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We'Re GonNa Do an Example in a Minute We'Re GonNa I Mean We'Re GonNa Take All this Abstract 
Stuff and Work It Out in a Very Very Simplest Case Namely a Spin in a Magnetic Field the Simplest 
System That We Know How To Deal with but We'Ll Do in a Minute but Let Me Get all of the Abstract 
Things Out and Then We'Ll Then We'Ll Do It in Detail and a Concrete Example the Hamiltonian H 
Is a Hermitian Operator That Means It Has a Complete Family of Eigenvalues and Eigenvectors and 
if You Work in the Basis of States Described by the Eigenvectors of H Then H Is a Diagonal Matrix 
Alright every Hs Diagonal Matrix in the Basis of Eigenvectors of H That's Trivial that's Not Nothing 
Nothing New There and So in the Energy Eigenbasis Let's Call It in the in the Basis of States Which 
Are Energy Eigenvectors the Hamiltonian Is Just a Diagonal Matrix E 1 E 2 E 3 E
Abstract Operators
They Represent the Components of Spin and They'Re Also Proportional to the Components of the 
Magnetic Moment of the Electron if It's an Electron and We Have a Magnetic Field B That's What 
We Have B Magnetic Field Pointing in some Direction It's a Pointer Now We Won't Call It a Vector 
because We Get Ourselves Confused but It Is a Thing That Points in the Direction of Space and It 
Has Magnitude B the Energy of a Spin in a Magnetic Field Is Given by the Product of the Spin and 
the Magnetic Field in Fact the Dot Product of the Two of Them if You Have a Spin Pointing in some 
Direction and a Magnetic Field in some Other Direction the Energy Stored Is Proportional to the Dot 
Product of the Spin
The Energy of a Spin in a Magnetic Field Is Given by the Product of the Spin and the Magnetic Field 
in Fact the Dot Product of the Two of Them if You Have a Spin Pointing in some Direction and a 
Magnetic Field in some Other Direction the Energy Stored Is Proportional to the Dot Product of the 
Spin and the Magnetic Field or Really It's the Dot Product of the Magnetic Moment
Ok What I Want To Calculate First Is I Want To Calculate the Time Dependence of the Averages of the 
Three Components of the Spin this Is the Analog of the Classical Mechanical Question of Calculating 
How the Spin Does Whatever It Does Does It Rotate What Does It Do Ok So Let's Let's Begin by 
Calculating How the Expectation Values Change with Time the Expectation Values of Sigma 1 Sigma 
2 and Sigma 3 First of all What about Sigma 3 or Let's Write Down the Equation the Equation for the 
Evolution of an Expectation Value Is Right Here So Let's Start with Sigma 3 Sigma 3 Dot
How Much Freedom Does that Give to the Motion of Sigma Well It Means that the Projection of Sigma 
on to the Third Axis Change and It Means that the Angle of the Spin Relative to the the Vertical Axis 
Doesn't Change So What Other the Spin Does the Expectation Value of the Three Components It 
Must Have Somehow Move on a Cone of Fixed Angle Here Otherwise the Component along the Z 
Axis Would Would Change with Time Okay Now What about the X Component and the Y Component 
of a Spin That's More Interesting this One Was Boring
This Looks Sort Of like Sigma Y or Sigma 2 Sigma 2 except that It Does Lacking an Eye Right this 
Would Be Sigma 2 if There Was a Minus I in a Plus I Here So this Is Actually 2i Times Sorry It's Just 
I Times Sigma 2 Ok Let's Check that I Times Sigma 2 Would Be I Times minus Ii 0 0 minus I times 
I Is 1 Yeah that's that's Correct so that's I times Sigma 2 Let's Do Them in the Other Order Now the 
Other Order We Have 0 1 1 0 Times 1 0 0 Minus 1
Now Remember these Are these Are Expectation Values They'Re Really Expectation Values They'Re 
Not Operators We Could Put a Little Bar above Them and Being Expectation Values the Components 
Are Just Numbers So this Tells Me that the X Component or the One Component of Sigma the Time 
Derivative of It Is Proportional to Sigma Two and Let Me Tell You What You Get that's Not There 
Belabor if Let's Just Write Down the Answer Sigma 2 Dot Looks Very Similar Instead of Commutator 
of Sigma 3 with Sigma 1 Will Have Commutator of Sigma 3 with Sigma 2 and that Winds Up Giving 
plus Mu B over H-Bar Times Sigma
We Can't Say What They'Re GonNa Do unless We Have an Expression for the Energy so One 
Possibility Is that There's no Magnet Around but each One Provides the Magnet for the Other One 
Okay All Right if that Were the Case You Can Work Out What the What the Energy Eigenvalues 
Are and What the Eigenvectors Are I'Ll Tell You the Answer Okay the Answer Is Let's It's Easy To 
Answer the Question About Two Electrons When They'Re Not in a Magnetic Field but When They'Re 
Providing a Magnetic Field for each Other
It's Easy To Answer the Question About Two Electrons When They'Re Not in a Magnetic Field 
but When They'Re Providing a Magnetic Field for each Other All Right Then the Hamiltonian Is 
Proportional to the Dot Product of Sigma and Tau Sigma 1 Tau 1 plus Sigma 2 Tau 2 plus Sigma 
3 Tau 3 We Know How the Sigma Ones in the Sigma Tools in the Sigma Threes and Tau 1 and Tau 
2 and the Tau 3 We Know How They Act on the States and We Can Work Out What the Eigenvalues 
Are There Are Two Eigenvalues
Let's Write Down What the Eigenvectors Are Up Up Down Down and Up Down plus down-Up plus 



or Minus Down Up Divided by the Square Root of Two Obviously these Two Are Not Going To Come 
into the Game It's these Two Which Will Come into the Game and in Fact I Can Write that Up Down 
Is Equal to up-Down plus Down-Up Put a Bracket around It plus Up Down-Down up Divide this by 2 
and this by 2 Okay so up-Down plus Down-Up and up-Down-Down up the Down Ups Cancel
That Depends on whether I Put a Plus Sign or a Minus Sign in Front of the Whole Thing So Let's 
See if I Have a Plus Sign I Think It Probably One for Making Magnets You'D Want To-Fine the Energy 
Is Typically Bigger for the Triplet State That's When They'Re Aligned and When Two Magnets Are 
Aligned You Have More Energy than When They'Re Anti Aligned Right because They Like To Be Anti 
Aligned the North Pole Likes To Sit Next to the South Pole so They Want the Anti Align That Means 
Low Is the Energy When the Anti Aligned and that Means that the Singlet
That's an Example of a Quantum Mechanical Problem Worked Out to Death until It's until It's Finished 
but the Rules Are Always the Same Expand the Vectors and the Eigenvectors of the Hamiltonian Let 
each One Evolve with Its Own Phase and Then Put It Back Together Again Whatever Form You Want 
To Compute Whatever Probability You Want So It's a Standard Ritual You Reduced the Problem to 
a Ritual Ritual Is Always the Same Okay I Think We'Ll Finish for Tonight the Preceding Program Is 
Copyrighted by Stanford University Please Visit Us at Stanford Edu
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