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6. Overview and Aims 
Modern switching electronics that employ power circuitry (convert electrical energy) or digital 

circuitry (process information) emit RFI. This RFI interferes with the SKA. 

Switching electronics produce RFI harmonic currents that is propagated by the attached power cables. 

These RFI currents radiate as it use the cable as an antenna structure. See figure 1. This happens in 

Differential and Common Mode (DM & CM). In order to clearly describe the radiation process the 

current on the cable must be known. For this the switching noise harmonics and the powerline 

characteristics should be known. This study concentrates on the powerline characteristics. The 

powerline will be modelled as a classic transmission line that has Per-Unit-Length (PUL) parameters 

for DM and coupled PUL parameters with Multiconductor Transmission Line (MTL) theory for CM. 

Most of the emissions detrimental to the SKA below 1GHz are in CM. 

In transmission line theory the PUL parameters of resistance (R), inductance (L), capacitance (C) and 

conductance (G) are independent of frequency. This is not the case in practical power cables which 

can have RFI flowing on it from a couple of kHz into the GHz. This study will aim to describe the 

frequency dependent transmission line PUL parameters as basis for characterising low voltage power 

cables and use MTL theory to describe CM behaviour. Ultimately a low voltage powerline cable is a 

multi-core structure (Live, Neutral and Earth cores above a ground) and only MTL theory can describe 

this. 

7. Relevance to the SKA 
This study has direct bearing and relevance to the SKA as all modern electronics that either employ 

power electronics (convert electrical energy) or digital circuitry (process information) emit RFI. Usually 

the emitted RFI is of no consequence as it does not necessarily interfere with normal receivers. The 



SKA however, is designed to be the world’s most sensitive radio receiver and is therefore susceptible 

to all electronics that unintentionally radiate RF energy. This is especially true close to the core of the 

SKA and up to kilometres from a telescopic dish. 

Understanding the propagation of high frequency current on multiple coupled transmission lines is 

crucial in the mitigation of RFI at the SKA. Fundamental to this is knowing the high frequency 

characteristics (especially CM) of the attached power cables of systems and devices as these act as 

radiating antennae of RFI. Only if the cable characteristics are known can the RFI be fully estimated. 

8. Research Work Breakdown 

 Year 1 
 Background study, including a literature review. 

 Characterisation of a typical power cable as transmission line in DM mode. 

 Measurements confirming propagation to classical transmission line theory. 

 Modelling of lines using measured PUL parameters and comparing practical results. 

 Year 2 
 Analysis and simulation of conducted RFI in Multiconductor transmission lines. 

 Measurements to confirm theoretical results. 

 Start thesis write-up outline 

 Article to publish (required by UJ) 

 Year 3 
 Measurements confirming DM to CM conversion theory 

 Article to publish (required by UJ) 

 Thesis write-up. 

9. Availability of Equipment, Facilities and Resources 
The proposed study project will fall under the Group for Electronic Energy Processing (GEEP) and / or 

the Centre for Telecommunications (CfT) within the Department of Electrical and Electronic 

Engineering Science (B2 and B4 Labs), Faculty for Engineering and the Built Environment (FEBE), 

Auckland Park Campus, University of Johannesburg (UJ). As with any other student he/she will have 

access to: 

 Full range of secure and serviced office facilities and laboratories. 

 Full range of electronic and RF measurement equipment including oscilloscopes, power 

supplies, signal generators (6GHz) and spectrum analysers (Digital – 6GHz; Analog – 23 GHz), 

RF measurement probes (1GHz) and antennae (3GHz). 

 Vector Network analyser (GHz) and EMI receiver (6GHz) as well as a G-TEM Cell at Resolution 

Circle the Technology upstart company of UJ located in Milpark, Johannesburg. 

 RF simulation software suites: FEKO and Flux from the Altair Group of Companies. 

The University of Johannesburg do not currently have a shielded or anechoic RF room on site but have 

access to: 

 A shielded room as part of the Antenna development group at the University of the 

Witwatersrand (Wits) 



 An anechoic facility at Interference and Testing Consultancy (ITC – Services) north of Pretoria. 

The SKA has a service agreement with them. 

 The shielded reverberation chamber at SKA Cape Town. 

 Anechoic chamber at ex Houwteq, Grabouw, Western Cape. 

 Possibly the shielded facilities at University of Pretoria. 

Although access to computers are available, the student will be responsible for his/her own laptop. 

10. Confirmation and Signature 
I, Arnoldus Stephanus de Beer (the undersigned) and proposed supervisor for this study confirms that 

there is the goal (and reasonable expectation) that the full time enrolment length of study for this 

proposed degree is three years for a PhD and that the students will be managed to within this time 

frame. 

I further confirm that all the resources for the project will be available at the beginning of the study 

and project. 

 

________________________________________________ 

Arnoldus Stephanus de Beer (ID 6608065065082) 

Date: 10 August 2017 

 

 



 

Figure 1: Big picture showing interference of a noise process via cables and radiation 


