ECE 6340

Fall 1999

Project

Instructions 

This project is due on the last day of class (Thursday, Dec. 2). Please work individually on the project. You will be graded on the accuracy of your derivation and results, and on the neatness and quality of your write up and results.

A base-station antenna operating at 1.8 [GHz] is located at a height h = 30 meters over the earth (z = - h), which is modeled as an infinite half space of lossless dielectric material having 
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. The surface of the earth is at z = 0. 
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The base-station antenna is modeled as a unit-strength dipole that is tilted at a 45o angle with respect to the vertical, as shown below. (The tilt is used to obtain polarization diversity.)
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A cell phone is located at an observation point 2 meters above the surface (shown with a hollow dot in the figure).  That is, the observation point is at 
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1. Calculate and plot the magnitude of the fields
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 at the cell-phone antenna, as a function of the horizontal distance y from the base-station antenna to the observer. Plot your fields normalized to the value 
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and then expressed in dB. The value
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is the magnitude of the field of a unit-strength dipole at a distance 
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 from the dipole, observed in a direction perpendicular to the dipole axis. This makes for a convenient normalization. 

Pick a reasonable plotting range so that the maximum value of y corresponds to what you think is a practical maximum distance from the base station. You may wish to have several plots covering different plotting ranges, if necessary. Your write up should include a complete derivation of your calculations, filling in any missing steps from what is presented here. (You are also responsible for correcting any mistakes that might appear here…if you notice any, please inform the instructor as soon as possible). 

2. Repeat the above calculations assuming that the base-station antenna is a unit-strength dipole oriented in the x direction. 

3. Repeat the above calculations assuming that the base-station antenna is a unit-strength dipole oriented in the z direction. 

BACKGROUND

At the observation point, the field is the sum of the incident field from the antenna and the reflected field from the ground. Both fields can be modeled as plane wave fields. The incident and the reflected waves can be further decomposed into TE and TM plane wave fields. The incident TE field is written as
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where 
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and 
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 is the angle between the z axis and the vector pointing from the antenna to the observation point. The distance 
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 is the distance from the antenna to the observation point. The unit vector 
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 lies in the yz plane, and is perpendicular to the vector 
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 from the antenna to the observation point (pointing in the upward direction).  The transverse components of the incident plane waves (modeled as incident voltages in the TEN) are 
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To calculate the reflected fields, assume that the TE and TM parts of the incident field reflect from the surface of the earth (at point P) as plane waves. At point P the angle between the z axis and the vector from the antenna is denoted as 
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. This is also the angle between the k vector of the plane wave that is incident at point P and the surface normal. 

To account for the distance traveled by the reflected plane wave, the distance 
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 is defined, which is the total distance traveled by the reflected wave from the antenna to point P, and then from point P to the observation point, as shown in the figure. The distance 
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 is actually the same as the distance between the observation point and an “image” antenna, located at z = h. (Reflecting from the interface does not change the radius of curvature of the spherical wavefront for the field.)

To calculate the reflected wave field at the observation point, the transverse parts of the TM and TE components of the reflected waves are first determined from 
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For the TM reflected wave, the z component of the reflected plane wave can be found from the y component. One way to do this is to use the electric Gauss law, 
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which yields
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