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1. A uniform disk of mass m and radius R (so the moment of inertia Icy = %mRz) is

rotating about its symmetric axis at an angular velocity ax. A ring of the same mass m
and radius R originally at rest suddenly drops on the disk. The coeffieient of kinetic
friction between the disk and the ring is . How long does it take for the ring to reach a
final angular velocity @ and rotate together with the disk as shown in the right figure?
The gravitational acceleration is g.
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2. Determine the height of the center of mass of a solid uniform pyramid that has four
triangular faces and a square base with equal sides all of length S as shown in the figure.
The height is measured from the bottom of the pyramid.
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3. Two speakers both produce sound wave of power = 400n Watt, frequency = 170 Hz,
and sound velocity = 340 m/s. They act as point sources and propogate in all directions.
The output of the two speakers are synchronized and have the same phase. They are
placed at different locations and the distances between the speakers and the observer P
are d; = 10 m and ¢» = 5 m, respectively. What is the intensity of the sound wave
detected by the observer? (The effect of interference should be considered.)

d A
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d, P

(A) 1 Wm?
(B) 2 W/m?
(C)3 W/m?
(D) 5 W/m?

(E) 9 W/m?
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4, Two thin lenses form a compound lens system. The front focal length (FFL) of this
compound lens system is defined as the distance between a point source and the front
lens so that the light passing this system will become parallel. In the figure, the two
lenses have focal length fi = 10 cm and /2 = —10 cm, respectively, and are separated by
a distance d = 5 cm. What is the FFL of this compound lens system?

FrL §
A

(A)5 cm
(B) 10 cm
(C) 12.5 cm
(D) 25 cm
(E) 30 cm

5. Which of the following statements is correct?

(A) The surface charge density of a perfect conductor must be uniform.

(B) The electric field line is the trajectory of a charged particle under electric field.
(C) The conductor e¢an be thought of as a dielectric material with dielectric constant
=0,

(D) If the electric potential at some position is zero, the electric field at that position

must also be zero,

(E) The surface of a perfect conductor is an equipotential surface.
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6. In the circuit, if the switch S is closed for a long time, and is then opened. Just after
the switch is opened, what is the potential difference across the inductor L7

E
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£(R1+R3)
© L
ERI
(D) (R1tR2)
£Ry
(E) (R1+Rz)

7. What is the root-mean-square value of a triangular wave with its maximum voltage

at £V max and a period of 7.
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8. A solid rod with length L, resistance R and mass M initially rotates with angular

velocity @ in a uniform magnetic field B The two ends of the rod are connected by a

conducting wire without resistance. According to Lenz’s Law, the induced current will

oppose the change of magnetic flux. In this case, the induced current will produce a

torque to slow down the rotation speed. What is the torque? Take the pivot point as the

origin.
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magnetic field B, direction out of the plane

9, Which quantity cannot be measured by Hall effect?

(A) The external magnetic field

(B) The sign of the charge carriers

(C) Electron’s charge to mass ratio

(D) The type (N- or P-type) of semiconductor

(E) The density of free electrons inside metal
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10. A cord is wrapped on a pulley (treated as a uniform solid disk) of mass M and radius R
as shown in the figure. To one end of the cord, a block of mass M s connected and to other
end in (A) a force of 2Mg and in (B) a block of mass 2M. The cord does not slip relative
to the pulley as the block falls. Let angular acceleration of the disk in A and B be a, and

ap, respectively. So,
LLELLAL LTI 2L I L LA L AL A e,

M, R

2Mg

1]

(A) ap:ag =3:1
B) ag:az =1:1
©) agrag = 2:1
D) as:a@g=5:2
(E) eyiapg=7:3
11. The average power transferring along the string can be writien as P = uven® A</2,

where pu is the mass density of the string, o the angular frequency of the string wave,

A the amplitude, v the speed. What is the value of a+b+c?
A1
(B)2
(03
D)4

()5
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12. A shear force of 600 N is applied to one face of an alloy cube with sides of 20 em
while the opposite face is held fixed in place. What is the resulting displacement of
the face? (The shear modulus for this alloy is 2.50 x 10'° N/m”)?

