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Multivectors change the paradigm of electromagnetic theory. Multivectors derive not only Maxwell's
equations but also energy density, Poynting vectors, Joule heat and electromagnetic force solely through
calculation without the aid of experimental laws. Moreover, this process can be repeated three more
times by changing the dimension of multivector in 4-dim. And these four Maxwell equations tell us
what charge, spin, quarks, and mass are. The 2-vector rotor and booster transform the coordinate system
and derive the ladder operator without quantum mechanics. The commutative relation of the angular
momentum operator, the uncertainty principle, and the reason photons can be counted in the
photoelectric effect are explained by the infinitesimal rotor and booster. These three phenomena,
including Planck's constant, indicate that the infinitesimal rotor and booster are always operating. The
universe is vibrating, and the current magnitude of cosmic background vibration is Planck's constant.

1 Curl and divergence in multivectors

Curl and divergence can be defined as the multibases of any curvilinear coordinate system.

1.1.  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

apt
When u! ‘U= 5]-’, ul,u? ...u" are reciprocal basis at X. Assuming matrices g*/ and 9k

U;

i — i ik — if k — ik — ' — j —
u' = g'u;, ut-ut =gl - ut =gt u; = gyuw, U Uy = g Uy = Gk
gji and g¥ are inverse matrices relationships.
i — i — i — sl
u 'uk—gjuj'uk—g]gjk = by
Therefore, find the basis at point X, find g;; = u; - u;, find the inverse matrix g*, and find the u'

1.2.  Multibasis and dot product

If uy, ..., u, arebases, then (u; Au,) isa2-basis and (u; Au, Aug) is a 3-basis. Multibasis is anti-
commutative in order.

(us Aup) = —(up Auy), (ug Aug) =0
AU A A L) == AU AUZ A L)

The dot product of a multibasis and a reciprocal multibasis is defined as follows.
WP A L AUT) - (Us, A AU,
= W2 A AuT) U (ug A Aug ) = WAL AU - [u? - Ut (ug, A Aug )Y =

u - (ug, A Aug) = (D7 W - ug ) (ug, A A g, A Aug), Dl ug, skip

If s; =1, s, =2, (i <k), then

W Au?) - (ug, Ao Aug) = (D7 (DR 2(ug A Al A AT A LA )

= - Aut) - (ug, A Aug) = —(“DF (=D g A Al A ATl A A U,)

1.3.  Infinitesimal volume [dV), and its boundary d[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 (uq, dp°), (ug,dp?), ..., (ug, dp°r).

[dV], = (ug, Atg, A ... AUg )dp?rdp?2 ...dp°T, {01,0,,...,0.} © {1,2,...,n}, (0, < <oay)
ex)  [dV]y = updp?, [dV]; = (wy Aup)dp'dp?, [dV]s = (uy Aus Auy)dptdpdp*



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

+uf i i
Sty PP -[dV], at P(..,p" +dp,,...)
a[dv]r = d—pl : [dV]r = —u
P -[dV], atP(..,p',...)
ex)  [dV]; = updp?
+u?
oyl F-uzdp2 =1 atP(.,p?>+dp?..)
olavly =37 [avl =1 0,
7 udp? = -1 atP(..,p%..)

XC 02,.)
Cop /M/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
apt (uy Auy)dptdp? = +u,dp?  at P(...,p* +dpt,...)
_ul
+u! ot (a Aw)dptdp® = —updp®  at P(pt )
[dv], = ;—pl [dV]y =1 2
—dpz - (uy Auy)dptdp? = —u,dpt  at P(...,p? +dp?,..)
—u2
apz (W Awp)dpldp® = +uidp' at P(...,p% )
—u d 1
X(pt, p? +dp?..) 1P X(p*+dpt, p* +dp? ..)
d 2
—u,dp? upap
X(pt, p% . X(p*+dpt, p?.)
(.75 +u,dp?!

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

14. Curl
r-vector field A in n-dim.
A=As o WA LAUT), (0, < <ay), G4y ey Opy o €{1,2, .1}
The definition of curl(A) is from the dot product of a (r-1)-vector field A and the boundary vector a[dV],..

R
a-olavl, = a- (@), | = (Graa -[dV]r—(u /\dpl.)-[dv]r

(w2
The definition itself is Stokes' theorem. This does not mean that a new vector field curl(A) is created, but
rather that it is a view of A from one dimension higher. A and curl(A) are one entity and both are densities

because they possess physical quantities proportional to d[dV], and [dV],.

