
© 2016. Noboru Hokkyo. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: A 
Physics and Space Science 
Volume 16  Issue 2 Version 1.0 Year  2016 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896  

 
Single-Electron Double-Slit Experiment and Semi-Closed 
Friedman Model of Binary Black Hole Emitting Gravitational 
Wave          

By Noboru Hokkyo 
Senjikan Institute, Japan      

Abstract- Previous time-symmetric but non-relativistic interpretation of the single-electron double-
slit experiment, visualizing the particle-wave dual nature of the electron, is extended to a 
relativistic interpretation of the singular nature of the electron as a quantum anomaly occurring at 
Compton scale distances (ultraviolet regions) from the point particle source and the detection 
point, violating time-symmetry and local causality. The lensing action of the double-slit is next 
compared to the lensing action of galaxy cluster or black hole in the foreground of a distant 
extragalactic light source and extended to a semi-closed Friedman model of the recently 
observed binary back hole emitting a trangent gravitational wave signal. Historical comments are 
given on the early philosophical notion of the reality of the intermediate states between source 
and detector.         

Keywords:  quantum theory, gravitation, cosmology, causality, singularity, anomaly. 

GJSFR-A Classification : FOR Code: 020109 
 
 

SingleElectronDoubleSlitExperimentandSemiClosedFriedmanModelofBinaryBlackHoleEmittingGravitationalWave
 

Strictly as per the compliance and regulations of : 

 



 

 

Single-Electron Double-Slit Experiment and 
Semi-Closed Friedman Model of Binary Black 

Hole Emitting Gravitational Wave 
Noboru Hokkyo 

Abstract- Previous time-symmetric but non-relativistic 
interpretation of the single-electron double-slit experiment, 
visualizing the particle-wave dual nature of the electron, is 
extended to a relativistic interpretation of the singular nature of 
the electron as a quantum anomaly occurring at Compton 
scale distances (ultraviolet regions) from the point particle 
source and the detection point, violating time-symmetry and 
local causality. The lensing action of the double-slit is next 
compared to the lensing action of galaxy cluster or black hole 
in the foreground of a distant extragalactic light source and 
extended to a semi-closed Friedman model of the recently 
observed binary back hole emitting a trangent gravitational 
wave signal. Historical comments are given on the early 
philosophical notion of the reality of the intermediate states 
between source and detector.  
Keywords: quantum theory, gravitation, cosmology, 
causality, singularity, anomaly. 

I. Introduction 

ince the advent of quantum mechanics in the 
mid-1920s, there have been recurring 
interpretational controversies surrounding the 

standard (time-asymmetric) theory seeking a physical 
reality in (a Newtonian) causal descriptive order of 
world processes in an open-ended time. With the 
development of precise measurements in quantum 
optics and electronics, semi-and super-conductors 
and so on, the past decades have seen a growing 
awareness of time-symmetric approaches [1]-[10] to 
quantum mechanics, seeking physical reality in 
(Aristotelian) causation-retrocausation symmetry of 
elementary quantum processes in closed time 
intervals. We here extend the previous time-symmetric 
interpetation of the particle-wave dual nature of the 
electron [10] to a relativistic interpetation of the the 
singular nature of the electron as a quantum anomaly 
in double-slit interference experiment said to contain 
“the only mystery of quantum mechanics.”[9].  

II. Intermediate Amplitude of 
Transition 

In the third edition of his book Dirac [2] 
related the scalar product <initial|final> of initial and 
final state vectors to the probability amplitude, so that  
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the transition between two quantum states can be 
visualized in two-dimensional space spanned by two 
Hilbert space vectors. We here consider a 
visualization [10] of the particle transition in 
configuration space between two space-time points, 
particle source S at (x0, t0) and detection point D at 
(x1, t1> t) by plotting the 2-dimensional image of the 
(x, t) dependence of the absolute value of the 
complex valued intermediate amplitude of transition 
|<x0, t0 | x, t ><ｘ, t | x1, t1 >| between S and D. 
From the known retarded and advanced wave 
solutions of Schrödinger equation: 

