ = (p2
Q +m2

Q)
1/2. (7)

Sine Q is represented by a massless salar �eld, it must remain o� its own mass

shell: Ep 6= |p|, or pµpµ 6= 0.16 At the same time sine energy is onserved at

the verties of the Feynman diagram, Eq. (7) must be maintained. In short,

in Feynman diagrams without losed loops the virtual exhange partile four-

momenta are pinned down at eah vertex [13,14℄; thus pµp
µ = m2

Q, and the

virtual exhange partile Q must abide by Eq. (7)'s mass shell relation.

The virtual exhange partile omprises a superposition over all values k =
2π/λk via Eq. (1) [15℄. As the wave vetor k (and hene momentum p = ~k)

inreases in the superposition of �eld modes, eah mode's angular frequeny

simultaneously inreases in order to maintain Eq. (7)'s onstraint. This on-

straint an thus also be written as ωk = (k2 +m2
Q)

1/2
.

The Feynman propagator governing the propagation of virtual exhange vauum

�eld �utuations arises in the ourse of deriving quantum �eld interation theory

[14,15℄. The amplitude 〈0|ϕ(y, t)ϕ(x, t) |0〉 onerns only half of the Feynman

propagator [16℄. The total Feynman propagator is [14,17,22,31-32℄

17

i△F (x | y) = Θ
(

y0 − x0
)

〈0|ϕ(y, t)ϕ(x, t) |0〉 (8)

+Θ
(

x0 − y0
)

〈0|ϕ(x, t)ϕ(y, t) |0〉 ,

whih an be written as

i△F (x | y) = Θ
(

y0 − x0
)

i△+
F (y/x) + Θ

(

x0 − y0
)

i△−
F (x/y) . (9)

The Feynman propagator i△F (x | y) orresponds to a single virtual vauum
�eld exitation propagation [13-17℄. It onsists of the summations of amplitudes

representing the possibility that the propagating virtual exhange disturbane

an be either partile i△+
F (y/x) or antipartile i△−

F (x/y) in harater [17,22℄.

The virtual exhange partile propagation only is given by

i△+
F (y/x) = 〈0|ϕ(y, t)ϕ(x, t) |0〉 . (10)

© 2017  Global Journals Inc.  (US)
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The foregoing objets and following set of propositions form the ore of the

tehnology from whih the paper's hypotheses are dedued.

The weak equivalene priniple applies to virtual exhange

partiles.

The Black Hole Event Horizon as a Limited Two-Way Membrane

e) Feynman virtual exchange particle propagator

III. Core Propositions

a) Proposition 1

                                           
17 See Ref. [17], Eq. 2.81: with the more appropriate attribution being the Stueckelberg- Feynman

propagator; Ref. [22], Sec. 6.3 & Eq. 17.29.

A standard statement of the weak form of the priniple of equivalene of general

relativity is that the gravitational �eld is oupled to all matter and energy [5℄.
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This notion needs generalized to inlude virtual �elds. Consider the ation for

the salar �eld in a urved spaetime [4,15℄:

S =

∫

d4x
√−g 1

2
(gµν∂µϕ∂νϕ− V (ϕ)) . (11)

This ation depends expliitly on the metri and ouples the salar �eld to the

spaetime metri �eld [4℄.

The salar operator �eld's operation on the vauum thereby ouples the emit-

ted virtual exhange partile to the gravitational �eld. This oupling neessarily

follows from the priniple of general ovariane.

18

The oupling of virtual par-

tiles to the gravitational �eld is also evident when onsidering the mehanism

behind the Hawking e�et [1,5,9,15,21℄.

For a set of wavelengths {λk : λk = 2π/k} of a quantum �eld's

ϕ(x, t) mode expansion with λr ∈ {λk} i� λr ≪ ρeh, a unique

vauum state |0〉 ≡ |0M 〉 exists in the region of spaetime Ω
omprising the blak hole's event horizon Σ0 and a region

exterior to Σ0.

A basi tenet of general relativity is that on su�iently small sales urved

spaetime an be treated as loally �at [2,4,9,11,28℄, and in suh a region |0〉 an
be assoiated with the vauum state |0M 〉 [4,8,29,30℄. As previously noted, in a

general urved spaetime de�ning |0〉 poses problems [4,8,10,11℄. Nonetheless,

this general relativisti tenet an be imported into quantum �eld theory by

imposing ertain onstraints on the loal spaetime urvature and set of �eld

modes being onsidered [4,11,29-30℄. In suh an arena a positive frequeny

subspae exists and deomposition of �eld modes into positive and negative

frequeny modes is viable [4,8,21℄.

