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Abstract

The aim of this paper is to find the carrier or medium of electromagnetic
waves that has been searched for many years. The thermal radiation is com-
posed of the shot noise and the wave noise, so the Planck formula can be se-
parated mathematically into two parts. Assume every photon has the same
proper magnetic moment and an equal rest mass which has been estimated
from the cosmic background temperature in space where the photon gas is at
an open state of thermal equilibrium. The magnetic-electric dynamic equation
is established that means magnetic curl caused electric change, and the elec-
tric-magnetic dynamic equation is established that means electric curl caused
magnetic change. After the wave equation is caught, it is clear that the photon
gas is the medium of electromagnetic waves in vacuum.
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1. Introduction

Many people have been searching for the carrier or medium of the Maxwell’s
electromagnetic waves since the last century, and some scientists thought that
the photon gas may be the medium, but the dynamic equations hasn’t been
caught. After the experiment of Michelson and Morley, the searching job was
abandoned in the face of the almost universal adherence of physicists to the
purely interpretation that the electromagnetic wave is carried by the energy of
itself. To prove that the photon gas is the carrier or medium of electromagnetic
waves, the magnetic-electric and the electric-magnetic dynamic equations must
be established. The origin ideas is based on Planck formula, Einstein Special Re-
lativity, and E. M. Purcell’s Electricity and Magnetism, all that is come from

textbooks. When dealing with the theoretical derivation, it is necessary that
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some general physics concepts should be rechecked carefully:

1) Defined the force based on the acceleration which is more fundamental
than momentum, according to the principle of Einstein’s special relativity and
between the visual system S where the observer is rest and the proper system S’
where the object is rest, the transformations of the acceleration, the inertial mass,
the force and the torques (Figures S1-S3, Equation (S1)-(S5)) can be obtained.

2) The magnetic field B should be defined based on the line current. There
will be trouble if defined B based on the magnetic moment which is a tensor of
second order in relativistic transformation. (Figures S4-S6, Equation (S6)-
(S19)).

3) After encounter divergence problems in integrations, I can’t help to sepa-
rate Planck formula of thermal radiation into two parts; one is the wave noise
and the other is the shot noise.

4) When the velocities of objects are comparable with light speed, the New-
ton’s third law should be described as: The interactions or proper forces between
two objects are equal and in opposite direction, but the visual forces are unequal

in general.

2. The Estimation about the Rest Mass of the Photon

In the last century, the cosmic microwave background radiation [1] [2] was dis-
covered and the cosmic background temperature ( 7¢z = 2.725 K) is calculated by
the data of COBE satellite [3]. Supposing every photon has the same rest mass
mj and the rest frequency v, when it is moving with the group velocity ¢, the

parameters of the photon can be described as

hv, =mc?, v =pv,, ¢ =c*(1-»7). (1)

In the thermal radiation of a black body, the intensity is composed of two
parts: one is the shot noise and the other is the wave noise [4], and the Planck
formula can be separated mathematically into two parts:

_ 2nc7hf exp(—hf /kT)

(1) exp(hf /kT)-1 ~ @

I, (v)=2nchv’ exp(~hv/kT). 3)
Then the number density of the background photons at general temperature is
n(v)=8rnc°C,v*exp(~hv/KkT). (4)

When the temperature goes higher, the factor C; approaches to unit, and the
distribution of photons agrees with Boson distribution at higher frequency but is
different from that at lower frequency as the wave noise has been separated. Es-
sentially, the difference is caused by photon’s interaction which is rather strong
for photons with the lower frequency and is weakened rapidly by the increase of
the photon’s frequency.

Considering the Faraday rotation effects, it is reasonable to suppose that every

photon has the same proper magnetic moment, then the magnetic property of
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photon’s rest energy will cause negative mechanical pressure in the photon gas,
and the photon’s kinetic energy will cause the positive one. The total mechanical
pressure should be zero at the cosmic background temperature in the space
where the photon gas is at an open state of thermal equilibrium. When the local
temperature is higher than the cosmic background temperature, the mechanical
pressure of the photon gas is positive and the energy will be diverged. However,
when the local temperature is lower than the cosmic background temperature,
the mechanical pressure of the photon gas is negative and the energy will be
converged. At last, there is a stable cosmic background photon gas fulfilled in
our universe. Supposing the average kinetic energy of the photons is equal to its

rest energy at the cosmic background temperature, thus

j:h(v—sz)n(v)dv:O, T=Te- (5)

To calculate the integration (Equation (4), Equation (5)) and using the nu-

merical method, the characteristic equation and its solution are
a’+a’—2a,-6=0, a, =hv, /KT, =1.8454661. (6)
Thus the mass and frequency of a rest photon are

m, =7.725(3)x10 kg, v, =1.0479(4)x10"Hz . (7)

The interaction between photons forms the special frequency distribution and
the unique density of temperature, then the photon gas is fluctuated in large
scale, and its radiation property is the same as a black body at the equal temper-

ature.