A
)-[dV]T = curl(4) - [dV],,  curl(4) = (u‘/\ ) i)
p

ng -a[dV], = jg 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).

2 2
curl?(4) = curl{curl(A)} = (uw/ Aul A 6'A ) =(utAu/ A a. 4 -1=0
Jdp’opt dptop’

Thatis, only A and curl(A) are one entity.

1.5.  Comparison to conventional curl

A=A,e, +Agey + Ayey in spherical coordinates.

% oxX ox_
U =—=e, Uy = — =TE€p, Uy=—=rsinfe
. . ©p €g
ul - u =(Sl, U = e, u9=_’ u®= _

k= Tk T T rsiné

A A
A=A,e, +Agey + Apey = A u” + Agruf + Agrsind u® = A, + TGUQ + T'Si:’)l 5 Ug

w? Au®) term in curl(A).
0(Apr sin 0) d(AgT) 0(Aprsin@) 0(Agr)
Fn )+ (0 a5 < -6 fat A

(u 20 u? )+ (u 30 u 50 30 W Au®)
1 {G(Aq)r sin @) a(Agr)}( Aey)
T r2sinf 00 a9 €0 /A €
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.

1.6.  Pseudoscalar and dual basis

In n-dimension, Cartesian coordinates basis €y, @, ..., ®,, 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/\@@)

1.7.  Divergence

divergence(A) is curl with respect to A%, dual vector field of A.
div(Ad) = curl(4%), A%=A-1I
Ag Ag
d_y.]= 2o
AT=A4-1 (Arur-l- e +rsin9u®
= A,1?5in 0 (Wl Au®) — Agrsind (u” Au®) + Agr(u” Aub)
0(A,r%s5in @) 0(Agrsin@) 0(Agr)
. _ dy T [4)
div(A) = curl(A%) = { ar + 50 + 20
1 {a(ArrZ sin @) N 0(4gr sin6) N d(Agr)
" r2sind or 00 ol
same coefficient, dual basis.

)-rzsinH(uT/\ue/\uQ)

}(ur Au? Au®)

}(er Aeg Aey)

1.8.  Continuity equation, div(A) =0

div(4) - [dV], = curl(A%) - [dV], = A4 - d[dV], = (A-I)-d[dV], = (AAD[dV],) -]
(A A0[dV],) -1 is a physical quantity that moves in or out at speed A through the boundary d[dV], of [dV],.
(A A0[dV],) is the 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.

2. 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®(A) and curl{curl®(A)} =] also exist. It's duality.
curl®(A4) = curl(4) - I, curl{curl®(A)} = div{curl(A)} = Laplacian(A) =]
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(A) = 0. Lorentz condition.
Then A and ] formulate the wave equation.

The Cartesian coordinate system is convenient for comparison with existing laws.

t= _g,

et-e =1, e e =—1, e
el-e; =1, e e =1, el =e, (i =123)
I=(e;Ae, AesAe) = —(el Ae?aed neb)

d 02
Ou axk’ Oy = OxHaxv’

(wv =1,23,1), []=0¢ — 011 — 052 — 033

1) A =Ae! + A,e? + Aze3 — pet = Aje, + Aye, + Ase; + pe,
curl(A) = (e* Nd,A) =B +E
= (0,45 — 0;4,)(e® A €®) + (0;4, — 0;43)(e* Ael) + (0,4, — 0,4)(e' A e?)
—(0:¢ + 0. A1) (€ Ae’) — (0,0 + 0:4,)(€* Aet) — (039 + 0. 43) (e’ Aet)
=B;(e?re®)+B,(e3 Anet) + By(et Are?®) + Ej(et ret) + Ey(e? Aet) + Es(ed Aeth)
Conventional coefficient representation.
B=Vx4, E=-Vp—a,A
2) curl®(A) = E;(e®? Ae®) + Ey(e3 A el) + Es(e* Ae?) — B (e! Aet) — By(e? Aet) — By(e® Aeb)
J =curl(curl®(4)) = p(e* Ae* red) — [ (e red net) — (e Ael Aet) — Jz(el Ae? Aed)
= (0,E1 + 0,E, + 03E3) (e Ae? Ae3) — (0,B; — 03B, — 0,E;)(e? Ae3 Aeb)
—(03B; — 0,B; — 0,E,)(e® Anel Aet) — (0,B, — 0,B; — 0,E3) (e Ae? Aet)
p: charge density, J: charge current density.
V-E=p, VXB=]+0,E
3) curl?(A) =0
= (0,B, + 0,B, + 03B3)(e* Ae? Aed) + (0,E; — 03E, + 0,B;)(e* A e Aeb)
+(03E, — 0,E3 + 0,B,) (€3 Ael Aet) + (0,E, — 0,E; + 0,B3) (et Ae? Aeb)
V-B=0, VxXE+9B=0

