Nature of Light: What Hidden Behind Young’s Double-Slit Experiment?
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We experimentally prove that the famous single- and double-slit experiments are merely the scattered-light
phase transition by slit edges rather than the conventional view of the transmitted-light effect by slits. The na-
ture of the wave-particle duality of light quanta can be well understood with the help of the hypothesis of the
quantized chiral photons having an intrinsic dual-energy cyclic exchange property. With the suggested theoret-
ical framework, the experimental diffraction pattern of a single slit is analytically determined and numerically

confirmed.

PACS numbers: 42.25.-p, 42.25.Fx, 42.25.Hz

The physical nature of light has been studied for cen-
turies and a rich picture of the photon has been established
(interference, diffraction, reflection, refraction, wavelength,
frequency, speed, polarization, wave-particle duality, etc.).
These findings seem to indicate that physicists have thor-
oughly mastered the secrets of light, unfortunately, this is not
the case. From Newton and Huygens conflict about whether
the light is a particle [1-4] or a wave [5] to the wave-particle
duality in the quantum age [6], the debate about the nature
of light has never stopped. In 1951, Einstein wrote to one
of his friends, “All the fifty years of conscious brooding have
brought me no closer to the answer to the question: What are
light quanta?”.

One might have expected that with the latest developments
in modern physics [7-11], the debate will eventually be re-
solved and a clear picture of the nature of light achieved ulti-
mately. Over the past decades, although significant research
efforts have been devoted to uncovering the features of light
and photon, but the confusion status of the duality of light to-
day is similar to or worse than that of Einstein’s era. Photon,
as the simplest and most elementary particle of the universe,
we have to accept two contradictory pictures of wave and par-
ticle, and must use sometimes the wave picture and sometimes
the particle picture, while at times we may use either. So, is
the photon really as we think? Frankly speaking, it is time
for us to reconsider one fundamental question: What is the
wave-particle duality of light?

In this Letter, we first experimentally study the well-known
single-slit diffraction and double-slit interference and obtain
some very interesting results, which suggest that the patterns
both for single and double slits are generated by the scattered
light from the edges of the slits. Furthermore, the slit-edge-
scattering (SES) mechanism implies that photons should fol-
low determinate trajectories and the double-slit *which-way’
experiments are not physical reality. Obviously, these conclu-
sions will directly challenge the authoritative interpretations
established by the mainstream physics community. Secondly,
we propose a dual-energy cyclic-exchange hypothesis of chi-
ral photons, which possess the intrinsic wave-particle dual-
ity. Under the new theoretical framework, the nature of the
wave and particle property of light is unified and the forma-
tion mechanism of the single-slit diffraction and double-slit

interference fringes is no longer mysterious.

Despite Young’s double-slit experiment [5] (see Fig.1) has
been widely regarded as providing conclusive evidence that
light is a wave and was even considered by Feynman to be
the heart of quantum mechanics. But it must be pointed out
that what the experiment really reveals has been completely
misunderstood, which may be one of the main reasons for the
difficult situation of physics today. Our primary aim is to ob-
tain some convincing experimental evidence that the diffrac-
tion and interference patterns are the built-up effect of the
scattered light from the edges of the slits instead of the co-
herent effect of the transmitted light through the slits. For this
purpose, we have prepared a series of single and double-slit
samples on 304 stainless steel plates by photochemical etch-
ing technology.

The first experiment was carried out without placing the
aquarium in the light path and the distance between the slit
and the screen L = 10m (see Fig. 1). Figure 2 shows the
schematic of four samples (A, B, C and D) and correspond-
ing experimental patterns (the right subgraphs), respectively.
It is noteworthy that the four samples were intentionally pre-
pared in pairs of complementary structures (Yin and Yang in
Chinese), which mean that if we stack samples A and B or
samples C and D together, they will be completely opaque.
From the right of Fig. 2, it is not difficult to find that the ex-
perimental patterns [Figs. 2(a) and 2(b), Figs. 2(c) and 2(d)]
of Yin-Yang pairs are identical except for the random scat-
tered light around the center. These experiment provide pow-
erful evidence that the so-called interference and diffraction
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Figure 1: Schematic of improved Young’s double-slit experiment.
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Figure 2: Comparison of diffraction and interference patterns be-
tween slits (Yin) and filaments (Yang), (a) single slit, (b) single fila-
ment, (c) double slit, and (d) double filament.

phenomena are actually the “edge-effect” (photon has a well-
defined trajectory) rather than the “slit-effect” (photon prop-
agation without trajectory) described by various authoritative
textbooks. Furthermore, the SES mechanism is sufficient to
support that the “which-way”” question does not exist at all.