      [i∂/∂ct + ∂2/∂2x– (mc/ħ)2]< x1, t1 | x, t > = 0      (1) 

for a free electron of mass m: 
<x0, t0 | x, t > 

= [m/2iπħ(t-t0)]3/2 exp[-im(x-x0)2/2ħ(t- t0)], 

<x1, t1
 | x, t > 

        = [m/2iπħ(t1-t)]3/2 exp[im(x1- x)2/2ħ(t1-t)],          (2) 

we get  

< x0, t0
 | x, t ><ｘ, t | x1, t1> 

         = [m/2πħτ]3exp[-im (x- z(t))2/2ħτ].                  (3) 

Here 

              t(t) = (t1 - t)(t - t0)/(t1- t0)                             (4) 

is the bi-directional ‘local time’ of a counter-
propagating electron waves increasing from t = 0 at S 
and D towards t = (t1 

 +  t0)/2 at an intermediate point 
x = (x0 + x1)/2 where the wavelike nature of the 
electron is maximally enhanced and the doubl-slit is 
placed in an ideal experiment; z(t) = v (t - t0) + x0 is 
the classical path and v(x, t) = (x - x0)/(t - t0) the 
particle velocity. Eq.(3)  shows that the mean square 
deviation (x – z)2 of x from z is of the order of the de 
Broglie wavelength ħ/mv. The bi-directional wave was 
considerd by Schrödinger [1] in his early attempt to 
evade the collapse of his wave function at D. 

III. Visualizaion of Particle-Wave 
Duality 

Fig.1 shows  the video-record of a serial 
arrival of independent 1，8．1600，8000, electrons  
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forming an interference pattern on the detector 
screen.  [11]

 
 

  
Fig.1

 
:
 
Accumulation of single electrons on the 

detector sce
 

  
 
 

 
Fig.2 : Expanding wave  front G of the retarded  

wave<x0, t0 | x, t > 
Fig.2 shows an expanding wave front of 

retarded wave < x0, t0| x, t > from S,  Fig. 3 is an 
image of the time-symmetric wave < x0, t0 | x, t 
><ｘ, t | x1, t1 > standing between S and D, showing 
an advanced bifurcation, merging and contraction of 
the retarded wave < x0, t0 | x, t >  towards D, as if 
guided by the advanced wave <ｘ, t x1, t1 > from D, 
in accordance with Feynman’s sum  over classical 
paths construction of the quantum mechanical path 
between S and D.   
                           
 
 
 

Fihg.3 : Time-symmetric wave < x0, t0 | x, t ><ｘ, t | 
x1, t1> standing between S and D, showing the 

particle-wave dual nature of  bifurcation and merging 
of the single electron 

Points like E in the shadow of the advanced 
wave < x, t |x1, t1 > from D in front of the slit are 
causally disconneted to D, while points like F in the 
shadow of the retarded wave < x0, t0 | x, t > on the 
rear side of the slit is causally disconnected from S. 
Points like G are causally and retrocausally unrelated 
to both S and D, so that the electron wave does not 
expand beyond these points, as is proved by placing 
a tiny obstacle at G. By confining a magnetic flux 
within a slender tube standing perpendicular to the 
plane of the paper in E and F, the quantized shift of 
the interference pattern (Aharonov-Bohm effect) was 
observed  by Tonomura and Nori.[12] 

Fig.3 also shows the nonlocal EPR (Einstein-
Podolsky-Rosen) correlation between bifurcated 
electron waves as verified by the delayed-choice 
experiment with one of the two slits equipped with a 
time-dependent switch which is generally closed but 
opens after the  electron has left the source.  

IV.
 
