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Electromagetics and Antennas 
Education

• Students can build things after 1 or 2 semesters 
of circuits or controls Course

• Students can rarely build anything after 2 
semesters of electromagnetics!

• Common impression: abstract, mathematical, of 
little practical use

• Antenna is an integral component in a wireless 
communications and can be practically realized

• Many universities offer Antenna course/contents 
at undergraduate level as part of EM education



Antennas as a Solution

• Many antennas are simple to make
– Wires Antennas and Arrays 

(Omni-directional/Directional radiation patterns)
– Printed Microstrip Antennas and Arrays 

(Aperture type antennas and Arrays (for high 
Gain) with Directional radiation Patterns)

• But they are hard to test (beyond SWR)
• Consequently most antenna courses with 

projects use simulation only



Proposed Solution: the Remote 
Educational Antenna Laboratory

• Antenna “starter kits” available at low cost 
(designed by SDSU)

• Anechoic chamber available for scheduling 
and use by students and educators (CMU)

• Live control of the chamber and instruments 
via the web

• Provides opportunity for “hands-on” 
experience in antenna construction and the 
next best thing to “hands-on” for testing



Remote Laboratories for Education

• Training for real-world experiences

• Resource leveraging
– instrument sharing between schools
– secure after hours use of existing equipment

• Enhanced Classroom demonstrations
– avoids logistical difficulties of setting up demo in 

class
– allows students to play with demo after class at their 

leisure

• Enables lab component for distance education



REAL Facility Description at CMU 
(D. Stancil)

• Rectangular chamber 10’x18’x10’
• Designed for -40 dB quite zone VSWR above 

2 GHz by Cuming Microwave
• Presently has a single axis of rotation
• Instrumentation available to 9 GHz
• Presently configured for 1-3 GHz 

measurements
• Available measurements:

– Return Loss with frequency
– Azimuth and Elevation patterns
– Gain by comparison with standard



Chamber Antenna Mount 
(D. Stancil)
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Screen Capture from Webcam 
(D. Stancil)



Measurement Interface 
(D. Stancil)



Pattern from “homemade” Dipole 
(D. Stancil)



Anticipated Usage Logistics

• Antennas fabricated at local institutions & time 
scheduled on facility

• Antennas shipped to CMU prior to scheduled time

• Antennas mounted in chamber by CMU 
student/technician

• Remote students take control of the chamber 
measurements

• Antennas returned to students

• All antenna designs and measurements taken 
with the facility will become part of a publicly- 
available data base



Antenna “Starter Kits” Development

• Basic kit of parts to make simple antennas
• Includes instructions and example designs
• Available at low cost
• Examples: Patch Antenna



Antenna “Starter Kits” Development

• Antennas Under Developed (Frequency: between 2 to 3 GHz):
• Rectangular Microstrip Antennas (Coaxial probe/microstrip line fed)
• Circular Microstrip Patch Antennas (Coaxial probe/microstrip line fed)
• Corporate fed Microstrip Linear/Planar Array Antennas

• Monopole Antenna
• Dipole Antenna
• Wire Rectangular Loop Antenna
• Wire Circular Loop Antenna
• Yagi-Uda and Log-Periodic Wire Antennas

• Design Tools: Ansoft HFSS 10, Ansoft Designer 3.0, PCAAD v5, 
MININEC

• Fabrication Material: Rogers 5880, FR-4, Cuming Foam, Copper Tape, 
Wire, Metallic sheet, SMA connectors



Antenna “Starter Kits” Development



Antenna “Starter Kits” Development



Antenna “Starter Kits” Development



Antenna “Starter Kits” Development



Antenna “Starter Kits: Instruction Manual”



Antenna “Starter Kits: Instruction Manual”



Antenna “Starter Kits: Instruction Manual”



Future Antenna and Instruction 
Manuals

Under Development

• Planar (4x4) microstrip array antenna
• Yagi-Uda Antenna
• Log-Periodic Antenna



Summary

• Some Antenna Starter Kits are ready
• Remote Educational Antenna Laboratory 

operational (http://preal.ece.cmu.edu)
• Will be used in for teaching Antenna course 

in coming semester as a TEST
• Anticipated Schedule:

– Beta testing during AY07-08
– General scheduling AY08-09
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