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ELEE 2317

Applied Electricity and Magnetism

Final Exam

May 6, 1999
1. This exam is closed book and closed notes. Calculators may not be used. 

2. For all solutions, no credit will be given if the work required to obtain the solution is not shown.

3. Perform all your work on the paper provided.  Ask the instructor for additional paper if needed.

4. You have a total of 180 minutes to complete the exam.

Do not write below this line.
------------------------------------------------------------------------------------
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Useful Formulas
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Problem 1 (30 pts):  
NOTE: There may be more than one correct answer in each of the following.  Carefully read the following questions and circle all appropriate answer(s):

(a) The curl is 

(i) the flux per unit volume.

(ii) the circulation per unit area.

(iii) involved in the divergence theorem.  

(iv) a measure of the rotation of a vector field.

(b) The divergence is 

(i) the flux per unit volume.

(ii) the circulation per unit area.

(iii) involved in Stokes’ theorem. 

(c) Dielectric material effects 

(i) are due to a relative displacement between the nucleus and electron shells of the atoms making up the material. 

(ii) are described by the permeability.

(iii) are described by the permittivity. 

(d) Ampere's Law can be used to find the magnetic field intensity for  the following geometrical configurations:

(i) a current line source of finite length 

(ii) an infinite solenoid of circular cross section

(iii) a toroid of elliptical cross section

(iv) a sphere with a uniform sheet of  
[image: image9.wmf]$

f

-directed current

(e) Gauss' law can be used to find the electric field associated with 

(i) a parallel plate region filled with a homogeneous dielectric material

(ii) a line charge of infinite length 

(iii) a spherical cloud of uniform charge density 

(f) Two wire conductors used in a circuit are often twisted 

(i) to keep the two wires together. 

(ii) because the alternating directions of the normal to the surface between the conductors minimizes mutual inductance.

(iii) to increase the capacitance per unit length.  

(g) A planar slab of dielectric material is inserted between the    two plates of a parallel plate capacitor (neglect any fringing).  The total charge remains fixed.

(i) The capacitance will increase. 

(ii) Even if the slab thickness is less than the conductor spacing, the electric field between the conductors will remain uniform.  

(iii) If the slab thickness is the same as the conductor spacing, but it is only partially inserted, the electric field between the plates remains uniform.

(h) The voltage between the conductors will decrease. 

(i) The center conductor of a coaxial line is coated with a dielectric material of high permittivity.  The coating thickness is less than the spacing between conductors.  

(i) For the same charge per unit length, the net electric flux per unit length will increase. 

(ii) The capacitance per unit length will decrease. 

(iii) The electric field intensity 
[image: image10.wmf]E

will be the same as without the coating.  

(iv) The capacitance per unit length will increase. 

(j) A transmission line consists of a wire parallel to a ground plane.  As we know, in the region above the ground plane, electrostatic or magnetostatic fields can be determined from sources (charge or current) on the wire plus those of its image in the ground plane.  Compare the wire over ground with a two-wire transmission line having the same geometry and sources as the wire plus its image.

(i) For the same wire charge per unit length, the voltage between ground and wire will be twice that between the two wires. 

(ii) The capacitance per unit length for the wire over ground system will be twice that of the two-wire line system.

(iii) The inductance per unit length for the wire over ground system will be twice that of the two-wire line system.

(k) A conductor carries a current that is uniformly distributed across its cross section.  The internal forces caused by the magnetic field in the conductor will cause forces 

(i) that are directed toward the center of the conductor.

(ii) that are directed away from the center of the conductor.  

(iii) have no effect.

(l) The plates of a parallel plate capacitor are connected through a constant voltage source.   If the plates are moved closer together, the charge on each plate will 

(i) remain the same.

(ii) decrease. 

(iii) increase. 

(m) The plates of a parallel plate capacitor are charged, but they are not connected in any way.  As the plates are moved together, the voltage will 

(i) remain the same, 

(ii) decrease, 

(iii)  increase, 

while the stored energy 

(iv) remains the same.

(v) decreases. 

(vi) increases.  

(n) The gradient of a scalar 
[image: image11.wmf]F


(i) points in the direction in which 
[image: image12.wmf]F

decreases fastest.

(ii) has a magnitude equal to the maximum rate of change of 
[image: image13.wmf]F

. 

(iii) when dotted with a unit vector yields the rate of increase of 
[image: image14.wmf]F

 in that direction. 