To do this we �rst de�ne the region Ω of spaetime being onsidered. Be-

ause of spherial symmetry we an onsider an in�nitesimal symmetri region

Ω1 emanating o� of Σ0 and into β+
, with Σ0 ⊂ Ω1. Designate Σ1 as the

outer boundary of Ω1, with Σ1 ⊂ Ω1.Thus Ω1 is bounded by the hypersurfaes

[Σ0,Σ1].

This proess an be iterated n times until an outer boundary Σn is reahed

for whih y+ ∈ Σn, and thus y+ ∈ Ωn. The region Ω is de�ned as the overing

union of these subregions:

Ω =
n
⋃

i=1

Ωi, (12)

with this over bounded by the hypersurfaes [Σ0,Σn].
The bakground spaetime being asymptotially �at, it follows that ρ→∞

as h→∞. Thus ∀k < n we have ρΣn
> ρΣk

and ρΩn
> ρΩk

. More spei�ally

ρy+
> ρeh, with y+ ∈ Ωk & y+ /∈ Σ0, ∀k = 1→ n.
Thus ∀λr ∈ {λk} it follows that

λr ≪ ρΩ, (13)

where ρΩ designates the radius of urvature at any spaetime point x0 ∈ Ω.

Next, the metri is expanded about x0 ∈ Ω in Riemann oordinates [11℄

gµν(x) = ηµν +
1

3
Rµναβ(x0)(x − x0)α(x− x0)β +O[(x − x0)3]. (14)

The Black Hole Event Horizon as a Limited Two-Way Membrane

b) Proposition 2

18 Ref. [4], Sec. 5.2.
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If the k2
of Eq. (2) are su�iently large in omparison with the omponents of

the Riemann tensor Rµναβ in a loal spaetime region, then a vauum state |0M 〉
on �at spaetime an be well-de�ned in this region for these k-modes [11℄. A

partile detetor will respond to Fok states as it would in Minkowski spaetime,

and we thus may put |0〉 ≡ |0M 〉 for these modes [11℄.

This ondition is idential to the requirement that the orresponding set of

�eld mode wavelengths {λk} be su�iently small when ompared with ρΩ [4℄;

in partiular, we require ∀λr ∈ {λk} that they possess the property λr ≪ ρeh
[4,11℄, whih in turn mandates Eq. (13).

Suh a onstrution permits the k-mode funtions whih are in one-to-one

orrespondene with the elements of {λk} to be de�ned in Ω as [4℄

ϕk (t) ≈
1√
2ωk

e±iωt, (15)

leading to the de�nition of |0〉 ≡ |0M 〉 as the �in� vauum state for {λk} in Ω

[4℄, as well as permitting Eq. (1) to represent the form of the quantum �eld for

suh modes [4,11℄.

19

Sine y+ ∈ Ωk & y+ /∈ Σ0=⇒ ρy+
> ρeh, it follows that

〈0| ≡ 〈0M | is a well-de�ned �out� vauum state at y+ for the wavelength modes

{λk}.
The well-de�ned positive frequeny subspae and mode funtions given by

Eq. (15) permit a time-translation operator to be de�ned via the Hamilto-

nian operator Ĥ = i~∂/∂t, with time parameter t [14,21,22℄.20 Given these

wavelength limitations and using the time translation operator, the �eld ϕ(x, t)
indues a propagation from Σ0 → β+

de�ned by the Feynman propagator for a

virtual exhange partile as [22℄

〈0| e−t1i~∂/∂tϕ(y+)e
−(t1−t0)i~∂/∂tϕ(xeh)e

−t0i~∂/∂t |0〉 ≡ i△+
F (y+/xeh), (16)

The Black Hole Event Horizon as a Limited Two-Way Membrane

whih represents a virtual exhange �eld �utuation reated at spaetime event

(xeh, t0) and propagated to (y+, t1) where it is annihilated. Thus when the

positive frequeny subspae is well-de�ned in a spaetime region, we an use

the vauum ket |0〉 ≡ |0M 〉 and write Eq. (16) as representing a propagation

of modes with λr ≪ ρeh - if suh a propagation were a physially viable

phenomenon . This leads to the question as to whether a phenomenon suh as

that represented by Eq. (16) an in fat exist from Σ0 → β+
.

Neessarily spaelike paths exist whih originate on a blak

hole's event horizon and extend to its exterior.

