
LECTU
RE 13-: Properties of the Schrodinger Equation and its solutions  

                                           
      Goals of the lecture:  discuss general properties of the   
                                          Schrodinger equation and its solutions
                                          in order to acquire the background 
                                         knowledge necessary to solve sim

ple
                                         problem

s
      W

hat I expect you to learn: 
                                                   -why we need continuity conditions
                                                   - the conservation of probablility
                                                    and the probability current density
                                                    -W

hat are expectation values and
                                                      how to calculate them

                        
               (Roughly corresponds to sections 3.1 to 3.4 of  textbook)                     

       (Rem
inder: Problem

 set 2 due Friday the 13th)                        
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P (cont.)

To solve the previous problem
s, and eventually m

ore com
plicated 

potential wells (e.g. the hydrogen atom
), we'll need to investigate

som
e properties of the Schrodinger equation and its solutions

in m
ore details.  

 So in this part (chapter 3 of book), we assem
ble the tools and

knowledge we'll need to solve som
e sim

ple problem
s

 The m
athem

atical space we are exploring is richer than what is
dictated by physics.   W

e need to determ
ine som

e of the constraints.
For starters, the wave function is constrained by:  

It m
ust be "square integrable"



Properties of Schrodinger's Equation (cont.) 

 W
e have also seen that the equation is linear:

W
e have seen that the solution can be expressed as a sum

 of plane waves:

W
e have seen that m

om
entum

 and energy are represented by differential
operators 



Properties of Schrodinger's Equation (cont.) 

 So in 3 dim
ensions we can write:

W
e can also write:

W
here H

 is the H
am

iltonian



Properties of Schrodinger's Equation (cont.) 

 Continuity Relations:



Properties of Schrodinger's Equation (cont.) 

 Conservation of probablility:



Properties of Schrodinger's Equation (cont.) 
Conservation of probablility:





Properties of Schrodinger's Equation (cont.) 

Probablility current density:

 N
ote that the probablility current vanishes if the wave function

 is real.  W
e'll deal with com

plex wave functions to describe 
  non-vanishing currents

  The probablility current and the probablility are continuous
   with respect to r and t given that the wave function and
   its derivatives are continuous.

A
verage height of people in the class:

   





Properties of Schrodinger's Equation (cont.) 

 Expectation Values for m
om

entum
:

 








