
Where is the spin?



I mean the quantum
mechanical spin
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PML 70 ???



PML 70 ???

A ten year old collaboration (1996 – 2006)
and battle about:
• where is the spin ?
• what is spin polarization ?

This is the only classical spin I will show in the
following!

But first on what we agreed. Actually a lot!
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2003



Our everlasting topic:

Spins, spin-polarization & currents

or (at least at present):

An ab-initio theory of current-induced
switching



„Thin layer“



Non-relativistic phenomenological set of 
Landau-Lifshitz & transport equations



This is not from
Mainmonides‘ famous
Guide for the Perplexed

but Landau-Lifshitz in Pharsi



Time-dependent
Dirac

equation



Fully relativistic coupled Landau-Lifshitz & 
transport equations for a single particle

Polarization
operator



Some definitions:



LL equation: the first two terms
Bispinor representation

Fully relativistic Landau-
Lifshitz equation



LL-equation



Fully relativistic transport equation

Non-relativistic
limit

Fully relativistic transport equation

Non-relativistic limit



Schematic Landau-Lifshitz & 
transport equations

„Spin torque term“ Effective field



Effective field:



Twisting energy & Kubo equation



Mapping on a classic Ohms law



final state

ground state

Cu/Pym/Cu20/Pyn/Cu
m>>n

Reduced current:
Mapping on a classical
Ohms Law



Expansion coefficients & switching times



Resume

• Sorry, there is still no trace of a classical spin
• if we speak about „spin polarization“, hopefully

we now agree on what is meant with this term
• „spin torque“ does have a quantum mechanical

counterpart, even in a non-relativistic description
• I think, it is about time for another Pastrami

sandwich at Katz! 
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So then:

... till 120 !!!

(or integer 
multiples 
thereof)


