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In 4-dim, multivectors can derive four different-dimensional Maxwell equations. One of them is original
equation. From four equations, four energy densities and four forces are derived. The coordinates are
transformed by the 2-basis rotor and booster. The commutation relation of angular momentum is
generated by infinitesimal rotor, and the uncertainty principle, and photons in photoelectric effect are
generated by infinitesimal Lorentz booster. These can be explained by the cosmic background vibration.
The magnitude of the vibration is Planck's constant.
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1 Introduction

The dot product of multivectors is defined , then the curl and divergence, consistent with conventional concepts,
are also easily defined. Then, it is easily proven that Maxwell's equations are not experimental laws, but rather
properties of multivectors and the duality of nature.

Quantization, the commutation relation of angular momentum, the uncertainty principle, and Planck's constant
are also easily and accurately explained using multivectors. Therefore, it is difficult to deny.

2 Curl and divergence in multibasis
Curl and divergence are not vectors and scalar but multivectors. In addition, it can also be defined as the bases

of any curvilinear coordinate system.

2.1.  Multivector and dot product

If vy, v,,...,v and wy,...,w, are l-vectors, then (v; A v,) isa2-vector and (v; A v, A vg) is a 3-vector.
Multivector is anti-commutative in order.

(1 Avy) = —(v, Avy), (v Av) =0
AV AN L) = =W AV AV A L)

To satisfy the anti-commutativity, if there are no two or more j,k satisfying (v; -w;) # 0, (w; - vy) # 0 fora
given i, Then the dot product of multivectors can be defined.

WA AY) - WA AW) = (WA AW - (VL A LA DY)
=W A AY) {vy - (WA LAWY= (V3 A A - [oy - v - (W A LAWY = -
=Wy A AWg) - {wy - (U A A )= (W Al AW) - [wy - {wy - (0 A W AD)Y] = -

wy - (U AV A AY) = (D5 wy - v) (W A el AV AVjpq o AT

Wi Aw,) - (VL AV A LAY,
= (=D wy - v)(wa 1) = Wy - 1) (wa - )} (Vg A e AV g AUy A e AV AV A A D)
= (=D {(wy - v)(wy - v;) — (wy - v) Wy - v} (01 A e AV AV A e AV AVjq A Ay
=—(Wy Awy) - (W AV, A LAD,)

2.2.  Basis and reciprocal basis

In n-dim curvilinear coordinates system, A point is X(p?, p?, ..., p™), which means the vector from the origin O
to X. The basis u; at X is defined as follows.
X

opt
When u! ‘U= 5]-’, ul,u? ...u™ are reciprocal basis at X. Assuming matrices g*/ and k>

U;

i — if ik — i) k _ ik _ i _ j _
u‘—g”u]-, u'-u —g”u]--u =g, ui_giju]r ui'uk_giju]'uk_gik



gjx and gY are inverse matrices relationships.
ut T U Zgijuj'uk :gijgjk = 511;
Therefore, find the basis at point X, find g;; = u; - u;, find the inverse matrix g*, and find the u'

2.3.  Infinitesimal volume [dV], and its boundary 0[dV],

[dV], is an r-vector. It means something like a very small r-dimensional parallelepiped. The reference vertex is

X. The r edges are ug dp°*, us,dp?2, ..., Uy dpr.

[dV], = (ug1 AUg, A ... A ugr)dp"ldp"2 . dpr, {01,045, ...,0.} c{1,2,...,n}, (0, <

ex) [dV]; = updp?, [dV], = (uy Auy)dpdp?, [dV]s = (uy Auz Auy)dptdpdp*

The 2r (r-1)-vector boundaries on the surface of [dV], is a[dV],.

+uf i i
Sty PP -[av], atP(...,p" +dpt,...)
a[dv]r = d—pl : [dV]r = —u
P -[dV], atP(..,p',...)
ex) [aV]; = u,dp?
+u?
oyl F-uzdp2 =1 atP(.,p?>+dp?..)
olavly =7 [avl =1 7,
7 u,dp? = -1 atP(..,p%..)

