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PROLOGUE 

This report summarizes those aspects of the work 

during the fiscal year 1981-1982 that have reached a suitable 

degree of completion. The first portion •is identical to the 

material presented in the paper submitted to the IEEE EMC 

Transactions entitled, "Corrective Measures for Minimizing 

the Interaction of Power Lines with MF Broadcast Antennas," 

by C.W. Trueman, S.J. Kubïna, and J.S. Belrose. The latter 

portion of this report includes the computations that had been 

carried out using the finite conductivity ground option (SOMNEC) 

in the NEC Computer Code. 

Specific computations were also carried out to emulate 

the placement of tuning stubs on the five-tower test line near 

Richmond Hill. These results are included as Appendix A. It 

is not known whether Ontario Hydro carried out correlation 

of these computations with their experimental measurements. 

Although some specific impedance computations were also 

made durïng this report period, the results require further . 

reduction and comparison with measurements that have recently 

become available. 

Cormatectaiss COOK' 
C,Izt 

Pin 1G 1'119 

LiuRtiM_I-L_Lmtlee 
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Corrective Measures for Minimizing 

the Interaction of Power Lines 

with MF Broadcast Antennas 

1. Introduction 

The growth and expansion of our cities has been such that 
the isolated sites originally chosen for many MF/AM transmitters 
for commercial radio stations have corne  to be near built up 
areas. The selection of a suitable "utility corridor" for the 
construction of high-voltage power lines to supply a city's 
growing needs for power must satisfy many criteria, but 
proximity to an AM broadcast transmitter is not a major 
consideration. Power lines are built as close as a half a 
kilometer from broadcast transmitters. If the power line is 
resonant at the operating frequency of the broadcast antenna, 
strong RF currents are induced on the power line and these 
"reradiate" a field which can cause a major change in the 
broadcast antenna's radiation patterns. Omnidirectional 
patterns become "scalloped" by the introduction of maxima and 
minima which can be as much as ri dB below the pattern's average 
value. This can result in inadequate coverage of the station's 
service area. For directional broadcast antennas which must 
protect another station by maintaining a "null" in which the 
field strength does not exceed a specified low level over a 
specified arc, reradiation from the power line can cause the 
station to violate its licencing requirements. This report 
explores means that might be used to make the power line 
transparent to the broadcast station, by adding "detuners" to 
the power line which minimize the reradiated field. Detuners of 
various designs are systematically examined in order to better 
understand their basis of operation and the means for their 
optimization. It will be shown that the installation of these 
devices can effectively shift the resonances of the power line 
to frequencies which are sufficiently far from the operating 
frequency of the broadcast antenna. 

In this work the RF behaviour of the power line is 
determined by computer modelling. The power line is represented 
by a "thin wire" model, and a "thin wire antenna analysis" 
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computer program is run on a high speed digital computer to 
determine the RF current distribution on each of the wires 
making up the power line model, and the radiation pattern of the 
broadcast antenna in the presence of the power line. The ground 
is modelled as having infinite conductivity to keep the cost of 
computation reasonable. The case of the ground having realistic 
conducting values is investigated by modelling the ground as a 
half-space of finite conductivity. The result bears out the 
validity of the model over perfect ground. It is found that the 
power line has strong resonances in the MF band. To assess the 
effectiveness of each detuner design, the detuners are 
incorporated into the power line model, and the behaviour of the 
line-plus-detuners as a function of frequency is compared with 
the behaviour of the line alone. The mechanism of operation 
which makes each detuner effective in suppressing the reradiated 
field is seen through a study of the RF current distribution on 
the power line, and this lends insight into the optimization of 
the detuner design. 

These investigations of resonance and detuning have been 
carried out for a power line configuration with dimensions 
representative of a site at Hornby, Ontario. Fig. 1 shows the 
base of the antenna and the towers of the two parallel power 
lines a half a kilometer away. A 195 m tall broadcast tower 
radiates an omnidirectional pattern at operating frequencies of 
740 and 80 kHz. The power line is 448 m from the broadcast 
antenna or about 1.3 wavelengths distant at 860 kHz. The effect 
that transmission lines such as those at Hornby have on a 
broadcast antenna's pattern has been studied in general in this 
work using a straight power line with evenly spaced towers with 
dimensions corresponding to the average tower height and spacing 
at Hornby, as shown in Fig. 2. The power line model has an odd 
number of towers, with the broadcast antenna directly opposite 
the center tower. The tower height ià 50.9 m and spacing is 
274 m. The tops of the towers of the power line are connected 
together by a "skywire" to provide protection from lightning 
strikes. The tower heights and spacings on a power line are 
typically such that the loop formed by a tower, the skywire to 
the adjacent tower, that tower and a return path on the images 
in the ground is resonant in the MF broadcast band, when it is 
an integer multiple of a wavelength in electrical length. For 
the model in Fig. 2, the geometrical length of this resonant 
path is equal to 752 m, which is two free space wavelengths at 
about 800 kHz. Thus the broadcast antenna is operating near a 
resonant frequency of the power line and a strong reradiated 
field is expected. Field measurements taken at Hornby before 
and after the construction of the power line show that the power 
line does introduce an appreciable distortion of the 
"omnidirectional" pattern of the broadcast antenna. There being 
no better means available, the line was "treated" by 
disconnecting or "isolating" some of the towers of the power 
line from the skywire(1). A heuristic procedure was used in 
which some of the towers were isolated and the resulting 
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radiation pattern was measured. More towers were isolated end 
the pattern measured again, and the process repeated until it 
was found that the minimum in the pattern fell in the direction 
of Lake Ontario. It will be shown that isolating towers from 
the skywire generally does not reduce the reradiation from the 
power line to insignificant levels, but does modify the 
amplitude and phase of the reradiated field so as to change the 
azimuth directions of the minima, giving some control over the 
pattern. For a two—frequency broadcast transmitter such as that 
at Hornby, isolating a suitable set of towers to achieve a 
favourable azimuth pattern at one frequency generally yields an 
unfavourable pattern at the other. The need to resort to such 
an unsatisfactory "fix" motivates the search for the more 
systematic methods for detuning which are proposed in this 
report. 
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2. Development of the Computer Model 

The development of a computational model of the power line 
of Fig. 2 which generates radiation patterns in agreement with 
measurements on a 600 scale model of the straight, evenly spaced 
power line has been reported in reference (2), and is summarized 
here. The power line model was developed to represent Ontario 
Hydro's type VlS towers for a 500 kV power line, but could be 
adjusted to represent other tower types. At MF frequencies the 
cross-sectional size of the tower of about 4 meters square is a 
few percent of the wavelength and so the tower is electrically 
"thin", and can be represented by a thin wire of length equal to 
the tower height. The wire's radius is adjusted so that the 
cylindrical thin wire is electrically equivalent to the square 
cross-section, tapered tower. This electrical equivalence of 
the computer model to the 600 scale factor measurement model is 
determined by comparing the frequency dependence of the computer 
model with various radii, with the resonant behaviour of the 
measurement model, over a perfect ground, as described in 
reference (2). The tops of the wires representing the towers 
are interconnected by a "skywire". The power carrying "phase 
wires" are not included in the model, because these wixes are 
perpendicular to the polarization of the electric field of the 
broadcast antenna and are insultated from the towers, and so 
carry negligibly small RF currents and have little effect on the 
reradiated field. The power line behaves electrically as a 
two-wire transmission line consisting of the skywire and its 
image in the highly conductive ground, with a characteristic 
impedance of about 200 ohms. This two wire line is shunted by 
the tower impedance at regular intervals for an evenly spaced 
power line. Also, these towers are excited by the field of the 
broadcast antenna. Thus the-  skywire currents will be shown to 
exhibit the classic standing wave patterns expected of a simple 
transmission line in resonance. The ground is modelled as a 
plane of infinite conductivity to allow image theory to be used 
to obtain an economical computation of the currents on the power 
line. Section 8 of this report describes a computer code that 
allows a ground of realistic conductivity to be modelled as a 
half-space of finite conductivity, and the behaviour of the 
power line with this realistic ground model is found to be 
similar to the case of perfect ground. 

