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2 Rabi Hamiltonian 



2-1 Introduction 
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Atom coupled to a photon inside 

of an optical cavity 



2-2 Matrix Representation 
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2-3 Simple Harmonic Oscillator 

• Simple Case 

 

 

 

• With External term 

 

 

7 



Campbell-Baker-Hausdorff Formula 

& Displacement Operator 

& Coherent State 

• Campbell-Baker-Hausdorff Formula 

 

 

 

• Displacement Operator 

 

 

 

 

• Using Formula 

8 



Continue.. 

• Unitary Transform of SHO 

 

 

 

• Coherent state 

 

 

 

• Coherent state generating 
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Continue… 

• Fock space representation 

 

 

 

• Expectation Value 

 

 

 

 

 

 

• Uncertainty 
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Mathematica 
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Mathematica 
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Mathematica 

• Eigenvector of Hamiltonian vs Coherent state 
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Mathematica 

• X vs P Plot 

Center is  

(-1.0,0) which 

is Expectation 

value of X, P 
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2-4 Jaynes Cummings Hamiltonian 

• Approximation 

 

 

 

 

• Eigen state 

15 



Mathematica 
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Mathematica 
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Mathematica 
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2-5 Rabi Hamiltonian 

 

 

 

 
• Rabi Hamiltonian can’t solve exactly 

• So we observe property using mathematica 
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Mathematica 
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Mathematica 

• With small g~0.1 

• We can observe that property is similar to JC model 
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Mathematica 
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Mathematica 

• With large g~1.0 
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Mathematica 
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Mathematica 
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Mathematica 
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Conservated Quantity 

• State transition in Rabi Hamiltonian 

 

 

 

 

• Parity Operator 
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Continue… 

• We can construct Hamiltonian to Block Diagonal Matrix 
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X-P Plot 
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Continue… 
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Continue… 
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3 Package 



3-1 Cauchy Package 
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3-2 Pauli Package 
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4 Question 
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