
Page | 1 
 

 

 

A useful guide to Lumped Antenna 

Components and field designs and matching 

: By Alastair GW0AJU 

 

 

 

 



Page | 2 
 

Introduction. 

There are several purposes to this article, firstly to find a method to discover the real and imaginary 

components for antenna systems and circuits, as well as also finding out the mathematical processes 

required. From this point, Arduino software can be written to design and make not only an 

“Impedance measurement Analyser”, but also as a result of discovering the matching components 

needed to facilitate and enable a design for an automatic ”Antenna Tuning unit”. 

The Arduino “IDE” software is a free download from google, but also the Arduino processors are 

capable of conducting 32bit floating point mathematics, without the need of expensive additional  

software purchases. Arduino development boards are purchasable from “EBay”. However it is 

perhaps not always understood, the Arduino Uno processor can be purchased with the “boot-

loader” already programmed into the processor, requiring then only the purchase of a “USB to Serial 

interface board” again from “E Bay” to up load the complied program into the Arduino processor. 

The R.F. signal source can be found from a Digital Direct Synthesiser “DDS” device such as the 

Analogue Devices AD9850, again purchasable from “E Bay”. 

Once the “Impedance measurement Analyser” is built, this can be used to not only measure antenna 

systems, but also the input impedance of R.F. amplifiers, be it “front end” circuit for receivers, or 

final stage amplifiers for transmitters. The impedance matching for “R.F. filters”, “Double Balanced 

Mixer” designs or active high powered mixer stages, could all be measured.  

To attempt this process, the R.F. signal source would be a 50Ω sourcing point of reference and fed to 

the input terminal of a Wave absorption bridge. The circuit under test would be connected to the 

output terminal Wave absorption bridge. The individually sensed reflective and forward voltages 

measured by R.F. volt meters, would then indicate the degree of successful matching. From these 

R.F. voltage measurements, the real and imaginary components would then be calculated by the 

Arduino and then displayed on a multi-line LCD character display purchased from “E Bay”. 

Similarly by the same token from the same calculation, a projection of a ¼λ matching line calculation 

could be calculated and shown by the Arduino software. The required inductance or capacitance 

needed to successfully match and antenna system using an auto “ATU” design, can be realised. 

However in any “ATU” design phase, be mindful of the 3dB cut-off R.F. bandwidth point of the 

matching ¼λ section, to the operating band in use. 

Should the output impedance of a circuit under test need to be found, then this is achieved by 

placing the output of the circuit under test on the input terminal of the Wave absorption bridge. The 

reference loading would be the 50Ω dummy load on the output test point of the Wave absorption 

bridge.  However should the output terminal of the circuit under test is high by referencing to the 

50Ω dummy load impedance, then the Vswr reading will calculate the dummy load as in-correct low 

impedance, miss reading the output impedance of the output circuit under test. To correct the 

calculation, the Vswr is inverted using a 1/x calculation function, which would now correctly 

revealing the circuit under test output impedance measurement.   

From this article, it is hoped that fellow Radio Hams may be able to home design and build their own 

“Impedance measurement Analyser” and “Auto ATU”, in addition to novel antenna designs of the 

“Lumped component” variety. 

However to start with the Arduino system, please do not dis-miss the Arduino educational kits.  
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Real and Imaginary components. 

To calculate the input impedance of antenna matching performance to the intended transmitter, the 

real resistance and the reactive components of an antenna need to be found. Similarly the input 

impedance components of an amplifier or a filter stage, even perhaps a ring diode mixer, can all be 

found by using either an “impedance bridge” or a “Wave absorption meter”. The forward and 

reflected signal voltages or signal powers are measured to calculate the unknown “RL” as real and 

imaginary components of resistance and the reactance of inductance or capacitance values.  

R.F. Input impedance: Type one circuit: an “impedance bridge” diagram shown 

below: 

 

The signal current is common though-out the divider bridge circuit, this if both the “Vsignal” and the 

“Vmeasure” voltages are known, then “Rz” can be found. 

The reference voltage sample “Vref” is used to measure the available “Vsignal” source voltage. This 

is intended to over-come the variations of signal amplitude from the Arduino DDS VFO RF source, 

the variation of signal source voltage over the HF band plan, from VLF to 10metres.  

“Vsignal”    =    “Vref”  *  2 

I amps    =    (Vsignal  –  Vmeasure) / R50 

Where R50 is equal to 50Ω 

RL Ω  =    Vmeasure / I amps    
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R.F. Input impedance : Type two circuit : A “Vswr” meter diagram shown below: 

 

The value of RL is calculated in a different manner, but once calculated, the reactive components are 

still found as shown above within the example calculations. However this is the input impedance of 

the loading circuit, be it the antenna or the input impedance match of a final stage amplifier.  

From a standard “forward and reflected voltage” ratio, the “swr” can be found. By re-arranging the 

following equation and assuming the signal current are constant using Kirchhoff's circuit laws, from 

this only the signal voltages and the companion resistances would alter:  

Matching ratio  “r”  =    (reflected voltage) / (forward voltage)    

The equation of : 

 SWR ratio       =   matching ratio   “r” 

Then RL the unknown equates to the following equation: 

RL   =   SWR ratio    *    Zo          

  Where “Zo” is the 50Ω co-axial cable 

This would indicated that there is a “forward voltage” and a “reflective voltage” measurements, the 

ratio there of would indicate a 1:1 or greater of 2:1 or less than 1:2 SWR ratio values. Now it is said 

that the matching ratio cannot get lower than the value of one, and only greater that this up to 

infinity. However I will now challenge this with the following examples: 

Example “A”: 

Forward = 2∙2 Volts 

Reflected = 1∙47 Volts 

Then from                 matching ratio  “r”  =    (reflected voltage) / (forward voltage) 

          SWR ratio   =    0∙669 

Hence then the value of RL equates to:  
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                             RL   =   SWR ratio    *    Zo    

Then                        RL   =   0∙669 * 50        

Hence                                                     RL   =   33∙47Ω  

 

Example “B”:  

Forward = 1∙47 Volts 

Reflected = 2∙2 Volts 

Then from              matching ratio  “r”  =    (reflected voltage) / (forward voltage) 

                       SWR ratio    =   1∙49 

Hence then the value of RL equates to:  

                          RL   =   SWR ratio    *    Zo    

Then                     RL   =   1∙49 * 50 

Hence                                                  RL   =   74Ω 

As the value of RL the unknown impedance has been discovered, the matching components can be 

calculated in the same manner as before with the vector diagram with a derived mathematical 

Basic Vector matching of the load impedance. 

The resistance of “R50” is used as the standard reference impedance or resistance, in this case it is a 

50Ω dummy load, but it may just be any resistance such as 75Ω, 300Ω, 450Ω or even 600Ω. The 

following equation process remains the same to find by calculation the reactive components of the 

antenna in question. Firstly, we will have a look at the standard vector diagram to illustrate a 

commonly understood calculation process of mathematics, vector diagram shown below: 

 

The “R50Ω” is the resultant vector that will be the intended impedance value of the antenna, in this 

case 50Ω. The value of “RL” is the horizontal line measured value, the adjacent line value. 
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The angle shown on the vector diagram is the angle at which the impedance vector is out of 

alignment with the ideal impedance, in this case 50Ω. The resulting “XL” or “Xc” is the reactive 

component by which the antenna is miss-matched. 

The angle of the vector either positive upward movement or negative downward movement will 

depend upon whether the antenna impedance is high or low from the 50Ω ideal value. 

Referring to diagram 1, if “Vmeasure” is greater than half the value of “Vsignal”, then RL is higher 

than R1 at 50Ω reference, i.e. the Rz antenna impedance is greater than 50Ω and a positive angle 

direction. However if “Vmeasure” is less than half the value of “Vsignal”, then RL is less than R1 at 

50Ω reference, i.e. the RL antenna impedance is less than 50Ω and a negative angle of direction. 

From this view point, a positive or negative angle direction of travel is found, and hence the reactive 

component is either inductive or capacitive in nature. 

From the above vector diagram, the variable of “R ohms” axis of the graph represents the actual 

value of the resistive impedance of the antenna value. This equates to the variable “RL” within the 

outlined mathematics proof of the “impedance bridge” diagram further above. 

However to calculate the reactive “XL” component is found using the following method: 

First from Pythagoras theorem:                        hyp = SQR( opp2 + adj2) 

The reactive component “XL” equates to:        opp = SQR(hyp2 – adj2) 

Example number one : 

If the resistive impedance is found to be RL = 47Ω, the measured impedance finds the antenna 

maybe considered to be short in length, thus hence a capacitive reactance from a 50Ω ideal. 

Then the calculations are as follow:   opp   =  SQR(hyp2 – adj2) 

Which is in this case:      opp   =  SQR(502  –  472) 

Which equates to “XL = 17Ω” of capacitive reactance. 

The test signal frequency is known by the R.F. signal generator setting, in this example is 14∙1MHz, 

from the capacitive reactance, the capacitance value is calculated. 

Capacitance reactance Xc = 1/(2*freq*pi*capacitance)  Ω. 

The capacitance value to the 17Ω calculated reactance from Pythagoras theorem: 

Capacitance   =    1 / (2*pi*freq*Xc)    Farad’s 

Which in this above case equals to 664pF? 

To antenna is now an impedance of “47 Ω @ 664pF”, or 50Ω with a reactive angle of direction:  

Reactive angle = Tan-1 (Xc / RL) 

Thus the Reactive angle = Tan-1 (17 / 47) = -20⁰ 

Thus hence the antenna impedance relative to 50Ω as “ 50Ω @ angle = -20⁰ ”, in other words an 

antenna impedance of “47Ω @ 664pF” at 14∙1MHz test signal. 
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The matching component would then be an inductive reactance of XL = 17Ω, to bring the capacitive 

reactance back to the “X-axis” ideal “RL = 50Ω” position. 

inductance  =  XL  /  (2*pi*freq)   Henry’s :  in this case equates to 191nH matching inductance. 

To check using Pythagoras theorem to match the Zo value of 50Ω co-axial cable : 

Zo  =  SQR((RL * RL) + ( XL or -Xc)) 

As the antenna to too long, equating to Xc = 17Ω reactance, then a matching inductive reactance of 

XL = 17Ω to increase “RL” of 47Ω : 

Thus   Zo = SQR((47 * 47) +  (17 *17) 

Which equates Zo = 50Ω, hence the radio is matched to the antenna. 

The act of applying an opposing reactance swings the resultant vector from one direction to travel to 

the other. The vector magnitude and angle relates to the antenna offset from the ideal “50Ω” 

requirement, is thus compensated by the opposing reactance vector swing.  In the example, the 

antenna impedance is higher or lower than 50Ω, too much inductance per metre of wire length, 

hence considered as inductive, or too little wire length in nature would turn the wire antenna as 

capacitive in nature. 

Example number two : 

If the resistive impedance is found to be “53Ω”, an inductive reactance from the 50Ω ideal 

impedance as the antenna maybe considered to be long in length. The Pythagoras theorem equation 

slightly changes, in that the “adj” value being now larger at “53Ω”, then to not equate to a negative 

number answer value, the standard equation alters. 

Then the calculations are as follows:         opp   =   SQR( adj2 - hyp2 ) 

Which is in this case:                   opp   =   SQR(532 – 502) 
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This then equates to a “17∙5Ω” inductive reactance value. 

As the test signal frequency is known by the R.F. signal generator, which in this test example is 

14∙1MHz, then the inductance from the now known inductive reactance can be calculated. 

Inductive reactance XL   =    (2*pi*freq*inductance)    Henry’s 

The inductance value to the 17∙5Ω calculated reactance from Pythagoras theorem: 

Inductance   =   XL / (2*pi*freq)    Henry’s 

This equates to 197nH. 