This proposition follows from reognition that Σ0 is a hypersurfae omposed of

the null geodesis of null ones {N} tangent to Σ0 [2,5-6,9,21℄, and that spaetime

exists seamlessly aross Σ0 from β−
to β+

[2-3,9℄. If a path C originating on Σ0

were to proeed to β−
, then C ould be timelike, lightlike or spaelike. C ould

pass through the interior N of the null one N with N ⊂ β−
, or alternatively

pass from the origin O of N with O ∈ Σ0 while passing in a region R with:

{R✚⊂ N but R ⊂ β−
}. C ould also pass on any lightlike path emanating into

β−
.

If the path originating on the event horizon remains on the event horizon,

then it is a null path [2,6℄. If however C → β+
from xeh ∈ Σ0, then it must

extend to some exterior region J of the null one N originating at xeh ∈ Σ0 with

null geodesi tangent to Σ0. This follows beause C → β+
while Σ0 ✚⊂ β+

and

N✚∩ β+21

. Thus C→ β+ ⊂ J✚∩ N, and it follows that C must be spaelike.

c) Proposition 3

                                           
19 Ref. [4], Sec. 6.5.2.
20 Ref. [14], Box 2-3 & Sec 3.1.5; Ref. [21], Sec. 30.4.
21 N ∩ β+ = ∅.



 
 

 
 

 
 
 
 
 
 
 
 
 
 

The Black Hole Event Horizon as a Limited Two-Way Membrane

An alternative way of oneiving of this proposition is to note that the spae-

time urvature at Σ0 warps all timelike world lines into β−
[2,3,9℄. Sine only

null (lightlike) paths make up the event horizon, the only paths remaining that

ould proeed from Σ0 → β+
must be spaelike in harater. Sine spaetime is

extant aross the event horizon of a blak hole [2,3,5,9℄, spaetime paths exist

there and so the paths proeeding from Σ0 → β+
must be spaelike in harater.

Sine they are spaelike in harater, it further follows that they must represent

paths for veloities greater than the speed of light of anything professing to

travel from Σ0 → β+
[2,3,27℄.

The speial theory of relativity's speed of light onstraint

does not apply to virtual exhange partiles.

The speial theory of relativity sets the speed of light in vauo as the ultimate

speed [20,21,26,27,33℄.

22

However, quantum �eld theory requires that some set

of modes of a virtual exhange partile travel faster than the speed of light

between any two events [14,24℄.

23

This phenomenon is made evident when

onsidering the integration of partile interation transition amplitudes. These

amplitudes are integrated over all spaetime [13-15℄, and inlude propagations

of the virtual exhange partile outside the light one of the soure's spaetime

lous.

24

Virtual exhange partiles exist o� their own mass shell. It follows that

virtual exhange partile modes an have arbitrarily high momenta for any

spaetime propagation.

25

There then must exist some set of virtual exhange

partile modes whih when propagating from a soure propagate on spaelike

paths o� the null one emanating from the soure's spaetime lous.

26

Thus to

hold that virtual exhange partiles annot travel faster than the speed of light

is in ontradistintion to the basi tenets of quantum �eld theory.

27

When the virtual exhange partile's momentum p = ~k = h/λk inreases

in the superposition of �eld modes, eah mode's angular frequeny ωk simulta-

neously inreases in order to maintain the ondition

28

ωk = (k2 +m2
Q)

1/2. (17)

Thus eah suessive �eld mode ϕk(x, t) has an inreased momentum orre-

sponding to a smaller wavelength λk. In turn, the smaller λk orresponds to

a greater speed - denoted as dλk
- for the assoiated �eld mode. This notion is

analogous to the quantization of harmoni osillator eigenfuntions - eah su-

essive eigenfuntion osillating more rapidly, orresponding to an inrease in

momentum of the system and so an inrease in the speed assoiated with eah

suessive eigenfuntion.

29

Another way to oneive of this phenomenon is to onsider the Heisenberg

unertainty relation's appliability [14,21-23℄.

30

Virtual exhange partiles with

o�-shell mass mQ may exist o� their own mass-shell (0 in our ase) so long as

they abide by the duration-onstraint [22℄

Proposition 4

                                              
22 See Ref. [33], Sec. 2.3 for discussion; Also Ref. [21], Sec. 17.7-9.
23 Ref. [24], pp. 94-6 & Fig. 61.
24 Ref. [15], Ch. 1.4; Ref. [14], Sec. 8.6.
25 Ref. [16], Ch. 14, “Asymptotically Free Partons”; Ref. [21], Sec. 26.6.
26 See  Ref. [21], Sec. 26.6 & 18.7, for such a depiction.
27 Consider Ref. [23], p. 148, in which virtual exchange particles are considered to be limited by the 

speed  of  light. See also Ref. [22], p. 160, ambiguously  noting  a  “finite  velocity”  for  virtual 
particles.

