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The purpose of this tutorial is to deviate from the traditional matrix mechanics approach to the AB proton

nmr system in order to illustrate a related method of  analysis which uses tensor algebra.

The nuclear magnetic energy operator for the AB system is given below.
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The customary matrix mechanics analysis requires the following mathematical structures.

Nuclear spin wave function:•

1 2 3 4 1 2 3 4mag A B A B A B A B A B A B A B A Bc c c c c c c cα α α β β α β β α α α β β α β βΨ = + + + = + + +

Spin operators (using atomic units, h = 2 π) in the x-, y- and z-directions, plus the identity operator•
(needed later):
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Spin eigenfunctions in the x-, y- and z-directions:•
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Note that while the spin wave function is a linear combination of four spin states, the operators are 2x2

matrices. This requires that special care is taken to insure that the operator is operating on the correct spin

wave function component. This can be avoided by writing both the spin states and magnetic operator in

tensor format.

First tensor vector multiplication is used to construct the nuclear spin states.

1 1
1

01 1 0

0 0 01
0

00

αα α α

    
    

        = = ⊗ = =                     

0 0
1

11 0 1

0 1 00
0

01

αβ α β

    
    

        = = ⊗ = =                     

1 0
0

00 1 0

1 0 11
1

00

βα β α

    
    

        = = ⊗ = =                     

0 0
0

10 0 0

1 1 00
1

11

β β β β

    
    

        = = ⊗ = =                     



We now write these spin states in Mathcad code.
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Next, tensor matrix multiplication is used to construct the magnetic energy operator.
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The magnetic Hamiltonian can now be written in Mathcad code.
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The eigenvalues of the magnetic energy matrix can now be calculated.
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We can also calculate the magnetic energy matrix elements individually, as follows.
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