From Figs. 2(a) and 2(b) , apart from the brightest center
of width 2A, = 2L\/a ~ 13.0cm, the stripes are changed
by the period A, = LA/a =~ 6.5¢m. Why only the width of
the brightest center is doubled? At the end of the Letter, we
will show that this particularity is associated with the trans-
mitted light passing directly through the slit. Furthermore,
the SES mechanism implies that the single slit and the dou-
ble slit share the same physical mechanism. Then, the main
difference between them is that the former has only two scat-
tering edges while the latter has four, correspondingly, the pat-
tern of the double slit has one more fringe spacing parameter
Aoiv = LA/(a + b) =~ 4.3cm, as indicated in Fig. 2 (c).

In order to gain physical insight into interference and
diffraction phenomena, we designed the second experiment
as shown in Fig. 1, where an aquarium filled with light-ink
was placed at a distance of L = 1.6m from the slit. Four
experimental samples and corresponding slit parameters are
illustrated in Fig. 3 which intuitively and vividly show the
fringes and the corresponding intensity of different stripes. In-
credibly, the patterns look like they were frozen in the water.
According to the experimental results, we can draw the fol-
lowing conclusions: 1) the envelope of the double slit pattern
is determined by the single slit, and the most direct effect of
the double slit is the “splitting” of the single slit pattern of Fig.
3(a). From Figs. 3(b)-(d), the splitting rules are 2(a+b)/a+1
and (a + b)/a for the central brightest stripe and the other
bright stripes, respectively; 2) the red (bright) and dark stripes
are 3D spatial distribution from the edges of the slits to the
distant space along the direction of light propagation, instead
of what we have once thought were only on the 2D screen;
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Figure 3: 3D diffraction and interference patterns of aquarium ex-
periments, (a) single-slit of @ = 0.05mm, (b)-(d) double-slit of
a = 0.05mm, b = 0.05mm, 0.15mm and 0.25mm, respectively.

3) both single- and double-slit experiments reveal a same col-
lective phase transition of photons: the unstriped phase before
the slits to the striped phase behind the slits. So, what kind of
physical mechanism can ensure that the patterns like the mul-
tiple streams of red and dark water “flow” never disturbing
each other?

To begin the theoretical study, it must be emphasized that
Planck’s quantum hypothesis (E = hv) [4] is incomplete as
it can only describe the particle nature but ignores the wave
nature of light, and what quantum mechanics has attempted to
let the photon possess a wave property by means of the wave
function is a failure. As an intuition, whether the photons are
particles or waves or both, the photon’s self-energy may be the
most critical factor. In fact, the strict periodic wave behavior
is a very common physical phenomenon, such as spring oscil-
lator, LC' oscillator, which are both dual-energy systems and
satisfy the energy relationships: E,(t) = E,, sin® (wt + ¢q)
and Ey(t) = E,, cos® (wt + ¢g), where E,(t) is potential
energy, Fj(t) is kinetic energy and E,,(t) is the total en-
ergy of the oscillators, they obey the law of energy conver-
sion and conservation (or energy complementarity principle):
E,(t) + Ex(t) = E,, = constant. For spring oscillator,
E,, = mw?A?/2 (where m, w and A are the mass, the fre-
quency, and the amplitude, respectively), while for LC' oscil-
lator, E,,, = CU?/2 (where C is the capacitance and U is the
maximum voltage on the capacitance).

Since the wave characteristics of light have been ex-
perimentally confirmed, it is natural to consider whether
Maxwell’s electromagnetic field theory can be applied to de-
scribe the wave nature of light. In 1922, Oseen claimed that
the approximate solutions of the quanta can be solved from
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Figure 4: Schematics of chiral photons: (a) the left-handed photon
rotate counterclockwise in the order of I-II-III-IV, and (b) the right-
handed photon rotate clockwise in the order of I-IV-III-II. When
looking at the direction of propagation of left-handed or right-handed
photons, it can be found that the electric field vector Ef, (or Er ) and
the magnetic field vector Hy, (or Hg ) are always perpendicular at
any time ¢t and any spatial position z, in addition,the trajectories of
the electric field vectors (red arrow) and magnetic field vectors (black
arrow) are two pairs of tangent circles

