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1. 20%

{_onsider a ted lying along the X axis and at rest in reference frame 5. The position

coordinates of its ends are 0 and . Two clocks are place at the two ends af the

rod  There is anaother reference frame 5" which moves along X7 direchion with a

velovity O.6¢ with reapect to the rod.

(a) Determine ihe length of the rod when vigwed From 5. (5%)

(h) How to make the two clocks synchromzed?  {(5%)

(¢) The two clocks emit simultaneousiy a flash of light i the ¥ direction.  These
two flashes are received tn 5 by twa of the counters spaced along the X7 aws.

How far apart are thuse two counters ™ (5%)

(d} Please justify the samengss or difference of the answers trom (a) and (¢).
(3%

2, 20%

The wavefunction of a particle m an infinite square well potential of width 2e is;

Fa'y 3 .2
@ = A5cos— - eos— + 4sin £}
Pl 2u o

and - ¢ ontside the well.

(a) Find 4. {354}

(b) What are the possible values you would oblam i & mcasurement of the tolal
energy?  What is the probability of each af them®  (10%)

() What 15 the averape total energy 7 (5%)

3. 1%

Prior to the discovery of the weutron there was Prolon-Elociron Hypathesis: a
nucleus of mass number 4 and alomic pumber £ contained A protons and A4-2
clectrons.  Please use the coneept of uncertamty pnnapte to judge this hypothesis.
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4. 1{%

Compare the spectrarn of a hydrogen atom to that of a dewlcron atom.
m,o=0009 10 ke, m, — 1672410 ke, w075 x L0 kg
i, = 10913 Tem !

3. 25%
Some eigenfunctions for the hvdrogen atom are
W T Ao Gl

v,., "~ H r e 7 ginde
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‘rl
Wy — O €T sin Poos b
ﬂl.'
whoere 4, 8, and (7 are constants.
(a) Wnte out the eigenfunctions after parity operation. {6%0)
(b} Use panty consideration to identify allowed eleciric dipole transitions among
these eigenfunctions (5%)
{c) What are the expectation values of £, [, L, and L} of w7 {B%)
(d) What 15 the magninude of the angular momentum ane its 7 component 1f the
clectron is in the state descrbed by w7 (%)

b 153%

Consider 3 one-electron atom with enerpy -1.517° V. where Z is the atom

nurmber.

(a) What is the qumber of degencracy of quantum states corresponding to thal
energy’ (3%}

(b} An external magnetic ficld, weaker than the internal ficld, is applied. Write
derwn all the possible values of the good gquanim numbers.  (3%)

(¢) Do the same as in (b} for the case a very strong cxternal magmetic field is
applied. [5%)




