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1.

A free particle of kinetic energy (KE) 3eV, traveling in a straight line, approaches
a constant higher potential of +2.5¢V. The particle will

(A) have a 100% probability to continue along at KE=0.5 eV.

(B) be reflected back at the boundary with 100% probability.

(C) have a 100% probability to decay exponentially in the barrier.

(D) lose energy in the 2.5 eV region until it stops.

(E) be partially reflected with KE=3 eV and partially transmitted with KE=0.5 eV.
The ground state wavefunction for a particle confined at a one-dimensional box of
length L is w = (2/L)"? sin(mx/L). Suppose the length of the box is of 10,0 nm.

What is the probability to find the particle between x = 4.9 nm and 5.1 nm?

| (A) 0.01 (B) 0.04 (C) 0.08 (D) 0.1 (E) 0.2

How many spectral lines appear in the Zeeman splitting of *D,,—’F,

transition of sodium?

(A)2(B)4(C)6 (D)8 (E) 10

What is the wavelength of electrons that have been accelerated from rest through a
potentia! difference of 1.20 kV?

(A) 3.54x107"" m (B) 4.92x10° m (C) 1.26x10"? m (D) 5.64x10"° m (E)

8.63.x10 " m
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5. The H,” molecule (singly ionized) has a ground state electron wavefunction that
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(A) collapses from the Coulomb force between the electron and two protons.
(B) is symmetrical with respect to the two protons at fixed separations.
(C)is centered on one proton.
(D)is antisymmetrical with respect to the two protons at fixed separations.
(E) corresponds to ionic bonding.
6. What is the number of photons emitted by a 5 mW laser in 0.5s? Take the
wavelength of the laser as 532 nm and assume 20% of efficiency.
(A) 6.23x10™ (B) 2.75x10' (€)1.34x10" (D) 7.06x10" (E) 1.14x10'
7 The wavefunction for two identical spin 1/2 electrons with parallel spin
projections ms=+1/2
(A) must vanish when the pair coincide in space.
(B) must be symmetric under the interchange of the electrons.
(C) must distinguish the two electrons from one another.
(D) must represent the probability for the electrons to be interchanged.
(E) must be the simple product of two single electron wavefunctions.
8. The speed of an electron is of 10° ms™. What is the minimum uncertainty in its -
position?
(A) 3.65 nm (B) 1.52 nm (C) 0.12 nm (D) 0.58 nm (E) 0.06 nm
9. Consider the element ,, Ne, its ground state is
(A) 1S*1P°2S?
(B) 15?25%35%3p*
(C) 18%28%2P*2d°
(D) 18225%*2pP°¢

(E) 15%3d*
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10. In X-ray photoelectron measurement, a photon of wavelength 135 pm ejects an
electron from the inner shell of an atom and it emerges with a speed of 2.0x10
ms-1. What is the binding energy of the electron?

(A)5.23f1(B)0.15f1(C)2.35 1 (D) 3.56 fJ (E)1.29 fI

I1. A particular crystalline solid has an energy gap of 5.0eV between the valance band
and the nearest conduction band. At T=0K the valence band is filled and the
conduction band is empty. At room temperature (T = 300K )

(A) many electrons will be in the conduction band making this a semiconductor.
(B) many electrons will be in the conduction band making this an insulator.
(C)very few electrons will be in the conduction band making this a
semiconductor.
(D) the valence and conduction bands will overlap making this like a metal.
(E) few electrons will be in the conduction band making this an insulator.

12. In an experiment on the Compton scattering of X-rays by electrons, the incident
beam has wavelength 50.44 pm. What is the maximum wavelength of the
scattered X-ray?

(A) 55.30 pm (B) 56.84 pm (C) 51.34 pm (D) 49.75 pm (E) 54.23 pm
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13. (10 4+) (a) Consider the LS coupling, what are the ground state and the first
excited state of a sodium atom? (b) When a sodium atom is placed in a weak
magnetic field B, calculate the longest wavelengths of the electric dipole induced
transition from the first excited state to the ground state.

14.(5 #4) Please define and explain the effective mass of an electron ih a
semiconductor crystal.
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15. (10 %)% ¥ A #¥
(A)Lande interval rule

(B) Cooper pair

16. (5 4) Please define and explain Blackbody radiation? (2 4) Please give an

example.

17.(8 %) Consider an electron with the energy of 6.0 eV impinging on a potential

barrier with 10 eV. The tunneling probability is calculated to be 4.5x10°%; Please

estimate the width of the barrier.

Quantity Symbol./Uni¢ Yalue
Angstrom unil A 1A= 10""nm = 10"%m
= 10%m = 107" m

Avogadra constant Navo 6.02204 x 10% mole !
Bohr radius ap 0.52917 A
Boltzmann constant k 1.38066 % 10~ J/K (R/N 4v0)
Elementary charge g 1.60218%10-1* C
Electron rest mass mo 0.91095x 10-* kg
Electron valt eV leV = L60218x 10~

= 23.053 kcal/mole
Gas constant R 198719 cal/mole - K
Permeability in vacuum Ho 1.25663 % 10™* H/em (4rx 1079
Permittivity in vacunm € 8.85418% 10~ F/em (1/poe?)
Planck constant I 6.62617x 10~ 15
Reduced Planck constant T 105488 107 M J-s (h /20
Proton rest mass M, 1.67264 % 10~ Y kg
Speed of light in vacuum ¢ 299792x 10 cm/s
Standard atimosphere 101325 10* Pa
Thermat voliage at 300 K KT/q 0.0259 V
Wavelength of 1-¢¥ quantum A 1.23977 pm




