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Wavefunction Along Azimuthal Angle φ and Polar Angle θ
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Radial Differential Equations and Its Solutions
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The Hydrogen Wavefunction:  ψ(r,θ,φ) and  Ψ(r,θ,φ,t)
To Summarize : The hydrogen atom is brought to you by the letters:
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Radial Wave Functions For n=1,2,3
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n=1 K shell
n=2 L Shell 
n=3 M shell
n=4 N Shell
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l=0 s(harp) sub shell
l=1 p(rincipal) sub shell
l=2 d(iffuse) sub shell
l=3 f(undamental) ss
l=4 g sub shell
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Symbolic Notation of Atomic States in Hydrogen
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Note that: 
•n =1 is a non-degenerate system 
•n>1 are all degenerate in l and ml.

All states have same energy
But different angular configuration
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Energy States, Degeneracy & Transitions 
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Facts About Ground State of H Atom 
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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!
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Interpreting Orbital Quantum Number (l)
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Magnetic Quantum Number : ml

 (Right Hand Rule)
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Magnetic Quantum Number 
ml
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In Hydrogen atom,  L can not have precise measurable value
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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 !!
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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 !
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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!
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