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March 25, 2020 — 1

Modern Physics 330: Lec 12 — More on Spin

Lets explore how a spin-1/2 particle like the electron behaves when the
spin is measured with respect to different directions. The spin wave function
X is called a spinor, and is a two-comonent complex vector. Just as for a
Euclidean vector, a spinor can be written in any basis. For example, in the

z basis,
X = o )

Here z* are ampitudes to be measured with spin eigenvalues £7/2 with
respect to the Z direction. Squaring (amplitude x amplitude* ) the am-
plitudes gives the probabilities. (Here * means complex-conjugation.) For
example, the electron in the state

1

v2 /
has equal probability 1/2 to be measured with spin up or spin down. Notice
the normalization is (zF)*(z%) + (z7)*(z7) = 1.

Or in a basis rotated with respect the z-axis into a direction n making an
angle 6 with respect to the 2 axis.

n+
X = n )
The components of the spinor are related by the spinor rotation matrix,
nt\ [ cosf/2 sinf/2 2t
n~ )\ —sinf/2 cosf/2 27 ),

Notice the screwy /2, meaning you don’t get back the same state until
rotating by 4!
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