(A)12 % 10% m
(B)9.0 X 10%m
() 6.0 x10%m
(D)3.0x10%m

(E) None of the above

13. Consider two different diatomic ideal gases (N1 and N:) kept in two separate
volumes (V1 and 7>) at the same temperature 7 and both volumes thermally isolated
to the environment. What is the change of entropy in the mixing process?

) Dua_ il Fit7s +sz(»’1+1’;
ks . 7 4

(B) AS:{"",:Nl]n K+V2 +N2]n V1+V2
Iy 4 Vz J

(C) 'Asza:=N|+Nz lﬂ I/;+V2 +In V1+V2
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(E) None of the above.
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14. There is an electric dipole in an external uniform E-field, as shown below.

Examine the following expression for the work done on the dipole:

W=, d6 =[] 7d0 = pEcosf = p-E =-U(6b)

mf2

where U(0)=0 as O=x/2.

(A) This expression is correct

(B) The negative sign after the second equal sign is wrong
(C) The negative sign after the last equal sign is wrong
(D) Both negative signs should be removed

(E) The dipole has a maximum potential energy when it is parallel to E (namely,

9=0)
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15. Referring to the DC circuit shown below with the capacitor C been fully charged,
the switch S is connected “ON” at =0 so that the crrent I, starts to flow through

the resistor Ra. How does the current function I,(¢) depend on time?

A) LO)=F(1+e

(B) i,(O)= R +R,

l_"—;'

S(switch)

—AAW

R =1002

-+

-+

—tr ), where 7=R,C

e ), where 7= R,C

R R.R
fLe o ),where T=51t5%-C
2

R +its

| T
R_ze e ),where T=-R}%J'§§:C

£ (1Y ) where T = (R, +R,)C

16. Two short uniform cylindrical-shaped magnetic bars, with identical length L and
radius R, are lined up through their cylindrical axis and separated by a distance x with
respect to the center of mass of each one. Considering the pure dipole approximation,
x >> [ > R, the magnetic force between two magnetic dipoles are proportional to the

p-th power of the distance x. What is the value of p?

(A) -2
(B) 3
(C) 4
(D) -5

(E) -6
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17. The double-slit experiment also exhibits diffraction effects, as the slits have a finite

width D. According to the calculated intensity I, = /(@) of interference pattem, as

shown below, with the parameters: d = pD=gA, where d is the distance between
slits and A is the wavelength of light. Determine what the value of p/q is.

Intensity, fg vs. 0

(A) 1/12
(B) 1/11
(C) 1/10
D)1

(B) 11

18. A particle of mass 1 kg is confined to move in the one-dimensional region x > 0.

2
It is subject to a potential energy function U(x) = i+ x? (Joules). If the particle is

initially placed at its mechanical equilibrium position and then given a small
displacement, what is the period of its subsequent oscillations?

(A) 2my/1/3 (5)
(B) 2my/1/2 (5)
(C) 2mv2 (5)
(D) 2nV3 (s)

(E) None of the above
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19. Consider a uniform metal bar with both ends in contact with thermal reservoirs, one
at a fixed high temperature (Ty) and the other at a fixed low temperature (T¢). After
reaching thermal equilibrium, which of the following statements is false?

(A) The temperature gradient is a constant across the metal bar.

(B) The change in entropy of the high-temperature reservoir is negative.
(C) If the length of the metal bar increases, the heat flux does not change.
(D) The heat flux is uniform throughout the metal bar.

(E) None of the above is false.

20. Beat is an interference phenomenon when two waves of slightly different
frequencies are superposed. How does the beat frequency change when both sound
sources (of slightly different frequencies) move relative to the stationary listener?

(A) It does not change if both sound sources approach the listener at the same speed.
(B) It increases if both sound sources approach the listener at the same speed.

(C) It decreases if one sound source approaches and the other moves away from the
listener at the same speed.

(D) It increases if one sound source approaches and the other moves away from the
listener at the same speed.

(E) None of the above is false.

21, John skates on the ground subject to a friction force. For a stationary observer 4
relative to the ground, he observes that John has an initial velocity +5 m/s in the x-
direction and finally stops after traveling a distance of 12.5 m. This phenomenon is
observed by the other observer B, who is riding a bus that moves at a constant speed of
+2 m/s in the x-direction relative to the stationary ground. Therefore, the observer B
sees that John’s veloeity changes from +3 m/s to -2 m/s in the x-direction. Consider the
kinematic equation that v} = v} + 2alx, where Ax is the distance travelled; which
of the following statements is true?

