
Thermal Equilibrium Signal 

 

 

Signal Induction 

 

   

 

 



 

    



     

 



Frame Transformations 

𝜔𝑟𝑜𝑡

�̂�, �̂�, �̂�

�̂�′(t), �̂�′(t), �̂�′(t)

 �̂�′, �̂�′, �̂�′

�̂�, �̂�, �̂�

�̂�′(t) = 𝑎11�̂� + 𝑎12�̂� + 𝑎13�̂�
�̂�′(t) = 𝑎21�̂� + 𝑎22�̂� + 𝑎23�̂�
�̂�′(t) = 𝑎31�̂� + 𝑎32�̂� + 𝑎33�̂�

�̂�(t) = 𝑏11�̂�
′(𝑡) + 𝑏12�̂�

′(𝑡) + 𝑏13�̂�
′(𝑡)

�̂�(t) = 𝑏21�̂�′(𝑡) + 𝑏22�̂�′(𝑡) + 𝑏23�̂�
′(𝑡)

�̂�(t) = 𝑏31�̂�′(𝑡) + 𝑏32�̂�′(𝑡) + 𝑏33�̂�
′(𝑡)

 𝐮 = ux�̂� + uy�̂� +

uz�̂� = ux′�̂�′ + uy′�̂�′ + uz′�̂�′

𝐁RF(𝑡) = 𝐵1 cos(𝜔𝑅𝐹𝑡) �̂� − 𝐵1 sin(𝜔𝑅𝐹𝑡) �̂�

 𝜔𝑅𝐹 = 𝜔𝑟𝑜𝑡

 

𝐁 = 𝐵�̂�
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�̂�′

𝜔𝑟𝑜𝑡



Time Derivatives in the Rotating Frame 
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�̂�′

𝑴(𝑡) = cos(𝜔𝑡) �̂� − sin(𝜔𝑡) �̂�
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On and Off-Resonance Excitation 

 

 

 



 

 

  

 

  

 

Flip Angles Are Nucleus-Dependent 

 



 


