
Abstract—When a magnet generating highly homogeneous 
magnetic field is designed, a shimming is required. Usually, the 
shimming is performed for compensating the magnetic field only 
in the z-direction by an iron or a coil. Commonly the 
compensation is achieved for eliminating the coefficients of the 
spherical harmonics expansion of the magnetic field generated by 
the magnet. Some papers showed the coefficients of the spherical 
harmonics expansion in the z- direction for a passive shimming. 
However, recently, some magnets generate a tilted magnetic field, 
such as a magic angle rotating field NMR/MRI. Therefore, the 
coefficients of the spherical harmonics expansion in the x- and y- 
directions are presented in this paper. 

Index Terms—Magnetic analysis, magnetic resonance imaging, 
Nuclear magnetic resonance. 

I. INTRODUCTION 

It is necessary to compensate a magnetic field around the 
center with a shimming when it is required to generate highly 
homogeneous magnetic field. The passive shimming, one of 
the shimming method, is to compensate the magnetic field 
using some pieces of iron [1]-[3]. Since the magnetic field 
homogeneity of a few PPM is required around the center of 
the magnet, the spherical harmonics expansion of the 
magnetic field is employed [4], [5]. The FEM and the BEM 
can hardly achieve such accuracy. 

Commonly, a magnet for MRI or NMR is axially 
symmetric. Therefore, only the z-component of the magnetic 
moment of iron is considered so that only the z-component of 
the magnetic field is homogenized [4]. However, the open 
MRI magnet generates the axially asymmetric magnetic field. 
Therefore, all the components of the magnet moment of the 
iron piece have to be considered, hence the coefficients of the 
spherical harmonics expansion of z-direction magnetic field, 
that are generated by all the component of the magnetic 
moment, were presented in [5]. In addition, recently, a newly 
developed MRI magnet generates a tilted magnetic field for a 
magic angle rotating field MRI. Therefore, the coefficients of 
the spherical harmonics expansion of all the magnetic field 
component, that are generated by all the component of the 
magnetic moment, is strongly desired. Consequently, we 
calculated the spherical harmonics coefficients of all the 
magnetic field components for all the magnetic moment 
components. However, since there is no sufficient space in the 

paper, the spherical harmonics coefficients of only the x-
component of the magnetic field for all the magnetic moment 
components are shown. We will show a computation result of 
a passive shimming to all the magnetic field components in 
the extended paper. 

II. CALCULATION OF SPHERICAL HARMONICS COEFFICIENTS 

The magnetic flux  generated by the magnetic moment 
m


 at point Q as shown in Fig. 1 is represented by 
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The symbols are shown in Fig. 1. Here, using the spherical 
harmonics function, 1/R is given by 
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The magnetic field B


 at point P is expressed as 
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The x-component of the magnetic field is expressed using (1) 
– (3) as 
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( , , )zm m m m 
  in the cylindrical coordinate, the size of a 

piece of iron is defined in Fig. 1(b), and the coefficients of (5) 
are shown in the last of the paper. 

 
Fig. 1.  (a) Magnetic moment m


 at point Q generates magnetic flux  at 

point P (b) Dimensions of a piece of iron. 
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III. CONCLUSION 

We present the spherical harmonics coefficients of all the 
components of the magnetic field to all the components of an 
iron piece for compensating the magnetic field generated by 
the magic angle rotating field MRI magnet by means of the 
passive shimming. 

REFERENCES 
[1] A. Belov, V. Bushuev, M. Emelianov, V. Eregin, Y. Severgin, 

S. Sytchevski, and V. Vasiliev, “Passive Shimming of the 
Superconducting Magnet for MRI,” IEEE Trans. Appl. Supercond., 
vol. 5, no. 2, pp. 679-681, 1995. 

[2] L. Feng, Z. Jianfeng, X. Ling, S. Crozier, “A Hybrid Field-Harmonics 
Approach for Passive Shimming Design in MRI,” IEEE Trans. Appl. 
Supercond., vol. 21, no. 2, pp. 60-67, Apr. 2011.  

