
5.1 Quasi-momentum operator of Bloch electrons. 

As mentioned in the class, the quantum-mechanical momentum operator 𝑝̂𝑝 = −𝑖𝑖ℏ∇
does not commute with the effective single-electron Hamiltonian of a solid, �𝐻𝐻 =
− ℏ2∇2

2𝑚𝑚
+ 𝑈𝑈 𝑟𝑟 , where 𝑈𝑈 𝑟𝑟 + 𝑅𝑅 = 𝑈𝑈(𝑟𝑟) with 𝑅𝑅 a lattice vector. However, it is possible 

to construct a quasi-momentum operator �𝑃𝑃 that commutes with �𝐻𝐻 and whose 
eigenvalue is the quasi-momentum (or crystal momentum) ℏ𝑘𝑘, so that 

�𝐻𝐻, �𝑃𝑃 = 0, �𝑃𝑃𝜓𝜓𝑘𝑘 𝑟𝑟 = ℏ𝑘𝑘𝜓𝜓𝑘𝑘 𝑟𝑟 ,
where 𝜓𝜓𝑘𝑘 𝑟𝑟 = 𝑒𝑒𝑖𝑖𝑘𝑘�𝑟𝑟𝑢𝑢𝑘𝑘(𝑟𝑟) is the Bloch function. Since �𝑃𝑃 → 𝑝̂𝑝 for 𝑈𝑈 𝑟𝑟 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, we can 
express quasi-momentum operator �𝑃𝑃 as �𝑃𝑃 = 𝑝̂𝑝 + 𝑖𝑖ℏ �𝐹𝐹.

(1) Evaluate the commutator �𝐻𝐻, 𝑝̂𝑝 .
(2) Find the unknown operator �𝐹𝐹.



习题

5.2 阎书3.1：电子在周期场中的势能函数

其中a=4b，ω为常数，
（1）画出此势能曲线，并求其平均值；
（2）用近自由电子近似模型求出晶体的第一个和第二个
禁带的宽度。

5.3 黄书4.1

5.4 黄书4.2
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