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1988B1.  A helicopter holding a 70�kilogram package suspended from a rope 5.0 meters long accelerates upward at a rate of 5.2 m/s2.   Neglect air resistance on the package.


a.    On the diagram below, draw and label all of the forces acting on the package.


�





b.    Determine the tension in the rope.


c.    When the upward velocity of the helicopter is 30 meters per second, the rope is cut and the helicopter continues to accelerate upward at 5.2 m/s2.   Determine the distance between the helicopter and the package 2.0 seconds after the rope is cut.





1988B2.  A ball thrown vertically downward strikes a horizontal surface with a speed of 15 meters per second. It then bounces, and reaches a maximum height of 5 meters. Neglect air resistance on the ball.


a.    What is the speed of the ball immediately after it rebounds from the surface?


b.    What fraction of the ball's initial kinetic energy is apparently lost during the bounce?


c.    If the specific heat of the ball is 1,800 J/kg °C, and if all of the lost energy is absorbed by the molecules of the ball, by how much does the temperature of the ball increase?





�


1988B3.  The circuit shown above includes a switch S,  which can be closed to connect the 3�microfarad capacitor in parallel with the 10�ohm resistor or opened to disconnect the capacitor from the circuit.





Case 1:   Switch S is open.   The capacitor is not connected.   Under these conditions determine:


a.    the current in the battery


b.    the current in the 10�ohm resistor


c.    the potential difference across the 10�ohm resistor





Case II:   Switch S is closed. The capacitor is connected.   After some time, the currents reach constant values. Under these conditions determine:


d.    the charge on the capacitor


e.    the energy stored in the capacitor
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1988B4.  The magnitude of the magnetic field in teslas at a distance d from a long straight wire carrying a current I is given by the relation B = 2 X 10�7 I/d. The two long straight wires shown above are perpendicular, insulated from each other, and small enough so that they may be considered to be in the same plane. The wires are not free to move.   Point P, in the same plane as the wires, is 0.5 meter from the wire carrying a current of 1 ampere and is 1.0 meter from the wire carrying a current of 3 amperes.


a.    What is the direction of the net magnetic field at P due to the currents?


b.    Determine the magnitude of the net magnetic field at P due to the currents.





A charged particle at point P that is instantaneously moving with a velocity of 106 meters per second toward the top of the page experiences a force of 10�7 newtons to the left due to the two currents.


c.    State whether the charge on the particle is positive or negative.


d.    Determine the magnitude of the charge on the particle.


e.    Determine the magnitude and direction of an electric field also at point P that would make the net force on this moving charge equal to zero.
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1988B5.  The triangular prism shown in Figure I above has index of refraction 1.5 and angles of 37°, 53°, and 90°. The shortest side of the prism is set on a horizontal table.   A beam of light, initially horizontal, is incident on the prism from the left.


a.    On Figure I above, sketch the path of the beam as it passes through and emerges from the prism.


b.    Determine the angle with respect to the horizontal (angle of deviation) of the beam as it emerges from the prism.


c.    The prism is replaced by a new prism of the same shape, which is set in the same position. The beam experiences total internal reflection at the right surface of this prism. What is the minimum possible index of refraction of this prism?
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The new prism having the index of refraction found in part (c)  is then completely submerged in water (index of refraction = 1.33) as shown in Figure II below.  A horizontal beam of light is again incident from the left.





d.    On Figure II, sketch the path of the beam as it passes through and emerges from the prism.


e.    Determine the angle with respect to the horizontal (angle of deviation) of the beam as it emerges from the prism.
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1988B6.  Electromagnetic radiation is incident on the surface S of a material as shown above. Photoelectrons are emitted from the surface S only for radiation of wavelength 500 nm or less.  It is found that for a certain ultraviolet wavelength, which is unknown, a potential Vs of 3 volts is necessary to stop the photoelectrons from reaching the anode A, thus eliminating the photoelectric current. 


a.    Determine the frequency of the 500 nm radiation. 


b.    Determine the work function for the material. 


c.    Determine the energy of the photons associated with the unknown wavelength. 


d.    Determine the unknown wavelength. 
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