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The main idea in Sec. 4.1 and 4.2 is to characterize/describe the 

quantum states of the hydrogen atom 
 

This means, that it is nothing more or less than working out 

 

 

 

This is now a problem in 3D, it is solved in spherical coordinates, and then it looks like 

 

 

 

 

 

 
where 

 

 

 

and it leads to a bit more algebra than for a particle in a 1D infinitely deep potential well….. 

 

But the final results can be fully summarized by 3 integer quantum numbers 

(defining the eigen values) n, l, and m,  

and is much more concise and elegant than the pages of algebra that lead to this result. 
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What is the character of the set of eigenvalues for 

an operator for angular momentum (and what is 

the reason, give the best answer)? 

 

A) Continuous: It is like the position of a free particle, 

it can take on any value when measured. 

B) Continuous: Since there are no boundary 

conditions for the eigenvalue problem. 

C) Discrete: Since you only get discrete answers 

when you measure it. 

D) Discrete: Since the eigenstates need to fulfill 

constructive interference with themselves upon 

rotation. 
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Periodic boundary conditions for the eigenvalue 

problem. 

In 3D, a particle that moves around a nucleus has angular 

momentum. First a question about this: 



Done on the black board: 

Tutorial and discussion on how to build an atomic clock 

 

 

These weeks also: re-visit the postulates of week 2, now in Dirac 

notation. 
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1991 Cesium standard clock 
NIST-F1 begins operation with an uncertainty 

of 1.7 x 10-15, or accuracy to about one 

second in 20 million years. 

Crucial for GPS and many other applications. 

Source: http://tf.nist.gov/cesium/atomichistory.htm 

2013 New research 
NIST ytterbium atomic clocks set 

record for stability. 

Ticks stable to within less than two 

parts in 1018
. 

Source: http://phys.org/news/2013-08-nist-ytterbium-atomic-clocks-stability.html 
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Some key point in the derivation as in the Griffiths book,       p. 136 6 
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p. 152 11 
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2p orbital 

r in units of the Bohr radius 

The integrated 

probability density in 

a spherical shell 

with radius r and 

thickness dr 

For the hydrogen atom 
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