curl(J) = 0 = (041 + 02, + 03J3 + 0,p)]
V-J+0,p=0
4) Al = -4 (e rednet) —A,(@net Aet) —A(et Ae? Aed) + plet Ae? Aed)
div(A) = curl{A?} = (0,4, + 0,4, + 0345 + 9,¢) = 0
V-A+d,p=0

Substituting A;, ¢ for E;, B; in the 2).
p = 01E; + 0,E; + 03E3 = —011¢ — 01¢A1 — 052 — 0204z — 033 — 03,43
=—011¢ — 032 — 033 + 0y p — 0,(0, 41 + 0,4, + 0345 + 0, ¢)
= =011 — 022 — 933 + 0,c P = []¢
J1 = 0;B3 — 03B; — 0:E; = 03145 — 0341 — 03341 + 03143 + 0tA; + 011 ¢



= 0y4Ay — 01141 — 05241 — 03341 + 0,(014; + 0,4, + 0545 + 0,) = DAl
p=0¢, Ji=0A4

The results for vector fields of other dimensions are summarized as follows. 2-vector field
A=A, red) + 4@ nel) + Az(et Ae?) — (et Aet) — (e Aet) — ¢pa(e3 Aeth)
curl(A) = By(e' Ae* Ae®) —Ej(e? Ae’ Aet) — Ey(e* Ael Aet) — Ez(e' Ae’ Aeb)

By =V-A4, E=VXx¢—0,A

curl®(4) = Eye' + E,e? + Eze® — Byet

J=pie®ne’) +p3(e*net) +pi(e’ ne?) +7(e! net) +]3(e? Aet) + J5(e Aef)
p*: spin density, J°: spin current density.

p* =V XE, J$=-VBy — 0,E

V-E+0d.By =0, V.-ps=0, VxJ$+0,p°=0

V=0 UxA+a,¢=0, pi=[¢, Ji=[4

3-vector field
A=—-A(@rernel)—A,(@netrnel) —A;(etre?net) + plet Ae? Ae)
curl(A) =B = By(=I), By =-V-A—0.¢
curl®(A) = By
] = ple! + ple? + pled — jiet
p?: quark density, J?: quark current density(Higgs).
p?=VBy  J1=-0By Vxpi=0, TVJT+3pi=0
TxA=0, 08,A+Vp=0, p?=[J4, J7=[]¢

scalar field
A=¢
curl(A) = E;e* + E;e? + Eze® — Bye!, E=V¢, —By =0,
curl®(4) = By(e' Ae? Aed) —Ej(e* Aed Aet) —Ey(e3 Ael Ae') — Es(e' Ae? Aeh)
J = (0:By + 0,Ey + 0,E, + 03E5)] = p™(—1)
p™: mass density.
p™=—0;By —V-E
VXE=0, VBy+d,E=0, pm=[]¢p

To summarize, charge density p(e* A @ A @®) is like a particle with volume, spin density pS(e’ A e’) is like
a membrane with area, quark density p?e’ is a string with length. And quark current density e’ is a time
particle Higgs, it is necessary for mass density p™(e! A @? A @3 A e!). charge current density J; (€% A @3 A @),
superconductor is in a state where spins are aligned.

3. Physical Quantity

Physical quantities are expressed differently depending on the coordinate system, but they are one entity. If
vector field A is a physical quantity, then curl(4), curl®(A), ], energy density eng, Poynting vector S, and
force F are also physical quantities.

