
















Lecture 17, p 1

To solve this problem, we must specify the potential 
energy of the electron.  In an atom, the 
Coulomb force binds the electron to the nucleus.

This problem does not separate in Cartesian 
coordinates, because we cannot write 
U(x,y,z) = Ux(x)+Uy(y)+Uz(z).  However, we can 
separate the potential in spherical coordinates
(r,θ,φ), because:

U(r,θ,φ) = Ur(r) + Uθ(θ) + Uφ(φ)
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Therefore, we will be able to write:

( ) ( ) ( ) ( ), ,r R rψ θ φ θ φ= Θ Φ
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Lecture 17, p 2

Time Independent Schrodinger’s Equation
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In Cartesian Coordinates:
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In Spherical Coordinates:
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This is SEPARABLE!  (thankfully!!)
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Lecture 17, p 3
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In Spherical Coordinates:
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Plug this into TI-SEQ.  Divide by RY.  Multiply by 2 22mr− 

Only depends on r Only depends on θ and φ

Therefore each side equals a constant,             , l must be 0, 1, 2, ...( )1l l +

Let’s separate the r dependence from the θ and φ dependences.  Write

( ) ( ) ( ),r R r Yψ θ φ=
 same
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Lecture 17, p 4
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Only depends on r Only depends on θ and φ

Therefore each side equals a constant,             , l must be 0, 1, 2, ...( )1l l +
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This comes from solving diff eq for Y.  
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Effective radial potential
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Radial wave functions Rnl
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Radial wave functions Rnl
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Radial wave function Radial probability density

for increasing n

n - l nodes
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Radial wave functions Rnl
Radial wave function Radial probability density

for increasing n
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Radial wave function Radial probability density
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Angular wave function - Ylm

http://mathworld.wolfram.com/SphericalHarmonic.html

http://mathworld.wolfram.com/SphericalHarmonic.html


Lecture 18, p 12

The Angular Wave Function, Ylm(θ,ϕ)
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θ Length of the 
dashed arrow 
is the magnitude 
of Ylm as a 
function of θ.

( )
1, 1

i te φ ω+ − −
−Ψ ∝

( )
1, 1

i te φ ω+ −
+Ψ ∝
Positive  Lz
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The Angular Wave Function, Ylm(θ,ϕ)
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Lecture 17, p 14

n = “principal quantum number”
l = “total orbital angular momentum”
m = projection of the angular momentum along z-axis

L = r x p

“magnetic quantum number”
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