The antenna now is viewed as an impedance of “53Ω @ 197nH”, or 50Ω with a reactive angle of 

direction: 

Reactive angle = Tan-1 (XL / RL) 

Reactive angle = Tan-1 (17∙5/53) = 18∙3⁰degrees 

The antenna impedance relative to 50Ω is now measured as “ 50Ω @ angle = 18∙3⁰ ”, in other words 

an antenna impedance of “53Ω @ 197nH” at 14∙1MHz test signal. 

 

The matching component would then be a capacitive reactance of Xc = 17∙5Ω, to bring the inductive 

reactance back to the “X-axis” ideal “RL = 50Ω” position. 

The matching capacitance value would then be the inductance reactance value re-calculated as a 

capacitive component: 

Capacitance  =   1/(2*pi*freq*Xc)    Farad’s  

which in this case equates to 645pF of matching capacitance? 

To check using Pythagoras theorem to match the Zo value of 50Ω co-axial cable: 
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Zo  =  SQR((RL * RL) + ( XL or -Xc)) 

As the antenna to too long with an XL = 17∙5Ω reactance, then a matching capacitance reactance of     

Xc = 17∙5Ω is used to reduce “RL” of 53Ω :   

Hence   Zo  =  SQR((53 * 53) – (17∙5 *17∙5) 

Which equates Zo = 50Ω, hence the radio is matched to the antenna. 

The calculated matching component values to be placed in-line with the transmission 

signal, i.e. between the co-axil cable (transmission line) and the antenna load. 

 

The degree of vector swing reactance is depended upon the degree of matching needed. However 

when the load impedance of the antenna is matched, the antenna is then said to be resonant.  

 

Further Vector matching the load impedance. 

The “Maximum power transfer” of the transmitter signal equates to a good and perfect impedance 

match not only with the transmission line cable but also the terminal impedance of both the 

transmitter and the receiver radio. The diagram on the below entitled “Maximum power transfer 

and equivalent antenna loadings”, illustrates the difference that any Radio Ham or radio operator 

would experience with installing an antenna design. 

 

 

The above diagram goes to illustrate quite well the reactive antenna impedance loading to the 

feeding co-axial cable transmission line characteristic impedance. An antenna made of either a long 

wire or a dipole element constructed from a metal rod, has an inductance value, and thus has at any 

particular signal frequency a particular can be said to have inductive reactance. It can be viewed and 

perhaps reasonably assumed, that the inductive reactance possessed by the antenna loading would 
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be the connection interface from the antenna loading, the antenna presented as a passive 

component to the transmission line and ultimately the radio set. 

When antenna load impedance is matched to a 50Ω transmission line system, the antenna is then 

said to be resonant, but resonant to a 50Ω system. If we fold over the vector diagrams that we have 

been using to determine the load reactance required to match the antenna to a 50Ω system, we are 

able to see at once the under or over shoot of the antenna design towards a 50Ω system match.  

 

The above vector diagram shows how the folded over antenna loading compares to the radio set 

terminal impedance, thus illustrating the variance of antenna loading match to the radio set. In both 

cases, the radio operator was of the opinion that the long wire antenna design was cut to 50Ω 

reactance impedance labelled “Zantenna”, while the “R50Ω” labelled on the “X axis” illustrates the 

transmission line and radio set terminal impedance.  

Now referring the vertical “Y axis” line, in one case the antenna was found to be too high in 

impedance, thus too long in length and inductive “XL”, and on another cut long wire was found to be 

too low of impedance, thus too short in length hence capacitive “Xc”. 

The equation below illustrates the above vector diagram in a mathematical sense, and outlines that 

the inductive and capacitive reactance will offset the overall antenna loading seen by the radio set 

through the transmission line connection. 

 

The above equation does not illustrate however that in a sense it is the inductive reactance of the 

long wire that is cut to 50Ω load impedance, so if the reasonable assumption that the inductive 

reactance is the matching component of any antenna design, it would thus be reasonable to assume 

that the “R50Ω” in the above equation then is directly equal to the matched “Zantenna” variable.  

The above vector diagram would then correctly demonstrate any physical under and over shot 

measurement within the design of the long wire antenna construction. 

The two parameters of the cable terminal impedance with the antenna reactance would effectively 

in a matched condition be able to cancel out their combined effect. Any offsets would be the miss-
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match of the antenna loading and hence then a presence of a reactive component within the 50Ω 

system design. 

Below is a vector diagram that shows three lines, a green and purple and orange lines with points 

“A” and “B” and “C” illustrated. The red line at point “A” represents the load impedance experienced 

by the RL =50Ω attached to the Antenna reactance loading, hence a matched condition. 

From points “A” to point “B”, the green vertical line, the antenna reactance is greater than 50Ω, 

which would be the additional inductive reactance value. To reduce the inductance, a capacitance 

reactance is now required, creating a shorter wire length and reduce inductance to match the 

required “XL” at point “A” for “RL” matching of the connected co-axial cable impedance. 

 

The distance between point “A” and “C”, thus the grey line, represents the antenna reactance 

loading less than 50Ω, thus is a capacitive loading. To move point “C” back to point “A”, an inductive 

loading coil would be needed to return the antenna to a 50Ω impedance match. 

Referring to the illustrated drawing, all three antenna components “A”, “B”, “C” have been designed 

with a reactive impedance of 50Ω.  

Point “A” here is referred to as the 50Ω inductive reactance of the wire antenna. Do remember that 

although the antenna may be a long wire antenna or di-pole, the wire or metal rod is itself an 

inductor, therefore has an inductance value of “300nH / m” of wire. Here the overall inductive 

reactance on our intended band of operation, the long wire antenna is assumed to have an inductive 

reactance of 50 ohms, providing the maximum signal power transfer. 

A relative assumption could be perhaps made by an angle of measurement of antenna loading of 

point “A” plotted on the vector diagram, can be found by using the following equation: 

Angle  =  Tan-1 ( Zant /  Zcable ) …  or alternatively …  Angle  =  Tan-1( XL / R50Ω) 

For a perfect antenna to co-axial cable match, both “Zant” and  “Zcable” would be equal to 50Ω. 
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Angle  =  Tan-1 (  50Ω  /  50Ω ) 

Angle  =  45⁰ 

This then equates the perfect impedance match between the “cable/radio” and the antenna to be a 

vector angle of 45⁰. As the antenna is perhaps always essentially a metal rod or a length of wire, to 

match the radio set, the antenna must have an inductive reactance of 50Ω to match a terminal 

impedance of 50Ω.  

Should this view point be correct, then a matched condition for a maximum power transfer 

of the radio signal in polar form impedance would equate to “ 50Ω @ angle 45⁰ “. In each 

representation, the red line of the above multi coloured vector diagram, represents both the polar 

form and complex form expressing an antenna loading impedance.  

 

However progressing on with the polar form view point, referring to the vector diagram once more, 

points “A” to “B” relate to antenna “C” with an impedance of  Zant = 55Ω, illustrated in the diagram 

“Maximum power transfer and equivalent antenna loadings”. 

 

Angle  =  Tan-1 ( 55Ω  /  50Ω ) 

               Angle  =  47∙7⁰ 

Or otherwise reviewed as “ 50Ω @ angle 47∙7⁰ “ 

The angle calculation of 47∙7⁰ is a vector offset angle of 2∙7⁰ from the assumed perfect matched 

condition of 45⁰, which relates the offset positive angle and an inductive loading. However for points 

“A” to “C” of antenna “B” of  Zant = 45Ω,   

Angle  =  Tan-1 ( 45Ω  /  50Ω ) 

               Angle  =  41∙9⁰ 

Or otherwise reviewed as “ 50Ω @ angle 41∙9⁰ “ 

The vector angle for antenna “C” equates to 41∙9⁰, which is an offset angle of -3⁰ from the perfect 

matched condition of 45⁰, equating to an offset negative angle and a capacitive loading.  

Should the radio be designed for 300Ω, “RL = R50Ω now equal to R300Ω”, the terminated impedance 

is usually a balanced transmission line.  However the inductive reactance “XL” of an antenna perhaps 

a long wire would then need to be equal to 300Ω.  Any deviation from the 300Ω would equate an 

offset angle away from the perfectly matched conditions calculated to be a vector angle of 45⁰, thus 

the matched condition for a 300Ω line equates to “ 300Ω @ angle 45⁰ ” or “( 300Ω +j300Ω). 

Attached to the to the web page presenting the article, two computer programs written in “BBC 

Basic for windows” are presented for determining the inductive or capacitive reactive loadings both 

a required frequency of operation and design terminal impedance of the antenna. The first program 

entitled “calculation of inductance against resonant reactance impedance with frequency”, while the 

other program is entitled “calculation of XL and Xc for RL matching to set wire or coil values”.  
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The program results will show that at near resonance the load capacitor has a very high value. This is 

the case as the capacitance value increases, the capacitive reactance is a lower value, and then has a 

less effect the matching component has to move vector angle the reference  point “B”, downwards 

towards point “A” in the vector diagram. Perhaps in these cases, a straight direct contact connection 

would perhaps be fine to adopt that is without the load capacitance. 

However a few additional points are found, one is that irrespective the resonant frequency, the 

inductive reactance of a ¼λ section is always XL= 141Ω. When placing two ¼λ sections connected to 

as a dipole, there combined impedance would be in parallel, a ¼λ of XL= 141Ω would be seen as half 

this value, 70∙5Ω. To make a 50Ω dipole, each section or both halves would need a reactance of 

XL=100Ω, but when in parallel this would present a 50Ω terminal impedance to a standard 50Ω co-

axial cable.  

On this point one discovery can be made. A convention of dipole design calculations is to subtract 

5% from a physical ¼λ to a 50Ω match. However by instead calculating the XL value, the difference in 

dipole length between ¼λ of XL = 141 Ω and then ¼λ@50Ω of XL = 100Ω is found to be at 70% of 

difference of length, not just a 5% reduction in length by the rule of thumb. 

To make a 300Ω balanced ribbon feeder dipole, each half section would need to provide a XL=600Ω 

impedance to present when in parallel the 300Ω.  

Calculation of antenna wire lengths for matching impedances. 

The inductance of a length of a long wire or dipole element can be found from the characteristic 

impedance of the cable, as this is a known value, for example 50Ω.  

Zo  =  SQR(cable inductance /cable capacitance) 

Using standard co-axial cables of 50Ω characteristic impedance, the capacitance per metre is 

120pF/m, which equates the cable inductance per metres as 300nH/m, which practically equates to 

any length of a metal rod or long wire antenna with an inductance per metre to be 300nH/m. In the 

above example, 565nH coil then though the equation of: 

Wire length = (inductance / 300*1E-9) metres. 

Wire length = (565nH / 300nH) = 1∙88 metres @ 14∙1MHz, for a 50Ω stub antenna design. 

At 14∙1MHz, with a ¼λ antenna at XL = 141Ω, the coil inductance is 1∙6uH possessing an effective 

long wire of 5∙3metres. 

With the cable impedance of 50Ω, the matching antenna load inductive reactance “XL” is 50Ω and 

this would be the same as a “50Ω stub antenna”. However the actual wire inductance to produce the 

50Ω stub antenna at 14∙1MHz operating frequency would be found by the following process: 

Inductance   =   XL / (2*pi*freq)  =  565nH inductance coil.  

The wire length is found by discovering the inductance of a metre of wire from the equation: 

Listed below from this the equivalent inductance can be calculated for a lumped component coil 

antenna replacement.  

