[image: image1.png].





1988 MCB

1. 
The displacement x of an object moving along the x‑axis is shown above as a function of time t. The acceleration of this object must be


(A) zero      (B) constant but not zero      (C) increasing      (D) decreasing      (E) equal to g
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2.
The horizontal turntable shown above rotates at a constant rate. As viewed from above, a coin on the turntable moves counterclockwise in a circle as shown. Which of the following vectors best represents the direction of the frictional force exerted on the coin by the turntable when the coin is in the position shown?


(A)


(B)

(C) 

(D)

(E)


3. 
Which of the following quantities is a scalar that is always positive or zero?


(A) Power      (B) Work      (C) Kinetic energy      (D) Linear momentum      (E) Angular momentum



4. 
A block of weight W is pulled along a horizontal surface at constant speed v by a force F, which acts at an angle of ( with the horizontal, as shown above.  The normal force exerted on the block by the surface has magnitude

 
(A) W ‑ F cos(      (B) W‑Fsin(      (C) W      (D) W + Fsin(      (E) W + Fcos(
5. 
A 2‑kilogram block rests at the edge of a platform that is 10 meters above level ground. The block is launched horizontally from the edge of the platform with an initial speed of 3 meters per second. Air resistance is negligible. The time it will take for the block to reach the ground is most nearly


(A) 0.3 s      (B) 1.0 s      (C) 1.4 s      (D) 2.0 s      (E) 3.0 s

6. 
A horizontal force F is used to pull a 5‑kilogram block across a floor at a constant speed of 3 meters per second. The frictional force between the block and the floor is 10 newtons. The work done by the force F in 1 minute is most nearly


(A) 0 J      (B) 30 J      (C) 600 J      (D) 1,350 J      (E) 1,800 J
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7. 
A tennis ball of mass m rebounds from a racquet with the same speed v as it had initially. as shown above. The magnitude of the momentum change of the ball is


(A) 0      (B) mv      (C) 2mv      (D) 2mvsin(      (E) 2mvcos(
8. 
The length of a simple pendulum with a period on Earth of one second is most nearly


(A) 0.12 m        (B) 0.25 m      (C) 0.50 m           (D) 1.0 m           (E) 10.0 m

9.
A diver initially moving horizontally with speed v edives off the edge of a vertical cliff and lands in the water a distance d from the base of the cliff.  How far from the base of the cliff would the diver have landed if the diver initially had been moving horizontally with speed 2v?


(A) d      (B)

      (C)2d     (D)4d     (E) can’t be determined without knowing the height of the cliff

10.
Two bodies of masses 5 and 7 kilograms are initially at rest on a horizontal frictionldess surface.  A light spring is compressed between the bodies, which are held together by a thin thread.  After the spring is released by burning through the thread, the 5 kilogram body has a speed of 0.2 m/s.    The speed of the 7 kilogram body is (in m/s)    (A) 

     (B) 

     (C) 

      (D) 

        (E) 


Questions 11-12:  A block oscillates without friction on the end of a spring as shown above. The minimum and maximum lengths of the spring as it oscillates are, respectively, xmin and xmax.   The graphs below can represent quantities associated with the oscillation as functions of the length x of the spring.
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11. 
Which graph can represent the total mechanical energy of the block‑spring system as a function of x ?


(A) A        (B) B        (C) C        (D) D        (E) E

12. 
Which graph can represent the kinetic energy of the block as a function of x ?


(A) A        (B) B        (C) C        (D) D         (E) E

13. 
Mars has a mass 1/10 that of Earth and a diameter 1/2 that of Earth.  The acceleration of a falling body near the surface of Mars is most nearly 


(A) 0.25 m/s2       (B) 0.5 m/s2           (C) 2 m/s2           (D) 4 m/s2         (E) 25 m/s2
14. 
The capacitance of a parallel‑plate capacitor can be increased by increasing which of the following? 


(A) The distance between the plates     (B) The charge on each plate        (C) The area of the plates 


(D) The potential difference across the plates         (E) None of the above



15. 
The total equivalent resistance between points X and Y in the circuit shown above is


(A) 3 Q        (B) 4 Q       (C) 5 Q        (D) 6 Q       (E) 7 Q

16. 
An electron volt is a measure of


(A) energy           (B) electric field          (C) electric potential due to one electron 


(D) force per unit electron charge          (E) electric charge

Questions 17‑18

An electron is accelerated from rest for a time of 10-9 second by a uniform electric field that exerts a force of 

8.0 x 10-15 newton on the electron.

