
Qualifying Examination { January 2007General Instru
tions
� No referen
e materials are allowed (ex
ept for the use of a 
al
ulator).� Do all your work in the 
orresponding answer booklet.� On the 
over of ea
h answer booklet put only your assigned number and the partnumber/subje
t.� Turn in the questions for ea
h part with the answer booklet.� 90 minutes are alloted for ea
h part, ex
ept for Thermal Physi
s (45 minutes).
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Part I: Ele
tri
ity and MagnetismDo any 5 of the 6 problems1. Cal
ulate the magneti
 momentm of a disk of radiusR and thi
kness T 
ontaininga volume 
harge density � and rotating with a 
onstant angular speed ! aboutthe symmetry axis z.2. (a) Write down Maxwell's equations;(b) Whi
h equation suggests the introdu
tion of the magneti
 ve
tor potentialA? State the mathemati
al and physi
al justi�
ation for this.(
) In free spa
e �nd the wave equation satis�ed by either E or B.Given: r� (r� v) = r (r � v)�r2v; 8 ve
tor v:3. Consider a spheri
al diele
tri
 having a permittivity " and radius R. The spherehas a polarization P of the form P = kr2 r̂;where k is a dimensional 
onstant.(a) Find the ele
tri
 �eld E inside and outside the sphere;(b) Find the energy stored in the spa
e outside the sphere.4. A steady 
urrent I 
ows down a long 
ylindri
al wire of radius R. The 
urrentdensity J is distributed in su
h a way that the magnitude of J is proportional tothe distan
e s from the axis.(a) Find the proportionality 
onstant in terms of I and R;(b) Find the magneti
 �eld B inside and outside the wire.5. An inverted hemispheri
al bowl of radius R 
arries an uniform 
harge density �.Find the potential di�eren
e between the \North pole" and the 
enter, i.e., onthe symmetry axis at the equator.6. Consider a pair of parallel plates ea
h having an area A, separated by a distan
e d.There is a 
onstant potential di�eren
e V between the plates. A diele
tri
 havinga diele
tri
 
onstant K = "="0 = 2 �lls half the volume between the plates. Findthe 
apa
itan
e for the following 
on�gurations:(a) the diele
tri
 is parallel to the plates;(b) the diele
tri
 �lls only the left 1=2 of the volume.2



Part II: Quantum Me
hani
sDo any 5 of the 6 problems1. Whi
h two quantities 
an be measured simultaneously in quantum me
hani
s?(a) position and momentum;(b) momentum and kineti
 energy;(
) momentum and potential energy;(d) position and kineti
 energy;(e) kineti
 energy and potential energy.Say the angular momentum operator in the x-dire
tion, L̂x, 
ommutes with theHamilton operator, Ĥ. Whi
h statement does NOT follow?(a) The angular momentum in the x-dire
tion and the energy 
an be simultane-ously measured;(b) The dynami
al system is invariant under rotations about the x-axis;(
) The expe
tation value of L̂x is 
onserved;(d) L̂x and Ĥ have dis
rete eigenvalues;(e) L̂x and Ĥ share the same eigenve
tors.Given that x̂ and p̂ are hermitean operators, whi
h of the following are NOThermitean operators?(a) x̂2 (b) p̂2 (
) p̂x̂p̂ (d) [x̂2; p̂2℄ (e) x̂p̂+ p̂x̂.Given that Â is a hermitean operator, whi
h statement is NOT true?(a) < f jÂg >=< Âf jg >, for any ve
tors jf > and jg > in the Hilbert spa
e;(b) Â equals its hermitean 
onjugate;(
) All of Â's eigenvalues must be positive;(d) The eigenve
tors of Â are orthogonal;(e) The eigenve
tors of Â form a basis for the Hilbert spa
e.
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2. Whi
h answer is FALSE for stationary states?(a) They must be independent of time (assume non-zero energy);(b) They must be energy eigenstates;(
) Expe
tation values evaluated for stationary states are independent of time;(d) The asso
iated probability densities are independent of time;(e) They solve the S
hr�odinger equation.The state ve
tor for a spin one-half parti
le isj >= 1p4 j+ > + �j� >;where j� > are states whose Ŝz eigenvalues are ��h=2. The 
onstant � is (up toa phase)(a) 0 (b) 1p4 (
) 1p2 (d) q34 (e) 1:The likelihood of obtaining the eigenvalue �h=2 in a measurement of Ŝz is(a) 0% (b) 25% (
) 50% (d) 75% (e) 100%:Say that the �h=2 is in fa
t obtained in a measurement of Ŝz. What is the likelihoodof obtaining ��h=2 in a se
ond measurement of Ŝz, immediately after the �rstmeasurement?(a) 0% (b) 25% (
) 50% (d) 75% (e) 100%:
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3. A parti
le is in the ground state of a one-dimensional in�nite well with walls atx = 0 and x = a. The wall at x = a is suddenly moved to x = 2a. If the wavefun
tion doesn't 
hange when the wall is moved, what is the likelihood that theenergy of the parti
le doesn't 
hange?Useful integral: Z d� sin2 � = �2 � 14 sin 2�:4. The wave fun
tion for a free parti
le in one dimension at time t = 0 is (x; 0) = Ap2� Z 1�1 dk eikxqk20 + k2 :(a) What is the probability that the parti
le momentum is between ��hk0 and�hk0?(b) Write down an expression for the wavefun
tion at a later time.(Assume no measurement is made).Useful integral: Z d��2 + 1 = tan�1 �:5. A parti
le moves in one-dimension and feels the potential energyV (x) = �(x2 � `2)2 � > 0:(a) Find the stable equilibrium(a) of the parti
le.(b) If the parti
le undergoes small os
illations about the stable equilibrium(a),what is an approximate value for the ground state energy? (Hint: Taylorexpand.)6. Say that at time t = 0 the wavefun
tion for a parti
le inside an in�nite well ofsize a is  (x; 0) = p25pa �3 sin �xa + 4 sin 2�xa � 0 � x � a;while it vanishes elsewhere. Show that the parti
le's most likely position os
illatesinside the square well. Find the amplitude and period of the os
illation.Useful integral: Z �0 d� � sin � sin 2� = � 89 :
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Part III: Classi
al Me
hani
sDo any 5 of the 6 problems1. A mass m is atta
hed by two springs of 
onstants k1 and k2 to a �xed verti
alsupport { see �gure below. Assuming no fri
tion between the mass and thehorizontal surfa
e, 
al
ulate the e�e
tive spring 
onstants and natural frequen
iesfor the \series" and \parallel" 
on�gurations illustrated.
k1 k2

