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1.

Newton’s law of gravitation states that there exists an attractive force between the planet and the sun

of masses m and M, respectively. The magnitude of the force is written as F = GmM /r*, where r is
the distance of the planet from the sun, which is called the central force. The orbital motion of a
particle under a central force is always

(A)unbounded (B) bounded (C) confined to a plane (D) None of these.

Hook’s law of spring states that if you stretch a spring from its equilibrium length by a displacement
x, then the force F that the spring exerts on you is F =—kx . Now a particle of mass m is executing
oscillation obeying Hook’s law. If the amplitude of oscillation is 4, then its period is

(A)proportional to J4 (B) independent of 4 (C) proportional to 1/J4 (D) proportional to 4.

Experiments show that any liquid is incompressible. This implies that the density of a liquid
(A)is a constant (B) varies at different parts of liquid (C) behaves like a gas (D) None of these.

When a charged particle (charge ¢ and mass m) moves with velocity v through a region of space
where both electric field E and magnetic induction field B are present. The charged particle would
experience a force F. In vector form, the force is

(A) F=gE+vxB (B) F=¢gExB (C) F=qu(E-B) (D) F=g(E+vxB).

Two conducting plates have an area 4 and are separated by a distance d. The capacitance C of the
parallel-plate capacitor is
d &d | M, A . . .
AAC=—-B C=——-CC)C=—~D)C= , where &, is the electric constant and g, is the
&4 A d d

magnetic constant in a vacuum.
A very long ideal solenoid with a cross-section area 4 has N turns and a length /. Assume that each
turn is circular. The self-inductance L; of this ideal solenoid is

: N? Ney4
N4 (B) Lszﬂ Q) LS=N_A D) L, = o
Hoy Hol
1, 1s the magnetic constant in a vacuum.

(A) L = , where &, is the electric constant and

The classic method used to demonstrate the essential features of interference of light was devised by
Thomas Young, namely, Young’s two-slit experiment. The distance between any two consecutive
bright fringes (or dark fringes) is called fringe width. Now if the whole Young’s two-slit apparatus is
immersed in water, the fringe width will

(A)increase (B) decrease (C) unchanged (D) disappear.

The unit of magnetic induction field B is denoted as [B]=[N]/[4-m] and the electric field is
[E]=[V]/[m], where [N] is Newton, [4] Ampere [F'] Volt, and [m] meter. The electric field due to an

infinite non-conducting plane with uniform surface charge density o is given by E=0/2¢,, where
g, is the electric constant. On the other hand, the magnetic induction inside an ideal solenoid with
steady current [ is given by B = y,nl, where , is the magnetic constant and » is the number of]
turns per unit length. By using these hints, the quantity /4, / &, has the dimension of
(A)pressure (B) charge current (C) angular momentum (D) resistance.
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9. The total energy E = K +V of a particle traveling under the conservative force field is a constant of]

motion, where K is the kinetic energy and V is the potential energy. In a one-dimensional case, say

the x-axis, the conservative force is related to potential energy by which equation?

a’v d’v dv av
- ®) F=S5 (O F=—"" (D) F=—

(A) F=- =

10. A planet of mass m orbits the sun of mass M in an elliptical path (see Figure 1), with the sun at a| -
focal point. In accord with Kepler’s laws, a line drawn from the sun to a planet sweeps out equal
areas in equal times, i.e., d4/dt is a constant. Assume that the angular momentum of the planet
relative to the sunis L, then dA/dt is given by
2 2
(A) ad_ L (B) ad_ L (® a4 _ L (D) ad_ L
da 2M dt  2m d 2m d 2M

t+At

elliptic orbit
Figure 1 for Problem 10.

11. Archimedes’ principle states that a body wholly or partly submerged in a liquid is buoyed up by a
force. This buoyant force is equal to the weight of the liquid displaced. Suppose that an iron block of]
volume V and mass density p floats in equilibrium in mercury of mass density p,, and V' is the

volume of iron block submerged under the surface of the mercury. Then the ratio V'/V is equal to

@A) £ ®) F © 2 ) Lo
Po P P

Po

12. A Copper wire of conductivity 5.9x107(€2-m) " has a cross-sectional area of 4 mm? and a length of]

50 meters. Calculate its resistance.
(A) 0.21Q (B) 0.47Q2 (C) 0.33Q2 (D) 0.52Q

13. Consider blue light of wavelength 3.9x10™" meter. Calculate its period. (Speed of light is
3.0x10%(m/ s))
(A) 9.3x107™ sec (B) 7.3x107" sec(C) 4.3x107" sec (D) 1.3x10 7 sec.
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14. Consider the following circuit (see Figure 2.) containing a battery with emf =5.0 volt, an inductor

15.