17. 
What is the magnitude of the electric field?        (A) 8.0 x 10‑24N/C        (B) 9.1 x 10‑22 N/C 


(C) 8.0 x 10‑6 N/C           (D) 2.0 x 10-5 N/C           (E) 5.0 x 104 N/C

18. The speed of the electron after it has accelerated for the 10‑9 second is most nearly 


(A) 101 m/s         (B) 103 m/s         (C) 105 m/s           (D) 107 m/s          (E) 109 m/s

19. 
An immersion heater of resistance R converts elec​trical energy into thermal energy that is transferred to the liquid in which the heater is immersed. If the current in the heater is I, the thermal energy trans​ferred to the liquid in time t is      (A) Irt      (B) I2Rt       (C) IR2t       (D) IRt2     (E) IR/t

20. 
A hollow metal sphere of radius R is positively charged. Of the following distances from the center of the sphere, which location will have the greatest electric field strength?


(A) 0 (center of the sphere)      (B) 3R/2       (C) 5R/4        (D) 2R 


(E) None of the above because the field is of constant strength

21. 
A square loop of copper wire is initially placed perpendicular to the lines of a constant magnetic field of 


5 x 10‑3 tesla.  The area enclosed by the loop is 0.2 square meter.  The loop is then turned through an angle of 90° so that the plane of the loop is parallel to the field lines. The turn takes 0.1 second. The average emf induced in the loop during the turn is


(A) 1.0 x 10‑4 V         (B) 2.5 x 10‑3 V       (C) 0.01 V       (D) 100 V         (E) 400 V

22. 
James Joule did much to establish the value of the


(A) universal gravitational constant        (B) speed of light          (C) mechanical equivalent of heat 


(D) charge of an electron           (E) specific heat capacity of helium

23. 
An ideal gas in a closed container initially has volume V, pressure P. and Kelvin temper​ature T. If the temperature is changed to 3T, which of the following pairs of pressure and volume values is possible?




(A) 3P and V     (B) P and V       (C) P and V/3     (D) P/3 and V      (E) 3P and 3V

24. 
If three identical samples of an ideal gas are taken from initial state I to final state F along the paths IAF, IF, and IBF as shown in the pV‑diagram above, which of the following must be true?


(A) The work done by the gas is the same for all three paths.


(B) The heat absorbed by the gas is the same for all three paths.


(C) The change in internal energy of the gas is the same for all three paths.


(D) The expansion along path IF is adiabatic.


(E) The expansion along path IF is isothermal.

25. If the average kinetic energy of the molecules in an ideal gas at a temperature of 300 K is E, the average kinetic energy at a temperature of 600 K is


(A) 

     (B) E

       (C) 

       (D) 2E       (E) 4E
26. 
A metal rod of length L and cross‑sectional area A connects two thermal reservoirs of tem​peratures T1 and T2. The amount of heat trans​ferred through the rod per unit time is directly proportional to


(A) A and L      (B) A and 1/L      (C) 1/A and L      (D) 1/A and 1/L       (E) 

 and L2
27. 
Which of the following is true of a single‑slit diffrac​tion pattern?


(A) It has equally spaced fringes of equal intensity.


(B) It has a relatively strong central maximum.


(C) It can be produced only if the slit width is less than one wavelength.


(D) It can be produced only if the slit width is exactly one wavelength.
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(E) It can be produced only if the slit width is an integral number of wavelengths.
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28. Two wave pulses. each of wavelength i., are traveling toward each other along a rope as shown above. When both pulses are in the region between points X and Y. which are a distance i. apart. the shape of the rope

29. 
Which of the following CANNOT be accomplished by a single converging lens with spherical surfaces?


(A) Converting a spherical wave front into a plane wave front


(B) Converting a plane wave front into a spherical wave front


(C) Forming a virtual image of a real object


(D) Forming a real upright image of a real upright object


(E) Forming a real inverted image of a real upright object

30. 
A train whistle has a frequency of 100 hertz as heard by the engineer on the train. Assume that the veloc​ity of sound in air is 330 meters per second. If the train is approaching a stationary listener on a wind​less day at a velocity of 30 meters per second, the whistle frequency that the listener hears is most nearly


(A) 90 Hz      (B) 110 Hz      (C) 120 Hz      (D) 240 Hz      (E) 300 Hz

31. 
The image of the arrow is larger than the arrow itself in which of the following cases?

[image: image7.png]Focal Point

Convex Convex
Lens Spherical
Mirror

Plane
Mirror





(A) I only     (B) II only      (C) I and III only      (D) II and III only      (E) I, II and III
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32. 
Two sinusoidal functions of time are combined to obtain the result shown in the figure above. Which of the following can best be explained by using this figure?


