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1989B1.  An object of mass M on a string is whirled with increasing speed in a horizontal circle, as shown above.  When the string breaks, the object has speed vo and the circular path has radius R and is a height h above the ground.  Neglect air friction.


a.    Determine the following, expressing all answers in terms of h, vo, and g.


	i. The time required for the object to hit the ground after the string breaks 


	ii. The horizontal distance the object travels from the time the string breaks until it hits the ground 


	iii. The speed of the object just before it hits the ground


b.    On the figure below, draw and label all the forces acting on the object when it is in the position shown in the diagram above.





�.





c.    Determine the tension in the string just before the string breaks.  Express your answer in terms of M, R, vo, and g.
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1989B2.  Two point charges, Q1 and Q2, are located a distance 0.20 meter apart, as shown above.  Charge Q1 = +8.0(C.   The net electric field is zero at point P, located 0.40 meter from Q1 and 0.20 meter from Q2.


a.    Determine the magnitude and sign of charge Q2.


b.    Determine the magnitude and direction of the net force on charge Q1


c.    Calculate the electrostatic potential energy of the system.


d.    Determine the coordinate of the point R on the x�axis between the two charges at which the electric potential is zero.


e.    How much work is needed to bring an electron from infinity to point R. which was determined in the previous part?
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1989B3.  A series circuit consists of a battery of negligible internal resistance, a variable resistor, and an electric motor of negligible resistance. The current in the circuit is 2 amperes when the resistance in the circuit is adjusted to 10 ohms.   Under these conditions the motor lifts a l�kilogram mass vertically at a constant speed of  2 meters per second.


a.    Determine the electrical power that is


	i. dissipated in the resistor 


	ii. used by the motor in lifting the mass 


	iii. supplied by the battery


b.    Determine the potential difference across


	i. the resistor 


	ii. the motor 


	iii. the battery


The resistor is now adjusted until the mass rises vertically at a constant speed of 3 meters per second. The voltage drop across the motor is proportional to the speed of the motor, and the current remains constant.


c.    Determine the voltage drop across the motor.


d.    Determine the new resistance in the circuit.





1989B4.  An ideal gas initially has pressure po, volume Vo, and absolute temperature To.  It then undergoes the following series of processes:


		I. 	It is heated, at constant volume, until it reaches a pressure 2po. 


		II. 	It is heated, at constant pressure, until it reaches a volume 3 Vo. 


		III. 	It is cooled, at constant volume, until it reaches a pressure po. 


		IV. 	It is cooled, at constant pressure, until it reaches a volume Vo.


a.    On the axes below


	i. draw the p-V diagram representing the series of processes;


	ii. label each end point with the appropriate value of absolute temperature in terms of To.


b.    For this series of processes, determine the following in terms of po and Vo.


	i. The net work done by the gas 


	ii. The net change in internal energy 


	iii. The net heat absorbed


�


c.    Given that Cp = (5/2)R and Cv = (3/2)R, determine the heat transferred during process 2 in terms of po and Vo.


�
1989B5.  A lithium nucleus, while at rest, decays into a helium nucleus of rest mass 6.6483 x 10�27 kilogram and a proton of rest mass 1.6726 x 10�27 kilogram, as shown by the following reaction.


                                                            �EMBED Equation.3���


In this reaction, momentum and total energy are conserved. After the decay, the proton moves with a nonrelativistic speed of 1.95 x 107 m/s. 


a.    Determine the kinetic energy of the proton. 


b.    Determine the speed of the helium nucleus. 


c.    Determine the kinetic energy of the helium nucleus. 


d.    Determine the mass that is transformed into kinetic energy in this decay. 


e.    Determine the rest mass of the lithium nucleus.
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1989B6.  The plano�convex lens shown above has a focal length f of 20 centimeters in air. An object is placed 6.0 centimeters (3f) from this lens.


a.    State whether the image is real or virtual.


b.    Determine the distance from the lens to the image.


c.    Determine the magnification of this image (ratio of image size to object size).


d.    The object, initially at a distance 3f from the lens, is moved toward the lens. On the axes below, sketch the image distance as the object distance varies from 3f to zero.


�


e.    State whether the focal length of the lens would increase, decrease, or remain the same if the index of refraction of the lens were increased. Explain your reasoning.
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