28 Sec. Il.iv, herein.
29 Ref. [19], Sec. 10.7.
30 See Ref. [22], Sec. 17.4 for a discussion.
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The Black Hole Event Horizon as a Limited Two-Way Membrane

i△+
F (y+/xeh)

Given the above propositions, we are nearly in position to write the Feynman

virtual exhange partile propagator for the propagation of a virtual exhange

partile from a spaetime event xeh on the event horizon to a spaetime event

y+ in the exterior of the blak hole, whih an then be extended to i△+
F (y+/x−).

To e�et this, a urvature alibration proedure and a quantum-lassial

interfae are appended to the tehnology, respetively alled: 1) radius of urva-

ture alibration (ρ-alibration), and 2) quantum �eld trunation (qf -trunation).

We an oneive of the possibility of some set of virtual wavelengths {λr} in
the mode expansion of our salar �eld at Σ0 having the elemental properties:

dλr
> c and λr✟✟≪ρeh. That is, they will have esape veloities greater than

the speed of light at the event horizon yet have wavelengths insu�iently small

when ompared to the radius of urvature there. In this senario Proposition

(2) would prevent use of a unique vauum state |0〉.
However, sine at any non-zero r-oordinate z there will exist some set {λj}

of wavelengths suh that ∀λj ∈ {λj}, λj ≪ ρz ,
31

we an alibrate (adjust) ρeh
so that the set {λk} of wavelengths in ϕ(x, t)'s mode expansion whih has the

elemental property that ∀λk ∈ {λk}, dλk
≥ c will also have the property that

λk ≪ ρeh.

We alibrate ρeh aordingly so as to re�ne de�nition of the set {λk}:

Box I - the set {λk} de�ned

{λk} is the set of all λk = 2π/k of ϕ(x, t) with set properties:

λk ≪ ρeh and dsup{λk} = c.

In this de�nition sup {λk} is the maximum wavelength of the set {λk}. Sine

dλk
→∞ as λk → 0,32 all λj ∈ {λk} 6= sup {λk} will have dλj

> c.

Quantum �eld horizon trunation is onjetured to our when a virtual ex-

hange partile is reated by a soure at Σ0 and interats with the blak hole

there. This interation results in the splitting or ��ltering� of the superposition

of momenta/wavelengths onstituting the virtual vauum �eld �utuation (vir-

tual exhange partile), whih are given in the quantum �eld mode expansion

of Eq. (1).

Qf -trunation is a distintly quantum phenomenon the likes of whih ours

pervasively throughout the quantum world, thereby providing support for the

onjeture of qf -trunation. T
o list a few

examples: 1) the interation of a

quantum

wavefuntion with

a potential

barrier;

33

2) the interation of a photon quantum
wavefuntion with a

beam-splitter;

34

3)

the
Stern-Gerlah

e�et;

a) -calibration procedure

b) Q𝑓𝑓-truncation

IV. Writing 

△t . ~/EQ. (18)

Thus p = ~k may take on any value so long as the onstraints of Eq. (17)

{equivalently Eq. (7)} and Eq. (18) are met.

© 2017  Global Journals Inc.  (US)
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31 Since will be finite and smoothly change as changes.
32 See Sec. Il.iv & Ill.iv, herein.
33 Ref. [4], p. 77.
34 Ref. [21], Sec. 21.7.

4) the

splitting

and

�ltering

of a

fermioni wavefuntion by

passing

it

through

ψ
the event horizonat of a blak hole.

a thin sheet of material; 5) the

ρ

ρz z



 
 

 
 

 

 
 

 

 
 

 
 
 
 

The Black Hole Event Horizon as a Limited Two-Way Membrane

V (x) (Potential barrier),

B
(Stern-Gerlah),

A (Bohm-Aharanov).

Lik
ewise with qf -trunation we have the interation between a quantum objet

(quantum �eld)

and a lassial objet

(blak hole):

ϕ(x, t) ←→ Rµναβ .

Propositions (1)-(4) play a ritial part in manifesting qf -trunation. Propo-
sition (1) requires an interation between the virtual exhange partile and the

blak hole. Proposition (2) sets the stage for onditioned representation of the

virtual exhange partile mode propagation. Propositions (3) & (4) permit a

limited propagation to our o� the event horizon and into β+
.