1/2λ reactance resonance impedance = 282Ω :  length inches = (491/f)*12     :   “ARRL antenna book” 
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1/4λ reactance resonance impedance = 141Ω : length inches = (245∙5/f)*12 

7/8λ reactance resonance impedance = 493∙5Ω : length inches = (859∙25/f)*12 

5/8λ reactance resonance impedance = 352∙5Ω : length inches = (613∙75/f)*12 

3/8λ reactance resonance impedance = 211∙5Ω : length inches = (368∙25/f)*12 

75Ω stub reactance resonance impedance = 75Ω : length inches = (130∙56/f)*12 

50Ω stub reactance resonance impedance = 50Ω : length inches = (87∙04/f)*12 

1/4λ reactance resonant impedance dipole section 75Ω cable: length inches = (261∙1/f)*12 

1/4λ reactance resonant impedance dipole section 50Ω : length inches = (174∙06/f)*12 

1/4λ reactance resonant impedance dipole section 300Ω cable: length inches = (1044∙4/f)*12 

To convert inches into metres;                  length_metres   =  (length_inches) * 2∙54/100 

Then to convert into inductance “nH”;   inductance “nH” =  300nH/m * length_metres 

Or convert into inductance “uH”;            inductance “uH” =  0∙3uH/m  * length_metres 

 The 300nH/m is assuming 120pF/m for a 50Ω co-axial line. 

A ¼ λ Vertical antenna design will require a capacitance series loading to bring down the XL value to 

50Ω, i.e. ¼λ XL=141Ω down to Zo = 50Ω 

Zo = SQR[(ant XL)2  +/-  (offset Xc or XL)2] 

In this case, a capacitance reactance is required to bring down the inductive reactance of 141Ω, 

(offset  Xc )  = SQR[ (ant XL)2  -  (Zo)2 ] 

       131∙8Ω  =  SQR[ 19881 -  2500 ] 

Thus (offset Xc or XL) = 132Ω capacitance reactance is required to match to a 50Ω cable. The 

calculations in example two can be used to determine the required capacitance value to impedance 

match the radio to the antenna.  

However it should be perhaps mentioned that a 50Ω stub antenna has only an effective wire length 

of just 9% of the intended signal wavelength. This then perhaps goes to explain why held mobile 

radios hand or “walky talkies” do not seemingly possess a great distance of an operational range. 

With the 50Ω stub at just 9% effective wavelength, it is really too small for effective operation. 

Impedance matching the radio to a higher antenna reactance, say 141Ω, a ¼λ, would increase the 

physical wire length or coil size, improving the overall antenna efficiency. 

While for “BBC Radio Four” positioned on 198KHz, the antenna coil inductance for a “50Ω stub 

antenna” is 40uH, or an equivalent length of wire measuring 134metres. However with XL = 141Ω, 

the antenna coil inductance equates to 113uH with an effective wire length of 378metres.  For the 

early days of the “BBC Home service” radio broadcasts, an internal loop antenna for the “tube or 

valve” designed radio would be very useful. I wonder who remembers the history of the days of 

“Alvar Liddell”, and perhaps how today “BBC Radio Four” is may perhaps have sounded: 
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“This is the BBC radio four, the home service, Alvar Liddell reporting, today in the house of 

commons, the prime minister stood up and announced to the whole assembled house, “little red 

riding hood has returned home.” 

The direct measurement of the Vswr. 

The below typical “Vswr meter circuit”, coherently demodulates to a zero “I.F. signal”, thus 

measures the SWR value referenced to the input R.F source signal. Type two circuits above, the 

forward and reflective signal are individually measured by the wave absorption meter to the 

direction of flow then used to calculate the real and imaginary components. 

 

R.F. Circuit Output Impedance 

The above calculations are the input impedance of the antenna or an R.F. circuit such as an amplifier 

for example. If the output impedance of the circuit under test was required, then (Vswr) o/p would 

be measured by the circuit under test output connected to the wave absorption meter input, and 

the reference load, the 50Ω dummy load on the wave absorption meter output. The “(Vswr)ratio” 

figure would then be inverted by 1/x, which would equate Example three to as : 

         (Vswr)o/p ratio    =    1/0∙669  =  1∙50 

             RL o/p     =    1∙50 * 50 

                      RL o/p    =    75Ω output impedance 

The above calculation may be the output impedance of an R.F. amplifier or double balanced mixer 

even a filter circuit. With Example four, the output impedance value would be similarly found. 

Antenna Tuning Units “ATU” design and testing. 

Most Radio Hams may perhaps use a set length of wire for HF, perhaps the maximum length that 

can be strung up around the property, the ATU unit then continually retuning the wire to the HF 

band of operation. 
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The above diagram illustrates a basic antenna tuning unit for impedance matching random lengths 

of wire for an antenna system to a radio set in general. The 50Ω input is connected to the radio set, 

either a receiver or transmitter unit or a combination of both in a radio transceiver design. An 

antenna tuning unit is sometimes also referred to as Antenna Matching Units “ATM”, but they are 

the same unit in basic terms of design and construction, hence its use. The “ATU” design above is 

based around a “π section Low Pass Filter”, hence while in use, the R.F. 3dB cut off frequency point 

relative to the RF signal has to be carefully monitored so not to attenuate both or either the Tx or Rx 

signals. With this circuit design, the capacitance is halved for its component values, while its actual 

calculation is “Zant = SQR ( L / C ) ohms”. 

Perhaps the best way to view the works of an “ATU” unit, is look at its workings as a ¼λ matching 

line, in other words as a made up piece of lumped component co-axial cable. How is this so, well 

below I will try to explain. 

The characteristic impedance of co-axial cable is calculated by the equation: 

Zo = SQR ( L / C ) ohms 

Thus, any adjustment in the values of either “C pf” or “L uH” of the ATU will then ultimately change 

the value of “Zo ohms” of the ATU settings.  

The ¼λ matching line would then be made from the equivalent lumped components of series 

inductance and parallel capacitance. This may be achieved by the use of a “Low-pass filter” of either 

a “π” or “T” section circuit design.  

The ¼λ matching line the matching impedance required from the “ATU” can be calculated by the 

following equation: 

ZATU =  SQR (  Zo   *   ZAntenna  )   ohms    :    RSGB “VHF/UHF manual” 

Where ZATU  is the matching impedance required by the ATU settings, and  ZAntenna is 

the antenna impedance that needs to be matched to the radio set terminal impedance Zo 

of 50Ω.  

From example number one, our measured impedance of the antenna was 47Ω, by using the above 

equation, ZATU equates to 48∙5Ω required matching line impedance from the ATU settings. 

ZATU  =  SQR (  50Ω   *   47Ω ) 
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   ZATU  =  48∙5Ω 

We now know that with a wire antenna impedance of 47Ω, the ”ATU” has to provide a matching line 

impedance of 48∙5Ω, from the equation for the Characteristic Impedance of a co-axial line: 

Zo = SQR ( L / C ) ohms 

The settings for both the variable inductance and capacitance of the “ATU” can be calculated and 

then set into position. As a guide, if the inductance setting of the “ATU” was set to 1uH, then by 

using the above equation of Zo to calculated “C pF”; 

 C pF  =   1uH / (Zo)2 

Thus      C pF  =   1uH / (48∙5Ω)2 

Equates to     C pF  =  425pF 

We now know how our “ATU” design would need to set the variable components and thus 

impedance match the wire antenna impedance of 47Ω, to the designed terminal impedance of the 

radios set of 50Ω. In this regard with the “ATU” settings values of 1uH inductance and a capacitance 

of 425pF. By the same token, in example number two, the wire antenna impedance was measured 

as 53Ω, the “ATU” settings would need to provide an impedance line matching of 51∙5Ω, which in 

this case would set the matching inductance of 1uH with a matching capacitance of 377pF for the 

“ATU” position settings.  

A technique that may perhaps be used to determine if the “ATU” design is functional would be to 

perhaps use an antenna analyser. Now various manufactures produce such a unit, but the idea is to 

put the antenna analyser on the 50Ω input of the “ATU”, the same connection that the radio set 

would use. The test would follow along the lines of placing on the output of the “ATU” a false 

antenna circuit. By this I refer to providing an artificial or imaginary antenna, made up of resistors 

and either inductor or capacitors to give the appearance of an antenna loading. 

From example one, placing a series circuit on the output of the “ATU”, of the components of a 47Ω 

resistor and then a capacitor with a value of 520pF, a false antenna loading that is capacitive in 

nature can be constructed. While from the example number two, a series circuit of a 53Ω resistor 

and an inductance of 197nH would be used to provide an imaginary antenna loading that was 

inductive to the “ATU” test. 

The “ATU” thinks that the imaginary antenna is an actual antenna, so the “ATU” matching 

components of the variable inductance and capacitance would be adjusted to attempt and try to 

match the false antenna loading to a preferred terminal impedance of 50Ω. The Antenna Analyser 

placed on the input of the “ATU” design would measure how successful the “ATU” is at providing a 

successful match. Should the “ATU” design be successful, then the Antenna Analyser should show a 

successful impedance match to the imaginary antenna test circuits. However any impedance 

measurement made by the Antenna Analyser would then illustrate an offset amount, then this 

would suggest to what degree the “ATU” design has been unsuccessful, and ultimately how good the 

“ATU” design is.  

Should the 3dB signal bandwidth cut-off point of the “Low-pass filter” be then below the R.F signal 

frequency, then this would attenuated the transmission or reception signal as losses within the ATU 
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“Low-pass filter” design. To overcome the low frequency 3dB point, the ATU ¼λ matching section 

would have to be replaced by a “High-pass filter” alternative circuit. By using the “High-pass filter” 

replacement, the higher signal frequency that the “Low-pass filter” ATU design would otherwise 

attenuate, would now pass through the “High-pass filter” without hopefully any signal attenuation 

from the “ATU” frequency response. 

The 3dB cut-off point of the “ATU” signal frequency would be the equivalent to the resonance 

equation:  

 

 

To avoid this problem, the “ATU” bridging impedance from the radio set to the antenna, may be 

broken down into smaller sections, raising the cut-off frequency response of the “ATU” design. In 

other words, a 50Ω to a 1200Ω bridging match may be sub-divided into 50Ω to 500Ω on one ATU, 

then a second ATU from 500Ω to 1200Ω, by this method perhaps the 3dB point would be above the 

radio set operating frequency. A final stage RF amplifier design from 5Ω to 50Ω match could be 

achieved in the same manner.½ 

Antenna coupling circuits. 

While researching Wikipedia, I came across antenna coupling info such that would also be in “Ham 

Radio reference manual”. However, to complete the overall article, the circuit diagrams of the 

antenna coupling methods are shown below. 



Page | 20 
 

 

http://en.wikipedia.org/wiki/Antenna_tuner  

 

 

http://en.wikipedia.org/wiki/Antenna_tuner 
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http://en.wikipedia.org/wiki/Antenna_tuner 

 

Lump component Dipole Antenna’s 

Where wire lengths are large, it may perhaps be suggested that a load coil as the preferred antenna, 

the loading inductance valued at 300nH/m of required replaced wire length. A dipole can be made 

from two loading coils as the ¼λ radiating components instead of large lengths of antenna wire. The 

thought is the current or voltage lobe is distributed over the entire wire length, while in a coil 

antenna, the current or voltage lobe is compressed into the physical length of the load coil. In each 

case, the antenna load coil inductance as part of the antenna wire inductance, would radiate a 

transmitted signal as well as receive an intended signal. 

As with a multi band dipole antenna, a lumped component multi band dipole array can be produced. 

A common approach for multi band dipoles is to use a fan design principle, where-by each band is 

attached to the dipole centre, but the terminal impedance of each band would come into a 50Ω 

focus as the RF signal approached the resonance of the dipole in question for the band needed. 

http://en.wikipedia.org/wiki/Antenna_tuner
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The above diagram illustrates the circuit diagram representation of the multi band dipole fan 

arrangement. The circuit arrangement is fed by a Balun, in order to change the unbalanced co-axial 

cable into a balanced feeder for the dipole multi band arrangement. 

However, it is not too far removed that a multi band beam could be realised from the above circuit 

diagram arrangement. The diagram below, illustrates the point, here each dipole is cross connected, 

which is similar to a “log periodic antenna” design. The dipoles are kept apart by a physical 

separation distance, a distance of 1/10λ between each segment. Between the 17m and 15m dipoles, 

the distance is 1∙7metres, while between the 15m and 12m dipoles, the separation distance is 

1∙5metres. 