X(o 0%,.)
(op /ud/zhrl X(oo,p? +dp?,...)
_1 2 p ,p p ) aen

Fig.1 d[dV], is *1. It has opposite signs to adjacent d[dV],

ex) [dV], = (uy Auy)dp'dp?

+ul

Fr (u; Auy)dpldp? = +uy,dp?  at P(...,pt +dpt,..)
1

- (uy Auy)dptdp? = —u,dp?  at P(...,p%...)

+ud dp?
[aV], = d—p’ [dV], =4 2
d—pz' (uy Auy)dptdp? = —u,dpt  at P(...,p% +dp?,..)
—u?
apz A w)dpldp? = +uydp'  at P(...,p?,...)
_ 1
X(pY, p?* +dp?..) tadp X(p' +dpt, p* +dp?,...)
2
—u,dp? u,dp
X(pt, p? .. X(p* +dpt, p%..)
(P’ 7% +u,dp?!

Fig.2 0[dV], rotatesin one direction. It rotates in the opposite direction to adjacent d[dV],

24. Curl

r-vector field A in n-dim.
A=Ay o WA LAUT), (0, < <ay), O1y ooy Opy . €{1,2, .1}

e & UT)

The definition of curl(A) is from the dot product of a (r-1)-vector field A and the boundary vector a[dV],..



i

(5 ) () =2
A-olavl, = 4-\ G- (vl ) = (G aa ~[dV]r—(u Ad—pi)~[dV]r

= (1 0 gyr) 71, = cwrtca)-Lavi, ey = (1 55)

The definition itself is Stokes' theorem. This does not mean that a new vector field curl(4) is created, but
rather that it is a view of A from one dimension higher. A and curl(A) are one entity. Also curl(A) has the
concept of density because curl(A) - [dV], is proportional to volume [dV],.

%A -d[dV], = % curl(4) - [dV],

In calculus, a vector field must be represented by reciprocal bases so that the bases cancel out with dot product.
And differentiate only the coefficients of A to find curl(A). Cartesian coordinates are actually reciprocal basis.
Covariant differentiation is superfluous.

12(4) = curl{curl(A)} = w/ Aul A 0°A ) _ Eaul A 0°4 =0
cur = curtycur =\lu u ap]apl =\lu u aplap] =

Thatis, only A and curl(A) are one entity.
2.5. Comparison to conventional curl

A=A,e, +Agey + Apey in spherical coordinates.
oX 0X

urzgzcer, 'U.gzﬁzreg, uwzﬁzrsinee@
. . e e
i, =gt r_ 6 _ 0 o — 9
w e e w=en u r’ W = rsing
r 0 ] ) Ao AQ)
A=A,e, +Agey + Agey = Ay u” + Agru® + Agrsinfu =Arur+7u9 +rsin6u®
z(A)—( iAaA)
cur =|u o
(w? Au?) term.
d(Agrsinf) d(Agr) d(Agrsin@) 0(Agr)
] 9 @) ( ) o a)_{ 9 _ o } 0 A0
A A = A
(u 20 u? )+ (u 30 u 50 30 W Au®)

1 0(Ayrsin®) 0(Agr)

= > - { - } (@9 /\ @Q))

r2sinf 00 a9

Compared to the conventional results, the coefficient is the same. However, it is not the e, term, but the
(eg A egy) term. They are dual basis each other in 3-dim.

