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Interpreting Orbital Quantum Number (l)
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Magnetic Quantum Number : ml

 (Right Hand Rule)

QM: Can/Does  L have a definite direction
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Magnetic Quantum Number 
ml

Z

Arbitararily picking Z axis as a reference
In Hydrogen atom,  L can not have precise measurable value

L vector spins around Z axis (precesses).
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L=2, ml=0,±1, ± 2 : Pictorially

Electron “sweeps” conical paths 
of different ϑ: 

Cos ϑ = LZ/L  
On average, the angular  
momentum component in x and y 
cancel out 

<LX>  = 0 
<LY>  = 0
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Where is it likely to be  ? Radial Probability Densities
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Ground State:  Radial Probability Density 
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Most Probable & Average  Distance of Electron from Nucleus
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Radial Probability Distribution P(r)= r2R(r)

Because P(r)=r2R(r); No matter 
what R(r) is for some n, 

The prob. Of finding electron inside 
the nucleus = 0 !!



10

Normalized Spherical Harmonics & Structure in H Atom
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Excited States (n>1) of Hydrogen Atom : Birth of Chemistry !
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Excited States (n>1) of Hydrogen Atom : Birth of Chemistry !
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Designer Wave Functions: Solutions of S. Eq !
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Designer Wave Functions: Solutions of S. Eq !



15

Cross Sectional View of Hydrogen Atom prob. densities in r,θ,φ
Birth of Chemistry (Can make Fancy Bonds Overlapping electron “clouds”)

What’s the electron “cloud” : Its the Probability Density in r, θ,φ space!

Z

Y
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What’s  So “Magnetic” ?

Precessing electron Current in loop Magnetic Dipole moment µ

The electron’s motion hydrogen atom is a dipole magnet 
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The “Magnetism”of an Orbiting Electron
Precessing electron Current in loop Magnetic Dipole moment µ
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Quantized Magnetic Moment 
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“Lifting” Degeneracy : Magnetic Moment in External B Field

Apply an External B field on a Hydrogen atom (viewed as a dipole)

Consider   (could be any other direction too) 
The dipole moment of the Hydrogen atom (due to electron orbit)
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“Lifting” Degeneracy : Magnetic Moment in External B Field

WORK done to reorient  against  field: dW= d =- Bsin d

( Bcos ) :  This work is stored as orientational Pot. Energy U
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Zeeman Effect in Hydrogen Atom

0

In presence of External B Field, Total energy of H atom changes to

                                  E=E

So the Ext. B field can break the E degeneracy "organically" inherent 
in the H atom. The E

L lmω+ =

nergy now depends not just on  but also ln m
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Zeeman Effect Due to Presence of External B field
Energy Degeneracy Is Broken
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