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Johannes Kepler (1571-1630) 

As the comet comes near the Sun, the Sun's radiation energy pushes the tail  

behind the comet causing the tail to grow. Its tail is pushed in front when the  

comet moves away from the Sun.  
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Fermi Accelerator 

Fermi-Pustylnikov Accelerator Fermi-Ulam Accelerator 
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Kazantsev (1974), Cohen-Tannoudji 

Interaction of an Atom with single mode Field 
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•Field intensity is large so that we can treat it classically (semi-classical treatment) 

•Field intensity remains the same over the size of the atom (dipole approximation) 

•Field frequency is tuned away from the transition frequency between any two levels 

•Average over faster frequency (rotating wave approximation) 
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 Atom stays in its ground state (secular approximation) 

 and therefore probability of spontaneous emission is negligibly small. 
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General Hamiltonian for a super-cooled atom in a modulated classical field  
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Atomic dynamics in modulated systems 
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             Nonlinear and chaotic  

- both in classical and quantum domains 
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                                              F. Saif, Physics Reports 419, 207 (2005); 425, 369 (2006) 



Atomic Fermi-Accelerator 

Cloud of atoms 

Dielectric Prism Reflected laser 

light 

g 

                  F. Saif, I. Bialynicki Birula, M. Fortunato, W. P. Schleich, Physical Review A 58, 4779 (1998). 
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Dimensionless coordinates  
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Classical Dynamics of a single particle (Hamilton’s Equations) 
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Discrete Dynamics of a single particle (Chirikov’s Mapping) 
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Classical diffusion 

Quantum diffusion* 

24 . 0  
c 

 

                            * F. Benvenuto, G. Casati, I. Guarneri, D.L. Shepelyansky, Z. Phys. B 84, 159 (1991) 
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F. Saif, I. Bialynicki-Birula, M. Fortunato, and W. P. Schleich, Phys. Rev. A. 58, 4779, (1998). 

In Quantum Case the Width △ z = 2 in position and a corresponding 

 width in momentum △P=Ҟ/2 △z. Here (z0=20, p0=0) 

The number of particles = 2000. The height of the exponential potential is V0 = 60, its steepness is  K= 0.5, and the 

modulation strength is¸ λ = 0.5. In the quantum mechanical case the effective Planck's constant is taken as Ҟ =4. 
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Momentum Distributions 

Momentum Distributions 
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Poincare surface of sections 

4.2 1.3
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Classical Analysis. . .  Continued . .  

 Javed Akram, Khalid Naseer , Inam-ur Rehman and  Farhan Saif, Mathematical Problems in Engineering , Volume 2009 
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Probability Distribution 
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F. Saif, I. Rehman, Phys. Rev. A. 75, 043610 (2007). 
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Overlap of acceleration and localization regimes 
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Variance for larger effective Plank constant 
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Probability Distribution in space and time 



Thanks! 
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