I is obviously the same in all coordinate system. |m;;| is determinant of matrix m;;

o oyl o X X
(p y s P )_ (q y e q )! ui_a_pi; v]_a_q]
w=alvy =@ vy,  wvE=(alv) vk = al
0X 0dq’ 0X 0dq’ . dq/ . opt
UGy = aptaq oy T I =g ) =55



ul = (ut-v)v/ = ng;vj

u v = (u - eMey - el(e - v)) = (- e¥) (e - v/)

vl =8 = eev),  Ivellle vl =1

(U A A ty) = ((ug - €)eg A A (Uy - @)y ) = |(u; - @)|(eg A oA ey) = |(w; - @)]I
Uy A A = | - V(0 A oAy = [ - @) (e - v)|(vg A oA Dy)

IP) = (U A AU/ - @) = (0 A A ) /(v - )] = 1(q)

A(p) = A(q) then

curl(A(p)) = (ui A

= curl(4(q))

6A(p)) _ (api ; 6A(p)> _ (w’ o' aA(q)> _ (vj A 621(31))
q

op’ )~ \ag " " TapT dq/ 9p’
curl®(A(p)) = curl(A(p)) - I = curl(A(q)) - I = curl®(A(q))
J() = curl(curl®(A(p))) = curl(curl®(A(q))) =J(q)

To describe the pseudoscalar eng and the 2-vector field S, multivector multiplication is required. See 3.1.
Example of a 1-vector field.

(curl(A)curl®(A))/2 = eng(A) + S(4)
curl(4d) = Bj(e2 Ae®) + By(e3 Ael) + By(el Ae?) + Ej(et Aet) + Er(e2 Aet) + Es(e Aeb)
curl®(A) = —B;(e* Aet) — B,(e? Aet) — By(e® Aet) + E;(e® Ae®) + Ey(e® Ael) + Es(e! Ae?)
eng(4) = (curl(4) A curl®(A))/2 = ((B)* — (E)*)1/2
S(A) = &;xE;Bj(e' A &), (i,j, k=1,23)

Conventional expression.
eng(4d) = (B2 —E?)I/2, S(A)=E xB

The fatal error of the conventional energy density (E2 + B%)/2 is that a moving observer in the Lorentz
transformation changes the energy density of the entire background space and breaks energy conservation. 4.1.
Electric, and magnetic energy density cannot be separated. They are generated by one vector field A.

eng?(A) = eng(A) - 1 = (curl®(A) - (curl(A) - 1))/2 = (curl®(A) - curl®(A))/2 = (E* — B?)/2
F = div(eng(A)) = curl(eng®(4)) = curl(curl®(A) - curl®(A))/2 =] - curl®(4)
J=petre’ne®)—J(e?rednet) —(enelnet) —;(e' Ae? Aet)
F,e' = (pE; + J,B; — J3B,)e’, F.e' = (=],E; — ,E, — J3E;3)e’

Conventional expression.
F =pE +] X B, F, = —] - E (Joule heat)

The Poynting vector is itself an energy flow and pressure. The same process can be repeated for vector fields of
other dimensions.

eng(A(p)) = eng(A(q)),  S(A()) =S(A(@),  F(A(p)) = F(A(q))

3.1.  Multibases multiplication

Multiplication of multibases in Cartesian coordinate system. The common basis is omitted. There is no difficulty
in converting to a curvilinear coordinate system.

(@1 A..Ae) (et A..Ae’k) = (e A...Ae1){e’ (e’ A ..Aek)}
= (et A ..Aem2)[e’1{e’T (et A..Aek)}] = -

(D7 (e AL ABSA L ACK) (0, =5))

e’r(e’t A ... A @Sk) = { (e AeSt A ... A ek) else



etef =1, e’e® = (e’ A ed), (e! Aed)(e! Aet) = el{el(e! Aeh)} =el{(—1)? e} = -1

@ nre)(etre? net) =e?(el Ae?) = —e!

4. Rotor and booster

In the Cartesian coordinate system, the rotor and booster R transform the bases. The notation is as follows.
ey =R =e, R, el =e,

An infinitesimal rotor R;
R; =1+ As;, (AL 1), s; = (e, Aey), s, = (es Aey), s; = (e; Aey)

@1|R3 = @1'(1 + A§3) = @1'1 + @1|A§3 =€ + @ - A§3 =€ + A@z

€|R; = @;|1 + e,|As; = €, — Aey, es|R; = e, e|R; = e

ey|s3|s3 = (e, - s3) - s3

(€ -s3) - 53 = —€y, (€z2-53) 53 =—€y, (e3-s3) 53 =0, (€ -s3) 83 =0,
-1
S3|s3 =
3| 3 { 0
Infinite series of infinitesimal plane rotors. A; + A, + A3 ... =6