2.1 Method of Calculating the RF Currents 

The RF currents flowing on the broadcast antenna, towers 
and skywires are determined using the "Numerical 
Electromagnetics Code"(NEC) described in reference (3). In this 
"moment method" solution, each wire of the antenna is broken up 
into "segments", as shown in Fig. 3, and the complex amplitude 
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of the RF current at the center of each segment is considered to 
be an unknown quantity. If there are "N" segments in total, 
then there are N unknown complex current amplitudes, and these 
currents are found by forming a system of N linear equations 
each in N unknowns. These equations enforce the boundary 
condition that the tangential component of the electric  field 
must be zero along the axis of each wire. Each of these linear 
equations enforces this boundary condition at the center of one 
segment. The electric field is the sum of the excitation field 
plus the electric field due to the current on each of the N 
segments of the antenna, and so the linear equation involves all 
N unknown current amplitudes. Enforcing the boundary condition 
at the center of each segment in turn generates the set of N 
linear equations in the N unknown current amplitudes, which can 
then be solved. In this way a "self—consistent" RF current 
distribution is obtained, in that this current distribution 
gives rise to zero electric field along the axis of each of the 
wires of the antenna. 

The RF current distribution is itself of interest because 
it can shed light on the mechanism which makes each of the 
various detuner designs effective. The RF current distribution 
is readily integrated to determine the radiation fields of the 
antenna. In this report the success of each scheme for 
"detuning" power lines is assessed by comparing the radiation 
pattern of the "detuned" power line with the azimuth pattern of 
an omnidirectional broadcast antenna with the scalloped pattern 
in the absence of detuning devices. The next section describes 
the specific parameter used in this assessment. 
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3. Frequency Dependence 

Fig. 4 shows the azimuth pattern of an "omnidirectional" 
broadcast antenna operating at 850 kHz in the presence of a 
power line , with thirteen even3y spaced towers with the 
dimensions shown in Fig. 2. The antenna is opposite the center 
tower of the line and so the pattern is symmetrical about phi 
equals zero degrees. Fig. 4 compares the computed pattern with 
one from a measurement on the 600 scale factor experimental 
model of the power line, done at NRC in Ottawa and described in 
reference (4). The pattern has four sharp minima about 6 dB 
down from the pattern's average value, and also has maxima about 
2 dB larger than the average value. A single number summary of 
the deviation of such a pattern from the omnidirectional is the 
"max-to-min ratio" which is defined as 

MMR = 20 log( E e / E e  
,max ,min 

and is about 8 dB for this pattern. If a detuning scheme 
reduces the max-to-min ratio to a small value then the pattern 
must be almost omnidirectional. 

The power line geometry of Fig. 2 is such that in the 
azimuth plane, only the towers of the power line contribute to 
the radiation pattern. The orientation of the skywires is such 
that they radiate only a phi component of electric field, and 
this component in the azimuth plane is exactly cancelled by the 
images of the skywires in the perfect ground. Thus the 
max-to-min ratio reflects the strength of the RF currents 
flowing,  on the towers of the power line, and also the relative 
phasing of these tower currents. 

3.1 Pattern Perturbation Spectrum 

A study of the behaviour of the power line as a function of 
frequency using the Numerical Electromagnetics Code requires 
that the matrix of coefficients described in Section 3 above be 
formulated and solved separately at each individual frequency. 
Fig. 5 compares the frequency dependence of the 13 tower, 
500 scale factor measurement model(5,6) with the computer model 
using 13 towers. The figure compares the max-to-min ratio of 
the azimuth pattern of the computer model to that of the 
measurement model, as a function of frequency. This "pattern 
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perturbation spectrum" shows that over wide frequency ranges the 
power line has only a minor effect on the azimuth pattern of the 
broadcast antenna, and introduces as little as 1 dB of ripple. 
However, over two freqency bands from 380 to 540 kHz and from 
800 to 1000 kHz, a major distortion is present. In these two 
bands, the power line exhibits resonant behaviour and so carries 
strong RF currents. Fig. 5 shows that both the measurement 
model and the computer model exhibit three strong peaks in the 
response between 400 and 540 kHz, and that these peaks 
correspond closely in frequency. Both models display resonance 
at about 860 kHz, but the response of the computer model has a 
somewhat wider bandwidth than that of the measurement model. 

Fig. 6 shows the pattern perturbation spectrum for the 
power line with only five towers. The five tower line has 
similar resonances to the 13 tower line. The principal 
difference is that the five tower line does not exhibit the 
resonance peak at 515 kHz. The five tower line represents an 
enormous cost saving in computer time over the 13 tower line, 
and was judged adequate for the purposes of assessing the 
effectiveness of detuning devices. Fig. 6 will be used as the 
reference against which to compare pattern perturbation spectra 
computed with various detuners in place. 

3.2 Resonance Modes 

The tower height and tower separation of the power line of 
Fig. 2 is such that at 400 kHz, the geometrical length of a path 
which goes up a tower, along the skywire to the adjacent tower, 
down that tower, and then forms a closed loop by returning along 
the tower and skywire images in the highly conductive ground, 
has a length of one free space wavelength. The spectrum of 
Fig. 6 shows a strong resonance peak at 430 kHz, and the 
resonance mode will be called "one wavelength loop resonance". 
The shift of 30 kHz upward in frequency indicates that the 
electrical length of this path is somewhat less than the 
geometrical length. The peak at 480 kHz comes about as a 
resonance of a loop consistina of a tower, the skywires for two 
spans, another tower and the return path along the images, which 
is about two wavelengths long at that frequency. The five 
tower, symmetrically excited power line cannot exhibit resonance 
modes spanning more than two loops. The thirteen tower line 
shows a weaker resonance at about 515 kHz which corresponds to 
an RF current mode spread over three spans, as discussed in 
reference (7). 

When the tower-skywire-tower-and-images path is about two 
wavelengths in geometrical length, the power line exhibits "two 
wavelength loop resonance", which accounts for the peak centered 
at about 860 kHz. The specific RF current distribution 
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associated with each of these resonance modes is useful in 
developing means to suppress the resonances. 

