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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  Olin 103

Plan for Lecture 11:

Continue reading Chapter 3 & 6

1. Constructing the Hamiltonian

2. Hamilton’s canonical equation

3. Examples
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Lagrangian picture
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Hamiltonian picture – continued
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Direct application of Hamiltonian’s principle using the 
Hamiltonian function --

    

    

    
 

Define -- Lagrangian:    

               , ,

     Minimization integral:   , ,  

   Expressed in terms of Hamiltonian:

( ) , ( ) ,

              ( ) ,

f

i

t

t

L T U

L L q q t

S L q q t dt

H H q t p t t

H q p L L q p H q t p

 

 

 

     

 



 



    







    ( ) ,    t t  
 
 

sd
  ixq

:scoordinate dGeneralize

9/18/2015 PHY 711  Fall 2015 -- Lecture 11 6

Hamilton’s principle continued:
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Canonical equations
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Constants of the motion in Hamiltonian formalism
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Recipe for constructing the Hamiltonian and analyzing 
the equations of motion

    

    




















q

H

dt

dp

p

H

dt

dq

ttptqHH

LpqH

q

L
p

ttqtqLL
























                   

:motion of equations canonical Analyze  .5

,)(,)(  :functionn Hamiltonia Form  .4

  :expressionn HamiltoniaConstruct   .3

   :momenta dgeneralize Compute  .2

,)(,)(  :function LagrangianConstruct   1.







9/18/2015 PHY 711  Fall 2015 -- Lecture 11 9

 

  

              :motion of Equations

,,      :Constants

)(
222

)(

             

)(

:potential ldimensiona-one   :1 Example

222

222

2
1222

222
2
1

        
dz

dV

dt

dp

m

p

p

H

dt

dz

Hpp

zV
m

p

m

p

m

p
H

zVzyxmzmymxmH

zmpympxmp

zVzyxmL

zz

z

yx

zyx

zyx























9/17/2015

4

9/18/2015 PHY 711  Fall 2015 -- Lecture 11 10

 

  
 

r

V

mr

p

r

H

dt

dp

m

p

dt

dr

,H p

rV
mr

p

m

p
H

rVrrm

rVrrmmrrmH

mrprmp

rVrrmL

rr

r

r





















3

2

2

22

222

2
1

222

2
1222

2

222
2
1

              

:motion of Equations

     :Constants 

  )( 
2

 
2

)(     

)(

                

)(

potential central ain Motion    :2 Example

























9/18/2015 PHY 711  Fall 2015 -- Lecture 11 11

Other examples
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Canonical equations of motion for constant magnetic field:
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Canonical equations of motion for constant magnetic field                                
-- continued:

9/18/2015 PHY 711  Fall 2015 -- Lecture 11 15

    

    

t

F

q

H

p

F

p

H

q

F

t

F
p

p

F
q

q

F

dt

dF

ttptqFF

t

H
p

p

H
q

q

H

dt

dH

q

H
p

q

H

dt

dp

p

H
q

p

H

dt

dq

ttptqHH









































































































 









































,)(,)(   :functionarbitrary an for Similarly 

0  if  constant      

0  if  constant         

,)(,)(

Poisson brackets:
Recall:



9/17/2015

6

9/18/2015 PHY 711  Fall 2015 -- Lecture 11 16

    

   

 
t

F
F,H

dt

dF

G,F
q

G

p

F

p

G

q

F
F,G

t

F

q

H

p

F

p

H

q

F

t

F
p

p

F
q

q

F

dt

dF

ttptqFF

PB

PBPB



























































































     : thatSo

:Define

,)(,)(   :functionarbitrary an For 

 

 












Poisson brackets -- continued:
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Liouville theorem
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