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Lecture - 56
Symmetries and Conservation Laws - |
In this lecture, I am going to discuss some finer issues that are associated with Lagrangian
mechanics. We are going to discuss symmetries and their corresponding conservation laws.
This is our first lecture on symmetry and conservation laws.
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Overview

* Lagrange's equation under point transformation
* Invariance of Lagrange's equation
* Generalized momentum

* Symmetry and canservation

S
We will start with point transformation and see the invariance of the Lagrange’s equation
structure under point transformation. Next, we will introduce the concept of generalized
momentum, and | am going to show you how the structure of Lagrange’s equation of motion

compares with Newton's second law of motion.
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Lagrange’s equation under point transformation

Lagrange's equation of motion
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The above slide introduces the concept of point transformation.
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Lagrange’s equation under point transformation

Lagrange's equation of motion: transformed Lagrangian
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As shown in the above slide, the structure of Lagrange’s equation of motion remains

invariant under point transformation.
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Invariance of Lagrange’s equation
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Next, we look at the effect of adding a total time derivative to the Lagrangian. It is to be

noted that the function A is a function of only the generalized coordinates and time.
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Invariance of Lagrange’s equation

Considie. £ = L0, &, L) Logrovges cqpakore: S (Y -3 L 7§
=Lt By
Lt L= L(@,6)c 2L whew A= AFLY)
akE
- o T :J LAY "-.-; :';
= L E i)
: JE _ AL . aA gy, draLy, A | & 3t
o — L | = = =14 | e = ¥

.Io..-amxar_'i 7, n == I + = -~ Il 2% ek ar EVIET R AGT R

S E = A

8L, o e She + 2o 2R,

a5, 3 i d af~agd

drafy)_ 32 _ dyaly_ac g
Falggl s T akaB) T Wt

] Ia%rm—-a&s wWiprnbans fie BacasdomE  witdan addiboe of o

tebal tme dewsesive term to L

It is observed that the Lagrange’s equations are invariant under the addition of a total time
derivative term to L. This idea can be used to simplify the Lagrangian by removing any part
of the Lagrangian that is a total time derivative of a function involving the generalized

coordinates and time.
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Generalized momentum

Lagrange's equation of motion
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Now, we will introduce this very important concept of generalized momentum.
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Generalized momentum

Lagrange’s equation of maotion

dfaky o ok
P e T, T S
e
P
r = 17 i AL =] c
L = B el ‘:T.I. '-'i“-"..l'z' > J—' = [H]ay f —— ==k
o 14,
o ldr s C— s B
Gerenalumasd sezmaabar Pt 'In‘.l'-'.i
fo 3L
o &y
Ifc_l:'ﬂ‘_l_llulll'lul mlJ""‘"IEl""\-mJ
II.‘:I|:- i
bt | =T | I T

A AN

Using a conventional structure of the Lagrangian, we show the correspondence of the

Lagrange’s equation of motion with the Newton’s second law in the above slide.
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Generalized momentum
Rigid body in a plane [ ﬁ
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The above slide considers a generic example of a rigid body in a plane. The equations of
motion obtained from the Lagrange’s equation correspond to the structure of Newton-Euler
equations of motion through the concept of generalized momentum.

(Refer Slide Time: 27:31)

FeR eSS D

Generalized momentum: examples
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Two examples are used to explain the concept of generalized momentum.
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Summary

= Lagrange's equation under point transformation
* Invariance of Lagrange's equation
* Generalized momentum

* Symmetry and conservation



