習題十

1. Consider an infinite potential as discussed in class, with boundaries at  and :  and . 
[image: f40_02]


A particle is known to be localized in middle of the box, with the instant wavefunction as:


We expect  could be expanded by  as . Calculate .
            Hint: 
解答：






2. Consider an electron in a simple harmonic potential . The stationary states are the eigenfunctions corresponding to the eigenvalues . For example: 

Here we use the notation to simplify the expression. 
A. Prove that .
Hint:   

Assume the wavefunction of the electron at is:

Its total probability has been normalized to one (You can check this after exam). 
B. How many node points 節點does  have? (5)
C. For a later time , write down the wave function  There is no need to simplify the answer. Calculate the probability density at the origin  when , in terms of . (10)
Hint: 
解答：
A. The polynomial in  has two solutions and hence  has 2 node points 節點.
B. The wave function is a superposition of the eigenfunction of eigenvalues , with amplitudes, ,  . The energy could only be . The corresponding probabilities are the square of the magnitudes and :   and 。They add up to one. The expectation value of energy is .
C. 時此狀態可以視為定態的如上疊加，接著定態隨時間個自演化，位能下薛丁格方程式要求乘。乘完之後依同樣方式疊加，整個波函數也就滿足薛丁格波方程式。因此
。

The wavefunction at the origin  equals 
 
The probability density: 
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