 

As the 17m dipole is larger in an electrical design sense, and the 15m dipole smaller by the same 

token, the 15m dipole would be capacitance reactance and phase lead the 17m RF signal. The 12m 
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dipole would also be a capacitance reactance to the 15m dipole, and would again produce a phase 

lead for the 17m RF signal. The effect would be to focus forward the RF signal, thus focusing a 17m 

RF signal forward towards the antenna feed point connection. 

By the same token, on 15m band, the 17m section would be inductive and phase lag, while the 12m 

section would be capacitive and phase lead, again the combination would forward focus the 15m RF 

signal forward towards the antenna terminal connection in direction. 

The 12m RF signal would also follow the same token. Here the 15m section would be inductive, and 

the 17m section even more so inductive, both phase lagging the signal and again forward throwing 

the bean focus of the RF 12m signal. 

However, while the inductive element has a phase lag, the driven element before it is by comparison 

to the reflective element, the driven dipole is capacitive in nature. The induced RF signal into the 

reflective element and the corresponding back EMF phase vector from the induced RF signal, would 

perhaps in effect combine with the driven element phase vector and produce an overall phase lead 

vectored signal, there-by forward focusing the antenna’s radiated RF signal. 

Radio Ham readers may well be wondering, “how where the values worked out”, well I will now 

explain. 

First one needs just a scientific calculator and a pen and piece of paper, your computer is not 

required, honestly not needed. 

Our example will calculate the values for a 30m lump component dipole. 

The test frequency is 10∙140MHz,  

First calculate the wavelength;     λ = 300 / Freq “MHz” 

Then divide the wave length by 4 to find the real ¼λ measurement. 

Now multiply by 70% “that is multiply by 0∙7”, equates to XL = 100Ω for one half section dipole 

measurement length. 

Now divide this measurement by 0∙3 (for quick reference equal to 300nH/m of wire length, “but to 

be accurate, actually 273nH/m”), to find the inductance of the length of the one half section dipole. 

Example:                λ = 300 / 10∙140MHz 

    λ = 29∙586 metres 

Half section dipole = λ/4 which equates to 7∙40metres 

The XL = 100Ω measurement length = λ/4 * 70%; which equates to 5∙18 metres. 

The inductance of this XL = 100Ω length =  (5∙18 / 0∙3) ; which equates to 17.26uH of inductance. 

Now assume the home made coil is 17uH, which equates to a difference of 260nH, or 0∙26uH, 

however the length of the tuning rod now needs to be calculated. 

The inductance of a metre of wire or metal rod is essentially 300nH/m, or 0∙3uH/m, our load coil is 

17uH, so the tuning rod inductance is 260nH, the length of the tuning rod is easily found as shown 

below: 



Page | 24 
 

The tuning rod length = (260nH / 300nH) * 100 = 86.6cm of tuning rod length, connected to the end 

of the loading coil inductance as the fine tuning adjustment for a matched impedance setting. The 

calculations for the other side of the dipole follow the same principle as shown above. 

To help calibrate the half section dipole during its construction, on an impedance meter, the 

impedance should measure as shown in the below illustration. 

 

Here the “RL” equates to the feeder cable 50Ω, while the “XL” outlines the half section dipoles is 

100Ω inductive reactance impedance. The matching polar values equate to: 

Reactive angle = Tan-1 (XL / R50Ω):  Reactive angle = Tan-1 (100/50) = 63∙4⁰degrees which equates to 

an impedance measurement in polar form as “50Ω @ 63∙4⁰degrees” 

Below image illustrates a Log periodic quad band antenna design;  12m, 15m, 17m and 30m bands.  
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As long as the loading coil is as illustrated, the physical size of the load inductance coil perhaps does 

not matter, as the inductance of the loading coil will be spread over entire length of the coil 

construction. The tuning rod is the major component that fine adjusts the impedance match of the 

dipole to its tuned frequency. 

The spot frequencies in our above Quad band beam antenna are as now listed. 

The 30m band, the spot frequency is 10∙140MHz, 

For the 17m band, the spot frequency is 18∙130MHz, 

For the 15m band, the spot frequency is 21∙300MHz, 

Finally, for the 12m band, the spot frequency is 24∙960MHz. 

The suggested beam element separation in this regards follows the standard “1/10λ” principle for 

construction ease.  

Parallel Inductance tuning adjustments of elements. 

One technique that can be used to fine adjust the length of an antenna element is to parallel 

connect a tuning element, illustrated below on the vertical antenna diagram. 

 

The illustration above has a tuning inductance connected between points “A” and “B” on the vertical 

antenna design. The vertical antenna if say 1 metre in length would possess an inductance of 300nH. 

If the distance between point “A” and “B” is 10cm, then the inductance over this section would 

30nH. Now let us say that our antenna design is 5cm too long, then by place a tuning inductance of 

30nH between point “A” and “B” of 30nH, then the equivalent inductance over this section would be 

15nH, equating to a reduction of inductance of 15nH or a reduction of 5cm of vertical antenna 

design length. The same technique can be used for dipoles and beam antennas. 
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Demonstration design of a 5/8 λ vertical antenna. 

View the diagram below of a basic 5/8λ base station vertical antenna design. 

 

To match a 50Ω feeder to the 5/8λ vertical of the above diagram antenna design, either a 50Ω stub 

or grounding radials shown can be used. If just the two grounding radials are used as shown in the 

diagram then each must present a XL reactance of 100Ω. 

The equation shown below is the same equation used for two resistors in parallel, however in our 

use of the equation, “Rtotal” is the feeder cable = 50Ω, while the R1 value is the 5/8λ vertical 

antenna reactance at resonance, the intended radio frequency of use. The variable of R2 then 

relates to reactance of the grounding radials. Equation is shown below: 

  

Where R1 = 353∙5Ω, and Rtotal the feeder cable = 50Ω, R2 equates to a value of some 51Ω or nearer 

50Ω. 

With one grounding radial for the 5/8λ vertical antenna, a 50Ω stub would be similar to “R2” in the 

above equation of a required reactance of XL=51Ω. While for two grounding elements, each radial 

would be a reactance for XL=102Ω, however for four ground radials, each one must present an XL= 

204Ω. The physical size of each component element of the 5/8λ vertical antenna is according to the 

inductive reactance at the frequency of operation, hence the physical length of wire or metal tube at 

a conversion factor of 300nH/m. 

Example at 160metres: resonance @ 1∙8MHz; the 5/8λ vertical antenna section equates to an 

inductance of 31∙18uH or 104metres of wire or metal tubing. The grounding radial of a 50Ω stub 

equates to an inductance of 4∙42uH, or 14.7 metres of wire or metal tubing, antenna electrical 

diagram shown below:  
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Alternatively, the 50Ω grounding stub may just as well be a 50Ω dummy load, the dummy load rated 

for the power output potential of the radio transmitter. In this case, the grounding of the dummy 

load connection would be connected to the radio transmitter common ground, back to the co-axial 

cable ground terminal.  

An alternative hardware connection would be to use a SO238 chassis mount and a SO239 “T section” 

adaptor. The central electrical terminal pin of the SO238 chassis mount would be soldered to the 

31∙18uH inductor acting as the 5/8λ vertical antenna section, while feeding the input of the SO238 

chassis mount connector would be the out-line output connection of a SO239 “T section” adaptor 

connector. The 50Ω dummy load would be connected to the SO239 “T section” tapped terminal of 

the adaptor, while the radio transceiver would be connected to the in-line input connection of the 

SO239 “T section” adaptor. 

With the ground stub replaced by a 50Ω dummy load, irrespective which operating frequency, the 

change of resonance reactance impedance of the 160metre 5/8λ section over the HF band, the 50Ω 

terminating stub load will only present itself to be 50Ω antenna terminal impedance towards the 

radio set. The change of operating radio frequency or HF band will be absorbed by the 50Ω dummy 

load, as the radio will only see the 50Ω dummy load. The 160metre 5/8λ vertical antenna will radiate 

a matched signal irrespective of which operating HF band is used. 

However a 50Ω stub is in round number 10% efficient, thus out of 5watt TX power, only 500mW is 

radiated effectively. The receiver 50Ω stub is again only 10% efficient, which means over the signal 

path then only 1% of the overall intended signal is induced into the radio receiver’s terminal input 

from the 50Ω stub antenna system. Using antenna impedance matched higher natural terminal 

impedance antenna system, providing longer wavelength, would improve the overall efficiency of 

the combined antenna system. The antenna is the electromagnet coupling for the RF signal, so the 

larger the antenna, the greater would be the electromagnetic coupling and hence the antenna 

efficiency. 
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At 160metres operation, the effective wire length of 104metres of 5/8λ vertical antenna section is 

contained as a 31∙18uH inductor. Most probably as the operating frequency increases from 

160metres, the antenna efficiency may well increase. At the 10metre band, the 5/8λ vertical 

160metre antenna section equates to essentially 10 wavelengths in length. 

Baluns 

Just a short note of this particular subject.  

A Balun are typically used essentially to convert an unbalanced line into a balanced line, the principle 

to alter the flow of both and values the signal voltage and current movements. A Balun may be also 

be used to step up or step down a source or load impedance, there-by creating a more usefully 

designed terminal impedance without the need for the re-design of impedance matching circuits of 

an active component or passive circuit. 

Should the antenna reactance be too great or too low, then a Balun may be used to re-focus the 

required reactance impedance to more manageable levels and values.  

Base, mid and Top Loaded Antenna’s designs 

Substituting an inductance load coil for a section length of antenna wire, the overall antenna 

physical size can be reduced. An antenna load coil inductance and hence the effective antenna wire 

length, may be trimmed into an impedance match by the simple use of a length of tuning wire rod. 

The customary use of a tuning wire rod is usual for based coil loaded antenna designs. The tuning 

element is usually adjustable by the sliding section that can be fixed into position by a clamp or grub 

screw setting. The loading coil may be also part of a physically shortened dipole, concentrating the 
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current lobe over the loading coil as to distributing the current lobe over the wholly wire antenna 

dipole. Despite some opinions, as the load coil as an inductance substituting a section of antenna 

wire concentrating the current lobe, the load coil does emanate a radio signal, as well receive one. 

 

The above diagram illustrates a typical base loading vertical antenna design.  

The tuning wire rod of a base load antenna has been traditionally a one metre section. A ¼λ section 

vertical antenna for an HF band setting would indeed have a base loading coil, so the one metre 

tuning section would then fine tune the overall inductance, altering the overall inductive reactance 

of the antenna design, hence then impedance matched with a lumped component circuit to a 

terminal impedance of 50Ω. The base loading coil would in effect provide most of the overall 

antenna inductance needs, i.e. 300nH/m of equivalent wire length for the band of requirement, the 

final one metre section of 300nH would then be the tuning wire rod for the overall antenna design. 

In this regard, the design of a base loaded antenna is not such a mystery as it once sound. The 

bottom end of the loading coil, or the negative side of the base loading coil, would then be 

connected to the impedance matching capacitor, bringing the inductive reactance of the antenna 

that is above 50Ω, to a terminal impedance value of 50Ω. 

Perhaps an antenna design of say a 7/8λ vertical antenna, would traditionally require a capacitance 

series loading to bring down the XL value to 50Ω, i.e.7/8λ XL=493∙5Ω down to Zo = 50Ω 

Zo = SQR[ (ant XL)2  +/-  (offset Xc or XL)2 ] 

In this case, a capacitance reactance is required to bring down the inductive reactance of 493∙5Ω, 

(offset  Xc ) = SQR[ (ant XL)2  -  (Zo)2 ] 

490∙96Ω  =  SQR[ 243∙54*103 -  2500 ] 

Thus (offset Xc ) = 491Ω capacitance reactance. For the 2m band of 145MHz central frequency 

setting, the component value of Xc = 2∙2pF, while for the 70cm band at 432MHz, Xc = 0∙75pF. 
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However, the 10m band centred at 28∙5MHz, Xc = 11∙4pF. Alternatively, a tuning 50Ω stub could be 

used. 

