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1. Title of research project 

 
Novel methods of fast numerical electromagnetic analysis for radio astronomy antennas 
 

2. Academic level (Masters or PhD) 
 
Ph.D.  
 

3. Supervisor’s title and full name  
 
Prof. Matthys M. Botha 
 

4. Co-supervisor’s title and full name 
 
N/A 
 

5. Supervisor’s university  
 
Stellenbosch University 
 

6. Overview and aims of the research project (maximum 300 words) 
 
Numerical electromagnetic analysis has become an indispensable tool in modern 
antenna design. The design of the mid-frequency aperture array and other radio 
astronomy antennas involves very large computational electromagnetics analyses. In 
such cases the computational cost can quickly become prohibitive and it becomes 
necessary to investigate more efficient numerical methods. For this project, the 
candidate must firstly study cutting-edge integral equation-based methods relevant to 
electrically large antennas. Secondly, the most relevant of these existing, cutting-edge 
methods must be implemented as a computer code. Thirdly, new methods must be 
developed which are more efficient than the present state-of-the-art, with regards to 
analysis of electrically large, radio astronomy antennas. This work will likely focus on 
macro-basis function methods, solution error estimation and iterative solvers. This 
challenging project has excellent scope for journal publications. 
 

7. Relevance of the research proposed to the priority areas of MeerKAT and/or SKA–
refer to the application guide (maximum 200 words) 



 
As described above, this project is relevant to priority area number 9, “Radio Astronomy 
antennas and receivers.” 
 

8. Research work breakdown 
a. Research work structure for Year 1 (100 to 200 words) 

 
First semester: The candidate must conduct a comprehensive literature study of the 
latest methods for efficient electromagnetic analysis of electrically large antennas, 
such as large arrays. This study may require te candidate to also study specialized 
methods of computational electromagnetics. 
Second semester: Continue the literature study. Start implementing methods from 
the literature as a computer code. Write a literature review for the thesis. 
 

b. Research work structure for Year 2 (100 to 200 words) 
 
First semester: Continue with the implementation of existing methods. Start working 
on devising new methods which could be combinations of existing techniques, e.g. 
block based iterative solvers, advanced error estimators and matrix compression 
methods. 
Second semester: Continue with devising new methods. Implement new methods 
and test such methods. Results must be generated to demonstrate applicability for 
radio astronomy antennas. Write conference/journal paper(s). 
 

c. Research work structure for Year 3 (100 to 200 words) – for Ph.D. level projects 
only 
 
First semester: Continue with devising new methods. Continue to implement and 
test such methods. Write conference/journal paper(s), write thesis. 
Second semester: Write conference/journal paper(s), write thesis, submit for 
examination. 
 

9. Availability of required data/access to required equipment / availability of research 
facilities and other resources required (maximum 200 words) 
 
At SU we have extensive access to the scientific literature. At SU we have excellent 
computing facilities. All infrastructure is in place for this project to be hosted at SU. Any 
financial support for the candidate to attend prestigious international conferences 
would be greatly appreciated. 
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