the Maxwell’s equations [13]. We also tried to use Maxwell’s
equations, but soon ran into insurmountable theoretical diffi-
culties. This is because of the relationship between the electric
field E and the magnetic field H in Maxwell’s equation:

foy, (1)
€o

kxE=

Although, a dual-energy photon can be defined by
Maxwell’s equation with the electric field energy Ey(z,t) =
e0E?(z,t)/2 and the magnetic field energy E,(z,t) =
poH?(2,t)/2. But E,(2,t) and Ej(2,t) are always in-phase
which is different from the out-phase energy relation of the
spring and LC oscillators. In other words, the photons defined
by Maxwell’s equations do not follow the energy complemen-
tarity principle. Is it possible to force them to be in phase? If
this is done, a serious consequence is that the direction of the
Poynting vector k is no longer consistent, and we soon re-
alized that this is because the electric field E and magnetic
field H of Maxwell’s equation are linearly polarized. Based
on the above failed attempts, we proposed a theoretical model
of chiral photons that simultaneously satisfy the wave-particle
duality and energy conservation laws (see Fig. 4). The elec-
tric field and magnetic field of the left-handed photon of Fig.
4(a) are given by

Ep(z,t) = E ‘cos(z)%z + 4,0%)‘ exp [i((p% + wt)] ,

HL(Z,t) = HO

sin(%2 + )| exp [~i(e) +wt)] , 3)

while the right-handed photon is defined by

Eg(z,t) = Ey ‘COS(QALOZ + @%)‘ exp [i(p% —wt)], @

2z

Hi(z1) = Ho|sin(3 +¢9) | exp [~i(ph — wt)] . 5)

G

2
—8“E0

1. 22
EC“E (z,t)

Generation
uonejyiuuy

000000 000000

O A B C D E O E D C B A O

Figure 5: (a) Graphical diagram of the electric field energy and mag-
netic field energy of a left-handed or right-handed photon as a func-
tion of one propagation period, where A\ = Ao/2. (b) The ancient
Chinese Taiji diagram explanation of the energy complementary re-
lationship of chiral photons suggested in this Letter.

Here, )\ is the original wavelength, w is the circular fre-
quency, z = ct (c = 1/\/lo€o is the speed of light in a vac-
uum), and Eo,Ho, ¢ and % are the maximum electric field
intensity and magnetic field intensity, the initial phases of the
left- and right-handed photons, respectively. Moreover, when
©% = % = o, it is quite easily to prove that the combined
light E(2,t)+ERg(z,t) is a linearly polarized light along the
o direction. By using the relationship Ey = +/ /€0 Ho, it
can be verified from Eqgs. (2)-(5) that they satisfy the energy
conservation relationship: £oE? (2,t)/2 + poH2 (2,t)/2 =
c0E%(2,1)/2 + woH%(2,1)/2 = e0 EZ /2 = poHE /2.

Figure 5(a) shows the energy complementary relationship
of the chiral photons. It must be pointed out that the period (A
in the figure) of the energy exchange is the wavelength of light
measured in the experiment, which is only half of the original
wavelength \g in our theory. Further, it must be emphasized
that only the electric field energy €0 E2(z,t)/2 of the photon
can induce the observable optical effects, which implies that
the unused magnetic field energy 1o H?(z,t)/2 of the photon
is a kind of hidden energy (or dark energy), and hence we can
describe the single photon using only the part of the electric
field energy. In this simplified framework, a single photon
is an energy particle with its “size” (the electric field energy)
changing periodically, as shown at the bottom of Fig. 5. Now
we can answer the question: what is the wave-particle duality
of light? On the one hand, at any given moment the photon
behaves as a particle with a definite electric field energy, on
the other hand, at any time interval, the photon exhibits wave
property with uncertain electric field energy, this is the physi-
cal nature of the wave-particle duality of light.

If we interpret the evolution from O to O’ and from O’ to
O in Fig. 5(a) as the generation and annihilation of photons,
we will be surprised to find that Fig. 5(a) can be expressed
as the Taiji diagram of the ancient Chinese Yin-Yang comple-
mentary philosophy, as illustrated in Fig. 5(b). Can we say
that Chinese philosophers had predicted that photons are Taiji
particles with wave-particle duality about 6,000 years ago?