The quality factor of the capacitors may be some concern, in other words the “Q factor” of the 

component. In such a regard, the negative end of the base loading coil may be served by attaching a 

50Ω stub as the impedance tuning system or method, the stub positioned at the point between 

where the base loading coil ends, and the positive end of the 50Ω tuning stub begins. The negative 

end of the 50Ω stub would remain as an open circuit termination. Whether the load coil is at the 

base or mid position or as a top loaded antenna design is in any case irrelevant, as the tuning rod 

section principle could well remain essentially the same. However, the inductive loading coil itself 

may well be accompanied by a tune slug, that is to say an inductive trimming component for an 

impedance trimming adjustment. The same principle of inductive trimming could be used for the 

50Ω tuning stub used for the impedance matching component element. 

Integrated Internal Antenna’s for Hand Held mobile units 

As a load coil antenna can be much smaller than a length of wire, an integrated internal antenna coil 

to the radio would perhaps make it easier to construct “walky- talky” designs, even for say “VLF 

136KHz” or “LF 472KHz” amateur radio bands. In any case, “walky- talky” designs become more 

practical for any particular band plan operational use, once a small and efficiently designed antenna 

to radiate the signal is used. 

There is little reason to think otherwise that a load coil dipole antenna design could be constructed 

as an internal design for a 10m hand held unit, in other words a walky talky. If not a dipole, then 

perhaps a load coil 5/8λ antenna with either a 50Ω tuning stub or a 50Ω load resistor to act as the 

impedance matching element.  

From previous determinations, a 50Ω stub antenna was found to be only around 10% efficient, and a 

combined hand held mobile communications system using only 50Ω stub antenna’s is only at best 

1% efficient overall.  Longer wavelength antenna designs are essentially needed to improve the 

overall mobile or hand held radio antenna efficiencies.  

However to avoid circulating RF currents revolving around the human hand that is holding the 

mobile walky talky unit, it may be best to use integrated and internal loaded coil antenna design for 

“QRP” working, irrespective the amateur band used.  

After all, mobile phones use internal antenna designs, whether the design is a load coil or a straight 

piece of wire is debatable. Much has been said and written in the past regarding what some have 

deemed at times as faulty mobile phone antenna systems. 

Lump Component Beam Antenna’s 

Beam antennas for HF are very bulky items, and any help to reduce the size and weight of HF beam 

antenna would be of benefit.  

Following on from this overall subject, the elements of the beam antenna could be substituted for 

inductors, although the overall length would remain unchanged, the overall width and hence a large 

proportion of the overall weight would be reduced. 
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First of all, have a look at the diagram below, it shows a Polar radiation plot of a two element driven 

antenna, both elements are 1/4λ apart, but the reflective wave is feed 180 degrees out of phase 

with the other. The findings show that there is a 3dB gain with a front to back ratio of some 30dB 

attenuation. 

 

The polar plot diagram shown is from my own efforts, calculated originally by using a Windows 98 

desktop, the application program written in “Q Basic”. However since the original program in the 

mid to late 1990’s, the program has been converted to run using “BBC Basic for Windows”, now on a 

Windows 7 desktop.  

Referring back to the 5/8λ vertical antenna, the antenna elements could be 50ohm stub terminated 

at 160metres, each section connected through a “1:1 Balun”. With both stubs spaced 1/4λ apart, 

and feed 180 degrees out of phase from the original first element, the above polar plot could be 

perhaps reproduced for real.  

For a Yagi beam antenna, the rod elements can be replace with inductive element to represent both  

 

The Yagi antenna dipole and director elements are shown in the above diagram. While the physical 

separation between the dipole and director would be 1/4λ, the overall width would much smaller; 

the overall dipole width would be from both inductors placed on either side of the boom for the 

beam antenna. 
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The normal focus of design for a beam antenna, the reflector is usually larger than a dipole, and the 

first director is usually smaller than the dipole. The following director elements gradually get smaller 

in width, which seems to provide a bending of the dipole radiation pattern to provide the beaming 

effect of the Yagi antenna principle. Perhaps thinking further, any beam antenna would provide a 

focusing of the transmitter radiation pattern into one direction in any case.  

However as the elements have different lengths, it would seem the principle of differing length 

provides a phase shift to the transmitted signal and intended received signal. The combination of the 

many phase shifts then provide the overall focusing of the radio signal into one direction.  The 

reception of a radio signal would be subjected to the same overall phase shifting technique to 

provide the antenna beam width directional control selectivity. 

 

 

The above graph shows the principle of phase movement within a beam antenna. The dipole is at 

the focal point, the reflector provides a 90 degree lagging phase shift, as the reflector (the Y axis) is 

larger than the dipole the reflector is then inductive loaded relative to the dipole resonance. By this 

view point, the dipole is smaller than the reflector, and would be by reference to the reflector, the 

dipole would be capacitive loaded in nature, by providing a phase shift forward “or phase lead” by 

45, the beam focusing can begin. Each of the individual; directors are also progressively shorter in 

width than the dipole so are capacitive loaded relative to the radiating element before it. The 

reducing dimensions of the directors also provide a phase shift forward from the dipole, however to 

control the phase shift, each director provides a more of a controlled phase shift forward than the 

previous director provides. Each projection forward provides a phase lead of half the resultant 

vector before it. 

In the above diagram the reflector relative to the dipole provides a 45⁰ phase shift, while reference 

to the dipole, first director produces a 22∙5⁰ phase lead while the second director provides 11∙25⁰ 

phase lead, and the third director in this example presents a 5∙6⁰ phase lead. The combination result 

of the reflector and the three director elements is to give the beam antenna a directional selectivity 

of +/-5∙6⁰. A fourth director not shown on the above diagram would provide a control phase shift 

lead of some 2∙8⁰, while a fifth would require a 1∙4⁰ phase shift to trim the beam antenna focusing 

to +/- 1∙4⁰ beam width. 

As each element is replaced by an inductive coil, each coil would at the operating frequency produce 

its own inductive reactance value. By using the equation below: 

Cosϴ = (A/B) 
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Hence:     A = Cosϴ * B 

(Were A and B are the component reactance of either the before or after beam elements)  

The phase angle required from each of the radiating element can be calculated and hence the 

resonant frequency, and from this then the reactive element component value. 

A few of the calculated values are listed below, an example of a 10metres beam resonance directly 

match a dipole terminal impedance 50Ω co-axial cable. The resonance frequency positioned on the 

10metres band at 28.5MHz is listed. 

Each section individual element inductance and the tuning resonance of the combined both halves 

of the reflector / dipole / director elements of the beam antenna construction: 

 

Element separation is equated to 1/4λ between each element component along the antenna boom. 

Each half section of the dipole should measure as a polar impedance value of “50Ω@63∙4 degrees”, 

while for each of the beam sections, the overall 50Ω impedance plus angle of match found are also 

listed. 

The effective antenna forward gain if taken as a calculation of the beam focusing, from 90⁰ from the 

dipole to a focus point of 2∙8125⁰, the antenna design using one reflector, one dipole and a 

combination of 4 director elements. An assumption of the theoretical signal gain from a beam 

antenna through the signal focusing principle could be illustrated by the following equation: 

dB focus = 10Log(90/2∙8) 

Which then equates to a value of :  dB focus = 15dBm 

A fifth director may perhaps bring the efficiency of the beam focusing to a value of 18dBm. As the 

working frequency increases, the physical measurements and working tolerances become more 

difficult to achieve. While at the 10metre band the value are perhaps reasonable, at VHF and UHF, 

problems occur to create an accurate inductive component. However, while this is so, increasing the 

individual resonance reactance of the dipole 100Ω for a 50Ω design to perhaps 600ohms for a 

300ohm ribbon feeder match, does however increase the inductance value, which may be easier to 

construct in greater tolerances overall. 

A computer program in BBC Basic for windows is attached to the website page for the calculation of 

beam antenna component values for ease of use in the antenna overall design. The computer 

program requires two items of information. Firstly the operating frequency of use, and second the 

design requirements of the resonance reactance impedance for the dipole. Listed results for a 10m 

beam antenna are illustrated above, combined with the impedance and angle measurements of 

each beam half section element as well as its lumped inductive component alternative construction. 
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A probably 3dBm error in the assumption. 

The probably error assumption is based on a thought that a single dipole has radiation lobes 

projecting from both sides of the dipole at right angles along its length. The below diagram 

illustrates this point:  diagram source from http://en.wikipedia.org/wiki/Antenna_measurement 

 

Now compare the above Wikipedia diagram of the radiation plot of a single dipole and the radiation 

diagram plot shown below, which includes the use of reflector element as part of a two element 

beam antenna.  

The illustrated below diagram assumed a ¼λ separation with the signal feed 180⁰ out of phase. If the 

beam reflector could then be considered to providing a 180⁰ phase shift reflection of the radiated 

dipole signal, this would seemingly providing a further 3dB signal advantage from the previously 

made assumption from the  “X and Y” axis vector diagram illustrating the beam tilting or focusing the 

radiated signal. 

 

Taking this into regard, the equation used to determine the probably signal advantage gained from a 

4 director element beam antenna, may well be in error by 3dBm. Should this then be the case, the 

remaining dipole lobe from the alternative side of the dipole, is then folded over and then added to 

http://en.wikipedia.org/wiki/Antenna_measurement
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the focused signal projection. Altering the theoretical model calculation of the signal focus to a 180 

degree reflection of the remaining dipole lobe: 

dB focus = 10Log(180/2∙8) 

Which then equates to a value of :  dB focus = 18dBm 

From the previous thought, the new 4 element design now seemingly could provide a new value of 

18dBm, for “reflector / dipole / 4 element directors” beam antenna design. The 5 element director 

design would perhaps follow with a 21dBm overall design advantage, calculation below. 

dB focus = 10Log(180/1.4) 

Which then equates to a value of :  dB focus =21dBm 

 

Cross phasing antenna directors for additional signal performance.  

I have noticed over time that several beam antenna designs have been constructed with the director 

elements electrically cross connected by cable or wire attachments. This provides a 180⁰ phase shift 

between each director element, which may perhaps provide the additional forward focus for the 

forward direction signal gain similar to the two element antenna design polar radiation plot 

illustrated earlier in this article section.  

The diagram below illustrates the principle of cross connection of the electrical connection of the 

director elements 2 to 4. The green and blue lines represent the phase cross connection of 180⁰ to 

provide the additional forward focus of the beam antenna. 

 

The cross connected elements are also 1/4λ apart and 180⁰ out of phase. The overall design 

containing the 2nd to 4th director elements may conceivably carry on in a continual line of director 

elements for as long as the individual antenna design depicts. However as the cross connected 

elements are not shorter in length from its previous antenna element, the thoughts are it will not 

then add to the signal phase shift and thus not alter the beam width, which in the above illustration 

will be set by the 1st director as the last shortest director element with a beam width of +/- 22∙5⁰. 
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What may perhaps happen however, the greater the number of beam elements that have been 

magnetically coupled between each element, the resulting induced back EMF from the collapsing 

magnetic field within these elements, would then perhaps accumulate into a combined vector 

summation, providing a greater signal projected output. The cross-connected electrically of 180⁰ 

phase would provide the direction of signal projection, as illustrated in the above polar diagram two 

element antenna designs. 

Attenuation of R.F. cable signals to frequency bandwidth. 

There is much debate regarding the frequency characteristics to the various types of radio frequency 

cabling. There are arrange of many cables specifications, while despite their claims, the cable itself is 

still exposed to series inductance reactance, and a shunt capacitance reactance found at the output 

of the cable end. 

The series inductance reactance will only increase as the cable inductance per metre adds up over 

the length of the cable transmission line. The capacitance reactance will continually reduce as again 

the parallel capacitance reactance drops, hence in effect to short circuit the transmission line signal 

output to an A.C. ground line, the below diagram. 

