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Electron mass=9.1x107" kg _-ZE’;!—
Planck’s constant #=4.1357x1075 eV - s -7
Boltzmann’s constant &/=1.38x102 J/K |

I. Multiple choice (5% each) <¥:E %8> :

1. For a system of two electroné, each with /=1 and s=1/2, how many possible sets of
quantum numbers are for the total angular momentum?
(A)6(B)10(C)12 (D) 16 (E) 18

2. Suppose two photons, one with energy 16 MeV and the second with energy 4
MeV, approach each other along the x axis, what is the rest energy of the system?
(A) 0 MeV (B) 8 MeV (C) 12 MeV (D) 16 MeV (E) 20 MeV

3. When a beam of high-energy protons collides with protons at rest in the laboratory,
neutral pions (n°) are produced by the reaction p+p -> p+p+n’. Rest energies of
proton and neutral pion are 938 MeV and 135 MeV respectively, what is the
threshold energy of the protons in the beam for this reaction to occur?
(A) 280 MeV (B) 270 MeV (C) 289 MeV (D) 145 MeV (E) 110 MeV

4. Compton used photons of wavelength 0.071 nm, what is the energy of the photons
scattered at 6=120°7 (A) 1.63x10* eV (B) 1.66x10* eV (C) 1.74x10% eV (D)
1.77x10* eV (E) 1.90x10* eV

5. If a beam of oxygen atoms (Z=8) is used in a Stern-Gerlach experiment, how
many lines would be expected on the detector plate?
A)1@B21C)3MS5E)T

6. Which following wavelength does not belong to a hydrogen spectral series?
(A)122 nm (B) 487 nm (C) 703 nm (D) 821 nm (E) 1005 nm

7. If the scattering angle for electrons from a crystal with spacing D=0.21 nm is
35.7°, what is the energy of the electrons?
(A)70eV (B)80eV (C)90eV (D) 100eV (E) 110 eV

8. What is the total kinetic energy of translation of 1 mole of N, atoms at T=273 K
(A) 1133 J (B) 3400 J (C) 5667 J (D) 6800 J (E) 7933 ]

9. In a Franck-Hertz experiment, if electrons of energy up to 13.0 eV can be

produced in the tube filled with hydrogen atoms, how many hydrogen lines can be
emitted from the tube?

(A)3B)4(CC)5(D)6(E)7

10. If a proton is in an infinite square well potential with L=1 fm, what is the first
excited state energy in MeV?
(A)205 (B) 410 (C) 820 (D) 1230 (E) 1640
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11. (a) Prove that the pair production can’t occur with an isolated photon. (5%)

e et o

(b) The pair production process usually occurs near an atomic nucleus. Is it
possible for the process to occur with the help of an electron instead of a nucleus?
Please explain and verify your answer. (4%)

12. (a) Derive the Heisenberg uncertainty relation between the position and
momentum from the observation of an experiment showing the diffraction of a
particle passing through a slit (Hint: using the knowledge you learned about the
diffraction pattern of a light passing through a slit). (5%)

(b) Using the uncertainty principle derived in (a) to explain why photons can not
escape from a black hole. (3%)

(c) Find the minimum energy of a harmonic oscillator of oscillation frequency w.
(4%) |

13. (a) Explain why the classical physics in modeling the planetary motion fails in the
analysis of the atomic structure? Give at least two observations from the atomic
system to support your explanation. (4%)

(b) How did Bohr postulate to correct the failure of the classical theory to build
his famous model of the hydrogen atom? (4%)

(c) Based on Bohr’s model, prove that the possible energies of an electron in a
hydrogen atom are quantized. (3%)

(d) Design an experiment to manifest Bohr’s‘theory of atomic energy levels.
Please detail the experimental setup and the based working principle. (5%)

14. (a) What are the internal, normal, and anomalous Zeeman effects? (4%)
(b) Write down the ground-state electron configuration of ;;Na. Draw the
energy-level diagram of a Na atom up to its first excited state under the internal
and anomalous Zeeman effects (label each energy level with spectroscopic
notation (“term symbol™)). (5%)
(c) The characteristic lines (D lines) from the first excited state of Na are ~5890
and ~5896 A. Please deduce the internal magnetic field of Na. (4%)