3.3 RF Current Distribution 

An understanding of the RF current distribution on the 
power line at each resonant frequency is necessary for the 
design of detuning devices. Fig. 7 shows the RF currents 
flowing on the power line at each of four frequencies. The 
magnitude and phase of the complex current amplitude at the 
center of each segment of the power line model is given. Thus 
at the left the current is given at two points on each of the 
five towers of the power line, one point being 12.7 m and the 
other 38.2 m above the ground on the 50.9 m tall tower. These 
two points are the centers of the segments in Fig. 3. At 
200 kHz the phase of the currents on the end towers differs by 
about 4 5 degrees from the phase of the currents on the center 
three towers, while at 420 kHz the five towers carry RF currents 
which are all in phase. At 700 and 840 kHz the phase of the 
currents on adjacent towers differs by 180 degrees. Note also 
that the currents are much stronger at 420 and 840 kHz compared 
to those at 200 and 700 kHz. The figure depicts at the right 
the RF current distribution on each of the four skywire spans. 
The magnitude and phase of the currents is given at ten evenly 
spaced points on each skywire, being the centers of the segments 
of Fig. 3. The skywire current is fundamentally different at 
non-resonant frequencies compared to that at resonant 
frequencies. At 200 kHz and 700 kHz the skywire current is 
essentially a travelling wave exhibiting a linear progression of 
phase with distance, and the current is quite constant in 
magnitude over some spans. In sharp contrast, at the resonant 
frequencies of 420 and 840 kHz, the phase of the skywire current 
is constant with position on the skywire. The current magnitude 
has sharp nulls at which the phase has a 180 degree reversal, 
and in fact is a classic standing wave. 

The one-wavelength loop resonance RF current distribution 
of Fig. 7(b), and that for two-wavelength loop resonance in 
Fig.7(d) provide the essential information for the design of 
"detuners" for the power line, as discussed below. 
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4. Detuning by Isolating Towers 

Several different detuner designs will now be presented, 
which fall into two categories. As discussed above, only the 
towers of the power line, and not the skywires, radiate in the 
azimuth plane. Most detuner designs suppress the RF current on 
the tower and so directly reduce the strength of the reradiated 
field. In contrast, the short tower stub detuners induce a 
current which is equal and opposite to the tower current and so 
radiates a field which cancels that radiated by the tower. In 
the following the mechanism which makes each stub effective is 
presented, and those stub designs are discussed which suppress 
both the one-wavelength and the two wavelength loop resonance 
modes. 

It is common practice to disconnect or "isolate" some of 
the towers from the skywire to attempt to reduce the level of 
the reradiated field. Isolating a tower breaks up two resonant 
loops and might be expected to severely reduce the strength of 
the RF current flowing on those towers which have been "open 
circuited" from the loop. This has now been found to be untrue. 
It has been demonstrated in reference (8) by computer modelling 
and by full scale measurement that a free standing power line 
tower in the absence of any skywire carries the RF current 
expected of a short monopole top-loaded by the tower crossarms. 
Further, it has been shown by scale model measurement in 
references (4) and (9) that disconnecting one or more towers 
from the skywire can significantly affect the azimuth pattern 
and the frequency dependence of the azimuth pattern. It will be 
demonstrated here that an "isolated" tower can carry a strong 
RF current. 

Lavrench and Dunn(4) used a scale model of a stralght power 
line with 13 evenly spaced towers, of the dimensions shown in 
Fig. 2, to investigate detuning by isolating towers. As 
described above, when all the towers are connected to the 
skywire, the power line is in two wavelength loop resonance at 
850 kHz and has the azimuth pattern shown in Fig. 4. The 
isolation of towers was investigated by disconnecting ,towers 
number 2,3, and 4, 6, 7, and 8, and 10, 11, and 12 from the 
skywire, where tower number 7 is the one directly opposite the 
broadcast antenna. The resulting azimuth pattern is  shown in 
Fig. 8, and is completely different from Fig.  7.  There is a <1-- 

 pronounced lobe at zero degrees, a minimum at 180 degrees, and 
the minima in the original pattern have disappeared. The 
max-to-min ratio has been reduced from 9 to 5 dB and so some 
improvement can be claimed. 

The power line was then modelled using the NEC thin wire 
computer program in order to determine the RF currents flowing 
on the towers. An isolated tower was represented by leaving a 
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small gap between the top of the tower wire and the skywire. 
The computed azimuth pattern in Fig. 8 agrees reasonably with 
the measurement. The RF current at 3 points on each of the 
thirteen towers of the power line is shown in Fig. 9. It is 
evident that the "isolated" towers are not open-circuited at 
all, and that there is considerable capacitive coupling between 
the top of the tower and the nearby skywire. In fact, although 
the three center towers, numbers '5, 7, and 8 are isolated, they 
carry by far the strongest RF currents. 

Isolating towers is an unsystematic technique because it is 
difficult to know in advance which towers on a complex site 
should be isolated to reduce the effect of reradiation. Also, 
in general isolating towers does not eliminate the deformations 
of the radiation pattern caused by reradiation, but often simply 
changes the directions in which these occur. Isolating towers 
has been used by trial and error at some sites to determine 
which set of towers to isolate in order to put the pattern 
disturbances in directions in which least harm is done to the 
coverage of the station. 
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5. Skywire Insulator Detuners 

The simplest means of suppressing the large RF currents 
which flow at resonance is to interrupt the current by 
introducing an open circuit at a point on the skywire where the 
current standing wave has a maximum. The "open circuit" is an 
"insulator" of large resistance and with a capacitance of about 
27 pF, which is about 14 kilohms at 42 0 kHz and 7 kilohms at 
840 khz, both being much larger than the skywire-image skywire 
transmission line's characteristic impedance of about 200 ohms. 
The skywire insulator has been proven effective by scale model 
measurement in reference (10), where it was found that the 
"insulator" is required to have a resistance of about ten times 
the characteristic impedance. For one wavelength loop resonance 
the insulator is located on the skywire at a point where the 
skywire current in Fig. 7(b) is a maximum, that is, directly 
adjacent to a tower. The location of the insulator and the 
resulting max-to-min ratio as a function of frequency are shown 
in Fig. 10. The insulator suppresses the one wavelength 
resonance mode completely, and alters the two-wavelength 
resonance mode because that mode also has a strong RF current at 
the location of the insulator. A new resonance mode is 
introduced which has a current zero at the location of the 
insulator, and which has a current maximum at the hase of each 
tower. In this new mode, the path length of 325 m from a tower 
base, up the tower and along the skywire to the insulator is 
three-quarters of a wavelength, and so the resonant frequency is 
expected to be about 700 kHz, in agreement with the location of 
the peak in Fig. 10(b). 

To "detune" the two wavelength loop resonance mode, the 
insulator must be put at the center of the span because the 
RF current of Fig. 7(b) has a maximum at that point. Fig. 10(b) 
shows that the two-wavelength loop resonance mode is completely 
suppressed by an insulator inserted at that point, and also that 
the presence of the insulator has little effect on the 
one-wavelength loop resonance mode. This is because the 
RF current distribution for the one-wavelength mode in 
Fig. 7(b) is zero at the location of the insulator. 