3. The Magnetic-Electric Dynamics of Photon Gas

If the average velocity of the photons is zero and the photon gas is an isotropic
medium in visual system, then the photon gas is moving as an anisotropic me-
dium in the proper system. Since the relativistic transformation of the magnetic
moment is complicated as a tensor of second order, so that the magnetic field B
should be defined based on the line current, then the interacting magnetic field
is a tensor of second order in proper system (Figures S4-S6, Equations (56)-
(S19)) and the magnetic inductivity is a tensor of second order in proper system
too, but both the characteristic magnetic field and the characteristic magnetic
inductivity are relatively simple in proper system.

A photon is traveling in the y; direction with the group velocity ¢, in the visual
system (Figure S7) and the suitable coordinates are selected. To simplify the
mathematical analysis, considering one dimension electromagnetic wave £,-B,
in the visual system and the curl of the electromagnetic field can be calculated
(Equations (S22)-(S25)).

The photon’s proper magnetic moment can be equivalent to a circle current

according to the principle of correspondence,

r_ 0 ' . ’ 3 ’
My = XMy + YoMy, + ZoMy, - (8)

The proper force acted on the photon by the curl of magnetic field has been
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analyzed (Figures S8-S11, Equation (S37), Equation (S44)) and can be calcu-
lated. The visual force acted on the photon has been calculated and the accelera-
tion of the photon is (Equations (S38)-(S40)),

acho _ 7_202 aBz

—+m;, cosé,,
ot hv, ox ™
oc S¢? 0B
gy, /4 C ' H
_ P L ¥ T my,, SinG,, 9)
ot hv, 0Ox
ac 2¢? 0B
920 _ /4 c z ’ 1 H
= (m;, cos@, +y'my, sing, ).

S
The characteristic electric moment of a moving photon is (Figure S11, Equa-
tion (545), Equation (546))
p. =c?y’c, ()?Om[;ZO - 2,m;, ) (10)
The partial derivatives of the characteristic electric moment of a moving pho-

ton with respect to photon’s velocity are (Figure S12, Figure S13, Equations
(S47)-(S51))

a — — o ’ 5 ’

ﬁ =c?y” (Zompyo - yOmPZo)’

a‘& = ¢ (32 —2)(%my,, —2,m;, ). (1)
CQYO

;ﬁ —c?y? (9om;;xo = Xmy, )

929

The partial derivative of the characteristic electric moment with respect to
time can be calculated and averaged by the random properties of the photons in
the state of thermal equilibrium (Equation (9), Equation (11), Equations (S52)-
(S55)), then

op, __2m; 2B,

=- oy a3y, 12
o= o s (12)

The electric field is the integration of the characteristic electric moment of the
photons, and then the partial derivative of the electric field is

oD _T

ot 1

;e n(y)dy . (13)

To calculate the integration (Equation (4)) and defined function:

©

K, = gf(fz —y 43y )exp
1

yhy,
Sdy. 14
a7 (14)

Then the magnetic-electric dynamic equation of the photon gas is

oD, 20mc*vZm?
Oy T Vi o B (15)
ot 9h OX

The change of the electric field is counteractive compared with that in the

Maxwell’s equation, because the curl of magnetic field is active at the magne-
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to-dynamics of photon gas and is passive in the Maxwell’s equation that is just
the mechanism of Lenz law. At the high temperature and compared with the

Maxwell’s equation, the magnetic moment of a rest photon is (Equation (7))

9hc?

K,—>1 mi=—7-——
CK, P 20mviu,

, M =4.305(2)x10"° A-m?. (16)
Then the simplified magnetic-electric dynamic equation of photon gas at gen-

eral temperature is

oD 0B
—Y =gc’C.K —=. 17
ot 0T o (7)

4. The Electric-Magnetic Dynamics of Photon Gas

A moving photon has two transverse components of characteristic electric mo-
ment and the longitudinal component is zero, since the transverse interaction is
enlarged by one factor of relativity, so that the interacting electric moment is a
tensor of second order. The first part of the proper force acted on the photon is
the cross production of the interacting electric moment and the curl of electric
field, and then the first part of the visual force is obtained (Equations (556)-(S60)).

