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一、 計算題（共 4大題，每大題 25 分）： 

 

1. The Hamiltonian of a one-dimensional simple harmonic oscillator is 
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 known as the annihilation operator and the creation operator. 

 

(a) Please show that 1],[ =+aa  and )
2
1( += +aaH ωh . (5%) 

(b) We define the number operator aaN += . It is obvious that )
2
1( += NH ωh . The 

eigenstate of N  is denoted as n  such that nnnN = . Please show that 

1−= nnna , 11 ++=+ nnna . (5%) 

(c) Please show that n  must be a nonnegative integer. (5%) 

(d) 222 )()( nxnnxnnxn −=Δ , 222 )()( npnnpnnpn −=Δ . Please show 

that 2222 )
2
1()()( h+=ΔΔ npx . (5%) 

(e) In the Heisenberg picture, the operators are functions of time. Please show that 
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2. From Schrödinger equation: ),()(),(
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(b) Let us write ),( txψ  as ⎥⎦
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(c) If we substitute ψ  by h/iSeρ , please show that the classical limit ( 0→h ) of 

Schrödinger equation is 0),()(
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(d) Under partial wave expansion, the wave function at large distance becomes: 
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1)( =kSl  according to the probability conservation. (7%) 
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3. Pauli matrices are ⎟⎟
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(a) Please show that ijji δσσ 2},{ = , kijkji i σεσσ 2],[ = . (6%) 

(b) The 22×  matrix representation of the rotation operator ),ˆ( φn℘  is 
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(c) σvhv

2
=s . Please obtain +,n̂  which satisfies +=+⋅ ,ˆ

2
,ˆˆ nnns hv . (6%) 

(d) Please describe how to apply spin precession to demonstrate that a π4  rotation is 
needed for the ket to return the original ket with the same sign. (7%) 
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4. The electron in the hydrogen subjected to a uniform electric field in the positive 

z-direction is described by the following Hamiltonian: VHH += 0 . )(
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−= . )(rVC  is the Coulomb potential. Electric field strength is weak and V can 

be treated as perturbation. 
 
(a) Please show that the 1st order energy shift vanishes for the ground state. (6%) 

(b) The 2nd order energy shift can be written as 
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(c) For the first excited state ( 2=n ), there are four degenerate states s2 , 0,2 =mp , 

1,2 =mp , 1,2 −=mp . Please show the only nonvanishing matrix elements are 

sVmp 20,2 =  and 0,22 =mpVs . (6%) 

(d) Please show that the zeroth-order kets that diagonalize V are 
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1,2 −=mp  and please draw their schematic energy-level diagram. (7%) 

 
  


