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Physical Constant

e=160218 x 107 C a=1/137.036

kg = 1.381 x 107 JK ap=5292x 10" m
m, =9.10939 x 107 kg ¢=2.9979x 10° m/ s
l/dne, = 8.988 x I0°N-m*/ C* h=6.626x10"]s
In2 = 0.693

. The de Broglie wavelength of a 200 keV photonis __ (1) . Ifan electron has the same
wavelength, it’s energy (ineV)is _ (2) .

2. The 200 keV photon undergoes a Compton scattering and was detected at the scattering
| angle of 60", the wavclenth is changed by __(3) . (Please use +/— to indicate
increase/decrease of wavelength.)

3. Electrons of energy 1.5 GeV (1.5 x 10” eV) are moving at nearly the speed of light. 1t’s
speed is lower than ¢ by a ratio of __(4) .

4. Two particles are moving in the same direction of speed 0.9 ¢ and 0.6 ¢. The relative speed

s _ {5) .

5. A particle moves in a one-dimensional infinite square potential well between x=0 and x=a.
The energy eigenvalue for the ground state is __ (6) . The probality of this particle at
ground state appear in the regionof 0 < x<a/dis _ (7).

6. Given a quantum system, let ¢, and ¢. be the normalized wave functionfor the lowest two
states with eigenenergies E, and E. Suppose a particle’s wave function is described by ¢ |

= 1//5 ¢, + 2//5 0., the energy expectation value is (8} . The probality of finding'
the particle at ground state is _ {9} . |
|
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A particle of mass m is under a potential of the form V(x) = —a &(x), where o is a constant. |
The bound state wave function is _ (10} and the energy eigen value is _ (11} .

Aexp(-ax’) is the ground state eigenfunction of a simple harmonic oscillator with the

potential ¥ —%mm:x: ,is _ (12) , the ground state energy is __(13) .

The ground state energy of a hydrogen atom 1s -13.6 eV. Neglecting the screening effect,
the ionization energy for element K (Z=19)is _ (14) eV.

According to selection rules, E1 transition can happen from an electron in 4d;, state to a
lower energy final states at _ (15) . (Please list all possibilities.)

The three compoments of the angular momentum operator are defined as: L, =v p.—z p,,

Ly=zp,xp;and L,=x p,—v py. The commutator ol any two operators A and B is
defined as [A.B] =AB-BA. |[L.vy]= _{6y .[L.LJ=_07)1 .

Suppose protons do decay into neutrons, and the half-life is 1077 y.  The amount of water
(with 10 protons per H,O molecule) required for measurning one decay per day 1s __(18) .|
In order to obtain a statistical uncertainty of 10% or better, the experiment should last for at

least _ (19) , under the assumption that the background contributes 2 counts per day in
the detecting system.

A hydrogen atom at 1s state of wave function
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18 under a small external electric field Eqz (along the z-direction).  From perturbation
theory the 1s energy 1s changed by _ (20}




