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Basics

Equations and Relationships Used to 
Study the Interactions of 
Electromagnetic Fields and Charged 
Particles 
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Basics

Maxwell’s Equations
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Basic Formalism

Maxwell’s Equations
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Basic Formalism

Describes interaction of charged particles with 
electromagnetic fields

Lorentz Force
( )BvEeF ×+=
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Basic Formalism

Lorentz Force
( )BvEeF ×+=

Electric Field for Acceleration
Force Parallel to Field

Magnetic Field for Steering 
Force Perpendicular to Field and Particle Direction

For a relativistic particle, the force from a 1 Tesla 
magnetic field corresponds to an  electric field of 
300 MV/m
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Basic Formalism

Rest Energy:

Relativistic Parameter:

Velocity:
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Particles Relativistic when β≅1

Basics
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Particles Relativistic when β≅1

Basics
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Circular Motion

Circular Motion in a Magnetic Field B
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Quadrupole
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Gradient
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Curvilinear System
Motion Relative Ideal Path 
Curvature Vector, κ

Coordinate System
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Linear Approximation
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Linear Beam Dynamics
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Linear Beam Dynamics
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Linear Beam Dynamics
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Linear Beam Dynamics
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Matrix Formalism
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Symmetric Quadrupole Triplet
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Beams and Phase Space 
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Beams and Phase Space 
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Beams and Phase Space 
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Beam Optics
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Beam Optics

Response Matrix
Probe the Machine with 
the Beam
Calibrate Models
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