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Lecture 13

Hamiltonian 

Hamiltons Equations 

Guidelines for Mid Sem
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A quick review of previous class 
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Hamiltonian �(��, �	 �, �)
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Can introduce new function 

ℎ �� , �� , �	� , � = � ���	�
�

�
− � �� , �	� , �

 If �	� is substituted with �� using their relation obtained from �� = ��
��	 �, 

then the function is known as Hamiltonian
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Hamiltonian Example 1: Simple Pendulum
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Step 1: Find Lagrangian of the system

Step 2: Find generalized momentum �� using �� = -.
-/	 0
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Step 3: Find the function ℎ �� , �� , �	� , � = ∑ ���	� − ���
ℎ = �1(	 − 1
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Step 4: Find Hamiltonian  �� , �� , � from ℎ by replacing �	�
with �� using step-2 
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Hamiltonian  Example 2: Projectile

Step 1: Find Lagrangian of the system
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Step 2: Find generalized momentum �� using �� = -.
-/	 0
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Step 3: Find the function ℎ �� , �� , �	� , � = ∑ ���	� − ���
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Step 4: Find Hamiltonian  �� , �� , � from ℎ by replacing �	�
with �� using step-2 
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Hamilton’s equations
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Hamilton’s equations
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Hamilton’s equations



Hamilton’s equations
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Hamilton’s equations

Hamilton equations are first order differential equations

 F → 1 … . H for a system of H −degree of freedom. 

Thus there are IJ number of first order Hamilton’s equations 

(H − K+L �	� and H − K+L �	�)
A comparison with Lagrangian: Lagrange's equations are second order 

differential equations and the number of equations is H (no. of degrees 

of freedom) 

There is nothing new. Just have rearranged the equations to give 

momentum much importance than generalized velocity. 

Hamiltonian concept: Extremely important for quantum mechanics, 

statistical mechanics. 



Conservation of energy from Hamiltonian 
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Questions?



Mid-Sem: Question-cum-Answer Booklet (Front Sheet)

Write your name and Roll No 

ON EVERY sheet!

Read The Instructions Carefully
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Mid-Sem: Question-cum-Answer Booklet (Q1: 2nd Sheet)

Write your name and Roll No 

ON EVERY sheet!

Write your answer ONLY in the 

Space/Page/Sheet provided. 

Answers written elsewhere 

Will NOT be EVALUATED!
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