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ÅProblema pragului laser ï obἪinerea unui criteriu potrivit pentru a distinge 

c©nd sistemul se aflŁ ´n starea laser Ἠi calculul valorii de prag exacte; 

 

    O problemŁ clasicŁ [1], [2], dar ´ncŁ dezbŁtutŁ [3]: 

Å[1] V. DeGiorgio and M. O. Scully, Analogy between the Laser Threshold 

Region and a Second-Order Phase Transition, Phys. Rev. A 2, 1170 (1970); 

Å[2] P. R. Rice and H. J. Carmichael, Photon statistics of a cavity-QED laser: 

A comment on the laser ï phase-transition analogy, Phys. Rev. A 50, 4318 

(1994); 

Å[5] C. Z. Ning, What is Laser Threshold?, Quantum Electronics, IEEE 19, 

1503604 (2013); 

 

ÅStarea laser de neechilibru ca analog al unei tranziἪii de fazŁ; 

Motiva Ἢie  
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ÅUn sistem de N atomi identici ´n interacἪie rezonantŁ cu un 

mod al cavitŁἪii; 

Imaginea Fizicń 

‏ ‫ ‫ π 
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Cadrul Matematic  

Modelul de InteracἪie Jaynes-Cummings 

Ὄ Ὄ Ὄ ‐„„ ‐„„ ‫ὥὥ Ὣὥ„ Ὣᶻὥ„  

 

Descrie sistemul atomic cu 2 nivele ´n interacἪie cu un mod 

cuantificat al cavitŁἪii optice: 
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Ὄ Ὄ Ὄ ‐„„ ‐„„ ‫ὥὥ Ὣὥ„ Ὣᶻὥ„  

 

Hamiltonianul atomic 

„ ȿρἃἂςȿ 
„ ȿςἃἂρȿ 
‫ ‐ ‐ 

Hamiltonianul câmpului 
liber 

Hamiltonianul de 
interacἪie 

Ὣ ὧέὲίὸὥὲὸὥ ὨὩ ὧόὴὰὥὮ 

Cadrul Matematic  

Modelul de InteracἪie Jaynes-Cummings 
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EcuaἪia von Neumann-Lindblad pentru operatorul de densitate ”ὸ, 

scrisŁ ´n sistemul de referinἪŁ rotaἪional al lui Ὄ  are forma: 

EcuaἪia von Neumann ï Lindblad  

Cadrul Matematic  
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EcuaἪia von Neumann ï Lindblad  
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EcuaἪia von Neumann ï Lindblad  
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EcuaἪia Master 

  EcuaἪia Masterï dedusŁ din ecuaἪia von Neumann-Lindblad în 

anumite aproximaἪii, pentru elementele diagonale ale operatorului de 

densitate ”ὸ:  

ὴὲȟὔ ὲȟὔ ”ὲȟὔ  

 Oprobabilitatea de a avea o stare cu ὲ fotoni în cavitate Ἠi ὔ  atomi 

pe nivelul excitat. 
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EcuaἪia Master 
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AbsorbἪie 

EcuaἪia Master 
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Emisie stimulatŁ Ἠi spontanŁ 

AbsorbἪie 

EcuaἪia Master 

Universitatea Politehnica BucureἨti ï Facultatea de ἧtiinἪe Aplicate ï HalaἪi CŁtŁlin-Mihai ï 2015 



‬

‬ὸ
ὴὲȟὔ

Ὑὲ ρ ὔ ρὴὲ ρȟὔ ρ Ὑὲὔὴὲȟὔ
Ὑὲὔ ρὴὲ ρȟὔ ρ Ὑὲ ρὔὴὲȟὔ
‎ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ    
ὖ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ
‖ ὲ ρὴὲ ρȟὔ ὲὴὲȟὔ  

Procese neradiative induse de 

rezervor 

AbsorbἪie 

Emisie stimulatŁ Ἠi spontanŁ 

EcuaἪia Master 

Universitatea Politehnica BucureἨti ï Facultatea de ἧtiinἪe Aplicate ï HalaἪi CŁtŁlin-Mihai ï 2015 