Quantum

 
Teleportation

 
We note that the wave < x0, t0

 
| x, t ><ｘ, t | 

x1, t1
 

> takes a dumbbell shape in the single-slit 
experiment.    The observed quantum entanglement 
of spatially separated two states of an electron 
introduced into a dumbbell shaped silicon cavity [13] 
could be understood in terms of the electron wave

 standing between fixed end points. A quantum 
teleportation of entangled pair of photons could 
likewise be understood as a W-shaped swapping of 
the V-shaped EPR pairs in the presence of a 
spacelike array of deep Coulomb potentials.[14]

   
V.

 
Ultraviolet

 
Anomaly

 
in

 
Double-Slit

 Experiment
 

To see the singular behavior of the electron 
as a quantum anomaly [15] in leaving the source S(x0, 
t0)

 
and entering the detector D(x1, t1)

 
in the double-slit 

experiment, we extend the Schrödinger equation in 
relatvistic Klein-Gordon form:

 
    [∂2/∂2ct – 

∂2/∂2x–
 
(mc/ħ)2]< x0, t0 

| x, t
 
> = 0       (4)

 
and consider the retarded  wave solution:  

< x0, t0 | x, t > =  – (1/4π)δ(s2) 
               

+   [mc/8πħs)]3/2 H(2)(mcs/2ħ).      (5) 

where s = [c2(t–t0)2 – (x–x0)2]1/2 is the 4-dimensional 
distance between S and its neighboring point P(x, t); 

H(2) is the Hankel function of the second kind.  
For s2 = 0 (on the future light cone of S) we 

have a delta-singularity:  

               < x0, t0
 | x, t > =  (1/4π)δ(s2).                   (6) 

For  s2 >> 0  (inside the future light cone of 
S) we get  Schrödinger’s wave function in its 
asymptotic form: 

< x0, t0
 | x, t > ~  (λ/s)3/2  exp(–is/λ) 

                     →[λ/c(t–t0)]3/2 exp[–i(t–t0)/λ],                 (7)
 

where λ
 
= ħ/mc is the Compton electron wave length. 

  

For  s2 << 0 (outside the future light cone of S) we 
have s = –

 
i|s|

 
and find 

 

< x0, t0
 
| x, t

 
>

 

                  ~
 
[λ/(x–x0)]3/2

 
exp(–

 
(x–x0)/λ).                 (8)

 

For s2 << 0 (outside the past light cone of D) 
we have likewise 

 

< x, t
 
|x1–x>

 

                  ~ [λ/(x1–x)]3/2exp(–
 
(x1–x)/λ)                   (9)

 

between D and its neighboring point Q(x, t).
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Eqs.(8), (9) show the nonlocal and 
superluminal connections between S, D and P, Q 
separated by Compton scale spacelike distances, 
developing anomal ultraviolet regions [16] outside the 
future and the past light cones of S, D accumulating 
delta-singularities on the light cones in early and late 
stages of the expanding and contracting electron 
wave, recalling the accumulation of Planck scale 
black holes outside the event horizons in the 
inflationary epochs of expanding and contracting 
semiclosed Friedman model universe.[17],[18]

VI. Gravitational Lensing

Tonomura observed an intereference pattern 
(Fig.1) in his double-slit experiment using the 
electron-biprism for lensing action of the double-slit. 
Recent astronomical observations [19] showed 
characteristic interference images formed by the 
lensing action [20] of galaxy cluster or black hole in 
the foreground of an extragalactic light source using a 
Hubble telescope.  There a double quasistellar 
objects is interpreted as the images of one and the 
same quasar, produced by the lensing action of 
intervening galaxy and a cluster of galaxies. Wheeler 
[21] proposed to extend a delyed-choice double-slit 
γ-ray experiment from the laboratory scale of meters 
to the cosmological scale of billions of light years. 

