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Problem of 1 and 2: Three identical stars (each star’s mass is M) form an equilatera] triangle that-
rotates around the triangle's center as the stars move in a common circle about that center. The
triangle has edge length L. (The gravitational constant is G)

1. What is the net force on each star ? (A) 2GMYULY)  (B)3 (GMULY (C) (GMYLH2

(D) (GM*L*) /3 (E) None of the above

2. 'What is the speed of the stars? (A)VGM /L B)2JGM /L Cy3vomMm/L
D)4yGM /L (E) None of the above

Problem of 3 and 4: Two balls (each ball’s mass is 2 kg) are attached Fig. 1
to the ends of a thin rod of length 50 cm and negligible mass. The rod )

Is free to rotate in a vertica) plane without friction about a horizontal Ro;_:;on-\ 1
axis through its center. With the rod initially horizontal (Fig. 1),250 @=——=x ="
g wad of wet putty drops onto one of the balls, hitting it with a speed of 3 m/s and then sticking to
it.

3. What is the angular speed of the system just after the putty wad hits? (A) 1.148 rad/s

(B) 11.48 rad/s (C) 0.0148 rad/s (D) 0.1480 rad/s (E) None of the above
4. What is the ratio of the kinetic energy of the system after the collision to that of the putty wad

Just before? (A) 0.0123 {B)0.123 (C)1.23 (D) 12.3 (E) None of the above

. .Putty wad ‘

Probiem of 5 and 6: A uniform solid sphere of radius R produces a gravitational acceleration of a,
on its surface.
5. Inside the sphere, at what distance from the sphere’s center are there points where the

gravitational acceleration is a/37 (AYR/S (BYR/4 (C)RA3 (DYR/2  (E) None of the
above

6. Outside the sphere, at what distance from the sphere’s center are there points where the

gravitational acceleration is ag/3 7 (A)v2 R ®)V3R (C)2R (D)3R (E) None of the
above
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Problem of 7 and §8:

In Fig. 2, the block 1 has mass m = 460 g and block 2 has mass my =300 g,
and the pulley, which is mounted on a horizontal axle with negligible_
friction, has radius R = 5 cm. When released from rest, block 2 falls 75 cm
in 5 s without the cord slipping on the pulley.

7. What is the magnitude of the acceleration of the blocks ?

(A)0.02m/s* (B)0.2m/s* (C)2m/s? (D)20m/s* (E) None of the
above Fig. 2

8. What is the magnitude of the Tension n?
(A)454N (B)454N (C)4.54N (D) 0.454 N (E) None of the above

PartII. B8 (Useful constant: ¢ = 1.6x1077C, & = 8.85 x 102 CYN-m?
9. Aresistor R lies along each edge of a triangular pyramid (6 resistors in
total), with connections at the corners. Find the equivalent resistance

between point A and B. (A) R/3 (BYR/2 (C) R/6 (D) R (E) None of the
above

10. In a double slit experiment, the spacing between the two slits is d, and the sljt B
width is a. On a screen far away, the central diffraction maximum contains exactly seven interference
fringes. (The interference maximum m = +4 fall exactly on the position of the first diffraction minimum.
What is the ratio of d/a? (A) 4 (B} 7 (C) 8 (D) 9 (E) None of the above

11. The earth can be treated as a conductor with electric charge on its surface. The resulting electric
field near the surface is measured to be 150 N/C directed toward the center. The earth’s radius is
6.38x10°m. What is the surface charge density of the earth? (A) -1.67 nC/m? (B) -1.67 C'm” (C)
-1.33 nC/m’ (D) -1.33 pC/m?(E) None of the above

12. An Alpha particle (charge = +2¢) with kinetic energy 11 MeV makes a head on collision with a
lead nucleus at rest (charge of lead nucleus = +82¢). What is the distance of closest approach of
the two particles? (Assume the lead nucleus remains stationary after the collision and is treated

as a point particle. (A) 3.28x10* m (B) 5.75x10™ m (C) 2.15x10™ m (D) 6.24x10" m(E) .

