NTHU physics Enirance Exam
‘Modern Physics

Usefud information

A = 6.63x107* joule —sec
electron rest mass = §.100 % 107 kg
e = 16x 107 Coulomb

Problem 1 {20%) Indicate briefly the most important physics that was demon-
strated in ihe following experiments/phenomenon

{a) Compton effect

(b) Young’s Two-5lit interference experiment
{c) Davisson-GGermer experiment

(d) Stern-Gerlach experiment

(¢) Pramck-Hertz experiment.

Problem 2 {Iﬂ%}ﬂmder the radiation ir a three dlmenmnna] cavity. Let us
denote p{t-) as the equilibrium energy dEﬂBlt]F of the radiation per whme and
per frequency.

{a) (5%) I£ we now dig a amali hole with area 4 on th& surface of the cavity,
find the total power radiated out of the hole in terms of s(v) (asseming
that radiation incident on the hole has no reflection at afl}.

(b} {5%) If we put atorms with two energy levels g {ground stale) and ¢
{excited state]} in the cavity to interact with the radiation and assume that
the ternperature is T, find the raito of the probability for the spontanecws
amission to that for the simulated emission for transition from & to €.

Problem 3 {10%)}

(2) (5%) Write out the configurations (for efectronic orbits) for the g;mund
states of PCu and V.

(b) (5%) How many lines would be expected on the detector place ufaStern-
Gerlach experiment if we use a beam of atoms with the state ¥ Thy 7
(azsuming that the external field is strong snough Eo deatroy the coupling
between 1L ard §) Indicate which line has the strongesi intensity.

Problem 4 (10%)

- (=) {5%) Write down the fundamental interactions of the nature a.nd spacify

: _the names of the particles that mediate these interactions. If the mass of
lh&medmtepartmlefnranmtanchﬂnlsﬂm,ﬂhmm thermg;en{that
interaciion.
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ib) (5%) Indicate the most important fundamental interactions involved in
the following reactions:
9 v+
oo™ » BNM Lesw (1)
Problem 5 {15%) Consider the three-dimensicnal harmoric trap for Bose-
Einstein condensate. The Hamiltonian is

R I B 1 a,2, .2, 2
H—ﬂm[p,+p,+pf]+2_m (2 +4° + %), (2)

(a) {5%) Show ikat the Hamiltcnian commutes with the z-comporent of the
angular romenturn

[&, L1 =0, {3)
Make nse of the permutation symmetry between z, y and &z to show the
Hamiltonian also commutes with the other two components,

[H,Ly] =0, [H,L]=0. (4)

(b} {5%} Since Lz, Ly, L; all commute with the Hamiltonian, can we use all
Ie) iy, 1z 33 good quantum nuembers to label She agenstates? Why or Why
nat’

(¢} (5%) Near zero temperatur, bosons are trapped o the ground state. What
is the rough length scale of the boson cluster?

Problem & (15%)

(a) (5%) The wave function of a particle at t = 0 is |¢{0)} = |E), where
i EY i3 an eigenstate with energy E. As time evolves, the wave function
[¥{)} also varies with respect to time. What is the time derivative of the
expectation of an arbitrary operator O at later Hime 1,

401 = L womwien = o)

(b) {10%) Suppose the initial wave function at { = G is WH(0)} = (L/VHEL) +
{L/vD)|Ez). The matrix elements of the operator O are {EO|E) =
{EEIDIEE} 0, and {1052} = (E2|O)1B) = O, where both Oy aad
@, are real numbers. Show that

L)
di
and find out A and w explicitly.
Problem 7 (20%) Consider a one-dimensional wire with a delta-function scat-
ter at the origin. The Hamiitonian is

.
H= % + —h-ﬂ;;ﬁ(a], (7}

A right-maoving wave with wave number & > 0 can be cast iato the form

_ tﬂl.'l! + r;g-_ﬂ'?-f} = ..:_:n’ . .
ﬁ'[Il-. - { ieﬂ:tl 5 E .u _ [E]

= A sin(wi), {8)
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Figure 1: The inserference between two quantum wires with a delta-function
scatter at the upper wire.

(a) [lﬂ%) Find the reflection and trapsmission amphitudes r and ¢ respectively.

(b) (5%) Calculate the current density j(2) on both sides and verify the cur-
reat 15 indeed conserved.

(c}) (5%) Place a coherent source of particles at 5 and Jet particles travel
through two different paths with equal length as shown in Fig. 1. Since
there i 3 delta-function scatter at the upper path while the other path
is completely free, quantum interference is expected. Calculate the phase
difference Ad = §, — ¢ ai the destination D, where §, is the phase for the
path with scatter and ¢ is the for the other path.



