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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  in Olin 103

Notes for Lecture 17 – Chap. 1-6 (F & W)

Review

1. Some advice about problem solving

2. Solutions of selected problems

3. Systematic review
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4 PM
Olin 101
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Comments about the exam
     Will be available tomorrow (10/3/2024)
        Due -- 

• It must be your own work, under the honor code
• Please make sure that the grader can read your 

answers.
• Grading is based on the correct answer AND the correct 

reasoning to arrive at the correct answer.  Full credit is 
obtained only with both.  Partial credit also benefits from 
clear reasoning and results.

• Please meet with me only (in person or by email) if you 
have questions about the exam.
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Comments on exam
• The purpose of the exam is to help you with your 

understanding of the material
• In accordance with the honor code, the solutions you 

hand in must be your own work.   That is, if you have any 
questions, please consult with me, but no one else.

• You will get credit for the reasoning and derivations as 
well as for the right answer. You may use software such 
as including Mathematica, Maple, etc. as long as you 
include all input/output with your exam.

• This is an open “book” exam which means that you can 
consult textbooks and lecture notes as long as you cite 
themIt is often helpful approach problems in more than 
one way – recalling that undergraduate physics is still 
true.
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Steps for tackling a problem –
1. What are the basic concepts that apply to this 

problem?
2. Write down the fundamental equations specific to 

this situation.
3. Solve.
4. Check.



10/2/1024 PHY 711  Fall 2024 -- Lecture 17 7

Example  Problem  -- HW #5
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Example solution – Problems 5&7
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10/2/1024 PHY 711  Fall 2024 -- Lecture 17 14

Systematic review

1. Basic principles
      Scattering analysis
      Mechanics of central forces
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Systematic review

2.   Accelerated Coordinate Systems
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Physical laws as described in non-inertial coordinate 
systems

 Newton’s laws are formulated in an inertial frame of 
reference { }0ˆ ie

( ){ } ˆ tie

 For some problems, it is convenient to transform the 
the equations into a non-inertial coordinate system    

0
1ê

0
2ê

0
3ê

1ê

2ê

3ê
Note that in 
addition to 
rotation, linear 
acceleration can 
also contribute to 
non-inertial 
effects.
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Comparison of analysis in “inertial frame” versus “non-
inertial frame”
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within the e frame.
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Properties of the frame motion (rotation only):
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Properties of the frame motion (rotation only):
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More details
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Properties of the frame motion (rotation only):
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Properties of the frame motion (rotation only) -- continued
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Application of Newton’s laws in a coordinate system which 
has an angular velocity ω  and linear acceleration a

Newton’s laws;     Let  r denote the position of particle of mass m:
2

2

2 2

2 2

2

2

2

Rearranging to find the effective acceleration within the non-inertial frame --

ext
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ext
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 
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 
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r F
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d dm m m m
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  = − − × − × − × ×  
 

r ωF a ω r ω ω r

Coriolis
 force

Centrifugal
 force

(Here we generalize previous case to add linear acceleration a.)
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ω
z (up)

x (south)
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( ) ( )

( ) ( )

0

0

( ) cos cos

( )  cos sin    

g

g

x t X t t

y t X t t

ω

ω

⊥

⊥

=

= −





Motion of a Foucoult Pendulum



10/11/2023 PHY 711  Fall 2023 -- Lecture 20 26

Chapter 3  -- Calculus of variation –
Consider a family of functions ( ), with fixed end points

( )  and ( )  and an integral form ( ), , .

Find the function ( ) which extremizes ( ), , .

Necessary

i i f f

y x

dyy x y y x y L y x x
dx

dyy x L y x x
dx

  = =     
  
    

 condition:    0Lδ =

( ) ( )
( )
∫ +=
1,1

0,0

22

:Example

dydxL
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After some derivations, we find
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d
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Note that this is a
 “total” derivative
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Summary --

2

2

Question -- what would be the Euler-Lagrange-type relation for

optimizing   ( , , , )     -- for fixed (  an  () )d
f
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f fi i
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dy d yI f y x dx y x y x
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y
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y
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≡ ≡= ∫

Euler-Lagrange equation
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We are now going to shift notation in order to
apply the calculus of variation formalism to 
Hamilton's  principle and Lagrangian mechanics.

( ) ( )

( )

x t
y x q t
dy q t
dx

→
→

→ 
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Application to particle dynamics
Hamilton’s principle states that the dynamical trajectory of a 
system is given by the path that extremizes the action integral 

Simple example: vertical trajectory of particle of mass m subject 
to constant downward acceleration a=-g.

2

2

2

21
2

Newton's formulation:     

Resultant trajectory:          ( )
Lagrangian for this case:

1             
2

i i

d ym mg
dt

y t y v t gt

dyL m mgy
dt

= −

= + −

 = − 
 

{ }( )
2 2

1 1

, ; , ;
t t

t t

dyS L q q t dt L y t dt
dt

  = ≡     
∫ ∫
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UTt
dt
dytyL −≡















 ,),(

:be  todefined Lagrangian heconsider t Now

Kinetic 
energy

Potential 
energy

2

In our example:

1( ), ,
2

Hamilton's principle states:

( ), ,     is minimized for physical ( ) :
f

i

t

t

dy dyL y t t T U m mgy
dt dt

dyS L y t t dt y t
dt

    ≡ − = −        

  ≡     
∫
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2

Condition for minimizing the action in example:

1     
2

Euler-Lagrange relations:

0

0

f

i

t

t

dyS m mgy dt
dt

L d L
y dt y

dmg my
dt

d dy g
dt dt

  ≡ −     

∂ ∂
− =

∂ ∂

⇒ − − =

⇒ = −

∫





2
2
1)( gttvyty ii −+=
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( ) ( ) ( )

( ) ( ) ( ) ( ) ( )
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For a single particle of charge  using cartesian coordinates and cgs units.
, , , , , ,

        , ,

,1   where    , ,           , ,

q
L L x y z x y z t T U

qT m x y z U q t t
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t
t t t t

c t

L m
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= + + = Φ − ⋅
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= −∇Φ − = ∇×

∂
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r r A r

A r
E r r B r A r

  

  

( ) ( ) ( )2 2 2 , ,qx y z q t t
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+ + − Φ + ⋅r r A r 

Modification of Lagrangian due to electric and magnetic fields
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Lagrangian picture
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Switching variables – Legendre transformation
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Introducing the Hamiltonian --
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Hamiltonian picture – continued
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Recipe for constructing the Hamiltonian and analyzing 
the equations of motion

{ } { }( )

{ } { }( )

1.  Construct Lagrangian function:  ( ) , ( ) ,

2.  Compute generalized momenta:   

3.  Construct Hamiltonian expression:  

4.  Form Hamiltonian function:  ( ) , ( ) ,

5.  A

L L q t q t t
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H q p L

H H q t p t t
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nalyze canonical equations of motion:

                   

Note that when  0    and/or       0  and/or    =0

we have constant(s) of motion that can be used to h

dq dpH H
dt p dt q

dq dp dH H
dt dt dt t

σ σ

σ σ
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∂ ∂
= = −
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∂
elp the analysis.  
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