 

From the above diagram, it can be seen that as the XL increases, and Xc decreases, the A.C. signal 

o/p will continually fall in signal amplitude, as the input signal frequency rises. In effect, the above 

diagram will act as a potential divider as the signal frequency increases, lowering the output signal 

level over the radio frequency spectrum over a study range of 1MHz to 1GHz. 

The plotted diagram of the next over leaf page the frequency response of R.F. cable to various 

characteristic impedance, has the attenuation curves of five different cable types. While the 50Ω and 

75Ω cables can be considered as unbalanced network, the 300Ω, 450Ω and 600Ω cables are usually a 

twin feeder balanced transmission line. However, at any point along the balanced line, the cable can 

be considered as unbalanced, that is at any point along the twin feeder, one side of the cable can be 

considered as a ground reference to measure the signal amplitude on the remaining half of the twin 

feeder cable. In this regard, the attenuation figures can be calculated as an unbalance line for all of 

the considered cable impedances. 

The calculation of the cable attenuation curves is calculated over a one metre section of cable. By 

basing the examination on the standard characteristic impedance equation: 

Zo = SQR( inductance / capacitance ) 

The cable inductance per metre is calculated by a previous example as 300nH/m, modelled against a 

standard 50Ω transmission line cable. While the capacitance per metre is calculated according the 
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terminal impedance of the cable design using the standard characteristic impedance equation. The 

dynamic resistance, i.e. the “Q” factor of the inductance and capacitance are assumed to be ideal, 

i.e. the D.C. resistance effect of the inductance is neglect able, and the D.C. resistance of the 

capacitance seen as ideal. Even so, I admit the A.C. attenuation points are greater than even I was 

assuming from popular understanding. 

 

Signal Propagation decay 

There is perhaps much been mentioned and referenced to the signal decay characteristics of radio 

signals. Every RF engineer starts from a base line; some RF engineers are Radio Hams and as a result 

have a practical license to practice their art in an informal way, but however also in formal way to 

enhance the technical knowledge and understanding of Ham radio as a subject.  

There are many equations that have been used over the years, perhaps the most used is the 

equation illustrated below for “free space loss”. 

Free space loss = 32.4 + 20xLog F(MHz) + 20xLog R(Km) 

 

Where: F is the RF frequency expressed in MHz. 

 R is the distance between the transmitting and receiving antennas. 

 

However there is another equation that does not seem to be used as much and this is the “Inverse 

Square Law” equation of signal decay, as illustrated below: 
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The “Inverse Square Law” formulae is one that not only concentrates on the variable of the signal 

frequency, but also the additional signal path losses of the “Tx” signal, including the efficiencies of 

both the transmission antenna and the intended antenna on the receiver. Remember that a 50Ω 

stub antenna is barely 10% efficient relative to a full wavelength antenna, actually a 50Ω stub 

antenna is 8·86% efficient. The point here is that the full wavelength antenna would provide a full 

electromagnetic coupling to the ether and that anything antenna design short of a full wavelength 

would represent a reduction of the antenna efficiencies. 

The additional part of the equation would equate to atmospheric conditions, such bad weather 

patterns etc., but also to the external propagation signal losses to the frequency of the RF signal 

transmission. However the property of the variable “n” requires a degree of explanation. 

Most of the uses of the inverse square law equation have considered “n” to be distance, but this 

adaptation of the standard equation, the signal frequency plays an important part. To understand 

this part of the formulae, consider a signal path of 2Km, or 2000metres of distance between the 

transmitter and the intended receiver. For a 20metre signal, the transmission would equate for 100 

wavelengths to travel the 2Km, but a 2metres signal would equate to 1000 wavelengths for the 

same 2Km transmission distance.  

The Variable “n” would allow the 1000 wavelengths to have a greater signal decay of the 2metres 

signal, than would be experienced with the 20metres wavelength signal with the transmission path 

formed of 100 wavelengths between the transmitter and the intended receiver.  

The variable “n” over the 2Km distance of a 20metres signal would equate to n = 100, but for the 

2metres transmission signal, n = 1000. Clearly here n² between n = 100 and n = 1000, equates to a 

large difference of signal propagation decay between a 20metre and a 2metres transmission signal.  

As a result, this part of the equations adaptation would then also compensate for the transmission 

frequency as part of the overall signal propagation model.  

An example shown below is one of a 70cm repeater propagation model operated by a hand held 

radio set calling. The 200% antenna efficiency of radio set 2, equates to a 4 stacked folded dipole 

antenna arrangement including cable losses at the repeater, while the 8% to 9% antenna efficiency 

of radio set 1 relates to the 50Ω stub antenna of the mobile hand-held unit with a transmission 

power at 4Watts. The signal path loss for 70cm signal due to either atmospheric losses and or the 

local ground terrain is considered and approximated at 40dB. 
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It appears that the contact range that can be made by a hand-held mobile unit initiating the contact 

is in the realms of equating to 25 miles or 40Km of operational distance. 

However the repeater itself has a 13watt transmission output, the operating reply distance is thus a 

little different. The operational range of the repeater sending the announcing call sign as a Morse 

signal is 43miles or 70Km, shown below. Likewise any person using the repeater, but out of reach by 

the hand-held unit to reply to call into the repeater, would at least hear the radio hams using the 

repeater, by listening on the output frequency. This is purely due to the repeaters 13watt output 

signal power, but the hand-held 4watt transmission power is short at 30Km to call back into the 

70cm repeater. 

However if the mobile unit was using a ¼λ antenna as well as a transmitter rated no less than the 

repeater output transmitter, then the overall operating range of the repeater system for GB3CM 
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would be rather different.  For a 1uV signal of reception, a theoretical range of 75miles or 120Km 

may well be possible, based on current understanding. 

Propagation of 20metres. 

Many radio hams use QRP transmitters for home construction projects. Many use a ¼λ antenna 

which following the inductive resonance theory, would equate to an inductive reactance of 141Ω. 

 

 A thought that if a true ¼λ antenna would equate to an antenna efficiency of 25% relative to a full 

wavelength, a ¼λ antenna physical length impedance tap matched to 50Ω, would still equate to 25% 

efficiency. A propagation model using the same CAD program above, equates the following results. A 

lumped component antenna of ¼λ on the 20metre band, equates to 50Ω tapped 1∙5uH coil 

inductance antenna. 
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Thoughts of Electromagnetic interference signal coupling 

Much over the years has been said in technical abstracts and published articles regarding “EMC” 

figures and measurements of electrical equipment producing radio signal interference. By this I 

mean the subject of “R.F.” interference that has been found visual able on the radio frequency 

spectrum, interference that has been produced by electrical equipment of all types and flavours. 

Looking back in the days of “Top Band Mobile” use, or even listening to Radio Four long-wave or 

perhaps the “Top 40” on radio one or the mid-day news on Radio Two both on medium wave, the 

buzzing noise of the car engine contact breakers was perhaps a never ending presence. Here a 

simple capacitor fixed the problem, or even using a “Spark right” electronic ignition with its magnetic 

“hall effect” switch trigger used as an alternative to the mechanical contact breakers of the 

distributor. Mind you, there was always the whining noise of the cars “3 phase A.C. alternator” or 

“D.C. generator” to add to the problems as well. 

However, back in the home the miniature switch mode power supplies used for electrical equipment 

not forgetting the power line data systems for internet around the house, all are subjected to the 

effect of lumped component antennas within their practical use. By this I mean the miniature coils 

within the power supplies units causing the EMC problems, while the power line internet systems 

would use the house electrical wiring as the broadcast antenna. 

The switch mode power supply transformer usually runs with a switching frequency as high as the 

design would allow for efficiency as a rule of thumb. The mark/space ratio of the switching signal 

would depend upon the average voltage required at the power supply D.C. output. A “D.C. to A.C. 

power line inverter” would add a 50Hz sine-wave modulation to the Mark/space ratio oscillator 

output, in effect creating an average 50Hz sine-wave signal on the output of the step up transformer 

A.C output, once the higher frequency switching oscillator signal has been filtered out. 

However unfortunately for Ham Radio operators, and short wave listeners alike, where broadcast 

radio has it strength within the broadcast radio station transmitter, the strength of ham radio and 

their associated listeners is within the radio receiver overall signal sensitivity by design requirement.  

In this regard to the switch mode power supplies, either for a computer or a home wind turbine or a 

solar cell power system, the inductance of the coil windings of the transformer in addition to the 

switching oscillator frequency, would possibly create a (sin x / x) spectral response on the radio 

spectrum.  This perhaps does perhaps not bode well for EMC efficiency of a clean radio spectrum.  

Remember that for every 300nH of inductance, there is the equivalent of 1 metre of wire. So if the 

coil windings within the switch mode power supply, a home wind turbine alternator with the step up 

transformer then run into the tens or hundreds of “uH” of inductance, the equivalent long stretch of 

wire would be very great in deed, contributing to a long wire broadcast antenna. The effective long 

wire could eminent the power supply switching oscillator signal of the mark/space oscillator from 

any switch mode power supply design.  

However, before blame can be attached to any person or item, I thought I would track down my own 

EMC problem, which I found to be an “external HDD caddy switch mode power supply”. I am not 

sure where the purchase receipt is for the HDD caddy, so I will have to lump the cost of either a new 

caddy unit or source a new correctly working switch mode power supply for the Caddy. 
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Now please note folks of the radio fraternity, the faulty caddy switch mode power supply produced 

S5/9 signal on top band, an S5/5 on 80metres, and then falling off on 40metres with around a S3 

signal. After 40metres things where ok, but I will still have to dump the not so correctly working 

power supply in the recycling bin or pull it to bits to fix it, in accordance to my ham radio licence that 

is. 

BBC Basic application program guide for antenna designs. 

1/ “two element polar radiation plot” 

The program code list here is the code that produces a plot of the two element radiation pattern. 

To alter the element distance, program code line 160 is currently set to a wavelength separation of 

0∙25 or ¼λ, while the phase shift between the two driven elements is on program code line 190, 

currently set to 180⁰ phase shift.  

2/ “calculation of inductance against resonant reactance impedance with frequency” 

This program calculates the inductance and a length of wire antenna to prescribed design 

impedance. The program listing is against frequency, the results shown relate to the inductance of a 

length of antenna wire or metal rod, to the design impedance reactance.  

For example, at F=100KHZ, a 50Ω stub antenna equates to an inductance of 79∙5uH, the wire length 

would be 265∙25 metres in length. 

However for F= 30MHz, a 50Ω stub antenna equates to an inductance of 265nH, the wire length now 

relieves itself to be 88∙4cm in length. 

By altering the program line 250 “reactance_resonant_impedance = 50”, to equate the variable to 

300, a new design impedance and results for a 300Ω antenna can be determined. 

3/ “calculation of XL and Xc for RL matching to set wire or coil values” 

This program is a development of the above program application. In this version of the program, the 

wire length is given a variable on line 250 shows the “length_metres = 50” in this example, while the 

program code line 300 shows the “reactance_resonant_impedance = 50, here the antenna is 

assumed to a 50Ω stub antenna design.” 

The program can be modified by altering the program lines of 250 and 300. The program is currently 

set to assume that the radio ham has a 50metre long wire antenna, while the program results would 

show how to impedance match the 50m long wire over the frequency range from 100KHz to 30KHz.  

The impedance matching components are either a loading inductance “Xload”, or a loading 

capacitance “Cload” component value.  The value of each types determined by the results print out 

are listed against the signal frequency in use. For interest, the inductive reactance of the long wire or 

metal rod antenna used and the main radiating element is also shown for clarity. 