None of the above
T '
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13. John uses a multi-meter to measure the voltage across the battery ) _
when the switch 8 is open, and finds it is 1.5 Volt. When the switch 8 Ra100
is closed, and the battery is connected to a 10 Q resistor, he finds the .
voltage across the battery is 1.25 Volt. What’s the internal resistance I
of the battery? (A) 8.33 B}2.0Q(C) 1670 (D) 2.5 Q2 (E) None )
of the above ' I
14. A pair of long rigid metal rods, each of length L, lie parallel to each S —
other on a smooth table. Their ends are connected by two identical § ;
conducting springs with spring constant & and negligible unstretched N '
length. If a current 7 runs through this circuit, by how much wiil each 1
. toT*L 2u, 1L 1 u, %L 3u,rL
tretch? (4) 2~ — (C) — |2 = N f th
spring suetch? (A) 202 ) 244 © 3y2% o) ~— (E) None of the
above

15. A metal bar with length Z, mass m and resistance R is placed on frictionless metai rails inclined
atan angleg . A uniform magnetic field B is directed downward. The bar is released from rest
and slides down the rails, What is the terminal velocity of the

Rmg cosg Rmg sing Rmg 1
bar? (A) = —F () LPE 8NP . Rmg 1
2t (A) I’B? sin% ¢ ) L’B? cosg © LB cos’ ¢ o)

Rmg sing
—_— T None of the above
I’B* cos’ ¢ )

16. A 5-pF capacitor is initially charged to 16 Volt, and is then connected in series with a 3.75-mH
inductor. They form a loop and current starts to flow, What is the maximum ecurrent (in ampere)
in the inductor? (A)0.584 (B) 0.375 (C) 0.06 (D) 0.853 (E) None of the above

17. A grating with line spacing d is used to scparate light of different wavelength by the second
order diffraction. & is the diffraction angle of light with wavelength A. The dispersion of the
grating defined as d6/d can be expressed as (A) sin@/ (B} 2cos8/A (C) sing/2), (D) tan@ /)

(E) None of the above
% HEry
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Part ITI. 34,

18. A proton (m=1.67x107 kg) has a speed of 0.95¢ in the laboratory. Its total energy is:
(A) 20 MeV; (B) 300 MeV; (C) 2.0x10° MeV; (D) 3.0x10° MeV; (E) None of the above

19. An astronautin a spaceship traveling at 0.64¢ passing just above a bridge, parallei to the
length of the bridge, measures the length of the bridge over a river on earth nearby to be 146
m. The real length of the bridge is:

(A) 130 m; (B) 170 m; (C) 190 m; (D) 210 m; (E) None of the above

20. A photon 7 hits to an electron (the electron mass = e} at test, producing an
electron-positron pair,ie. y+e — e +e'+e, What is the minimum energy of the incident
photon? (A) 0; (B) mec2; {O) 2mec? (D) 3mect; (E} 4mec? '

21. If the energy of a photon E is expressed in electron-volts and its wavelength in nanometers,
they are related by:

(A) E<1240; (B) E=1240/ A ; (C) E=1240 3 2, (D) E=1240/ 3% (E) None of the above -

22. An electron has a kinetic energy of 1.8 KeV. If its momentum is measured with an
uncertainty of 0.1%, what is the minimum uncertainty in is position?
(A) 0; (B} 3 m; (C) 3x10 m; (D) 3x10"2 m; (E) None of the above

23. A sample of ideal gas in a cylinder is compressed adiabatically to one-third its original
volume. During the process, 63 J of work is done on the gas. How much heat flows to the gas?
(A)63]; (B)-63]; (C) 31]; (D) -317J; (E) None of the above

24. A mole of an ideal gas undergoes a reversible isotherma expansion from volume V to 2V.
What is the change in entropy of the gas.
(A)0; (B) R; (C) 2R; (D) R In 2; (E) None of the above

25. An engine has a maximum theoretical efficiency of 36%. The temperature difference
between the input and the output is 432°C. The temperature of the exhaust is:
: (A) 432°C; (B) 645°C; (C) 768°C; (D) 840°C; (E) None of the above




