
PHYS 402 
Bose-Einstein Condensation 

Jen-Hao Yeh 



Review: 4He in 3D-infinite well 

• Bose-Einstein distribution 

𝑛𝑛𝑠𝑠 =
𝑔𝑔𝑠𝑠

exp 𝐸𝐸𝑠𝑠 − 𝜇𝜇
𝑘𝑘𝐵𝐵𝑇𝑇
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• Energy  

 𝐸𝐸𝑠𝑠 = ℏ2𝑘𝑘2

2𝑚𝑚
  𝑘𝑘 = 𝜋𝜋
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• Degeneracy  
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Review: 4He in 3D-infinite well 

• Chemical potential 𝜇𝜇 < 0 

𝑁𝑁 = �𝑛𝑛𝑠𝑠
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𝑁𝑁 = 2𝜋𝜋𝜋𝜋 2𝑚𝑚
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Chemical potential 

𝑁𝑁 = 2𝜋𝜋𝜋𝜋 2𝑚𝑚
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𝜇𝜇(𝑇𝑇) 
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Crisis when 𝑇𝑇 → 0 

𝑁𝑁 = 2𝜋𝜋𝜋𝜋 2𝑚𝑚
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Problem: Continuum approximation 

𝑁𝑁 = �𝑛𝑛𝑠𝑠
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   ⇒     𝑁𝑁 = �
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𝑔𝑔 𝐸𝐸 = 2𝜋𝜋𝜋𝜋
2𝑚𝑚
ℎ2

3/2

𝐸𝐸1/2 

Ground state (𝐸𝐸 = 0) missing! 
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Bose-Einstein condensation 



Condensation temperature  
when 𝑓𝑓 𝑥𝑥  is forced to be maximum (~2.61) 
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4He Na (cold atom) 

𝑚𝑚 4 amu 23 amu 

𝑁𝑁/𝜋𝜋 2 × 1028 m−3  1020 m−3 

Predicted 𝑇𝑇𝑐𝑐  3.1  K 1.5  µK 

Experimental 𝑇𝑇𝜆𝜆 
𝜆𝜆-transition 

Condensation temperature 

2.2  K 2  µK due to weak 
interaction 



Bose-Einstein condensation 
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When 𝑇𝑇 → 0, a large fraction of bosons occupy the lowest quantum state. 
 

Rb (Rubidium) 
velocity distribution 
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