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. Which of the following statement is correct? (A) From J. J, Thomsoen &/'m

experiments, we found the wave nature of the electron. (B) In a photoelectric
experiment, there is some time lag between the start of illumination and the start of
the photocurrent. {C) The classical theory of blackbody radiation {i.e. the
Rayleigh-Jeans Law) fail at large wavelength due to the hight quantization proposed
by Planck. (D) The most significant contribution of the Millikan’s oil-drop
experiment is the determination of the mass of the electron. (E) None of the above.

- What 1s the major conclusion from Rutherford's alpha particle scattering

experiment? {A) The nucleus contains most of the negative charge in the atom.(B)
The number of protons and neutrons in the nucleus of an atom is roughly
proportional to the number of electrons in the atom. (C) The nucleus consists of
protons and neutrons. (D) Most of the mass of the atom is in a very small volume.
(E) None of the above.

- Compton scattering provides evidence for the (A) speed of the x-ray. (B) Particle

nature of x-rays.(C) Wave narure of x-rays. (D) Quantization of radiant
electromagnetic energy. (E) None of the above,

. As the potassium ($F) is shone with a light of wavelength 450 nm, the

photoelectrons with stop voltage of 0.52 (V) are emitted. By changing the
wavelength of the incident light to 300 nm, the stop voltage becomes 1.90 (V).
What 15 the workfunction of the potassiom? (A) 2.24 (eV). (B) 2.42 (V). (C) 4.66
{eV). (I2) 4.74 (V). (E) None of the above.

. What is the temperature we need in order to double the total power emitted by a

blackbody radiator with temperature T,? (A). 27, (B). 2Ty (C). Y21, (D).

ﬁi‘h (E) None of the above,

6. Why can’t we observe diffraction effects with the de Broglie wavelengths of

macroscopic objects? (A) Since the de Broglie wavelength is inversely proportional
to the velocity, thus we would not have large enough velocity to do the experiment.
(B) Since the de Broglie wavelengths for macroscopic objects will be too large
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compared with the dimensions of everyday objects, thus we can not produce
diffraction effects. (C) Since the velocity should be low enough to give a large
enough de Broglie wavelength, thus we would not have time to do the experiment,
(D) Since the de Broglie wavelength is directly proportional to the mass, thus we
would not have large enough mass to do the experiment. (E) None of the above.

. Two beams of particles with mass M; and M; respectively are moving with the
same velocity v and passing an aperture of diameter D. The spread angle & and &
for the two beams after passing the aperture are measured. Which of the following
answers are correct? (A)8/6: = 1, (B) 8/ = MM, (C) 86 = [M;LH,;}I, (D)
&/ 8=M>M;, (E) none of the above.

- An electron at rest is accelerated by a uniform electric field E, over a distance L.
After the accelerator, the instantaneous position x of the electron is to be measured
by some means. If the field can be determined to an accuracy AE,, the minimum
attainable uncertainty Ax would be proportional to: (A) EJAE., (B} AE/E., (C)
(Eo) *IAE,, (D) (E.)"" AE,, (E) none of the above

. Consider the diffraction of particle in a single crystal, the corresponding de Broglie
wavelength A of the particle with kinetic energy £ would be proportional to: (A) £,
(B) E'2, (C)E'”, (D) E, (E) none of the above.

10. The wavefunction of a particle in free space satisfies the Schrodinger equation
R Ry AP0
2m & ar
Its solution is '¥(x,t) = Aexp[i(px ~ Et)/h]. The quantity p would be proportional
to: (A} "%, (B) E, (C) E'2,(D) E*, (E) none of the above.

11. The space part wavefunction of a particle moving in free space can be described
by plane wave d(x) = dexp(ikx). Ax is the uncertainty of position and Ap is the
uncertainty of momentum, (Ax, Ap ) would be proportional to: (A) { 0, ==} (B)
("2, K" (C) ( x, k) (D) (==, 0 ) (E) none of the above.

12. For particle in a box, i.e. zero potential energy in the box and infinite potential
outside the box, the effect on energy level difference by increasing particle mass
would be (A) equivalent to increasing the value of Planck constant (B) equivalent
to dividing the quantum number by a factor of 2 (C) equivalent to decreasing the
box size (D) equivalent to increasing the zero point energy (E) none of the above.
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13. For a charged particle in a quantum harmonic oscillator potential with nature
frequency I, when the charged particle transit from a statc with higher quantum
number n; (0 a state with lower quantum number n,, (A) the frequency of the
emitted photon is (ny-ny+1/2)f (B) there is definitely no photon emission (C) the
uncertainty in particle position increased after the transition (D) the uncertainty in
particle position does not change after the transition (E) none of the above.

14. A parallel plate capacitor is charged to a potential difference of 10 KV, The plate
separation is 0.010 mm and the plate area is 1.0 cm®, Assuming the number of
clectron impinging on the plate surface is about 1.0 x 10™ per second per square
centimeter. The transmission coefficient of the tunneling effect is 1.30 x 107, The
electron charge is 1.60 x 107" Coulomb. The leakage current due to tunneling that
passes across the capacitor is estimated to be (A) 1.30 mA (B) 1.60 12 A (C) 1.23 nA
(D) .21 pA (E) none of the above.

15. The quantum state of hydrogen atom is specified by a set of quantum number ( n, £,
my.m; j. Which one of the following states is spherical symmetrical (A) (3, 2, 1, 1/2)
(B)(3,2,0,-1/2)(C) (3, 1,0, 1/2) (D} ( 3, 0, 0, -1/2) (E) none of the above.

16. The eigenfunctions of Hamiltonian operator H are also eigenfunctions of an
operator Q, which of the following items is not frue (A) the uncertainty of Q is zero
(B) the pair of measurememt H and () obeys the Heisenberg’s uncertainty principle
(C) H and Q are commute (D) the measurement of HQ and QH yield the same
result (E) the eigenvalues of H and Q) are not the same.

7. In the Stern-Gerlach type of experiment with ground state hydrogen atom, the
atomic beam will (A) split into two lines due to spin-orbit interaction {B) not split
because the atoms are in the ground state (C) split into two lines due to the
existence of electron spin (D) not split because the z-component of orbital angular
momentum 15 zero {E) none of the above.

I'8. Which one is not the basic idea of Bohr’s atom model: (A) the angular momentum
is quantized (B) the electron moves in circular orbits about the nuclear (C) radiation
is emitted by the atom when the electron changes its state from high energy orbit to
low energy orbit (D) the electron is subjected to the Coulomb potential (E) the
electron spin has half integer quantum number.
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19. Consider an electron in hydrogen atom, the electron is in the § =3 state. Assuming
there s no spin. Space quantization restricts the allowed angle 8 between the total
angular momentum and the z axis to be (A) cos 8 = T 0.707 (B)cos & = #0500 (C)
cos = ¥ 0.866 (D) cos # = F 0.393 (E) none of the above.

20. Which one of the following item will not cause radiation emitting (A) electron
transit from conduction band to valence band (B) a cold black body (C) electron
transit from high energy level to low energy level by spontaneous process (D)

electron transil from high energy level to low encrgy level by stimulated process (E)
none of the above.




