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Problem 1 (30 pts)

A lossless coaxial cable transmission line of length l is short circuited at the end (z = 0) with a short-circuit conducting plate. The electric field inside the coax (a <  < b) is given in the phasor domain by


,     -l < z < 0.


a) Find the magnetic field inside the coax (in the phasor domain).

b) Find the complex power entering into the coax. 

c) Find the electric and magnetic fields inside the coax in the time domain. 
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Room for work

Part (a)

From Ampere’s law, we have


.

Hence, we have


.

Taking the curl in cylindrical coordinates, we have




For the coax we then have


.

Hence,


.


Part (b)

The complex power entering into the coax is 


.

This gives us


.
or

.

Hence, we have


.

Note: There is purely reactive power entering the coax, since it is a lossless system that is terminated by a lossless (short-circuit) plate. 


Part (c)

In the time domain we have


.

The magnetic field is


.

In the time domain this is


.


Problem 2 (30 pts)

A digital pulse of amplitude V0 = 5.0 [V] and duration W = 1.25 [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 3T. (Make your bounce diagram on the next page.)
b) Make an accurate “snapshot” plot of the voltage on the line at t = 1.75 [ns]. Make your plot on the graph shown below. Label all voltage values on your plot. Also indicate with arrows in which direction all “wavefronts” (points of voltage discontinuity) are moving (to the left or to the right).  
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 Problem 3 (40 pts.)

A transmission line is connected to a certain device on a printed circuit board, operating at 10.0 GHz (a top view is shown below). The device is located at z = 0. The microstrip line has a characteristic impedance of 50 []. The effective permittivity of the microstrip line is 1.5. 


a)  By probing the line, it is found that the voltage on the line has a maximum magnitude of 1.5 volts and a minimum magnitude of 0.5 volts. A voltage minimum occurs at a distance of 0.75 [cm] from the device. Determine the input impedance of the device. Do the calculation exactly (do not use the Smith chart). 

b) Assume now that a new device is connected to the end of the line, which has an input impedance of Zin = 100+j100 []. An open-circuited stub line having characteristic impedance of 50 [] and an effective permittivity of 1.5 is added at a distance d from the load. Find the distance d and the length of the open-circuited stub line (in cm) to obtain a perfect match seen by an incoming wave that arrives from a generator on the left (not shown). Use the shortest distance d possible. Use the Smith chart to do all calculations. (A Smith chart is included at the end of this problem.) 

c) As a continuation of part (b), what is the SWR on the main line between the device and the open-circuited stub? What is the SWR on the open-circuited stub line? What is the SWR on the main line to the left of the open-circuited stub? Do the calculations exactly (do not use the Smith chart). 




 (
Microstrip line
Device
Substrate
)
Room for work

At 10.0 GHz we have 


.





Part (a)

We have




with




and





.

We thus have


.

Also, we have



or


.

This gives us


.

Hence


.

This gives us


.

The final result is


.



Part (b)

The Smith chart is omitted here. The solution is









Part (c)

On the main line between the device and the stub, we have




Using


,

we have


.

On the open-circuited stub we have


.


On the main line to the left of the stub we have a perfect match, so we have


.
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