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Tetrads 
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If there is no actual physical warping of curvature and torsion then integrability (AKA 
holonomy) path independence requires 
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Einstein’s quantum unrenormalizable spin 2 local differential invariant is the square of 
the length of the exterior quantum renormalizable Cartan spin 1 tetrad 1-form ea x( ) as a 
formal 4-component object. 
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The 16 components eµ

a
x( )  group into four 4-vectors in the base space of the tangent and 

co-tangent fiber bundles, one 4-vector for each fiber index a  that is formally like an 
internal symmetry index.  The fiber Latin indices a  transform under the 6-parameter 
Lorentz group O(1,3) whilst the base space Greek indices transform under the 4-
parameter translation group T4.  These transformations are not independent from each 
other because their respective Lie algebras do not commute with each other. This is why, 
in accord with Heisenberg’s uncertainty principle that locally gauging T4 alone induces 
curvature.  That is, 
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Where Pµ form the Lie algebra ! 4  and !ab = "!ba form the Lie algebra o(1,3).  Given a 
non-gravity spin 0, spin 1/2, spin 1, spin 3/2 source field ! . Then, in accord with 
EinsteinÕs equivalence principle, in the appropriate matrix irreducible representations 
(indices suppressed) the universal minimally coupled local gauge invariant exterior 
Cartan-form derivatives on the source fields are 
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where the source field is a p-form. Aa

x( ) is the compensating warped tetrad 1-form from 
locally gauging the 4-parameter T4 spacetime symmetry group of the non-gravity 
Lagrangian density L !( ) " L ' ! ,Aa

,Aab
,A#( ) keeping the larger dynamical action L '  

invariant under the larger locally gauged 10-parameter Poincare symmetry group P4* 
plus any internal symmetry groups. The torsion field is the 1-form Aab

x( ) . The Yang-
Mills fields of electro-weak-strong forces are A!

x( )with charges Q
!

 that generate 
U(1)xSU(2)xSU(3) et-al. There is also a hidden implicate fermion-boson supersymmetry 
but we do not need to explicate it yet. This assumes 3 + 1 spacetime. The 2 + 1 boundary 
is anyonic with fractional quantum statistics that are neither fermion nor boson in the 
general case with anomalous fractional angular momenta from “charges” pinned to 
“magnetic flux” topological defects analogous to the fractional quantum Hall effect 
(FQHE) that is important if the world hologram conjecture is correct.  That is, two 
identical particle Feynman amplitudes have an exchange term with phase factor ei2!S  that 
is +1 for boson spins 0 and 1 allowing macroquantum Bose-Einstein condensates AKA 
spontaneous broken symmetry ODLRO in the emergent ground states of complex 
systems. It is –1 for fermion spins 1/2, 3/2 giving the Pauli exclusion principle that is 
responsible for the stable diversity of on-mass-shell nucleons, atoms, and solids that 
comprise only 4% of all the “stuff” in the visible pocket universe. The rest is 
uncompensated zero point micro-quantum vacuum energy 73% repulsive negative 
pressure spread out “dark energy” and 23% attractive positive pressure “dark matte” that 
clumps in galactic halos and voids. 
 
Note that 
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When there is no physical warping of curvature and torsion there is a global degeneracy, 
i.e. one can globally align the tetrad frames in a path-independent manner like all the 
spins of a ferromagnet pointing in the same direction without any domain walls. In this 
special defect-free ground state of the false pre-inflationary vacuum “prior” to the Big 
Bang, globally flat inertial observers see 
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Non-inertial observers on non-geodesic of this globally flat Minkowski space-time will 
see a curvilinear metric with eµ

a
x( )as functions with zero torsion and zero curvature 

tensors. In all cases inertial observers are weightless. Non-inertial observers feel weight 
or universal “g-force” that is 100% inertial force from the spin 2 geometrodynamic 
connection field !µ"

