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1. For a particle with an energy of E tunneling through a finite barrier height of U and width of & solve

the Schrodinger wave equation to calculate the tunneling probability and select the correct answer
- eorresponding to various E, U, and & for different particles.

(A) For a neutron with E = 50 meV incident on a barrier of U =250 meV and § = 0.16 nm, the tunneling
probability is 4.45x1071! = 0.0445 ppb

(B) For a neutron with E = 50 meV incident on a barrier of U =250 meV and § = 0.1 nm, the tunneling
probability is 5.86x1071% = 0.586 ppb

(C) For an electron with E = 1.0 eV incident on a barrier with U =5.0 eV and § = 0.5 nm, the tunneling
probability is 7.1x107 = 0.71 ppm ‘

(D) For an electron with E = 1.0 eV incident on a barrier with U=5.0 eV and 6 = 1.0 nm, the tunneling
probability is 2.52x10° = 2.52 ppb

(E) For an electron with E = 1.0 eV incident on a barrier with U= 5.0 eV and 6 = 1.25 nm, the tunneling
probability is 1.5x1071° = 0.15 ppb

2. For anuclear magnetic dipole of Hydrogen placed in a magnetic field B (T: Tesla), calculate the
Zeeman effect to be observed in a spectral line of various wavelengths A and the resolution AA

select the correct solution (T = kg/C - s)
(A) B=03T, A =450 nm, AX = 1.5425x10"" m = 1.5425 pm
(B) B=2.0T, A =450 nm, AX =2.314x10"% m=23.14 fm
(C) B=7.5T, A =360 nm, AX =2.468x10"“ m =24.68 fm
(D) B=2.0T, A =675nm, AX =2.468x10"* m =24.68 fm
(E) B=75T, A =450 nm, AX =2.314x10"% m =23.14 fim

3. Consider a p-n junction diode. Which of the following statements is wrong?
(A) Inthe absence of any bias, there is no drift current in the junction.

(B) A forward bias will result in a rapid increase in the current.

(C) Areverse bias will turn off the diode.

(D) A diffusion current exists in both forward and reverse bias.

(E) The current-voltage curve is temperature sensitive.
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4. The atomic radii 7 in terms of the lattice constant a, for the structure of

(A) simple cubic is a/2, face-centered cubic is V2a/4, body-centered cubic is V3a/4, and diamond is
v3a/8, respectively.
(B) simple cubic is a/2, face-centered cubic is v3a/4, body-centered cubic is V2a/4, and diamond is
V3a/8, respectively.
(C) simple cubic is a/2, face-centered cubic is v/3a/8, body-centered cubic is V3a/4, and diamond is
\2a/4, respectively.
(D) simple cubic is a/2, face-centered cubic is VZal4, body-centered cubic is v3a/8, and diamond is
v/3a/4, respectively.
(E) simple cubic is a, face-centered cubic is v3a/8, body-centered cubic is \2a/4, and diamond is
-~ ~[3a/4, respectively.

5. Which of the following statements is correct?

(A) An LED is constructed from a p-n junction based on a certain semi-conducting material with energy
gap of 1.55 eV. The wavelength of the emitted light is 80 nm.

(B) m/6 of the available volume is occupied by hard spheres in contact in a simple cubic arrangement.

(C) If the Debye temperature for iron is known to be 360 K, the maximum frequency is 75 THz.

(D) The Fermi energy in gold is 5.54 eV. The average energy of the free electrons in gold at 0 K is right
the Fermi energy and the corresponding speed of free electrons is 9.9x10° m/s.

(E) The density of states function for electrons in a metal is given by Z(E)dE = 13.6% 10°VEdE. The
Fermi level at a temperature few degrees above absolute zero for copper which has 8.5%10% electrons

per cubic meter is about 9.35 V.

6. Which of the following principles of classical physics is violated in the Bohr model?
(A) Newton’s F =m-a

(B) Coulomb’s law

(C) Accelerating charges radiate energy

(D) Particles always have a well-defined position and momentum

(E) More than one of the above

7. Consider a particle in the relativistic regime, with the energy giveﬁ by the expression E? = (c?p? +
m?c*) (E = energy, p = momentum, m = mass, ¢ = light speed). What is the leading-order relativistic
correction to the kinetic energy?