(A) Beats       (B) Doppler effect      (C) Diffraction      (D) Polarization      (E) Simple harmonic motion

33. 
A postage stamp is placed 30 centimeters to the left of a converging lens of focal length 60 centimeters. Where is the image of the stamp located?


(A) 60 cm to the left of the lens 

(B) 20 cm to the left of the lens 


(C) 20 cm to the right of the lens 

(D) 30 cm to the right of the lens 


(E) 60 cm to the right of the lens

34. The nuclear reaction X ( Y + Z occurs sponta​neously.   If Mx, MY, and MZ are the masses of the three particles. which of the following relation​ships is true'?


(A) Mx < My - Mz      (B) Mx < My + Mz      (C) Mx > My + Mz      (D) Mx ‑ My < Mz      (E) Mx ‑ Mz < My35. 

35.
Which of the following graphs best represents the de Broglie wavelength ( of a particle as a function of 
the linear momentum p of the particle?
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36. 
All of the following are properties of x‑rays EXCEPT:


(A) They penetrate light materials. 

(B) They ionize gases. 


(C) They are deflected by magnetic fields.
 (D) They discharge electrified bodies. 


(E) They are diffracted by crystals.

37. 
Which of the following was one of Einstein's two basic postulates of special relativity?


(A) Clocks in a moving frame of reference appear to run slow.


(B) Mass and energy ale related by E = mc2.


(C) The speed of light is the same constant in all inertial frames of reference.


(D) No object can travel faster than the velocity of light.


(E) The mass of an object increases with increasing velocity.

38. The half‑life of 

 is 24.1 days.   If 4.0 x 10‑5 kilogram of this isotope is present initially, what amount remains after 96.4 days? 


(A) 2.0 x 10‑5 kg       (B) 1.0 x 10‑5 kg      (C) 5.0 x lo‑6 kg      (D) 2.5 x l0‑6 kg      (E) 1.2 x 10‑6kg








39. 
The equation above is an illustration of


(A) artificially produced radioactive decay 
(B) naturally occurring radioactive decay 


(C) nuclear disintegration 


(D) nuclear fission 


(E) nuclear fusion

40. 
The five resistors shown below have the lengths and cross‑sectional areas indicated and are made of material with the same resistivity. Which resistor has the least resistance?
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41. 
Two circular coils are situated perpendicular to the z‑axis as shown above. There is a current in the primary coil.   All of the following procedures will induce a current in the secondary coil EXCEPT


(A) rotating the secondary coil about the z‑axis 

(B) rotating the secondary coil about a diameter 


(C) moving the secondary coil closer to the primary coil 
(D) varying the current in the primary coil 


(E) decreasing the cross‑sectional area of the secondary coil



42. 
A uniform rope of weight 50 newtons hangs from a hook as shown above. A box of weight 100 newtons hangs from the rope. What is the tension in the rope?


(A) 50 N throughout the rope 
     (B) 75 N throughout the rope        (C) 100 N throughout the rope 


(D) 150 N throughout the rope        (E) It varies from 100 N at the bottom of the rope to 150 N at the top.
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43. 
To weigh a fish a person hangs a tackle box of mass 3.5 kilograms and a cooler of mass 5 kilograms from the ends of a uniform rigid pole that is suspended by a rope attached to its center. The system balances when the fish hangs at a point 1/4 of the rod’s length from the tackle box.  What is the mass of the fish?


(A) 1.5 kg           (B) 2 kg           (C) 3 kg          (D) 6 kg           (E) 6.5 kg

44. 
An object swings on the end of a cord as a simple pendulum with period T.  Another object oscillates up and down on the end of a vertical spring. also with period T.  If the masses of both objects are doubled. what are the new values for the Periods?



