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Physics 2D Lecture  Slides
Lecture 27: March 2nd 2005

Vivek Sharma
UCSD Physics

Quantum Mechanics In 3D: Particle in 3D Box
Extension of a Particle In a Box with rigid walls
         1D →  3D
⇒    Box with Rigid Walls (U=∞) in 
        X,Y,Z dimensions 
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z=L
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Ask same questions:
• Location of particle in 3d Box
• Momentum 
• Kinetic Energy, Total Energy
• Expectation values in 3D

To find the Wavefunction and various
expectation values, we must first set up
the appropriate TDSE & TISE

U(r)=0 for (0<x,y,z,<L)
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The Schrodinger Equation in 3 Dimensions: Cartesian Coordinates

2 2 2
2

2 2

2 2 2 2 2

2
2

2

2
2

2

2 2

                                   

Time Dependent Schrodinger Eqn:
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Particle in 3D Rigid Box : Separation of Orthogonal Spatial (x,y,z) Variables
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Particle in 3D Rigid Box : Separation of Orthogonal Variables
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Particle in 3D Box :Wave function Normalization Condition
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Particle in 3D Box : Energy Spectrum & Degeneracy
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Probability Density Functions for Particle in 3D Box

Same Energy  Degenerate States
Cant tell by measuring energy if particle is in 

211, 121, 112 quantum State

Source of Degeneracy: How to “Lift”  Degeneracy
• Degeneracy came from the

threefold symmetry of a
CUBICAL Box (Lx= Ly= Lz=L)

• To Lift (remove) degeneracy 
change each dimension such that
CUBICAL box  Rectangular
Box

•  (Lx≠ Ly ≠ Lz)
• Then
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Spherical Polar Coordinate System
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All we need to do now is guess the solutions of the diff. equations

Each of them, clearly, has a different functional form

Solutions of The S. Eq for Hydrogen Atom
2

2

2

d
The Azimuthal   Diff. Equation :   m 0

Solution :   ( ) = A e   but need to check "Good Wavefunction Condition"

Wave Function must be Single Valued for all    ( )= ( 2 )

( ) = A e

l

l

l

im

im

d

!

!

!

!
! ! ! "

!

#
+ # =

#
$ # # +

$# ( 2 )

2

2

A e 0, 1, 2, 3....( )

The Polar Diff. Eq: 

Solutions : go by the name of  "Associated Legendre Functions" 

        

1 m
sin

      

( 1) ( ) 0
sin si

 Quantum #

 

n
 

l

l

im

l

d d

Magnetic

l
d

m

l
d

! "

% %
% % % %

+

& '() *
+ + + ( =, - . /0 1

=

2 3

$ = ± ± ±

  only exist when the integers  and  are related as follows

                  0, 1, 2, 3....   

 :   Orbital Q

 ;

ua

 p

nt

osit

um N

ive numb

umber 

er

                 

1
For 0, =0 ( ) =        ; 

2

For

l

l

l

l m

l l

l m

l

m

%

= ± ± ± ± =

= $ (

2

 1, =0, 1 Three Possibilities for the Orbital part of wavefunction

6 3
[ 1, 0] ( ) =  cos     [ 1, 1] ( ) =  sin  

2 2

10
[ 2, 0] ( ) =  (3cos 1)....  so on and so forth (see book) 

4

l

l l

l

l m

l m l m

l m and

% % % %

% %

= ± $

= = $( = = ± $(

= = $( +

 Φ



  

 9

Solutions of The S. Eq for Hydrogen Atom
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Symbolic Notation of Atomic States in Hydrogen
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