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Quantum Mechanics Review

Stern, Gerlach performed an experiment of passing a beam of silver atoms in a
magnetic field B that had the same direction everywhere, but of varying magnetic
strength. The atoms have a magnetic moment n, which reacts to this magnetic
field. Assuming the magnetic field is along the z-direction, the force exerted on the
atoms due to the varying magnetic field is
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e Magnetic field varies along one direction. Force is either parallel or anti-parallel
to the magnetic field. Measure component of 1 along the direction of the
magnetic field by observing the way atoms are deflected.

e Deflections are now projected onto a screen. Assuming random orientation of
atoms, one expects an even spread of these projections onto the screen.



Experimental Result
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The beam split into exactly two parts! One is now faced with the challenge of
explaining why this occurs.



God does play dice with the universe!

e Flaw with the classical reasoning - A particle need not have fixed values for all
the observables.

e In the case of the Stern-Gerlach experiment, this is an intrinsic property of the
silver atoms, which we shall call spin, that we can get information about.

e New (quantum) reasoning - A particle has properties like momentum, position
and spin that we would like to assign based on experiments. But these
properties change with the state of the particle and cannot be viewed as
existing in the particle independent of the measuring/experimental process.



Formalism in Quantum Mechanics - The Basic Axioms

1. The state of a physical system is defined by specifying a wave v, which belongs
to a Hilbert space H.

Basically, this means is that every object (you, an electron, the earth) has a
wave function associated to it, denoted by ¥you, Yelectrons Wearth, Which contains
information about that object. You can just think of these as vectors in some
vector space.

2. Every measurable physical quantity A4 is described by an operator A, called an
observable. Everything you can know about an object is a physical quantity. For
example, if the state is v,.,, then the physical quantities can be age, hair color,

etc. Think of A as an operator representation of A that operates on the state .



The Basic Axioms Contd.

An observable is always a Hermitian operator. Namely, for all states ; and 15
we have

(A1, 2) = (b1, Anho)

Example - The operator p = —iha% Is Hermitian. This is the quantized version of
the momentum.

3. The only possible values of A are the eigenvalues of the observable A.

The above three axioms however only describe part of the story. We will attempt to
describe the other axioms in a more concrete way by asking the following question

What is our main interest regarding the states of a physical system?

We would like to know how they evolve with time.






