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1993B1.  A student whose normal weight is 500 newtons stands on a scale in an elevator and records the scale reading as a function of time.  The data are shown in the graph above. At time t = 0, the elevator is at displacement x = 0 with velocity v = 0. Assume that the positive directions for displacement, velocity, and acceleration are upward.


a.    On the diagram below, draw and label all of the forces on the student at t = 8 seconds.


	�


b.    Calculate the acceleration a of the elevator for each 5�second interval.


	i. Indicate your results by completing the following table.


	   Time Interval (s) 	0�5 	5�10 	10�15	15�20


��	a (m|s2)


��	ii. Plot the acceleration as a function of time on the following graph.


�


�
c.    Determine the velocity v of the elevator at the end of each 5�second interval. 


	i. Indicate your results by completing the following table.


	   Time  (s) 	0�5 	5�10 	10�15	15�20


����	v (m| s)


�


	ii. Plot the velocity as a function of time on the following graph.


	


d.    Determine the displacement x of the elevator above the starting point at the end of each 5�second interval.


	i. Indicate your results by completing the following table.


	   Time  (s) 	0�5 	5�10 	10�15	15�20


����             x (m)	


	ii. Plot the displacement as a function of time on the following graph.


�
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1993B2.  A charge Q1 = �16 x 10�6 coulomb is fixed on the x�axis at +4.0 meters, and a charge Q2 = + 9 x 10�6 coulomb is fixed on the y�axis at + 3.0 meters, as shown on the diagram above.


a.    i. Calculate the magnitude of the electric field E1 at the origin O due to charge Q1 


	ii. Calculate the magnitude of the electric field E2 at the origin O due to charge Q2. 


	iii. On the axes below, draw and label vectors to show the electric fields E1 and E2 due to each charge, 


	     and also indicate the resultant electric field E at the origin.


�


b.    Calculate the electric potential V at the origin.





A charge Q3 = �4 x 10�6 coulomb is brought from a very distant point by an external force and placed at the origin.  


c.    On the axes below, indicate the direction of the force on Q3 at the origin.





[CONTINUED ON THE NEXT PAGE]
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d.    Calculate the work that had to be done by the external force to bring Q3 to the origin from the distant point.








	�


1993B3.  A particle of mass m and charge q is accelerated from rest in the plane of the page through a potential difference V between two parallel plates as shown above. The particle is injected through a hole in the right�hand plate into a region of space containing a uniform magnetic field of magnitude B oriented perpendicular to the plane of the page. The particle curves in a semicircular path and strikes a detector. Neglect relativistic effects throughout this problem.


a.    i. State whether the sign of the charge on the particle is positive or negative.


	ii. State whether the direction of the magnetic field is into the page or out of the page.


b.    Determine each of the following in terms of m, q, V, and B.


	i. The speed of the charged particle as it enters the region of the magnetic field B


	ii. The force exerted on the charged particle by the magnetic field B


	iii. The distance from the point of injection to the detector


	iv. The work done by the magnetic field on the charged particle during the semicircular trip


�
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1993B4.  The glass prism shown above has an index of refraction that depends on the wavelength of the light that enters it. The index of refraction is 1.50 for red light of wavelength 700 nanometers (700 x 10�9 meter) in vacuum and 1.60 for blue light of wavelength 480 nanometers in vacuum. A beam of white light is incident from the left, perpendicular to the first surface, as shown in the figure, and is dispersed by the prism into its spectral components.


a.    Determine the speed of the blue light in the glass.


b.    Determine the wavelength of the red light in the glass.


c.    Determine the frequency of the red light in the glass.


d.    On the figure above, sketch the approximate paths of both the red and the blue rays as they pass through the glass and back out into the vacuum. Ignore any reflected light. It is not necessary to calculate any angles, but do clearly show the change in direction of the rays, if any, at each surface and be sure to distinguish carefully any differences between the paths of the red and the blue beams.


e.    The figure below represents a wedge�shaped hollow space in a large piece of the type of glass described above. On this figure, sketch the approximate path of the red and the blue rays as they pass through the hollow prism and back into the glass. Again, ignore any reflected light, clearly show changes in direction, if any, where refraction occurs, and carefully distinguish any differences in the two paths.


�


�


1993B5.  One mole of an ideal monatomic gas is taken through the cycle abca shown on the diagram above.  State a has volume Va = 17 x 10�3 cubic meter and pressure Pa = 1.2 x 105 pascals, and state c has volume 


Vc = 51 x 10�3 cubic meter.  Process ca lies along the 250 K isotherm.  The molar heat capacities for the gas are Cp = 20.8 J/mole K, and Cv = 12.5 J/mole K.  Determine each of the following.


a.    The temperature Tb of state b 


b.    The heat Qab added to the gas during process ab 


c.    The change in internal energy Ub � Ua 


d.    The work Wbc done by the gas on its surroundings during process bc





The net heat added to the gas for the entire cycle 1,800 joules.  Determine each of the following.


e.    The net work done by the gas on its surroundings for the entire cycle


f.     The efficiency of a Carnot engine that operates between the maximum and minimum temperatures in this cycle


�
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1993B6.  In the x�ray tube shown above, a potential difference of 70,000 volts is applied across the two electrodes. Electrons emitted from the cathode are accelerated to the anode, where x�rays are produced.


a.    Determine the maximum frequency of the x�rays produced by the tube.


b.    Determine the maximum momentum of the x�ray photons produced by the tube.





�


An x�ray photon of the maximum energy produced by this tube leaves the tube and collides elastically with an electron at rest. As a result, the electron recoils and the x�ray is scattered, as shown below.   The frequency of the scattered x�ray photon is 1.64 x 1019 hertz.   Relativistic effects may be neglected for the electron.





c.    Determine the kinetic energy of the recoiled electron.


d.    Determine the magnitude of the momentum of the recoiled electron.
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