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Overview

* Cyclic coordinates
* Infinitesimal symmetry and conservation

* Noether’s theorem

In this lecture, 1 am going to continue further with symmetries and conservation laws. This is
the overview of what we are going to discuss in this lecture, we are going to introduce this
concept of cyclic coordinates. Then we are going to discuss infinitesimal symmetry and the

corresponding conservation which goes by the name Noether’s theorem.
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Cyclic coordinate

Cyclic coordinate: appears only as generalized velocity in the Lagrangian
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* No external (generalized) force
* Generalized momentum corresponding to a cyclic coordinate is conserved
* Linear cyclic coordinate: conjugate linear momentum is conserved

* Angular cyclic coordinate: conjugate angular momentum is conserved




First we are going to look at cyclic coordinates. The concept is explained in the above slide.
The consequences are also discussed.

Cyclic coordinate: examples

* Blocks on a frictionless horizontal surface connected by a spring:
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* We do not see any cyclic coordinate here
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Cyclic coordinate: examples

* Blocks on a frictionless horizontal surface connected by a spring:
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* Choice of coordinates might hide cyclic coordinates
* We need to study infinitesimal symmetries of the Lagrangian

In the 2 slides above, we observe that choice of coordinates can hide cyclic coordinates. This
is investigated using the concept of symmetry of the Lagrangian.



Infinitesimal symmetries of the Lagrangian

Infinitesimal (smooth) transformation of Lagrangian
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Infinitesimal symmetries of the Lagrangian

Infinitesimal (smooth) transformation of Lagrangian
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The concept of infinitesimal symmetry of the Lagrangian is explained in the 2 slides above.
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Infinitesimal symmetries of the Lagrangian

Example: cyclic coordinate
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The application of infinitesimal symmetry in the case of cyclic coordinate is explained in the
above slide.
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Cyclic coordinate: examples

Example: spring connected blocks
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Now, we come back to that example, with our original scheme of coordinate position where
we do not see that symmetry in a certain coordinatization scheme. It is shown how the

concept of infinitesimal symmetry can be used to uncover the conserved quantity.
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Summary

* Cyclic coordinates
* Infinitesimal symmetry and conservation

* Noether’s theorem

The above slide summarizes the discussions.