Pendulum

Mass on Spring


(A) 








(B)      T






(C)      T


     T


(D) 




     T


(E) 










45. 
A proton collides with a nucleus of 

.  If this collision produces a nucleus of 

 and one other particle, that particle is     (A) a proton      (B) a neutron      (C) a deuteron     (D) an x particle      (E) a ( particle

46. 
The scattering of alpha particles by a thin gold foil was measured by Geiger and Marsden.  The Rutherford model of the atom was proposed in order to explain why


(A) more particles scattered through angles greater than 90° than through angles less than 90° 


(B) the fraction of particles scattered through large angles was too large to be explained by previous models of 

             the atom 


(C) no particles passed through the foil undeflected 


(D) the most common scattering angle was about 90° 


(E) the most common scattering angle was about 180°



47.
A wire in the plane of the page carries a current directed toward the top of the page as shown above.  If the wire is located in a uniform magnetic field B directed out of the page, the force on the wire resulting from the magnetic field is


(A) directed into the page 
(B) directed out of the page 
(C) directed to the right 


(D) directed to the left 
(E) zero

48. 
Which of the following is always a characteristic an adiabatic process?


(A) The temperature does not change ((T = 0).  

(B) The pressure does not change (( P = 0). 


(C) The internal energy does not change ((U = 0). 
(D) No heat flows into or out of the system (Q = 0) (E) No work is done on or by the system (W = 0)
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An ideal gas undergoes a cyclic process as shown on the graph above of pressure rho versus volume V.

49. 
During which process is no work done on or by the gas?


(A) AB           (B) BC           (C) CD            (D) DE           (E) EA 

50. 
At which point is the gas at its highest temperature?
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(A) A           (B) B           (C) C           (D) D           (E) E

A ball swings freely back and forth in an arc from point I to point IV, as shown above. Point II is the lowest point in the path, III is located 0.5 meter above II, and IV is I meter above II. Air resistance is negligible.

51. If the potential energy is zero at point II, where will the kinetic and potential energies of the ball be equal?


(A) At point II      (B) At some point between II and III      (C) At point III 




(D) At some point between III and IV      (E) At point IV

52. 
The speed of the ball at point II is most nearly


(A) 3.0 m/s 
     (B) 4.5 m/s      (C) 9.8 m/s      (D) 14 m/s      (E) 20 m/s

53. 
A magnetic field B that is decreasing with time is directed out of the page and passes through a loop of wire in the plane of the page, as shown above. Which of the following is true of the induced current in the wire loop?


(A) It is counterclockwise in direction.      (B) It is clockwise in direction.      (C) It is directed into the page. (D) It is directed out of the page.      (E) It is zero in magnitude.

54. 
Two isolated charges, + q and ‑ 2q, are 2 centimeters apart.  If F is the magnitude of the force acting on charge ‑2Q, what are the magnitude and direction of the force acting on charge + q ?


Magnitude

Direction

(A)
(1/2) F

Toward charge ‑ 2q


(B)
2 F

Away from charge ‑2q


(C)
F

Toward charge ‑ 2q


(D)
F

Away from charge ‑ 2q


(E)
2F

Toward charge ‑ 2q
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55. 
Light leaves a source at X and travels to Y along the path shown above. Which of the following statements is correct?


(A) The index of refraction is the same for the two media.     


(B) Light travels faster in medium 2 than in medium 1.


(C) Snell's law breaks down at the interface.

(D) Light would arrive at Y in less time by taking a straight line path from X to Y than it does taking the path shown above.


(E) Light leaving a source at Y and traveling to X would follow the same path shown above, but in reverse.

56. A nucleus of tritium contains 2 neutrons and I proton. If the nucleus undergoes beta decay, emitting an electron, the nucleus is transmuted into


(A) the nucleus of an isotope of helium      (B) the nucleus of an isotope of lithium      (C) an alpha particle 


(D) a triton      (E) a deuteron



57.
Charges + Q and ‑ 4Q are situated as shown above.  The net electric field is zero nearest which point?


(A) A           (B) B           (C) C           (D) D           (E) E
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58. 
When an object of weight W is suspended from the center of a massless string as shown above. the tension at any point in the string is


(A) 2Wcos(          (B) ½Wcos(          (C) Wcos(          (D) W/(2cos()          (E) W/cos(
59. A positive charge of lo‑6 coulomb is placed on an insulated solid conducting sphere. Which of the following is true?


(A) The charge resides uniformly throughout the sphere.


(B) The electric field inside the sphere is constant in magnitude, but not zero.


(C) The electric field in the region surrounding the sphere increases with increasing distance from the sphere.


