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Waves and Phase Transitions in Spin Systems (10.0 points)

Part A. Spin precession and interactions (1.2 points)

A.1 (0.3 pt)
 𝛾 =
 

A.2 (0.4 pt)
 𝜔𝐿 =
 

A.3 (0.5 pt)
 
 𝐽0 =
 

Part B. Spin Waves (4.5 points)

B.1 (0.3 pt)
 𝐵⃗𝑖,eff =
 

B.2 (0.3 pt)
 𝑑 ⃗𝑆𝑖𝑑𝑡 =
 

B.3 (2.0 pt)
 𝜔(𝑘) =
 

B.4 (0.6 pt)
 𝑚eff =
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B.5 (1.3 pt)
 𝑚eff =
 

Part C. Phase transitions in spin chains (4.3 points)

C.1 (0.5 pt)
 𝑝↑𝑝↓ =
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C.2 (1.0 pt)
  ̄𝑠 =
 
 
Sketch for ℎ𝑜 ≫ 𝑘𝐵𝑇 :
 
 
 
 
 
 
 
 
 
 
 
 
 
Sketch for ℎ𝑜 ≈ 𝑘𝐵𝑇 :
 
 
 
 
 
 
 
 
 
 
 
 
 
Sketch for ℎ𝑜 ≪ 𝑘𝐵𝑇 :
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C.3 (0.2 pt)
 𝐸𝑔 =
 

C.4 (0.2 pt)
  ̃𝐽eff =
 

C.5 (1.2 pt)
 
Equation for ̄𝑠:
 
 𝑇𝑐 =
 

C.6 (1.0 pt)
 
When 𝑇 < 𝑇𝑐 and 𝑇𝑐 − 𝑇 ≪ 𝑇𝑐, the possible values of ̄𝑠 are:
 
 
 
 
 
 
sketch of ̄𝑠 as a function of 𝑇 :
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C.7 (0.2 pt)
 
Circle the right answer:
 
 𝑇 > 𝑇𝑐 ∶ paramagnetic ferromagnetic
 
 
 
 𝑇 < 𝑇𝑐 ∶ paramagnetic ferromagnetic
 


