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Qubit Ideally and in Reality 





Hamiltonian of the transmission line (using Lumped elements) 

l – inductance per unit length
C- Capacitance per unit length 



Coherent  State of Harmonic Oscillator
 

 

 
Where n is Fock state of 
the harmonic oscillator

 

 

 

Raising lowering 
operators

Hamiltonian of a harmonic oscillator 

 

 



Harmonic  to Anharmonic Oscillator 
 

 

 

 

K.E P.E

 

 

  Q (charge) can be replaces by 2ne
Because in SC current is because of cooper-pairs

 

 
 

Now the let us write Hamiltonian of oscillator with JJ

 



Harmonic  to Anharmonic Oscillator 

 

Hamiltonian of oscillator with JJ

 

Using cosine series  

 

Comparing this Hamiltonian with that of LHO

 

 

 

 

 

LHO Non-linear effects are from these terms

 

 



 

 

 

 

 





You can change the state of qubit by applying suitable MW source

 

 
Microwave 

source

Qubit Coupled to a Source



Qubit Cavity Interaction



Qubit-Cavity Coupled States

 

 

Under RWA

 

 

 









Qubit-Cavity Coupled States
 

 

 

 

  Rabi frequency

  Detuning 

  Detuned system Rabi frequency 

 

 

 

 

 



Qubit-Cavity Coupled States
In the absence of detuning 

 

 

 

 

 
  Rabi frequency



Qubit-Cavity Coupled States

 

 

 

Rabi frequency depends upon coupling 
strength and number of photons in cavity

 

 

 

 Detuning 











Dispersive Approximation  

JC – Jaynes Cumming Hamiltonian in the dispersive limit



Avoided Crossing



Qubit-Cavity Coupled States

   

Qubit Cavity
No detuning 

 

Non interacting qubit-cavity  

 

 

 

 

 

 

 

 

interacting 
qubit-cavity  



Extra 



Quantized Electric Field in Cavity 









Remember p and q is similar to quadrature operators  X1 and X2 









Chapter 3
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