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[. Covariant Stern-Gerlach Force

Standard formulation does not generate cor-
rect covariant form from the Lagrangian?

A. Gradient Force on Electric Dipole

= (f-V)E= V(5 E)

B. Relativistic Form

Dipole Tensor: UB = %So‘ﬁ
Lagrangian: L= 1Z/{O‘5Fa5=ﬁ.]§+ﬁ-§
Force: fu=$% = 10,(UPF,p)

C. Covariant Form
Several authors Dixon[1], van Holten[2], Choul3]
argue the covariant form is instead,



II. Dynamic Mass

A. Stern-Gerlach = NonConserved Mass
Egn of Motion: ps = exVFus + %80 (Z/{O‘ﬁFaﬁ)

Contract with @  1m = —i%, = —&L (U - F)

B. Barut's Theory

Lagrangian: L =my/zlz, + ext Ay
Dynamic Mass: m = mg — U PEF,z

Ad-Hoc Spin Eq: Syp = (AAD)w +URF)

C. Features

e Spin magnitude is conserved

e Gauge-Dependent Torque (unphysical?)

e Curved Space Equation of Motion shows dynamic
mass is both the inertial and gravitational mass :

(mo — 3UPF,5) (& + %P m75)
= ei¥ Fyo + 3(g7H — 2731) 0 (U F5)

Does it make sense that Inertial mass can go
ZERO or NEGATIVE?



III. New Gradient Torque
A. Dixon's Analysis of Extended Bodies

Invariant: m2 = pupt — 2)\QSWSW

moc)\

Spin Enhanced Mass: m =m \/1—|— IS )

B. PolyDimensional Transformation
Rotating lines into planes preserves Invariant
0ps = A" 1Sou bt 8Sap=A(pA3P),g

C. Metamorphic Covariance

Propose Laws of Physics Invariant under infin-
itesimal polydimensional transformations. Ap-
ply to momentum equation to derive spin equa-
tion of motion with new gradient torque.

Momentum: Po = [p”Fya + %SaBaUFaﬁ}
Spin: Sap = = [(S ® F)op+ AngﬁﬁFaﬁ}

. . . . . 1 . . -
Mass: mm = pupH = WSMVS“V = %SW/F'““V
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IV. Anholonomic Mechanics
A. Modified Euler-Lagrange Equation
Variation: 0L = %—{1’5q+k5q : = %

Rewrite: k&g = & (kéq) — kdq + k (5q - %5(;)
E.L. Eqn: (k—%) 5q=k(5d—%5q)
B. Variation of Velocity #= Velocity of Variation

k
Example of 3D Rotation: dw® — %Mk — (& X 55)

Yields Euler's Equation: 7 oL — (“3 X j>k

— L =
C. Relativistic Spin Equation

Lagrangian: L = Lo+ UM Fy
Dipole Tensor: U = %er?0,

Canonical Spin: Juw = (;;iy = Suw + %eAQFW

e Substituting the Canonical Spin into relativis-
tic Euler’s equation recovers our spin equation
e Magnitude of Canonical Spin (NOT mechan-
ical spin) is conserved.



V. Polydimensional Action

A. Dimensional Democracy

e Space is made of points, lines, planes ...
e Each geometric element has a coordinate.
e Event: dX = dzte, 4 ddatVe, Ney 4 ...
e New Affine Parameter (based on Invariant)

dr? = dxtdx,, — QL)\Qda“’/dauy

B. Action Principle

Particles follow paths (polygeodesics) which
extremize the length swept out by the momen-
tum =+ the area swept out by the spin.

. o, O 1 9,y O O_dQ
L—mo\/w’uwu——a/'uj a’,LLI/ :%

C. Momenta has Spin Enhanced Mass

: — oL __ ° _ -
Momentum: Pu = o MoTy = My
- - I o :
Splﬂ SILLI/:>\25%U/ —moazluy —ma/luy

Mass: = mofs = oo = mo[1 4 (55)°
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VI. Flat Space Electrodynamics
A. One Lagrangian for Both Equations

O O O O O O
L = mo\/zc“ T, — 1 _qm aw/—i—e(x“AM -2 a/“/Flw>

202
Current: j%9 = e 10 = (mi) p?
Dipole: UMY = ¢ gtV = (mi) SHY

B. In terms of New Affine Parameter
Po = j“Fro + SUMOsFu
S = U F),, + A 279, Fu,
C. In terms of Proper Time
mi? = ety FY7 4 3 SH [0 — 3957) 9o F
Suv = (&) (S ® F) 1y + 070 Fu
D. Unify Equations with Clifford Algebra

Polymomenta: M = pte, + Q%QSWGM N ey

Mo pq= [M,F]+ 2{0,{M,F}} , O =c'd,
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VII. Curved Space Mechanics
A. Anholonomy Couples S and P
(627 — fL527) =
dx® 2977, + 1 (52 ahV— 2%6al”) R}yl
(6are — fLoar") =622 [Te,, (z5ak”— alv5z®)
+1R. ;@ (al5a®P— a®Bsar)]

R/ [

= R w
aﬁu — “rafp aﬁ oy
B. Generalized Equation of Motion

o 5L 1
kp = sam = = ko @ Tont 3 (kaaﬁu ~aedwp rﬁa)
Juw = A279, 8L ) =31 J., + LR, (2AK)7
Tuv sz % 2 "
o ! af
+1 (a@j)a Lopl + R’ -1 a®BR. 3 & Toow

Canonical Momentum: ko = po + eAs
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VIII. New Electrodynamic Terms

A. Spin Equation
All New Torgue terms proportional to \2
O
A_12 (S _U®F>w/ = l<u®F+j/\A)awR,/Lwa
+ (5T, + PR, ©) Fuy
4+ ... torsion terms ...

Rgzﬁuw = Raﬁuw - Tgﬁ M ou

B. Momentum Equation

e Makes Stern-Gerlach Fully Covariant
e New Gauge-Dependent Force Term:

fur = U (Rop, +18575,) A

e [ he force on a static electric dipole,
F=A4p-Vg = AaV(p-9)
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IX. Interpretation

e Electrostatic PE adds to gravitational mass
e Electric Dipole in electrostatic potential ac-

quires effective mass dipole of strength ~ A45/c?
c.'!_
Net force
+== ——
: —_delV
mg — r me®

2 J07%° per e
tor a molecule
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