To determine the antenna as a dipole matching requirement to a cross-band use, then replace line 

300 as a “reactance_resonant_impedance = 100”. This would only give on half of the dipole, as the 

remaining other-side would also have to be constructed exactly as the first side. 
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4/ “Yagi antenna lump component elements” 

There are a whole load of beam antenna designs that have been published over the years and I have 

always been transfixed to exactly how the elements values are calculated. During the investigation 

to writing this article, I tried out a one or two ideas surrounding bean antenna’s that had been 

digging into my thoughts over the years.  Now I am not swearing of the good book that I have got it 

all correct, but I must admit it does however look promising, so I think it is perhaps worth a try with 

this beam antenna design application program.  

The magic program code lines in this case are line 190 “reactance_resonant_impedance = 100” and 

line 220 “f = 28.5” for the centre frequency of the antenna design. 

 

The program answers give not only the element lengths but also the inductance lump component 

equivalent values. The purpose of this is to replace the physical elements with an inductor instead, 

there-by reducing the overall width of the beam antenna. This could be very useful for HF operation, 

or even with 6m or 4m operation. However there is another reason, with the inductances known, a 

microwave “micro-strip” beam antenna design could be constructed.  

To determine if the construction of the element section is correct, the polar impedance values are all 

list for clarity of accuracy of construction. 

5/ “R.F. cable attenuation calculations” 

The program code used here is a plotting program to generate an image of a “bmp” file type. Only 

the number of the curves from “1 through to 5” are added using the “MS paint” program that comes 

with windows.  

The program is designed around the principle of series inductive reactance and a shunt capacitive 

reactance, there-by creating essentially a potential dividing circuit arrangement. The frequency plot 

covers the range from 1MHz to 1GHz, the signal range chosen for the general investigation.  

6/ “Signal Propagation decay” 

In this program there are four variables that can be altered to give the required CAD result. The 

variables are: 

1/  tx_power_watts = 13 

2/  freq = 14.5 

3/ ant_eff_percentage_ant_RF_set_1 = 25 

4/ ant_eff_percentage_ant_Rf_set_2 = 200 

5/ path_loss_dB =  40 

6/  start_point_metres = 10E3 

7/ distance_test_metres =150E3 
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8/  inc_test_point_metres = 10E3 

The first variable relates to the effective overall power budget of the radio communications system. 

The second variable relates to the signal frequency in use, while the third and fourth variables refer 

to the antenna efficiencies, while the fifth concentrates on the signal path loss of the atmosphere 

and local ground terrain losses. 

Variables six to seven, relate to the distance in metres to the intended recipient at which the CAD 

program calculates the modelling results. 

All the variables are alterable, that is to say changed to suit the requirements of the modelling 

needs.  

Please remember that this is only an ideal theoretical model of radio signal propagation. 
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1/ long wire loaded antenna. 

 

 

There are several diagrams that illustrate a long wire antenna with the adaptive of a loaded coil 

positioned at the end of the long wire. Some of these loaded coils are shunted by a parallel loading 

capacitance, the imposition the loading capacitance has upon the loading inductance is perhaps at 

best a mystery. The common approach theory says that the loading components are there as a “RF 

Trap” circuit, the application to isolate the forward antenna circuit from a break point RF signal 

range. 

The basic loaded coil arrangement adds an effective wire length, by virtue of the inductance of the 

coil as a simulated wire length. The theoretical inductance of a metre of wire is around 

300uH/metre, such that a 3uH coil positioned at the end of the wire length would add an effective 

10metres of wire.  

The current lobe of the additional radiated signal would be concentrated within the 3uH loading coil, 

while the rest of the radiated current lobe would be over the length of the long wire antenna. A view 

on this point could be understood by assuming the long wire has also a 3uH inductance, therefore 

would be a 10metre wire section, whereas the 3uH coil would perhaps be 10cm in length. The RF 

current lobe distribution would be the same value in both 3uH sections, however the current lobe 

within the 3uH coil would concentrated over the 10cm coil length, whereas the current lobe within 

the long wire would be spread over the 10metre long wire. In the overall case, the effective long 

wire would now be an equivalent 20metres long wire antenna, constructed from a 10metre long 

wire with a 3uH (effective 10metre long wire) loaded coil section. 

If one's garden is only 10metres (30feet) in length, then a loading coil would give a full wavelength 

antenna for the 20metre band, a half wavelength for the 40metre band, and quarter wavelength for 

the 80metre band. 
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2/ Shunt component elements for a Trapped HF Vertical antenna 

 

The above diagram illustrates a loaded antenna with a shunt capacitance component across the 

loading coil. If we assume the loading coil has an inductance, then again we have our equivalent long 

wire antenna. The question here now is to what effect the shunt capacitance would have over the 

loading coil and the overall effectiveness of the antenna design.  

Many vertical antenna designs for HF are using traps, many only use an inductance loading coil, but 

how does this function. The loading coil would add an effective wire length or vertical pole height, 

but the use of a parallel tuned circuit as the trap is more complicated situation.  

Several thoughts come to mind, first the shunt capacitance would reduce the loading inductive 

reactance over a frequency range, and second the effective additional wire length the load coil 

would provide would be effectively shortened by the capacitance reactance of the capacitor over 

the same considered frequency range in question. 

The designed impedance turned out to be a ½λ design that is to match 282Ω impedance with a 50Ω 

source, while a full wave would match to 564Ω, a “Balun” design as listed within the results would 

suit. The “BBC for Basic” CAD program is just theoretical, so the mathematics used are that just so, 

theoretical, the CAD program is listed on the website page, the program “effective trap antenna wire 

length”. 

On the next three pages are details for a “Half wave” and “Full wavelength” for a “Trapped HF 

Vertical Antenna” design. The tabled designs are to over the whole HF band and would also cover 

any requirements for short-wave listening.  

For our CAD program experiments, it was discovered that for an antenna design are: 

½λ design version 1 

“L= 42uH, C = 100pF, FRANGE = 180m to 10m, with each leg length of leg_A = 5m (1.5uH coil)   

and leg_B = 0∙1m ( 30nH coil), produced the below listed results on “page 48”. 

½λ design version 2 

“L= 47uH, C = 120pF, FRANGE = 180m to 10m, with each leg length of leg_A = 5m (1.5uH coil)   

and leg_B = 0·5m ( 150nH coil), produced the below listed results on “page 49”. 

1λ design  

“L= 82uH, C = 52pF, FRANGE = 180m to 10m, with each leg length of leg_A = 9m (2·7uH coil)   

and leg_B = 1m ( 300nH coil), produced the below listed results on “page 50”. 
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Half wavelength Vertical Trapped HF antenna, design version 1 
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Half wavelength Vertical Trapped HF antenna, design version 2 
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Full wavelength Vertical Trapped HF antenna 
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3/ Impedance tapping of a 10m band vertical antenna. 

 

The above diagram is an antenna pole of a ¼λ vertical of 2∙5metres in height. As the antenna design 

is solely for the 10m band, the pole can be tapped along its length from the ground point, to find a 

50Ω inductive reactance to impedance match the 50Ω transmission cable, say RG8 for example. 

The calculations are quite straight forward.  

A true ¼λ antenna would have an inductive reactance of 141Ω, however a 50Ω impedance match is 

required. The tapping point is a ratio of the two impedances: 

Tapping point =   2∙5m * ( 50Ω / 141Ω ) 

Tapping point = 88cm 

The tapping point of 88cm is measured from the grounding point upwards, as illustrated in the 

above diagram. 

However the efficiency of the antenna can be judged against a full wavelength “1λ” design, which 

would have an inductive reactance impedance of 564Ω. 

If the vertical antenna was just a 50Ω stub antenna, then the efficiency of the design would be: 

50Ω stub antenna efficiency = ( 50Ω / 564Ω ) * 100 = 8∙86% 

However the antenna design as a 50Ω tapped true ¼λ pole vertical: 

True ¼λ pole vertical efficiency = ( 141Ω / 564Ω ) * 100 = 25% 

One can see from the above theoretical figures, a 50Ω stub antenna falls short of the theoretical 

efficiency of a tapped ¼λ vertical. 
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4/ Dipole and folded dipole antenna efficiency 

A full wavelength “1λ” antenna line has an inductive reactive impedance of 564Ω, hence in some 

regard any antenna efficiency that is calculated can be referenced against a full wavelength antenna. 

The reasoning behind this thought is based around the conclusion that a full wavelength antenna 

would provide a complete electromagnetic coupling to the ether for the signal wavelength of the 

radio signal. Any antenna made shorter than the full wavelength electromagnetic coupling, would in 

effect have a small electromagnetic coupling to the ether, and had hence a less effective to coupling 

of the radio signal to the ether. In essence, the efficiency of the smaller antenna would less than the 

full wavelength coupling to the ether.  

Each half of a matched dipole has each element of the inductive reactive impedance as 100Ω. 

Theoretical each side of the dipole is in parallel with each side section, thus the two elements of 

100Ω would provide 50Ω impedance, equal to the inductive reactive impedance now at 50Ω for the 

co-axial cable match and ultimately the radio set terminal impedance. 

The efficiency of the combined length of the ½λ dipole is made up of two 100Ω elements of an 

overall 200Ω, which when compared to the full wavelength of 564Ω, would equate to an antenna 

efficiency of : 

½λ dipole efficiency = ( (100Ω + 100Ω) / 564Ω ) * 100 = 35.5% 

A folded dipole has by comparison a second tried element as an additional radiator. The additional 

200Ω radiator is in parallel with the original ( 100Ω + 100Ω ) dipole inductive reactive impedance, 

and hence the combined effect would be 100Ω, back to the original dipole figure for the inductive 

reactive impedance. The additional radiator is thus invisible to the feeder cable. 

The combined inductive reactive impedance is now greater with the additional 200Ω. The folded 

dipole efficiency would now be by the same referenced principle:  

½λ folded dipole efficiency = ( (200Ω + 100Ω + 100Ω) / 564Ω ) * 100 = 71% 

Reference point: The width of the dipole in this case would a ½λ of 282Ω, in other words a true ½λ:  

True half wavelength = ½ * (300/frequency) metres 



Page | 53 
 

However the relative efficiencies of the dipole have a direct relation to the overall forward signal 

advantage of a beam antenna design. In the previous section of the article, a forward effective signal 

gain of the beam antenna due to the radiation pattern forward folding occurrence, a signal boost 

advantage of some 21dB was derived.  

However this model assumed that the signal radiating dipole was 100% efficient, but measuring the 

dipole efficiencies against a full wavelength antenna, a humble dipole is by this measure is 35% 

efficient. The shock here is that 35% efficiency is 4·6dB down from a full wavelength dipole, thus 

meaning effectively the calculated 21dB overall gain of the beam antenna is now 4·6dB lower than 

was first envisaged. 

If however a folded dipole was used, with an efficiency of 71%, the beam antenna is now 1·5dB 

down from the theoretical figures. 
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5/ Gamma and delta matching 

The principle of Gamma and Delta impedance matching is a different problem. However if one 

reefer’s back to the “Impedance tapping an antenna pole for 10m band”, listed as Appendix article 

number three, this is in essence a Gamma type match. 

 

The impedance tapping point need only require inductive reactance impedance between the centre 

core and the braid of the co-axial cable of 50Ω. Likewise for a 75Ω twin cable, the inductive 

reactance impedance between the two points of reference need only be 75Ω.  

The width of the dipole in this case would a ½λ of 282Ω, in other words a true ½λ:  

True half wavelength = ½ * (300/frequency) metres 

For a 10m band, the true ½λ = 5metres 

However the tapping point for a 10m band ½λ dipole to a 50Ω cable: 

Tapping point =   5m * ( 50Ω / 282Ω ) 

Tapping point = 88cm 

This means at any point along the 10m ½λ dipole provided the distance between the co-axial core 

and braid is 88cm, the inductive reactance impedance will be a 50Ω cable match.  

