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1984B1.  A ball of mass M attached to a string of length L moves in a circle in a vertical plane as shown above. At the top of the circular path, the tension in the string is twice the weight of the ball.    At the bottom, the ball just clears the ground. Air resistance is negligible.  Express all answers in terms of M, L, and g.


a.    Determine the magnitude and direction of the net force on the ball when it is at the top. 


b.    Determine the speed vo of the ball at the top.





The string is then cut when the ball is at the top.


c.    Determine the time it takes the ball to reach the ground. 


d.    Determine the horizontal distance the ball travels before hitting the ground.
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1984B2.  Two objects of masses Ml = 1 kilogram and M2 = 4 kilograms are free to slide on a horizontal frictionless surface. The objects collide and the magnitudes and directions of the velocities of the two objects before and after the collision are shown on the diagram above.  (sin 37° = 0.6, cos 37° = 0.8, tan 37º = 0.75)
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a.    Calculate the x and y components (px and py, respectively) of the momenta of the two objects before and after the collision, and write your results in the proper places in the following table.


b.    Show. using the data that you listed in the table, that linear momentum is conserved in this collision. 


c.    Calculate the kinetic energy of the two�object system before and after the collision. 


d.    Is kinetic energy conserved in the collision?


1984B3.  A heating coil is placed in a thermally insulated tank of negligible heat capacity. The tank contains 0.1 kilogram of water and 0.01 kilogram of ice, both initially at a temperature of 0° C.   The resistance of the coil is 25 ohms, independent of temperature, and there is a current of 2 amperes in the coil.  Calculate each of the following quantities.


a.    The heat transferred to the water and ice by the heating coil in time t.


b.    The time t1 necessary to melt all the ice.  (The latent heat of fusion of ice is 3.34 x 105 joules per kilogram.)


c.    The additional time t2 necessary to bring the water to a boil.  (The specific heat of water is


	4.19 x 103 joules per kilogram Kelvin.)
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1984B4.  An electron from a hot filament in a cathode ray tube is accelerated through a potential difference (.  It then passes into a region of uniform magnetic field B, directed into the page as shown above.  The mass of the electron is m and the charge has magnitude e.


a.    Find the potential difference ( necessary to give the electron a speed v as it enters the magnetic field.


b.    On the diagram above, sketch the path of the electron in the magnetic field.


e.    In terms of mass m, speed v, charge e, and field strength B, develop an expression for r, the radius of the circular path of the electron.


d.    An electric field E is now established in the same region as the magnetic field, so that the electron passes through the region undeflected.


	i. Determine the magnitude of E.


	ii. Indicate the direction of E on the diagram above.


�
�


1984B5.  The surface of a glass plate (index of refraction n3 = 1.50) is coated with a transparent thin film (index of refraction n2 = 1.25).   A beam of monochromatic light of wavelength 6.0 x 10 �7 meter traveling in air (index of refraction n1 = 1.00) is incident normally on surface S1 as shown above. The beam is partially transmitted and partially reflected.


a.    Calculate the frequency of the light.


b.    Calculate the wavelength of the light in the thin film.





The beam of light in the film is then partially reflected and partially transmitted at surface S2


c.    Calculate the minimum thickness d1 of the film such that the resultant intensity of the light reflected back into the air is a minimum.


d.    Calculate the minimum nonzero thickness d2 of the film such that the resultant intensity of the light reflected back into the air is a maximum.
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1984B6.  Two radioactive isotopes are extracted from spent nuclear fuel and placed in a metal container, which is then sealed and deposited in a nuclear waste disposal facility.   The graph above shows how many nuclei of isotopes 1 and 2 remain as a function of time.


a.    From the graph, determine the half�life of isotope 1 and the half�life of isotope 2.


b.    At time t = 10 years, which isotope is decaying at the greater rate?  Explain your reasoning


c.    What type of radiation (alpha, beta, or gamma) would be most likely to escape through the container walls?


d.    What characteristics of the type of radiation named in part (c) distinguish it from the other two?


e.    After many years, when the container is removed, it is found to contain helium gas, and the total mass of the contents is found to have decreased. Account for each of these two observations.


