Department of Physics and Astronomy University of @orgia

August 2006 Written Comprehensive Exam — Day 1

This is a closed-book, closed-note exam. You us&ya calculator, but only for arithmetic
functions (NOT for referring to notes stored in nmay). Attempt all six problems. Start each
problem on a new sheet of paper andarseside only Print your name on each piece of paper
that you submit. For full credit you must show yawrk and/or explain your answer.

Problem 1: (one part)

A ladder of length and weightW has one end against a frictionless vertical wadl the other
end on the horizontal ground. The ladder makeangtea with the ground. What is the
minimum coefficient of static friction between tlaglder and the ground that will enable a
person of weight\, to climb to the top of the ladder without havihglip?

Problem 2: (two parts)

The HamiltoniarH for an axially symmetric rotator is given by:

Lx Ly, andL, are the operators representing the componenkeatandard orbital angular
momentum vector. The constaritsandl, are the moments of inertia of the rotator.

(a.) What are the eigenvaluesHs?
(b.) Sketch the energy spectrum assumint.l

(Hint: Express the above Hamiltonian in terms afséh angular momentum operators whose
eigenfunctions and eigenvalues you know!



Problem 3: (one part)

For the circuit below, find I(t) for t>0, i.e. aftéhe switch S is closed at t=0. Hint: Use KCL
(Kirchhoff's current law) I(t)=i(t) + Ix(t) in setting up the KVL (Kirchhoff's voltage law)
equations in terms of l;,land }.
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Problem 4: (one part)

The Hamiltonian operator for a harmonic oscillatan be written as

2
H= s Lmwxe,
2m 2

whereX is the position an® is the momentum of the mass Rewrite this Hamiltonian in
terms of the number operatdl = a'a wherea anda' are the creation and annihilation
operators
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Problem 5 (3 parts)
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One mole oHe gas is in a cylinder which is held at constanspuee P =1 atm.Nbte: 1 Pa. =
1 Nm? = 0.99 x 10° atm,)

(a.) The system has volume V =50 liters. Whdhe temperature of the gas?
(b.) What is the enthalpy of the system?

(c.) Use kinetic theory to estimate the root meguase speed of the gas particles in the
container.

Problem 6. (one part)

A spherical volume of radius R, filled with a honemgous charge densjby, is embedded in a
concentric cylinder of the same radius R and itditength, as shown in the drawing below. The
interior of the cylinder, excluding the volume bktsphere, is filled with a homogeneous charge

densitypc.

z
Find the electrical potential Y)Y at any position T%’?
r outside the cylinder, expressed in terms of ~

Pc, Ps and spherical coordinatest(xy), with the .
center of the sphere as the coordinate origin ar
the central axis of the cylinder as the z-axis. ’
Assume V() is set to V=0 at the center of the /T\R

sphere, r=0. heve—ts i & i de
Sphere %0‘95 C thdev




Department of Physics and Astronomy  University of @orgia

August 2006 Written Comprehensive Exam — Day 2

This is a closed-book, closed-note exam. You us&ya calculator, but only for arithmetic
functions (NOT for referring to notes stored in nmay). Attempt all six problems. Start each
problem on a new sheet of paper andarseside only Print your name on each piece of paper
that you submit. For full credit you must show yawrk and/or explain your answer.

Problem 1: (one part)

For a free relativistic particle moving in one dimsen with massn and speed, the total energy
_ | | 2742
is E = ymc?and the momentum ip = ymv with y = [1— (%) } . For the quantum wave

representing the particle, the group velocity iSrael asvy = d%k wherea represents the

angular frequency and k represents the wavevettbeauantum wave. Calculate the group
velocity of the wave and compare it with the spekthe particle.

Problem 2: (three parts)
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Consider a one-dimensional oscillator with masand spring constaktsubject to a damping
force. The equation of motion for this system is:

mX=-kx—Ax .

(a.) How does the positionvary as a function of time in terms aoft, k, andA ?
(b.) How does the frequency of oscillation compaith that of an undamped oscillator?

(c.) If the damping is small, how does the totargy of the oscillator vary with time?



Problem 3: (one part)

A very thin copper wire has been tightly wound iatagery tall, thin cylindrical solenoid of
height L=1240cm, with N=180,000 circular turns aflius R=6.0cm. An aluminuni) wire of
length C=50cm and wire diameter d=0.02cm has beahibto a closed, conducting circular
loop, encircling the solenoid concentrically, aswh in the drawing below. The electrical
resistivity ofAl is p = 2.75x 10° Ohn»meter.

A 25Hz alternating electrical current I(t) g&din(wt) with 10=370mA is flowing through the
solenoid. The magnetic fiel due to I(t) is approximately homogeneous insigestbienoid,

with |B|=Ho |I| N/L andpo=4mtx 107 Tm/A; and B| is negligible outside the solenoid. Neglect the
contribution to theB-field from the induced current in ti# loop.

What is the magnitude |i(t)| of the induced eleatrcurrent i(t) flowing through thal loop at
time 4=35.0ms ?

Zn(t) EAa
A solenoid

Problem 4 (one part)

Given the mass and radius of the Eartivgs and R., respectively, find an expression for the

escape velocity of a particle of massin the absence of air resistance. “Escape” he@ns
that the particle leaves the surface of the Eagtlically, i.e. in a radial direction away from the
Earth’s center, with initial speed and reaches a stationary point located infinitatyfrom

Earth.



Problem 5: ( two parts)

A non-relativistic particle, propagating to thehigencounters a potential wall at x=0 given by

2
V(x)="-0d()
m
wheredx) is the Dirac delta function.

(a) Solve the time-independent 1D Schrodinger egudbr this potential, and find the forward
and backward scattering amplitudes in termQ of (Hint: consider what are the appropriate
boundary conditions for the wavefunction at x=0.)

(b) Show that forQ — o (strong potential), the particle is totally retied, and that fo€2 — O
(weak potential), the backward scattering amplitisdaversely proportional to the particle
wavenumber.

Problem 6: (one part)

Monochromatic light from a helium-neon las&+632.8 nm) is incident normally on a
diffraction grating ruled at 6000 grooves/cm. Fihd angles of all observed interference
maxima measured from the direction of incidence.



