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10.1: Spin Operators

We’ve been talking about three different spin observables for a spin-1/2 particle: the component of angular momentum along,
respectively, the x, y, and z axes. In quantum mechanics, there is an operator that corresponds to each observable. The operators
for the three components of spin are S z éy, and S . If we use the column vector representation of the various spin eigenstates
above, then we can use the following representation for the spin operators:
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It is also conventional to define the three “Pauli spin matrices” o, oy, and o, which are:
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Clearly, then, the spin operators can be built from the corresponding Pauli matrices just by multiplying each one by % /2.

You can verify that this is a good representation of the spin operators by making sure that all all of the various observations about
spin states are reproduced by using these operators and these vectors to predict them from the theory. For example, | +y) is an
eigenstate for the y component of spin, so the column vector representation of | +%) needs to be an eigenvector of S,,. Is it? Let’s
try it:
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In at least this case, the matrix and column vector representations of S, and | +y) are working.
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