Rg(g) = (1 + A1§3)|(1 + A2§3)| e — lAl'n’é(l + A§3|)9/A = €§3|9

1 1 cos 0 +sinfs
=1+0§3 +§62§3|§3 +_63§3|§3|§3+"'={ 3

3! 1+ 0s;
An infinitesimal booster R{
R{ =1+ As, st =s;-1=(e;Aeyp), s§ = (e Aeyp), s§ = (e;Aeyp),
e |R{ = e, + Ae,, e |R = e, + Ae,, e, |R{ = e,, es|R{ = e,
died — dy . d
ey|stlst = (e, -s1) - s]
(e, -s{)-sf =ey, (e;-sf)-sf =0, (es-sf)-sf =0, (e;-s9) s{ = e,
djed — (1
s{|st = {
ll 1 0
Infinite series of infinitesimal booster. A; + A, + A5 ... =0

RE(O) = (1+ AisHI(L + Aps7) .. = lim(1 + As{ )/ = estle

{cosh 6 + sinh 6 s¢

1 1
=1+ 60s +—6%s¢|s¢ + —03s¢|s¢|s + - = 1+ st
1

2! 3!

4.1.  Multibasis transformations

The multibasis transformations is as follows. Pseudoscalar and scalar are not changed by the rotor and booster.
(ey Aey)|R = ((ey|R) A (ey|R))
(eyAey AeylR = ((eulR) A (ey|R) A (€;]R))
HR=1, (e, -e,)=(e, e)R=(~(elR) - (e]R))

For examples
e'|R%(8) = cosh O e' — sinh 6 &, @?|R%(0) = e?, e!|R¢(0) = cosh @ et — sinh 6 e*
(e* Ae?)|R4(B) = ((cosh B e' — sinh B e') A e?®) = cosh 8 (e* Ae?) + sinh 6 (e Aeb)
(e Aet)|RE() = ((cosh B e* — sinh 6 @) A (cosh B et — sinh B e')) = (e Aeb)
IIRE(0) = —(e* Ae? Aed Aed)|RE(O) = —(et Ae? Aednel) =1



(e; - e;) = ((e;|RE(H)) - (e,|R%(6))) = ((cosh O e, + sinh B e,) - (coshf e, +sinhfe,)) =1
((e'Ae?) - (e Ae?)|RE(B) = (€' AeH)|R{(H) - (e AeH)|R{(O) =1

For example, electromagnetic field in Lorenz boost R%(8)
curl(A(p)) = curl(4A(q))
=B;(e?re®)+B,(e3 net) + By(et re?) + Ej(et net) + Ey(e? Aet) + Es(ed Aetb)
= Bl(e? Ae®) + Bi(e¥ Ae') + B(e¥ Ae?) + El(e” Ae) + E(e? Ae) + El(e3 Ae')
Obtain the coefficient relationship by substituting (e*’ A ') with (e* A V).
B, = Bj, B, = cosh 0 B — sinh O E3, B; = cosh 0 B; + sinh O E;
E, =Ej, E, = sinh 6 B + cosh 0 Ej, E; = —sinh 0 B) + cosh O E}

eng(A(p)) = (E)* — (B)*)1/2 = ((E{)* — (B))*)I/2 = eng(A(q))
The energy density, I field is the same for a moving observer and a rest frame observer.

J() = —petrne?ned®)—Jj(e2rednet) — (e nel net) — (et Ae? Aeb)
=J(@)—p' ' re? re®)— (e Aed net) — (¥ nel Aet) —Jj(eV Ae? Aet)
p =coshBp' —sinh6];, J1 =cosh@]; —sinh 8], J2 =713, J3 =75

F(p) = Fie! + F,e? + F;e® + F,e! = Fle' + F,e? + Fje® + Fle" = F(q)
F, = cosh 0 F{ — sinh 0 F], F, = cosh @ F{ — sinh 0 F/, F, =F,, F; =F;
Check in another way
Fy = (=JiE1 + B3 — ]3B2)
= —(cosh 8 p' — sinh 0 J1)E| + J5(cosh 6 B; + sinh 6 E;) — J;(cosh 0 B} — sinh 0 E3)
= cosh 0 (—p'Ey, + J;B; — J3B3) — sinh 6 (—J1E{ — J5E; — J3E3) = cosh 6 F/ — sinh 0 F{

