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In likely event of us running out of time in class – the home reading is 
paragraphs 1-7 of Classical theory of fields of L.D. Landau and E.M. Lifshitz 
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Hamiltonian formalism 
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Let us also look at the full derivative of the Hamiltonian: 
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This equation means that the Hamiltonian is constant if it does not depend explicitly on t. It is an 
independent derivation of energy conservation for closed system. The conservation of momentum is 
apparent from equation (11), viz., if the Hamiltonian does not depend explicitly on the coordinates, then 
momentum is constant. All these conservation laws result from the general theorem by Emmy Noether : 
Any one-parameter group of dimorphisms operating in a phase space (

� 

(q, ˙ q ,t)  for Lagrangian ((q,P,t)  
for Hamiltonian) and preserving the Lagrangian/Hamiltonian function equivalent to existence of the (first 
order) integral of motion. (Informally, it can be stated as, for every differentiable symmetry created by 
local actions there is a corresponding conserved current). 
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Conservation laws, invariants 
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Canonical transformations  



PHY 564 Fall 2017 Lecture 2 11 

Canonical transformations  
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Special relativity 
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Interval 
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Definitions 
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Geometry in Special relativity 
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Metrics 
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What is more amazing is that simply multiplying 4-velocity by the constant mc  yields the 4-momentum: 

  mcui = γmc,γm! v ( ) = E / c, ! p ( )     (A-45) 

, furthermore, gives the simple rules to calculate energy and momentum of particles in arbitrary frame 
(beware of definition of γ here!): 

  E = γ ( ′ E + c
! 
β ! p ); ! p / / = γ ( ! ′ p / / +

! 
β ′ E / c); ! p ⊥ =

! 
′ p ⊥ .     (A-46) 

For next class:  
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What we rehashed 
•  Least action principle 
•  Lagrangian and Hamiltonian formalisms 
•  Special relativity, Lorentz transformtion 
•  Geometry of 4D space-time, co- and contra- variant vectors and 

tensors 
•  Differential operators and integrals in 4D space-time  
•   Interval, 4-coordinate, 4-velocity and 4-acceleration 

•  We do not presume that you can remember everything, but we will 
use most of the notions we introduced today 

•  It is a lot of material – please look through your favorite book to 
remind yourself about this fascinating relativistic world 
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