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1. Appliation of a magneti �eld to the motion of a free quantum partile ofharge q and zero spin modi�es its Hamiltonian, as is well known, through theso-alled �minimal oupling� � it adds a vetor potential term to the momen-tum of the partile, whose energy remains exlusively kineti. As a result, thepartile's ground state energyA. inreases � this signals diamagnetism.B. dereases � this signals paramagnetism.C. is atually not exlusively kineti, there is also a potential term, in theform of a harmoni osillator.D. remains exatly the same as for zero �eld � a magneti �eld annot exeuteany work.2. The Hamiltonian operatorH for an eletron of massm and harge e interatingwith a uniform eletri �eld parallel to the z axis,A. ommutes with the position operator z.B. ommutes with pz where p is the eletron momentum operator.C. ommutes with Lz where L is the eletron orbital angular momentumoperator.D. ommutes with L2 where L is the eletron orbital angular momentumoperator.3. The ground state of the Beryllium atom has atomi on�guration (1s)2(2s)2.What are the total spin (S) and orbital angular momentum of the exitedstate of lowest energy?A. L = 0, S = 0.B. L = 1, S = 0.C. L = 0, S = 1.D. L = 1, S = 1.
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4. The moments of inertia of the solid ylinder (C), sphere (S) and ring (R) ofmass M and radius R for the axes shown in the �gure are:

A. IC = MR2, IS = 1

2
MR2, IR = 2

5
MR2.B. IC = 1

2
MR2, IS = 2

5
MR2, IR = MR2.C. IC = MR2, IS = 2

5
MR2, IR = 1

2
MR2.D. IC = 2

5
MR2, IS = 1

2
MR2, IR = MR2.5. Consider a partile of massm in 1D, subjet to a potential V (x) = x2−x4+x6.The partile undergoes a periodi motion of amplitude A and period T . Letus indiate with T (A) the dependene of the period on the amplitude. Whihone of the following statements is true:A. T (A) = onstant.B. limA→0 T (A) > 0; T ′(A) > 0 for small A; T ′(A) < 0 for large enough A.C. limA→0 T (A) = 0, T ′(A) > 0 for A > 0.D. limA→0 T (A) = ∞.6. Nuleation is a kineti mehanism through whih one phase transforms intoanother more stable phase. The transformation begins in a small volume ornuleus whih then expands to invade the whole system.A. It takes plae exlusively in seond order transitions, but not in �rst orderones.B. It always takes plae, both in seond order and in �rst order transitions.C. It takes plae in �rst order transitions, but not in seond order ones.D. It only ours oasionally, and has nothing general or fundamental to it.
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7. Let us onsider a linear hain formed by N atoms (with N > 4). How manylongitudinal vibrational modes (i.e. with displaements parallel to the hain)of �nite frequeny are there?A. N − 1.B. N − 2.C. N − 3.D. N − 4.8. Two samples of germanium (Ge, Z = 32) are heavily doped with gallium (Ga,
Z = 31) and arseni (As, Z = 33). The eletri urrent generated by the ationof a homogeneous eletri �eld, E, is reorded in both ases and indiated by
JGa and JAs, respetively. Whih one of the following relations will be foundto hold?A. E · JGa > 0, E · JAs > 0.B. E · JGa > 0, E · JAs < 0.C. E · JGa < 0, E · JAs > 0.D. E · JGa < 0, E · JAs < 0.9. Spaghetti ook faster, the higher the temperature of the boiling water. Whihof the following triks does not alter the ooking time of spaghetti:A. Adding more salt to the water.B. Raising the power of the �re that heats the water.C. Putting a heavy over on top of the pot.D. Cooking on the top of a mountain.10. Suppose two people, A and B, agree to play a series of fair games until oneperson has won three games. They eah have wagered the same amount ofmoney, the intention being that the winner will be awarded the entire pot. Butsuppose, for whatever reason, the series is prematurely terminated, at whihpoint A has won two games and B just one. How should the stake be divided?A. The entire stake to A.B. 2/3 to A and 1/3 to B.C. 3/4 to A and 1/4 to B.D. 1/2 to A and 1/2 to B. 3



11. The water moleule, H2O:A. Has nonzero spin and magneti dipole moment, and zero eletrial dipolemoment.B. Has zero spin and magneti dipole moment, and nonzero eletrial dipolemoment.C. Has nonzero spin and magneti dipole moment, and nonzero eletrialdipole moment.D. Has zero spin and magneti dipole moment, and zero eletrial dipolemoment.12. Is it possible to distinguish a metal from an insulator from the analysis of itseletron harge density?A. Yes. In insulators the harge density is loalized around the atoms, whilein metal it is spread all over the unit ell.B. Yes. In insulators the harge density has gaps, while in metals there isno gap.C. Yes. In insulators the harge density forms bonds and it is loalizedmainly on the lines joining the atoms, while in metals it is spread uni-formly.D. No.13. The rate of a hemial reation an be approximated by the formula: κ ≈