To transform the visual electric field into the characteristic magnetic field in
the proper system and calculating its curl acted on the longitudinal proper mag-
netic moment of the photon (Equation (S26), Equation (S27)), then the second
part of the visual force is obtained and the visual acceleration of the photon
acted by the electric field is (Equations (S61)-(565))

-3
OCyy, _7 ¢, OE,

—m__sing, sind,,
ot hy, ox P % s,
oc, 7 ¢, 6E
9o _ 9 Y _m' -m' i
ot hv, 8X( m,, COS ¢, meOsmqﬁycosHy), (18)
oc, y3c, 6E

929

ot hv,

S

g y ’ H H ’ -2
E(m% sing, sin@, +m;,, cosg, sin Hy).

The characteristic magnetic moment of a moving photon in the visual system
is (Figure S11, Equations (S41)-(543))
m, =Koy 2my, + Yoy 'my, + 2oy Tmy, (19)

The derivatives of the characteristic magnetic moment of a moving photon

with respect to the photon’s velocity are (Figure S14, Equations (S66)-(S70))

om A S ot

=6 ), )

0

a(l;np - CQCJ (_)’iozmll)xo N 907ml,))’0 - 2\OZmF;ZO)’ (20)
9X

0

Mo (), + i)
CQXO

The partial derivative of the characteristic magnetic moment with respect to

DOI: 10.4236/wjm.2018.82003

30 World Journal of Mechanics


https://doi.org/10.4236/wjm.2018.82003

J. K. Chen

the time can be calculated and averaged by the random properties of photons in
the state of thermal equilibrium (Equation (18), Equation (20), Equation (S71),
Equation (S72)), then

om m'? oE
M 3 M By g4, ,5_ayT), 21
o ohy, o Tt @1

The magnetic field is the integration of the characteristic magnetic moment of
photons, and then the partial derivative of the magnetic field is
oH tom,
—=|—n dy. 22
e (7)dy (22)
To calculate the integration (Equation (4)) and defined function:

2%, 2 - : —rhv,
K#:g.[(372+73—4)/ 5)exp%d}/. (23)
1

Then the electric-magnetic dynamic equation of photon gas is
oH, _ 20110’31/52m‘;2 K ok,

—_— 24
ot 9h " ox 24)

The change of the magnetic field is counteractive compared with that in the
Maxwell’s equation, because the curl of electric field is active at the elec-
tro-dynamics of photon gas and is passive in the Maxwell’s equation that is the
mechanism of Lenz law too. At high temperature and compared with the Max-
well’s equation, the magnetic moment of rest photon has the same value as Eq.
16, and the simplified electric-magnetic dynamic equation of the photon gas at

general temperature is

oH, oE,
a MG

The wave equation can be obtained by the association of Equation (17) and
Equation (25),

(25)

0*H
ot?

o°H
7 _ ~2M2 z
=CCIKK, — 5" (26)

If the speed of electromagnetic wave is just equal to the ultimate velocity ¢ in a

good approximation, the temperature factor of the number density of photon gas is

C, =1/ KK, (27)
Then the three dimensional wave equation in photon gas is
*H /ot +c*VxVxH =0. (28)

Since the electromagnetic field is discrete at the photon scale in photon gas, so
that the two dynamic equations and the wave equation are only valued when the
wavelength is far larger than the average interspaces of photons, and then the

photon gas can be treated as a continuous medium.

5. Conclusions and Discussions

After the magnetic-electric and the electric-magnetic dynamic Equation (17),
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Equation (24) is established. It is clear that the photon gas is the carrier or me-
dium of electromagnetic waves in vacuum and the main actor is the photons of
lower velocity. The photon’s velocity is a function of its visual frequency, after
being separated from the ultimate speed ¢ the Einstein’s special relativity is
more solid. Since Equation (27) is only a good approximation, so that the speed
of electromagnetic wave in photon gas should be a function of temperature too,
and there should be a deviation, very small but not zero, between the ultimate
speed c and the wave speed at the cosmic background temperature. The photon’s
velocity will approach the ultimate speed when its visual frequency is very higher
and the wave speed might approach the ultimate speed when the temperature of
the photon gas is going higher too.

The propagation of electromagnetic wave is influenced by the moving of the
photon gas, but the photon’s traveling is rather independent to the moving of
the photon gas in a short distance when its visual frequency is far higher than
the rest one, so the null result had been got in the experiment of Michelson and
Morley. When an electron and a photon are very nearby, their magnetic mo-
ments will entangle each other and that might be the process of Compton Effect,

although the out behavior is like a collision.
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Supporting Materials
Method S1: Defined the Force Based on the Acceleration

S

Yo

Figure S1. Transformations of acceleration.

