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ABSTRACT

Based on the quantum mechanics, we discussed the interaction between the photon and free
electron. We found: 1.The interaction between the photon and free electron is handedness
dependent; 2. Compared to the left handedness photon situation, the frequency of right
handedness photon will shift to the more infrared side after its interaction with the free electron and
3.The contribution from the interaction between the magnetic moment of free electron and the

magnetic vector of photon to the frequency shift is not handedness dependent.

Keywords: Free electron; photon handedness; solar energy; frequency shift; magnetic moment;

photonics.
1. INTRODUCTION

The interaction between the light and the matter
has great influence on the evolution of our
universe. From the nonliving materials, such as
the rock at the roadside to the life materials at
low level, such as the plant on the ground to the
life materials at high level, such as human being,
all change continuously under the light influence.

To understand the interaction between the light
and matter is so important that the researchers
paid much attention to the light since the
beginning of science. Especially, the research in
the field has been intensified in the past decade
due to the wide application of light in
communication,  photonics, solar  energy
utilization, etc [1-2].
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In the research history about the light, it
experienced the particle hypothesis [3-4], the
wave hypothesis [5-6] and later on the wave-
particle duality hypothesis [7]. In some
experiments, the light behaviors more like a
particle, in some other experiments, the light
behaviors more like a wave. Then, in scientific
fields, a new name, “photon”, is invented to
represent the light. The problem is: if we take the
photon as a particle, we have to know how many
times of vibration of light should be cut off and
take this part of light as a photon, otherwise, the
situation will become the light (photon) can
vibrate arbitrary times at will. The same situation
for the wave hypothesis of photon, we can't say
the photon can vibrate as many times as it like
before the photon is absorbed by the matter. The
wave must be cut off at certain time length or
periods. Even we already define the duality of
wave-particle of light, the problem is still there,
not solved. This means to us that even though
the long time research on light, some
fundamental aspects are still not so clearly
understood. Therefore, two years ago we turn
our attention onto these fundamental topics on
the light.

From the previous work [8], we demonstrate that
the light is not continuous as we think before, but
discontinuous instead, that is, each part of the
light we can call it “energy corpuscle” following
the definition of Issac Newton or “photon” by the
definition of scientific world later on. The part of
light as a photon only has one complete period of
vibration. In that paper, we directly answer the
question in above paragraph, that is, how many
times the photon can vibrate when it interacts
with the matter.

Now we hope to go further to explain the detail of
the interaction between the photon and the
matter. We would like to start the topic from the
simplest system, that is, the interaction between
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photon and a free electron. In fact, this topic has

been studied before and the related
phenomenon is called Compton Scattering
[9-10]. The Compton Scattering correctly

describe the frequency shift during the light
scattering but his explanation is based on the
free electron approximation, that is, the system is
not really the interaction between the light and
free electron. In this paper, we will more focus on
the behavior of free electron under the interaction
with photon.

2. THEORY

2.1 The Interaction between Photon and a
Free Electron

From Fig. 1, we know that the photon will create
the potential energy at the origin. As we know,
the photon has two different handedness,
therefore, the right handedness photon will
create the potential energy at origin (VI), which is
different from the potential energy created by the
left handedness photon (VII).

Electric Field

Direction

Fig. 1. The light propagates along x axe and
an electron locates at the origin of Cartesian
coordinate

VI=[ Fdt = — \/Z—Eec X Bygcos(t)Z — geEzocos(t)zA - gec X Bygcos(t)x — ‘/?EeEzocos(t)J? (D)
Vllzg ec X Bygcos(t)z — geEzocos(t)zA + \/Z—Eec X Bycos(t)x — geEzocos(t))? 2

Where B, is the magnitude of the magnetic vector of the photon; E, is the magnitude of the electric

vector of the photon.

Based on the quantum mechanics, a free electron can be described by

n? ( 9? 92

2m

92 .
+ )W y.2,t) = ih

0x2 + dy?2

0¥ (x,y,z,t) (3)



Now the free electron met the photon at the
origin of coordinate, the photon will apply the
force on the free electron through the interaction
between the free electron and the magnetic
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component and electric component of the
photon, just like the electron moving on the
energy potential created by the right handedness
photon (VI) or the left handedness photon (VII).

For the situation of the right handedness of photon, the eq. (3) becomes,

92 92 92
CE(E )
ax2  9y?  09z?