2.6. Pseudoscalar and dual basis

In n-dimension, Cartesian coordinates basis €, @, ..., ®,, unit pseudoscalar I.
I=(e,A..Aey)

For example
I=(e;Aey,Ae;) = (e, AegAey) =12sind (U™ Aub Au®)

dual basis

eg:er'lzer'(er/\ee/\@@):(@8/\@@)

2.7.  Divergence

divergence(A) is curl with respect to A%, dual vector field of A.
div(Ad) = curl(4%), A%=A-1I

A
Ad=A'I=(Arur+78u9+ u@>~rzsin9(urAu9Au@)

rsin@
= A,1?5in0 (Wl Au®) — Agrsin§ (W Au®) + Agr(u” Aub)

; d i 9A°
div(A) = curl(A*) =(u Aa_pi



0(4,7%sin@) 0(dgrsinb) 6(A@r)} . e s
= { - + 50 + 30 W Au® AuP)
1 {a(ArrZ sin @) N 0(4gr sin 6) N d(Agr)

T r2sin@ or 20 1310
Same coefficient, dual basis.

}(er Aeg Aey)

2.8.  Continuity equation, div(4) =0

If A is expressed in bases and [ is expressed in reciprocal bases, the following equation holds.
div(A) - [dV], = curl(A%) - [dV], = A% -3[dV], = (A- 1) - d[dV], = (AAD[dV],) -]

(A A3[dV],) -1 is a physical quantity that moves in and out at speed A through the boundary d[dV], of
[dV],. (AAd[dV],) isthe product d[dV], and only the components of A perpendicular to d[dV],. The
parallel components cancel out in the wedge product. If div(A) = 0 at all points, this means that a physical
quantity flows without accumulation or leakage, then A is said to be continuous.

3. Maxwell’s equations

The following propositions are Maxwell's equations.
1) If vector potential A exists then curl(A) exists. They are one entity.
2) Then, curl®(4) and curl{curl®(4)} =] also exist. It's duality.
curl®(4) = curl(4) - 1, curl{curl®(4)} = div{curl(A)} = Laplacian(4) = |
This is Gauss's law and Ampere-Maxwell's law.
3) curl?(A) = 0 and curl(J) = curl®{curl®(4)} = 0.
These are Gauss's law for magnetism, and Faraday's law, and charge conservative law.
4) After enough time, at equilibrium, A becomes continuous. div(A4) = 0. Lorentz condition.
Then A and ] formulate the standing wave equation.

Substituting a formula into an unfamiliar proposition yields familiar Maxwell equations.

t= _g,

et-e =1, e e =—1, e
el-e; =1, e e =1, el =e, (i =123)
I=(e;Ae, AesAe) = —(elre? aed Aet)
a 02
au = Oxk’ auv = Ixhox’ (wv =1,23,1), []=0¢ — 011 — 05 — 033
1) A =Ae! + A,e? + Aze3 — pet = Aje, + Aye, + Ase; + pe,
curl(A) =e*Nd,A=B+E
= (0,45 — 034;) (€ A€®) + (0:4; — 0,43)(e® Ael) + (0,4, — 0,4,) (e’ Ae?)
— (0,9 + 0 A;)(e! Aet) — (0,9 + 0, 4z)(e* A ef) — (03¢ + 0, 45)(e® Ae)
=B;(e?re®)+B,(e3 Anet) + By(et re®) + Ej(et net) + Ep(e? Aet) + Es(ed Aeth)
Conventional coefficient representation.
B=VxA, E=-Vh—0a,A
2) p: charge density, J: charge current density.
curl®(A) = E;(e® Ae®) + Ey(e3 Ael) + Es(e* Ae?) — B (e! Aet) — By(e? Aet) — By(e® Aeb)
J = curl(curl®(A)) = p(e* Ae? Ae®) — Ji(e®? Aed Aet) — ,(e2 Aet Aet) — J3(et Ae? Aet)
= (0,E1 + 0,E, + 03E3) (e Ae? Ae3) — (0,B; — 03B, — 0,E;) (€2 Ae3 Aeb)
—(03B; — 0,B; — 0,E,)(e® nel Aet) — (0,B, — 0,B; — 3,E3) (e Ae? Aet)
Conventional representation. V-E =p, VX B =] + 0,F
3) curl?(4) =0
= (0,B, + 0,B, + 0;B3)(e* Ae? Aed) + (0,E; — 03E, + 3,B;)(e* A e Aeh)