Between the visual system S where the observer is rest and the proper system
S’where the object is rest, the transformations of acceleration and inertial mass
are

a, =rlay, a,, =7 a,., (S1)
m=ym’ = ym, (82)

Defined the force based on the acceleration, the transformations of the forces

are
2 “1lgv
fYo =7 f)’o’ fXOYZo =7 1fXOvZO (83)
Z, S'—V =0.7c S Z,
_
Yo b =k Yo
T _ _
fX,o ‘ M Yo IZo fxo fXg =7 fX:) M Yo IZo fxo

Figure S2. Longitudinal torque transformation.

The transformation of the longitudinal torque is

-1 ’
Myo =y Myo (S4)
S—=V=07c |z, s »
' -
|; ] fzo % T fzo =7 fzo
0
M’ = f’ M =l f |, =y
y X~ Yo Zo Xo Yo "Zp Yo Yo
0 Yo
" _ " Er — -
I\/Ixo - _Izo fy0 I;o Mxo - Iz0 fyo Iz0 - Iz0
- f! 2 f
Xy fYo _>f)'o =7 fYo

Figure S3. Transverse torques transformations.
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The transformations of the transverse torques are

_ 2 2
M, ., =7 M (S5)

X0+20

Method S2: Defined the Magnetic Field Based on the Line Current

Z, S'—V =0.7c Z,l S
f! f! _r
2 |;0 2 IXO = IXD y
0
’
X XoYo BYU
0 I ’ I _ —ll !
Xo X0 Y Xo

Figure S4. The definition of magnetic field based on the current.

To define the magnetic field Bbased on the line current. The relativistic trans-

formations of the line currents are

_ ’
Iyo —}/|y0,

_
IX‘J'ZO_}/ IXcvzo

’

(86)

In the visual system the interaction between the visual transverse current and

the longitudinal magnetic fieldis f; =1, I, B, , in the proper system the inte-

X0 %o

raction between the proper transverse current and the longitudinal interacting

magnetic field is f; =1 1, B

magnetic field are

%Yo

. » then the transformations of the longitudinal

’ _ 1
BXOYO =7 BYo (87)
' _ .1
BZoVo =7 Byo (88)
z,| S'—=V =0.7c z,
! Ly
Ir IZo I _II IZU—}/ IzO
yo Zy zp T 'z,
oy n! "
' fYo - IZoIZo Bzoxo fyo IZUIZO Xo
ZoXo on
' e 1
Iy0 IYO 37 IYO yo
' _ ’
IYo IYo = }/I Yo
/ o fl=—I118B
Bl Xo " ol¥o %

Figure S5. The interaction between the current and the magnetic field.

On the upper part of the figure the interaction between the visual transverse

current and the transverse magnetic field is f; =1, 1, B, , the interaction be-

tween the proper transverse current and the transverse interacting magnetic field
is f, =1,1, B,
0

212 Bryx, » then the transformations of the transverse magnetic field are

B, =7 B, (89)
’ _ 1
onlo =y BZO (S10)
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On the lower part of the figure the interaction between the visual longitudinal

current and the transverse magnetic field is f, =—I, I, B, , the interaction be-
tween the proper longitudinal current and the transverse interacting magnetic field
is f, =-I 1 By, ,thusthe transformations of the transverse magnetic field are
4 p—
B/ =By (S11)
4 —
B/, =By (512)
Z,!| S§'—V=07c S Zy
e— 4
__>—> YoYo Byo
Yo ——
' a2 T
, TYoYc =7 TYoYo Yok
BZ Z, ! BZ
I T =T e

Figure S6. The characteristic magnetic field in proper system.

To determine the characteristic magnetic field in proper system, consider the
magnetic field Bis a rest object in visual system and is a moving object in proper
system, thus the transformations of the forces are the inversion of Equation (S3),

and then the transformation of the longitudinal stress is

’ -2 r ’ ’ _ r_
T 2T _B)’oHYO'ZTYOYO_ BVOHYO’ Hyo =H

vo¥o— 7 'vovo ' “ ' vovo Yo’

and the transformation of the longitudinal characteristic magnetic field is

B,.,, =7 B, (S13)

YoYo

Similarly the transformations of the transverse characteristic magnetic field are
B,. =y'B (S14)

2029 20

' _ -1
B, =7 B (515)

X0
It is clear that the interacting magnetic field is a tensor of second order (Equa-

tins (S§7)-(S15)) in the proper system:

! ’ ! -1 -1 -1
on X0 BXO Yo BXo 20 4 BXO 4 BYo 4 BZo
' ' ’ ' ’ -2
[B ] = Bioio = B)’oxo BVoYo B)’olo = on 4 BYo Blo (S16)
BZ'O Xo BZ’O Yo B£0 20 4 B BXo 4 B B)’o 4 B BZO

The general transformation of the magnetic (potential) field is

H;o :nyo’ H;o :Hyo’ HZ’o :yHZo

Then in proper system the magnetic inductivity is a tensor of second order too

vt oy? 1y 1
(W)= = r||0']0 =w| vt v?P oyt =rtmly 1oy (S17)
b ytort oy 171
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The characteristic magnetic field in the proper system is
B;=B; =B = )A(O}/’lBXO +9,77° B, + ZO;/’lBZO (S18)

The characteristic magnetic inductivity in the proper system is

=77 1 (S19)

Method S3: The Coordinate Transformation for the Moving

Photon
—>V 0.7c S
PZo
PYo *
ng exo pez0

Figure S7. Spherical coordinate transformations of a moving photon.