(A) p*/(16m)

B) ~p*/(8m’c?)

(C) —p®/(16m’ct)

(D) p®/(16m°c*)

(E) None of the above EEH A A
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8. You found an interesting looking piece of metal. You want to find out what kind of metal that is and so

you decide to replace the cathode in your photoelectric effect apparatus with that metal piece. You still

have the laser diode from the blue-ray“p‘l‘é{yér (405 nm

Metal surface ss cylinder

| 55
[E

wavelength). In this setup you find a stopping potential of
0.16 eV. What kind of metal is it?

(A) Sodium (work function ® = 2.3 eV)

(B) Calcium (work function @ ~ 2.9 eV)

(C) Silver (work function ® ~ 4.7 eV)

(D) Lead (work function @ = 4.1 eV)

(E) Some other material

Electrons get pulled &

towards plate Bby |

. the efectric field
-

Adjustable voltage
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9. A radio transmitter of 1 kW operates at a frequency of 880 kHz. How many photons per second does it
emit?
(A) 0.88x10%° photons/s
(B) 1.13x10%° photons/s
(C) 4.42x10°° photons/s
(D) 1.72x10°° photons/s
(E) None of the above

10. A galaxy in the constellation Ursa Major is receding from the earth at 15,000 km/s. If one of the
characteristic wavelengths of the light the galaxy emits is 550 nm, what is the corresponding
wavelength measured by astronomers on the earth?

(A) 578 nm
(B) 940 nm
(C) 340 nm
(D) 1.15 pm
(E) 405 nm
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11. Consider the conduction band in the Na metal at T = 0 K (T = temperature). Which of the following

statements are correct?

(A) The band derives primarily from the 3s orbital of Na atom.

(B) The band is completely filled.

(C) The Fermi energy lies inside the conduction band.

(D) Since conduction band electrons move quite freely in the metal, they do not bind the atoms together
at all. E%’ : ;,%:’ i) *J‘ 'éfgf%é

(E) All of the abovs.
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12. Let ‘v’ and ‘s’ both be binary electron degrees of freedom, withv= K or K',ands= U or D.

Below, we will use the following convention: a) A notation such as |K, U) represents an one-electron
state with v= K, and s = U; b) A product such as |K,U)|K’, D) denotes a two-electron state with the
1st electron in the state |K,U) and the 2nd in |K’, D). Which of the following states are consistent
with the Pauli exclusion principle?

(A) |K, U)IK',D) — |K', U)K, D)

®) K, WK, U) =K', U)K, U)

©) |K, DK, U) = |K',D)IK,D)

(D) |K,U)K',D) —|K',D)|K, U)

(E) None of the above

13. 1, (x) and P, (x) are both non-trivial solutions (i.e., ¥, , are not zero everywhere) of the time-
independent 1D Schrodinger equation. Which of the following is not a solution to that Schrodinger
equation? (Note: A, B, and « are arbitrary, non-zero constants. This question only asks for
‘mathematical solution’ to the Schrodinger equation. You don’t need to normalize the wave functions
nor fulfill any boundary conditions.)

(A) Ay (x)

(B) Ay, (x) + By, (x)

©) (A+B) - (Y1(x) + ()
(D) P1(x) - e +1Pp(x) - e™

(E) None of the above is solution to that Schrodinger equation.

14. Assuming there are particles, whose de Broglie waves shown in the figure below. (A: amplitude of the
de Broglie waves, . wavelength of the de Broglie waves. All three particles have the same mass.)
Which of the following relations about the velocity of particles are correct?

(A) I>10

B) I=I (ax]

(€) I>1 \/\/\ X\A/\A/\ /AN
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(E) M=1I

'15. An electron has a matter wavelength of 2x10'? m and the rest energy E, =511 keV, which of the
following answers is correct?

(A) The electron energy is 620 keV.

(B) The kinetic energy (KE) of the electron is 292 keV

1 (C) The electron velocity is about 0.77 c.

(D) The group velocity v, is about 0.77 c.
S e, b b BT

(E) The phase velocity v, is about 1.3 c. 1157%1’}%3 & A
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16. Assume the Fermi energy of silver is 5.52 eV and the number of conduction electrons is

5.86x10%m™. Which of the following statements are correct?

