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June 2, 2020 “SHP 101”
(Stueckelberg-Horwitz-Piron)

aka 
(Classical (mostly))

Sir Charles Galton Darwin

(1887-1962)

A look back 
(and forward) 

at a century of  
the search for a  

manifestly covariant  
dynamics of  

many bodies  
with interaction

aka
A Brief History of  

Dynamical Time
“The dynamical motions of charged particles”,  
     C. G. Darwin, Phil. Mag. 6, 1920.

Two-body relativistic effects 
correct to order (v/c)2

Helium-like atoms
Breit Operator (1929)

Coulomb gauge

Lowest order perturbation of the Dirac equation
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Typical day c. 2020Prague
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Prague 1600-1612

Kepler

Tycho Brahe
born Tyge Ottesen Brahe

1546 – 1601

Scania (then Denmark, now Sweden)

Brahe, age 51, is exiled from 
Denmark. He is invited to 

become the official imperial 
astronomer in Prague by Rudolf 

II, Emperor and King of 
Bohemia.

1597

1600-1601 as assistant to Tycho Brahe

Theory

Observation

1571-1630
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IARD
1998

“to facilitate the acquisition and dissemination of 
knowledge about research programs in classical and 
quantum relativistic dynamics of particles and fields.”

Houston

2000 Tel Aviv
2002 Washington, D.C.

2004 Saas Fee

2006 Univ. of Connecticut
2008 Thessaloniki

2010 Haulien, Taiwan

2012 Florence

2014 Univ. of Connecticut

2016 Ljubljana

2018 Mérida

2020 Prague*
Fanchi

Horwitz
Land

Schieve

Gill

founded

Alwyn Van de Merwe
Foundations of Physics

*in progress
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Applied Relativity
Astrophysical

Gravitation

Covariant mechanics

Neutron Stars

Galactic Dynamics

Quasars

Electrodynamics

Special General

IARD

Fundamentals of Relativity

Dynamical Time

Rel. Complex Systems

2018

…and any other unsolved or interesting problems in physics we felt like talking about

“The Era of

Patience”



The Darwin Lagrangian

Special Relativity
Classical

Many-Body Problem

Classical-Quantum Correspondence

Radiative reaction

Higher order derivatives in equations of motion

Liénard-Wiechert Potentials

?

E.C.G. Stueckelberg, Helvetica Physica Acta, 
Vol. 14, 1941, pp. 51-80

Dynamical Time

L.P. Horwitz and C. Piron, Helvetica Physica Acta, 
Vol. 46, 1973, pp. 316-326

Manifest Covariance





Off Mass Shell Magnitude of 4-momentum is not constant 



“The Synchronization Problem”



Two-Body Reduced Orbits



The Covariant Serret-Frenet Equations

mutually orthogonal unit 4-vectors

Lorentz-invariant matrix elements
Completely determine world line


as a function of arc-length

?

3-space version
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