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The Spatial Wave Function of the Hydrogen Atom
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These 3 "simple" diff. eqn describe the physics of the Hydrogen atom.

Normalized Spherical Harmonics & Structure in H Atom



Excited States (n>1) of Hydrogen Atom : Birth of Chemistry !
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Features of Wavefunction in  &  : 

Consider Spherically Symmetric (last slide)
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zWe call  this 2p  state because of its extent in z

2pz

Excited States (n>1) of Hydrogen Atom : Birth of Chemistry !
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Remember Principle of Linear Superposition

for the TISE which is basically a simple differential equat
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Designer Wave Functions: Solutions of S. Eq !
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Similarly for n=3 states ...and so on ...can get very complicated structure 

in  & .......whic

 y axis

So from 4 solutio

h I can then mix & match

ns 

 to make electron

, ,

 

,

s "

x y zs p p p

θ φ

ψ ψ ψ ψ − →

most likely"

to be where I want them to be !

Designer Wave Functions: Solutions of S. Eq !



What’s  So “Magnetic” ?

Precessing electron Current in loop Magnetic Dipole moment µ

The electron’s motion hydrogen atom is a dipole magnet 

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

                     

Define Magnetic Potential Ene
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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

Zeeman Effect in Hydrogen Atom

Zeeman Effect Due to Presence of External B field

Energy Degeneracy Is Broken



Electron has “Spin”: An additional degree of freedom 

Even as the electron rotates around nucleus, it also “spins”

There are only two possible spin orientations:

Spin up :   s = +1/2  ;   Spin Down: s=-1/2

“Spin” is an additional degree of freedom just 

Like r, θ and ϕ

Quantum number corresponding to spin orientations

ml = ± ½

Spinning object of charge Q can be thought of a collection of 

elemental charges ∆q and mass ∆m rotating in circular orbits

So Spin Spin Magnetic Moment interacts with B field  

Stern-Gerlach Expt⇒ An additional degree of freedom: “Spin” for lack of a better name

!

In an inhomogeneous field, magnetic moment µ experiences a force Fz whose direction depends on 
component of the net magnetic moment & inhomogeneity dB/dz. Quantization means expect (2l+1)
deflections. For l=0, expect all electrons to arrive on the screen at the center (no deflection) 

Silver Hydrogen (l=0)
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Four (not 3) Numbers Describe Hydrogen Atom n,l,ml,ms
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                       "Spinning" charge gives rise to a dipole moment  : 
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∆q

Doubling of Energy Levels Due to Spin Quantum Number

Under Intense B field,  each {n , ml }  energy level splits into two depending on spin up or down

In Presence of External B field



Spin-Orbit Interaction: Angular Momenta are Linked Magnetically
Electron revolving around Nucleus finds itself in a 

"internal" B field because in its frame of reference,

the nucleus is orbiting around it.

This B field, , interacts with electron's spin dipole moment 
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Complete Description of Hydrogen Atom
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How to describe multi-electrons atoms like He, Li etc?

How to order the Periodic table?
• Four guiding principles:

• Indistinguishable particle & Pauli Exclusion Principle

•Independent particle model (ignore inter-electron repulsion)

•Minimum Energy Principle for atom

•Hund’s “rule” for order of filling vacant orbitals in an atom

Multi-Electron Atoms : >1 electron in orbit around Nucleus

ignore electron-electron inte

In Hydrogen Atom (r, , )=R(r
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Helium Atom: Two electrons around a Nucleus
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In Helium, each electron has : kinetic energy + electrostatic potential energy
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General Principles for Atomic Struc

aa bbψ ψ⇒

1. n-electron system is stable when its total energy is minimum
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Shells In Atomic Structure : 

(a) ignore inter-electron repulsion (crude approx.)

(b) think of each electron in a constant "effective" mean Electric field 

(Effective field: "Seen" Nuclear charge (+Ze) reduced by partial screening due to other electrons 

"buzzing" closer (in r) to Nucleus)

Electrons in a SHELL: have same n, are at similar <r> from nucleus, have similar energies
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Shell & Sub-Shell Energies  & Capacity
 capacity limited due to Pauli Exclusion principle

Shell is made of sub-shells (

1. Shell & subshell

2. 
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    M shell (n=3) holds 18 electrons ......
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6.Alkali Atoms: have a s

etric

      (b)  Electrons are tightly bound since they "see" large nuclear charge

(c)  Because  L 0  No dipole moment  No ability to attract electrons 

!

ingle

 gas!Inert Noble

= ⇒ ⇒

⇒

∑

 "s" electron in outer orbit; 

nuclear charge heavily shielded by inner shell electrons

very small binding energy  of "valence"electron 

 large orbital radius of valence electron

⇒
⇒

Energy

Electronic Configurations of n successive elements from Lithium to Neon

That’s all I can teach you this quarter;  Rest is all Chemistry !

Hund’s Rule: Whenever  possible

-electron in a sub-shell remain unpaired

- States with spins parallel occupied first

- Because electrons repel when close together

- electrons in same sub-shell (l) and same spin

-Must have diff. ml

-(very diff. angular distribution) 

- Electrons with parallel spin are further apart

-Than when anti-parallel⇒lesser E state

-Get filled first

Periodic table is formed


