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Abstract — This paper presents an affordable educational kit for 

measuring microwave radiation and main antenna parameters. 

The instrumentation includes a portable Network/Spectrum 

Analyzer, several pyramidal absorbers, various antennas and 

cables, and tripods for manual rotation. The educational kit, 

appropriate for undergraduate and high school students and for 

industrial companies, offers opportunities for direct intuitive 

experience with basic aspects of electromagnetic waves and 

antennas (diffraction, reflection, absorption, polarization, etc.).  

Index Terms - Educational Kit for Radiation and Antennas, 

Training Kit for Antenna Course, Antenna Laboratory 

experiments 

I. INTRODUCTION 

The enormous proliferation of cellular and wireless networks 
has led young people to show a great deal of interest in 
principles of radiation and antennas. To educate students on 
these topics, it is advisable not only to provide them with frontal 
lectures, quantitative exercises and software simulations but also 
to expose them to practical experiments offering "hands on" 
experience [1-5]. 

The minimum requirements for a laboratory for antenna 
testing include a Network Analyzer, some pyramidal absorbers 
and various antennas. For basic experiments, a rotating 
mechanism is not essential; manual rotation on tripods can yield 
equivalent results. The heart of the measurement is a portable 
Network Analyzer such as the Rohde & Schwarz ZVH8; such 
analyzers are currently available at reasonable prices.  
 

 
 

Fig. 1   A picture of the antenna range (front) 

II. KIT CONTENTS 

Accurate transmit-receive measurements are achieved by a 
portable Network/Spectrum Analyzer such as the Rohde & 
Schwarz ZVH8 (8 GHz), which offers good performance at a 
reasonable price. The instrument can serve other tasks in other 
courses, in research and in consulting academic staff.  

Additional required items are coaxial cables of different 
lengths, two tripods with visually marked angles, 4 to 6 
pyramidal absorbers, and a variety of antennas—including 
standard-gain log periodic arrays (e.g., Aaronia HyperLog  
4060), simple wire and horn antennas, Yagi-Uda arrays, and 
advanced examples of microstrip arrays. Required accessories 
must also be included, e.g., adaptors (SMA to N and SMA to 
SMA), 1:2 and 1:4 power combiners, terminations, attenuators, 
filters and short cables. All in all, the fully equipped setup may 
cost $20K-22K if purchased directly or up to $30K if purchased 
with the assistance of a commercial integrator. 

Figure 1 shows an overview of the basic setup of two log- 
periodic dipole arrays mounted on tripods and connected by 
coaxial cables to the ZVH8 analyzer. Figure 2 shows the details 
of how the antennas are attached directly to the tripods with no 
additional interface. To achieve a reasonably far field but with 
minimal multi-path interference, the antennas should be placed 
2–3 meters apart. The antennas are rotated manually along one 
or two axes. The results can be written in a notebook or 
extracted via the USB of the Network Analyzer. 

 

 
 

Fig. 2  A picture of the antenna range (back) 



 
 

 
 

Fig. 3     A picture of the portable Network Analyzer 
   Rohde & Schwarz ZVH8 (8 GHz) 

 
 

 
 

Fig. 4   Horn antennas 
 

III. ANTENNAS 

Successful sessions with the educational kit can be achieved 
by presenting students with a variety of popular antennas. One 
means of creating a positive dynamics among students is to 
divide them into groups of 2-4 people and ask each group to 
actively measure a different set of antennas. Figures 4-8 show 
dozens of working antennas, gathered in AFEKA College of 
Engineering over several years of teaching. Such antennas can 
either be purchased commercially or can be constructed by 

generations of students. The choice of available antennas 
includes: dipoles, monopoles, loops, helices, horns and 
microstrip patches. Parabolic reflectors and large arrays are not 
recommended due to the far field limitation. 