+(63E1 - 61E3 + ath)(@3 /\ @1 /\ @t) + (alEz - azEl + atB3)(@1 /\ @2 /\ @t)
Conventional representation. V-B =0, VXE +3,B =0

curl(J) = 0 = (0,J; + 0,J, + 05J5 + 0,.p)I

Conventional representation. V - J + d,p = 0

4) At = —A,(e®rePrnet) —A,(e3nel Aet) — A (et Ae? Aet) + p(el Ae? Aed)
div(A) = curl{A?} = (0,4, + 0,4, + 0345 + 8,¢) =0

Conventional representation. V- A + d,¢p = 0

Substituting A;, ¢ for E;, B; in the 2).
p = 01E1 + 0,E; + 03E3 = —011¢ — 01,41 — 020 — 0304 — 033¢ — 05,45
= =011} — 032 — 033 + 0y;p — 0,(0, 41 + 0,4, + 0345 + 0, )
= =011} — 0320 — 0330 + 0y = D¢
J1 = 0;B3 — 03B, — 0.E; = 0314, — 05541 — 03341 + 03143 + 0y Ay + 0119
= 0y Ay — 01141 — 03241 — 03341 + 01(0:41 + 0,4, + 0345 + 0,9) = [ 1A,
p=U¢, =04
3.1.  2-vector field
A=A, red) + 4@ nel) + A;(et Ae?) — (et net) — (e Aet) — ¢pa(e3 Aeh)
curl(A) = By(e' Ae* Ae’) —Ej(e® Ae’ Aet) — Ey(e® Ae' Ae) — Es(e' Ae® Aet)
By=V-4, E=Vx¢—0A
curl®(4) = Eye' + E,e? + Eze® — Byet
J=pi@ ne®) +pi(e nel) +pie Ae?) +]i(e' net) +]3(e’ Aef) +]5(e’ Aed)
p*: spin density, J°: spin current density.
pS=VXE, J$=-VBy—0.E
V-E+8By=0, V-p5=0, UxJ+dp°=0
it div(4) =0
V-¢=0, VxA+op=0  pi=[¢, Ji=04
3.2.  3-vector field
A=—-A(@rernel)—A,(@netrnel) —Az(etre?net) + plet Ae? Aed)
curl(A) = B = By (—D), By =-V-A-0,¢
curl®(A) = By
] = ple! + ple? + pled — jiet
p?: quark density, J?: quark current density(Higgs density).
p?=VBs,  J1=-0,B,
Vxpl=0, Vjii+0,p7=0
it div(d) =0
FxA=0, 3A+Vp=0, pl=014, Ji=[¢
3.3.  scalar field
A=¢
curl(A) = E,;e* + E;e* + Eze® — Bye', E=Vg, —By = 0,¢
curl®(4) = By(e' Ae? Aed) —Ej(e* Aed Aet) —Ey(e3 Ael Ae') — Es(e' Ae? Aeh)
J = (0:By + 0,E;y + 0,E, + 03E5)] = p™(—1)



p™: mass density.
p™=—-0,By—VE
VXE=0, VBg + 0.E = 0, p™=[]¢

3.4. Particles

A - curl(A) - curl®(A) - J. A is wave and | is particle, they are one entity existing in dual dimension.
Duality. If | = div{curl(A)} # 0, then curl(A) is not continuous. Particle is a phenomenon in which curl(A4)
accumulate or leak out.

1) Quark is like a string. quark density: e!,e?, e3

2) Spin is like a membrane. spin density: (e? A @3), (e Ael), (el Ae?)

3) Charge is like a particle. charge density: (e! A @2 A @3)

4) Higgs is essential for creating mass. Higgs and mass density: ef, (—e! Ae? Ae3 Aet)

5) From a charge perspective, it's no coincidence that protons contain three quarks.

