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1. [5%] A vector Fis denoted as F =x¢é, + yé, +ze,, where ¢, ¢, and €, are Cartesian unit vectors.

Given three vectors A=¢ +¢,,B=¢,—¢é,, C=¢,. Find Ax (BxC). z
(A) ¢,
(B) 0
(C) é,+¢, :
D) -, /jy;k%
Ko T

2. [5%] Consider a particle with mass m subjected to the one dimensional potential energy function
V(x). If x=01is the position of stable equilibrium, the particle oscillates harmonically about the

equilibrium position with what frequency?

(A) V1 (2m)
®) JVy/m
©) i /m
D) W/ 2m),

a’v

2

, and V0’=—d£
dx

x=0

where V=
dx

x=0

3. [5%] Find the degrees of freedom of the system: two masses connected by a rigid rod.

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

4. [5%)] Find the equation of motion generated by the Lagrangian: L = %m;’cz —%Iocz, where m is mass,

k is a constant, and x is the generalized coordinate.

(A) mi+ke=0
(B) mi—ke=0
(C) mi+kx* =0

(D) mi*+kx* =0.
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5. [10%] In a baseball game, consider the motion of a ball in a uniform gravitation field (the
acceleration of gravity g is a constant) without air resistance. The ball is launched at origin of the
coordinate with the initial speed v, making an angle o with the horizontal axis, as shown in the figure.
After time 7, the fielder starts to move with velocity ¥ . If the fielder’s velocity is correct, he will catch
the ball at x=R and f=T, where Ris the position where the ball hits the ground and T is the flight

time of the ball. The fielder then makes an angle @ that is the line-of-sight elevation to the ball’s
instantaneous position. As the fielder’s velocity is correct, it can be shown that tan@ is proportional to

t, namely, tan@ = constant x /. Find the constant.

—_—

(vysina+V)

R

(vocosa—V)
© :

2(vycosa—V)
(D £

2(vysina —V)
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6. [10%] Consider a solid uniform sphere (radius R and mass m ) rolling down an inclined plane at

angle @ to horizontal, and the contact is very rough so that no slipping can occur, as shown in the
following figure.

Normal
force

Frict:h < Frictional
force force
Normal T~
force =
0 =1
—_——— -_— S— -‘-\-H“"'--.

Compare to the sliding motion of mass m on a rough plane at angle €, where the kinetic friction is 4, .
At what angle 6 the two masses will have the same linear acceleration of the center of mass? (the

moment of inertia of the uniform solid sphere with radius R is 7 ==mR’, where the rotation axis

passes through the center).

(A) tan” (1)
5

(B) tan™’ E/"k

© | 2,
a7

(D) tan ' E/Jk
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7. [10%] A small mass m rests on top of a fixed sphere of radius R. The coefficient of kinetic friction
of the sphere surface is denoted as x, as shown in the following figure.

Frictional
force

Normal
force

The mass is slightly disturbed, and it slides down along the surface of the rough sphere. Find the
equation of motion of the small mass.

(A) 6+ ué? :—%(sine—ycosﬁ)
(B) 6 — ud? :%(sine—,ucose)
(C) 6 - uo* =%(Sin9+,ucosé?)

(D) 6 + u6? :%(sin@—ucos@)




HOF B5E

EMGEAREA G 105 BEEBLHEABAR LA RRE

#B 2% 51 = Did
v #em | D1392
MKAFEXBKAEREEEHY "RT ERHEA AHRma 9 R

rest at a height h above the earth ground, as shown in the figure below.

(A) Northward drift
(B) Westward drift
(C) Eastward drift
(D) Southward drift

8. [10%] Consider the Earth’s rotation effect. At northern hemisphere, suppose a body is dropped from

Earth turns to the east. What direction does the body dominantly drift when it hits the ground?

A9F ES5E Bl A
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9. [10%] In 1799 and during 1920, Laplace, Runge and Lenz have shown that there exists a vector 4,
called L-R-L vector, that is a constant of motion in the central force field 7 =—k/#*. This L-R-L

vector plays an important role in the explaining the accidental degeneracy of the spectrum of hydrogen
atom in quantum physics. Which one is the L-R-L vector, i.e. which vector is a constant of motion in
the central force F =—k/r’.

(A);1=—£+VXL
r
- F pxL
B) A=——-
(B) S
(C)ZZ_L+VXL
2r  k

2

D) Ad=-L+BXL
r k

where 7 is the position vector, » =| 7| , v is the particle’s velocity, p is the momentum of the particle,
and L is the orbital angular momentum.

#£IR F6R
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10. [10%] We use a cue stick to impart an impulse to a billiard ball with radius R, as shown in the

following figure. Assume that the ball is a solid and uniform sphere. At what height h, the ball will roll
without slipping, which is called the rolling shot.

Bij,
_____1__/10,.
Impulse % ~ 4
_ == 5 e 5
- 11 1]/ \R \\//
Cue Stick |‘ N ﬁ]
h \ /
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11. [10%] The general vibrating motion of coupled harmonic oscillators can be obtained by using
linear combinations of system’s normal modes. Consider the linear motion of a triatomic molecule,
which all particles lie in a straight line, and they are connected by the same springs with spring constant
k, as shown in the following figure.

What is the highest normal mode frequency?

kk
A) |—+—
@A) M 2m
B) |+~
2m M+m
2k k
C) |—+—
©) -y
k 2k
D) |—+—.
(D) =Ly
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12. [10%] In 1696, John Bernoulli showed that in a uniform gravitation field the elapsed time for a
bead sliding along the frictionless cycloidal curve in the vertical x, y plane is minimum. The cycloidal
curve can also be obtained by the path of a particle P on a rolling wheel, as shown in the figure (dashed
line). Assume that the wheel has a radius R and constant angular velocity @ .

Find the equation of the cycloid path generated by the path of the particle on the rolling wheel.

(A) y=Rcos™ (%+1j+ V2Rx +x*
(B) x=Rcos™ (%—1)-& \/2Ry—y2

(C) x=Rcos™ (%—1) —J2Ry +y*
(D) y = Rcos™ (—x——l)-F\/ZRx—xz

2R
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