16.

17.

L=0.2 Henry and two resistances R;=2.3(Q0 and R;=4.1Q2. At time t=0, switch S is closed. After a

long time, a steady current is exhibited in this circuit. Calculate the current through resistance R;.
(A) 2.24mpere (B) 0.84mpere (C) 1.2Ampere (D) zero Ampere.

\\‘
SH

|4
Figure 2 for Problem 14.

A rigid body (hollow/solid cylinder or sphere, with radius R and total mass M) rolls without slipping
from rest at the top of an incline with height # down an inclined rigid plane. Given the moment of]

inertia through the center of mass I, =nMR?, where n is a number less or equal to 1. Find the speed

of the center of mass v,,, after reaching the bottom of the incline.

A) vy ,/ . [H CM—£§() W—,/fgh D) vy = %’1

Follow Problem 15. Consider four various bodies: solid cylinder (n=1/2), solid sphere (n=2/5),
hollow cylinder (n=1), hollow sphere (n=2/3). Assume that these bodies have the same mass M and
radius R. Which body rolls down the incline fastest?

(A)solid cylinder (B) solid sphere (C) hollow cylinder (D) hollow sphere.

Capacitor and dielectric slab. Consider (see Figure 3.) a capacitor with a fixed charge Q but without a
dielectric slab (vacuum permittivity is &, ). Its energy is denoted as U, . A dielectric slab of dielectric

constant « (i.e., permittivity becomes xg,) is now inserted into the plates. Find the work W required
to insert the dielectric between the plates.

@) w=U,2=L @ w=U,6c+1) (© w=-v,5L oyw=-v, XL
K

7 2K
f—
| ) |
Q =Q

Figure 3 for Problem 17.
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18. The mass spectrometer. In 1910, W. Aston proposed and constructed an experiment measuring the
mass of a charged particle. The key elements of a mass spectrometer are shown in Figure 4. A
collimated beam enters the velocity selector. Upon emerging from slit C, these particles of velocity v
now enter a region with only a magnetic induction B, perpendicular to the plane of the diagram.
These particles experiencing the Lorentz force traverse a semicircular path (with radius R) until they
strike a screen Find the resulting radius R
(A)R— B, _ mB mE

qEB

D) R=
quB qEB, qBB,

Figure 4 for Problem 18.

19. There is an interesting experiment that enables us to estimate the mass density of the sun. Consider
(see Figure 5) an experimental setup that can get an image of the sun through a pinhole. The distance
between the pinhole and the screen is d, and the diameter of the image is D. Because light propagates
in a straight line (neglect geometrical distortions), you can obtain the angle @#in terms of d and D.
Therefore, the relationship between R and r can be exhibited, where R is the radius of the sun and r
is the distance between the earth and the sun. It is known that the earth orbits the sun by the period
T ~365 days. Assume that the earth makes a circular orbit around the sun, and the sun is a perfect
sphere. From these hints, the mass density of the sun pis given by

24z 127 3z ay
o) p= GTQ[ ]() GTz[ J() GTZ[ J() GTZ(D]’Where

G =6.673x10"" N -m” / kg’ is the gravitational constant.

sun pinhole
‘ screen

(D

Figure 5 for Problem 19.
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20. Consider the following experimental arrangement, see Figure 6. A block of mass m is released at rest
(point 4) and is dragged along a table by a constant force F{ =5.0N, where the unit N means
Newton. Assume that the surfaces of the table and the pulley are frictionless. Under the action of]
constant force F,, the mass m moves from point A (¢ =7z/6) to point B (f=n/4) and has a
horizontal displacement s = 2.0 meter. Find the work W carried out by the constant force F, from 4 to

B.
(A) W =0(N-m) (B) W =10.0(N-m) (C) W =8.0(N-m) (D) W =1.6(N -m)

pulley

Figure 6 for Problem 20.

