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time evolution from Schrödinger equation            

1D model for  

two-level system 

by multiplication of this equation from the left with the complex conjugate 

ground-state or excited-state wavefunctions, integration over r, and using 

the orthogonality relations for the energy eigenstates, we obtain two 

separate equations for the time dependence of the coefficients           

Chapter 10:    Interactions of light and matter 

10.1    Two-level systems 
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How does the atomic dynamics change in the presence of an external 

electromagnetic (EM) field and environmental perturbations?            

This procedure is equivalent to projecting the Schrödinger equation onto 

the energy eigenstates.  

 

time-dependent solution of the Schrödinger equation of the free atom         
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induced dipole moment 

 

Schrödinger equation for an atom in EM field 

 

new equations of motion contain matrix elements  

of dipole moment of atom 

 

 

 

10.2 Atom-field interaction within the dipole 

approximation 

0 

0 

symmetric/ 

antisymmetric 

atomic 

wavefunctions 
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new equations of motion for probability amplitudes 

atom only has dipole moment if in superposition of energy eigenstates 
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monochromatic field 
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resonant excitation 

detuning D=0 

 

 

10.3 Rabi oscillations 
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resonant excitation 

detuning D=0 

 

 

population inversion w 

 

Mollow sidebands 
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loss of coherence in the atomic system due to additional interactions of 

the atom with its environment 

 

dissipative processes can not easily be included in Schrödinger 

equation formalism 

 

dissipative quantum systems:   

open quantum systems = quantum system coupled to bath 

 

Here:    include relaxation and dephasing phenomenologically into 

             equations of motion 
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10.4 Energy and phase relaxation 

difficult to completely isolate atom from its environment due to interaction with 

- electric field from all the free-space modes of surrounding EM field 

- phonons in solids 

 

random interaction leads to a thermalization and decoherence of atom 

 

Example:  

To provide an example for the interaction of an atom with its environment in 

thermal equilibrium, we consider the interaction of a two-level system with the 

free-space EM field, that is in thermal equilibrium with temperature T 

 

the electric field amplitude in the Bloch equations (10.47) and (10.48) is a 

random quantity and represents the field of the black-body radiation 

 

 

 

 

 

 

 



13 

analysis yields 

 

 

 

 

 

 

 

random field fluctuations of the EM vacuum lead to an exponential decay 

of  population inversion 
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Similarly the analysis yields 

 

 

 

this equation describes now the average dipole moment in an ensemble of 

identical atoms 

 

relaxation to steady-state inversion 
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comparison with phenomenological discussion of how thermal equilibrium 

between thermal radiation and a two-level system is reached using  

Einstein’s A and B coefficients 
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T1    energy relaxation time 

T2    dephasing time 

in general need to be computed from the  

scattering processes involved, in solids, e.g., 

electron-electron, electron-phonon scattering   
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10.5  Bloch equations 
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10.6  Dielectric susceptibility and saturation 
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limit of fast dephasing, i.e., T2 much shorter than dynamics we are 

interested in 
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10.7  Rate equations and cross-sections 
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