VII. Gravitational Wave from Binary
Black Hole

On February 11, 2016  [22]  LIGO 
announced the detection of a trangent gravitational 
wave signal from a binary black holes at 1.3 billions 
light years from Earth. The black holes have 29 and 
36 solar masses spiralling towards each other until 
they lose orbital energy, collide and  merge into a 
single spinning black hole having 3 solar masses less 
than initial 65 solar masses. The 3 solar masses 
equivalent of energy is emitted as a trangent 
gravitational wave observed by twin LIGO detectors 
on September 14, 2015, sweeping upwards in 
frequency and strength in characteristic faint rising 
tone, streching the L-shaped  arms of the laser 
interferometer from 4 km to one part in 1022. 

VIII. Semiclosed Friedman Model of 
Binary Black Hole

Friedman universe filled with uniform 
distribution of dust-like matter having constant density 
ρm is characterized by the density parameter Ωm = 
ρm/ρc , where ρc is the critical density for the universe 
to be closed, so  that Ωm = 0 for empty space and Ωm 

= 1 for black hole. 

In his seminal paper in 1918 [23] Einstein 
showed that the dumbbell-lik system rotating about 
two axes, such as binary stars and supernovas can 
make wave in space. LIGO image of computer 
simulations seem to indicate that the binary black 
hole has evolved from a pair of semiclosed Friedman 
black holes with 0.5 > Ωm > 0 to a dumbbell shaped
pair of black holes spiralling towards each other 
before merging into an almost closed spinning black 
hole. Recently updated density parameters [24] are: 
Ωatom = 0.049 for evolutionarily recent atomic matter, 
Ωm = 0.266 for nonrelativistic matter (luminous and 
dark) and ΩΛ = 0.685 for evolutionarily earlier dark 
energy of inflationary origin,[24] so that 

IX. Historical Comments

At the Tokyo Symposium [21] Wheeler 
allegorized the single electron in the double-slit 
experiment as a “smoky dragon” with its mouth biting 
the detector, leaving its tail at the particle source. The 
body of the dragon is smoky with double-connected 
and delayed-choice space time structure, so that 
nothing can be asked for before measurement.

A similar notion found in Nagarjuna (150-250) 
in his Middle Way doctrine [25] was translated from 
Tibetan text into English, restated in today's (quantum 
physicist's) words as: If, a cause (initial state) having 
ceased, the effect (final state) were a complete 
(unitary) transformation of the cause. Then the 
previously arisen cause would arise again: Reality (of 
intermediate state) is neither non-existent (virtual) in 
spacetime, nor permanent (trangent), while Fermat-
Huygens exrtremum principle for a photon passing 
through double- and multi-layered media was known 
to Helon (100-200) [26]

References  Références Referencias

1. E. Schrödinger,  Ann. Inst. Henri Poincaré 2, 
269(1932).      

2. P. A. M. Dirac, Principles of Quantum Mechanics, 
Oxford   University Press, London （1947)..

3. S. Watanabe, Rev. Mod. Phys. 27, 179 (1956).
4. Y. Aharonov et al., Phys. Rev. 134B, 1410 (1964).
5. O. Costa de Beauregard, in Proc Int. Conf. on 

Found..Phys. ed. Physical Society of Japan, 
Tokyo 233-241(1983).

6. F. Selleri. Quantum Pardoxes and Physical Reality, 
ed. Alwyn van der Merwe, Kluwer, London  (1990).

7. N. Hokkyo, Found. Phys. Lett. 1,293 (1988). 

           Ωtot =  Ωatom + Ωm + ΩΛ = 0.965.             (10)

We note that the observed density parameter 
Ωm = 0.266 falls into the range 0.5 > Ωm  > 1 in the 
semiclosed Friedman model.



