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Introduction

• MRI experiment is really a two-step process where:
1. The proton ‘spin’ orientation is manipulated by an assortment of applied

magnetic fields
2. Changes in orientation can be measured through the interaction of the 

proton’s magnetic field with a coil detector.

• Although each proton field is minuscule, a significant signal can be
measured resulting from the sum of all fields of all affected
protons of the body.
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Torque on a Current Loop in a 
Magnetic Field
• Lorentz force law:

• Newton’s law:

• Differential torque:
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Torque on a Current Loop in a 
Magnetic Field
• Torque in terms of magnetic 

dipole moment    :

• Which is

• We can derive from this:
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Magnetic Moment with Spin: Equation 
of Motion
• Differential equation for total angular momentum:

• (Spin) Angular momentum of proton:

• The gyromagnetic ratio for proton:

• Cannot be derived from classical physics, quantum needed
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Magnetic Moment with Spin: Equation 
of Motion
• Different gyromagnetic ratios, 

e.g. for electron:

• Fundamental differential 
equation for magnetic moment:

• Recall:
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A solution:



Gyromagnetic ratios
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Precession
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Magnetic Moment with Spin: Equation 
of Motion
• Matrix representation:

• Complex representation:
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