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Lecture 16

Chapter. 7
QM in 3-dims & Hydrogen Atom

Outline:

• The Schrödinger Eq. in 3-Dimensions
• The 3D Infinite Well
• Energy Quantization & Spectral Lines in Hydrogen
• The Schrödinger Eq. for a Central Force
• Angular Behavior in a Central Force
• The Hydrogen Atom
• Radial Probability
• Hydrogen-like Atoms

Stationary States in a 3-D Box

Solution

Toward the Hydrogen Atom

Spherical Polar

Coordinate 

system

r = radius
q = polar angle b/w r and z-axis
f = azimuthal angle b/w x-axis 
and projection of r in x-y planes

Best choice

Cartesian-polar conversions

To calculate Prob., (e.g., normalization integral), we need the expression 
for the infinitesimal Volume element dV in spherical polar coordinator.

dV = (rdq) (rsinqdf)(dr)



Toward the Hydrogen Atom:

Schrodinger equation in Spherical Polar 

Coordinates
See geometry text book

Toward the Hydrogen Atom
To understand what this tell us, we break it into pieces.

i.e. separation variables for a central force (see p247)

Must be oscillatory

7.5 Angular Behavior in a Central Force

Azimuthal Equation

ml = Magnetic Quantum number

** Circle's circumference would be an 
integral number of wavelength:

2pr = mll = ml (h/p) = ml (h/mvt) = mlh/mvt 
à mlh = mvtr
           = r x p = Lz     

Standing waves on the f-axis
[see Fig. 7-9]

Introduce an “angular momentum operator”!!



Toward the Hydrogen Atom

Quantization of Angular Momentum 

Angular 

momentum 

operator

Angular Momentum Operator?

YES

** Check this out if it works or not!! **

r x p = Lz 

Angular Momentum Operator Toward the Hydrogen Atom
We break it into pieces.

i.e. separation variables for a central force (see p247)
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