6) There is a geometric difference between a positron and an electron. (e! A e Ae?) = —(e? Ael A e?)
7) Current density (€' A @’ A @), superconductor is in a state where the spins are well aligned.

4. Energy density and force

Wedge product, which is an extension of the dot product, can be defined.

4.1. Wedge product

WA CAUP)A (U, A AU ) = (W2 AL AWP) AU A (Ug, A A UG )}
= WS A LAUP)A[UZ AU A (Ug, A oAU )Y =

U Aug, A, A AU ), ' ugs, =0)

U A Uy, Aug, A AU ):{ o
e or (D W U ) Ugy Al AlUg,, A AUy )

W2 AU A (ug Auy Aus Auy) = ud A{u? A (ug Auy Aus Ausy)}
=wWA (D W? u)(uy Aus Auy) = —(wd Aug Aus Auy)

4.2.  Energy density and force

Energy density eng(A) is pseudoscalar field, and the force F is the negative of the divergence of the energy
density. The sign depends on the dimension of the vector field.

eng(A) = (curl(4) A curl®(4))/2

eng?®(A) = ((curl(A) A curl®(A))/2) -1 = F (curl®(A) - curl®(A))/2

F = —div(eng(4)) = —curl(eng®(4)) = + curl(curl®(A) - curl®(4))/2
= +curl(curi®(4)) - curl®(4) = +J - curl®(4)

1-vector field
curl(4d) = Bj(e2 Ae®) + By(e3 Ael) + By(e Ae?) + Ej(et Aet) + Er(e2 Aet) + Es(e Aeb)
curl®(A) = E;(e? Ae®) + E,(e® Ael) + Es(er Ae?) — By(e! Aet) — B,(e? Aet) — By(e® Aeb)
J=petre?ne®)—J(e?rednet) —(e3nelnet) —;(e' Ae? Aeb)
eng(A) = (E)* — (B))I/2,  eng®(4) = — (curl®(4) - curl®(4))/2 # — ((E)* — (BN /2
Bi(@Ae®)AB;(e®Ae®)? = —B,(e? Ae®) AB (et Aet) = —(B)?(@ Ae? Ael Aet) = —(B)?]
(By(e2rne®) ABj(e?ne®)?) -1 =B (e?Ae®)? - (By(e* Ae?) 1) = —B,(e? Ae®)? - B, (e? Ae)?
F =] -curl®(4), Fie* = (—=pE; + J,B; — J3B,)e’, Fie' = (—],E; — ,E, — J3E3)e’
Conventional expression. F = pE + ] X B, F, =—]-E
eng(A) differs from the existing one, but it is more rational. A fatal problem with the conventional energy

density arises from the Lorentz booster: a moving observer changes the energy density of the rest frame. But
eng(A) eliminates this contradiction. Chapter 6.



2-vector field
eng(A) = (E)? — (By)»)1/2, eng®(A) = — (curl?(A) - curl?(A))/2
F =] curl®(4)
F,e' = (p5E; — p3E, + JiBg)e', F=pXE+ By
F.et = (JTE; + J3E; + J3E3)e’, Fe=]-E

3-vector field
eng(A) = —(By)?1/2, eng®(A) = — (curl®(A) - curl?(A))/2
F =] -curl®(4), F,e' = p!Bye?, F = p9By, F.et = —]1B,e"

scalar field
eng(4) = ((E)* — (Bg)HI/2,  eng?(A) = (curl®(A) - curl®(4))/2
F=—]-curl®(4d), Fet = —p™E, e, F=—pM"E=—p™V¢, Fet = —p™Byet

5. Rotor and booster

Rotor and booster R transform the 1-basis of one Cartesian coordinate system into the 1-basis of another. R
consists of a scalar and a plane or a velocity. The notation and meaning are as follows. e, is the original basis

and e, is the transformed basis.