Power utilities dislike the idea of an insulator in series 
with the skywire. Although the insulator can be designed to 
"flash over" in the event of a lightning strike, the presence of 
the insulator prevents the skywire from carrying the large fault 
current that flows if the three phase power line is operated 
with one phase wire broken. It has been suggested in references 
(11) and (12) that a suitable inductive element could he 
designed with low impedance at 60 Hz but a high impedance at 
RF frequencies, and capable of carrying the fault current. The 
detuner designs presented in the remainder of this report do not 
require interrupting the current flow on the skywire at 60 Hz. 
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6. Skywire Stub Detuners 

The skywire insulator is effective because it presents a 
high series impedance at the location of high RF current on the 
skywire, and so interrupts the current. An alternate approach 
is the introduction of a zero ohm shunt impedance at the 
location of a voltage maximum on the skywire-image skywire 
transmission line. A suitable short circuit shunt element is 
the open circuited, quarter wave transmission line stub of 
Fig. 11(a). A voltage maximum coincides with the location of a 
current minimum on the skywire, so the position of the stub "p" 
should correspond to a zero in the current distribution on the 
skywire, for the resonance mode being "detuned". A more 
practical design of stub is the "bent" stub of Fig. 11(b), which 
can be hung below the skywire on an actual power line structure. 
For towers such as type VlS which carry two skywires, one 
skywire can be broken up with insulators to form the bent stub 
to detune the adjacent skywire. In references (7) and (13) the 
behaviour of the straight and bent stubs is shown to be very 
similar and so the straight stub provides a convenient "model" 
for understanding the "bent" stub. In the same references the 
max-to-min ratio is investigated as a function of the length of 
the stub wire "s" and of the location of the connection point to 
the skywire "p" in Fig. 11. Skywire stubs have been shown to be 
effective detuning devices by scale model measurement in 
reference (15). Reference (14) discusses an alternate 
"equivalent circuit" approach to skywire stub design, but fails 
to make clear the necessity of positioning the stub at the 
location of a current minimum. 

In reference (13) it is demonstrated that to detune the 
power line at 430 kHz, the bent stub must be connected to the 
skywire at the location of the current minimum in the skywire 
current distribution in Fig. 7(b). Thus the stub connects to 
the skywire at the center of the span with "p" in Fig. 11 equal 
to 137 m. By trying stubs of various lengths, it was found that 
a bent stub of total length "b+d" equal to 175 m minimizes the 
max-to-min ratio of the azimuth pattern. Fig. 12 shows the 
pattern perturbation spectrum. The azimuth pattern is quite 
circular with a near-zero max-to-min ratio at the "design" 
frequency of 430 kHz, and over a bandwidth of about 100 kHz 
centered at this frequency. New resonance peaks are introduced 
at 330, 520 and 560 kHz involving resonant length paths for the 
RF current which include the detuning stub. The detuner for 
430 kHz has almost no effect on the resonant behaviour at 
860 kHz, because at that frequency the detuner is about half a 
wavelength long and so presents an open circuit across the 
skywire-image skywire transmission line. Thus the skywire stub 
is an effective detuner because it interrupts a resonance mode 
by presenting a short circuit across a high impedance point on 
the transmission line. The resulting structure is non-resonant 
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and the tower currents are correspondingly small. 

To detune the resonance mode present at 860 kHz, the bent 
stub must be connected to the skywire at the location of the 
current minimum in Fig. 7(d). The stub was found to minimize 
the max-to-min ratio when its total length "d+b" was made 1>4 m 
or about three-tenths of the free space wavelength. Fig. 12 
shows that the stub effectively suppresses the two wavelength 
loop resonance mode. The stub also alters the nature of the one 
wavelength resonance response. The large max-to-min ratio at 
380 kHz indicates that a null is introduced into the 
"omnidirectional" pattern which is 35 dB down from the pattern's 
largest value. 
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7. Capacitively Loaded Tower Stub Detuner 

A common detuner design used in practical situations is a 
short stub which connects to one leg of the power line tower 
near the top of the tower, runs down the tower separated from 
the leg by several feet, and then is connected to the tower leg 
through a variable capacitance. One such stub is used on each 
of the four legs. The capacitance is adjusted to minimize a 
near-field parameter such as the current at the base of the 
tower on each tower leg. This "detuning" of a tower is often 
carried out after the top of the tower has been isolated from 
the skywire, in order to reduce the interdependence of the 
tuning capacitance values needed for adjacent towers, so that 
each tower may be "detuned" individually. Tower stubs are often 
used by consultants to detune towers. The tower stub has been 
shown to be an effective detuning device by scale model 
measurement in reference (1 (). 

A gross representation of such stubs is shown in Fig. 13. 
A wire of radius equal to the tower radius of 3.51 m is 
separated so that its axis is 8 m from the axis of the tower 
wire. This "stub" wire is connected to the top of the tower. 
The lower end of the stub is connected to the tower by a 
variable capacitance. This is modelled by joining the end of 
the stub to the junction between the first two segments of the 
tower wire by a short wire in which is inserted a large series 
resistor, which "open circuits" the wire, and a capacitance in 
parallel with the resistor. All towers are connected to the 
skywire. The model is not a precise representation of any 
detuner, but has been used to explore the qualitative behaviour 
of such short, capacitively loaded stub detuners. The computer 
model is less satisfactory if a thin wire is used for the stub 
wire, and so the fat stub wire shown in Fig. 13 was retained. 

The tower stub detuner is "designed" for a particular 
frequency by specifying a suitable value of the capacitance. 
All five towers of the power line are "treated" with stubs, and 
all five capacitance values are kept equal. The procedure for 
choosing the capacitance is empirical and is given for 430 kHz 
in Fig. 14. The figure shows the max-to-min ratio of the 
azimuth pattern and the base currents for two towers, as 
functions of the capacitance. The figure shows that the 
max-to-min ratio can be reduced to 0.5 dB by choosing the 
capacitance equal to 2155 picofarads, which effectively 
"detunes" the power line. In the full scale situation the 
azimuth pattern is so difficult to measure that direct 
monitoring of the smoothness of the pattern is impractical. A 
near field parameter such as the base current on one or more 
towers must be relied upon. Fig. 14 shows the base current on 
the center tower of the five tower power line, and also that for 
the tower adjacent to the center tower. The adjacent to center 
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tower's base current has a single minimum which coincides with 
the minimum in the max-to-min ratio. However, the base current 
on the center tower has two closely spaced minima separated by a 
sharp peak. At 1732 picofarads the center tower base current 
has a minimum where the max-to-min ratio is 3 dB, and has 
another minimum at 2155 picofarads, which is the capacitance 
that makes the azimuth pattern smooth. Thus Fig. 14 suggests 
that it is necessary to monitor more than one tower base current 
to avoid "tuning" the capacitance to a local minimum which does 
not make the azimuth pattern as smooth as it'could be with this 
type of detuner. 

Fig. 15 is a similar graph for the operating frequency of 
850 kHz. The max-to-min ratio curve shows two suitable 
capacitance values, namely 367 and 429 picofarads, each of which 
reduces the max-to-min ratio to 1 dB and so effectively 
"detunes" the power line. In this case both the tower base 
currents possess a pair of minima separated by a sharp peak, and 
operating at either minimum for either base current is 
satisfactory in "detuning" the power line. In the measurement 
reported in reference (16), a capacitance value in the range 
2 to 10 pF was required to detune a 200 scale factor model of a 
power line tower with a C-loaded short stub. At full scale this 
is 400 to 2000 pF, which brackets the computed value of 429 pF. 

The rapid variations in the base currents seen in Figs. 14 
and 15 demonstrate that a small change in the capacitance can 
materially reduce the effectiveness of the tower stub detuners. 
Thus these detuners may pose a maintenance problem. These rapid 
variations in the current as a function of the capacitance are 
associated with a resonance mode on the tower and stub wires 
which is also the mode which makes the stub an effective 
detuner. This is discussed further when the RF current 
distribution is given, in the next section. 

