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Abstract:  The use of a loop antenna combined with a vertical monopole, described here as an 
electric-magnetic electrically small antenna (E-M-ESA) system has been proposed as a technique 
to miniaturize antennas, providing, according to some authors, a reduction in near field reactive 
energy; improved radiation eff iciencies relative to a single element antenna alone; and maximizing 
the bandwidth.  But realistic practical antenna systems have not been modeled, including tuning 
and matching losses; and for our understanding of the radiation characteristics of the antenna 
system, the details of the f ields in the near and far field regions have not been described.  The 
purpose of this paper is to present a detailed study and critical comments on performance.  
 
I ntroduction 
 

The author has written many papers during the past 25-years describing electrically small antenna 
(ESA) systems, extensively for application at VLF/LF/MF, and HF frequencies.  He has been 
principally concerned in recent years with validation of the MofM code NEC-4D, particularly at 
MF frequencies, because of the availability of accurately measured data [1]. And of particular 
interest to our study here, the author has validated NEC, as a useful tool to predict the field 
strengths for electrically small loop antennas [2].   

ESA systems are characterized by low gain and narrow bandwidths, particularly for the case of 
electrically small loop antennas, since tuning and matching losses can be small (capacitors rather 
than inductors are used to tune and match the antenna) and Q-factors are high.  The concept of a 
limitation on the bandwidth of an ESA system is attributed to Wheeler [3], his classic 1947 paper.  
A year later Chu [4] published a more exact analysis.  Over the years there have been many 
attempts to make ESAs that out-perform the fundamental limitations set by the early work, or even 
come close to them, but none have succeeded.  What has changed over the years is that the 
attempts have become more sophisticated. But in all cases where the laws of electrodynamics must 
be changed to give the result the researcher wants, he is almost certainly wrong, c.f. Hansen [5].   
 

The fundamental limitations on antennas make it clear that the maximum bandwidth of an ESA 
occurs when both the electric dipole mode and the magnetic dipole mode are excited.   And results 
of Chu’s  study have been interpreted to show that superimposed electric and magnetic dipoles 
may yield a factor of two reduction in the size of an efficient antenna relative to a single small 
element antenna alone (according to Schantz [6]).  Schantz’s references his university research, 
which he says shows that the energy flow around a dual electric and magnetic antenna exhibits 
fortuitous cancellations, resulting in significant reductions in near f ield reactive energy.  While  
author Belrose has not seen Schantz’ s thesis, he considers this statement to be wishful thinking. 
Similar (false) claims were made by the inventors of the crossed-field antenna [1], performance 
claims that asked the reader to ignore the basic principles governing the laws of electrodynamics. 
 
Case Study 
 

Let us choose for a case study an electrically small loop antenna from the author’s f iles.  The 
diameter of the loop is 1.7m, which for a frequency of 3.75 MHz, the Perimeter/wavelength is 
0.067 ! .  The length of the electric dipole, for our study, is equal to the perimeter of the loop.  It is 
well known from theory that:  (1) a dipole along the axis of the loop, see Figure 1a, with the 
dipole center in the loop plane, has zero mutual impedance to the loop, and therefore the radiated 
fields are generated independently by each of the antenna elements, and depends on the relative 
amplitudes of the feeder currents, but not on their  difference in phase; whereas (2) for coplanar 
dipole and loop, see Figure 1b, the elements are closely coupled, and so the radiation pattern is 
dependant on the relative amplitudes of the feeder currents and on their difference in phase.  
McLean [7] has analyzed these two configurations, but not for the case of practical real world 
antennas, including losses associated with the tuning and matching of the antenna system.  Also, 
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to aid our understanding, the components of the f ields (Ex, Ey, Ez) and the total f ields in the near 
field region and in the far field region were not been examined.  
 
 
 

 

a)  

 

b)  
 

Figure 1 a) Hor izontal Loop and ver tical dipole; 
b) Ver tical loop and ver tical dipole. 
 

 

 
For  our  case study here: the center height of 
the antenna system is 20m, to minimize the 
influence of the ground on the impedances of 
the loop and vertical, which corresponds to a 
height of 0.25! , over average ground, and the 
transmitter power is 1000 watts.  The loop 
conductor is an aluminum tube, diameter 
32mm; the dipole an aluminum tube, diameter 
50.8mm.  The Q-factor for the inductor needed 
to tune the electrically small dipole is 300.  
The loop is tuned by a high Q capacitor, and, 
practically, inductively coupled to the feeder 
coax by employing a small coupling loop [2]. 

 Antenna Elements Separately Fed:   In Figure 2 we show the calculated total field, at a height 
of 20m, that is directly in front of the antenna system, versus distance, for the case where the two 
antenna elements are individually fed.  The E-fields for the horizontal loop, excepting for the very 
very near fields, are essentially an Ey field, horizontal polarization.  The   E- fields for the vertical 
loop, in the plane of the loop (the field plotted), and the E-f ields for the vertical dipole, are 
essentially an Ez f ield (vertically polarized).  For the parameters chosen Etotal for the vertical loop 
and Etotal for the vertical dipole are approximately equal (practically measured f ields, not shown, 
can only be recorded to an accuracy of about a dB). The radiation eff iciencies of the vertical loop 
and the dipole are small, as would be expected for such electrically small antenna elements.  For 
reference, a field strength of 0.5 V/m at 200m corresponds to a radiation eff iciency of – 9.5 dB 
compared with a lossless electrical small monopole. 
 

