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Problem 1 (30 pts)

An electric field in free space is described by 


,


where .
 

a) Find the electric field vector in the phasor domain.

b) Find the magnetic field vector in the phasor domain.


c) Find the complex power going through a surface S in the upward sense. The surface S is a square that is 2 meters  2 meters, and the face of the square is perpendicular to the vector . 


Note: Please evaluate all constants that appear in your answers. 

Solution

Part (a)





Part (b)

From Faraday’s law (taking the curl of E), we have




Part (c)

The complex Poynting vector is 


.

The unit normal to the surface is


.

The power flowing through the surface is 


.

Because the Poynting vector is constant on the surface, we have


.

This gives us


.

We then have




or


.


Note: Because the complex power is purely real, we can also say that this is the time-average power in Watts flowing through the surface. 



Problem 2 (35 pts)

A digital pulse of amplitude V0 = 3.0 [V] and duration W = 1.5 [ns] is applied at the input to the transmission line circuit shown below.
a) Construct a bounce diagram for this problem that extends to a time of 4T. (Make your bounce diagram on the next page.)
b) Make an accurate “oscilloscope trace” plot of the voltage v(t) on the line at z = L/2. Make your plot on the graph that is given below. Label all voltage values on your plot, and label all times where the voltage changes.  Plot to a time of 8 [ns].

 (
+
-
)



	 






	 


Make your bounce diagram here:  
	 






 (
5
.0
1
.0
)Make your plot here: 

Problem 3 (35 pts.)

A coaxial cable transmission line has a characteristic impedance of 50 []. The relative permittivity of the (nonmagnetic) Teflon filling the line is  2.1. It is found that a voltage minimum of 2.0 [V] occurs on the line at z = -5 [cm] and a voltage maximum of 4.0 [V] occurs on the line at z = -15 [cm]. (This voltage maximum is the one that is the closest to the voltage minimum.) 

What is the unknown load impedance at z = 0? 

Note: This is not supposed to be a Smith chart problem, so please do not use a Smith chart. 







Solution

We have


.

Next, use




to obtain


.

For the phase of the load reflection coefficient, we have




so


.

From the given data we have


,


.

Hence, we have


.

Hence, we have


.

The load impedance is then 

.

This gives us




or


.

This gives us


.
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