(A) The corresponding velocity of conduction electron is 1.39%x10° m/s.

(B) If the resistivity of silver at room temperature is 1.62X10® Qm, the average time between collisions
is3.7x10Ms.

(C) The mean free path is 51.4 nm.

(D) The corresponding velocity of conduction electron is 9.85x10° m/s.

(E) The mean free path is 36 nm.

17. Which of the following statements are correct?

(A) The splitting of spectrum lines in a magnetic field is known as Zeeman effect.

(B) The energy spacing between the components of the ground state energy level of hydrogen when split
by a magnetic field of 1.0 Tis 9.27x107%*J.

(C) The energy spacing between the components of the ground state energy level of hydrogen when split
by a magnetic field of 1.0 Tis 1.16x10™* eV,

(D) Splitting levels by equal amount in the presence of magnetic field is called normal Zeeman effect.

(E) Splitting levels by equal amount in the presence of magnetic field is called anomalous Zeeman effect.

18. For an electron trapped in a quantum well with infinitely high barrier U(x)— oo at the boundaries, x =

0 and 2L. Derive the wave function W and calculate the expectation values of specified terms. Herein

hod

p is the linear momentum operator given by p = T

(A) P(x) —fsmﬂ (F) = (@) =2

®) 40 = [ 40) - 0y =2 (12

(C) ¥(x) =\/7smﬂ (x%) = (x)(x?) = i—Z(l —@6;)7)

B ¥ = f sinE, () = (p) = §412 (1~ 775)

19. Which of the following statements are correct?
(A) All motion is relative and the speed of light in free space is the same for all observers.

(B) Although they lack rest mass, photons behave as though they have gravitational mass.

(C) The de Broglie wave group associated with a moving body travels with the same velocity as the body.
(D) The energies of electrons liberated by light depend on the frequency of the light.

(E) Only the quantum theory of light can explain the origin of blackbody radiation
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20. Select the correct electron configures and quantum numbers of the electrons considering LS coupling

effect for various atoms
(A) Ca: 1s2s2p%3s?3p%4s?3d"; 3d':n=3, £ =2, my, =0, +1, +2
(B) Cu: 1s%25%2p%3s*3p%4s*3P; 3d°:n=3, £ =2, m, =0, +1, £2

(C) Cr: 1525%2p%353p%4s'3cP; 3dPin=3, £ =2, my =0, +1, 42, mg = +3 or —
(D) Ca: 15252p%3s3p%4s23d%, 3d°:n=3, £ =2, my =0, +1, +2, m; = +§ or —=
E) K: 1s22522p63s23pf4s!; 4slin=4, £ =0, mpy =0, my = += or —=, m; = +-
2 ] 2
(Z) JFB4EM £ 28 5410 5

21. (10%) Right figure is an x-ray tube.
(a) (5%) Describe the generation of x-ray.

(b) (5%) Determine the minimum wavelength Amin,

when voltage V is 50,000 V.

22. (10%) Modern Metal-Oxide-Semiconductor

Field-Effect Transistor (MOSFET), its device structure is as following figure.
(a) (5%) Determine electron matter wavelength A, when electron with velocity v = 10° m/s and mass me =
9.1095x107! kg.
(b) (3%) Electron transport from source (I) to drain (III), electron will meet a potential barrier (II), which
established by gate. Explain electron tunneling effect briefly.
(¢c) (2%) Give a reasonable minimum gate length (Lg) of MOSFET from the answer (a). (Hint: use
tunneling effect.)

Source Gate Drain
O

Polysiticium Siliciumdioxid

[ silicium Bl Meull WK,
Bulk L . p

Electron rest mass: me = 9.1095x1073! kg Light velocity: ¢ =2.998x10% m/s

Proton rest mass: mp = 1.6726x10?" kg Electron charge: e = 1.602x107° C "

Neutron rest mass: ms = 1.6750%107?7 kg Planck’s constant: h = 6.626x1034 Js M

Hydrogen atomic mass: My = 1.6736x102" kg Permittivity of free space: g5 = 8.854x10'2 F/m




