Volume 14 Issue 2 Version 1.0 Year 2014
Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)
& Print ISSN:
Online ISSN:

Abstract- The wave-particle duality relate to the space-time property of matter by Planck
constant. The fine structure constant is linked to the double-slit and the uncertainty principle in
Quantum Mechanics. Compton scattering and interference of doubleslit is established by the
cross-linked angle T1 = Tc cos( θ2), and vice versa. The single-slit diffraction is described by Sincfunction which could combine the classical diffraction and quantum interference effect in the
same experiment. This space-time model explain the experimental mystery of the double-slit.
GJSFR-A Classification : FOR Code: 029999p

RethinkingtheDoubleSlitExperiment

Strictly as per the compliance and regulations of :

© 2014. Ke Xiao. This is a research/review paper, distributed under the terms of the Creative Commons AttributionNoncommercial 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.
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Wavefunction and Wave-Particle Duality

i

i

Ψ(r, t) = Ae− ~ (p·r−Et) = Ae− ~ Et 𝜓𝜓(r) = f (t)𝜓𝜓 (r)
i

i

|Ψ(r, t)|2 = ΨΨ∗ = [Ae− ~ Et 𝜓𝜓(r)][Ae− ~ Et 𝜓𝜓(r)]∗
i

(1)

i

= Ae− ~ Et 𝜓𝜓(r) · Ae ~ Et 𝜓𝜓∗ (r) = A2 | 𝜓𝜓 (r)|2

The fine structure constant can be defined as the conservation of angular momentum
related to the same dimensional p · r−Et
e2
= ±α~ = p · r−Et
c

(2)

The wavefunction had an entropy format S = klnΨ for ĤΨ = EΨ in the first paper
of Schrödinger in 1926. [5, 12] The Boltzmann constant k is linked to α by the dimenQ 2
4σ 1/3
sionless blackbody radiation constant αR and primes αR = e2 ( ck
= ( p2p+1 )1/3 α =
4)
1
0.86976680α = 157.555
. [7] The Einstein/de Broglie wave-particle duality is linked to
the reciprocal space-time properties of matter. [8, 9] Note that period T = 1/ν [T]
and wavelength λ = 1/k [L], the property of particle-wave is defined by the spin over
time-space.
E = ~ω i.e. E = hν = h/T
p = ~k i.e. p = hk = h/λ

(spin/time)
(spin/space)

Year

)

A plane wave function Ψ(r, t) and the Born probability density |Ψ(r, t)|2 are [6]

(3)
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Introduction
The interference of Young’s double-slit experiments is the “central paradox” of Quantum
Mechanics. [3] The quanta exhibit strange behavior after passing through the doubleslits: (a) There is a definite symmetric interference pattern for the multi-quanta (photon
or electron), regardless of whether they all come together or one at a time; (b) The individual quanta has a random path and target point; (c) There is a white background
noise, a photon can be found even at the node; and (d) No interference for single-slit.
There are many controversies surrounding wave-particle duality, determinative, causality,
localization. Beyond the Copenhagen interpretation, other interpretations include PathIntegral, Hidden Variable, de Broglie-Bohm, etc, each with its own compromises. The
fine-structure constant α is deeply involved in the Quantum theory. [1, 2] Pauli considered
quantum mechanics to be inconclusive without understanding of the fine structure constant. [2 ] Feynman also said that nobody understands quantum mechanics. [3] As a new
approach, this paper discuss a fine structure constant interpretation of double-slit. [4 ]
I.
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where the conservation of angular momentum in the reduced Planck (Dirac) constant
h = ET = pλ (i.e., ~ = E/ω = p/k), and the electron spin ~/2 can only be interpreted
by the 4-dimensional space-time of the relativistic Dirac equation. [10, 11]
III.

Compton Scattering and Interference
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2014

In Fig. 1 (a), the 2D double-slit plane is illustrated so that the slits 1 and 2 are at d2
and − d2 , with the slit width δ, a moving target receiver at the point X, with distance Y
between the double-slit and target, L1 = [Y 2 + (X + d2 )2 ]1/2 and L2 = [Y 2 + (X − d2 )2 ]1/2 .
Note that the experimental condition requests Y  X  |d|  λ, so 4L ∼
= aX is linear.
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Figure 1 : The 2D illustration of Double-slit (a), the cross-linked photon scattering (b), (c), and (d)
the experimental data recorded by Antoine Weis in 2003.

