Department of Physics and Astronomy University of Georgia
January 2008 Written Comprehensive Exam
—Day 1 —

This is a closed-book, closed-note exam You nay use a calculator, but only
for arithnetic functions (not for doing algebra or for referring to notes
stored in nenory). Attenpt all six problens. Start each problem on a new
sheet of paper (not merely on a new side) and use one side only. Print your
nane on each piece of paper that you subnmit. For full credit you nust show
your work and/or explain your answers.

PROBLEM 1 (one part)

Consider a collision between two objects of equassim, on a frictionless surface, one of
which is initially at rest. Let the collision begéancing collision as shown in the figure. Show
that if the two objects, moving such that after timdlision their velocity vectors make a0
angle with respect to one another, that the coliiss elastic.

Before

PROBLEM 2 (three parts)

An object of massnis moving in a circle of radiuR. It's position as a function of tintas
described by the angular coordinae; At + Bt*, whereA andB are constants

(a) Find expressions, in terms wf R, A andB, for the time dependence of
the tangential speed,

the tangential acceleratian
and the radial acceleratian

(b) Find the time front = O for the object to complete one complete retvotu
(c) Obtain the work done on the mass in completngrevolution.



PROBLEM 3 (one part)
e—/]r

The electric potential of some charge distribuiggiven by, ®(r) = A — whereA andA

are constants; find the charge dengity) .

PROBLEM 4 (two parts)

(a) Let the Hermitian operatdf) represent a quantum observable. Show that thectaon
value ofé in any quantum state satisfies the following equation:

d /s _ i+ 2\ /0Q
a<Q>-;<[H’Q]>+<E>'
whereH =T +V is the Hamiltonian of the system.

(b) Suppose the system is initially prepared in angyneirgenstate¥(x, 0)= ¢(x), where
H|@ = E|@). Analyze the operatd® = Xp to derive the/irial Theorem

2(T) = <x%—\;> |

PROBLEM 5 (two parts)
A particle of massnis in a normalized quantum mechanical state, t) = Ag A< /m+
whereA andf are positive real constants.
(a) Find A.
(b) For what potential energy functif{x) doesy satisfy the Schrédinger equation?

PROBLEM 6 (two parts)

The internal energy of a particular substancevsmgbyU = Ap?Vn, wherep is the pressure,

V is the volumen is the number of moles, adis a positive constant. Suppose one mole of this
substance in mechanical equilibriune( zero pressure) has a volume\gf

(&) How much pressure is requiredddiabatically compress one mole of the substance
from V, to V,? [Hint: You must first find a relationship betevep andV for an

adiabatic process.]
(b) How much work was done on the system in paft (a



Department of Physics and Astronomy University of Georgia
January 2008 Written Comprehensive Exam
— Day 2 —
This is a closed-book, closed-note exam You nay use a calculator, but only
for arithnetic functions (not for doing algebra or for referring to notes
stored in nenory). Attenpt all six problens. Start each problem on a new
sheet of paper (not merely on a new side) and use one side only. Print your

nane on each piece of paper that you subnmit. For full credit you nust show
your work and/or explain your answers.

PROBLEM 1 (one part)

Consider a simple harmonic oscillator. Calculdte time averages of the kinetic and
potential energies over one cycle.

PROBLEM 2 (three parts)

A long coaxial cable carries a currefti.e. the current flows down the surface of the inner

cylinder, radiusz, and back along the outer cylinder, radiygss shown in the figure below. The
two conductors are separated by vacuum. Negletiimfringe effect,

(a) Find the magnetic fiel@ .
(b) Find the magnetic energy stored in a length
(c) Find the self inductance




PROBLEM 3 (one part)

Two stiff, 50cm long parallel wires are connectédheir ends by conductive springs (see
figure) and placed horizontally on a frictionleable. Each spring has an un-stretched length of
5.0 cm and a spring constant of 0.025 N/m. Thesvpush each other apart when a current
travels around the loop. How much current is regflito stretch the springs to lengths of 6.0 cm?

PROBLEM 4 (five parts)
Two quantum observables, and B, on a three-dimensional Hilbert space are expdegse
matrices in the basis & eigenkets by:

000 0b O
A=|0 a 0| andB=|b 0 b/,
0 0 a 0Ob o

wherea andb are positive real numbers. Suppose the systgmesared in some quantum state,
|, represented as a column matrix in the basié @igenkets by:

Sl

)=

sl

(a) Are A andB compatible observables? Justify your answer.
(b) Determine the allowed measurable values for thervbble B .
(c) If a measurement oA were made for the system in st$1¢e), what would be the

probability of obtainingA = a? What would be the (normalized) state of the esyst
immediately following this measurement?

