Spin 1/2 - matrix representation

Pauli matrices

Definition

ni1= MatrixForm[ox = {{0, 1}, {1, 0}}]

Out[1])//MatrixForm=
1 G

n2p= MatrixForm[oy = {{0, -I}, {I, 0}}]

Out[2])//MatrixForm=
( 0 o )

nz= MatrixForm[oz = {{1, 0}, {0, -1}}]

Out[3]/MatrixForm=

o 1)

Algebra

4= MatrixPower[ox, 2] // MatrixForm

Out[4]//MatrixForm=

o 1

nis= MatrixPower[oy, 2] // MatrixForm
QOut[5])//MatrixForm=

o 1)

ne;= MatrixPower[oz, 2] // MatrixForm
Out[6]/MatrixForm=

o 1

7= OX.oY + oy.oX // MatrixForm
Out[7])//MatrixForm=
(o o
0 0

ngl= OX.0Z + 0Z.oX // MatrixForm
Out[8]//MatrixForm=

o o

nol= O0Y.o0Z+0oz.oy // MatrixForm

Out[9]//MatrixForm=

o o
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niop= oX.oy - I x oz // MatrixForm
Out[10]//MatrixForm=

o o

nti}= 0Z.oX -I %oy // MatrixForm

Out[11]//MatrixForm=
(o o)
0 0

niiz= oy.o0zZ-I%ox // MatrixForm
Out[12]//MatrixForm=

o o

3= oX.oX // MatrixForm
Out[13]/MatrixForm=

o 1

nt4= oy .oy // MatrixForm
Out[14]//MatrixForm=

o 1)

nis= oz.oz // MatrixForm
Out[15]//MatrixForm=

o 1

Eigenvalues and normalized eigenvectors

niie;= Eigenvalues [oX]

ouriel= {-1, 1}

ni17= Map [Normalize, Eigenvectors[ox]]
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niie= Eigenvalues[oy]

ourigl= {-1, 1}

nii9= Map[Normalize, Eigenvectors[oy]]
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nizop= Eigenvalues[oz]

ou0= {-1, 1}

ni2i= Map [Normalize, Eigenvectors[oz]]

ouzil= {{0, 1}, {1, 0}}

Matrix representation of the spin components for a spin



of magnitude h/2
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Sx = (h/Z)*cx; Sy = (h/2)*cy; Sz = (ﬁ/Z)*az;

These matrices verify the algebra of an angular momentum

Sx.Sy - Sy.Sx

True

Sz.Sx -Sx.Sz

True

Sy.Sz -Sz.Sy

True

The general rule L+L7+L? = j(j + 1) A* 1 foran angular momentum jh (7=1/2,1,3/2,2,

=IhSz

=I1hSy

=TIh Sx

Si+S)+S7=(3/4) "1 :

MatrixPower [Sx, 2] + MatrixPower[Sy, 2] + MatrixPower[Sz, 2] ==
3n"2 /4 IdentityMatrix[2]

True
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...) becomes here