[3] Y. Zhang, D. Xie, B. Bai, H. S. Yoon, and C. S. Koh, “A Novel Optimal 
Design Method of Passive Shimming for Permanent MRI Magnet,” 
IEEE Trans. Magn., vol. 44, no. 6, pp. 1058-1061, Jun. 2008. 

[4] H. S. Lopez, F. Liu, E. Weber, and S. Crozier, “Passive Shim and a 
Shimming Approach for Biplanar Permanent Magnetic Resonance 
Imaging Magnets,” IEEE Trans. Magn., vol. 44, no. 3, pp. 394-402, Mar. 
2008. 

[5] S. Kakugawa, H. Hino, A. Komura, M. Kitamura, H. Takeshima, 
T. Yatsuo, and H. Tazaki, “Three-Dimensional Optimization of 
Correction Iron Pieces for Open High Field MRI System,” IEEE Trans. 
Appl. Supercond., vol. 14, no. 2, pp. 1624-1627, Jun. 2004. 

  

 

2 0
2 2 2 1

3 1
2 112 2 2 1

2
2 1

,
,
,
,

( 1)( 2) sin sin
for  0, 08

0

sin 2 sin 2
for  1, 14

cos 2 cos 216 ( 1)
0

( 2)! (

8 ( )!

n n

n n
n

n m
x
n m
x

m
W n n W

m n

m
m W W

W m n
n n

C
m n mD

n m











 


   
 



 

 


 
       

  
                    

     


 

2 12
2

2 1

2
2 12

2 1

2 2 1 1 2 22
2

sin( 1) sin( 1)3)( 4)

cos( 1) cos( 1)1

sin( 1) sin( 1)

cos( 1) cos( 1)( 1)( 2)( 1)

cos sin cos sin sin cos2

1

m
n

m
n

m
n

m mn m n m
W

m mm

m mW

m mn m n m m

m m m mW

m

 
 

 
 

     









       
       

   
           

 



 

   

  

1 1

2 2 1 1 2 2 1 1

2 0
2 2 2 1

3
2

,
,
,
,

sin cos
for  2, 2

cos cos cos cos sin sin sin sin

( 1)( 2) cos cos
for  0, 08

0

16

n n

n

n m
x
n m
x

m
m n

m m m m m

m
W n n W

m n

m W

n
C

D









 
       

 




 



















            

 
        
  



 
 

  

2 11
2

2 1

2 12
2

2 1

2
22

cos 2 cos 2
for  1, 1

sin 2 sin 2( 1)

cos( 1) cos( 1)( 2)! ( 3)( 4)

sin( 1) sin( 1)8 ( )! 1

cos( 1) cos(

( 1)( 2)( 1)

n

m
n

m
n

W m n
n

m m mn m n m n m
W

m mn m m

m mW

n m n m m



 
 

 
 











  
       
         
       

  


    

   
   

1

2 1

2 2 1 1 2 2 1 12
2

2 2 1 1 2 2 1 1

,
,
,
,

1)

sin( 1) sin( 1)

sin sin sin sin cos cos cos cos2
for  2, 2

sin cos sin cos cos sin cos sin1

m
n

n m
x z
n m
x z

m m

m m m m mW
m n

m m m m mm

C

D


 

       
       















  
     
              

 

 

   

   

1
2 2 1

02
2 1 2 2 12

2 1

2 11
2

2

1 sin sin
for  0, 04

0

sin 2 sin 2 2
for  1, 14

cos 2 cos 28 1
0

sin( 1) sin( 1)( 2)! 3

cos( 1) cos4 ( )! 1

z
n

z
nnz

mz
n

m
n W

m n

m
n WWm

m n
n

m mm n m n m
W

mn m m

 


   


 

 









     
 
 

                
     


   

2 2

1 1

1

1
2 12

2 1

1
0

( 1)

sin( 1) sin( 1)
for  2, 2

cos( 1) cos( 1)( 2)( 1)

1
(cos ) d d

m
n

zm m
n nnz

m

m mW
m n

m mn m m

W P z
r







 
 

  
















   
     

              

  


