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Physics 283 – Modern Physics           Fall 2023 

 

Quiz #2 

 

 

INSTRUCTIONS: 

(1)  No graphic calculators are allowed for this quiz. 

(2)  Do all your work in the examination blue booklet 

(3)  You may find the following formulas useful: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝛥𝑥𝛥𝑝 ≥ ℏ/2 

𝛥𝐸𝛥𝑡 ≥ ℏ/2 

( )f x  
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83 10c =  meters/sec 

 
191.602 10 Ce −=   

 
346.626 10 J sech −=    

 

1240eV nmhc =   

 

1   = 10 10− meters  

 
191eV 1.602 10 J−=   

 

 

 

 

Show all your work in the solution of each problem. 

 

Writing down a number with no work shown gets no credit. 

 

Put each problem on a separate page in the blue booklet. 

 

 

 

 

 

 

 

 

 

 

Problem 1   (25 points) 

 

Common table salt is composed mainly of NaCl crystals. In a NaCl crystal, there is a 

family of planes 0.252 nm apart.  If the first-order maximum is observed at an incidence 

angle of 18.1°, what is the wavelength of the x-ray scattering from this crystal? 



Problem 2   (25 points) 

 

Which of the wave functions cannot have physical significance in the interval shown?  

For those that do not, explain why (very briefly). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Which of the following wave functions below cannot be solutions of Schrodinger’s 

equation for all values of x?  Why not? 

 

(g) ( ) 2xx =  

 

(h) ( )
x

ex
−

=  

 

(i) ( ) xex −=  

 

(j) ( )
2xex −=  

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 3   (25 points) 

 

0 for 0
( )

for 0,
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U x

x x L
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find the solution to the Schrodinger equation in the three regions: 

 

(a) Region I:     0x   

 

(b) Region III:  x L  

 

(c) Region II:  0 x L  .   

Assume the general solution is ( ) ikx ikxx Ae Be −= +  and apply the condition that 

( )x  is continuous across any boundary. 

 

(d) Find the allowed energies in the infinite square well potential (show all steps to the 

solution). 

 

(e) Draw the energy level diagram for the 1st 4 allowed energies. 

 

(f) Draw the wavefunctions for the 1st 4 energy states. 

 

(g) Normalize the wavefunction (show all steps to the solution). 

 

 

 

Problem 4   (25 points) 

 

The Schrodinger equation for a hydrogen-like atom can be written in the form 
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Show that 

  ( )u r Ar e br= + − 1
 

 

is a ground state solution to the Schrodinger equation above by finding the value of b in 

terms of a0 , Z, and   (a me0 0
2 24=    = Bohr radius).  Find the total energy, E, for 

this ground state.  How does it differ from the typical Bohr energy 
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