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Straight wire at the origin:  
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This can be represented by complex multipole coefficients νΨ
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Complex Potential of a Wire 
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Creating a multipole be created by an arrangement of wires: 
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Air-coil Multipoles 
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LHC dipole 

 Quadrupole corrector 

RHIC Tunnel 

Real Air-coil Multipoles 
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LHC double quadrupole 

RHIC Siberian 
Snake dipole 

Accuracy 

Special SC Air-coil Magnets 
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The time dependence of a particle’s motion 
is often not as interesting as the 
trajectory along the accelerator length 
“s”. 

The comoving Coordinate System 
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Linear equation of motion: 

Matrix solution of the starting condition 0)0( zz !!
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Quadrupole 

Matrix Solutions 
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Linear solution: 
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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. The 
equation of motion is then autonomous. 

 
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.  The equation of 
motion is then no longer autonomous. 
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The 4D Equation of Motion 