Since the phase velocity c = νλ = ωň = ω/k and T = ω −1 , from Compton scattering
ň − ň = ňc (1 − cos θ) (i.e., ωc0 − ωc = ωcc (1 − cos θ)), we have T 0 − T = Tc (1 − cos θ) in Fig.
1 (b). [13] For the each slit in Fig. 1 (c)
0

0

T1 − T = Tc [1 − cos(θ1 )]
0
T2 − T = Tc [1 − cos(θ2 )]

(1)
(2)

(4)

Let (4-2) subtract (4-1), and Tc = ňc /c = ~/me c2 = 1.288 × 10−21 [sec], then
0

0

4T = T2 − T1 = Tc [cos(θ1 ) − cos(θ2 )]

(5)

(5) establishes the cross-linked angle for the double-slit
If

0

0

T1 = Tc cos(θ2 ) then T 2 = Tc cos(θ 1)

(6)

0

where the T1 on the slit-1 is related to the scattering angle θ2 on the slit-2,
and vice versa. It is a random variable for each particle noted as 4T = δT ,
and the experimental data shows in Fig. 1 (d).
0
0
Assuming 𝜓𝜓1 = A1 e−iωT1 and 𝜓𝜓 2 = A2 e−iωT2 after the photon scattering for slits
1 and 2, where |A| ' |A1 | ' |A2 | is real number. The target wavefunction at X is
0
0
𝜓𝜓X = Ae−iωT1 eikL1 + Ae−iωT2 eikL2 = 𝜓𝜓 1 ei2πL1 /λ + 𝜓𝜓 2 ei2πL2 /λ , where λ is the wavelength of
the quanta (photon or electron). The probability given for the quanta at the target point
X is the same as (1) in the exponential form
0

0

0

0

| 𝜓𝜓X |2 = (Ae−iωT1 eikL1 + Ae−iωT2 eikL2 )(AeiωT1 e−ikL1 + AeiωT2 e−ikL2 )
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0

0

0

0

= |A|2 · [1 + 1 + ei(kL1 −ωT1 −kL2 +ωT2 ) + e−i(kL1 −ωT1 −kL2 +ωT2 ) ]
0
0
= |A|2 { 2 + 2 cos[k(L1 − L2 ) − ω(T1 − T2 )]}
Wave
interference

White
noise

(7)

Particle
scattering

0

= 2|A|2 [1 + cos(k4L − ωδT )]
The angle term in (7) is same as ~1 (p · r−Et) = (k · r−ωt) = k(r−ct) in (1), i.e., related
α2
to the fine structure constant in (2). It is ňc = αa0 = 4πR
= rαe for the free electron and
∞
p α
p α2
~
1
=m
a =m
for the atomic bonding electron in the Compton scattering. (7)
mi β 0
mi β 4πR∞
mi c
clearly show that the wave-particle duality by the wave-vector k and the photon-frequency
0
ω linked separately to the space 4L and time δT .
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Figure 3 : The scatter graph of| 𝜓𝜓X |2DS ,| 𝜓𝜓1| 2 and|𝜓𝜓 2| 2 in (7) by author (left); and the “one
photon at a time” double- slit experimental data for the near target from Teachspin (right)
0

The visible photon-frequency is about ω ∼ 1014 [Hz]. The term of ωδT are random
and small effect on the visible-light scattering by the tightly bound electron (mi  me ).
Therefore, the term 2π
(L1 − L2 ) = akX is the major-variable in control. The cosine term
λ
0
becomes {−1, 0, 1} when 2π
(L1 − L2 ) − ω(T1 − T2 ) = akX − ωδT = {(2n ± 1)π, (n +
λ
1
)π, 2nπ} where k = 2π
, n = 0, ±1, ±2, · · · , and let | 𝜓𝜓X |2 = {0, 2, 4)}|A|2 . The continued
2
λ
distribution is changes into a quantum interference pattern during coherence and crosscorrelation. [14] Assuming A = sinc[k4L] and A1,2 = sinc[k(4L ± d2 )], the graph of (7)
matches perfectly with experimental data from MIT for the far target using lasers (Fig.
© 2014 Global Journals Inc. (US)
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Figure 2 : The scatter graph of the probability density |𝜓𝜓 X |DS in (7) by author (top); and the Laser
double-slit experimental data for the far target from MIT (bottom).
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2),1 and Teachspin for the near target with “one photon at a time” (Fig. 3).2 The scatter
graph in Fig. 2 and Fig. 3 clearly show that the interference pattern with the random
scattering effect as the individual particle of “one photon at a time.”
(7) indicates that the double-slit experiment has the interference pattern (a) with a
random quantum scatting (b) and a background white noise (c). Notice that the cosine
function is an even function responsible for making the symmetric interference pattern
appearing on the target plate. It also shows that there is no interference pattern for the
narrow single-slit (d), since | 𝜓𝜓j ei2πLj /λ |2 = (Aj e−iωtj eikLj )(Aj eiωtj e−ikLj ) = |Aj |2 where
j = 1, 2 (Fig. 3).
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IV.