When a photon is moving in the y; direction, the coordinate transformations

are

X cos@, cosg, sing, cosg, —sing, | X,

y|=| -sing, cos 6, 0 Yo (S20)
z cosf,sing, sing, sing, cosg, || Z, |

X, cosf, cosg, —sind, cosf,sing, || X
Yo |=|sin@,cosg, cosd, sind sing, ||y (S21)
| Z, —sing, 0 cosg, Z

To simplify the mathematical analysis, considering one dimension electro-

magnetic wave E, — B, in the visual system the curl of magnetic field is,

curlB =—§ B, /ox = (%,sin 6, - §, cos 6, ) 8B, /ox (S22)

In the visual system the curl of electric field is
curlE =(%,sin g, cosé, + J, sin g, sin, + 7, cos g, ) o€, /ox (S23)
Using Equation (S18), the transformations of the curls of magnetic field are
curl, B, =y “curl, B
! r -1
curIyo B, =y curIYOB, (S24)
curl; B; = y~*curl, B
Then in the proper system the curl of magnetic field is (Equation (S22), Equa-
tion (S24)),
curl'B! = (%7 *sin 6, — o7 cos0), ) aB, /ox (S25)

To transform the visual electric field £, into the characteristic magnetic field
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in the proper system
-2

Bie =mHe =y uHe ==y 'c?c, xE =2y 'c’c,sin6,E,  (526)

For one dimension wave in the x direction (Equation (S21))

OB, O, OE, OE,
—=0, —=0, —~=cosg,cosf, —,
oy to74 0%, ox
oE E oE oE
—-=ytcosg,sing, —-, —-=-sing —".
Y, oX 0z, OX

curl’B; ¢ o (a . Pt .

F/gx =—c ¢, (%7 cosg, sin® 6, — §,y ' cosg, sin 0, cosd, ). (S27)

Method S4: The Curl of Magnetic Field Interacts with the Magnetic
Moment

If every photon has a same proper magnetic moment, then in the visual system
the moving photon has three components of characteristic magnetic moment

and two transverse components of characteristic electric moment.

S'—V =0.7c S

curl}, B; curl, B
4 b’ 1y

12 I Zoml _a!blll b_b IZU=7/ IZ0

Yo PYo — % [ Yo

’ _ a0 T
0Y0 0Yo
= yb'curl} B,

r_
f. =ym,, curl, B, fy =My curl, B

Figure S8. The curl of magnetic field interacts with the magnetic moment (1).

The transverse curl of magnetic field interacts with the longitudinal magnetic
moment. In the proper system the transverse curl is equivalent to an increment
of magnetic field which interacted on one edgy of the longitudinal magnetic

moment (Equatiom (S16), Equatiom (S24)),
AB, =yAB; =y"b'curl, B,

Z0Yo
The proper force acted on the proper magnetic moment is
ro_ Al ' R Y}
f, =1,8AB;, =y m, curl, B

In the visual system one component of the visual magnetic moment is defined as

! —_—
fy, =My, curl, B, then

=17
Moyeze =7 Moy, (528)

=1 At
Moyexy =7 Moy, (529)

The proper force acted on the longitudinal magnetic moment by the trans-

verse curl of magnetic field can be written in the form of determinant as
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)207 c Zyy

0 =| 0 m 0 (S30)

PYo

r ’ ’ ’
curl, B 0 curIZOBS curl, B 0 curIZOBCS,

S'—V =0.7c S
curl B, 4 1. Bl =y
0 =

fy =-m, curl, B, fy, =—mp,curl, B I Yo

T a' a=a'
ABZDXO = Aonxo b’ e

’ "R mpznxﬂ =Y mpx0 b _ —lb/
=bh Cul'lzEI Bc ' =ab'l' =7

25 Zy

Figure S9. The curl of magnetic field interacts with the magnetic moment (2).

