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1. Hamiltonians in physis usually onserve energy during time evolution. How-ever, we are all familiar with energy dissipation and frition phenomena.Where does that ome from?A. Coupling with vauum �utuations makes the e�etive Hamiltonian non-Hermitian.B. Integrating away ertain �bath� degrees of freedom amounts to makingthe remaining Hamiltonian degrees of freedom non onservative.C. Chaos is responsible for the irreversibility.D. Dissipation is an illusion, if you wait a long enough time the energy willome bak.2. The moleule C6D6 is a benzene moleule in whih hydrogen is substituted bydeuterium. The energy needed to remove a deuterium from this moleule is:A. Higher than the energy needed to remove a hydrogen from benzene C6H6.B. Idential to the energy needed to remove a hydrogen from benzene C6H6.C. Lower than the energy needed to remove a hydrogen from benzene C6H6.D. This annot be deided without omparing the eletroni struture ofC6D6 and C6H6.3. An energy band of a periodi hain of atoms at distane a is given by ε(k) =

−cos(ka) (k is the Bloh wave-vetor). Whih one of the following statementsis true?A. The average speed of the eletron at k and −k is the same.B. The average speed of the eletron is maximum at k = 0.C. The average speed of the eletron at k and −k is equal in magnitude butopposite in diretion.D. The average speed of the eletron with spin up at k is the same as theaverage speed of the eletron with spin down at −k.
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4. In an eletromagneti plane wave the eletri and magneti �elds are:A. Parallel to eah other and perpendiular to the propagation diretionboth in vauum and in anisotropi solids.B. Parallel to eah other and perpendiular to the propagation diretion invauum but not neessarily in anisotropi solids.C. Perpendiular to eah other and to the propagation diretion in vauumbut not neessarily in anisotropi solids.D. Perpendiular to eah other and to the propagation diretion both invauum and in anisotropi solids.5. Free eletrons have an energy versus momentum k dispersion relation ε(k) =
~

2k2/2m, density of states ρ(ε) and hemial potential µ. The eletroni spe-i� heat at low temperature is linear in T ifA. The density of states ρ(ε ≃ µ) ∼ ε − µ is also linear in ε − µ.B. The hemial potential µ(T → 0) ∼ T is linear in T .C. The density of states is �nite at the hemial potential: ρ(µ) = onstant.D. Always, whatever ρ(ε) and µ are.6. Consider the ground state of a gas of free eletrons with a �nite density anddispersion relation ε(k) = ~
2k2/2m in presene of a magneti �eld that isassumed to ouple only with the spin degrees of freedom. Whih of the state-ments below is orret?A. The ground state is fully polarized in the diretion of the magneti �eld.B. The ground state is not polarized at all.C. The ground state is never fully polarized whatever the amplitude of themagneti �eld.D. The ground state is fully polarized only when the magneti �eld exeedsa threshold.7. The ground state of a system of quantum spins oupled among eah otherferromagnetially is a ferromagnet:A. Always.B. Only in dimensions greater than one.C. Only in dimensions greater than two.D. Only for partiular latties. 2



8. The valene eletroni on�guration of the Vanadium atom is 3d34s2. Theeigenvalues of the square of the orbital and spin angular momentum are
~

2L(L + 1) and ~
2S(S + 1) respetively. Aording to Hund's rules, whatare the values of L and S in the ground state?A. S = 3/2 and L = 3.B. S = 1/2 and L = 3.C. S = 3/2 and L = 1.D. S = 1/2 and L = 1.9. Two ideal gases A and B have the same internal energy. Gas A has twie thenumber of moles of gas B. This means that:A. The temperature of A is the same as the temperature of B.B. The temperature of A is twie the temperature of B.C. The temperature of A is one half of the temperature of B.D. One annot say. It depends on the volume of the two gases.10. Whih of the sentenes below is orret for the spin-orbit split band struturesof a nonmagneti solid in a general point k of the Brilluoin zone?A. Eah band is at least spin degenerate: At eah energy one an put twoeletrons with opposite spin. In general the bands at k are di�erent fromthe bands at −k.B. The bands at k are not spin degenerate, but the bands at k are degeneratewith the bands at −k.C. The bands at k are spin degenerate and the bands at k are degeneratewith the bands at −k.D. The bands at k are not spin degenerate and the bands at k are di�erentfrom the bands at −k.11. Whih one of the following relations is wrong:A. (
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12. Two metalli spheres are onneted by a thin metalli wire but are su�ientlydistant that their mutual interation an be negleted. A harge q is addedto one sphere and at equilibrium the harge on the sphere A is q/3 while theharge on the sphere B is 2q/3. The radii (RA and RB) of the two spheres are:A. RA = 2RB.B. RA = 1
√