Diffraction and Interference of N-Slits

As an exception, a slit which is wider than a wavelength produces Fraunhofer diffraction
similar to the weak interference, due to the slit-edge electron-photon scattering effect. The
probability for the diffraction of a wide single-slit at the target point X can be derived as
a Taylor-Maclaurin series or Euler-Viete infinite product,
| 𝜓𝜓X |2SS = |A|2 = |sinc(akX)|2 = [
= {

∞
Q

[1 − (

akX
nπ

) ]} = [
2

2

n=1

∞
P

]2
(−1)n (akX)
(2n+1)!
2n

n=1

∞
Q

)]2
cos( akX
2n

(8)

n=1

where akX = πd
sin θ and slit width d. Unlike θ in the Fraunhofer approximation for the
λ
far field limitation, X can be measured directly regardless far or near target. (8) looks
like but is not Gaussian distribution. Fig. 4 shows the graph of (8) compared with the
single-slit diffraction experimental data using laser and adjustable slit-width.
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Figure 4 : The graph of the probability density |𝜓𝜓X |2SS in (8) by author (top); and the single-slit
diffraction experimental data from MIT (bottom)

Therefore, the double-slit equation is simply the diffraction of two narrow single-slits
with wave interference and photon scattering. This is supported by the experimental
result of very narrow but widely separated double-slit, i.e., moving two single-slits closer,
in the double-slit experiment of electron. [15] From (7) and (8), the double-slit equation
is
0
| 𝜓𝜓X |2DS = 2 · |sinc(a0 kX)|2 [1 + cos( akX − ωδT )]
(9)
two diffraction
interference
scattering
0
0
2
= {2 · sinc(a kX) · cos[(akX − ωδT )/2]}
1

http://scripts.mit.edu/_tsg/www/demo.php?letnum=P%2010 (2011)
http://www.teachspin.com/instruments/two_slit/experiments.shtml (2011)

2
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where a0 kX = πδ
sin θ and δ is the narrow slit width; akX = πd
sin θ (d > δ in Fig.
λ
λ
2-3). The total number of fringes are N = 2m − 1, where m = d/δ = a/a0 equal to the
ratio of the width of two-slits d divides the slit width δ. The double-slit experiment is a
combination of the diffraction, scattering, and interference processes.
The same principle can be applied to N-narrow slit experiments (Fig. 5). [15]
N/2

P
n=0

=

𝜓𝜓±n = A

N/2

P

0

cos(akX − ωδT )

(10)

n=1
0

(akX+ωδT )/2]
A sin[N
0
sin[(akX+ωδT )/2]

2014

=

Year

The probability for the diffraction grating of N-narrow slits at the target point X is
0

(akX−ωδT )/2] 2
}
| 𝜓𝜓X |2N S = sinc2 (a0 kX){ sin[N
0
sin[(akX−ωδT )/2]

=

1−cos(2a0 kX)
2(a0 kX)2

(11)

·

i2

h

31

0

1−cos[N (akX−ωδT )]
0
1−cos(akX−ωδT )]

If N = 2, sin(2φ/2)
= [2 cos(φ/2)]2 = 2 (1 + cos(φ)) = 4 cos2 (φ/2), (11) go back the
sin(φ/2)
double-slit equation (9). Unfortunately, the wave pattern is so attractive in the classical
grating equation, and the particle scattering is ignored. (11) contains a particle scattering
0
term ωδT , and its scatter graph compare with experiment from UTPD is shown in Fig.
53
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V.

Combination of Quantum and Classical Slit

In this model, the slit-edge electron-photon scattering plays a hidden role (each slit has
two edges), which is linked to the fine structure constant. [7] Compton scattering creating
redshift has been confirmed by sunlight. The fine structure constant must also play critical
rule in the double-slit experiment of electron, neutron, He-atoms, and C-60 molecules.
3

http://electron9.phys.utk.edu/phys136d/modules/m9/diff.htm (2011)
© 2014 Global Journals Inc. (US)
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Figure 5 : The scatter graph of the probability density |𝜓𝜓X|1,2,3,4,5,7 in (11) by author (top); and the
N-narrow slits (1, 2, 3, 4, 5, 7) diffraction data from UTPD (bottom)
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Fig. 6 shows that there is a classical distribution (or de-coherent) if the quanta-slit
interaction is weak (e.g., the double-slit experiment for neutron, C-60 and other heavy
atoms). Other types of quantum scattering (e.g., Møller) may be involved. The Neutron
double-slit data can be described as [16]
(12)