Interation between a virtual exhange partile emitted at event xeh and the

blak hole's gravitational �eld at Σ0 splits the virtual quantum �eld disturbane

into a part whih is trapped by the blak hole and a part whih propagates o�

the event horizon to some event y+ ∈ β+
where it is absorbed. We will designate

the trunated portion of ϕ(x, t) representing the k-modes propagating on the

paths Σ0 → β+
as ϕτ (x, t).

To obtain a de�nition of ϕτ (x, t) we revisit Eq. (1)'s range of integration

and the de Broglie relations of Eq. (2). The set of wave vetors k making up the

superposition of ϕτ (x, t) are related to the set {λk} of Box I in the following

set Z to be integrated over in forming ϕτ (x, t):

Z = [k : 2π/k = λk ∈ {λk}] , (19)

with whih we an de�ne the mode expansion of the trunated quantum operator

�eld ϕτ (x, t) as

ϕτ (x, t) =

∫

Z

d3k

(2π)3/2
1√
2ωk

[e−ikxâ−k+e
ikxâ+k ℄. (20)

With this de�nition, ρ-alibration is inorporated into qf -trunation via the

range of integration. This residual portion of the trunated quantum �eld at

the event horizon neessarily exists, and reates a set of virtual exhange modes

on Σ0 whih an propagate to β+
. Therefore i△+

F (y+/xeh) will onstitute a

non-zero amplitude whih an be written as

i△+
F (y+/xeh) ≡ 〈0|ϕτ (y+)ϕτ (xeh) |0〉 > 0. (21)

This is the two-way membrane hypothesis,

36

whih predits that there is a

residual mode propagation of the virtual exhange �utuation from the blak

hole's event horizon to its exterior. This hypothesis thus neessarily entails

viewing the event horizon of a blak hole as a limited two-waymembrane, vie its

traditional oneption as a one-way membrane from whih nothing an esape.
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Bohm-Aharonov e�et; 6) quantum

sattering

theory

.

35

The ommon harateristi
in

these examples is the interation between a

quantum and lassial objet,
e.g.:

35 Ref. [18], Sec. 19; Sec. 23; Sec. 24 & Ch. 7.

                                              
                                           
36 Considering Eq. (3), it is seen that - truncation significantly reduces the amplitude for the occurrence 

of the subject interaction between the source at        and sink at      .

←→

←→

ψ

ψ

ψ

←→

qf

y+xeh



 
 

 
 

 
 
 
 
 

 
 
 
 
 

sx−
→∞ as h→ 0,

ρ→ 0 as h→ 0, (22)

{λk} → ∅ as h→ 0.

From the relations of Eq. (22) it immediately follows that

lim
h→0

i△+
F (y+/x−) = 0. (23)

This is the virtual osmi ensorship hypothesis. As x− draws loser to the

singularity, a larger set of virtual partile modes is trapped. Per Eq. (23), in

the limit of the singularity all virtual exhange vauum �eld �utuations are

trapped, and thus none esape to β+
in this limit. Sine no virtual exhange

modes an esape in this limit, there an be no oneivable exhange propagation

o� the blak hole's singularity. Sine all measurements our via the exhange

of virtual exhange partiles, it follows that the singularity is hidden from the

view of any observer external to it.

This paper's straightforward propositions generate important results. Given

the paper's tehnology it is dedued that a blak hole's event horizon is not a

one-way membrane, but a limited two-way membrane in whih there exists the

real possibility for a residual transmission o� the event horizon (as well as from

the blak hole's interior) of a subset of the wavelength modes whih omprise

a virtual vauum �eld exhange �utuation. In addition, if we maintain the

quantum �eld theoreti presumption that the only feasible sienti� method of

observation is via the mehanism of virtual exhange partiles, then we require

a blak hole's singularity to be hidden from diret observation.

V. Conclusion

© 2017  Global Journals Inc.  (US)
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Extending Eq. (21) to a non-singular spaetime event x− ∈ β−
is straightfor-

ward. One rede�nes the sets {λk}, Z and the supremum of {λk} so as to permit

a more limited mode expansion of the trunated operator �eld, reating what

is in e�et a virtual event horizon with radius given by hx−
= 2GM/d2sup{λk},

resulting in the equation i△+
F (y+/x−) > 0.

This extension reveals another phenomenon. At separations h < Rs the

esape veloity sx−
> c.37 We further have that

c) Extension to 𝒙𝒙− and virtual cosmic censorship

37 Ref. [12], Sec. 13.5 (p. 508).
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