 

IV. SESSIONS AND CONCEPTS 

We propose here a structure of six sessions of 3 hours, or 
approximately 20 hours of a guided tour of the world of 
antennas. The lecturer can decide, on the basis of the time 
allotted and the size of the class, whether to carry out 
demonstrations or to allow free experimentation. Our experience 
suggests that it is best to combine the two approaches. A class 
size of 9 to 12 people (divided into groups of 2-3 students) 
allows all members of the class to actively participate. Note that 
each experiment involves connecting and disconnecting 
hardware, rotating or translating antennas, reading results or 
extracting files, and writing the details of the setup and the 
results. The six proposed sessions are summarized in Table 1. 
Session One focuses on matching concepts and requires a 

theoretical background in transmission lines, Smith Chart 
presentation and matching. The actual work is operating the 
Vector Network Analyzer (all S-parameters). The importance of 
calibration should be conveyed, as well as the idea that a 
matched antenna is not sufficient to guarantee proper function. 
In addition, near-field aspects — such as mirroring by metal 
plates and de-tuning by close objects — should be discussed. 
Session Two shows the law of diffraction by demonstrating 

linear and spatial beamwidths and by explaining the concepts of 
an isotropic radiator and the directivity of antennas. This session 
provides an illustrative explanation of why we need antennas at 
all. The actual work is measuring radiation patterns by manually 
revolving the tested antennas on a tripod and by comparing 
these patterns to those of reference antennas.  
Session Three presents the concepts of polarization and 

cross-polarization, with specific focus on circular polarization, 
absolute gain (summing two polarizations when the fading 
creates a random polarization) and the advantage of vertical 
polarization in broadcasting and mobile devices. In this session 
the participants roll the antennas. 
Session Four introduces interference effects between 

radiators in the far field. By building actual arrays of 2, 4 and 
even 8 elements, students can really see the development of the 
array factor, and by using attenuators they can see how 
weighting controls the side-lobes. Session four emphasizes 
measurement of radiation patterns and comparisons of 
beamwidths and side-lobes.  
Session Five includes actual testing of the short wireless 

link, with and without a line of sight, exercising the Friis Law 
and measuring specific reflectors and absorbers, including the 
human body. True and mythical radiation hazards are discussed. 
The spectrum analyzer can also be used to learn about cellular, 
wireless and FM radio emissions.  
Session Six can be used to summarize the mini-course 

through full identification of a "black box" antenna (frequency, 
bandwidth, matching, beamwidth, gain, efficiency, effective 
area, polarization, cross polarization, near field and far field), or 
through actual design of an antenna. It can also introduce near-
field aspects or expose students to a unique measurement setup.   

 



 
 

 
 

Fig. 5   Yagi-Uda arrays 
 

 
 

    Fig. 6   Log periodic dipole arrays and Vivaldi  
 

V.  CONCLUSION 

 A mini-course of six laboratory sessions exploring radiation 
and antennas has been presented. The setup is based on a 
portable Network/Spectrum analyzer and a variety of 
commercial or self-made antennas mounted on tripods. For a 
low cost, the course exposes students in universities, colleges, 
and high schools, as well as in industry and defense settings, to 
practical aspects and fundamental concepts of electromagnetic 
waves. The mini-course can be offered as a supplement to a full 
academic course on antennas or as a component of "on the job" 
training. It combines guided demonstration with hands-on 
experience, enhancing self-motivation, curiosity and creativity. 

 

 
 

Fig. 7   Wire antennas 
 

 
 

Fig. 8     Microstrip elements and arrays 
 

REFERENCES 

[1] Development of Antenna Starter Kits for Remote Education 
Antenna Laboratory (REAL) to Enhance Undergraduate Electrical 
Engineering Education Satish K. Sharma, Sunil K. Rajgopal, and 
Madhu S. Gupta, Department of Electrical and Computer Engineering 
San Diego State University, San Diego, CA, USA, 92182 
Emails: ssharma@mail.sdsu.edu, and mgupta@mail.sdsu.eduM,  
[2]  www.naugraexport.com 
[3]  www.edutech.com 
[4]  www.elaboratorieskits.com 
[5]  www.elliptica.com 
 
 
 
 
 
 
 
 
 
 



 
 

 

         SESSION 1  Matching 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          

 

         SESSION 2  Radiation Pattern and Gain 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

          SESSION 3  Polarization 
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Hour Experiments Concepts 

4 Radiation patterns in main cuts, 

Angular beamwidth (Ωa) 
Diffraction limit (λ/d), 
Main beam and Side-Lobes. 