(D) An insulated metal object acquires a net posi​tive charge when brought near to, but not in contact with, the               

              sphere.


(E) When a second conducting sphere is connected by a conducting wire to the first sphere, charge is 


       transferred until the electric poten​tials of the two spheres are equal.

60. 
An object weighing 4 newtons swings on the end of a string as a simple pendulum. At the bottom of the swing, the tension in the string is 6 newtons. What is the magnitude of the centripetal acceleration of the object at the bottom of the swing?     (A) 0          (B) 0.5 g          (C) g          (D) 1.5 g          (E) 2.5 g

61. 
A satellite of mass M moves in a circular orbit of radius R at a constant speed v Which of the following must be true?


I. The net force on the satellite is equal to Mv2/R and is directed toward the center of the orbit.


II. The net work done on the satellite by gravity in one revolution is zero.


III. The angular momentum of the satellite is a constant.


(A) I only   (B) III only      (C) I and II only      (D) II and III only      (E) I, II, and III

62. 
A truck traveled 400 meters north in 80 seconds, and then it traveled 300 meters east in 70 seconds.  The magnitude of the average velocity of the truck was most nearly

 
(A) 1.2 m/s      (B) 3.3 m/s      (C) 4.6 m/s      (D) 6.6 m/s      (E) 9.3 m/s









63. 
A projectile is fired with initial velocity vo at an angle (0 with the horizontal and follows the trajectory shown above. Which of the following pairs of graphs best represents the vertical components of the velocity and acceleration. v and a, respectively, of the projectile as functions of time t?





64. 
Which of the following statements Is true of a beta Particle?


(A) Its speed in a vacuum is 3 x 108 m/s.    


(B) It has a charge equal and opposite to that of an alpha particle.


(C) It is more penetrating than a gamma ray of the same energy.


(D) It has a mass of about 1,840 times that of a proton.


(E) It can exhibit wave properties.

65. 
A space traveler is moving relative to the Earth at 2.4 x 108 meters per second (0.8 c), as measured in the Earth's frame of reference. In one year as measured in the Earth's frame of reference, the space traveler will do which of the following?


(A) Travel 0.6 light‑year and age 0.6 year. 
(B) Travel 0.8 light‑year and age 0.6 year. 


(C) Travel 0.8 light‑year and age 1 year. 
(D) Travel 0.8 light‑year and age 1.67 years. 


(E) Travel 1 light‑year and age 1 year.

Questions 66‑67

An electron and a positron, each of mass 9.1 x 10‑31 kilogram, are in the same general vicinity and have very small initial speeds. They then annihilate each other, producing two photons.

66. 
What is the approximate energy of each emerging photon?


(A) 0.51 MeV           (B) 2.0 MeV           (C) 4.0 MeV           (D) 6.6 MeV 


(E) It cannot be determined unless the frequency o the photon is known.

67. 
What is the angle between the paths of the emerging photons?


(A) 0°        (B) 30º            (C) 45°           (D) 90°           (E) 180°



68.
In the circuit shown above, the value of r for which the current I is 0.5 ampere is


(A) 0 (           (B) 1 (           (C) 5 (           (D) 10 (           (E) 20 (


69. 
An object is attached to a spring and oscillates with amplitude A and period T, as represented on the graph above. The nature of the velocity v and acceleration a of the object at time T/4 is best represented by which of the following?




(A) v > 0, a > 0           (B) v > 0, a < 0           (C) v > 0, a = 0           (D) v = 0, a < 0           (E) v = 0, a = 0

70. 
Gas in a chamber passes through the cycle ABCA as shown in the diagram above. In the process AB, 12 joules of heat is added to the gas. In the process BC, no heat is exchanged with the gas.  For the complete cycle ABCA, the work done by the gas is 8 joules.  How much heat is added to or removed from the gas during process CA ?


(A) 20 J is removed.           (B) 4 J is removed.           (C) 4 J is added.           (D) 20 J is added. 


(E) No heat is added to or removed from the gas.










_939795621.unknown

_940046819.unknown

_940048351.unknown

_940048353.unknown

_940048354.unknown

_940048352.unknown

_940048348.unknown

_940048350.unknown

_940048347.unknown

_940048346.unknown

_939795878.unknown

_939807823.unknown

_939795656.unknown

_939788925.unknown

_939789024.unknown

_939795569.unknown

_939788962.unknown

_939788882.unknown

_939788902.unknown

_939788655.unknown