Ae
−

E
∗

kBT , where E∗ is the reation barrier, A is a onstant with the dimensionof the inverse of time, T is temperature, and kB the Boltzmann onstant.A same reaton is observed in two samples wih only di�er by the isotopiomposition of a given atomi speies. Let us label by �1� the heavier sampleand by �2� the lighter one. Whih one of the following relations will be foundto hold:A. A1 = A2, E∗

1
= E∗

2
.B. A1 < A2, E∗

1 = E∗

2 .C. A1 = A2, E∗

1 < E∗

2 .D. A1 < A2, E∗

1 < E∗

2 .
4



14. Aording to the Bloh theorem, eah solution ψkn(r) of the Shrödinger equa-tion in a periodi potential with the periodiity of a Bravais lattie an belabeled by a wave vetor k in the �rst Brillouin zone and a band index n.Moreover ψkn(r) = eikrukn(r) where ukn(r) has the periodiity of the Bravaislattie. Assuming n 6= n′ the following ondition holds:A. ψkn(r) is orthogonal to ψk′n′(r) for any k and k′.B. ukn(r) is orthogonal to uk′n′(r) for any k and k′.C. ψkn(r) is orthogonal to ψk′n′(r) only for k = k′.D. ukn(r) is orthogonal to uk′n′(r) only for k 6= k′.15. In a periodi solid desribed by Bloh wavefuntions ψkn(r), the Fok potentialis a nonloal potential that an be written as:
Vx(r, r

′) = −e2
∑

kn

ψkn(r)ψ∗

kn(r′)

|r − r′|
(1)where the sum is over all k vetors inside the �rst Brillouin zone, and all theoupied bands n. Calling R the diret lattie vetors, the potential Vx(r, r
′)has the following property:A. Vx(r + R, r′ + R′) = Vx(r, r

′) for any R and R′.B. Vx(r + R, r′) = Vx(r, r
′) for any R.C. Vx(r + R, r′ + R) = Vx(r, r

′) for any R.D. None of the above. Vx(r, r
′) has no periodiity.16. Two idential plane metal plates arrying an opposite harge ±Q are heldparallel to eah other at a distane h, thus generating a potential drop V =

4πQ h
S
(in .g.s.- Gaussian units), where S is the area of the plates. Let ∆WQand ∆WV the work done to inrease the distane between the plates by ∆h,while keeping the harge of the plates onstant, or the potential drop betweenthem, respetively. Whih one of the following relation between ∆WQ and

∆WV holds?A. ∆WV = ∆WQ.B. ∆WV = −∆WQ.C. ∆WV = ∆WQ

(

1 + ∆h
h

).D. ∆WV = ∆WQ

(

1 + ∆h
h

)

−1.
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17. The Hamiltonian of a partile of mass m and harge q onstrained onto thesurfae of a sphere of radius R and interating with a homogeneous magneti�eld, B, an be approximated as: H = 1

2mR2 l ·l−
q

2m
l ·B, where l is the angularmomentum of the partile. Whih one of the following (set of) operators doesnot ommute with the Hamiltonian:A. l · B.B. the parity.C. l · l.D. l × B.18. In a solid, only one among the following e�ets an be alulated withoutaounting for the anharmoniity of the potential energy surfae in whih theions move.A. The thermal expansion.B. The melting temperature.C. The isobari spei� heat.D. The isohori spei� heat.19. Let's onsider the �ve d orbitals of an atom. When the atom is isolated they are�vefold degenerate. When the atom is in an external potential with otahedralsymmetry, this degeneray splits.A. There are two groups one threefold (dxy, dxz, dyz) and one twofold degen-erate (dx2

−y2 , d3z2
−r2).B. There are three groups, two twofold degenerate (dxz, dyz and dxy, dx2

−y2)and one nondegenerate (d3z2
−r2).C. There are two groups one threefold (d3z2

−r2 , dxz, dyz) and one twofold(dx2
−y2 , dxy) degenerate.D. There is no splitting, the orbitals remain �vefold degenerate.
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20. The interation potential between two neutral partiles (atoms or moleules) isusually parametrized through the Lennard-Jones potential, with a short-rangerepulsion (σ/r)12 and a long-range attration −(σ/r)6. Whih of the followingsentenes is orret:A. Both power laws have a physial justi�ation.B. Only the short-range part has a physial justi�ation. The long-rangepart is arbitrary.C. Only the long-range part has a physial justi�ation. The short-rangepart is arbitrary.D. None of them have a real physial justi�ation.
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