Far Field (2d²/λ) 
 

5 Radiation Intensity (mW/cm²), 

Directivity (4π/Ωa) and effective 

area, gain and area (4πA/λ²) 
 

Isotropic Radiator, 
Propagation in Line of Sight (Friis equation). 
Directivity and effective area 
 

6 Gain analysis by comparison to a 
reference antenna and by two 
identical antennas.  
 

Gain, directivity, efficiency,  
Importance of antennas in the wireless link 

Hour Experiments  Concepts 

1 Return Loss, VSWR, Impedance Impedance matching 
 

2 False matching by attenuator, 
True matching by transformer and by 
stub, complex impedance, 
Combination of antennas + filters 
 

Radiation resistance and reactance 
Smith Chart 
Resonance and bandwidth 
Quality Factor 
 

3 Coupling between close antennas, 
Effects of conductors and dielectrics 
in the near field 

Near (reactive) field 
Detuning of antennas 
Mirroring by metallic wall 
 

Hour Experiments Concepts 

7 Linear polarization and Circular 
polarization (by two orthogonal 

dipoles with 90° phase) 
 

Polarization, cross polarization,  axial ratio 

8 Polarization Loss:  

linear to linear by cos²(ψ) 
linear to circular (3dB) 
RHCP to LHCP 
 

Roll diagram, 
Tx/Rx polarization matrix 
 

9 Polarization aspects in point-to-point 
and in point-to-multi-point links, 
reversed polarization by reflections, 
random polarization 
 

Advantage of vertical polarization in broadcast 
links, absolute gain in non-line-of-sight 
networks 



 
 

         SESSION 4  Arrays 

 

 

 
          

 

 

 

 

 

 

  

 

 

          

          

         SESSION 5  Wireless Link 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

         SESSION 6  Antenna Design 

 

 

 

 

 

 

 

                                     

 

 

 

            
    

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Hour Experiments Concepts 

10 Radiation patterns and gain of  
1, 2 and 4 element arrays, 
Radiation patterns of elements in 
array 
 

Element factor and Array factor, 
Coupling between elements 

11 Arrays with different spacing,  
Addition of planar reflector 
 

Effect of spacing on side-lobes and gain, 
Effects of planar reflector 
 

12 Arrays with different weighting 
functions 
 

Effect of aperture tapering on side-lobes and 
gain 
 

hour Experiments Concepts 

13 Path Loss in line of sight, 
Dependence on frequency 

Friis Equation in line of sight 

Pr/Pt = Gr Gt λ² / (4π)²R² 
 

14 Effects of obstacles (metals,  plastics, 
wood, glass, radomes), 
Path loss in non-line of sight, 
Multi-path and absorber effects 
 

Reflections and diffractions 
Friis equation in non-line of sight 

Pr/Pt = Gr Gt λ² / (4π)²R^n 
 

15 Human body effects, reflection and 
absorption, radiation safety  
for planar waves 
 

Human body effects on RF and microwave 
radiation 
 
 

Hour Experiments Concepts 

16 
17 

Comparison between different 
antennas (dipoles, monopoles, 
Yagi-Uda, log-periodic, broadside 
and end-fire arrays, horns, 
parabolic dishes, microstrip and 
others)  

How to choose antennas for different applications, 
Isotropic, Omni-directional and Directional 
antennas,  
Narrow-band and Broad-band, Polarization aspects, 
Fixed and mobile antennas 
 

18 Experimenting with antennas 
offered or made by the students  
 

Parameterization of Antenna as a "black box" 

     Table 1   Six sessions of activity with the educational kit, combining guided demonstration and 
hands-on experience (free imagination and creativity) 