e, =¢€,R=e,"R, eyl=e,-1=¢g,

5.1.  Rotor

An infinitesimal plane rotor
s1 = (e, Aey), s, = (e3 A ey), s3 = (e; Aey), R; =1+ As;, Ak 1)

@:,l = @1|R3 = @1'(1 +A§3) = @1'1 + @1|A§3 = €1 + ©q A§3 = €1 + A@z

e, = @ |R3 = &;|1 + e,|As; = e, — Aey, e; = e(|R; = e, e; = e|R; = e

ey|sz|s; = (e, - s3) - $3

(e1-s3) " s3=—ey, (€, -53) 53 = —@,, (e3-s3) 53 =0, (e;-s3) s3=0,
-1
S3|s3 =
3| 3 { 0
Infinite series of infinitesimal plane rotors. Ay + A, +A; ... =6

R3(0) = (1 +A153)|(1 + A;s5)] .. = Lim(1 + As,])?7/2 = %319

1 1 cos @ +sinfs
:1+9§3 +_02§3|§3 +_03§3|§3|§3+"'={ 3

2! 3! 1+ 6s;
5.2.  Lorentz booster
An infinitesimal booster
st=s-I=(e;Ney) I=(e;Ae), si=(e,Ne), si=(esAe), RE=1+As?
e;=e R =e, +Ae;, e;=elRl =€ +Ae;, e,=eR{=6, e;=-e;3R{=ce;
@v|§f|§f = (@V : Sf) : Sf
(e,-s7)-s{ =ey, (e;-s{)-sf=0, (e3-s])-sf=0, (e.-s{)-sf =e,
d)ed 1
s{|s$ = {
1| 1 0
Infinite series of infinitesimal booster. A; + A, + A5 ... =6

REO) = (1 + AisHIA + B,sf) . = lim(1 + Asf P/ = est1o

{cosh 6 + sinh 6 s¢

1 1
=14 6s% +—0%s%s? + —03s%|s%|s¢ 4 --- =
1 1|1 1|1|1 1+9§(11

2! 3!



5.3.  Multibasis transformations
The multibasis transformations is as follows. Pseudoscalar I is not changed by the rotor and booster.
(eyney) = (e Ae)|R = ((euR) A (ey|R))
(epAey AeplR = (e, Aey Aey)|R = ((eu]R) A (€y|R) A (€;]R))
I'=IR=1
(e} ) = (e, &)IR = (&,[R) - (e, [R))

For examples in R$ ()
e = cosh 8 e! — sinh 0 e, e? = e?, e¥ = @3, e = cosh @ et —sinh 6 e!
(e¥ Ae?) = ((cosh 8 &' — sinh 8 e’) Ae?®) = cosh B (e Ae?) + sinh 8 (e? Aeb)
(e Aet) = (et Aeb)

I'=—(eVAe? re¥ net)=—(elrne?nedne) =1

6. Vector field

A vector field A is a one entity. However, its representation varies depending on the coordinate system. Its
coefficients also differ. Yet, in reality, only the coefficients can be felt and measured. If A is a vector field then
curl(4), curl®(4), J, eng(A), F, I are also vector field.

o et o ox o
@ ...p™ =X, ....q™), ui_a_pi' vj—ﬁ
w=alv= vy, wevE = (@) v* = al
0X 0dq’ X 0dq’ . dq/ . Op
U aptag ap T e =gn () =5y

) ) . opt
u‘=(ul~vj)v1=£pjv1

A(p) = A(q) then

oA apt . 04 ,  9p'aa 294
curl(A(p)) — (ut A az()zl))) — < p j (p)> — (v] A a:;] al(j)> — (v] N a(q))

og1 " " ot

= curl(4(q))