(A) From the observer B’s point of view, since vf — v} # 5% — 0%, B would measure
a different deceleration than what 4 would have measured.

(B) The kinematic equation only works in 4’s reference frame.

(C) The kinematic equation only works in B’s reference frame.

(D) The inconsistency of the kinematic equation can be amended by the special
relativity.

(E) None of the above is true.
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22. For a 2D monatomic ideal gas, which of the following statements is true?

(A) The probability density function of finding particles of the velocity of ¥ = vX is
not only linearly proportional to the Boltzmann factor e™¥/2%sT but also lineatly
proportional to v*.

(B) The probability density function of finding particles of the speed of v is only
linearly proportional to the Boltzmann factor e™*/2KsT,

(C) The probability density function of finding particles of the speed v is not only
linearly proportional to the Boltzmann factor e™v*/2k8T Byt also linearly proportional
to v,

(D) The probability density function of finding particles of the speed of v is not only
linearly proportional to the Boltzmann factor e™**/2k8T but also linearly proportional
to v,

(E) None of the above is true.

23, For two inductors connected in parallel, see the figure below; which of the following

statements is true?

L1 Lg = L1

0 (i

_/m'\_
Ly
|
(A) The effective inductance of the two inductors is smaller than that of both L and L.
(B) The effective inductance of the two inductors is larger than that of both L; and La.
(C) After a sufficiently long time, the voltage across the parallel inductors reaches a

maximum steady value.
(D) After a sufficiently long time, the voltage across L is larger than that across L.

(E) None of the above.
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24. For a classical electromagnetic plane wave travelling in a vacuum, which of the
following statements is true?

(A) The magnetic and electric fields are perpendicular to each other, and there is a phase
difference of m/2 between them.

(B) The average power delivered by the EM wave increases with the frequency of the
EM wave.

(C) The traveling direction of the EM wave can be in either the direction of ExB or
—E x B, where E and B are the direction of the electric field and the magnetic field,
respectively.

(D) The power of the EM wave decays as it propagates away from its source.

(E) None of the above.

25. Which statement correctly describes the Bohr model of the hydrogen atom?
(A) Tt assumes that electrons surround the hydrogen nucleus as continuous waves.

(B) Tt successfully explains the fine structure of the hydrogen spectrum.

(C) It assumes that the electron moves in a circular path, radiating the electromagnetic
wave.

(D) It assumes that the angular momentum of the electron is quantized.

(E) None of the above.

Kk 26MME R A0 RRERE D 4 0 B4 126 5 RFE 0 RE T A 1en”

26. Suppose A isa 4x4 real matrix and v,v,,v,,v, are four linearly independent

vectors in R*. If Av =v +v., Av.=v,+v., Av.=v.+v,, Av,=v +v,, then how
1 1 2 2 2 3 3 3 4 4 1 4

many real eigenvalues does A4 have?

(A) 0
(B) 1
(C) 2
(D)3

(E) 4
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27. Suppose A is a 2x3 real matrix and B is a 3x2 real matrix. If

AB= { {1) ? }, then which of the following matrix can be the product of BA4?

0 0 0
(A) | 00
00 0

=

@ | oo o

(C)y| ¢ 0

M| 00 0

B ] 0

—
L S o
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28. Suppose A=| 2 3 and x=| ' | with x,x, eR. Let ||| denotethe
x
2 2 :

standard vector norm in R*and R*. What is the smallest possible value for || x| if
Il x[l=17

(&) V6

B) 242

©) 3

(D) 4

E) 17

1 —1 3
29. Suppose A—[ ‘] and b=[ 31 }.Let II'|| denote the standard vector
1 10

norm in R*. What is the smallest possible value for ||x| if Ax=57
A) 1

B) V2

©) V3
®) 2
®) 5
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30. Suppose 4 isa 3x3 invertible matrix and 7, isthe 3x3 identity matrix. The

followings are 5 statements about 4 that may or may not be true.
(1) If p(x) is the characteristic polynomial of A, then the constant term of p(x)

cannot be 0.

(2)If a 3x3 matrix B satisfies 4AB+B4=0,then B is singular.

(3) For any 3x5 matrix C, rank(AC)=rank(C).