- \/Z—Eec X Byocos(t)z — \/Z—EEEZ(,COS(LL)ZA — ‘/?7

ec X Byycos(t)X —

geEzocos(t)fc)‘P(x,y, z,t) = ih% (4)
In z direction,
h2 92 W2 V2 0¥ (z,t)
o2 7 € X Byocos(t) — TeEzocos(t) Y(z,t) =ih 5t 5
Suppose ¥(z,t) = Y (2)¥(t), then
2 92y(z
'-Pzz) :m ;g ) W%( h—+ £ec X Bygcos(t) + —eE 0cos(t)) y(t) (6)
1 h? 8%¥(2) A vz
Suppose v 9 K, and K; = S ecx Byo + = eEZ(,
We obtain,
~ LIV kW@ and i 22O 4 K cos(OW(D) = KW() @)
From h" O 4 Kycos®W() — KoW(®) = 0 8)
20+ Beos(W() -2 WD) = 0 ©)
We obtain,
Y(t) = A(cos (— %cos(t) + %t) — isin (—%sin(t) + %t)) (10)
1 A2 9%W(z) _
From —Wz)av = KO: then,
2 0%y
~ B kW) (11)
02Y(z
S0+ 0 =0 (12)
We got,
W(z) = A(cos (‘ - )z + isin (‘ ZTK‘)) z) (13)

Similarly, in x direction, we can get,
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W(t) = A'(cos (— % sin(t) + %t) — isin (— %sin(t) + %t))

Y(x) = A"(cos (@) X + isin (‘/m) X)

h

For y direction, we can get,

n? 9%W(y) 1
~om a2 =3B
0%¥(y) , 2mE} _
6y2 + 342 W(Y) =0

/z/3mEg 2/3mEJ
W(y) = A"(cos | *— — |y

y + isin

where E{ is the total energy of free electron without interaction with photon.

By the interaction between the photon and electron, the electron got the kinetic energy.

In Z direction,

1 A 2
c c

Ey, = —f f K2 sin?tdt?
mJy Jo

A 2
—IJEFK21+1 2t)dt?
e 1(2 5 €os )

K21, 1 4
=ﬁ(§t _ZCOSZt)O

_KZ 2?2 1 21 1
_4m(c2 ZCOS c +2)
Similarly, in x direction,

So, the total energy for electron obtained is,
Exe = Exz + Epx

After the interaction, the photon lost the same amount of energy, therefore,
hv = hvy — Ej;

The frequency of the photon will reduce Av:vo-v:%.

(14)

(15)

(16)

17)

(18)

19)

(20)

(21)

(22)

In fact, we may be more interested in the electron behavior in the process of the interaction between

the photon and electron.



Xu; BJAST, 15(6): 1-10, 2016; Article no.BJAST.25738

From the equations above, we know that

1 1
Ky, = ;E(())-'—Ekz ngg + Ejx

Since E,,, = E, ,therefore, the wave function of the electron becomes,

Y& y,2,t) = A(cos (JTK(’) X + isin <m> X)

h h

h h

(./2/3mEg> . (./2/3mEg)
(cos| ———— |y +isin| ————|y)

(cos z + isin (—VZI:K") z)

(=)
[
(cos (— %sin(t) + %t) — isin (— %sin(t) + %t)) (23)

The probability distribution of the electron is,

' 4/ 2mK [2mK
Wi (x,y,2,t) = A(cos’ <$> x — sin? <—:1 0) %)

(cos?

y —sin

/z/3mEg - 2/3mEJ
; — |

(cos? (@) z — sin? (@) z)

h
Ky . K . Ky . K
(cos? (—ﬁsm(t) + ft) — sin? (— fsm(t) + ft)) (24)
Where A and A’ are the normalization factors;
Ko=LIBES+Eq=113E+Es, Ki=2 ec X Byg + 2 ek

The equation (24) can be further simplified as,

2 /2/3mE°
Wi(x,y,z,t) = A <cos <%) x) cos[ X2 y (cos (%) Z) (cos2 (— %sin(t) + %t))

h

(XA, y=A, z=A tST) (25)

Till now, it becomes obvious that, due to the interaction between the photon and electron, the
distribution of the probability to find the electron in the space is not homogeneous, but X, y, z and t
dependent instead. Compared to the undisturbed free electron, the electron will be more frequently up
and down or go front and back at z and x direction, but keep the same probability distribution in y
direction as undisturbed free electron. This can be explained by the fact that

2,/2mK, _ 2,/2/3mE}
R~ &
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Since the light has two different handedness, the discussion above is the right handedness situation.
Now we consider the left handedness of light situation, the energy potential created by the left
handedness photon at electron location is described by VIl (eq.3). Then following the same procedure
as above, we can obtain,

