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Some useful constants

Gas constant R = 8.314 J/mol-K Gravitational constant G = 6.68x10™!! N-m? /kg’
Mass of Sun = 2.0 x10* kg Mass of Earth = 6.0x10** kg

Radius of Earth = 6.4 x10° m Radius of Sun = 7.0x10° m

Electron mass m, = 9.1x10™" kg Electron charge e = 1.6x107"° C

Electric constant (permittivity) €, = 8.85x107? C? /N-m?

Magnetic constant (permeability) o = 47x10” T-m/A

Plank’s constant 4 = 6.63x10™ J-s 1eV=16x10"7J
Boltzmann constant k, = 1.380 x 102 J-.K™!
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1. Aparticle of mass m =100 g moves straight forward under an acceleration a(?) = 2 + £ (m/s?). If the particle
starts at rest, what is the magnitudes of the momentum of the particle at £ = 3 sec? (A) 0.2 kg-m/s (B) 0.5
kg-m/s (C) 1.1 kg-m/s (D) 1.5 kg-m/s (E) 2 kg-m/s.

2. Accircular object of mass m and of radius R rolls smoothly (without
sliding) along a frictional incline, as shown in the right figure. In the

following, which type of the object will roll with the highest acceleration?

(A) Aring (Rotational inertia about the center of mass I, = mR*) (B) A
solid sphere (I,m = 2mR%/5) (C) A spherical shell (I., = 2mR%3) (D) A
disk (Im = mR*/2) (E) The same.

3. Peter ties a stone to the end of a thin string (1-meter long), and swings it with a period 2-seconds. The
central acceleration of the stone is approximately (m/s?): (A) 10, (B) 20, (C) 30, (D) 40, (E) 50

4. Asinusoidal wave is traveling on a string with velocity 0.4 m/s along the x direction. The displacement of
the particles of the string is found to vary with time in the y direction according to the equation y(x,f) = 0.05
sin(kx — 2m) m where k is the angular wave number of the wave. What is the wave length in meter of this
wave? (A) 0.05 (B) 0.4 (C) 1 (D) 2= (E) 5x.

5. Following the science fiction, earth is a hollow shell, and there is a cavity in the center of the earth as the
inner world. According to gravitation theory, what is the gravity field in that inner world? (A) same as on
the surface of the earth, (B) linear function as the distance from the center, (C) very small, (D) proportional
to 1/7, (E) proportional to 1/r.

6. A disk rolls down a 30-degree slope without slipping. Given the inertial moment of a disk (mass M and
radius R) I = MR?/2, please find the frictional force for the disk during rolling down: (A) 1 Mg, (B) 1/2 Mg,
(C) 1/3 Mg, (D) 1/6 Mg, (E) 2/3 Mg.

7. Connect three disks as shown in the following figure. Their centers form a regular triangle. Each disk of
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mass M, radius R has an inertial moment /= MR?/2 when rotating about the disk center.
Calculate the total inertial moment of the three disks when rotating about the center of
triangle (in unit of MR?). (A) 1.5 (B) 2.5 (C) 3.5 (D) 4.5 (E) 5.5.

8. The intensity from a sound source is I. If another identical but independent sound source is placed next to
it, what will be the change of intensity level? (A) 2 dB (B)3dB (C)4 dB (D) 5 dB (E) 6 dB

9. Which of the following is a consequence of (or is implied by) the second law of thermodynamics: (A) for

all cyclic processes we have AQ/T < 0 (B) work cannot be completely converted to heat energy (C) heat
energy cannot be completely converted to work (D) the reason all heat engine efficiencies are less than
100% is friction, which is unavoidable (E) in the Carnot engine, AS > 0 for each cycle

10. As shown in the following, two large insulating parallel plates carry charge of equal magnitude, one
positive and the other negative, that is distributed uniformly over their inner surfaces. Rank the points 1
through 5 according to the magnitude of the electric field at the points, least to greatest. (A) 1,2, 3,4, 5 (B)
5,4,3,2,1(C)1=4=5,2=3(D)2=3,1=4=5(E)2=3,1,4=5
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11. According to Hubble’s Law the velocity of v of a galaxy moving away from Earth is proportional to its
distance from Earth. Consider two galaxies one of which is twice as far away as the other from Earth at
some instant of time. At subsequent times, the ratio of their distances to Earth will be: (A) 2 to 1. (B)
greater than 2 to 1. (C) less than 2 to 1. (D) it depends on the specific time. (E) it depends on the positions
of galaxies.

12. A person sits on a swing. When the person sits still, the swing oscillates back and forth at its natural
frequency ay, If, instead, two people sit on the swing, the new natural frequency of the swing is (A) 4.
(B) 3wy. (C) 2. (D) wo. (E) an /2.

13. If the inertial mass and gravitational mass were not equal, which of the following principles would change?
(A) Kepler’s third law. (B) Principle of least action. (C) The inverse-square law of gravitation. (D)
Newton’s second law. (E) Nothing has changed.

