2002 Qualifying Exam

Part II

Solve 5 out of the 7 problems.

Mathematical tables and calculators are allowed.

Partial credit will be available.
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PHYSICAL CONSTANTS
h=6.63x 10% Jos =4.14x 10 Vs
©=3.00x 10° m/sec

hc = 197 MeVefin = 1.97 x 10% ¢Vecm
€=160x10"C=480x 10" esu
k=138x 102 J/K =8.62x 10% eV/K
R=831J/(mol+K)

G=6.67x 10" Nem/kg?

jo = 47 x 107 H/m

&=885x 102 F/m

m,=9.11x 10" kg =0.511 MeV/c?
m,=1.67x 107 kg = 938 MeVi/c *
a,=53x10"m

13.6eV

6.02x 102/ mole

Conversion Factors
1eV=16x10"J=16x 10" erg
1m=10" A= 10 fm = 6.25 x 10* miles
1atm = 1.01 x 10° N/m? = 760 Torr
1cal=4186]




Problem 1:

Find the energies of free electrons in an external magnetic field B.

(a) First show that the problem Hamiltonian 
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with Ax = cBy,  Ay = 0, Az = 0,  and A = cB, reduces to the equation of the harmonic oscillator with midpoint 
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(b) Second, find the energy eigenvalues from the resulting Schroedinger equation.

(c) Third, find and sketch the density of levels for the free electron Fermi gas versus energy.  Indicate the modification of the density of levels due to the presence of the external field.

Problem 2:

Pretend that the fundamental constants of modern physics have not yet been measured. Describe concisely a series of experiments that would determine the fundamental constants e, h, Avogadro’s number, and the electron mass me.  Assume that the speed of light c and the macroscopic constants like G are known.  A given experiment may determine combinations of constants, rather than a single constant.  Please state what one measures in each experiment and briefly state how the measurement is done.

Problem 3:

A spatially uniform current density j = j0 cost flows through the hole of a torus along the axis of the torus as shown.  The inner radius of the torus is r, and the cross section is square with sides a (a << r).  The torus is made of an insulating material with  = 0.  A wire of resistance R wraps around the torus with a total of N turns.  Determine the current flowing in the wire.
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Problem 4:

Aluminum (Al) is element No. 13 in the periodic table

(a) Write down the electronic shell configuration of Al.

(b) Find the total L (orbital angular momentum), total S (spin angular momentum), and J (total angular momentum) for the ground state of the aluminum atom.

(c) The Al atom is singly ionized by photoionization of the 2p level.  Find the “term symbol” 
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 for the open 2p shell, assuming that the ion is in its lowest energy state.

(d) Couple the orbital angular momentum you found in (b) with the total orbital angular momentum you found in (c). What possible values of L do you get?

(e) Couple the total spin angular momentum you found in (b) with the total spin angular momentum you found in (c). What possible values of S do you get?

(f) Find all possible term symbols for the Al ion.

Problem 5:

Consider a damped harmonic oscillator. Let us define T1 as the time between adjacent zero crossings, 2T1 as its “period”, and 1 = 2/(2T1) as its “angular frequency”.

If the amplitude of the damped oscillator decreases to 1/e of its initial value after n periods, show that the frequency of the oscillator must be approximately [ 1 - (82n2)-1] times the frequency of the corresponding undamped oscillator.

Problem 6:

Write F = ma in a rotating coordinate system and identify Coriolis and Centrifugal terms.
Problem 7:

Cs55137 is a common laboratory radioactive source of electrons and gamma rays.  Eight percent of the time Cs55137 beta decays to the ground state of Ba56137.  The net atomic mass difference between the two isotopes is 1.18 MeV/c2.

A 180 degree spectrometer is used to measure the beta decay spectrum.  The spectrometer has a radius R = 3.8 cm.
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(a) Write down the reaction for the beta decay.

(b) Calculate the maximum momentum of the beta decay electron/positron.  Express the result in MeV/c.

(c) What is the vector direction of the spectrometer magnetic field relative to the drawing?

(d) What is the magnetic field setting of the spectrometer for the maximum energy of the electron/positron to arrive at the detector?  Provide a numerical answer with units.
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