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PHY 711 Classical Mechanics and 
Mathematical Methods

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

Discussion of  Lecture 9 – Chap. 3&6 in F&W

Lagrangian mechanics
1. D’Alembert’s principle

2. Lagrange’s equation in generalized coordinates

3. Examples, including Lagrangian for
electromagnetic interactions.
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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 
Jeanette – 11 AM Friday 
Derek – 12 PM Friday
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Your questions –
From Tim –
1. What is the meaning of sigma in the slides? Is it like the same as i and so is 

an indice. Does it have any special meaning in terms of Langrangian
mechanics?

From Nick –
1.   Slide 7: Can you go over the differential (dx) term and its pieces? What 
exactly does the differential $\delta q$ mean?
2.   Slide 8: is the expansion a reorganization from the product rule?
3.   By about slide 11, I started getting tripped up with some of the 
algebra/calculus. Hopefully, I can clarify tomorrow.

From Derek –
1. I wasn't able to finish assignment #6 because I'm still confused on how we're 
supposed to evaluate parts a), b), and c). If you could discuss the assignment 
more, that would be helpful.
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Your questions – continued
From Gao –
1. How many kinds of forces are velocity– dependent, except for Lorentz 
forces?

From Jeanette –
1.   slide #9 - I don't follow the proof for the first claim.
2.   slide #14 - where did the equation for L come from? Is the equation given or 
the situation given and L determined from there?
3.   slide #18 - is the switch back to cartesian just convenient or is that necessary 
for Lorentz forces?
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More details about HW 6
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More details about HW 6
From previous lecture:

/

Suppose that we have a generalized coordinate ( ) that varies with time  and a

function that has the dependences     ( ), ( ); .    As an example,   suppose

that ( )      and     (t

q t t
dqf q t t t
dt

q t e f q tτ−

 
 
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for (d) and (c).      You should get the same answer.    For parts (a) and (b) you
are asked to take two derivatives in different orders.      The
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Why would we want to reformulate Newton’s laws anyway?

a. Because we can and it makes us feel good.
b. Because we can make the analysis more 

complicated.
c. Because we can make the analysis less 

complicated.
d. All of the above.
e. Other.

On the topic of today’s lecture and adapting calculus of 
variation tools to the analysis of particle motion 
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Jean d’Alembert 1717-1783
French mathematician and philosopher

“Deriving” Lagrangian
mechanics from Newton’s 
laws. 
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Digression -- notion of generalized coordinates
ˆ ˆ ˆReferenced to cartesian coordinates:   ( ) ( ) ( ) ( )t x t y t z t= + +r x y z

(Figure taken from 8.02 handout from MIT.)

cos ( , )
sin ( , )

x

z

x
y y
z

ρ φ ρ φ
ρ φ ρ φ≡

= ≡
=
=

Cylindrical coordinates

2 2

arctan( / )
y
y x

z z

xρ
φ

+=

=
=

Here we can write
( ) ( ), () ( ), )( ( ), ( ) ( ( ), )x t y t z t t z tt tρ φ= =r r r
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Spherical coordinates

(Figure taken from 8.02 handout from MIT.)
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Your question –
Can you go over the differential (dx) term and its 
pieces? What exactly does the differential $\delta q$ 
mean?

{ }( ) { }

2 3
3

1

1

ˆ ˆ ˆComment on notation --  
ˆ ˆ ˆ ˆ ˆ ˆFor convenience let ,   ,   

Then   

But now we want to change coordinates 

3

( )

1
       

i i

i

i

i

d

d dx dy dz

x

q

i
i i

d F

i

q x x

i
dxi

x xq dd xF F
q

σ σ

σ
σ σ

δ

=

= + +
= =

⋅

=

=

↔

=
=

∑

∂
= =∑

∂
⋅∑∂

s x y z
x x y x z x

F s

F s
3

1i

i q
q σ

σ σ
δ

= ∂
∑∑



9/14/2020 PHY 711  Fall 2020 -- Lecture 9 15

Summary up to now --

For a conservative force:         
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( )
Newton's laws:
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Some details

i i i i i
i i i
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are an example.     What the generalized coordinates 
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Example – simple harmonic oscillator
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Note: in “proof” of Hamilton’s principle:

Why do we need velocity dependent forces?
a. Friction is sometimes represented as a velocity

dependent force. (difficult to treat with Lagrangian
mechanics.)

b. Lorentz force on a moving charged particle in the
presence of a magnetic field.
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In this case, it is convenient to use cartesian coordinates
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( )
( )( )xcxx

c

EqFx
q

ttq

Bv
BvEF

rBrE

×+=−

×+=
1

1

  :component
    :force Lorentz

:),( field magnetic and ),( field electrican in   charge of particleFor 
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cartesian coordinates for 
convenience.
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Lorentz forces, continued:
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Lorentz forces, continued:
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Summary of results (using cartesian coordinates)
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Lorentz forces, continued:
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Example Lorentz force
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Example Lorentz force -- continued
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Example Lorentz force -- continued
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Example Lorentz force -- continued
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Example Lorentz force -- continued
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