RAFHAEE FUETORETAA



Hid L AP 110 255K
FEEE SR A RN

#HB A% ARWE [(HEAHALH]

— VA xEEE—

A REFR] 100 4

FRHABLENFEFERRGE BRBFEE e - L - FHahsaL
Zh (F) 2 BEEEE - 2AESE S  BRAHBELTFTERE  WwFRE
Rrek B A B R -

BZEEBRAE - ZAEEEHH)EE GRS T THEFLAE - &
EEREXTRR - RA HBER () ~ FHEGHIFTESS) - A
FHRAER —mEELE A EDETEHK  HHEBIEL -
BREFHUIBEL N ATEAGER () B REH 2B
A ABRAFRBRAZHABEZIEEES > AARGFLA4T
GiE -

KEH () BREFERY  REME - SRR F R B IS AL
B ORABEEEAML BEERRBEIRALESMZIEMAIFRA
% o

TEERA EMF AT ANNAZEASE o T ER B
FERY) A FHETERAEN LRI EESEREFRRGL
B FRANTPFZELEEM S (RS- FHTEE - TFFHE) A
35 o

AELERS (F) FBLBIE |, R E %R A EE.
REZREmIIE , SEBEERAERBEREIEE.
BB AR A S AN MOE R BRI R SR .




BIf LRS00 BFEEFLEFELEHE A E RN

FHE A ARHE [ Amta) FREE ¢ 423001
MAFPERBFERE Tl RS (B~ R H) (R4H8) #£2EHF 18

Part I E—BHER - AT - BHEEH0— > H=+5 -

1. (5%) De Broglie stated mathematically the equation for the frequency f and wavelength of electron
wave 4. Which one is the equation that are referred to as the de Broglie relations (where E is the total
energy, h is thhe Planck’s constant, and p is the momentum):

A.f= \/',1_ B.f=21= f C.f=§,ﬂ=g

D.f=2, )l-u— E.f=21 =T5'

2. (5%)Which of the followings show the energy and momentum operators in quantum mechanics?
AB=inl p= —zmgix B.E = ihi,ﬁ =ihZ  C.E=-ihl;p=inl
D.E=ih,p=1-2 EE= —ih=,p = ih—.

3. (5%) An electron is located at orbital 3p, which of the following orbital this electron can’t achieve
transition by emitting or absorbing a photon?

A.2p, B.5d, C.4s, D. 3s, E. 55,

4. (5%) Which of the following shows the Bose-Einstein distribution function, where C is a constant, k

is the Boltzmann constant, and T is the temperature?

1 1

AfB)=—— BfE) =5, CfE)=——
c

CekT-1 ekT ekT+1

&

1
2

Ce(;‘?) -

5. (5%) In one dimension, the Schrodmger equation for an electron with Coulomb potential energy
2

U=-— ?:s ;md ) + U(x)y(x) = Ey(x). One simple function that satisfies the
0X

would be —
required boundary conditions is ¥(x) = Axe /% Find the normalization constant A4 for a particle
n!
o)

D. f(E) = cg“(:ir) , E.f(E) =

trapped in the 1D Coulomb potential energy in the range 0 < x < co. (Note: fom xte P dx =

3

A%ag B.2a;** C.az? D.a? E.2a3?.

6. (5%) A single crystal of table salt (NaCl) is irradiated with a beam of X rays of wavelength 0.250

nm, and the first Bragg reflection is observed at an angle of 30°. What is the atomic spacing of NaCl?
A. 02504 B. 05A C. 0.125mm D.0250nm E.0.500 nm.

Part I 5TRERMERE - Sto+4y
7. (15%) Describe the contributions of the following Nobel Prize Laureates?
(a) (5%) Albert Michelson (1852-1931).
(b) (5%) Max Planck (1858-1947).
(c) (5%) Louis de Broglie (1892-1987).

8. (15%) Explain the following terms.
(a) (5%) Spin-orbital interaction.
(b) (5%) Heisenberg uncertainty principle.
(c) (5%) Quantum tunneling.
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9. (20%) Compute the de Broglie wavelength of the following.
(a) (5%) A 20-g bullet traveling at 500 m/s.

(b) (5%) An electron moving at 10> m/s.
(c) (5%) An electron with a kinetic energy of 100 eV, which is much less than the rest energy

mec? = 5.1x10%eV.
(d) (5%) An electron with a kinetic energy of 100 MeV (Use relativistic momentum in (d)).

10. (20%) A particle is represented by the following wave function:

P(x)=0 forx <-L/2
=AX/L+1) for—-L/2<x<0
=A(-x/L+1) for0<x <+L/2
=0 for +L/2 < x.

(a) (6%) Use the normalization condition to find A.

(b) (8%) Evaluate the probability to find the particle between x = 0 and x = -L/4.

(c) (6%) Evaluate the probability to find the particle in an interval of width 0.02L at x = -L/4 (that
is, between x = -0.24L and x =-0.26L. (No integral is necessary for this calculation.)

Some constants

Charge of electron: e = 1.6X1071? C
Mass of electron: m, = 9.1x1073kg
Planck constant: h = 6.6X1073*] s
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