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L. {10¥h; (a} The smallest separation resolvable by a microscope is of the order
of magnitude of the wavelength used. What energy clectrons would one need in
an eleciron microscope to resolve separations of 100 A, 10 A, and 1 A” (5% {b)
A hght emitting diode is constructed from a pre junction based a certain Ga-As-P
sepuconducting material. whose energy gan is 1.9 V. What is the wavelength of
the ernitting Light? {535

2. (15%) Consider N free electrons confined t0 a three-dimensional cubes
shaped aquare well,

Vi) = 0, far <z, y, 2 < L
0, elsewhere.

fa) What are the energics aml COrresponding wave functiens of clectrons in
the hox? {4%0] {b)Find D{E) {(density of states), which is defined as the mumber
of wvailable electronic quantum states per umit o1¢rgY interval in the vicinity of
the encrgy £. and per unit volume of the well, Keep in mind that there are two
clectron spin states per encrgy stato, (5%) (o] Express Fermi energy as a [unction
of the electron number density » = N/LY. Given that the number density of frea
electrons (#) in gold 8 6.0 x 10 cm~3, caleylate the Fermi CNETgY in electron
volt and the velocity of an electran movitig with kinetic energy equal to the Fermi
energy. (6%%)

3. (10%) In the Bohr Model. the urhital angniar momentumn (L) of an atomic
electron is quantized and L = mur = b (n = L2.3,---}. Prowve that the
quantization of tota) enezgy and orhital of the electron in a hydrogen atom can
be obtained by the guantization condition of L. Express your results in terms
of A, m,, and «ay {Bohr radius). {4%) () Consider the correction for the finite
nuclear mass.  Fstimate numerically the ground state energy and radins of a
hydrogen atomn, a positronium atom {a positron apd electron pair revolving about
their cormmen center of mass), and a deuterium atom [2=2, M (mass of proton or
nentron)= 1836m,|. (6%)

4. {15%] Consider an olectron beam of kinetic energy £, incoming (rom 1 =
— 2, Incidents on a reclangular barrier of height, Yo (Vg = E) and width f., The
Une-dimensional potential barrier can be written a4,

O, x =0

Vizgp=—9q ¥ 0<e =L

3, x = L.

‘a) What are the electron wave funetions in all three regions? What are the
honndary conditions a4 2 = 0 and z = L? (65)

Wy Mo s e warmeimy cogldem T {proodniilty that the incoming clec-
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trofs transmit to the right-hand-side of the potential bartier)? What is reflection

coetheient B? [Express the resubts in terms of k = \ 3"—-‘15 and o = /2 %, BMo ) ]
(6%)
fe) What 15 the approxunate fraction of incoming electrons that will succeed

in punet‘rating the barrier if E =26V, Vg =10eV, and £ =4 A7 (3%)

. {15%} {a) Write the Schrédimger equation for a particle ol mass m mov-
Ing in two dJmErnsml:IE under the influence of the anisotropic potential Viz,y) =
sl + Imo? %2, where =, # w, in general. Use separation of variables
method to ﬁm:l the energy levels and t‘ﬂn’eapﬂndlng wave funciiony of this system
(in terms of eigenenergies and eigenfunctions of the 1-D simple harmonic oseil-
lator, see appendix). Arc these energy levels degenerate?, In the sperial case of
o= @, =W, prﬂ‘-"ﬂ thet the n' cnergy level is (n + 1)-fuld degenerate, where
n=0.1.2,3,--- (6%} (b} Prove that [, = TP, — ¥P: = (R/t){0/d¢} in the polar
cooedingte E.yat?m (v @} (3% {¢) Rewrite V {z,y) in terms of polar coordinates
rand ¢ and calewlate [H, L) (= F I.—L,-H ) eominutator. If they don't
Lummute with each other, what is the physical meaning? Explain why? (6%}

(15%) {a) Prove that two chservables 4 and B have simultaneous eigenval-
ues jf they comnmute ([A,.H) = AB — BA= 0). What 1s the physical consequence
ul [£,.8.] = thé,,, where ¥, and F, are pesition and momenturn components,
respectively? (5%) {b)From the commutation relations for the component of 7
with those of § ([Z,..5.] = zhé,w} find all the mrmnutatmn relations among the

angular momentum operator Ly, I, L., and L%, where T=Fx ¥ in the clas
sical mnechanies. {5%) (b) By the introduction of the Hermitian conjugate pair of
operalors L, = [, +1L and [_ =L, —'.sL show thay Liw;m = 4L, mmhin ma.

where Oy {lm) = ﬁV/{EZFm J{{xm +1) and - are the eigenfunctions of Lo

ana £, respectively {szflm =K+ 1) Wty DreWram = Bty ). (550)

7. (10%} Two identical spin-1/2 particles of mass m move independently in
a one-dimensionsl box of length L. Let ¢n{z) {rn = 1,2,3,- .-} dencte the single-
particle spatial wave functions and x;{y_) denotes the spinup [down) state,
(a] What iz the two-particle total wave function of the lowest total cnergy of
the gystem? (5%} {b) Write explicit expression for the expectation value of the
separation distance [ between the particles in the case of one particle being in
the ground state and the other particle being in the first excited state. Will the
expeciziion value affected by an exchange of the particle labels? {5%)

8. {10%} Explain briefly the following terms:

(a} Jdiamapnetism, paramagnetism, and ferromognetism (2%
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{b) boson and fermion (2%)

(¢} Hermitian operator (2%)
(d) the Zeeman effect. {2%4)

(e) the photoelectric offert {29%)
FPhysiral Constants:

r (velocity of light)= 3.00 x 10" m1/sec

£g [vacuurn petmittivity )= §.85 x 1071 con? /V-m

A {Plank constant}= §.63 = 10 * Jaec= 414 x 10~ ¢V .gee
h=h/2r =106 x 10-% Jsec= 6,58 x 1079 eV-ser

™, {electron mass)= 9.11 » 107" kg

¢ (electrun charge)= 1.60 x 107 coul

T
@ {fine sipucture constant }= “:ﬂﬁc =Y q‘}‘ﬁ

ap = S 590 x 10°" m

Ltgcn;ngigwﬁ and eigenfunctions of 1-D aimple harinonic cseillator:
H = — Em}j' + J’HET?I?

11. - lrﬂ + i].ﬁ.m
wn(2) = (o) /* Ha o) exp( - §0%4%), where a = f‘TE and
Hyiy) = 1,
Hily) = 2y,
Haly) = 49 — 2.