The horizontally polarized f ield strength (loop horizontal) decreases more rapidly with increase in 
distance, as would be expected for horizontal polarization over ground, even (according to NEC) 
for such short distances. 
 
Super imposed Hor izontal Loop and Vert ical Dipole (Figure 1a’s Antenna):   As noted above 
since the polarizations of the loop and vertical dipole are opposite, the mutual impedance is zero, 
and each antenna element radiates independently.  The Etotal  fields (shown in Figure 3), are the 
vector sum of the orthogonal fields.  The magnitudes of the currents feeding the loop and vertical 
have been adjusted so the powers are identical (500 watts for a 1000 watt transmitter) for the f ield 
strengths plotted.  The radiation patterns of this antenna system are independent on the phase 
relation between the two sources.  The azimuthal radiation pattern (not shown) is omni-directional.    
The component fields Ez and Ey are not all that different from the f ields shown in Figure 2; and 
Ez, which in the far field region is the field radiated, is essentially equal to Etotal.   The near field 
strength (E at 10m) is – 1 dB compared with that for the vertical dipole alone; and in the far f ield 
region (E at 200m) the field strength is – 2.4 dB compared to the vertical dipole alone --- that is an 
insignif icant reduction in near-field reactive energy, and an appreciable reduction in radiated 
power in the far f ield --- not very desirable since the radiation efficiency is low. 
 
Super imposed Vert ical Loop and Vertical Dipole (Figure 1b’s Antenna):   In this case the 
polarization of the fields generated by the vertical loop and the vertical dipole are the same 
(vertical polarization), and the closely spaced elements are mutually coupled.  The radiation  
pattern, and to a small extent the impedance of dipole, are dependant on the magnitude and the 
phase of the currents feeding the antennas.  The f ield strengths plotted in Figure 4 are for the case 
of equal powers (as above), and source currents in phase.  The far field radiation patterns, 
elevation and azimuthal are shown in Figure 5.  The azimuthal radiation pattern is omni-
directional.  The figure-8 trace in the center (a green trace if  you view our paper in color) is the 
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horizontally polarized component field.  The elevation pattern has a null on the horizon since we 
have modeled an antenna over ground. 
 

The far field radiation patterns for quadrature phase feed (current feeding the loop – 90o with 
respect to phase of the current feeding the vertical dipole) are shown in Figure 6.  The gain for 
this ESA system is low, but with quadrature phase feed we pick up almost 3 dB gain (2.8 dB 
increase in space wave gain, 3.1 dB gain increase on ground wave gain).  This is clearly an 
advantage for the case modeled (an HF antenna system), but perhaps undesirable for some 
communication applications for which dual electric-magnetic antennas systems are said to be 
“well-suited” .   
 

Conclusions  
 

The E-M-ESA system has some interesting properties.  McLean has shown that a dipole along the 
axis of the loop, with the dipole center in the loop plane, has zero mutual impedance to the loop; 
and that the co-planar dipole and loop are coupled.  Our analysis certainly confirms this, looking 
in detail at the numerically deduced near and far f ield component f ields.  McLean suggested no 
practical application for such an antenna system.  His interest was in studying co-located ESA 
antenna systems for comparison with (theoretical) claimed results of other published work. 
 

Our study here was prompted (in part) by comments made by Hansen who brought our attention to 
McLean’s study.  Hansen’s purpose was to discount the work of other authors who had claimed 
that the ESA Q for coupled antenna elements could be very low, even zero!!  We have not 
discussed here the   Q-factor for the case study antenna systems modeled, but clearly the Q-factor 
of these “compound” antenna is only slightly changed by the orientation of the loop and dipole, 
and the method of feeding the antenna system. The operating impedances of the component 
elements are only slightly different from their self impedances. 
 

Our study more specifically has reference to Schantz, who has proposed the use of this 
“compound” antenna for miniaturizing an ultra wide band (UWB) antenna.  He has said that 
desirable properties: (claimed) reduction of near f ield reactive energy, and (inferred) improved 
performance over a single element, and certainly, although not said, low Q, make the antenna well 
suited for a well-matched UWB (3.1-10.6 GHz) antenna.  But there are no “ fortuitous 
cancellations”  of components contributing to the total near-field. The radiation efficiency of the 
antenna is not superior to that of a vertical dipole alone. And, the antenna system is certainly not a 
wide-band antenna.  
 

But if a directional pattern is wanted, for an ESA system, the E-M-ESA with quadrature feed gives 
a 3 dB increase in gain, which is certainly worth while having, and a front/back ratio on ground 
wave in the far f ield region of 23 dB, which may be very desirable for some applications.  A 
cardiod shaped directional pattern for spaced antenna systems is well known, used for MF 
broadcast antenna systems, and by radio amateurs, to reduce co-channel interference.  But the 
interesting feature here is that the antenna elements are not spaced, they are essentially co-located.  
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Figure 2  Total field strengths versus distance for  
single elements. 
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Figure 3 Field strengths versus distance for  
Figure 1a’s antenna. 
 

 
Figure 4 Field strengths versus distance for  
Figure 1b’s antenna (element fed in phase). 
 

   

 
  

 
 
 

 Figure 5 Elevation and azimuthal radiation 
patterns for Figure 1b’s antenna, loop and 
ver tical fed in phase. 
 

    

 
 
Figure 6 Elevation and azimuthal radiation 
patterns for Figure 1b’s antenna, loop and 
ver tical dipole fed in phase quadrature. 
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