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1992B1.  A 0. 10-kilogram solid rubber ball is attached to the end of an 0.80-meter length of light thread.  The ball is swung in a vertical circle, as shown in the diagram above.  Point P, the lowest point of the circle, is 0.20 meter above the floor.  The speed of the ball at the top of the circle is 6.0 meters per second, and the total energy of the ball is kept constant.


a.   	Determine the total energy of the ball, using the floor as the zero point for gravitational potential energy.


b.   	Determine the speed of the ball at point P, the lowest point of the circle.


c.   	Determine the tension in the thread at


	i.  the top of the circle;	


	ii. the bottom of the circle.





The ball only reaches the top of the circle once before the thread breaks when the ball is at the lowest point of the circle.


d.   	Determine the horizontal distance that the ball travels before hitting the floor.





1992B2.  A 30-kilogram child moving at 4.0 meters per second jumps onto a 50-kilogram sled that is initially at rest on a long, frictionless, horizontal sheet of ice.


a.   	Determine the speed of the child-sled system after the child jumps onto the sled.


b.   	Determine the kinetic energy of the child-sled system after the child jumps onto the sled.





After coasting at constant speed for a short time, the child jumps off the sled in such a way that she is at rest with respect to the ice.


c.   	Determine the speed of the sled after the child jumps off it.


d.   	Determine the kinetic energy of the child-sled system when the child is at rest on the ice.


e.   	Compare the kinetic energies that were determined in parts (b) and (d).  If the energy is greater in (d)    than it is in (b), where did the increase come from?  If the energy is less in (d) than it is in (b), where did the energy go?





�


1992B3.  A portion of an electric circuit connected to a 40-ohm resistor is embedded in 0.20 kilogram of a solid substance in a calorimeter.  The external portion of the circuit is connected to a 60-volt power supply, as shown above.


a.   	Calculate the current in the resistor.


b.   	Calculate the rate at which heat is generated in the resistor.


c.   	Assuming that all of the heat generated by the resistor is absorbed by the solid substance, and that it takes 4 minutes to raise the temperature of the substance from 20°C to 80°C, calculate the specific heat of the substance.


d.   	At 80°C the substance begins to melt.  The heat of fusion of the substance is 1.35 x 105 joules per kilogram.  How long after the temperature reaches 80°C will it take to melt all of the substance?


�


e.   	Draw a graph of the heating curve for the substance on the axes below, showing the temperature as a function of time until all of the solid has melted.  Be sure to put numbers and units on the time scale.
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1992B4.  The ground-state energy of a hypothetical atom is at - 10.0 eV.  When these atoms, in the ground state, are illuminated with light, only the wavelengths of 207 nanometers and 146 nanometers are absorbed by the atoms. (1 nanometer = 10 - 9 meter).


a.   	Calculate the energies of the photons of light of the two absorption-spectrum wavelengths.


b.    Complete the energy-level diagram shown below for these atoms by showing all the excited energy states.
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c.   	Show by arrows on the energy-level diagram all of the possible transitions that would produce emission spectrum lines.


d.   	What would be the wavelength of the emission line corresponding to the transition from the second excited state to the first excited state?


e.     Would the emission line in (d) be visible?  Briefly justify your answer.�
�





1992B5.  The figure above shows a cross section of a cathode ray tube.  An electron in the tube initially moves horizontally in the plane of the cross section at a speed of 2.0 x 107 meters per second.  The electron is deflected upward by a magnetic field that has a field strength of 6.0 x 10-4 tesla.


a.   	What is the direction of the magnetic field?


b.   	Determine the magnitude of the magnetic force acting on the electron.


c.   	Determine the radius of curvature of the path followed by the electron while it is in the magnetic field.





An electric field is later established in the same region as the magnetic field such that the electron now passes through the magnetic and electric fields without deflection.


d.   	Determine the magnitude of the electric field.


e.   	What is the direction of the electric field?


�
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1992B6.  A thin double convex lens of focal length f, = + 15 centimeters is located at the origin of the x-axis, as shown above.  An object of height 8 centimeters is placed 45 centimeters to the left of the lens.


a.   	On the figure below, draw a ray diagram to show the formation of the image by the lens.  Clearly show principal rays.
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b.   	Calculate (do not measure) each of the following.


	i.  The position of the image formed by the lens


	ii. The size of the image formed by the lens


c.   	Describe briefly what would happen to the image formed by the lens if the top half of the lens were


	blocked so that no light could pass through.





A concave mirror with focal length f2 = + 15 centimeters is placed at x = + 30 centimeters.


d.   	On the figure below, indicate the position of the image formed by the lens, and draw a ray diagram to show the formation of the image by the mirror.  Clearly show principal rays.
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