Fig. 16 shows the pattern perturbation spectra obtained 
with the tower stub detuners. The 430 kHz stub with the 
capacitance chosen as 2155 picofarads is seen to be a narrow 
band device, which gives rise to a 4 dB max-to-min ratio only 
15 kHz away from its design frequency. It has been suggested in 
the context of the "detuning" of reradiation from buildings in 
reference (17) that using four such stubs, one on each leg of 
the actual power line tower, tends to "broadband" the device so 
that its bandwidth is wider than that of the gross model of 
Fig. 13. Fig. 16 shows that the tower stub introduces large 
resonance peaks at 380 and 500 kHz, which could cause problems 
for a broadcast transmitter carrying two stations. The stub has 
little effect on the resonant behaviour in the two wavelength 
resonance region near 860 kHz. Conversely the detuner designed 
for 850 kHz with a capacitance of 429 picofarads does not 
greatly change the power line's behaviour in the one wavelength 
loop resonance frequency range. The detuner is effective over a 
wider bandwidth primarily because the stub is twice as long in 
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terms of the wavelength than it was at 430 kHz. It is seen that 
the 860 kHz detuner also suffers from a local peak in the 
max-to-min ratio of height 3.5 dB only 15 kHz away from its 
design frequency. This peak is related to the behaviour of the 
RF current distribution on the tower and stub as a function of 
the capacitance, and is investigated in the next section. 

7.1 RF Current on the Tower and Detuning Stub 

The tower stub is effective because a current is induced on 
the stub which is equal in magnitude and opposite in phase to 
the current on the tower, and so the field radiated from the 
tower is cancelled by the field radiated from the stub. 
Fig. 17(a) shows the RF current flowing on the center tower and 
the detuning stub at 860 kHz with the capacitance chosen as the 
value which minimizes the max-to-min ratio, namely 
429 picofarads. The segments to which the current values 
correspond are shown in Fig. 13 with segment number 1 being the 
tower base for which the current has been plotted as a function 
of capacitance in Fig. 15. The tower body consists of segments 
2 to 6, and the stub is segments 7 to 11. Fig. 17(a) shows that 
the tower current and stub current, although roughly equal in 
magnitude, are one hundred eighty degrees out of phase. It is 
more accurate to state that the phasor sum of the six tower 
segment currents equals the negative of the phasor sum of the 
five stub currents, and so the two sets of segment currents 
cancel each other, and radiate zero far field in the azimuth 
plane. Note also that the current amplitude on the base of the 
tower, segment number 1, is very much lower than the current on 
the tower body or stub, which allows the tower base current to 
be monitored as a means of choosing the capacitance. If the 
RF current is examined at capacitance values well away from the 
optimum value, then it is found that, for very small 
capacitances the stub is effectively open-circuited and carries 
much less current than the tower body, but for very large 
capacitances, the current divides equally between the stub and 
the tower body, and indeed the current on the stub is perfectly 
in phase with that on the tower body. 

The sharp peak in the tower base current is associated with 
a large increase in the magnitude of the tower and stub currents 
as the stub and its tuning capacitance approach perfect 
resonance. This is a very high-Q system because no resistive 
losses have been included in the model, and the radiation loss 
from the tower body-stub transmission line is small, because the 
tower, segments number 2 to 6, and the stub, segments number 7 
to 11, carry equal and opposite currents. Fig. 17(b) shows the 
currents that flow on the center tower at the sharp peak in the 
curve of Fig. 15, namely with a capacitance of 400 picofarads. 
Compared with the case of 429 picofarads in Fig. 17(a), the 
currents are twice as large in magnitude. ( Note the change in 
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current amplitude scale factor from Fig. 17 (a) to (h) .) 
Evidently there is sufficient imbalance in the tower body and 
stub portions of this current distribution that including all 
five towers of the line, a 2 dB max-to-min ratio in the azimuth 
pattern is seen. A small increase in capacitance to 429 pF 
reduces the magnitudes of the currents bv a factor of two and 
restores the balance, resulting in only 1 dB of scalloping in 
the azimuth pattern. 

This effect also explains the origin of the narrow 3 dB 
peak in the max-to-min ratio that occurs near the design 
frequency of the detuner in the frequency spectrum of Fig. le"). 
Thus although 429 picofarads is slightly off the perfect 
resonance value at 860 kHz, it constitutes the perfect resonance 
value at the slightly lower frequency of 845 kHz, and so the 
RF currents are very high at this frequency. This is reflected 
in a 3 dB increase in max-to-min ratio at 845 kHz. This 
behaviour is a "defect" in the performance of the tower stub 
detuner. 

It has been demonstrated that the tower stub detuner is 
effective if its tuning capacitance is properly chosen, and it 
has been shown that the detuner works by inducing a large tower 
current and an equally large but oppositely phased stub current, 
and so the net radiation from the tower is small. Because these 
'stubs induce large parasitic currents, there can be a 
significant dissipation of RF energy by ohmic loss in the power 
line tower and stub, and so the net radiated power of the 
broadcast station could be reduced. 
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8. Resonance above a Ground of Realistic Conductivity 

The current distributions and radiation patterns presented 
thus far in this report were computed by assuming the 
conductivity of the ground is sufficiently high that the ground 
can be represented as a perfectly conducting plane. This 
"perfect" ground is included in the computer model by accounting 
for the fields due to the images-in-ground of the broadcast 
antenna and of the' power line towers and skywires. This 
assumption of infinite conductivity for the ground can be 
removed by modelling the ground as a half space of conductivity 

a mhos per meter and relative permitivity The 
solution of Maxwell's Equations for thin wires above such a 
conductive half space gives rise to Sommerfeld Integrals for the 
fields due to the presence of the ground. The evaluation of 
these terms is a difficult analytic problem. Norton(19) 
obtained asymptotic expansions valid for large distances between 
the source and observation point. Banos(20) derived 
approximations for very close distances between source and 
observation point. For intermediate distances no suitable 
analytic result is available. However, numerical integration 
can be used to obtain a table of values for the Sommerfeld 
Integral terms, with the distance from the source point to the 
observation point and the height above ground of the source and 
observation points as parameters. Interpolation is then .,Ised 
between the tabulated data points to obtain the specific values 
needed to accurately compute the field interaction between two 
wire segments above the ground of finite conductivity. The 
method is described in detail by Brittingham, Miller and Okada 
in Reference 22, and by Burke et al in Reference 21, and is 
implemented in a computer program called SOMNEC for computing 
the interpolation table, and in a modification of NEC itself for 
using the table to compute the RF currents flowing on an antenna 
made up of thin wires above the ground. This package allows 
wire antenna above ground , of finite conductivity problems to be 
solved to high accuracy. The model of ground is a rigorous 
solution of Maxwell's Equations, and the accuracy of the 
numerical solution is expected to be comparable to that obtained 
over the ground of infinite conductivity. The cost of the 
solution above finitely conducting ground at each frequency is 
about five times that for the perfect ground. 

The following presents a study of the resonant frequency of 
the "representative" five tower power line operating over ground 
of conductivity typical for sites in Canada. 
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8.1 Computer Model 

The computer model of the broadcast antenna consists of a 
tower 195 m tall over a ground screen of eight radial wires, of 
length 0.4 wavelengths at 8e- 0 kHz, and is the same as that 
described in Reference 7. The ground screen wires cannot be 
"buried" in the ground but are located slightly above the 
ground. In Ref. 7 a height above the ground of e35 meters was 
used to satisfy the requirement stated in Reference 23 that the 
wires of the antenna be a sufficient distance away from the 
surface of the ground. In the present model it was found that 
these wires could be lowered to a distance of 0.35 meters above 
the ground plane, this being equal to the wire radius. 

