
22.02 Problem Set 2 Solution 

1. Particle in 1D box 
a. The Eigenvalue equation within the box is: 
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Since ϕ  outside the box and it is a continuous function, it should satisfy the flowing 
boundary conditions: 

      (1.2) 
Rewrite (1.1) as: 
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The solution to (1.3) is: 
     (1.5) 

Use boundary conditions in (1.2), we get: 
, and    (1.6) 
,    (1.7) 

To get , we normalize ϕ  as: 

xknsin
πn= ,...2,1,0=n

∫ dx∫∫
L

n 00

2ϕ 





L

L
xn

0

2sin π
=Axdx 2= Adxx 2)(

L

nk
2sin  

1
22

2cos1
0

2

==





 −

∫
π

θ
θn LAdsin

2
2 =

π

π
θθ

n
LAdsin

0

2 



∫
πL

L
n

0

2

= ∫π

n

n
LA2





π
dx

n
LA







 π
L
xn

 

L
2

=A⇒        (1.8) 

Put (1.5), (1.6), (1.7) and (1.8) together, we get the Eigenfunctions as: 
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The energy spectrum ’s are: 
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b. The 1 dimension Eigenvalue equation for position is: 
        (1.8) 

The Eigenvalues are , continuous. 
The Eigenfunctions are u . 
The probability that a position measurement finds the particle within the interval about  

is: 

)()(ˆ xxuxuX =
+∞<<∞− x
()( xx ′= δ )x−

x∆ x

x∆ )(xc = ∫
+∞

∞−
x 2)cxxP =∆ ()( ,  )(x')'()'(')'() dxxxxdxx ψψδψ =−= ∫

+∞

∞−
(* xu



22.02 Problem Set 2 Solution 
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c.  
i) According to the first law of quantum mechanics, the possible measurement values of 
energy are:  
According to the third law of quantum mechanics, the probability of finding is nE

,  are the coefficients in the expansion of the wavefunction in terms of 

eigenfunctions of . 
In this problem, the wavefunction is expanded as ψ .  From the 

above laws, we know that the probability of getting  is , that of  is 

 and there is no possibility of getting any other energy measurement value. 
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iii) The probability of find the particle at Lx
3
2

=  is: 
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To be more precisely, the probability of finding the particle within  about x∆ L
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2. de Broglie wavelength 
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Also from 
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Combine the above two results, we get 
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The de Broglie wavelength for a 10-eV electron is 
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The de Broglie wavelength for a 10-MeV alpha particle is 
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The de Broglie wavelength for a 10g bullet, moving at a speed of 1,000m/sec is 
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If the wavelength is 10 , the velocity of the bullet is: 
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3. Liboff, problem 7.42 
Solution: 
Suppose at  the particle density equals half of the particle density in the incident 
beam. 
The wavefunction at region II is ϕ  

The particle density at  is  

The particle density at  is  

They should satisfy:  

Thus we get: , V  
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4. Tunneling probability 
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