|sinc[a0 k(X ± x))]|2

P

Fig. 6 shows that many quanta have passed the slit without interaction (leaking), they
are not taking place in the interference. This is also true for the photon-recoil atomic
interferometry, and the light-quanta passing a widely separated double-slit. [16] Fig. 7
shows the Young’s interference patterns of synchrotron radiation. The photon energy is
fixed at 180 eV, while the spacing of the double slit is changed from 30 to 200 µm. [17]
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| 𝜓𝜓X |2N DS = [2sinc(a0 kX) cos(akX − ωδT ” )]2 +
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Figure 6 : The scatter graph of the probability density|𝜓𝜓X |N DS = |𝜓𝜓 1+𝜓𝜓 2|2 + |𝜓𝜓1|2 +|𝜓𝜓 2|2 in (12) by

author (left); and the Neutron double-slit data (right) [16]
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Figure 7 : The graphic |Ψ|2 in (12) by author (left) compare to the Young’s interference patterns of synchrotron
radiation (right), hν = 180eV , the spacing of the double slit d is changed from 30 to 200 μm. [17 ]
VI.

Space-Time 3d Model of Double-Slit

Applying the time evolution e−kct = e−bY to the diffraction, interference and scattering in
(12), the 3D expression of the double-slit is
n

| 𝜓𝜓X |2 = (1 − e−kct ) · | 𝜓𝜓X |2DS + e−kct · | 𝜓𝜓X+d/2 |2SS + | 𝜓𝜓X−d/2 |2SS
= (1 − e

−bY

)[2sinc(a kX) cos(akX − ωδT )] + e
0

”

2

−bY

o

|sinc[a k(X ± )]|

P

0

d
2

(13)
2

2 −0.5
2 −0.5
where aX = [Y 2 +(X+ d2 )2 ]0.5 −[Y 2 +(X− d2 )2 ]0.5 and δT ” = Tc {[1+( X+d/2
) ]
−[1+( X−d/2
) ]
}.
Y
Y
The contour map of (13) compare with the He-atom, and the 3D graph of (13) with the
weak measurement are shown in Fig. 8. [18]

© 2014 Global Journals Inc. (US)
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Figure 8 : The contour map and 3D graph of |Ψ|2 in (13) by author (left) to compare with the He-atom
and the weak measurement (right), originally explored by Wigner function and Bohmian trajectories. [18]
0

0

In (13), the wave-particle P · r − Et = akX − ωδT = k(aX − cδT ) link to the space-time,
and the X-enlarge distorted 3D graph shows in Fig. 9.
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The experiment for which-way also show the de-coherent by the secondary scattering
after the quanta passed slit. [19] It further prove that the quantum scattering is a critical issue behind the geometric parameters for the wave-pattern. In other word, there
will be no interference if without relativistic quantum scattering. The fine
structure constant is the magic hand behind the double-slit experiment. This model
clearly displays the particle-wave duality by particle scattering and wave-interference.
The quanta can be counted as one particle at a time, and the multi-quantas are displaced as the cosine-type wave-pattern in space. The electromagnetic wave frequency is
in the region of ω = kc = 100 ∼ 1024 [Hz]. Since Tc = 1.288 × 10−21 [sec], the doubleslit wave interference can be tested from soft-X-ray (1018 [Hz]) to microwave (108 [Hz]).
The visible light (∼ 1014 [Hz]) is a wave-like rather than the particle-like, and the γ-ray
(1020−24 [Hz]) is a particle-like rather than the wave-like. This physical reality was obscured by the trigonometric identities, however, there are many different versions of the
classical grating equations. The quantum physical principle is the same and independent
of the mathematical expression and coordinate system.
© 2014 Global Journals Inc. (US)
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Figure 9 : The double-slit distorted 3D graph of |Ψ|23D in (13) by author
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VII.

Conclusion

The wave-particle duality relate to the space-time property of matter by Planck constant.
The fine structure constant is linked to the double-slit and the uncertainty principle in
Quantum Mechanics. Compton scattering and interference of double-slit is established by
0
the cross-linked angle T1 = Tc cos(θ2 ), and vice versa. The single-slit direction is described
by Sinc-function which could combine the classical and quantum interference effect in the
same experiment. This space-time model of double-slit explain the experimental mystery
of the double-slit.
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