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Introduction

In this lab you will measure the patterns of several types of antennas within the MSU
anechoic chamber.  A microcomputer will be used to make these measurements
automatically, over a wide range of observation angles.  You will then compare the results
with the theoretical patterns determined in class, and compute such parameters as
beamwidth and directivity.  Lastly, you will investigate the reciprocity of the transmitting
and receiving patterns of antennas.

Procedure
Part 1:  Pattern measurements

In the first part of the lab you will measure the patterns of dipole and loop antennas using
the MSU anechoic chamber.  A microcomputer will be used to make these measurements
automatically, over a wide range of observation angles.  You will then compare the results
with the theoretical patterns given in the theory section, and compute the antenna
beamwidth and directivity.

The MSU chamber uses small conducting ground planes to measure the input impedance of
a dipole element.  Because of the "mirror image" nature of the ground plane, when
monopole is inserted into the ground plane its reflection produces the other half of the
dipole.  However, since the monopole radiates into only one half of the space that a dipole
radiates into, THE INPUT IMPEDANCE AND RADIATION RESISTANCE OF A
MONOPOLE ARE 1/2 THAT OF A DIPOLE.  Also, since the ground plane is relatively
small, a perfect image is not created, and perturbations of both the measured field at the
ground plane surface and of the measured input impedance of the dipole are expected.

1. Set up the experimental arrangement shown in Figure 1.  The signal generator feeds the
helical antenna in the chamber which acts as the transmitting antenna.  A portion of the
signal is taken off to act as a voltage reference.  The signal from the receiving antenna
under test is fed into channel B of the vector voltmeter.

2. Turn on the vector voltmeter, the signal generator and the stepper motor controller.
Then turn on the computer.  Change to the USR directory on the computer (type
CD\USR).

3. To perform pattern measurements you will use two different programs.  The first
program automatically controls the rotating platform, the signal generator and the vector



voltmeter.  The second allows you to make plots of the measured data. The signal
generator excites the helical transmitting antenna which radiates a wave to the receiving
antenna mounted on the rotating platform.  The received signal is measured by the
vector voltmeter at for a range of platform positions and recorded on the computer.

4. Run the program MEASPAT.EXE from the USR directory.  This program measures the
antenna pattern.  Enter the number of points to measure the pattern at (over 360o) and
the frequency to use.  When the program is finished, save your file to floppy drive (drive
B: with a ".DAT" extension (NOTE: you must include the drive, e.g. B:\DATA.DAT).
Hand-carry your floppy to a networked computer and insert it in the floppy drive.  Run
PATTERN.EXE from the emag folder.  Press <ALT> to access the program menus and
load your data from the File menu.  Plot the data, and when the plot is on the screen use
the following procedure to print the plot:

4.1.1. <ALT-Enter> to go from Full Screen to Windows mode.
4.1.2. Click on the Window.
4.1.3. <ALT-PrScrn> to copy the Window to the Clipboard.
4.1.4. Launch MSPaint from the Accessories Menu.
4.1.5. Choose Landscape Orientation from the Page Setup Menu.
4.1.6. Paste the clipboard to the Paint window (accept the bitmap changes).
4.1.7. From the Image menu of Paint, set Inverse Color to get rid of the

background.
4.1.8. Perform a Print Preview to make sure the image fits on one page.
4.1.9. Print.
4.1.10. <ALT-Enter> to return to full screen mode.

5. Measure the patterns of the following antennas at 1200 MHz:

a. The 1/2 wave dipole antenna
b. The 3/2 wave dipole antenna
c. The 1.5" diameter loop antenna
d. The UHF loop antenna
e. The rhombic antenna

Each antenna is installed onto the rotating platform by inserting the feed wires into
the BLACK terminals.  You may wish to secure the rhombic antenna with small
pieces of scotch tape.  Be sure not to tear the surface of the platform.

            NOTE:  The feeds from both the transmit and receive antennas are connected
DIRECTLY to the vector voltmeter.  Make absolutely sure that you have
purged all free charges within your person by first grabbing the metal rotator
base prior to attaching or removing any antenna.

Make sure the chamber door is closed during each measurement.  BE CAREFUL
WHILE STEPPING ON THE ABSORBERS IN THE CHAMBER.  It is easy to



loose your balance.  Also, be careful not to brush against the absorbers mounted on
the chamber door.

For each antenna pattern measured, be sure to get printouts of BOTH the polar and
rectangular pattern plots.  These plots are of field amplitude, NOT power!

6. To investigate the reciprocity of antenna patterns, switch the cables between the
transmitting and receiving antennas, so the helical antenna is receiving and the
platform antenna is transmitting.  Install the 1.5" diameter loop antenna and measure
its transmitting pattern.  Before you do anything for this task, ask the instructor
for assistance!

Report

1. Plot the theoretical patterns of the 1.5" diameter loop, the 1/2 wave dipole and the
3/2 wave dipole antennas from the equations in the notes.  Compare these patterns
with those measured in the lab.

2. From the measured patterns, compute the beamwidth of the 1.5" diameter loop and
the 1/2 wave dipole.  Compare this with the values given by theory.  Note that it is
usually easier to compute beamwidth from rectangular pattern plots.

3. From the measured pattern of the rhombic antenna, compute the beamwidth of the
main lobe.  Is this antenna more or less directive than the dipole?  Compare the
pattern of the rhombic antenna with the pattern of the "V" antenna from the notes
(the pattern of rhombic and V antennas are nearly the same).  How do you explain
the large back lobe on the pattern measured in lab?  Hint:  remember the assumed
form of the current on a travelling wave wire antenna.

4. Compare the patterns of the 1.5" diameter loop antenna when it is acting as a
receiver and when it is acting as a transmitter.  What conclusions do you draw about
antenna pattern reciprocity?



Figure 1.  Experimental setup for measuring antenna patterns.


