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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Problem 1 (30 pts)

Consider a cubical surface shown below. All of the six faces (of edge length a) of the cube are perfectly conducting except the top face, which has fields on it. The top face at z = a is described by 0 < x < a  and 0 < y < a. On the top face (at z = a) there exists the following set of fields:




.


a) Find the instantaneous power P(t) entering the cube through the top face.

b) Find the complex power P entering the cube through the top face. 

c) Find the time-average power entering the cube through the top face by using the complex power P.

d) Find the VARS entering the cube through the top face by using the complex power P.

e) Find the time-average power entering the cube through the top face by directly taking the time average of your answer from part (a). 

 (
a
a
a
x
y
z
Top face
)Helpful identities:
cos(x+y) = cos(x)cos(y)-sin(x)sin(y)
sin(x+y) = sin(x)cos(y)+cos(x)sin(y).

















Answers

(a)  


(b)  





(c)   

(d)   


(e)   




Problem 2 (40 pts)

A digital pulse of amplitude V0 = 4.0 [V] and duration W = 0.5 [ns] is applied at the input to the transmission line circuit shown below.
a) Construct a bounce diagram that extends to a time of 3T. (Make your bounce diagram on the next page.)
b) Make an accurate oscilloscope trace of the voltage on the line at z = 0.75 L. Make your oscilloscope trace on the graph shown below, plotting out to 2.5 [ns]. Label all voltage values on your plot as well as all time values at which the voltage on your plot changes.
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Problem 3 (30 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 microstrip line has a characteristic impedance of 50 []. The effective permittivity of the microstrip line is 3.0. The voltage on the line has a maximum magnitude of 1.6 volts and a minimum magnitude of 0.4 volts. A voltage minimum occurs at a distance of 1.0 [cm] from the device.

Determine the input impedance of the device. Do the calculation exactly – do not use the Smith chart. 



 (
Microstrip line
Device
Substrate
)
Answers
















where


.

Hence we have


.

Hence


  

Therefore


.

We then have
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