Expectation Values
A comparison of Classical and Quantum Mechanics leads to the need for a new way of describing system averages.  The deterministic classical way of evaluating all the properties of system from the trajectory will not work in the probabilistic quantum mechanical world.

	Classical Mechanics
	
	Quantum Mechanics

	1) Hamilton’s Equations of Motion
H = E ; based on time derivatives
	
	1) Schrodinger’s Equation of Motion
H  = E ; based on position derivatives

	2) Continuous Motion (trajectory)
                      r(t)
	
	2) Continuous Wavefunction
                  (r)

	3) Continuous Energy 
                 H(p,q)
	
	3) Discrete Quantized Energy Values
                         En = n h

	4) Deterministic
cause leads to an effect
statistical out of ignorance
	
	4) Indeterminate
cause does not lead to an effect
statistical by nature  (r)2

	5) Object Based reality
	
	5) Observer Based Reality

	6) Applies to Macroscopic Systems
	
	7) Applies to All Systems
Correspondence Principle n=∞, h=0 


There is a built in uncertainty in all quantum mechanical observables because of the
Born Hypothesis:
(x,y,z)2 dx dy dz represents the probability of observing an electron at position
x to x + dx; y to y + dy and z to z + dz

Measurable Quantum Mechanical properties are based on statistical averages.
Repeated measurements of the position of an electron described by a single wavefunction will yield a series of values.  The average of these values <x> is called an expectation value.  To find the average position in one dimension:

<x> =  EQ \i(-∞,∞,x PD(x) dx)  =  EQ \i(-∞,∞,x (x)2 dx)
To find the average value of an operator x

<x>  =  EQ \i(-∞,∞,(x)* x (x) dx)
Dirac Bracket Notation (shorthand for integrals)
<|o|>  means  EQ \i(-∞,∞,)

 EQ \i(-∞,∞,)

 EQ \i(-∞,∞,)(x,y,z)* o (x,y,z) dx dy dz

<| = (x,y,z)*  Bra vector

|> = (x,y,z)    Ket vector

<|> = 1
You can think of the <f(x,y,z)|g(x,y,z)> integral as a dot product between a Bra and Ket vectors.  This integral <|is called and overlap integral because it tells us how much of the space associated with two wavefunctions overlap.