The transverse curl of magnetic field interacts with the transverse magnetic
moment. In the proper system the transverse curl is equivalent to an increment
of magnetic field which interacted on one edgy of the transverse magnetic mo-
ment (Equation (S16), Equation (S24)),

AB,  =AB; =y *b'curl, B,

The proper force acted on the proper magnetic moment is

" _ 1 af "o 2m
fy, =—1,8'AB,, =—y~mg, curl, B

In visual system one component of the visual magnetic moment is defined as

ro_ _ a2t
fy, =—M,,curl, B, then m=»~m (S31)

a2 A
and m,, .=y m, (S32)
The proper force acted on the transverse magnetic moment by the transverse

curl of magnetic field can be written in the form of determinant as

C Vor ™ C C Yo C
foo=| My O Mgy = M O M, (833)
cul, B 0 curl,B 3 curl, B 0 curl; B o

S'—V =0.7c S
f,, = ympycurly Be f, =m,_ curl B
A8y, =y 48, || [ourt B, T cun B
=yb'curl] B! a'_|>;0 a= i AN
& =
m%=%wm Mosge =My D=7 0

Figure S10. The curl of magnetic field interacts with the magnetic moment (3).
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The longitudinal curl of magnetic field interacts with the transverse magnetic
moment. In proper system the longitudinal curl is equivalent to an increment of
magnetic field which interacted on one edgy of the transverse magnetic moment
(Equation (S16), Equation (S24)),

ABJ ,, =yAB,, =b'curl, B

YoXo
The proper force acted on the proper magnetic moment is

[ A ! —m’
f, =15,aAB, =m, curl, B

In visual system one component of the visual magnetic moment is defined as

r_
on - meOyOCUl'lyO B,

then Mysoye = ml;XO (S34)

and m =m/ (S35)

PZoYo PZo

The proper force acted on the transverse magnetic moment by the longitudin-
al curl of magnetic field can be written in the form of determinant as
X C Zy X7 C Zyy
— 4 ro_ ! ' _ ' !
Mozey = Moz fes = Mo 0 Mozg | = Mo, 0 Mz, (836)

0 cul, B O S 0 cul B 0

The proper force acted on the photon by the curl of magnetic field (Equation
(S8), Equations (S30), (S33) and (S36)) is
)20 90772 2\0 )207/ 90 z\07/
[ ' —1 a1 ! ' ' '
fo=| My, 7 My, Mo | = Mo Moye Mozg (837)
curl, B curl, B curl, B curl, B" curl!, B" curl, B’
Xo Yo g Xo Yo 2o s’

The interaction between the moving photon and the magnetic field is compli-
cated by the tensor property of the interacting magnetic moment of the moving
photon in the visual system, and is complicated by the tensor property of the in-
teracting magnetic field in the proper system where the photon gas is moving as
an anisotropic medium.

The visual force acted on the photon (Equation (S3), (522) and (S37)) by the
curl of magnetic field is

K7™ Jor™ 2oy %o Jor~ Zy
fB = mpxo 771ml;yo ml;ZO = mI;Xo ml;)’o mI;ZO (838)
curl, B curl, B curl, B| |curll, B curl{ B" curl, B'

R77'm;, cos 6,
fg
aB, /ox

Yor~'my, sind, (S39)

- e
2077 (-my,, cos, —y'my sing), )

Then the acceleration of the photon acted by the curl of magnetic field is
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ac,, [ot - my,, Cos 6,
y~°c” 0B, /ox B,
ac,, [ot| = — ymg, sing, (540)
s ! =17 H
ac,, /ot . —my,, COSO, —y'my, sind,

Method S5: The Characteristic Moment of a Moving Photon

’—b = Z Z
s—v=07c b s 0 p = AV,
= AV ’ )
pr’nyo = AVIB;’U ; m;)yo mpyo
m, Mo, /7D,
AV ’ V4 ’ Yo
p;nz0 = AV’BQU / pmzo - AVBZU
pexo/

Figure S11. The characteristic magnetic moments of a moving photon.

The characteristic moments of a moving photon can be deduced from the
characteristic magnetic field. On the upper part of the figure, the longitudinal
magnetic dipole moment is p;, = 7w, m,,, =AV B, in the proper system, and
is Pny, =M, , =AVB, in the visual system. The transformation of the mag-
netic field is By, = )/ZB;O (Equation (S18)), and the transformation of the volume

is AV =y 'AV’, and then the longitudinal characteristic magnetic moment is

R Y
mpyo_7/ mpyo (S41)

On the lower part of the figure, the transverse magnetic dipole moment is
Pz =7 “#oMy, = AV B, in the proper system, and is p,,, = #M,, =AVB,
in the visual system. The transformations of the magnetic field and the volume
are B, =7/BZ'0 (Equation (S18)) and AV =y *AV’, then the transverse cha-
racteristic magnetic moments are