#
x( ) . 

 
For example, the globally flat Minkowski metric for weightless geodesic observers is in 
spherical polar coordinates 
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Consider the non-geodesic non-inertial frame with a constant angular rotation about the 
z-axis. Therefore, in the Galilean limit we have the singular dimension collapse from an 
inertial observer 3+1 spacetime to an effective 2+1 spacetime for the noninertial observer 
fixed to the rotating frame. 
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If we also have a simultaneous constant rotation about the polar axis we lose another 
dimension and get a 1 + 1 string transformation. Of course these singular topology-
changing transformations where the Jacobian determinants ! r"#t( ) ! r"t( )  and 

! r"#t( ) ! rt( )  vanish are not allowed in conventional theory. The correct way to do the 
transformation is with Cartesian coordinates 
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It’s not formally obvious that the curvature tensor is zero here without doing the 
calculation. However, physical intuition suggests that it is zero to the extent that we can 
treat the rotating metal cylinder as a test body. This is because a tensor zero in one frame 
is zero in all frames. 
 
The geodesic equation for a free test particle in this non-inertial rotating global frame of 
reference is in space vector notation and using a hybrid connection field notation 
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There are two kinematic inertial forces on the RHS, the centripetal and the Coriolis 
respectively measured by the non-inertial observer not on a geodesic who is fixed to the 
rotating hollow metal cylinder in space with magnetic boots.  
 
The equation of motion for this same geodesic test particle in a geodesic inertial frame is 
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The non-geodesic observer of mass m  at rest in the rotating non-inertial frame has 
weight  
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From the electrical reaction force 
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 of the rotating hollow metal cylinder he is 
standing on in distant empty space in his spacesuit. 
 
The non-tensor connection field, like the torsion ! µ"

# = $!
"µ
#  and curvature tensors 
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# , are bilinear in the tetrads. Thus, 
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The intrinsically warped part of the tetrad comes from locally gauging the 4-parameter 
translation group T4 generated by total energy and total linear momentum. That means let 
the 4 parameters be arbitrary functions like stressing the atoms in a crystal 
inhomogeneously.  We must start with a non-gravity field in flat Minkowski spacetime 
and demand that its action stay invariant under the larger locally gauged group now 
called T4*. The compensating spin 1 world vector gauge potential universally minimally 
coupled to the source field is the intrinsically warped tetrad Aµ

a
x( ) that plays the same 

role for the locally gauged space-time symmetry group T4* that the electromagnetic 
potential Aµ x( ) plays for the locally gauged internal symmetry group U(1). Indeed, the a-
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indices are like the internal fiber indices of a non-Abelian Yang-Mills group. Although 
the translation group is Abelian (commutative) the final theory locally gauging the full 
10-parameter Poincare group is non-Abelian with non-vanishing commutators of the Lie 
algebra infinitesimal generators or “charges.”  The result is for at first T4* alone, as 
mentioned above 
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Substitute (1.20) into (1.17) to (1.19) and we see that for the non-tensor connection field 
and the curvature and torsion tensors alike there are cross-terms between the flat 
Kronecker delta tetrad seen by geodesic inertial observers and the intrinsically warped 
tetrad field Aµ

a
x( ) . Note that for geodesic observers in Minkowski spacetime, the trivial 

tetrads are all aligned like all the spins of a ferromagnet pointing in the same direction. 
One can imagine analogs to spin waves in which neighboring tetrads tilt relative to each 
other corresponding to gravity waves. Geodesic observers in free float in warped 
spacetime will see tetrads misaligned as curvature disclination defects and torsion 
dislocation defects. Even if we locally gauge T4 alone we will still get curvature because 
there are effective spin connection coefficients from the zero torsion 2-form constraints 
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In Cartan form notation these are 4 constraints on 6 antisymmetric 1-forms Sab = ! Sba  
leaving two Goldstone phase degrees of freedom in the vacuum ODLRO inflation 
“Higgs” field effective potential for the Big Bang. 
 
                                                
i Gauge Fields in Condensed Matter , Vol II Stresses & Defects (World Scientific, 1989) 


