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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF online or (occasionally) in  
Olin 103

Discussion on Lecture 14 -- Chap. 6 (F & W)
Extensions of Hamiltonian formalism

1. Virial theorem

2. Canonical transformations

3. Hamilton-Jacobi formalism
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Schedule for weekly one-on-one meetings

Nick – 11 AM Monday (ED/ST)
Tim – 9 AM Tuesday
Bamidele – 7 PM Tuesday
Zhi– 9 PM Tuesday   -- possibly shift time?
Jeanette – 11 AM Friday
Derek – 12 PM Friday
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Your questions –
From Nick –
1. Why is this true in the proof of the Virial theorem? Are we just saying if the 
average of the derivative is 0, then we get the Virial theorem?

From Gao –
1. About today's lecture, What's F? 
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Virial theorem    (Rudolf Clausius ~ 1870)
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Note that this 
implies that the 
motion is periodic 
or bounded (not 
for all systems).

When it is 
true --
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Examples of the Virial Theorem 2 T σ σ
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Premise true because of periodicity.
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Examples of the Virial Theorem ∑ ⋅−=
σ

σσ rFT2
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Circular orbit due to gravitational field
                of massive object:
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Premise true because of periodicity.
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Hamiltonian formalism and the canonical equations of 
motion:
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In the next slides we will consider finding different coordinates 
and momenta that can also describe the system. Why?

a. Because we can
b. Because it might be useful
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Notion of “Canonical” generalized coordinate transformations
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of the way we set up 
the problem we can 
always add such a 
term.
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Your question -- Why do we add the function F into 
the equation

Comment – We have show that adding the total 
derivative of F to the equation adds 0 to the result 
which means that the solutions are ambiguous relative 
to this term.    We are motivated to explore the 
possibilities generated by this term which are 
guaranteed to fulfill the “canonical” equation 
construction.      Some of the results will be beautiful 
and some will be ugly.
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Some details --
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Some relations between old and new variables:
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Note that it is conceivable that if we were extraordinarily 
clever, we could find all of the constants of the motion! 
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Differential equation for S:
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Check action:
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What do you think of Hamilton-Jacobi method
a. Historically important
b. Hysterical
c. Painful
d. Might be useful

The next 3 slides contain important equations that you will 
hopefully remember for this material contained in Chapters 
3 & 6 of Fetter and Walecka.      On Monday we will start 
with Chapter 4 and discuss one of the many applications of 
these ideas – the case of small oscillations near equilibrium.
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Lagrangian picture

{ } { }( )

)(for  equations aldifferentiorder  Second        

0

,)(,)(
:)(  scoordinate dgeneralizet independenFor 

tq
q
L

q
L

dt
d

ttqtqLL
tq

σ

σσ

σσ

σ

⇒

=
∂
∂

−
∂
∂

=





Hamiltonian picture
{ } { }( )

)(     and     )(              
for equations aldifferentiorder first  Coupled     

            

,)(,)(

tptq

q
H

dt
dp

p
H

dt
dq

ttptqHH

σσ

σ

σ

σ

σ

σσ

⇒
∂
∂

−=
∂
∂

=

=

Recap --



9/25/2020 PHY 711  Fall 2020 -- Lecture 14 27
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Recipe for constructing the Hamiltonian and analyzing 
the equations of motion
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