My =7 7°M 0 My, =y7°m;, (S42)
The interacting magnetic moment of a moving photon is a tensor of second
order in the visual system (Equations (528), (S29), (S31), (S32), (S34), (S35),
(S41) and (S42)),
P M, My,
=[y'm y’lm”% )/’lm")yo (543)

’
Pzg

’
PYo

—2 ! '
Y Moy My,

mpioio
y7m

The proper force acted on the photon by the curl of magnetic field is the cross
production of the magnetic moment and the curl of magnetic field in the visual

system: (equivalent to Equation (37))

!

fe, Mgy, curl,, B—m,,  curl, B
! = j—

fyy | =| My curl, B—m,, . curl, B (S44)
’

f Moy, €Uy B—m,,  curl, B <
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The moving photon has two characteristic electric moments, illustrated in the

lower part of the figure,

PZo

Py = —Dy AV = £,Cy Prr,, = C2C7 °M; (845)

-2 =2
pezo =—C Cg}/ mpxo (846)

Method S6: The Derivative of the Characteristic Electric Moment

of the Photon
S S'— S
. V =0.7¢c
o\ | Coyo dcgyo‘ Yo
C b K
(1TSS o
My, P~ dPe - P fdp,

Figure S12. The characteristic electric moments of a moving photon.

The characteristic electric moment of a transverse magnetic moment is changed

by the acceleration of the photon. On the left of the figure (Equation 546)

’
pxg ?

5 A2 -2 Sn~—2 -2
Pe1 = —Z,C ng07 meO’ Per = —Z,C ng07 m

and the derivative of the characteristic electric moment is
dpe = pez - pel = 900_27/—2 m;,)xodcgzo (847)

On the right of the figure, the derivative of the characteristic electric moment

can be calculated directly (Equation (546)),
dp, =—2,¢ 7 (37 % —2)m;, dc,, (548)

Figure S13. The change of the characteristic electric moment.

The characteristic electric moment of a longitudinal magnetic moment is
changed by the acceleration of the photon. On the left of the Figure (Equation
(819)),

r 5 A1 '
amp, = —ZCyy, My, AC;, (S49)

2 -2 ’ G ~2,,2m"
dp,, =y cy xdmy, =—X,c 7y my, deg,
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On the right of the Figure,

dm’, = -%.c:'m’. dc

p2 0™g PY 9% !
dp., =c?y°c z'im’ 0— 7.¢%y’m’. dc (850)
pe2 - Y g x p2 — ZO Ve PYo 9%y

The partial derivative of the characteristic electric moment with respect to the
velocity of the photon is (Equations (S47)-(S50))

ape/ OCo v (2°mf"yo a 9°mF”Zo )
op, Jacy, | =c?| (37 =2)(%omy, —2om, ) (51)
ape /anZO 772 (90 m’;xo - )20 m';yo )

The total derivative of the characteristic electric moment is (Equation (S40),
Equation (S51))

+(2omy,, = Jomy,, )My, €036,
op. _ 7' aB, /ox
ot hv,

’

+77 (37 = 2)(Romy,, — 2y, )y, sing), (852)
o ' S ' 2 =1 A7 H

—(yom% — XMy, )(meO cos6, +ym;, sin Hy)

In the state of thermal equilibrium the orientation of photon’s proper mag-

netic moment is random, and the average productions of the components of

photon’s proper magnetic moment are

2 L
m?/3 i=]j
m.m. =4 P o (S53)
P {O i j
Then the average derivative of the characteristic electric moment with respect
to time is
P, _ y 0B, /ox m;z ¢ -1(a -2 ; -
E_h—vsT(xo;/ (37 —1)sm9y—y020059y) (S54)

In the state of thermal equilibrium the directions distribution of the moving
photons are random too, to transform the equation into the (x, y; z) coordinate
and to average it in spherical coordinates, then the average derivative of the cha-
racteristic electric moment of the photons with the same frequency is obtained.

ap, _ y ™ 0B, /ox 2m®
ot hv,

S

(1-r"+377) (S55)

Method S7: The Curl of Electric Field Interacts with the Electric
Moment of a Photon

A moving photon has two transverse components of the characteristic electric
moments (Figure S7, Figure S11, Equation (S45), Equation (546))
Py =C2Cey 2My,  Pey, = —CoCuy MY (S56)

Since the longitudinal component is zero and the transverse interaction is en-
larged by one factor of relativity that is just like the situation of moving electron,

so that the interacting electric moment of a moving photon is a tensor of second
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order,
pe)(o)(o pe)(oyo peXOZO 7pe)(0 pe)(o 7peX0

0 0 0 |=| O 0 0 (S57)
pezoxo pezoyo pezozo Y pezo pezo Ve pezo

peio o

The first part of the proper force acted on the photon is the cross production
of the electric moment and the curl of electric field and can be written in a clear

form of determinant.