2
RB.C. RA = 1

2
RB.D. RA = 1

3
RB.13. Two idential, neutral, spherially symmetri, and eletrially polarizable las-sial objets are plaed at a mutual distane, R, whih is muh larger than theirsize (R ≫ l). Let V (R) be the interation energy of the system, i.e. the en-ergy of the two partiles at distane R, minus the energy they would haveat in�nite distane. Ignoring any quantum e�ets (~ = 0), whih one of thefollowing statements is true:A. V (R) = − C

R6 , where C is a positive onstant that is di�erent from zeroat zero temperature and initially dereases with inreasing temperature.B. V (R) = − C

R6 , where C is a positive onstant that vanishes at zero tem-perature and initially inreases with inreasing temperature.C. V (R) is attrative and dereases exponentially with R.D. V (R) is repulsive and dereases exponentially with R.14. A free eletron and a photon have the same energy (without aounting forthe eletron rest energy). Whih one has the longest wavelength.A. The eletron.B. The photon.C. It depends on the energy. At low energies the photon, at high energiesthe eletron.D. It depends on the energy. At low energies the eletron, at high energiesthe photon.
4



15. Order the following moleules CO, NO, and O2 in order of inreasing atom-ization energy:A. ECO < ENO < EO2 .B. ENO < ECO < EO2 .C. EO2 < ECO < ENO.D. EO2 < ENO < ECO.16. The isolated NO moleule has an odd eletron number. That implies thatA. The moleule must have a semi-integer spin, suh as S = 1/2, et.B. The moleule must have an integer spin, suh as S = 1, 2, 3, et.C. Suh a moleule annot be stable.D. Like all suh moleules, NO will quantum mehanially �utuate betweenthe two states S = +1/2 and −1/2, ending up with e�etive zero spin.17. The lassial predition of Rayleigh and Jeans for the frequeny spetrum ofthe radiation emitted by a blak body is
ρ(ν, T ) =

8πν2kT

c2
(1)where k is the Boltzmann onstant, c the speed of light, ν the frequeny and

T the temperature. This formula is orret:A. At all frequenies but only at low temperature.B. At low frequenies and at all temperatures.C. At high frequenies and at low temperature.D. At low frequenies and at low temperature.18. A solenoid has n turns per unit length. The urrent I on the solenoid ishanging and dI/dt is onstant (t is the time). The indued eletri �eld is:A. Zero everywhere. There is only a magneti �eld.B. Zero inside the solenoid, and di�erent from zero outside.C. Di�erent from zero inside the solenoid and zero outside.D. Di�erent from zero both inside and outside.
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19. Fermi's famous golden rule of time-dependent perturbation theory gives therate of deay of a given initial state into a ontinuum of �nal states, in preseneof a oupling V . The deay rateA. is proportional to |V |2 and to the inverse density of �nal states.B. is proportional to |V |−2 and to the density of �nal states.C. is proportional to |V |−2 and to the inverse density of �nal states.D. is proportional to |V |2 and to the density of �nal states.20. A given hemial ompound an exist in two rystal strutures, A and B.The Helmholtz free energies FA(V, T ) and FB(V, T ) of the two strutures asa funtion of the volume V and at a given temperature T are shown in the�gure:
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Whih one of the following statements is true:A. A pressure P̄ exists suh that P̄ × (VA − VB) = FB(VB, T ) − FA(VA, T ),the stable rystal struture is A for P < P̄ and B for P > P̄ , and a�rst-order transition would our at P = P̄ .B. The stable rystal struture is A at any pressure beause this struturehas always the smallest free energy.C. No phase transformation an our from one struture to the other asa funtion of pressure, unless the symmetry group of the high-pressurephase is a subgroup of that of the low-pressure one. When this is thease, the phase transition is seond order and the volume is onservedaross the transition. 6



D. A pressure-indued transformation from struture A to struture B anonly our as a onsequene of quantum �utuations, and would takea time of the order of τ ∼ (ωD)−1e
P×(VA−VB)

~ωD , where ωD is the Debyefrequeny: too long to be observed in a real marosopi sample.
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