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3. Linear transverse beam optics
3.1 Equation of motion
3.2 General solution of the equation of motion
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3 dimensional ODE of 2nd order can be changed to a
6 dimensional ODE of 1st order: 
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If the force does not depend on time, as in a typical beam line magnet, the 
energy is conserved so that one can reduce the dimension to 5. 

Furthermore, the time dependence is often not as interesting as the 
trajectory along the accelerator length “s”.  Using “s” as the 
independent variable reduces the dimensions to 4.  
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Usually one prefers to compute the trajectory as a function of “s” along the 
accelerator even when the energy is not conserved, as when 
accelerating cavities are in the accelerator.

Then the energy “E” and the time “t” at which a particle arrives at the cavities 
are important.  And the equations become 6 dimensional again:
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