5. Quantization

The two rotors (R,|Rg) and (Rg|R,) are different. This difference causes quantization. R* is the Hermitian
rotor with respect to R.

e, = e,|R, e, = e,|R"
e, =e,|(RIR"), e, =¢,R[R), (RIR)=(RIR)=1

€, (@le) = (@u : (@le))lR* = (@ulR*) : (evl(RlR*)) = (@ulR*) c ey
For examples

R3(60) = cos 0 +sin0s;, R3(60) = cos 0 —sin0s; = R;(—0)
R%(0) = cosh @ + sinh 6 s¢, R%*(8) = R;(—0)

5.1. Commutator
[Ra,Re] = (R4|Rp) — (Rp|R,)
R4(6),Rp(0) € {(cos 6 + sin6'sy), (1 + 0s)), (cosh 6 + sinh 6sp), (1 + Os)}
[RA(HI):RB(HZ)] = [RA(_HI)'RB(_HZ)] = [RZ(HJ' RE(QZ)]

The following equation must be satisfied.
ey - (€| (RalRp)) = (eu|Rp) - (ey|(Ry)) = (e, |(RpIRY)) - e
ey - (@y|[Ra, Rp]) = (€ul[Rp, RaD) - @, = —(e,l|[Ra, R]) - @,

By substituting various cases and omitting the coefficients, the following relationship satisfying the above
conditions is obtained. And this relationship holds even in the case of multibases. for example.

[1,52] = —s3



@|[s1, 8] = (@1 -81) s, — (€ °5;) " 51 = —@, = e; - (—S3)

e|[s1,5.] = e, = e, (—s3), ez [S1,5,] =0 =e; - (—s3), e - [s1,5,] =0=e; - (—s3)
e, - (ey][s1,8:]) = —(eq|[s1,s2]) - @y,
[si, ;] = —€ijiSi [S?;Sf = &ijkSks [Sifsj"i = [S?'Sj] = _gijksz

5.2. ladder

The ladder is obtained by adding and subtracting the two equations above.

[Sk,S}i] = —gkjiS? = Siij?: [S?:Sfi] = &ijkSk
[(s £ D), S}i] = e (sp £ sP), [Sj+) 5,"1] = 1&kSj+) Sjy = s £ 57

5j£Isf = sf'Isj+ £ 5
For example, if 1-basis field V° exists, then V1,V2, V3, ... satisfying the ladder may also exist.

Vo=e?—e!, VOs$=V (e,he)=ce?—cet=V"
d _ d _ (cd _ d
S2+1S2 = S31S24 + S24 = (52 + Dszy, S+ =S3 18]

VOI(s§ + Dlsys = VO +VO)[syy = 2V = VO (sp4[s5) = V']sS, VOszy = V1
VH(s3 + Dlsze = @V + VY5, = 3V2 = V(524 83) = V?|s9, Visy, = V?

Vs = (m+ 1DV™, vmls,, = VT

6. Planck's constant

Three proofs that the universe vibrates. There is no rest frame. Only the ratio of the expected value in rest frame
to the measured value in measuring frame can be known.

First, vibration (1 + As;) create commutation relations of angular momentum operators. 5.1.
RA=1+fl§i, RB=1+fl§]
[flSi,flSj] = —Sijkfl(hSk), [LL,L]] = _sijkth! Li = hSi

Second, vibration (1 + As¢) create uncertainty principle. If the location is measured accurately, the time
cannot be measured accurately.
X =xle, +te, = xVe] + t'e; = xV(e; + Ae,) + t'(e; + Aey) = (xV + At))e;, + (¢’ + AxM)e,

xt=xV + At t=t+ Ax"
’ 17

x\ [t t x
(_><_)=(1+A—>(1+A—> >1+420=1+2h
1) \p XU ¢

Third, photons are beat waves created by vibration (1 + AS?). Then, we can count photons.
xl—¢t= (xlr _ t’)(l _ A) ei(xl—t) — ei(xl'—t')e—iA(xl’—t’)
i(xt-t
_° ="1) = omAGY 1)) — it ")
ei(xll_tl)
Here, x! is a value in units reduced wavelength (1 = 1/2m), and t is a value in units of reduced period
(T = T/2m). The frequency v is due to wave eic'=t" and the energy hv = hw is likely due to the beat
wave e~ hG'=t") Schrodinger's wave is also a beat wave. # is not a constant coefficient of the equation.