14. An electron (mass m, charge —e) is accelerated from rest through a potential difference ¥ and then
deflected by a magnetic field B that is perpendicular to its velocity. The radius of the resulting electron
trajectory is: (A),/(2eV/m)/B (B) BV2eV/B (C) \[(2mV/e)/B (D) BV2mV /e (E) none of these

15. Eight identical spherical conducting raindrops are each at a potential ¥, relative to the potential far away.
They coalesce to make one spherical raindrop whose potential is: (A) V78 (B) ¥/2 (C) 2V (D) 4V (E) 8

16. An electron has velocity v = (32 i + 40 j) km/s as it enters a uniform magnetic field B = (60 ) uT. (A) The
radius of the helical path taken by the electron is 0.38 m. (B) The pitch of that path is 1.9 m. (C) The period
of the revolution is 60 ps. (D) To an observer looking into the magnetic field region from the entrance

point of the electron, the electron spirals counterclockwise as it moves. (E) The magnetic force points in
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the +k direction.

17. Star S1 is moving away from us at a speed of 0.8¢ (c is the speed of light). Star S2 is moving away from

18.

19.

20.

us in the opposite direction at a speed of 0.5¢. The speed of S1 as measured by an observer on S2 is: (A)
0.21¢ (B) 0.50c (C) 0.93¢ (D) 1.3¢ (E) 2.2¢

An air wedge is formed from two glass plates which are in contact at their left edges. There are ten dark
bands when viewed by reflection using monochromatic light. The left edge of the top plate is now slowly
lifted until the plates are parallel. During this process: (A) the dark bands crowd toward the right edge (B)
the dark bands remain stationary (C) the dark bands crowd toward the left edge (D) the dark bands

spread out, disappearing off the right edge (E) the dark bands spread out, disappearing off the left edge
The uncertainty in position of an electron in a certain state is 5 x 107'° m. The uncertainty in its
momentum could be (A) 5.0 x 10 kg-m/s (B) 4.0 x 107 kg-m/s (C) 3.0 x 107 kg:m/s (D) any of the
above (E) none of the above

The figure shows the energy levels for an electron in a finite potential

Nonquantized

energy well. If an electron in the » = 2 state absorbs a photon of |
wavelength 2.0 nm, what happens to the electron? (A) It makes a 450 | o= —Top of well
transition to the 7 = 3 state. (B) It makes a transition to the n = 4 state. % | e
(C) It escapes the well with a kinetic energy of 280 eV. (D) It escapes g =
the well with a kinetic energy of 730 eV. (E) Nothing; this photon does = "By =233 eV
not have an energy corresponding to an allowed transition so it is not . Fy=106 eV
absorbed. .
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As shown in the following figure, a spécecraﬁ in the shape of a long cylinder has a length of 100 m and its
mass with occupants is 1000 kg. It has strayed too close to a black hole having a mass 100 times that of the
Sun. The nose of the spacecraft points toward the black hole, and the distance between the nose and the
center of the black hole is 10.0 km. Which answers are correct in the followings? (A) The total force on the
spacecraft is 3.93x10'7 N. (B) The total force on the spacecraft is 2.62x10'” N. (C) The total force on the
spacecraft is 1.31x10"7 N. (D) The difference in the gravitational fields acting on the occupants in the nose
of the ship and on those in the rear of the ship, farthest from the black hole, is 2.62x10'> N/kg. (E) The
difference in the gravitational fields acting on the occupants in the nose of the ship and on those in the rear
of the ship, farthest from the black hole, is 1.31x10'2 N/kg.

= Black hole

le— 100m —>l<s 10.0km —->]
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2.

The wave function for a traveling wave on a string is y(x,#) = 2 sin(2x — ¢ — 0.5), where both x and y are in
centimeters, and time is in second. Choose the CORRECT statement(s): (A)The frequency is 1 second. (B)
The wave length is 2 cm. (C) The wave speed is 0.5 cm/s, (D) The particle on the string velocity at x =1.0
cmand ¢ = 1.5 s is 2 cm/s, (E) The particle on the string has a maximum acceleration 2 cm/s.

One mole of ideal monatomic gas is taken around the reversible cycle as shown in the following figure.
The isothermals are at 500 K and 300 K. (R is the gas constant) (A) 01= 500 RIn2, (B) Q= -300 R, (C) Os
=-300 RIn2, (D) the work done in one cycle is 300 RIn2, (E) the efficiency of the engine is 0.214.

P

v m

In the figure below, the conducting rod has length L= 0.1 m and is being pulled along horizontal
frictionless conducting rails at a constant velocity with v =5 m/s. The rails are connected at one end with a
metal strip. The rod has resistance of 0.4 Q and the rails and connector have negligible resistance. A
uniform magnetic field B= 1.2 T out of the page fills the region in which the rod moves. It is correct that
(A) the magnitude of the emf'induced in the rod is 0.6 V (B) the induced current is 1.5 A (C) the induced
current is clockwise (D) the lefiward external force needed to keep the rod moving at constant velocity is

1.8 N (E) the power associated with the force is 3.0 W
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