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1. When an object is hooked on a spring vertically, the system forms a vertical simple harmonic
oscillator due to the influence of both spring force and gravity. Which of the following is true: (a) gravity
will change the position of balance point but won't change the oscillation frequency (b) gravity will
change the oscillation frequency but won't change the position of balance point (c) gravity will change
both the position of balance point and the oscillation frequency (d) gravity won't change the position of
balance point and the oscillation frequency

2. An object with a mass of 1 kg is vertically hanged on a spring. If it is doing a simple harmonic
oscillation with a frequency of 1 Hz, what is the spring constant k (unit: N/m): (a)4n* (b) 4—12 (c) 2n
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3. An object with mass m is attached to a spring with spring constant k. The friction in the system is
described by the coefficient of damping (FE[E{48) b. By how much time, the oscillation amplitude will
roughly reduce to 1/3 of its initial value: (a) m/3b (b) 3b/m (c) 2m/b (d) b/2m

4. A lock slides on a frictionless loop-the-loop track shown in the figure. Find the minimum height h at
which it can start from rest and still make it around the loop. (a) 3R/2 (b) 2R (c) 5R/2 (d) 3R

A 100-g block slides back and forth on a frictionless surface between two springs as shown in the figure.
The left-hand spring has k = 110 N/m and its maximum compression is 20 cm. The right-hand spring has
k =240 N/m.
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5. Find the maximum compression of the right-hand spring: (a)-7.0cm  (b)-10.5cm (c¢)-13.5cm
(d)-16.0 cm;

6. Find the speed of the block as it moves between the springs: (a) £6.63 m/s (b) £8.63 m/s (¢) +£10.63
m/s (d) £12.63 m/s

7. Which of the following descriptions is correct?
(a) If two forces act on the same object but the net force is 0, the net torque must be 0 (b) Even if two

forces act on the same object but the net force is 0, the net torque may be NOT 0 (c) We can apply a
counterclockwise torque to an object that's rotating clockwise, and the object will rotate faster in the
beginning (d) We can NEVER apply any counterclockwise torque to an object that's rotating clockwise.

8. In an RC circuit with R=400 kQ and C= 200 pF, the time constantis ? (a) 8 s (b) 80s (c) 700 s
(d) 6000 s

9. If a coaxial cable consists of an inner conductor and an outer conductor, and has a geometry as shown
below. The inner and outer conductor carries uniform current / with the same magnitude but opposite
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direction. What is the strength of magnetic field lies between the inner and outer conductor (representing

. : ; I 1 I
it with the radius » from the center of the inner conductor, a<r<b): (a) %% (b) % (c) ?Ti (d)0
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10. Three coils move differently in an uniform magnetic field B as shown below. The first one moves
horizontally, the second one rotates counterclockwisely, and the third one oscillates vertically. Which
one will have the induced electromotive force: (a) coil 1 (b) coil 2 (c) coil 3 (d) all of them
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(—)(16%) Figure 1 shows a pattern of resonant oscillation of a string of mass m = 2.500 g and length L =
0.800 m and that is under tension 7 = 325.0 N. Which of the following is true:
11. The wavelength A of the transverse waves producing the standing-wave pattern is 0.4 m (4 pt.)
12. The harmonic number # is 2 (4 pt.)
13. The frequency f of the transverse waves is 300 Hz (4 pt.)
14. The maximum magnitude of the transverse velocity of the element oscillation at coordinate x =

0.180 m is 6.26 m/s (4 pt.)
P
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Fig. 1

(Z2)(12%) An oscillating LC circuit consists of a 75.0 mH inductor and a 3.60 uF capacitor. If the
maximum charge on the capacitor is 2.90 pC, which of the following is true:

15. The angular frequency of the oscillation is 0.19 x 10* rad/s. (4 pt.)

16. The total energy stored in the circuit is 1.17 x 107 jouls (4 pt.)

17. The maximum current in the circuit is 4.58 x 10~ amp. (4 pt.)

(Z)(12%) In the double-slit experiment (Fig.2), the viewing screen is at distance D = 4.00 m, point P
lies at distance y = 20.5 cm from the center of the pattern, the slit separation 4 is 4.50 pm, and the
wavelength / is 650 nm. Which of the following is true:
18. The phase difference in radians between the two wave fronts arriving at P is 0.354 x 27 (rad). (4
t.
11)9.) Based on (a), the position of point P lies in between the central bright fringe (at y=0) and first
dark fringe in the interference pattern. (4 pt.)
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20. Using I =4I, cos’ (-g) , where ¢ is the phase difference between the two wave fronts, the ratio of

the intensity Ip at point P to the intensity Ic.n at the center of the pattern, i.e. Ip/ Icen, is 0.18 (4 pt.)
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1. [10%] An electron and a proton are accelerated from rest through the same potential difference.
Which particle has the longer wavelength?
A. The electron
B. The proton
C. Equal for both
D. Ill-conditioned

2. [10%] Which line in Figure 1 should be the Bose-Einstein distribution?
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Figure 1

3. [10%] A particle of energy E is hitting a square barrier of potential height V and width W (W > 0).
Which one has a large tunneling probability?
A, V=2Eand W =d
B. V=4Eand W =d
C. V=2EandW =2d
D. V=4Eand W = 2d

4. [10%] How many magnetic quantum numbers are allowed in the 4p state of a hydrogen atom.
A1
B. 2
c. 3
D. 4
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5. [20%] A plasmon has a dispersion relation w(k) = / w2, + c2k?, which relates the angular

frequency w and the wave number k. w,,; and c are constants.
(a) [7%] What is the phase velocity as a function of w, 1,(w)?
(b) [7%] What is the group velocity as a function of w, v (w)?
(c) [6%] In what frequency range there is no propagating wave?

6. [20%] A photon of initial wave length A experiences a Compton 180°-backward scattering by a rest
electron, and then the photon’s wave length changes to A’. Let the rest mass of the electron be m and
the speed of light be c. '

(a) [6%] What is the momentum of the electron after the scattering (in terms of 1 and 1')?
(b) [7%] Show the equation expressing conservation of energy.
(c) [7%] Solve the relation between A’ and A from above conditions.

7. [20%] A particle of energy E (> 0) is incident from the left to a potential V(x) = 0 for x < 0 and
V(x) =U(>0) forx > 0.
(a) [10%] Show your wavefunction for the particle when E < U.
(b) [10%] Show your wavefunction for the particle when E > U.
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