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The Hydrogen Atom
� We will start with the quantum mechanical 

description of the hydrogen atom

� This will be used to explain a great deal of how 
semiconductors form

� We start with the 3D Schrödinger equation
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3D Schrödinger equation
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H Atom: separation of variables
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Set: ( ) ( ) ( ) ( )φθφθψ ΦΘ= rRr ,,

And then divide by: ( ) ( ) ( )φθ ΦΘrR
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H Atom: separation of variables
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The term on the right has no             dependence( )θ,r

Thus, we can write the equation as:
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H Atom: separation of variables
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A constant

The second equation has a easy general solution…
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H Atom: φ equation
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H Atom: r,θ equations
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For this equation, we divide by: θsin
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H Atom: r,θ equations
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Both must be constant!

A solution exists, when the constant is: ( ) =→+ lll 1
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H Atom: r equation

First multiply by:
2

r

R

( )
0

1

4

21
2

0

2

2

2

2
=







 +
−







++









∂

∂

∂

∂
R

r

ll

r

e
E

m

r

R
r

rr πεh

This equation can be transformed into the Laguerre equation,

and this would take a few lectures

Instead, the solution will be discussed, and a link provided for

the detailed calculation.

https://faculty.washington.edu/seattle/physics227/reading/reading-26-27.pdf
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H Atom: r equation

( )rRnl
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H Atom: θ equations
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But this equation is a function of        and lm

Thus linking the angular equations.

We use: ( ) ( ) ( )φθφθ ΦΘ=,Y

l
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Quantum Numbers:
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H Atom: angular equation

The angular 

equation can be 

reduced to a 

Legendre equation

(you saw this in 2nd

year E&M), with 

following solutions:
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Radial wavefunction

Does this mean the electron exists in the nucleus?

( )rR10
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Probability distribution functions

The probability that the electron exits in        is:τd

( ) τψψτ ddrP
*=

( )( )( ) τdRR ΦΦΘΘ= ***

( )( )( )φθθ dddrRrR ΦΦΘΘ= **2* sin

The probability that the electron exits in        is:dr

( ) ∫∫ ΦΦΘΘ=
ππ

φθθ
2

0

*

0

**2 sin ddRdrRrdrrP

RdrRr
*2=

Why do the integrals cancel?
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Probability distribution functions

( )rP10

And the electron has a finite probability within the nucleus
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Probability
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Visualise Orbitals

� The best way today is:
� Write a program
� Download an app.

http://www.orbitals.com/orb/ov.htm
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s – orbitals (l=0)
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p – orbitals (l=1)
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d – orbitals (l=2)
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Some f and g – orbitals (l=3&4)

g g gg

f f
f
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Question??

� If the course is on semiconductors, why are 
we worrying about the Hydrogen atom??

� Good question.

� We will discuss how electron orbits lead to 
crystal structures.

� But first…larger atoms…
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