Room for additional work

Problem 2 (25 pts):  

[image: image47.wmf]r

V

A long conducting wire of radius a is suspended a distance d (d>>a) above a conducting ground plane.  The line charge density on the wire is 
[image: image15.wmf]r

l

. 

Find the capacitance per unit length between the wire and the ground plane.

Room for additional work

Problem 3 (30 pts):  

Consider the coaxial cylinders shown in the figure.  The inner conductor (radius a) is at a potential of V0 and the outer conductor (radius b) is grounded.  Between the two conductors is a dielectric with permittivity 
[image: image16.wmf]e

.  This dielectric region in also filled with a charge density 
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a)  Use Possion’s equation to find the potential between the conductors.

b)  Find the electric field between the between the conductors.
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Room for additional work

Problem 4 (40 pts):  

Below are listed (in random order) steps for finding the

inductance and capacitance per unit length for a coaxial line with a hollow center conductor of radius 
[image: image19.wmf]a

 and a thin outer conductor of radius 
[image: image20.wmf]b

.

i) Determine the stored magnetic energy per unit length.  

ii) Use Gauss's Law to determine the electric field between the conductors (sketch a figure showing the correct Gaussian surface). 

iii) Assume a total current 
[image: image21.wmf]I

 [A] is carried on the surface of the inner conductor and a return current of the same magnitude is carried on the outer conductor. 

iv) Divide the charge per unit length by the potential difference between the conductors. 

v) Use Ampere's Law to determine the magnetic field between the conductors (sketch a figure showing the correct Amperian path).

vi) Assume a total effective line charge density of 
[image: image22.wmf]r

l

[C/m] on the center conductor and 
[image: image23.wmf]-

r

l

 [C/m] on the outer conductor. 

vii) Divide twice the stored magnetic energy per unit length by the current squared. 

viii) Integrate the electric field to obtain the potential difference between the conductors.  

a) Write each step in the proper order to compute the capacitance per unit length, 
[image: image24.wmf]C

l

, and after each step, carry out the calculation indicated (if any). 

Step 1 ______

Step 2 ______

Step 3 ______

Step 4 ______


[image: image25.wmf]C

l

=________________

b) Write each step in the proper order to compute the inductance per unit length, 
[image: image26.wmf]L

l

, and after each step, carry out the calculation indicated (if any). 

Step 1 ______

Step 2 ______

Step 3 ______

Step 4 ______


[image: image27.wmf]L
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=________________

Room for additional work

Problem 5 (20 pts):  

A resistor is constructed from a conductor of circular cross section (radius a and length 
[image: image28.wmf]l

) with a conductivity 
[image: image29.wmf]s

.  The circular end faces are connected to wire leads.  Derive an expression for the total resistance of the resistor.  Show all of your steps.
Room for additional work

Problem 6 (30 pts):  

The toroid shown in the figure has a rectangular cross section of inner radius 
[image: image30.wmf]a

, outer radius 
[image: image31.wmf]b

; the height of the rectangular cross section is 
[image: image32.wmf]w

.  There are 
[image: image33.wmf]N

 turns in the winding, each carrying a current 
[image: image34.wmf]I

1

.  


a) Determine the magnetic field inside the toroid. Show all work!

[image: image35.wmf]H

=____________ [   ]

b) Find the flux per turn linking the toroid turns due to the current 
[image: image36.wmf]I

1

.

Flux = _________________[   ]

c) Using the results of parts a) and b), find the (self) inductance of the toroid.


[image: image37.wmf]L

 = ___________________[   ]

d) Assuming a filament of current 
[image: image38.wmf]I

2

 along the axis of the toroid, compute the mutual inductance between the toroid and filament.


[image: image39.wmf]M
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Room for additional work

Problem 7 (25 pts):  

The filamentary current 
[image: image40.wmf]I

1

 is along the z-axis, as shown.  The current  
[image: image41.wmf]I

2

 flows around the loop.  

a) Find the force on each arm of the loop:


[image: image42.wmf]F

AB

=________________[   ]
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BC

=________________[   ]


[image: image44.wmf]F

CD

=________________[   ]


[image: image45.wmf]F

AD

=________________[   ]

b) Draw an arrow on the figure representing the axis of rotation of the loop (i.e., in the direction of the torque vector 
[image: image46.wmf]T

).

Room for additional work
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