
2
0

1
4

ˆq

r
E r

 

 

𝑩(𝒓) =
𝜇0

4𝜋

3(𝒎 ⋅ �̂�)�̂� − 𝒎

𝑟3













 


  

 

 

𝑟 ≈ 1Å

10 10m

  

𝜔 ≈
2𝜋𝑣

𝑟

𝐼 =
Δ𝐶

Δ𝑇
=

1 𝑒

2𝜋/𝜔
≈ 0.003 A

𝑚 = 𝐴𝐼 = 𝜋𝑟2𝐼 = 10−22A ⋅ m2

|𝑩| ≈ |
𝜇0

4𝜋
⋅

3𝒎

𝑟3 | ≈ 30 𝑇
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𝜇𝑁 =
𝑒ℏ

2𝑚𝑝

= 5.05 × 10−27  
𝐽

𝑇



[𝛾] =
Coulomb

kg
=

Hz

Tesla

 

  

 



𝒎 = 𝛾⏟

42.576 
MHz

T
(no 2π)

× 𝑺⏟

=(
h
2

) for proton

(has 2π)

𝒎 = 𝛾⏟

2𝜋⋅42.576 
MHz

T
(has 2π)

× 𝑺⏟

=(
ℏ
2

) for proton

(no 2π)







 

























 

 

 

 

 





  



𝑅𝑧(𝛼) = (
cos(𝛼) sin(𝛼) 0

−sin(𝛼) cos(𝛼) 0
0 0 1

)

  



cos sin 0

−sin cos 0

0 0 1



𝛼 𝛼 =
𝜋

2

(1,0,0) → (0, −1,0)
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𝑟
𝑩(𝒓) =

𝜇0𝐼

2𝜋𝑟
�̂�

 

𝑩 = 𝜇𝑛𝐼�̂�

 

𝑩(𝑧) =
𝜇0

2

𝑟2𝐼

(𝑧2+𝑟2)3/2 �̂�

𝑩(𝑧) =
𝜇0𝐼

2𝑟
�̂�
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dt



 

0 / 2 127 MHzB   

 

0 / 2 32 MHzB   



 

 
 

𝐺 𝐺(𝑥 + 𝑧)
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𝑀max ≈ 10−3





     

     

     

 

 

 

   

   

   



      
  

     

    

    

 

    

   

   

   

    

    

   

   

   

  

  





  



 

 

 

 

 



 

 



 

𝛾Δ𝐵 = 1 Hz

Δ𝐵 ≈ 0.02 𝜇𝑇

Δ𝐵

𝐵0
≈ 6 ⋅ 10−9