(d) Suppose the measurement in (c) actuddigsgive A =a. If a measurement B were

made immediately afterward, what would be the pbdltg of obtainingB = 0? What
would be the (normalized) state of the system imately following this measurement?

(e) Finally, suppose the measurement in (d) actuddlgsgive B = 0. If A were measured
again immediately afterward, what would be the plolity of obtainingA = a? What
would be the (normalized) state of the system imately following this measurement?



PROBLEM 5 (one part)

A point source of light is placed above a thickiplaf glass with index of refractiam The
distance from the source to the upper surfaceeftass id and the thickness of the glasfis
A ray of light from the source may suffer eithenge reflection at the upper surface, or single
reflection at the lower surface, or multiple alting reflections at the lower and upper surfaces.
Thus, each ray splits into several rays, giving tis multiple images. In terms bf D andn,
find the distances of the first and second imagsdsvib the surface of the plate. The first image
is that formed by direct reflection from the upgarface; the second image is formed by a single
reflection at the lower surface of the glass. Assuhat the angle of incidence of the ray is small
and that the index of refraction of air is 1.

PROBLEM 6 (two parts)

For the following problem, you may find it usefub tutilize the following Lorentz
transformation equations relating the positions times of events measured by observes in two
reference frame§andS’, moving at a speedalong the positivex-axis relative t&.

X=p(x-vt); t'=pt-vx/c?); y=y; 2=z, y=@0-v*/c*)?

(a) An observer at rest relative to a barn is obserarggick traveling through his barn at a
speedy, that is a large fraction of the speed of lighd. (it is relativistic). He notes that
the front end of the stick leaves the barn at #Haestime as the back end enters the barn.
The barn and stick have proper length&gpandLs, respectively. Find an expression, in
terms ofv and Lg for the time difference that an observer at rekdtiree to the stick
measures for the two events, namely the front drileostick exiting the barn and the
back end entering it. Which event occurs firstoadimg to observers in the reference
frame of the stick?

(b) A muon is observed to be traveling at a relatigisipeedy’, relative to the observer in
the rest frame of the stick. The muon is movingaidirection parallel to the relative
velocity of the two reference frames. Derive apression for the speed, of the muon
relative to the reference frame of the barn in g&eafu’ andv.



Note Sheet for Spring 2008 Qualifying Exam

Vector Identities: (a, b, c andd are vector fields ang/is a scalar field)

al(bxc)=bl(cxa)=cl(axb) ax(bxc)=b(alc)-c(alb)
(axb)[(cxd)=(alc)(bld)-(ald)(bld)

UxOy=0 O(Oxa)=0
Ox(0xa)=0(0ME) - 0% Ol(ga)=ally+yilla
Ox(ga)=Oygxa+yllxa Ol(axb)=bl(Oxa)-al(0xb)
O(alb)=(al0)b+(bl[D)a+ax(0xb)+bx(0xa)
Ox(axb)=a(dlb)-b(0la)+(bl[O)a-(ald)b

Vector Differential Operatorsin Non-Cartesian Coordinates:
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Solar-System Physical Data:
Earth Mass: 5.98L0°* kg Moon Mass: 7.36L0°% kg
Earth Radius: 6.38.0° m Moon Radius: 1.724.0° m

Mean Earth-Sun Distance: 180" m Mean Moon-Earth Distance: 3:88° m

Solar Mass: 1.9910°° kg Solar Radius: 6.96.0° m




Fundamental Constants:

Gravitational constant

G = 6.67410 " N-nf/kg

2

Coulomb constank(= 1/4r)

k = 8.987610° N-nt/C?

Planck’s constan{’ = h/2n)

h=6.626X10%J-s

Boltzmann constant

ks = 1.3086&10°22 J/K

Speed of light in vacuum

c=2.997%10° m/s

Proton charge

e=1.602x10°C

Proton rest mass

m, = 1.6726&10 " kg

Electron rest mass

me = 9.109610 % kg

Avogadro’s number

Np = 6.022%107

Trigonometric | dentities:

sifa+cosa=1

1+tarfa =sec¢ a

sin(a = ) =sinacosf £ cosasing

cosa + f) =cosacosSFsinasing

sin2a =2sinacosa

cos2a =cof a —-sin“a

.{aj 1-cosa
sin = |=+
2 2

{aj 1+ cosa
Co$— [==
2 2

Pauli Spin M atrices:

STET

| ndefinite integr ation:

f(x) [ f(dx f(%) [ f(9dx
_ wv2\-1/2 i + 2 -1/2
@=x%) arcsinx +C (ax” +c) iIn(x\/5+\/m+c
¥ <1 a>0 Ja
@+x*)™" arctanx +C (ax® +¢)¥? X +C
cvax’ +c
Definite integration:
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