The power line is represented using the "single wire tower" 
model. Each of the towers is represented by a wire 5(7.9 m tall 
of radius 3.51 m, and the skywire by a wire of radius 0.71 m. 
In the present study, five towers have been modelled, spaced 
274 m apart. This model is identical to that of Fig. 2 and 3, 
except for the addition of the radial ground screen wires at the 
base of the antenna. In this model, the "tower footing 
impedance" is not represented. 

8.2 Resonant Frequencies 

The ground was modelled as having a relative permittivity 
of e r  =15, and three conductivities were used, namely 20, 10 
and 5 mmho/meter. These correspond to very good to average 
ground conductivity for eastern Canada. The computer model was 
run at each frequency and for each conductivity as follows: 
first, SOMNEC was run to obtain the interpolation table for the 
Sommerfeld Integrals then, NEC was run, which computes the 
interaction of every wire segment of the antenna with every 
other segment, using the interpolation table to account for the 
fields due to the ground, and the resulting matrix equation is 
solved for the RF current distribution on the wires of the 
antenna. This procedure cannot be "frequency swept" as can the 
model over perfect ground. The accumulation of the data 
presented below was a lengthy . process. 

Fig. 18 shows the max-to-min ratio of the azimuth pattern 
at 10,000 meters distant from the antenna, in the one wavelength 
resonance frequency region. The power line over perfect ground 
shows three strong resonance peaks. The perfect ground curve 
was obtained by running the broadcast antenna plus radial ground 
screen plus power line model over the perfect ground, and is 
somewhat different from Fig. 6, because the power line model is 
very sensitive to slight changes in the excitation of the power 
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line in the region of one wavelength resonance. This 
sensitivity was discussed in Section 5.1 of Reference 7. 

Curves for ground of conductivity 20, 10 and 5 mmho/meter 
are also shown in Fig. 18. With these "realistic" 
conductivities for the ground, the resonance peaks are all 
present but their height is greatly reduced. The frequencies at 
which the resonances occur are not significantly different with 
the realistic ground conductivity than with the very high 
(infinite) ground conductivity of "perfect ground". The 
bandwidth of the resonance effect with realistic ground 
conductivity is much the same as it is with perfect ground. The 
height of the peak in the max-to-min ratio decreases by about 
3 dB for each halving of the ground conductivity. The effect on 
the azimuth pattern is as follows. The azimuth pattern with 
realistic ground conductivity is quite similar to that over 
perfect ground, but the height of the maxima and the depth of 
the minima in the pattern is quite dependent upon the ground 
conductivity and decreasing the conductivity smooths the pattern 
but does not change the azimuth angles at which the maxima and 
minima fall. The effect is primarily to decrease the magnitude 
of the RF currents flowing on the power line without greatly 
changing the phase. 

Fig. 19 shows the same curves in the frequency region of 
two wavelength loop resonance. The max-to-min ratio over 
perfect ground peaks at about 850 kHz. The magnitude of the 
resonance is much less than in the one wavelength frequency 
range. The curves for the ground of realistic conductivity are 
quite similar to that for perfect ground. The frequency of 
resonance is nearly the same. The slight shifts are difficult 
to attribute directly to the inclusion of the ground 
conductivity because the magnitude of these shifts is less than 
the error in resonant frequency expected to be inherent in the 
computer model. Again, the magnitude of the resonance decreases 
with decreasing ground conductivity but here the change is about 
half a dB per halving of conductivity. 

8.3 Summary 

It is apparent from Figs. 18 and 19 that the frequency of 
resonance is not strongly dependent upon the ground conductivity 
and indeed that very little change in the resonant frequency is 
seen in the computer model as the ground conductivity is varied. 
However, the magnitude or strength of the resonance is quite 
dependent on ground conductivity and decreases with decreasing 
conductivity. 

The detuners discussed previously were all tested over a 
ground of perfect conductivity. The next section investigates 
the performance of the C-stub detuner over a realistic ground. 
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9. Capacitive Stub Detuners over Realistic Ground 

The C-stub detuners discussed in Section 7 above show 
promise as neat compact installations which can effectively 
detune the power line towers, without the necessity of the 
isolation of towers from the skywire. The effectiveness of 
these detuners when the ground is modelled with realistic 
conductivity is explored in this section. 

9.1 Computer Model 

Fig. 20 shows the C-stub detuner used for the present test. 
The dimensions are : stub separation from tower center to stub 
center 8 m, height above ground of the lower end of the stub 
8.5 m, length of stub 33.9 m, and radius of stub and tower wires 
3.51 m. This model differs from that of Section 7 and Fig. 13 
in that the top segment, # 11, of the stub has been omitted and 
so the top of the stub is connected by a short wire to the 
junction of segments 5 and 6. This shorter stub is expected to 
exhibit a somewhat narrower bandwidth than that of Fig. 13. The 
stub wire and tower wire are quite fat, and as discussed in 
Section 7, the model is considered a "first order" approximation 
and is expected to indicate the behaviour of the system 
approximately, not to give precise results. 

9.2 Choice of Capacitance 

Fig. 21 shows the max-to-min ratio of the azimuth pattern 
as a function of capacitance over a perfect ground and over a 
ground of realistic conductivity 10 mmhos/m at 430 kHz, which is 
the frequency of one wavelength resonance. The perfect ground 
curve is that of Fig. 14. The curve for the realistic ground 
conductivity was not traced out in nearly as much detail as that 
for perfect ground because of the cost of the computer runs. 
The curve shows that the shorter C-stub of Fig. 20 is an 
effective detuner, in the presence of a ground of realistic 
conductivity. The shorter C-stub requires a slightly greater 
capacitance than the C-stub of Fig. 13. 

Fig. 22 shows the dependence of the max-to-min ratio on the 
detuning capacitance value at 860 kHz. Here the perfect ground 
results of Fig. 15 are compared to those for the ground of 
realistic conductivity 20, 10 and 5 mmho/m, using the shorter 
C-stub of Fig. 20. It is seen that the capacitance value is 
independent of ground conductivity, and so once correctly 
adjusted, would remain effective if the ground became wet with 
rain or snow, or were to dry out in a hot summer drought. Once 
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again the curves have not been traced out with the precision of 
that for perfect ground and it should not be concluded that the 
fine structure of the perfect ground case is not present. 

9.3 Summary 

The short C-stub of Fig. 20 is an effective detuner. The 
behaviour of C-stubs is similar over perfect ground and over 
ground of realistic conductivity. The capacitance value for 
effective detuning is the same for the three ground 
conductivities tested. The capacitance needed to tune the 
shorter C-stub of Fig. 20 is slightly larger than that required 
for the C-stub of Fig. 13. 
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10. Conclusion 

This report has examined a number of techniques for 
"detuning" a power line in the MF/AM frequency band. These 
techniques have been analysed by means of a computer model of a 
five tower, straight, evenly-spaced power line, in which all the 
towers or all the loops are treated with detuning devices. The 
effectiveness of each method has been checked by scale model 
measurements of other investigators which are not all reported 
here. It remains to be seen whether such techniques are 
effective or practical for full scale power lines. 