   

 

 

 
 

 
 

 

 
 

  

 
  

 
  
  
  

 
 

 
 

  
 

 
  

 

 
 

    

 
   

 
 

 
    

 
 

 
 

 
  

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Single-Electron Double-Slit Experiment and Semi-Closed Friedman Model of Binary Black Hole Emitting 
Gravitational Wave

© 2016    Global Journals Inc.  (US)

34

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
Y
ea

r
20

16
X
V
I   

Is
s u

e 
  
  
er

sio
n 

I
V

II
( A

)

meaurement in quantum mechanics, in the 
International Workshop on Time-symmetry in 
Quantum Mehnics. Center fot Time, University of 
Sydney, July 2005. <w.ww.usyd.edu.au//
conferences/qm2005.htm> 

9. R. B. Leighton and M. Sands  The Feynman  
Lectures on  Physics Chap.37, Wesley. (1965).

10. N. Hokkyo, Studies in History and Philosophy of 
Modern Physics,  Focus Issue: Time-Symmetric 
Approaches to Quantum Mechanics, 762-766 
(2008).    

11. A. Tonomura, Electron Holography, Springer, 
Heiderberg, 1994; Video record available on web 
site:http:// www. Channelj.co.jp. 

12. A. Tonomura and F. Nori, Disturbance without the 
force, Nature, 452, 298.(2008).

13. J. Gorman  Phys. Rev. Lett. 95, 090502 (2005).
14. N. Takei et al. Phys. Rev.Lett.94, 220200502 (5). 
15. E. Witten, Global Gravitational Anomalies, 

Comm.Math.Phys.100, 197 (1985). 
16. J. A. Feynman, see Fig.18.4 in The Theory of 

Fundamental Processes, Addison-Wesley, 
Reading. Mass.(1961).

17. N. Hokkyo, “Holographic Origin of High 
Cosmological Constant Related to Large Mass 
Defect in Semiclosed Friedman Universe,” 
Physics and Space Science, 13 (7) (2014).

18. N. Hokkyo, “PCT symmetric Black Hole Radiation 
from Friedman Universe and Zitterbewegung of 
Radiating particle,” Physics and Space Science, 
15 (6) (2015).

19. L. Sarah and D. Brian, “Hubble Sees A Smiling 
Lens,” NASA retrieved Feb. 10, 2015: Earlier 
works cited herein.

20. E. Einstein, “Lens Like Action of a Star by the 
Deflection of Light in the Gravitational Field”, 
Science,84 (2188), 506-7 (1936).

  21. A. Miller and J. A. Wheeler, in Proc. Int. Symp. 
Foundations of Qunatum Mechanics, ed. Physical 
Society of Japan, Tokyo 140-152 (1984).

22. B. P. Abbott. “Observation of Gravitational Wave 
from a Binary. Black Hole Merger.”Phys. Rev. Lett. 
Feb.11 (2016).

23. E. Einstein, “Uber Gavitations Wellen 
”Sitzungsberechte d.k. Preiss. Akad. Wiss.
Berlin. Part 1: 154-169 (1918).

24. N. Hokkyo, International Review of Physics, “Bi-
.directional  EPR .Correlation and Planckeon Origin 
of Dark Energy,” 2(3) April 2015.

25. J. Garfield, The Fundamental Wisdom of the 
Middle Way, Oxford University Press (1995).

26. W. Yourgrau and S. Mandelstam, Variational 
Principle in Dynamics and Quantum Theory, 
Dordrecht, 1990. 

Erratum
In ref.[18] the loop integral, ∳ , is missing in 

eq.2 defining magnetic monopoles.

8. A. J. Leggett, Reflections on time-symmetry and 



 
   

  

 
 

 
 
 
 

 
 

 

Global Journals Inc. (US)

 

Guidelines Handbook 2016

  
 

www.GlobalJournals.org

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Single-Electron Double-Slit Experiment and Semi-Closed Friedman Model of Binary Black Hole Emitting Gravitational Wave
	Author
	Keywords
	I. Introduction
	II. Intermediate Amplitude of Transition
	III. Visualizaion of Particle-Wave Duality
	IV. Quantum Teleportation
	V. Ultraviolet Anomaly in Double-Slit Experiment
	VI. Gravitational Lensing
	VII. Gravitational Wave from Binary Black Hole
	VIII. Semiclosed Friedman Model of Binary Black Hole
	IX. Historical Comments
	References Références Referencias

