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Optimal Antennas: Operators, Limits, and Design 
 
Abstract: 
 
The success of computational electromagnetics in recent decades stems from the possibility to numerically approach 

non-canonical scenarios, i.e., those that cannot be solved analytically. This short course summarizes recent 

advancements in evaluating fundamental bounds, inverse design, and modal decomposition. An efficient framework 

utilizing matrix formalism is necessary for all these diverse techniques. This formalism, including various techniques, 

tricks, and identities, will be presented. The course aims to provide a good balance between mathematics, 

electromagnetic theory, code implementation, and live demonstrations that cover diverse applications. 

 
 
Graphical abstract: 

 
 
Recommended prerequisites for attendees: 
 
Basic knowledge of MoM is advantageous but not a prerequisite. 
 

 
Learning objectives: 
After the course, the participant will be able to: 

 Identify and evaluate matrices corresponding to various operators stemming from integral equations, 

 formulate antenna problems and solve them using convex optimization, 

 quantify the cost of extra design constraints (self-resonance, restricted controllable region, etc.), 

 use software to compute bounds for practical design cases and - if needed - to implement his/her own codes, 

 use topology optimization to improve antenna designs and to automate antenna design, 
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 apply the presented methodology to optimization problems involving antenna arrays and multiport antennas, 

 understand unsolved problems in the field and start his/her own research in that area. 

 

The participants will be provided with codes determining the bounds on the antenna metrics (gain, radiation 

efficiency, Q-factor) and performing topology optimization. A worksheet with analytical solutions will be 

distributed as well. 

 
 
 
Course outline: 

Optimal Antennas: Operators, Limits, and Design 

1. Introduction (15 minutes) 

2. Integral equations and related operators (30 minutes) 

Physical background 

Numerical evaluation of the operators 

Algebraic properties, modal analysis 

Practical part: live demonstrations (evaluation of impedance, stored energy, far-field and other matrices) 

3. Fundamental bounds (45 minutes) 

Theoretical part: convex optimization, formulation of quadratic problems 

Practical part: live demonstrations (min Q, ) 

Coffee break 

4. Inverse design (45 minutes) 

Theoretical part: properties, available techniques 

Practical part: live demonstrations (gradient-based binary topology optimization) 

5. Antenna array port modes (30 minutes) 

6. Conclusion (15 minutes) 

 

The participants can bring a laptop with MATLAB installed if they would like to run the provided codes. 
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