m

series

k1

k2

m

parallel2. Cal
ulate the a

eleration of the masses m1 and m2 and the tensions in the strings(T1 and T2) for the modi�ed Atwood ma
hine shown in the �gure below. Thepulley has a moment of inertia I and rotates 
lo
kwise.

m1

m2

r2

r1
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3. A mass m is atta
hed by a spring of 
onstant k to a �xed verti
al support andis pulled away from the position of equilibrium (unstret
hed spring) x = 0 by adistan
e A0 { see the �gure below. Assuming a 
oeÆ
ient of fri
tion � betweenthe obje
t and the horizontal surfa
e, 
al
ulate(a) the amplitude A1 after a full os
illation 
y
le;(b) the time for a full os
illation 
y
le.
k

m

x=0 x=A1 x=A0

x

4. (a) Cal
ulate the period of a free falling obje
t of massm through a tunnel goingthrough the 
enter of the Earth, starting from the surfa
e, and assuming a
onstant-density Earth;(b) Cal
ulate the period of an obje
t of mass m in a 
ir
ular orbit around theEarth, at a height h above the surfa
e whi
h is negligible with respe
t to theradius of the Earth (i.e., e�e
tively h = 0);(
) Cal
ulate the free falling period of part (a) assuming that the entire massof the Earth is 
on
entrated in a small volume around the 
enter (ignorerelativisti
 e�e
ts).5. A mallet of mass m1 and length ` is used to strike a blo
k of mass m2, initiallyat rest on a horizontal, fri
tionless surfa
e. The entire mass of the mallet is
on
entrated at the end and it is free to pivot about the opposite end. The malletis raised to an initial angle �i and released with no initial velo
ity to strike theblo
k m2 when � = 0 (see �gure).(a) Cal
ulate the speed of the mallet at the instant before it strikes the blo
k;(b) Cal
ulate the �nal speed of the blo
k m2, vf2, assuming that the 
ollision isperfe
tly elasti
;(
) Cal
ulate the maximum angle, �max, the mallet rea
hes after striking theblo
k.
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m1

l

m2

vi2 = 0

θ1

θmax m1

m2

vf26. Consider two pointlike parti
les of masses m1 and m2, at positions r1 and r2,attra
ted by a for
e whi
h depends on their separation r = jr1�r2j. The potentialenergy then depends on the distan
e r, U = U(r).(a) Express the Langrangian of this system as a fun
tion of r1 and r2.(b) Rewrite this expression as a fun
tion of the position of the 
enter of mass,R, and the parti
le separation r = r1 � r2.(
) Derive the equation of motion for the 
enter of mass of the system anddes
ribe the motion (e.g., what is the a

eleration and the velo
ity).
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Part IV: Thermal Physi
sDo any 2 of the 3 problems1. n mols of an ideal, monoatomi
 gas have a volume Vi at pressure Pi and temper-ature Ti. This gas is 
ompressed to 1=2 of its original volume in three di�erentways, namely: (a) isobari
, (b) isothermal, (
) adiabati
.(i) Sket
h in a (P; V ) diagram the three pro
esses and label a

ordingly;(ii) Cal
ulate the amount of work required for ea
h pro
ess;(iii) State for ea
h of the three pro
esses whether the temperature in
reases,de
reases, or remains 
onstant;(iv) Cal
ulate the �nal temperature for the isobari
 pro
ess;(v) Cal
ulate the �nal pressure for the isothermal pro
ess.2. A room air 
onditioner operates as a Carnot 
y
le refrigerator between an outsideair temperature, Th, and an inside temperature, Ti. The room gains heat fromoutside at a rate of A(Th � Ti). This heat is removed by the air 
onditioner.Assuming that the power supplied to the 
ooling unit is P , show that the steadystate temperature of the room isTi = Th + P=2A�q(Th + P=2A)2 � T 2h :3. The largest bottle ever made by blowing glass has a volume of about Vi = 0:720m3.Imagine that this bottle is �lled with air that behaves as an ideal diatomi
 gas.The bottle is held with its opening at the bottom and rapidly submerged intothe o
ean. No air es
apes or mixes with water; no energy is ex
hanged with theo
ean by heat.(a) If the �nal volume of the air is Vf = 0:300m3, by what fa
tor does theinternal energy of the air in
rease?(b) If the bottle is submerged so that the absolute air temperature triples, howmu
h volume is o

upied by air?
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