
                UNIVERSITY of  NORTH CAROLINA at CHAPEL HILL    

 

                   Doctoral Written Examination in Physics,  2013                                 
 

                    Part I: Classical mechanics and Statistical mechanics 

 

                    Saturday, May 11, 2013  

 

 

Instructions:  Please work in the assigned room, but take a break outside anytime you 

want to. Mathematical handbooks and electronic calculators are allowed. 

Begin each answer on a new sheet and write only on one side of each sheet.  

Identify each sheet by: 

 

Page_____of Question:_____ The number (1-16) from the front page:____  

 

 

                                                           CM:  Classical Mechanics 

                                                                   Work out 3 out of 5 problems 

 

                                                           SM:  Statistical Mechanics 

                                                                   Work out 3 out of 5 problems 

 

 

                                                           (Partial credit will be given for partial answers) 
 

 

My work is completed in full observance of the Honor code: 

 

 

 Signature_________________________  

 

 

 

 

Print name_______________________ 

 

 

 

 

 

 

 

 

 

 

                 



                UNIVERSITY of  NORTH CAROLINA at CHAPEL HILL    

 

                   Doctoral Written Examination in Physics,  2013                                 
 

                    Part II: Electromagnetism I and Quantum mechanics I 

 

                    Monday, May 13, 2013  

 

 

Instructions:  Please work in the assigned room, but take a break outside anytime you 

want to. Mathematical handbooks and electronic calculators are allowed. 

Begin each answer on a new sheet and write only on one side of each sheet.  

Identify each sheet by: 

 

Page_____of Question:_____ The number (1-16) from the front page:____  

  

 

 

                                                           EMI:  Electromagnetism I 

                                                                   Work out 3 out of 5 problems 

 

                                                           QMI:  Quantum Mechanics I 

                                                                   Work out 3 out of 5 problems 

 

 

                                                           (Partial credit will be given for partial answers) 
 

 

My work is completed in full observance of the Honor code: 

 

 

 Signature_________________________  

 

 

 

 

Print name____________________________ 

 

 

 

 

 

 

 

 

 

 



 

                UNIVERSITY of  NORTH CAROLINA at CHAPEL HILL    

 

                   Doctoral Written Examination in Physics,  2013                                 
 

                    Part III: Electromagnetism II and Quantum mechanics II 

 

                    Monday, May 13, 2013  

 

 

Instructions:  Please work in the assigned room, but take a break outside anytime you 

want to. Mathematical handbooks and electronic calculators are allowed. 

Begin each answer on a new sheet and write only on one side of each sheet.  

Identify each sheet by: 

 

Page_____of Question:_____ The number (1-16) from the front page:____  

 

 

 

                                                           EMII:  Electromagnetism II 

                                                                   Work out 3 out of 5 problems 

 

                                                           QMII:  Quantum mechanics II 

                                                                   Work out 3 out of 5 problems 

 

 

                                                           (Partial credit will be given for partial answers) 
 

 

My work is completed in full observance of the Honor code: 

 

 

 Signature_________________________  

 

 

 

 

Print name____________________________ 

 

 

 

 

 

 

 

 

 



 

                 

             UNIVERSITY of  NORTH CAROLINA at CHAPEL HILL    

 

                   Doctoral Written Examination in Physics,  2013                                 
 

                    Part III: Astro I and II 

 

                    Monday, May 13, 2013  

 

 

Instructions:  Please work in the assigned room, but take a break outside anytime you 

want to. Mathematical handbooks and electronic calculators are allowed. 

Begin each answer on a new sheet and write only on one side of each sheet.  

Identify each sheet by: 

 

Page_____of Question:_____ The number (1-16) from the front page:____  

   

 

 

                                                           Astro I:  

                                                                   Work out 3 out of 5 problems 

 

                                                           Astro II:   

                                                                   Work out 3 out of 5 problems 

 

 

                                                           (Partial credit will be given for partial answers) 
 

 

My work is completed in full observance of the Honor code: 

 

 

 Signature_________________________  

 

 

 

 

Print name____________________________ 
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QMII-3 

Suppose, we want to solve the problem of a particle in a potential  V (r) = −Ae−r/a
 which is a 

model  for the binding energy of a deuteron due to the strong nuclear force, with A=32 MeV and 

a=2.2 fm. The strong nuclear force does not exactly have this form, since unlike in the case of 

the Coulomb interaction we don’t know what the exact form should be, but the above potential 

is a reasonable model.                                                                                                                              

1.Estimate the ground state energy by choosing a trial wave function for the ground state and 

compare it to the exact answer E = -2.245 MeV.  

2. Describe the symmetry considerations you used for choosing the trial wave function. 
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Useful facts: 
F = Gm1m2/d

2 
G=4.3 x 10-6 kpc (km/s)2/Msun  
1kpc = 1Gyr x 1km/s 
Virial Theorem 2KE+PE=0 

Poisson Equation  G42   

Wien’s Law T = 3 mm∙K / peak 

centripetal force F=mV2/r (uniform circular motion) 

Faber-Jackson Relation L  4  
Dynamical time tdyn=√2tff 
Crossing time tcross = R/V = 1 Gyr (R in kpc/V in km/s) 
Relaxation time trelax = 0.1N / ln(N) tcross = 106 yr x 0.1N/ln(N) x (R in pc/V in km/s) 
 

Numerical Constants: 

 

Solar Mass (Msun):      1.989 x 10
33

 g 

Solar Radius (Rsun):     6.96 x 10
10

 cm 

Solar Luminosity:  3.847 x 10
33

 erg/s 

Gravitational Constant (G) 6.6726 x 10
-8

 cm
3
/g/s

2 

Proton mass   1.6726 x 10
-24

 g = 938.27 MeV/c
2
 

Yield of p-p reactions (Q)  26.7 MeV = 4.28 x 10
-5

 ergs 

Boltzmann constant                1.38 x 10
-16

 erg/K 

Planck’s Constant                   6.626 x 10
-27

 erg-s 

Electron mass                         9.109 x 10
-28

 g 

mp = 1.6726 x 10
-24

 g 
 

 


