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Summary

The subject of the present thesis is the investigation of the capabilities for the 
application of the method of auxiliary sources (MAS) to radiation problems. Despite the fact 
that the MAS is a widely known numerical method, which is well-established and has been
applied successfully to a multitude of computational electromagnetism problems, its 
capabilities have not been exhausted, especially when applied to radiation problems. The 
radiation problems have the inherent peculiarity that the evaluation of the solution quality is
based on quantities with sensitivity to near field errors and, as an outcome, their numerical
stability is more difficult to achieve, whereas additional difficulties are encountered when 
studying problems with open regions. 

At first, in Chapter 1, a brief overview is provided with regard to the fundamental 
discretization techniques of the numerical methods associated with functional approximations
and the relevant solution techniques, as well as to the most widely spread numerical methods
for solving problems of applied electromagnetism.

Subsequently, in Chapter 2, a more extensive presentation of the MAS is provided, in 
which both the advantages and the drawbacks of the method are reported, as they have been
recorded in the open literature. Moreover, a few practical rules are provided for the selection 
of the solution parameters, which are associated with the type of the auxiliary sources, as well
as with the number and distribution of the auxiliary sources and matching points. 

Next, in Chapter 3, radiation problems of elemental radiators above and inside the 
ground are examined, aiming at the investigation of the convergence behavior and the 
examination of the solution accuracy, as well as at the correlation of the latter with the
parameters associated with the number and distribution of the auxiliary sources and matching
points. From the presented results, a few practical rules are extracted for the selection of the 
parameters forming the solutions. Furthermore, the possibilities for the optimization of the 
solutions are also examined. Finally, the solution behavior in the far field region is also
investigated.

Moreover, in Chapter 4, the capabilities of the MAS for analyzing thin wire antennas 
and arrays are examined. Various excitation fields are concerned in order to deduce general 
rules regarding the dependence of the solution behavior upon the type and number of the 
auxiliary sources. The analysis of isolated antennas is followed by the analysis of arrays of
arbitrarily situated parallel elements and by the study of closely spaced transceivers. Apart
from the preceding, the case of the thick wire dipole is also examined.

Finally, in Chapter 5, the hybridization of the MAS with the reaction matching (RM) 
technique is attempted for the stipulation of the boundary conditions in an average sense.
From the application of the resulting method (MAS-RM) to both isolated thin wire antennas 
and arrays, it is concluded that the proper choice of the auxiliary sources yields rapidly
stabilizing numerical solutions. This fact can be utilized for the analysis of large-scale
problems. For the demonstration of the method capabilities, numerical results are presented
for electrically long dipoles and arrays composed of a moderately large number of elements.
Apart from the preceding, the case of the thick wire dipole is also examined.

Keywords: Computational Electromagnetics, Numerical Methods, Method of Auxiliary
Sources, Open Regions, Wire Antennas, Antenna Arrays.
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.
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 ( .  8  [7])

0f 00 ff , (1.6 )

ff , (1.6 )

2121 ffff . (1.6 )

 (1.5)  µ µ
µ ,  µ µ
µ . µ ,  µ

2121, ffffd . (1.7)

,  µ ,
µ , µ  µ

21

211
21

,
cos,

ff

ff
ffa . (1.8)

 µ µ µ
 Cauchy (Cauchy convergence), µ  µ

0lim
,

nm

nm
nm

ff . (1.9)

 (1.9) ,...2,1|, nf n

, µ
. µ

 (1.9),

f

 Hilbert. 

37



1.3.2

µ  µ
,  µ µ µ
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µ µ  (1.1). nw
 µ µ ,  µ
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µ .
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µ .
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 µ µ ,  Dirac
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1.4 µ
µ µ

µ  µ µ µ
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 (Method of Moments-MoM).
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µ  (Finite Difference Time
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1.4.1

 MoM  PTs µ , , µ
 [9-11]. µ  MoM µ

µ µ µ µ
 µ ,
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Integral Equation-MFIE)  µ  (Combined Field
Integral Equation-CFIE). , µ  MoM µ
µ µ µ µ µ , µ

µ µµ µ  µ
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µ . µµ
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 MoM  µ µ
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1.4.2 µ
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µ µ
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µ  µ µ . , µ  µ

µ , µ  µ
 µ  µ µ

µ µ µ  µ .
,  GTD µ ,

, µ µ , µ  µ
 µ , µ ,

µ µ µ  µ .
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1.4.3 µ
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 µ  FDTD 

µ µ ,
µ ,

µ , µ  µ
 ( ) µ ,

42



 µ  µ , . µ
µ ,

µ . µ
µ  µ

µ  µ ,
. µ

µ µ  µ µ
µ µ  µ

FDTD. ,
µ µ ,
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µ .
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µ .
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µ µ . ,
 EBCM µ ,

 EBCM (Iterative EBCM-IEBCM), 
µ µ
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µ  µ .
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 (Transition Matrix Method  T-Matrix Method). 
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 (Discrete Sources Method-DSM). 

, µµ
µ . ,  µ µ  DSM
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 µ µ ,  µ
.  DSM µ µ  µ  MAS, 
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µ µ
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µ .  FCM  µ
µ µ µ ,

.
 (Multiple MultiPole method-MMP method).
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µ µ

2.1

 1,  MAS  µ µ  µ
µ µ  (

µ  µ  [1, 2]).  MAS 
µ

µ µµ µ ,
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µ . µ ,
µ  ( , µ

µ  µ
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µ µ
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, µµ µ
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.
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µ  µ µ .
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, , ,

µ µ .
 µ µ

, , µ ,
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µ .  µ
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.