I is obviously the same in all spaces. |m;;| is determinant of matrix m;;
u v = (ug - wwg - whwg - v7) = (u; - wh) (wy - v7)
v v = 6] = (v - &) (e v)),  Ivi-ellle; vl =1
(U A A up) = ((ug - €7)eg A A (U - €, ) = (- e))|(ey Aney) = |(w; - )T
U A AUy = |u; - V(0 A A D) = (g - @) (e; - v)|(vy A .. ADy)
I®) = (W A Au)/ 1w - @) = (v A A v/ |(v; - @))] = 1(q)

curl®(A(p)) = curl(A(p)) - I = curl(4(q)) - I = curl®*(A(q))
J() = curl(curl®(A(p))) = curl(curl®(A(q))) =J(q)
eng(A(p)) = (curl(4) A curl®(4))/2 = eng(A(q))

F(p) =] (@) - curl®(A(p)) = J(q) - curl®(A(q)) = F(q)

For example, electromagnetic field in Lorenz boost R%(8)
curl(4)
=B;(e*red) +By(e® Ae!) + By(et Ae?) + Ej(et nel) + Ey(e? Aet) + Ez(e Aet)
= Bj(e* Ae*) + Bi(e¥ Ae) + Bi(e" Ae?) + E{(e" Ae') + E{(e* Ae) + E{(e* Ae")
Obtain the coefficient relationship by substituting (e’ A e"’) with (e* A e”).
B; = By, B, = cosh 0 B) — sinh 0 E}, B; = cosh 0 B; + sinh O E;



E, =Ej, E, = sinh 6 B; + cosh 6 E,, E; = —sinh 0 B; + cosh 0 E;

eng(A) = ((E)* — (B)I/2 = ((E))* — (B)*)/2 = eng'(A)
The energy density, I field is the same for a moving observer and a rest frame observer.

J=—petnre?ne®)—J@@nedne)—(e@rnetne’) —j;(etre?Aet)
=—p'ere? re)—Ji(e Aed Ae) — (e net Aet) — Ji(e Ae? Aet)
p =coshBp' —sinh6];, J1 =coshB]; —sinh 8], J2 =713, J3 =75

F = Fe! + F,e? + F;e? + F,e' = Fje' + Fje? + Fie + Fle"
F, = cosh 0 F{ — sinh 0 F], F, = cosh 0 F{ — sinh 6 F{, F, =F,, F; =F;
Check in another way
Fy = (=JiE1 + B3 — ]3B2)
= —(cosh 0 p' —sinh 8 J1)E| + J;(cosh 6 B; + sinh 6 E;) — J3(cosh 8 B; — sinh 6 E3)
= cosh 6 (—=p'Ey, + J3B3 — J3B;) — sinh 6 (—]1E1 — J2E; — J3E3)
= cosh 0 F{ — sinh 6 F|

7. Quantization

R* is the Hermitian rotor with respect to R.
e, = €,|R, e, = e,|R"
e, =e,|(RIR), e, =e,|(R*|R), (RIR)=RIR)=1
Ri () =Ri(=6),  R{"(6) =R;(-6)

€y €y =€y (@le) = (@u : (@le))lR* = (ep_lR*) : (@vl(RlR*)) = (@ulR*) c €y
7.1. Commutator

Two rotors, Ry, Rg. two path, (R4|Rg), (Rg|R4). And the commutator, the difference of the two paths. The
symmetry breaking of the two paths creates quantization.

R4(60),Rp(0) € {(cos 0 + sinf's;), (1 + 0s;), (cosh 6 + sinh Os), (1 + Os)}
[Ra(01), Rp(02)] = (R4(61)|Rp(62)) — (Rp(8,)|R4(61))
= [RZ(91)'R§(92)] = (Ra(—01)|Rp(=6,)) — (Rp(—0,)|R4(—6,))

The following equation holds. &4, is Levi-Civita symbol
ey - (ey|(RalRp)) = (e,|Rp) - (ey|(Ry) = (e, |(R5|RY)) - e,
e, - (ey|[Ra, Rp]) = (eyl[Rp, RAD - €y = —(e,|[Ra Rp]) - &,

