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Lecturer: C. Fütterer 
Tutor: T. Hohmann 

SS 2012 

 

Experimental Physics IV IPSP 

Problem Set 11 

Deadline: Thursday, 27.06.2012, before the seminar 

Problem 35: 2+1+2+1+2+2  points 

The wave function of a particle in a box (0 < 𝑥 < 𝑑) is given by 

Ψn 𝑥 =  2/𝑑  sin   
𝜋𝑛

𝑑
𝑥  . 

Calculate: 

a)  𝑛 𝑚  

b)  𝑛 𝑥  𝑛  and  𝑛 𝑥 2 𝑛  

c)  𝑛 𝑝  𝑛  and  𝑛 𝑝 2 𝑛  

d) Δ𝑥Δ𝑝 with Δ𝑓 =   𝑛 𝑓 2 𝑛 −  𝑛 𝑓  𝑛 
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e)  𝑛 𝐻  𝑛  

f) What do you have calculated in the previous examples? 

With   𝑥  ,𝑝  𝑎𝑛𝑑 𝐻  as the space, momentum or Hamilton operator respectively and  𝑛 𝑓  𝑚 =

  Ψn 𝑥          𝑓 Ψm 𝑥 .  

 

Problem 36: 2+3+2 points 

An incoming wave (coming from − ∞) with finite positive energy 𝐸 is scattered at a potential 

𝑉 𝑥 = −𝑔𝛿 𝑥  with the delta distribution 𝛿(𝑥). One part of the incoming wave is reflected and the 

remaining is transmitted. Therefore, the general solution is 

Ψ =  𝑒
𝑖𝑘𝑥 + 𝑟𝑒−𝑖𝑘𝑥 for 𝑥 < 0

𝑡𝑒𝑖𝑘𝑥 for 𝑥 > 0
  

with the wave vector 𝑘 =  2𝑚𝐸/ℏ , 𝐸 > 0 and 1 + 𝑟 = 𝑡 

Calculate the Reflection and Transmission coeeficient 𝑅 =  𝑟 2 and 𝑇 =  𝑡 2. 

a) Use your knowledge about the delta-distribution to verify the equation for the boundary 

condition: 
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∂𝑥Ψ 0− − 𝜕𝑥Ψ 0+ =
2𝑚𝑔

ℏ2
Ψ 0  

b) Calculate 𝑟 and 𝑡 using the boundary condition above. 

c) Finally, calculate 𝑅 and 𝑇. Draw a sketch of the energy-dependent Reflection and 

transmission coefficient 𝑅(𝐸) and 𝑇(𝐸). 

 

Problem 37: 2+1+3 points 

Given is the time-dependant schrödinger equation for a free particle. Calculate first the general 

solution for this problem (with an arbritary starting condition) using the Fouriertransformation and 

afterwards for the starting conditions Ψ 𝑥, 𝑡 = 0 = 𝑓 𝑥 𝛿(𝑥)  with the deltadistribution 𝛿(𝑥). 

a) Plug in the fouriertransformation into your schrödinger equation and calculate the 

fouriertransformed wavefunction. 

b) Give a formula for the fouriertransformed of your starting condition 

c) Repeat a) and b) using Ψ 𝑥, 𝑡 = 0 = 𝑓 𝑥 𝛿(𝑥). 

Hints for c): 

 
cos(𝑥)

2  |𝑥|
d𝑥

∞

−∞

= 0 

 
i sin(𝑥)

2  |𝑥|
d𝑥

∞

−∞

 ≈  2.5𝑖 

 

 

 