2 [2/3mEJ
Y (x,y,2,t) = A <cos <%) x) cos TO y (cos (%) Z) (cos2 (— %SIN(t) + %t))

(xSA, y=A, z=A, tT) (26)

Where A is the normalization factor,

1 22,1
~co0s—+>-)
c 2

2 2
Ko=1/3E§+Ei=1/3E¢+E, By = By = 10 (5 —

Klz—gec X By + geEzo

It is noted that even though the expressions of ¥2(x,y, z, t) are the same (see eq.(25) and eq.(26)) for
the right and left handedness photon situations, but due to K is different, then E,, , Ex, and K, are also
different in the right and left handedness situations. That means the energy obtained by electron
during the interaction between the photon and electron is different from the left to right handedness
photons. The consequence is the frequency reduction of photon is also different for the left and right
handedness photon situations. Since K; is smaller than that in the right handedness photon situation,
therefore, the frequency reduction will be less than that of right handedness photon situation. For the
electron, the energy obtained by electron is less compared to that in the right handedness photon
situation. That means the electron will be less disturbed by the interaction with the left handedness
photon.

| 15 15
right handedness photon situation

right handedness photon situation

: i
0s

o

left handedness photon situation left handedness photon situation

Fig. 2. W°(x)~x (above left) and W*(t)~t (above right)

Supposing: By,=1, E,,=0, m=0, Eoo:l, Ew,=1, h=1, Ky=1/3+1 for right handedness photon, K,=1/3+0.8
and Ekz=0.9 for left handedness photon.

This result does surprise us because it photon. Our result also implies that our universe

contradicts with our conventional understanding
about the interaction between the photon and
free electron. Intuitively, we think the interaction
between both handedness photons and free
electron should be the same because a free
electron has no handedness at all. This
distinguished behavior of electron for the left and
right handedness photon situations may come
from the electric/magnetic asymmetry embedded
in the Maxwell equation. The electric/magnetic
asymmetry may be one of the reasons why our
universe is over occupied by the left
handedness, especially for the process involving

evolves in different speed for the left and
right handedness, therefore, the handedness
symmetry was broken. We can conjecture that
this handedness symmetry broken is involved in
other symmetry broken of our universe, such as
matter and antimatter symmetry broken [11]. This
subject should be very interesting for our future
effort.

2.2 The Induced Magnetic Dipole Moment

From the discussion above, we know that the
photon interacts with free electron in a different



way for the left and right handedness. This effect
mainly comes from the handedness of photon
because a free electron doesn't show any
different handedness. Here we would like to
discuss the effect of the interaction between the
different handedness photon with electron spin.

From the electromagnetic theory, we already
know the photon carries angular moment. When
a photon is absorbed by the object, the total
angular moment of the object will become the
original angular moment plus the angular
moment of photon absorbed by the object.
However, for a free electron, the angular moment
of photon can't directly transfer to free electron
because a free electron can’t absorb the photon.
But a free electron does have its magnetic
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moment due to the spin. This magnetic moment
of electron will interact with the photon magnetic
vector. As we discussed in above paragraph, the
magnetic vector of photon has different
orientation for different handedness photon. As
we all know if electron passed the asymmetric
magnetic fields, the electron will turn to different
direction due to the different orientation of
magnetic moment of electron relative to the
magnetic fields (Zeeman effect).

The total spin magnetic moment of electron
equals the intrinsic one plus “induced one” by
photon. It should be noticed that the “induced”
magnetic moment is perpendicular to the intrinsic
one in direction as we illustrate in Fig. 3.

Following the quantum mechanics, the Schrodinger equation should be,

BLP(cp t)

L2t B = in e o
_%aa(pz + W, Byocos(@)cos(2mw,t))W(@,t) = ha“"@t) 8

Where | is the inertia momentum of free electron; | is the electron magnetic moment; B is the
magnetic vector of the photon; By, is the magnitude of the magnetic vector of photon in y direction.