The method of isolating towers from the skywire is 
unsatisfactory because it does not in general eliminate 
reradiation but simply changes the azimuth angles at which 
significant reradiation is present. Also, for a broadcast 
antenna that carries stations at two frequencies, the set of 
towers which should be isolated to "fix" the pattern at one of 
the frequencies generally results in a poor pattern at the 
other. 

From the RF point of view, breaking the skywire with an 
insulator in series provides the widest band "detuning" of the 
line. The next best technique appears to be the skywire stub, 
which has an adequate but not wide bandwidth. Aside from 
practical considerations concerning fault currents and the 
"security" of the power line against outages, the difficulty 
with both insulators and skywire stubs is that they must be 
positioned at an appropriate location in the RF currents 
distribution on the skywire. For a real site with unevenly 
spaced towers of unequal heights, the computer model's predicted 
RF current distribution for the skywires has not yet been tested 
against full scale measurements of RF current on a real power 
line. For the computer model to be useful in predicting the 
exact locations for stubs or insulators, it would be necessary 
to establish precise agreement. The present computer model 
assumes a perfectly conducting ground, does not account for the 
deviation from perfect flatness of the ground which is present 
at any real site, and cannot include realistically long lengths 
of power line because of computer resource limitations. The 
computer model has not thus far been made to include other 
nearby structures such as buildings which may significantly 
affect the RF current distribution on the power line. Because 
of these simplifications, the computer model alone may not be 
able to predict the RF current with the high precision that is 
needed to predict locations for skywire detunincr devices. 
Ontario Hydro (18) has devised a system for measuring the 
RF current on the skywire by pulling a loop-probe along the 
skywire from tower to tower, and is using this system to compile 
a set of full scale measurements. This direct measurement 
technique may prove essential for determining the necessary 
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locations for skywire detuning insulators or stuhs. 

The short, capacitively terminated tower stub has the 
advantage that it can he tuned effectively by monitoring the 
base currents of some towers, and that, in practice if the 
towers are also isolated from the skywire, it appears to be 
possible to "tune" each tower individually independent of the 
capacitance value used on adjacent towers. It must be 
emphasized that this latter result has not been tested in the 
present set of calculations. In this report all five towers 
were connected to the skywire and all towers were "tuned" 
together. The tower stub design investigated by numerical 
computation in this report is an effective detuner but is quite 
narrow in bandwidth. Further investigations are needed using a 
more detailed computer model of the tower which would allow 
realistically small radii for the stub detuners and allow a 
detuner on each of the four legs of the tower to be represented 
explicitly. The bandwidth with four detuners must be determined 
and the case of detuners on isolated towers must be 

• investigated. 

The effect of the conductivity of ground was investigated 
using a computer code that accurately models a half space of 
finite conductivity. For realistic ground conductivities of 20, 
10 and 5 mmho/meter the power line resonates at the same 
frequencies as it does over perfect ground. The strength of the 
RF currents induced on the power line is reduced as the ground 
conductivity decreases, and so the effect on the azimuth pattern 
of the power line decreases with decreasing conductivity. 

The C-stub detuner was found to be an effective device when 
used over a ground of realistic conductivity. The capacitance 
required to "tune" the C-stub so that it "detunes" the power 
line is found to be independent of ground conductivity. Once 
adjusted, the same capacitance would be effective over a wet, 
highly conductive ground or over a dry ground of low 
conductivity. 

The prediction of the azimuth pattern for an actual site of 
realistic complexity has been addressed in reference (2), where 
the computer model's pattern was shown to be in reasonable 
agreement with a scale model measurement. The problem of 
detuning a complex site must be dealt with as 'a next step in 
this work. The objective would be to find the minimum number of 
"detuning" devices of a specific design that are necessary to 
effectively suppress reradiation from the power line, and to 
specify the locations of the devices on the towers or skywires. 
Further, guidelines must be developed for assessing in advance 
which towers or skywires of a complex site should be treated 
with detuning devices. Only when detuning has been made a sys- 
tematic, economical procedure can this special EMC problem be 
regarded as solved. 
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Figure 1  

Base of the broadcast tower at Hornby, Ontario 
with towers of the nearby mair of power lines 
in the background. 
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Figure 2  

Dimensions of the five tower power line model. The arrows 
give the direction of flow of zero-phase angle current 
for reference on the current distribution graphs. 
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Figure 3  

One span  of the computer model of the power line, 
showing the radii of the wires and the lengths of 
the segments used. 
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Figure 4  

Azimuth pattern of an omnidirectional broadcast antenna 
operating in the presence of a 13 tower power line at 
860 kHz, in comparison with a scale model measurement. 
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Figure 5  

The "pàttern perturbation spectrum" calculated with 13 towers 
in comparison to the spectrum derived from azimuth patterns 
measured with a scale model. 

Concordia University EMC Laboratory Page 32 



ONE WAVELENGTH 
LOOP RESONANCE 

•Mal 

TWO WAVELENGTH 
LOOP 'RESONANCE 

GOO 700 
-J-
5g0  _L- 

900 
—L_ 
800 400 

M
AX

- T
O

-P
1 I

N
  R

AT
IO

 

15 

10 

TN-EMC-82-02 

FIVE TOLÉPS, NO DETUNERS 

FREQUENCY ( KHZ 

Figure 6  

The 'pattern perturbation spectrum" showing the frequency 
dependence of the max-to-min ratio of the azimuth pattern 
of an omnidirectional antenna operating in the presence 
of a five tower power line, with the dimensions shown in 
Figure 1. 
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Figure 7 • 

The magnitude and phase of the RF current distribution on the 
towers and skywires of the five tower power line, at (a) 200 kHz, 
(h) 420 kHz, (c) 700 kHz, and (d) 840 kHz. 
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Figure 8  

The azimuth pattern with a 13 tower power line with 
towers number 2, 3, 4, 6, 7, 8, and 10, 11, and 12 
isolated from the skywire, in comparison with a scale 
model measurement. 
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Figure 9  

The RF currents flowing on the towers of the 13 tower 
power line with nine isolated towers, which are labelled 
"NC" in the figure. 
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(a) Location of the insulator in the skywire for detuning 
430 and 860 kHz. More segments were used than in Figure 2. 
(h) Pattern perturbation spectra with skywire insulator 
detuners for suppressing one wavelength resonance and for 
suppressing two wavelength resonance. 
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The "straight" and the "bent" skywire stub detuners. 
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Figure 12  

Pattern perturbation spectra with "bent" skywire stub 
detuners for 430 kHz and for 860 kHz. 
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Figure 13  

The short, capacitively terminated detuner. The 
arrows give the direction of zero phase current 
for reference in the graphs of current distribution. 
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The max-to-min ratio and the tower base currents as functions 
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Figure 15  

The max-to-min . ratio and the tower base currents 
as functions of the capacitance, at 860 kHz. 
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Pattern perturbation spectra with tower stub detuners 
for 430 kHz and for 860 kHz 
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Figure 17  

The RF current distribution on the center tower and 
its detuning stub at 860 kHz with a capacitance of 
(a) 429 pF and (b) 400 pF. 
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Figure 18  

Max-to-min ratio of the azimuth pattern for various 
ground conductivities, at one wavelength resonance. 
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Figure 19  

Max-to-min ratio of the azimuth pattern for various ground 
conductivities, at two wavelength resonance. 
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Figure 20  

Capacitively terminated tower stub tested with 
a ground of realistic conductivity. 
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Figure 21  

Max-te-min ratio as a function of the 
capacitance for the C-stub of Fig. 20, at 
430 kHz. 
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Max-to-min ratio as a function of the 
capacitance for the C-stub of Fig. 20, at 
860 kHz. 
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1 CONCORDIA 
UNIVERSITY 

1 August 5th, 1981 -COPY- 

Mr. Don Jones 
Ontario Hydro Research Division 
800 Kipling Avenue 
Toronto, Ontario 
M8Z 5S4 

Dear Mr. Jones: 

As yo.u, requested in our phone conversation of Wednesday, 
July 29th, I have examined the RF behaviour of the five power 
test line near Richmond Hill on the Cherrywood-Claireville line. 
In the attached technical note, I have recommended that the 
experimental study should not examine the length of the stub, 
which can be predicted by theory, but instead should study the 
effectiveness of the stub as a function of its location on the span. 
Suitable measurements are outlined in paragraphs 4 and 6. 

