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1990B1.  A bullet of mass m is moving horizontally with speed vo when it hits a block of mass 100m that is at rest on a horizontal frictionless table, as shown above.  The surface of the table is a height h above the floor. After the impact the bullet and the block slide off the table and hit the floor a distance x from the edge of the table.  Derive expressions for the following quantities in terms of m, h, vo, and appropriate constants:

a.    the speed of the block as it leaves the table 

b.    the change in kinetic energy of the bullet‑block system during impact 

c.    the distance x

Suppose that the bullet passes through the block instead of remaining in it.

d.    State whether the time required for the block to reach the floor from the edge of the table would now be greater, less, or the same.  Justify your answer.

e.    State whether the distance x for the block would now be greater, less, or the same. Justify your answer.
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1990B2.  A pair of square parallel conducting plates, having sides of length 0.05 meter, are 0.01 meter apart and are connected to a 200‑volt power supply, as shown above.  An electron is moving horizontally with a speed of 3 x 107 meters per second when it enters the region between the plates.  Neglect gravitation and the distortion of the electric field around the edges of the plates.

a.    Determine the magnitude of the electric field in the region between the plates and indicate its direction on the figure above.

b.    Determine the magnitude and direction of the acceleration of the electron in the region between the plates.

c.    Determine the magnitude of the vertical displacement of the electron for the time interval during which it moves through the region between the plates.

d.    On the diagram below, sketch the path of the electron as it moves through and after it emerges from the region between the plates. The dashed lines in the diagram have been added for reference only.

[image: image4.png]0.005 m

0.005 m





e.    A magnetic field could be placed in the region between the plates which would cause the electron to continue to travel horizontally in a straight line through the region between the plates. Determine both the magnitude and the direction of this magnetic field.
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1990B3.  A battery with an emf of 24 volts and an internal resistance of I ohm is connected to an external circuit as shown above.    Determine each of the following:

a.    the equivalent resistance of the combination of the 4‑ohm, 8‑ohm, and 12‑ohm resistors

b.    the current in the 5‑ohm resistor

c.    the terminal voltage, VAC of the battery

d.    the rate at which energy is dissipated in the 12‑ohm resistor

e.    the magnitude of the potential difference VBC
f.    the power delivered by the battery to the external circuit
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1990B4.  One mole of an ideal monatomic gas, initially at point A at a pressure of 1.0 x 105 newtons per meter squared and a volume of 25 x l0‑3 meter cubed, is taken through a 3‑process cycle, as shown in the pV diagram above. Each process is done slowly and reversibly. For a monatomic gas, the heat capacities for constant volume and constant pressure are, respectively, Cv = (3/2)R and Cp = (5/2)R, where R is the universal gas constant, 8.32 J/mole  K.   Determine each of the following:

a.    the temperature of the gas at each of the vertices, A, B. and C, of the triangular cycle

b.    the net work done by the gas for one cycle

c.    the net heat absorbed by the gas for one full cycle

d.    the heat given off by the gas for the third process from C to A

e.    the efficiency of the cycle

1990B5.  In a television picture tube, electrons are accelerated from rest through a potential difference of 12,000 volts and move toward the screen of the tube. When the electrons strike the screen, x‑ray photons are emitted. Treat the electrons nonrelativistically and determine:

a.    the speed of an electron just before it strikes the screen

b.    the number of electrons arriving at the screen per second if the flow of electrons in the tube is 0.01 coulomb per second

An x‑ray of maximum energy is produced when an electron striking the screen gives up all of its kinetic energy. For such x‑rays, determine:

c.    the frequency 

d.    the wavelength

e.    the photon momentum
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1990B6.  A beam of light from a light source on the bottom of a swimming pool 3.0 meters deep strikes the surface of the water 2.0 meters to the left of the light source, as shown above. The index of refraction of the water in the pool is 1.33.

a.    What angle does the reflected ray make with the normal to the surface?

b.    What angle does the emerging ray make with the normal to the surface?

c.    What is the minimum depth of water for which the light that strikes the surface of the water 2.0 meters to the left of the light source will be refracted into the air?
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In one section of the pool, there is a thin film of oil on the surface of the water. The thickness of the film is 1.0 X l0‑7 meter and the index of refraction of the oil is 1.5. The light source is now held in the air and illuminates the film at normal incidence, as shown above.

d.    At which of the interfaces (air‑oil and oil‑water), if either, does the light undergo a 180° phase change upon reflection?

e.    For what wavelengths in the visible spectrum will the intensity be a maximum in the reflected beam?






















Copyright © 1990 by College Entrance Examination Board. All rights reserved.

College Board, Advanced Placement Program, AP, SAT, and the acorn logo are registered trademarks of the College Entrance Examination Board.