X7 Yo Zoy
fE’l = pexo 0 pezo (858)
curl, E - curl, E curl, E

The visual force acted on the photon by the curl of electric field is

Xo Yor ™ Zy
1:El = pexo 0 pezo (859)
cur, E-curl, E curl, E

and it can be calculated (Equation (S23)),

~ ~ 72 ~
X Z
-2 -2 6Ey !0 Yo7 (i
fEl =C Cg]/ E mpZO 0 —mpr (860)

sing, cos®, sing sind, cosg,

To transform the visual electric field into the characteristic magnetic field in
proper system (Equation (S26)), then the interaction between the longitudinal
magnetic moment and the curl of magnetic field in proper system is (Equation
(S38))

X7 Yo Zoy
fe, = 0 Moy, 0 (S61)
curl, B;e curl) B . curl, B ¢

and it can be calculated (Equation (S27)),
fe, = 2,7 'cc,my, cos g, sin® O, OE, /ox (S62)
The second part of the visual force acted on the photon by the electric field is
fe, = 2o ?c?c,m;, cosd, sin’ 6, 6E, /ox (S63)
The total visual force acted on the photon by the electric field is (Equation
(S60), Equation (S63))
oMy, SiNg, sin 6,
-2 -2 aEy G oA, 2 ’ H '
fe =c ey —=| ~or * (my,, sing, cos6, +m;, cosg, ) (S64)

OX

io(m’

- - ’ - 2
bz, SING, SINO, +my, cosg, sin Hy)
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Then the visual acceleration of the photon acted by the electric field is

0Cyy, /Ot e o my,, Sing, sing,
0y, [t | = v : a_xy —y7?m;, cosg, —y~°m; sing, coso, (S65)
0Cy,, /0t | m;, sing, sin@, +m,_cosg, sin o),

Method S$8: The Derivative of the Characteristic Magnetic Moment
of the Photon

S'— |% S S'—s S
V =0.7c

Figure S14. The change of the characteristic magnetic moment.

The characteristic magnetic moment in visual system is changed by the trans-
verse acceleration of the photon. For the transverse magnetic moment on the left
of the figure (Equation (19)),

! — J—
dmp (mpXO ) =My, + My, —m,,
!

dmp (meO

)=y +y7tm, -y, (S66)

dm, (m;XO ) = §,C," (;/‘1 —y? ) my, dC,,

and similarly

dm, (mi',Zo ) = 9.6, (r -7 ) L (o (S67)
For the longitudinal magnetic moment on the right of the figure (Equation
(19)),
dm, (mg,, ) = Myg + My, =My,
dmy (my, )=y 2mig +p7tml, 7ty (S68)

dm, (mpyo ) = 20C9_1 (7/_1 -7 ) mF;YOdCQZo
and similarly
dmp (mF”YO ) = )A(Occ;l (771 B 772 ) mF”YO dcho (869)

The effect of longitudinal acceleration of the photon can be calculated directly.
Then the partial derivatives of the characteristic magnetic moment with re-
spect to the velocity of the photon are (Equation (566)-(569))

amp/ac% = 9009_1 ()/‘l -y ) Mpy, + )?00;1 (}/'l -y ) Moy,
om, /ey, =—%,2c,c°my, —Yoyc,cimy, — 2 2c,c7my, (S70)

-1 2

8mp/8cgZO = 20%1 (;/"1 -y ) My, + 90051 (;/ -y ) Mey,
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The derivative of the characteristic magnetic moment is (Equation (S65), Eq-
uation (S70))

(77 =77)(Jomye, + Ry, )y, sing, sine),

om 7/_3 6Ey

p 2p2(¢ S 5 :
— B =ty B (R 2y + oymy, +2,2my, ) (m), cosg, +my, sing, coso), )

ot hv, ox

Jr(;/*1 —y’z)(iom;yo + )”/Om,’)ZO )(mpZO sing, sing, + mF’,yo cos g, sin? Hy)
In the state of thermal equilibrium the orientation of photon’s proper magnetic
moment is random, and then the average derivative is (Equation (553))
(;/‘1 -y ) Josing, sind,
277 (1-77%)(Rsing, cos o, + 2, cosg, ) (S71)

(7" =77)(%cosg,sin’ 6, + J,sing, sing, )

Y _ 2
o

ot hv, ox 3

In the state of thermal equilibrium the directions distribution of the moving
photons are random too, to transform the equation into the (x, y; z) coordinate
and to average it in spherical coordinates, then the average derivative of the cha-
racteristic magnetic moment of the photons with the same frequency is ob-

tained.

om 7y*m’? o
—P =7 P V(34 -4yt S72
ot Shv, ox ( 4 4 ) (872)

S
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