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ECE 435

ANTENNA IMPEDANCE MEASUREMENTS
Latest revision:  October 1999

Introduction

In this lab you will measure the input impedance and mutual impedance of monopole
antenna elements.  A microcomputer will be used to make these measurements automatically, over
a wide range of frequencies.

Theory

During a portion of this lab you will make measurements of the mutual impedance between
monopole elements above a conducting ground plane.  To understand the measurement procedure,
consider the two dipoles shown in Figure 1.

The network relationship between the voltages and terminal currents for the coupled antennas is
given by

where Z11 and Z22 are the antenna self impedances and Z12 is the mutual impedance.

To simplify the measurement of Z12, we will not attempt to measure Z11 or Z22, but will assume that

Figure 1.  Two coupled
dipole antennas.

IZ  +  IZ = V 2121111 (1)

IZ  +  IZ = V 2121112 (2)
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they are equal to the ISOLATED input impedances of antennas 1 and 2.  This approximation is very
good except in the case of extreme coupling (when the two antennas are very close).  Now, consider
the input impedance to antenna 1 when antenna 2 is short circuited.  From (1) we get

But, since antenna 2 is shorted, equation (2) gives

or

Substituting (5) into (3) gives

Thus, the mutual impedance is

To determine the sign on the square root we must use knowledge of the physics of the interaction.

Precautions

1. Be very careful when entering or exiting the anechoic chamber.  The tips of the absorbing
material are easily broken.  Try to avoid brushing against them.

2. Watch where you are going inside the chamber.  Step only in the middle of the walk-on
absorbers.  They can be somewhat unstable.

Procedure

A. MEASUREMENT OF INPUT IMPEDANCE

1. Set up the experimental arrangement shown in Figure 2.  The reflected wave
from the antenna should be directed to port B on the vector voltmeter.
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2.       Turn on the vector voltmeter, the signal generator and the computer.  Change to the
emag folder on the computer.

3. Run the program VS.EXE to measure the input impedance of the following
monopoles:  a) 20 cm monopole, 200 - 600 MHz at every 10 MHz, save to file
20CM.NDF;  b) 15 cm monopole, 200 - 600 MHz at every 10 MHz, save to file
15CM.NDF;  c) 10 cm monopole, 200 - 2000 MHz at every 10 MHz, save to file
10CM.NDF.  Note that any time you change the frequency range or the number of
points measured, you will have to recalibrate with the short.

4. Plot the input resistance and reactance for each antenna as a function of frequency.

5. Run the program ZMONO.EXE.  This program solves the EFIE using piecewise
sinusoid basic functions to calculate the input impedance of a monopole above a
perfectly conducting ground plane as a function of frequency.  Choose your input to
duplicate the experiment for each antenna measured.  You will need to edit the input
file ZMONO.INP using the DOS editor.  Plot the results using S.EXE.

Figure 2. Experimental setup for input impedance
measurements.
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B. MEASUREMENT OF MUTUAL IMPEDANCE

1. You will use VS.EXE to gather the data you will need to calculate the mutual
impedance of two 10 cm monopole antennas.

2. Run VS.EXE to measure the input impedance of a 10 cm monopole at 700 and 750
MHz.  Call this file 10CMI.txt.

3. Next you will attach another 10 cm monopole to the conducting ground plane a
distance 4 cm from the first and re-measure the impedance at 700 and 750 MHz. 
Call this file ZS4.txt. Repeat the measurement with the second (shorted) monopole
moved to 6,8,10,12,14, and 16 cm.  Call these files ZS6.txt, etc.

4. To find the mutual impedance you will have to use equation (7) and record the
impedances in the table below.

d (cm) R12

@ 700 MHz
X12

@ 700 MHz
R12

@ 750 MHz
X12

@ 750 MHz

4.0

6.0

8.0

10.0

12.0

14.0

16.0

5. Run the program ZMUTUALS.EXE to calculate the theoretical mutual impedance
for the two monopole system.  This program uses the induced EMF method to
calculate Z12.  (See ECE435 notes for details).  Choose the input to duplicate the
experiment at both 700 and 750 MHz;  you will have to edit the input file
ZMUTUALS.INP.  Plot your results (both real and imaginary parts) using
VS.EXE.

Report

A. INPUT IMPEDANCE MEASUREMENTS
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Calculate the resonant frequency of each of the measured monopole antennas.  From this,
calculate the resonant resistance of each antenna.  Compare your measured results with
the theoretical results from ZMONO.  How do the shapes of the measured impedance
curves compare with theory?  Comment on any differences.

B. MUTUAL IMPEDANCE MEASUREMENTS

Plot the measured mutual impedance (resistance and reactance) of the two 10 cm
monopole antennas as a function of distance.  Compare these plots with the theoretical
values obtained using ZMUTUALS.  How do the shapes of the curves compare? 
Comment on any differences.


