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I. Nuclear spin and magnetic moment 

Let’s start with a little bit of quantum mechanics. Physical observables  operators 
in quantum mechanics 
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  true for spin angular momentu

    And total angular momentum

  Also true for a nucleus (aggre

 

    ( )( )φφ 1ˆ 22 += IIJ h

 

    φφ hmJ =ˆ
Iz

 

φ  : eigen function 

l  : eigenvalues or quantum number of  l̂
 ml: -l, -l+1,…l   
m:  ŝ

:   spin-orbit coupling lsj ˆˆˆ +=

gate of nucleons) as an entity:  ∑= jJ
vv
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 So, the measurement of J

v
 will give 

 

  or  ( )1ˆ += IIJ h          I: nuclear spin quantum number 

 and, the measurement of  will give the following possibilities zJ
v

 

  hIz mJ =ˆ   IIIImI ,1,......1,: −+−−  

 
“I” can be predicted by the shell model of the nucleus with spin-orbital coupling 
(Mayer, Haxel Suess, Jensen, 1949). 
 

 

The shell model explains the magic numbers found in the stable nuclei. 
 

Magnetic moment: 
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Classical Picture: 
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In Quantum Mechanics, l
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h    b: “Bohr magneton”    µB T

eV510~ −  for electrons 

      “nuclear magneton” µN T
eV810~ −  for nucleons 
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II. Magnetization 

Let iµ
v  in a magnetic field kBB

vv
00 =  

 
<1> µv  is quantized in k

v
: 

 

  h
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Iz mγµ =       IIImI K,1, +−−=  

 

  Cos⇒ θ  ＝ 
µ
µ z  ＝ 

)1( +II
mI

h

h

γ
γ

 ＝ 
)1( +II

mI  

  ji yxxy

vvv µµµ +=    xyµv  is @ any phase angle (random) 

 

  222 )1( Izxy mII −+=−= h
v γµµµ  
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 for 
2
1

=I , 

 
  44.54°±=θ  
 

  
2
hv γµ =xy  

  
 
 <2> µv  precession around k

v
:   classical picture 

     

 

 Therefore, 0BJ
dt
d vvvv ×== µτ   (classical picture) 

 

 Or  0B
dt
d vv
v

×= µγµ    (microscopic Bloch Eq.) 

 

        yyx wB
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∴ 0B
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        0=zdt
d µ  
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vv γ−=     “Larmor Frequency”  γ : gyromagnetic ratio 
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 <3> Net Magnetization:  ∑
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  (see the Appendix) 

 

 For a spin-
2
1  system at room temperature: 

γ ＝ 42.58 × 106 Hz/T 
h ＝ 6.6 × 10-34 J-S 
Ts ＝ 300 K 
K ＝ 1.38 × 10-23 J/K 
B0 ＝ 1T 
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 <4> Rotating Frame vs. Lab Frame 
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Also, 
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Proof: 
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<5> Bloch Eq. 
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III. On-Resonance excitation 
 

RF pulse: ( ) ( ) ( )itwCostBtB rf
e vv
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 or in complex form ( ) ( ) ( )ϕ+−= twie rfetBtB 11  

 

   : carrier frequency, rfw ( )tBe
1 : pulse envelop function 

   ϕ  : initial phase 
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In general,  
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 <6> off-resonance excitations 
   Magnetic field inhomogeneities            heterogeneous 
   Chemical-shift effects                    isochromats 
 
  The effective field an isochromat sees 
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  A close form solution exists: 
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APPENDIX 
Bulk Magnetization of a spin-I system 

 
Given a spin-I system, the energy levels are quantized into 2I+1 levels, 
denoting mI ＝ -I, -I+1, ……I-1, I. 
Each energy level in the state mI is: 
 

  0BmE Im h
I

γ−= , 

 
and the number of nuclear spins per unit volume in state mI, N(mI), is related 
to other state N(mI’) by the Boltzmann principle: 
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Since  ＝ the total number of spins per unit volume (∑=
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Where ∑ −=
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m

TkEeZ     “ partition function” 

 
 So, the magnetization, which is the total magnetic moment per unit volume, is: 
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