µ µ
.
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µ , µ  MAS 
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 µ µ
. , µ

µ  (analytic continuation)
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,  µ µ  [1-7]. ,
,  µ µµ , µ

µ .
.

, µ µ ,
µ µ µ

 µ .
µ . µ

µ
µ ,  3. 

, µ
, µ

,
,  µ µ µ ,

µ µ
.

µ µ  µ  µ
, µ

. ,
 µ  MAS, µ  MAS (Modified

MAS-MMAS) [2, 8].  MMAS  µ  MAS 

µ .
µ µ  µ  µ ,

, µ µ
µ µ µ  µ µ .

µ µ ,
 ( . . Impedance Boundary Conditions-IBCs) [9, 10].

2.2

2.2.1 µ
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µ µ , , µµ , µ

,  µ
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 µ µ µ .
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µ µ µ ,
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i
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µ . µ µ
, .

, µ
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, . µ

, , , µ
 µ . µ ,
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µ , . . µ ,
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µ , µ .

, µ  µ
. µ
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2.2.3
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nw µ
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µ µ µ
µ  ( . . ,  SVD, . .) [11,

12].
µ µ ,

µ  µ µ ,
µ . , µ

µ  µ ,
 µ µ µ

µ ,
 µ µµ µ  µ  µ

 (condition number), µ .
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1cond AAA , (2.6)
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 µ µµ
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µ
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µ µ . ,
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µ µ

µ µ µ . ,
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µ
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µ , µ µ
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µ ,
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µ  [18]. µ  µ , µ ,

µ
,  µ ,

µ  2.5. µ µ ,
.

µ  2. 5. µ µ .
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.
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µ .
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µ µ . µ
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, µ
µ µ ,
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. µ µ
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µ µ
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 4. 4. µ µ µ µ
µ µ ,

.

LI  (mA) 

µ

µ

gN N µ µ
+

L

1 17 0.00+j0.01 0.16+j0.54 0.16+j0.55
3 50 0.13+j0.49 0.15+j0.53 0.15+j0.52
5 83 0.15+j0.52 0.15+j0.52 0.15+j0.52
7 117 0.15+j0.52 0.15+j0.53 0.15+j0.52

0.25

9 150 0.15+j0.53 0.15+j0.53 0.15+j0.53
1 33 0.00+j0.01 1.95-j1.20 1.93-j1.21
3 100 2.45-j0.61 2.02-j1.16 2.03-j1.15
5 167 2.03-j1.15 2.02-j1.15 2.03-j1.15
7 233 2.02-j1.16 2.02-j1.16 2.02-j1.15

0.5

9 300 2.01-j1.16 2.01-j1.16 2.02-j1.16

0

1 50 0.00+j0.01 0.59-j1.23 0.58-j1.23
3 150 0.80-j1.31 0.60-j1.23 0.60-j1.23
5 250 0.60-j1.23 0.60-j1.23 0.60-j1.23
7 350 0.60-j1.23 0.60-j1.23 0.60-j1.23

0.75

9 450 0.60-j1.23 0.60-j1.23 0.60-j1.23
1 67 0.00+j0.01 0.36-j1.23 0.36-j1.23
3 200 0.49-j1.29 0.36-j1.23 0.37-j1.23
5 333 0.37-j1.23 0.36-j1.23 0.37-j1.23
7 467 0.36-j1.23 0.36- 0.36-j1.23j1.23

1.00

9 600 0.36-j1.23 0.36-j1.23 0.36-j1.23
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1,1Z ,  µ  µ µ µ ,
µ  µ 5.0L , 007022.0a 01.0 .

µ µ  4.39  µ  3gN . µ
µ
 µ µ µ  4.40. 

µ µ µ  4.41
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µ
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, µ  MAS
 µ µ  [36]. µ

5.0L 003369.0a

µ

µ  [37]
.

 4. 5. µ µ µ
µ µ .

L gN N 1,1Y  (mS)  (mS)2,1Y

1 13 -0.02+j0.00 0.18-j0.24
3 38 -0.02+j0.00 0.17-j0.21
5 63 -0.02+j0.00 0.17-j0.21
7 88 -0.02+j0.00 0.17-j0.21

0.25

9 113 -0.02+j0.00 0.17-j0.21
1 25 -1.74+j0.52 1.87+j3.05
3 75 -1.99+j0.40 1.84+j3.40
5 125 -1.99+j0.40 1.84+j3.40
7 175 -1.97+j0.41 1.84+j3.37

0.50

9 225 -1.95+j0.42 1.84+j3.34
1 38 -0.08+j0.24 0.77+j0.31
3 113 -0.09+j0.25 0.79+j0.32
5 188 -0.09+j0.25 0.79+j0.32
7 263 -0.09+j0.25 0.79+j0.32

0.75

9 338 -0.08+j0.25 0.79+j0.32
1 50 -0.02+j0.15 0.53+j0.03
3 150 -0.03+j0.15 0.53+j0.04
5 250 -0.03+j0.15 0.53+j0.04
7 350 -0.03+j0.15 0.53+j0.04

1.00

9 450 -0.03+j0.15 0.53+j0.04
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