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). Congider an infinite square well. The wave function of a particle trapped in an
infinite square well potemtial of width 28 (see feure) is found to be -

3 .
A E[L‘us T ranl® lmsE—ﬂm) inside the well
2ir a 4 2er

g = 0 outside the well

(2) Calculate the coefficient .
(b) If a measurement of the total energy is made, what are the possible resuits of

such a measurement, and what is the probability 10 measure each of them ?
[ 10%)

2. What are the enetgy levels of 2 particle of mass m moving in one-dimensional
putential

+um x =1
Fix) -
marx” x =0
. -
2

You may use the energy levels of the simple harmonic oscillator and no tengihy
calculations are needed.  {8%)

3. (a) State all the commutation relations amomyg the angular momentum operaiors E,
Ly. Ly and L2,
{b) Let y, be an cigenstate of L2 and L, with eigenvalues A°2(# + 1) and #m,
respectively, Show that ¢= (L —if Jw,, is likewise an zigenstate of L2and
L, and determine the eigenvalues,

(¢} Show that if £ =0, the state y,_of part (b) is also an eigenstate of Lx and Ly,
(10%4)
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4. Please write down three major observations of the photoelactric effect, that can not
be explamed by the classical mechanics. Also, please state the reasons that

Linstein's quantum theory of the photoefectnc effect explain all thres observations.
{14%4)

5. {onsider a standard 11 particle-in-the-box problem with the potential

oo olherwize,

H;Ifa:}z{ 0 i —a<r<<a,
Now add a perturbing potential

Azl = #8(x),

(A} Compute sinple particle cueregy levels by 1=t order perturbation theory, By corsid.
ering wave function symmetry, cxplain why some resulls are sxact. (5%)

(h) Let t, <coote the n® singlo-particle state. Mow put two non-interacting particles
in the box. Construct all two-particle states if particles are distingnishable. {2%])

{c] Do the same for twoe Indistingnishable bosons, (4%)

(d} Now do the same for two idertical spio-3 ferinions. (I this case, write sach wave
Minien as a product of properly symmetrized spatial and spin wave lunctions.)
I L
(6%

§. Ip alypical serniconduclor, Lthe wave function of zere-moementum “hole” states are roade
up of p-like orbitals. 1o the absence of spin-orbit conpling, Lhere is a 6-lold degeneracy {3
p orhitals @ pe, By, Pt 2 aping : 1, L1, with E = E,;. Now inlroduce spin-othil inleraction

e, = AL 5.

[a) We nerd to perform angular momendum addition. Whal are the gond quantam
nurnlers now ¥ (3%

[b) List the new clgenstates by lheir quanium numbers. Compnte their energles. (64)
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7. To first approximation, we can consider a positronivm ainm as a hydrogen alom with
& very light nueleus {positron).

(a} Find e ground state coergy and radics (voa can give the answers o terms of
hyidrogen alom values), (3%

(b} What physics i3 missing rom the simple meode” ahove 7 Point out which affects are

relatively umimportant in hvdrogen atom, but much more mnportant - posizronium
atomn. {55%)

8. Consider 2 eterostricture consisting of material A oo the left side. and material B oo
the right. Ak eleciron in this structure obevs the effeetive mass cqualion :

ol |8 ot s
2 dr m—u:;ﬁ] + ¥ {a) = L,

We treat this as a 1D prablem. In 1his case,

L I B |
mpg ,r =0

m'(x) = {

. Ll
Vel { Ve 720
(2] What are the two benndary conditions al 7 = 0 ¢ Explain why. [ilint © 156
different from Bchradinger equation.) (6%
(b) Congider the scattering of a plane wave incoming from = = oo with E' 5 Vg, Wiile

down the proper wave functions lu #ll regions. (5%)

(¢} Whal is the transmission coeflicient (probability Lkat the incoming eloctran is srams
mitted to the right side) 7 What is the rellection cocfficient # (5%

Hint: s nzeful to consider probability curremt depsilies,

5=t (el
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9. Explain briefly the following terms;
{2} the uncertainty principle  {4%)
(B} the required properties of the one-dimensional eigenfuncuon w(x) and its

dervative diﬂ of the Shroedinger equation (4%)
(¢) the synchrotron radiation  {4%)




