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Problem 1 (40 pts)

A RHCP plane wave at 1.575 GHz from a GPS satellite is incident on the earth. The earth has r = 4.0 and is taken as lossless. The angle of incidence is i  =  45o. 

Calculate the total power density in the reflected plane wave relative to that of the incident plane wave. 






 (
i
) (
RHCP
) (
Reflected
) (
Earth
)

Room for work

Solution

The incident power divides equally between TEz and TMz parts. Therefore, if there is an incident power density of one [W/m2], then the incident power density in the TEz and TMz parts is 0.5 [W/m2]. The power density in the reflected wave is therefore


.

From Snells’ law, the transmitted angle is 


.

We then have 




This gives us 




We then have





 Problem 2 (30 pts)

A coaxial cable has an inner radius of 1 [mm] and an outer radius of 5 [mm]. The inner wire is made of copper with a conductivity of 5.8107 [S/m]. The outer conductor is a braided aluminum conductor that has an effective conductivity of 2.0107 [S/m]. Both the copper and the aluminum are nonmagnetic. The filling material is Teflon which has a relative permittivity of 2.1 and a loss tangent of 0.001. 

Calculate the attenuation in [dB/m] on the coaxial cable at a frequency of 1.0 [GHz]. 


Room for work

Solution

The propagation constant is given by 




where














and





.

We then use

.

The results are














This gives us


.

From this we have

.

This gives us 


.




Problem 3 (30 pts)

An air-filled rectangular waveguide has b < a. For a certain application, we want to make sure that all of the modes are attenuated sufficiently fast inside the waveguide, so that the entire field attenuated very fast. Note that all modes will attenuate at least as fast as the dominant mode, if it attenuates. 

What is the largest value that the dimension a can be, so that the dominant mode is attenuated at a rate of at least A [dB/m] at a given frequency f? 

Your answer should be a formula that has the result for the dimension a in terms of A and f. 



Room for work

Solution

In order to have the dominant more decay fast enough, we require


.

Hence we have


.

This gives us


.

Squaring both sides, we have 


.

Multiplying by a2, we have 


.

Collecting terms, we have


.

This gives us the result for the maximum allowed value of a, which is 

.


This may also be written as


.
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