Please verify the dimensions of the simplified model, which 
I have set out in paragraph 1. 

Do you have a reliable value for the ground conductivity 
at the Richmond Hill test site? 

 

Sincerely, 

Ce4.*..5e  et/  
Christopher W. Trueman 
Assistant Professor of 
Electrical Engineering 

CWT/cs 
cc: Dr. S.J. Kubina, Eng. 

Dr. J.S. Belrose, CRC 

LOYOLA CAMPUS 

I 

7141 SHERBROOKE STREET WEST 
MONTREAL, QUEBEC H4B 1 R6 

, 
Concordia University EMC Laboratory Page 51 



TN-EMO-82-02 APPENDIX A 

Detuners for the Richmond Hill Site 

1. Simplified Model 

A simplified model of the test site at Richmond Hill is shown 
in Fig. 1. From the blueprint it is seen that a reasonably 
equivalent straight, evenly spaced model uses towers 53 m tall 
and 250 m apart. The wire radii are chosen to be the same values 
used to model this style of tower at Hornby, namely 3.51 m for 
the tower wire and 0.71 m for the skywire. The transmitter is 
located in the model exactly at the spot marked in red pen on 
the blueprints, which is 251 m north and 51.7 m west of the center 
tower where "west" is taken to be "along the line" and "north" 
perpendicular to the line. 

2. Resonant Behaviour 

The resonant frequencies of the line can be estimated to be 
about 885, 1330, and 1770 kHz. This puts the 800 to 850 kHz 
band below two wavelength resonance and the 1550 to 1650 band 
below four wavelength resonance, and so the power line is non-
resonant in both frequency bands. Fig. 2 shows the max-to-min 
ratio in each of the two bands under consideration. At 830 kHz 
the max-to-min ratio is 5.3 dB and at 1600 kHz it is 5.6 dB, 
and so the power line introduces a considerable disturbance into 
the test transmitter's omnidirectional pattern. In the following, 
the suppression of the RF current on the power line will be 
attempted at 830 and 1600 kHz. 

3. Suppression of the RF Current at 830 kHz 

The picture of the line in Fig. 1 shows "parallel stub detunérs" 
designed for operation at 830 kHz. The Stub is separated from 
the skywire by. 21 m, being about equal to thé actual skywire spacing 
on the test line at  Richmond  Hill. Thé stubs use the same wire 
radius as the skywires. Four stubs are used, one on each. span, 
and each stub is connected to the skywire at a distance "s" from 
the eastern tower of the SPan. The StUbs in Fig. 1 "face. east" 
and, if "s' is bfflaller thàn• thé  stub length, can be reversed to 
"face west". Fig. 3 shows one stub in detail. The stub length 
"e" is made. equal to a quarter of the free space wavelength. at 
830 kHz, which is 90 m. The length is not critical and 80 to 
120 m is reasonably effective.' The position "s" of the stub  is 

 crucially Important. 
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Fig. 4 demonstrates the effectiveness of the stub as its 
position is changed. The max-to-min ratio and the base current 
on the center tower are plotted as a function of the connection 
point to the skywire of a 90 m long stub. The stub is effective 
if it is connected near a tower, and it is useless if it is 
connected near the center of the span. The best stub locations 
reduce the max-to-min ratio of the azimuth pattern to less than 
1 dB, which is a 4 dB improvement over the 5.2 dB max-to-min ratio 
for the line with no stubs. 

4. Recommendation for Measurements at 830 kHz 

The length of the stub is not critical and 90 meters should 
suffice. The position of the stub is critical, and should be the 
focal point of the experimental study. To determine a position 
for the stub by experiment, start with all four stubs "facing east" 
and connected near the tower at the west end of their spans, and 
measure the tower base currents. Then move the stubs by 20 or 30 m 
away from the tower toward the center of the span, and measure 
the base currents again, at the same transmitter power of course. 
Behaviour such as that in Fig. 4 is expected. 

5. Suppression of the RF Currents at 160G kHz 

The problem at 1600 kHz is more difficult because of the 
shorter wavelength. A suitable length for the stub can be found 
by connecting the•stub to the skywire at "s" in Fig. 1 equal to 
135 m, and drawing Fig. 5, which shows the max-to-min ratio of 
the azimuth pattern and the base current on the center tower as 
functions of the length of the stub "t". The figure demonstrates 
that if the stub is too short or too long, then it is ineffective. 
The best length is about 32 m, and this value was chosen for further 
study. This makes the overall length of the stub, "d-Ft" in 
Fig. 3, equal to 53 m or a bit more than a quarter of the free space 
wavelength at 1600 kHz. 

With. the stub length_ chosen to be "t" equal to 32 m, the 
effectIveness of the stub as a function of the location of its 
connection point to the skywire is graphed in Fig. 6. With the 
stub "facing east", it is effective if it is connected near the 
tower at the west end of the span, at "s" equal to 215 m, and also 
near the center of the span at "s" equal to 135 m. The stub can 
also Be reversed to "face west", and then it is effective if 
connected near the east end of the span, or near the center of 
the span. As Fig. 6 shows, the stub is quite ineffective if it is 
not connected near one of these optimum positions 
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6. Recommendation for Measurements at 1600 kHz 

One stub must be used on each of the four spans of the five 
tower power line. The experimental study should work with a 
stub  of  fixed length "-e." equal to 32 m in Fig. 3. The experimental 
study should investigate the effectiveness of the stub as a 
function of its connection point to the skywire. Initially the 
stub should "face east" and be connected about 20 m from the west 
end of the span, and the tower base currents measured. Then the 
stub should be moved east in steps of not more than 20 m, and the 
measurement repeated. Behaviour such as Fig. 6 is expected. 

Dr. Christopher W. Trueman, Eng. 
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2.51» 

TEST TRANSMITTER 

WEST 

NORTH 

Figure 1  

The site at Richmond Hill was represented by this 
straight, evenly spaced power line. The transmitter 
is offset from the center tower. The detuning stubs 
"face east" in this figure. 
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Figure 2  

Pattern max-to-min ratio in the specified bands. 
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Figure 3  

The spacing of the detuning stub from the skywire 
was held constant and the effectivenss of the 
stub was evaluated as a function of the length "Zit 
and its separation "s" from the tower. 
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Figure 4  
• 

Max-to-min ratio and center tower base current 
- as a function of stub position, 830 kHz. 
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Figure 5  

Max-to-min ratio and center tower base current 
as functions of the length of:the stub at 
1600 kHz. 
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Figure 6  

Max-to-min ratio and center tower 
base current as functions of stub 
position, 1600 kHz. 
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