‬

‬ὸ
ὴὲȟὔ

Ὑὲ ρ ὔ ρὴὲ ρȟὔ ρ Ὑὲὔὴὲȟὔ
Ὑὲὔ ρὴὲ ρȟὔ ρ Ὑὲ ρὔὴὲȟὔ
‎ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ    
ὖ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ
‖ ὲ ρὴὲ ρȟὔ ὲὴὲȟὔ  

Pompaj incoerent 

AbsorbἪie 

Emisie stimulatŁ Ἠi spontanŁ 

Procese neradiative induse de 

rezervor 

EcuaἪia Master 

Universitatea Politehnica BucureἨti ï Facultatea de ἧtiinἪe Aplicate ï HalaἪi CŁtŁlin-Mihai ï 2015 



‬

‬ὸ
ὴὲȟὔ

Ὑὲ ρ ὔ ρὴὲ ρȟὔ ρ Ὑὲὔὴὲȟὔ
Ὑὲὔ ρὴὲ ρȟὔ ρ Ὑὲ ρὔὴὲȟὔ
‎ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ    
ὖ ὔ ρὴὲȟὔ ρ ὔὴὲȟὔ
‖ ὲ ρὴὲ ρȟὔ ὲὴὲȟὔ  

Pierderile cavitŁἪii 
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Procese neradiative induse de 
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Valori medii  

ὔόάáὶόὰ ὨὩ ὪέὸέὲὭ ὨὭὲ ὧὥὺὭὸὥὸὩὲ 
ὥὥ Ὕὶὥὥ” 

ὍὲὺὩὶίὭὥ ὨὩ ὴέὴόὰὥĪὭὩὔ ὔ „  
„ Ὕὶ„” Ὕὶ„„ „„ ” 
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EcuaἪii de ratŁ 

‬

‬ὸ
ὲ Ὑ ὲ ρ ὔ Ὑὲ ὔ ὔ ‖ὲ

‬

‬ὸ
ὔ Ὑ ὲ ρ ὔ Ὑὲ ὔ ὔ ‎ὔ ὖὔ ὔ

 

Ċn starea staἪionarŁ: 

Ὑ ὲ ρ ὔ Ὑὲ ὔ ὔ ‖ὲ π

Ὑ ὲ ρ ὔ Ὑὲ ὔ ὔ ‎ὔ ὖὔ ὔ π
 

Deduse din ecuaἪia Master într-o aproximaἪie de tip Mean field: 
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Ὣ πȢρ ὴί  
‎ πȢπς ὴί  

ὔ ρ 
‖ πȢπρ ὴί  

 

  



Ὣ πȢρ ὴί  
‎ πȢπς ὴί  

ὔ ρ 
‖ πȢπρ ὴί  

 

  

Prag laser Self-quenching 



TranziἪi de FazŁ în Limita  

TermodinamicŁ  

  TranziἪiile de fazŁ sunt marcate de schimbŁri abrupte în una sau 

mai multe mŁrimi ce caracterizeazŁ sistemul, la o variaἪie micŁ a 

unui parametru de control.  
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Constanta de cuplaj este proporἪionalŁ cu ὠ ϳ [13]: 

Ὣͯ
ρ

ὠ
ͯ
ρ

ὔ
 

ὠᴼЊ 
ὔᴼЊ 
ὠȾὔ ὧέὲίὸȢ 

Limita termodinamicŁ:  
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 
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ὔᴼЊȟ Ὣᴼπȟ Ὣὔ ὧέὲίὸ 

Universitatea Politehnica BucureἨti ï Facultatea de ἧtiinἪe Aplicate ï HalaἪi CŁtŁlin-Mihai ï 2015 



Analiza ecuaἪiei Master 
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  Ċn limita termodinamicŁ ecuaἪia Master devine: 
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Analiza ecuaἪiei Master 

– 
  

– 
  

ὼ ὼ 

ÌÏÇὖ ς ÌÏÇὖ ρȢφ 
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