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Absorption and stimulated emission virtually same

You have shown that  there is NO fluorescence  

E = 0.02 cm-1
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Although the there are two quantum “energy levels”:
spin up and spin down, there is a continuous mixture.
The spins are all in superposition states.

The square of the coefficients gives probability to observe in the up state

The lines pointing in all directions give an idea of the proportion of
spin up and spin down for each of the spins.  

An earlier slide shows there is only 0.01% less probability
to be in the high energy state because E<< kT.

total = cupup + cdowndown
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Thur, 21nov13
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up and down are “orbitals” i.e., wavefunctions for the 
nuclear spin.

Depletion of 
those pointing
down



Absorption and stimulated emission virtually same

You have shown that  there is NO fluorescence

Pulse of radiofrequency COHERENTLY excites just those molecules 
whose transition moments are parallel to magnetic field. 

E = 0.02 cm-1
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Although the there are two quantum “energy levels”:
spin up and spin down, there is a continuous mixture.
The spins are all in superposition states.

The square of the coefficients gives probability to observe in the up state

The lines pointing in all directions give an idea of the proportion of
spin up and spin down for each of the spins.  

An earlier slide shows there is only 0.01% less probability
to be in the high energy state because E<< kT.

total = cupup + cdowndown
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up and down are “orbitals” i.e., wavefunctions for the 
nuclear spin.

Coherently 
excited excess
NET population in 
ground is turned 
sideways by a
/2 pulse ,
creating a 
radiating 
oscillating 
magnetic moment





Spin echo, Photon Echo Link

https://en.wikipedia.org/wiki/Spin_echo





From the reading for Lec. 30-31: Time in Quantum Mechanics
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Precisely the SAME information can be expressed with the 
more useful products of the coefficients, i.e., the density 
matrix.



Time Evolution of the Density:
The Feynman-Vernon-Hellwarth Equations

This starts with the Liouville Equation, which
Follows easily from the Schroedinger Equation





Cross product rules

i, j, k  = unit vectors pointing in x, y z directions

i x j = k    j x k =  i,    k x i = j
j x i =-k   k x j = -i,    i x k = -j
Right hand rule
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