Suppose p=@y+2TTwt, where w is the frequency of electron spin. For simplification, set ¢,=0, then,

n? 92

0'~l—’((p t)

T * W, Byocos2rwt)cos 2nwyt))W(Q,t) = ih—=— (29)
—;( )‘P((p)‘P(t) = (lh + U, Byocosrwt)cos(2nwyt)) P (@)W () (30)
_m;( 2) (@) = w(t) (1h + U, Byocosrwt)cos(2nwot)) ()
(31)
12 92
—ﬁq))z ;;(f) (o) =Es; = W(lfl F W, Byocos2rwt)cos(2nwyt))¥(t) (32)
Where E; is the Eigenvalue of the electron spin.
From the left side of eq. (33), we obtain,
h 92 LIJ((p)
T aer = EW(@®) (33)
then, we have, W(p) = Aexp(+i = ¢) (34)
From the right side of eq.(32), we obtain,
(ih% F U Byocos(2Tmwt) cos (2w t)) W (1) = E;W(t) (35)



IW() T HeByo

F =L cos(2Twt) cos 2w ) W(t) = % Y(t)

ot in

aW(t)
ot in

Then we obtain,

+ (- 51 ”ei—:yo cos(2Twt)cos2Twt))W(t) = 0
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(36)

@7

— Es HeByo
‘P(t)—Aexp(mti - 1_(.)_;

@p

2w

1 (cos(Zmu t)sin(2mwot)

27:’Tsin(Zfrwt)cos(27rouot))) (38)

The complete wave function to describe the effect of photon on the spin momentum of electron is

Y(p,t) =P(@)¥(t).

Y

a b

A4

A
/ X

Hind

Fig. 3. The illustration of the interaction between the magnetic moment of electron and the
photon
The complete turn situation of magnetic moment of electron (above left) and incomplete tune situation of
magnetic moment of electron (above right)

From the eq. (38), it is clear that the interaction
between the photon magnetic vector and the
magnetic moment of electron is t, w, we and By
dependent. The most important is that when the
intrinsic spin frequency of electron equals the
frequency of the photon, the second term in
eq.(38) will make the system in resonance. In the
resonance, the interaction between the electron
and different handedness photons will become
the largest and easier to be observed
experimentally.

This kind of interaction between the different
handedness photons and electron makes the
electron get extra spin in the direction
perpendicular to the intrinsic spin of electron (see
Fig. 3). This interaction between the handedness
photon and electron has two situations. First the
interaction between the photon and electron
makes the electron magnetic vector complete
turn, the induced magnetic moment will keep the
same direction which is perpendicular to the
intrinsic electron magnetic moment vector.
Second is that the interaction between the
photon and electron can't make the intrinsic
electron moment vector finish complete turn but
just back and forth turn around equilibration

position, then, the induced moment will show
front and back oscillation (see Fig. 3).

From the discussion in 2.1, we know that the
interaction between the photon and electron is
handedness dependent. This handedness
dependence of the interaction between the
photon and free electron can be applied to
improve the solar energy conversion but the
influence of photon on the magnetic moment of
free electron is not handedness dependent. Our
result here demonstrates that compared to the
left handedness photon, the right handedness
photon will become easier to be converted to the
electric energy in the solar energy conversion
process. This property in the interaction between
the photon and free electron can find wide
application in the utilization of the solar energy.

In paragraph 2.1, we know the photon will reduce
the frequency due to the interaction between the
photon and electron. Here we would add the
extra term into the eq. (22). This extra term
comes from the fact that the electron gets extra
rotation energy. The extra rotation energy for
electron obtained from photon is,



For the complete turn situation,

1 cos(2nwt)sin(2mwyt)
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w . 2
Eror = 21,Byg 1_ w_z( 20, 202 Sln(ZTL'a)t)COS(ZT[th))O/C
wg
1 wsin(zn:)l)cos(ZHn) ..
=2W,Byo 1_—m_2( oma? ) (where n is integer) (39)
w§
For the incomplete turn situation,
1 msin(zn:)}”)cos(ZHn) a
Eror = ZueByO 1__w_2( 2nwl P (40)

2
@o

Then, the total frequency shift of photon after interaction with a free electron will be

hv=hv, — E}; — ZIJBBJ,O 1?
T2
@0

2
2nwg

2TWA.

AV=h 1 wsin(: -
v=hvy — Eye — 21, By o? w_Z( pr—
w§

3. CONCLUSION

From the discussion above, we found that the
interaction between the photon and free electron
is handedness dependent. But the interaction
between magnetic moment of free electron and
the magnetic vector of photon is not handedness
dependent. Compared to the left handedness
photon situation, the frequency of the right
handedness photon will shift to the more infrared
side after its interaction with electron. This
handedness dependence for the interaction
between the photon and electron comes from the
asymmetry of the magnetic and electric vectors
embedded in Maxwell equation. The result of this
work can find wide application in photonics,
communication and solar energy utilization. For
example, we can use the right handedness
photon to improve the solar energy conversion
efficiency.
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