With the above theoretical and experimental research, we
now focus on the single-slit experiment that has confounded
the scientific community for hundreds of years. To our knowl-



edge, whether it is the Fresnel’shalf-band method of classical
optics or the complicated wave function treatment of quan-
tum mechanics [12], their researches were based on a false
conjecture that diffraction patterns are formed by transmitted
light through the slit rather than the scattered light by the two
edges as disclosed by our experiments of Fig.2. Figure 6(a)
illustrates how a single-slit (double-edges) creates the charac-
teristic diffraction pattern on the screen. As can be seen from
the figure, there are two kinds of light arriving at the screen,
one is the transmitted light [I(7T)] directly passing through
the slit, and the other is the scattered light [1(.S1) and I(S2)]
from the edges S; and Sy of the slit, respectively. It must
be stressed again that there exists an essential difference be-
tween our theory and the traditional mainstream theories. We
believe that the pattern is produced by I(.S1) and I(S2) inde-
pendently of I(7T'), but mainstream physicists insist that it is
the only contribution of I(T).

Without any sophisticated mathematical treatments, the
present technique enables us to obtain the diffraction pattern
of single-slit straightforwardly. As shown in Fig. 6(a), when
the photons from edges S; and S2 are both at the maximum
electric field energy state (Yang), the screen at that place will
appear the brightest stripe, conversely, when they are at the
same maximum magnetic field energy state (Yin), the darkest
stripe will appear at the corresponding position. Hence, the
conditions for the appearance of dark and bright stripes on the
screen can be expressed as follows:

kX k=0,21,42,

, (6
LNk =0,+1,£2,- ©

PS5, —PS; ~ acosf = {
where a is the slit width and @ is indicated in Fig. 6(a). Cor-
respondingly, the positions of dark and bright stripes on the
screen x, are respectively given by

kA, k=0,£1,42, -

.7
2N, k=0,£1,42, - ™

xp = Lcoth = {
From Egs. (6) and (7), we have the following relationship:
asinf/L = A\/A,, in the approximation of 6 close to /2,
thus we directly get the familiar formula:

L
Aa = A:Ek = |£Ck+1 — (Ek‘ ~ E)\ (8)

The total light intensity that reaches the screen consists of
two parts, one is the left- and right-handed photons [Egs. (2)-
(5)] scattered by the slit edges and form the stripe, and the
other is the direct transmitted light that does not form the
stripe. By insert Eq. (8) into Eqgs. (2) and (4), furthermore, if
we assume that the transmitted light from the slit is a Gaus-
sian beam, then the total light intensity on the screen can be
analytically expressed as

T — 2 222
I= Z Io(S;) sin? (77 z)-i-[o(T) €xp (_) J
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Figure 6: (a) A schematic how the bright and dark pattern built up
in the single slit (double edges) experiment. (b) The numerical sim-
ulation of analytical expression (12) , consistent with experimental
result of Fig. 2(a).

where Iy(.S;) and Io(7T') are the maximum values of the scat-
tered and transmitted light intensity, respectively.

Figure 6(b) shows the numerical simulation result of Eq.
9) for Iy(S;)=1, Iy(T) = 10, A = 650nm, a = 0.1lmm,
x1 = —a/2, xzo = a/2 and L = 10m, note that the param-
eters a and L are the same as those in Fig, 2(a). By compar-
ing Fig. 2(a) with Fig, 6(b), one can see a good agreement
between the experiment and the theory. In addition, the in-
teger k of Eq. (7) corresponding to the maximum and min-
imum of light intensity are indicated in Fig. 6(b). It should
be noted that the center z = 0 is originally the minimum
becoming the maximum is caused by the superposition of
the transmitted light, which in turn doubles the width of the
brightest center stripe. Finally, we briefly discuss the for-
mation of double-slit interference pattern. In our theoretical
framework, the double slit (four-edges) is just a trivial ex-
tension of a single slit (two-edges). The four edges of the
double slit can provide two independent interval parameters
Ao = LA/aand Ayyp = LA/ (a + b) with the light intensity
I(a+0b) = >,y 4 1o(Si) cos? [w(z — z;)/(a + b)], qualita-
tively, the pattern is formed by merging the patterns corre-
sponding to A, and A4y .

In conclusion, we have established a new theory of the
wave-particle duality of photons. Contrary to the mainstream
quantum probabilistic explanation, our theory provides a uni-
fied and deterministic explanation for single- and double-slit
experiments. Both theoretical and experimental results in-
dicated that the “bright” and “dark™ fringes are formed by
the electric field energy and magnetic field energy of the
quantized chiral photons scattered by slit edges, respectively.
There is no doubt that the proposed theory can provide new in-
terpretations of various physical problems, such as the Comp-



ton effect, photoelectric effect, atomic spectrum, black-body
radiation.
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