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1996B1.  (15 points)  Two identical objects A and B of mass M move on a one-dimensional, horizontal air track.  Object B initially moves to the right with speed vo.   Object A initially moves to the right with speed 3vo, so that it collides with object B. Friction is negligible.  Express your answers to the following in terms of M and vo.


a.   	Determine the total momentum of the system of the two objects.


b.   	A student predicts that the collision will be totally inelastic (the objects stick together on collision).  Assuming this is true, determine the following for the two objects immediately after the collision.


	i. The speed                        


 	ii. The direction of motion (left or right)





When the experiment is performed, the student is surprised to observe that the objects separate after the collision and that object B subsequently moves to the right with a speed 2.5vo .


c.   	Determine the following for object A immediately after the collision.


	i.   The speed                           


	ii.  The direction of motion (left or right)


d.    Determine the kinetic energy dissipated in the actual experiment.
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1996B2 (15 points)  A spring that can be assumed to be ideal hangs from a stand, as shown above.


a.   	You wish to determine experimentally the spring constant k of the spring.


i.	What additional, commonly available equipment would you need?


ii.	What measurements would you make?


iii. 	How would k be determined from these measurements?


b.   	Assume that the spring constant is determined to be 500 N/m.  A 2.0-kg mass is attached to the lower end of the spring and released from rest.  Determine the frequency of oscillation of the mass.


c.   	Suppose that the spring is now used in a spring scale that is limited to a maximum value of 25 N, but you would like to weigh an object of mass M that weighs more than 25 N. You must use commonly available equipment and the spring scale to determine the weight of the object without breaking the scale.


i.	Draw a clear diagram that shows one way that the equipment you choose could be used with the spring scale to determine the weight of the object,


ii.	Explain how you would make the determination.
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1996B3  (15 points)


Coherent monochromatic light of wavelength ( in air is incident on two narrow slits, the centers of which are 2.0mm apart, as shown above.  The interference pattern observed on a screen 5.0 m away is represented in the figure by the graph of light intensity I as a function of position x on the screen.


a.   	What property of light does this interference experiment demonstrate?


b.   	At point P in the diagram, there is a minimum in the interference pattern.  Determine the path difference between the light arriving at this point from the two slits.


c.   	Determine the wavelength, (, of the light.


d.   	Briefly and qualitatively describe how the interference pattern would change under each of the following separate modifications and explain your reasoning.


	i.	The experiment is performed in water, which has an index of refraction greater than 1.


	ii.	One of the slits is covered.


	iii. 	The slits are moved farther apart.





1996B4.  (15 points)


A student is provided with a 12.0-V battery of negligible internal resistance and four resistors with the following resistances:  100 (, 30 (, 20 (, and 10 (.  The student also has plenty of wire of negligible resistance available to make connections as desired.


a.   	Using all of these components, draw a circuit diagram in which each resistor has nonzero current flowing through it, but in which the current from the battery is as small as possible.


b.   	Using all of these components, draw a circuit diagram in which each resistor has nonzero current flowing through it, but in which the current from the battery is as large as possible (without short circuiting the battery).
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The battery and resistors are now connected in the circuit shown above.


c.   	Determine the following for this circuit.


	i.	The current in the 10-( resistor


	ii.	The total power consumption of the circuit


d.   	Assuming that the current remains constant, how long will it take to provide a total of 10 kJ of electrical energy to the circuit?





1996B5  (10 points)


An unstable nucleus that is initially at rest decays into a nucleus of fermium-252 containing 100 protons and 152 neutrons and an alpha particle that has a kinetic energy of 8.42 MeV.  The atomic masses of helium-4 and fermium-252 are 4.00260 u and 252.08249 u, respectively.


a.   	What is the atomic number of the original unstable nucleus?


b.   	What is the velocity of the alpha particle? (Neglect relativistic effects for this calculation.)


c.   	Where does the kinetic energy of the alpha particle come from?  Explain briefly.


d.   	Suppose that the fermium-252 nucleus could undergo a decay in which a (-  particle was produced.  How would this affect the atomic number of the nucleus?  Explain briefly.
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1996B6  (10 points)  Robert Millikan received a Nobel Prize for determining the charge on the electron.  To do this, he set up a potential difference between two horizontal parallel metal plates.  He then sprayed drops of oil between the plates and adjusted the potential difference until drops of a certain size remained suspended at rest between the plates, as shown above.  Suppose that when the potential difference between the plates is adjusted until the electric field is 10,000 N/C downward, a certain drop with a mass of 3.27 x 10-16 kg remains suspended.


a.   	What is the magnitude of the charge on this drop?


b.   	The electric field is downward, but the electric force on the drop is upward.  Explain why.


c.   	If the distance between the plates is 0.01 m, what is the potential difference between the plates?


d.   	The oil in the drop slowly evaporates while the drop is being observed, but the charge on the drop remains the same.  Indicate whether the drop remains at rest, moves upward, or moves downward.  Explain briefly.
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1996B7  (10 points)  The inside of the cylindrical can shown above has cross-sectional area 0.005 M2 and length 0.15 m. The can is filled with an ideal gas and covered with a loose cap.  The gas is heated to 363 K and some is allowed to escape from the can so that the remaining gas reaches atmospheric pressure (1.0 x 105 Pa).  The cap is now tightened, and the gas is cooled to 298 K.


a.   	What is the pressure of the cooled gas?


b.   	Determine the upward force exerted on the cap by the cooled gas inside the can.


c.   	If the cap develops a leak, how many moles of air would enter the can as it reaches a final equilibrium at 298 K and atmospheric pressure? (Assume that air is an ideal gas.)
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