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From Lecture 3: Most General Form of 
the Accelerator Hamiltonian
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Choosing a specific gauge
This allows us to express 4-potential as explicit function of electric 
and magnetic fields – it is useful when you explain what you need 

to build to engineers…  
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Repeat from Lecture 3: Most General Form of 
the Accelerator Hamiltonian

We always have a choice of the reference orbit (e.g. K and κ) as well as of the 
gauge of 4-potential. We can use this flexibility for our benefit! 

We will use a specific gauge to express components of 4-potentail as explicit 
functions of electric and magnetic fields  
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Time/Hamiltonian Canonical Pair

* It worth mentioning that qτ is positive for particles in front of the reference particle
i.e. those arriving earlier (head of the bunch) and negative for those arriving later 
(tail of the bunch) 
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From Lecture 3: Most General Form of 
the Accelerator Hamiltonian
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What we learned today?
•  That distance along the reference particle trajectory, s,  is a natural choice of 

independent coordinate in accelerator physics
– Remember, magnets and vacuum chambers are bolted to the floor and are not floating in time

• Accelerator coordinate system than determined by curvilinear Frenet-Serret 
coordinates, e.g. we can not use just simple Cartesian coordinates in most of the 
cases

•  With s as independent variable, -P2 becomes the accelerator Hamiltonian with 
(x,P1), (y,P3) and (t,-H) being Canonical pairs

• The Hamiltonian can be expanded to any arbitrary order “about” reference 
particle’s trajectory, momentum/energy and “arriving time” to azimuth s

• The condition for reference particle remove first order terms in the Hamiltonian 
expansion

• Second order is the lowest remaining term in the Hamiltonian. 
• It plays fundamental role in accelerator physics since leads to a set of linear s-

dependent ordinary differential equation – subject for next class
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About differential operators in curvilinear coordinates read: 
https://www.jfoadi.me.uk/documents/lecture_mathphys2_05.pdf 

https://www.jfoadi.me.uk/documents/lecture_mathphys2_05.pdf

