
Physics 371  Quiz #4 April 20, 2016 
 

 

Calculate the partition function 𝑍 = ∑ 𝑒−𝐸𝑖/𝑘𝑇
𝑖  for the following systems with energy 

spectrum Ei.  
 

(a) Two-level system with energies E1 = 0 and E2 =  

 

𝑍 = 𝑒−
𝐸1
𝑘𝑇 + 𝑒−

𝐸2
𝑘𝑇 

    = 1 + 𝑒−
Δ

𝑘𝑇 
 

    = 2𝑒−Δ/2𝑘𝑇cosh (Δ/2𝑘𝑇) 

 

 

(b) Harmonic oscillator with energy levels 𝐸𝑛 = ℏ𝜔 (𝑛 +
1

2
), n=0,1,2… 

 

𝑍 = ∑ 𝑒
−

ℏ𝜔

𝑘𝑇
(𝑛+

1

2
)

∞

𝑛=0

 

 

    = 𝑒−
𝛾
2 ∑ 𝑒−𝑛𝛾

∞

𝑛=0

   

     

    =  
𝑒

−
𝛾
2

1−𝑒−𝛾 =
1

𝑒𝛾/2−𝑒−𝛾/2 =
1

2
𝑐𝑠𝑐ℎ(

ℏ𝜔

𝑘𝑇
) 

 
 

= 

where 𝛾 =
ℏ𝜔

𝑘𝑇
 