(4)If a 3x3 matrix [ isdiagonalizable, then AD is also diagonalizable.
(5)If E is a 3x3 matrix and AF issingular, then E is also singular,

Which of the above statements about 4 is False?

(A) (D)
(B) (2)
©3)
(D) (4)
E) (5)

31.If |Jul]| = 8 and ||v]| = 3, then what are the largest possible values of the inner

product {u + v,v)?

(A) 24
(B) 12
(©)15
(D) 33

(E) 45
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32. Consider the system of linear equations:
x+7y—6z=26
2x+ 11y —8z=7
x+10y+Cz=10
For what value of € will the system be singular?
(A)-10
(B) -6
(C)-3
(D)4
(E) 10
1 Og —1
33. Given the row-reduced echelonform R =|0 1 0 —1| ofamatrix A.
0 01 1

What is the closest vectorto b = [0,3,0,1]" in the row space of A?

(A) [1,1,2,0]7
(B) [0,-2,=1,1]"
(©) [-1,2,0,—-1]7
D) [-1,2,1,0]"

(E) [1,1,3,1]"
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34.Tet A=|0 1 1|, which of the following statement is incorrect?
1 -2 1

(A) The rank of 4 is 3.

S A
=]

B L

1
(B) The inverse matrix is 47" =|1
1

(C) If we define the characteristic polynomial of 4 is f(r)=det(A—1,), then
f()=—t 43> +3t-1.
(D) One of the eigenvalues is —1 and the corresponding eigenvectoris (-2, 1, 2),

(E) The matrix cannot be diagonalized over the real field.

35. An n X n skew-symmetric matrix 4 is defined as 4’ =—4. Please find the dimension
of this matrix.

(A)yn
(B)

(C) n(a+ 1)12
(D) n(n—1)2

E)n+1
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36. A vector space is spanned by {l,cos(t).sin(¢)} for —z<t<z . If a vector:
v=a-1+b-sin(t)+c-cos(t) is the closest vector in this vector space to a continuous
function: f(¢)=¢ for —m <t <m, what is this closest v? The inner product of two

continuous functions: fand g within [a, 5] is defined by (f, g} = J-bf-g'dr. You may
need the following integral: Ir edt =—i(t+i)e" +C .

(A) v=1+2sin(t)—2cos(t)
(B) v=1-2cos(r)

(C) v=2sin(r)

(D) v =1+ 2sin(t)

(E) v=—-2cos(?)

37. A quadratic equation is described as: x +8xy + 7y =225. Which of the following

statement is incorrect?

(A) The curve is centered at the origin

(B) This quadratie curve is an ellipse

(C) One of the principal axes is - (2x—y)
(D) The other principal axis is - (x +2Y)

(E) The shortest distance from this quadratic curve to the origin is 5

38. Which of the following statements is true?
(A) Let A be an arbitrary matrix of size m X n. If m > n, then rank(4) < rank(A®).

(B) Let A be an arbitrary matrix of size m x n. If m > n, then rank(4) > rank(4°).
(C) If W1, W, are two subspaces of V, then the union W1UW2 is also a subspace of V.
(D) Let W be a subspace of a vector space V. Then, dim(W) < dim(V).

(E) Let A be a square matrix, k be a constant. Then, det(kA) = kdet(4).



AL FEARF I3 EFERIREZ22 E/BLHAA

XA B (FHB R - BUAE (0104)
#£20H $20H

3 Z

) 6)' How many different matrices B € R**? are

39. Consider the matrix A = (
there such that B* = A?

(A)0
(B)1
(C)2
(D)4

(E) 16

40. Consider the Fibonacci series a; = 1, @, = 2, and a, = a,-, + a,_, for any

n = 2. Therefore, we have {a,}={1,2,3,5,8,...}. The general expression for a,, as

a function of n can be found via the following method; first, define A = (2 D and

define the state vector v, = ( ) Thus, we have the initial condition v, = G),and

Anyi
the relation v, = Av,. The following general expression can be derived: a, =

b AT + b,A%, where 1; and A, arethe eigenvalues of A. How many of the following
statements are true?
I. a,€N forall nz=0.

II. ;{1412 = '_1.
Ll 2 s
' n—w Oan 2

IV. The eigenvalues of A" are A} and A7.
(A)0
(B) 1
(C)2
(D)3

(E) 4
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