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1. The pion has an average lifetime of 26.0 1is when at rest. For it to travel 10.0 m, how fast must it
move? . G )

2. A proton has a kinetic energy of 1MeV. If its momentum is measured with an uncertainty of 5.0%,
what is the minimum uncertainty in its position? ' S

3. The density of gold is 19 glem®, and its molar weight is 197 g/mol. What is the Fermi energy of gold
y

at 0 K? G )
4. (a) What is the associated operator of energy [E]? G %)

(b) What is the associated operator of momentum [P]?

G @)

= AL

5. For the simple harmonic oscillator, the potential energy function is Ux)=1/2 mwzxz,

(a) Write down the time-dependent Schrodinger equation. S )
(b) Derive state energy and wavefunction from Schrodinger equation. . (15 %)
(¢) Use uncertainty principle to calculate the ground-state energy of a harmonic oscillator. (10 49
(d) How do the quantum probabilities agree well with classical probabilities? X))

6. The central force on an atomic electron is one directed toward a fixed point, the nucleus.
(a) Derive the radial wave equation with orbital quantum number ¢ and magnetic quantum number m.
| (10 %)
(b) For hydrogen-like atom, the force is the coulomb force, with its associated potential energy U=kZe*r.
Calculate the radial wave functions Rpe(r) for =1, 2 (154
(c) What are the physical meanings of these quantum mumbers (1, ¢, m) and how do they relate to each
other? CED)
(d) Explain the Zeeman effect and how do Stern-Gerlach experiment detect space quantization. (10 %)

Electron mass: 9.11¥107'Kg
Proton mass: 1.67*¥10%" Kg.
Planck constant: 6.625%10*Js
Boltzmann constant: 1.38%107 J/K







