DO NOT BEGIN THIS EXAM UNTIL TOLD TO START

Name: __________________________________________

Student Number: _________________________________

Instructor: ________________________________________

ELEE 2317

Applied Electricity and Magnetism

Final Exam, Part A 

Dec. 6, 2000

1. This exam is closed book and closed notes. A calculator and three-page formula sheet are allowed. 

2. Show all of your work. No credit will be given if the work required to obtain the solutions is not shown. 

3. Perform all your work on the exam paper provided. 

4. Write neatly. You will not be given credit for work that is not easily legible.

5. Show units in all of your final answers, and express your answers in terms of the parameters given in the problem. 

6. Circle your final answers. 

7. If you have any questions, ask the instructors. You will not be given credit for work that is based on a wrong assumption.

8. You will have a total of 180 minutes.


                                    _____/30  Prob. 1A




                                    _____/25  Prob. 2A


                                             _____/20  Prob. 3A 

                                                                             TOTAL, Parts A&B ______


 ROOM FOR EXTRA WORK 

Problem 1A (30 pts)  
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An electron beam consists of electrons moving in air, as shown. The radius of the beam is a. Inside the beam, the charge density is uniform, and there is no charge outside the beam. The beam consists of Nv electrons per cubic meter, with each electron having a charge of  q = -qe (the number qe is a positive number). The electrons are moving in the z direction at a velocity of vz.  Express all answers below in terms of these quantities!

a) Find the volume charge density and the current density vector inside the beam.

Volume charge density:_____________________[     ]

Current density vector:______________________[     ]

b) Find the electric field vector inside and outside the beam.

E:______________________[     ], 
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E:______________________[     ], 
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c) Find the magnetic field vector inside and outside the beam.

H:______________________[     ], 
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H:______________________[     ], 
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Problem 2A (25 pts)  

A slab of metal carries a current I in the positive z direction. The slab has a thickness t and a width w, and is infinitely long in the z direction. This slab sits above another identical slab that carries a current I in the negative z direction. The current density may be assumed to be uniform inside each conductor. Also, the width w is very large compared to the height h and the thickness t. 

Find the magnetic field vector H for the following regions:

a) What is H in the regions 
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?  Justify your answer.
H:______________________[     ], 
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H:______________________[     ], 
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b) H in the region  h+t < y < h+2t ? 
H:______________________[     ],  h+t < y < h+2t

c) H in the region   t < y < h+t ? 

H:______________________[     ],  t < y < h+t

[image: image17.jpg]



Problem 3A (20 pts)  

A microstrip transmission line consists of a metal strip of width w over an infinite ground plane, as shown above. A dielectric material with a relative permittivity of 
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 is between the strip and the ground plane. The structure is infinite in the z direction. Because of the assumption that w>>h, the electric and magnetic fields may be assumed to exist only in the dielectric region directly below the strip. In this case, the ground plane can be treated as another strip of width w. 

a) Assuming a surface charge density 
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 on the upper conductor and
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 on that part of the ground plane that is just underneath the upper conductor, determine the capacitance per unit length, 
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:_________________________[    ]

b) Assuming a total current I on the upper conductor in the +z direction and a similarly distributed but oppositely-directed current on that part of the ground plane that is just below the upper conductor, determine the inductance per unit length 
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l

by using the flux formula. 
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:_________________________[    ]
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