(e ney) - (e Neg,) = (e, Aey) - (e Aey,)|(R4IRE))
= (e, Aey) - {((es, | (RalRB)) A (€4, |(RAIRE)} = €an{ey - (e, |[Ra, ReDHey - (€4, |[Ra, Rp])}
= eap{(€ul[Ra R5]) - €5, }{(@y|[Ra, Rp) - €5,} = ((€,l[Ra, R5]) A (@y1[Ra, R5D)) - (€4, A€s,)
= ((ey A e,)|(R4|Rp)) - (€5, N&y,)

By substituting various cases, the following equation is obtained. To summarize.

e - [sy, 8] = (e s1) s, —(€1-8;) 81 = —€; = e|(—s3)
e, - [s1, 8] = e; = e,|(—s3), @3 - [s1,5;] = 0 = e;|(—s3), € - [s1,52] =0 = e|(—s3)
[s1,52] = —s3, €y - (eyl[s1,s2D) = €y (@v|(_§3)) = _(@u|[§1'§2]) €y, = (@u|§3) T €y

[si, ;] = —€ijiSk [s?,s] = &Sk, [sis?] = [st,s;] = —€ijesh



7.2. ladder

The well-known ladder is obtained by adding and subtracting the two equations above.
dy _ d _ d d d] —
[Sk,Sj] = —&jiSi = &ijkSi» [Sz'Sj] = &ijkSk
dy «d] — d dy — _ d
[(sk £ 87), 871 = tegj(si £ 57), [sj+, 871 = teijis;+, Sj+ =S E's;

5j£Isf = sf'Isj+ £ 5y

For example, if 1-basis field VO exists, then V*1,V*2 V*3  satisfying the ladder may also exist.
Ve=e?—e',  sy.|sf =sflso +5a4 Sp+ = S3 +5¢

Vo s¢ =V (e;ne) =(e?—eb) (ey,Ae) =e, +e,=e’—et =V°

VOI((s3Is24) +524) = (VO[59) + VO sz = 2VO[s,y = 2V, VO sy = VH1

VO (s24185) = (VOIsp)Isg = VT s = 2V *1
2 2

VI ((sS524) + 524) = (VHs9) + V) s,y = 3VH s, = 3V 2, VH sy, =V*+2

V| (s2455) = (V' sp0)[s§ = V*2(s§ = 3V *2

VI sE = (m+ V™, VI = V(s )"t

8. Planck's constant

There is no rest frame! The universe is always vibrating. The current magnitude of the cosmic background
vibration, namely A, is Planck's constant .

First, (1 + As;) vibration creates commutation relations of angular momentum operators. # has the dimension
of angular momentum, in 7.2.

RA=1+fl§i, RB=1+fl§]
[hSi,th] = —Eijkh(hSk), [Ll'Lj] = _Sijkth' Li = hSi

Second, (1 + AS?) vibration creates uncertainty principle. The uncertainty of time is interpreted as the
uncertainty of momentum. It can also be applied to physical quantities corresponding to 2-basis or 3-basis.

X =xle, +te, = xVe] + t'e; = xV(e; + Ae,) + t'(e, + Aey) = (xV + At)e;, + (t' + AxM)e,
xt=xV +At/, t=t+ AxV

xl t tl xl’
(_)<_)=(1+A—><1+A—> >1+42A=1+2h
xll tl xll t’

Third, photon is a concept created out of ignorance of the existence of beat waves.
Aot= (V=) —8), el ) = itV temibtet! e
i(x1-t
_°c (i) = omIAGY—t)) _ p-ihGeV ")
ei(xl’—t’)
The frequency v is due to wave e/*"' =t and the energy hv = hw is due to the beat wave ="'t Thig

interpretation is more consistent with the concept of measuring Planck's constant in the photoelectric effect.
Schrodinger's wave is also a beat wave. # is not a constant coefficient of the equation.



