
The Schrodinger equation in three dimensions 

I- Separation of the Schrodinger equation in Cartesian coordinates:

We generalize our treatment, to study, in three dimension the non-relativistic 
Motion of a particle in a time-independent potential V(r) where r represent 
The position vector of the particle.  
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The time-independent Schrodinger equation that we want to solve is

The solution of the above equation in three dimension can only be obtain 
Exactly in a few simple cases. In these cases the potential such that 
the technique of separation of variable may be used.



We consider
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The Schrodinger equation become
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Therefore  we obtain the three ordinary differential equations
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With the condition
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Each one is similar to that 
We have solved in our previous 
Work.



Free particle: as you will see in the home work the wave function and the energy 
Of the free particle in three dimension is given by
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The wave function satisfy



The three dimensional Box
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As the dimension of the box increase the spacing of the energy 
levels decreases, so that for a macroscopic box the spectrum is 
Nearly continuous.

As you will see in the H.W



For a=b=c
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The three dimension harmonic oscillator
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We consider a potential corresponding to a three dimensional harmonic  oscillator

As you will see in the H.W the normalized wave functions for a particle move 
In such potential is given by
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The energy level is defined by
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In this case the energy levels are not degenerate 



An isotropic three dimensional harmonic oscillator 
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II- Separation of the Schrodinger equation 
in spherical polar coordinates: (Central potentials)

Here we study the non-relativistic motion of a spinless particle of mass m in 
A central potential (that is a potential V ( r ) which depends only on 
the magnitude r of the position vector). Since V( r ) is spherically symmetry, 
It is natural to use the spherical polar coordinates. 
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Eq. I is separable
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Insert Eq. II in the above equation and divided by it, we get 
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This means

From our previous study we know the value of C.
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We have solved this problem before 
And we know the wave functions
And the eigenvalues C.
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The remaining wave equation that we have to solve to obtain R( r) is
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found be  toremain  whichfunction radiala  is  ElR
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The magnetic quantum number, m, does not  appear in the above equation, 
So the radial function is independent of this quantum number.  Similarly the 
Energy will independent of m.
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