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Note: 10 points for each problem

1. A particle is bound by the infinite square well potential to the region ~@/2 £ x <
+af2.
ta) Is the lowcest possible tatal energy of the particle zero?
(b)Please state your reason if your answer of (a) is no.

2. Two light sources are at rest in inertial system S at position x, and X, Attimc i=t,
they each ewut a light in the ¥ direction. The lights are received by twe receivers at
rest in inertial system S', which moves with a velocity ¥ with respect to 5. Ilow far
apart is these two receivers?

3. Apply Bohr's model to singly ionized helium and find the wavclength of the
transition from a stale with = 4 tv a state withn= 2.
R =109737 cm-!
prolomn rest mass s, =1.672 x 107 kg | neutron rest mass m, = 1.675x10 Vg
electron rest mass m, =9.100 < 107" kg

4. A particle under the influence of a step potential as shown below. The total ENETEY
ot the particle £ is greater than the height 7, of the step.
(a) Please find the eigenfunctions that can describe the motion of the parficle.
(b} Draw the probability density with p(x<0)= 2p(x>0), where p is momentum.
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5.- Show the allowed transitions between 2p3d UF; and 2p2 1D, wl'leﬁ an extermnal field

of 0.1 tesla is applied. Sketch the spectrum of these transitions and compare o the
spectrum when there is no external field.




¥ B ® K 82 @ B K

nresz R, - PIE 2 P smtwrsutaess
| BE_ih 4% W B megood # - mE - E dapaws [ERE) ArE

6. Consider the ground state of 4! atom with Z=13. Please answer the following
questions.
(a) Give the electron configuration.
(b)Give the magnitudes of Z, § and 7 in terms of 4.
(¢) Find the angle between £ and S
(d)Express the orbital and spin magnetic dipole moments in terms of g4, #, L and
Al
(e} Find the angle between J and the +z axis .

7. Pleasc express 6 decay m a way similar to A+B-—3C+D and give the energetic
condition for such decay 10 oceur,

8. Predict the LS coupling quantum numbers for the ground state of 1,57 atom.

9. Consider a photon interacts wath a lead nucleus.
(ay What 1s the threshold energy needed by the photon for pair production process
to ocour?
{8) Do vou neplect the energy of the recoil nucleus in answer given in (a)? Please
venfy. The mass of Pb nucleus is about 208 u. 1 u=1.661:10"" kg, |

10. Compare the spectra of two blackbodies, A and B, of temperature 1000K and
3O00K, respectively. There are two formulas below, one is based on ciassical and
the other 1s on quantum theory. Choose the right formula and answer the questions
below. You may need to modify the formula. Please show how you obtain the

ANSWer,
B v kT Bahc  dA
o {vidv= ey P (AydA = T
{(a) The ratio of Ky.
(b) The ratio of v, ..

(¢} The ratio of pri(via,.).