The inductive reactance impedance of a true ½λ antenna is 282Ω, determining the antenna 

efficiencies relative to a full wavelength; 

Efficiency of Gamma or Delta matched true ½λ dipole = (282Ω / 564Ω ) * 100 = 50% 

Now for a 300Ω twin ribbon feeder cable, the inductive reactance impedance ½λ antenna at 282Ω is 

too small for the 300Ω ribbon cable. Here in this case, a full wavelength antenna of the inductive 

reactance impedance equating 564Ω could be used. Again the inductive reactance impedance 
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tapping point between the two points of reference need only be 300Ω. With a full wavelength 

dipole, the antenna efficiency would be 100%, relative to a full wavelength. 

Some of the Gamma connections are trimmed using a trimming capacitance, as illustrated below; 

The principle of the capacitance is to provide a trimming of the Gamma impedance matching 

system.  If the 50Ω tapping point is greater, then the trimming capacitance would provide a 

subtracting reactance component there-by reducing the impedance. If the Gamma tapping point 

was 75Ω, then trimming capacitance would then provide an “Xc = 25Ω” reducing capacitance 

reactance impedance, bringing the overall Gamma match down to a 50Ω impedance cable match. 

At times, the physical placing of the mechanical fixing point of the Gamma match to the Delta 

matching fastening screw is not so easy to accurately place. By roughly placing the mechanical fixing, 

the trimming capacitance can then provide an electrical fine tuning of the Gamma or Delta 

impedance matching system. The greater the resonant frequency of the antenna, so does the 

difficulty of the mechanical fixing become increasingly more difficult to finely place. The option of 

then fine trimming capacitance would help overcome the problem of the more basic course tuning 

of the mechanical fixing. A fine tune trimmer of say an “Xc = +/- 35Ω trimmer”, would allow a leeway 

swing of the trimming capacitor of a +/- swing of the Gamma or Delta 50Ω impedance setting.  
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6/ Loop antennas 

Loop antennas are very popular for directional finding, as well as reducing interference signal from 

other geographical locations. Where a beam antenna is not suitable to use, a Loop antenna may be a 

good option. 

 The “ARC degrees” represents the impedance tapping point for the loop antenna. On the basis that 

the loop is a full wavelength, the inductive reactance impedance would thus be 564Ω. To calculate 

the ARC of the impedance tapping for a 50Ω match: 

Tapping ARC form ground point of co-axial cable = ( 50Ω / 564Ω ) * 360 = 32° of arc. 

The right hand side diagram shows a trimming capacitance, this as with the Gamma and Delta 

matching, this is to provide an additional electrical trimming fine adjustment. 

Now a folded dipole has a combined inductive reactance impedance of 400Ω, if this was opened up 

into a loop instead of the folded dipole shape, the below diagram would result. 

As a folded dipole has a 200Ω additional part, connected to two 100Ω impedance matching points, 

the top half of the loop could be considered as the 200Ω element, while connection points “A” and 

“B”, would be the 50Ω cable termination points of the 100Ω tuning segments. 

The antenna efficiencies of both loop antennas would also vary. A full wavelength 564Ω loop would 

have a 100% efficiency, while the 400Ω open loop “pre-folded dipole version” would have the same 

efficiencies as the folded dipole, 71% efficiency. 
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7/ Full wave “LF and MF” Trapped vertical antenna 
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8/ 50Ω co-ax feed Trapped dipole 

The 50Ω co-axial feed line Trapped dipole shown above has each wire section of a length of 5metres 

in length. The trapped section is composed of an inductance of 68uH, while the tuning capacitance is 

42pF. As indicated in previous sections of the article, each section side of the dipole has a inductive 

reactance impedance equating to each side to 600Ω, while in parallel to 300Ω, then connected 

through a 6:1 Balun would match to a 50Ω co-axial feed line. The overall width of the trapped dipole 

is some 20metres, or 60feet in round numbers. The matching performance of the design is listed 

below.  
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In many regards the overall width of the trapped dipole is some two wavelengths in length over the 

whole HF band. On this point, users may find that the trapped dipole design may experience a signal 

boost in both the transmission and reception. 

The inductive resonance impedance of each leg of the trap is 600Ω, when both arms of the trap are 

in parallel connected to the Balun, a 300Ω overall antenna impedance is realised, but through the 

Balun a 50Ω connection is made. The overall inductive resonance impedance for the trap dipole is 

1200Ω, while for a ½ wave dipole is 200Ω. 

The signal gain of the trap over a half wave equivalent for each band may be as follows: 

    Signal gain = 10 * Log ( 1200 / 200 ) …. “Log to base ten” 

Signal boost over a ½ wave dipole = 7.8dB 
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9/ 10m, 6m, 4m, and 2m full wave Trapped multi band vertical 

antenna. 

Below are the design results for a 10m, 6m, and 4m and 2m full wave multi band vertical antenna.  
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10/ 2m and 70cm full wave Trapped multi band vertical antenna. 

Below are the design results for a 2m and 70cm full wave multi band vertical antenna. 
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11/ 50Ω stub Trapped vertical antenna for 12m, 10m, 6m, 4m, and 

2m band 
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12/ 50Ω stub Trapped vertical antenna for 10m, 6m, 4m, 2m, and 

70cm. 

 

 

The 28pF requirement is essentially two 56pF capacitors are in a series connection. 
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13/ 50Ω stub Trapped vertical antenna for 160m to 10m band 

 

 

The 440pF capacitance is made from two 220pF are in a parallel connection. 
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14/ 50Ω stub Trapped vertical antenna for “LF and MF” bands. 

 

 

The 5000pF is made from five 1000pF in parallel connection, while  the 2820pF capacitance is made 

from 1000pF + 1000pF + 820pF are also in a parallel connection. 
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15/ Full wave Trapped vertical antenna for 6m, 4m, 2m and 70cm  

 

. 

 

The 3.4pF capacitance is made from two 6.8pF in a series connection 
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16/ Interpretation of SWR meter reading and errors made. 

The above diagram illustrates a typical Ham Radio transmitter meter scale, one which incorporates 

received signal strength as well as supply voltage and current loading of the power supply unit. The 

middle scale of the “SWR” measurement is the object or our concentration here.  

I have recently been designing an Arduino Mega program for a HF transceiver, and have added to it a 

impedance bridge. The bridge as current is just two potential dividers to give a forward and reflected 

voltages, however in writing the Arduino code, I have come across some interesting concerns. 

It seem that for a “SWR” deflection of the meter, the “SWR” match of 1:1 or greater, that is 1:2 etc., 

would indicate an inductive loading. However for a capacitance loading of the antenna circuit, the 

SWR deflection would not be noticed on the “SWR” meter reading.  

From page 5 of the overall article, consider the below  italics text. 

From a standard “forward and reflected voltage” ratio, the “swr” can be found. By re-arranging the 

equation of : 

matching ratio  “r”  =    (reflected voltage) / (forward voltage)    

The equation of : 

 SWR ratio       =   matching ratio   “r” 

Then RL the unknown equates to the following equation: 

RL   =   SWR ratio    *    Zo          

  where “Zo” is the 50Ω co-axial cable 

Now I have tried as many calculation routine equations that I can find, and when modelled with a 

computer code, does not work. The above italics text print, illustrates an mathematical process that 

does produce results reliably.  With “RL” above 50Ω, the “SWR” reading can travel above “1:1”, but if 

“RL” is less than 50Ω, say 47Ω, then the “SWR” reading on the meter would be “1:0∙94”. The point I 

am making is that this low value would not register as a “SWR” meter deflection.  An antenna match 

that is a capacitance match, would not be noticed, and for all purposes would be thought as a 1:1 

match.  A low impedance of “RL” =  20Ω, would indicate on a CAD program as “1:0∙4”, which is also 

below the zero deflection  point of the “SWR” meter  reading scale.  

This would probably go to indicate why some Radio Hams that although thought as matched their 

radio set to 1:1, but have instead damaged their transmitters with a capacitance antenna loading, 

not knowing this to be the case in factual point. The best solution would be to run an antenna 

loading inductive, this would give a “SWR” meter reading deflection and thus a known loading.  
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From the below picture, a test accomplished with an impedance balance bridge, with a near ground 

produced an illustrated on the below picture. As can be seen, the effective resistance is 9∙9Ω, with 

an effective capacitance of 3·1nF. This is in any case an antenna of a capacitance loading, the SWR 

reading shown on the picture at the bottom of the page, illustrates a matching value of “1:0∙1357”, 

considerably below a “1:1” optimum requirement.  From the standard equation for co-axial cable 

impedance, Zo = SQR( inductance / capacitance), the effective inductance is  300nH and effective 

capacitance of 3∙1nF, equal the 9∙9Ω impedance. 

 

On this point, the transceiver RF output stage would be driving a capacitance antenna loading, one 

that would drastically disrupt a final stage RF amplifier. 
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The picture shown below illustrates an inductive loading to the antenna configuration. The seen 

resistance is  91∙4Ω, while effective inductance is 1∙1uH, while from the standard equation for co-

axial cable impedance, Zo = SQR( inductance / capacitance), the effective capacitance is 120pF and 

the effective inductance is 1∙1uH equal the 91∙4Ω impedance. 

 

For the transmitter output facing an inductive loading, the SWR value  in this example measurement 

is “1:1∙8258”. This would indicate on a radio set SWR meter, as the matching value is above the “1:1” 

value, while the previous page pictures with SWR readings below “1:1” with a value of “1:0∙1357” 

would perhaps not register on a standard transmitter SWR meter. 
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For an operating with an near ideal antenna match, the below picture illustrates an appropriate 

reading. 

 

The corresponding SWR reading is shown in the below picture. 

 

With a capacitance load where the antenna load is less than the ideal 50Ω match, the effective 

capacitance of the antenna load impedance is shown, while for antenna load greater than the ideal 

50Ω match, the effective inductance of the antenna load impedance is shown.  

From this the inductance or capacitance offset or excess values from the norm, “300nH/m and 

120pF/m for 50Ω in this example”, the illustrated inductance and capacitance values now relate to 

the measured antenna characteristic impedance. These values are seen by the transmitter output 

stage, and as a result deviate away from the idea 50Ω in this case.   

The photo pictures of the “radio set SWR and RF Impedance bridge” also illustrates the SWR match 

without the inverse program line of code. Some of the antenna programs for the HF designs, namely 

the “trapped dipole” design have the following line of BBC basic code within the program: 
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                                  IF SWR_imped <1 THEN SWR_imped = 1/SWR_imped 

Without this BBC basic code line, if the calculated SWR value went below unit, or 1:1, such as  the 

“Trapped dipole” results shown below, the capacitance effect on the impedance is illustrated. Such 

so, that the realisation of the characteristic impedance of the antenna is easily realised. The antenna 

designs shown in the appendix are all calculated with the assumption that a standard SWR meter 

found on radio sets would also indicate a capacitance load as a meter deflection.  An example  

shown below of the “Trapped Dipole”, illustrates the SWR impedance without inverting the 

matching ratio once below “1:1”. In this regard, whether the Trapped dipole impedance travels 

below or above the 50Ω design impedance can be now easily seen. 

 

Clearly at 1MHz the trapped dipole looks as if it is a capacitance loading to the radio set with an 

antenna impedance of 33Ω, while at 3MHz it look as a inductive loading with an antenna impedance 

of 57Ω. The indicated “wave” value within the list results is the effective wavelength of the antenna 

section, one arm of the trapped dipole.  The corresponding effective “length” of one arm is also 

listed.  

The best solution if in doubt would be to run an antenna loading inductive, this would give a “SWR” 

meter reading deflection and thus a known loading. Alternatively, use a noise bridge to null the 

white noise signal on the signal strength meter thus match the antenna loading to the radio set 

impedance, or otherwise use an automatic ATU.   
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By the way, do not worry about the “Tx pwr” of a stated 54Watts, it is at this moment just a voltage 

signal on the Arduino analogue port, the results thus of test equation value to the test voltage from 

a resistor potential divider circuit, as is the “Rx pwr” of -106dBm.  

The balance voltages one acting as the impedance bridge forward voltage, the other as a reflected 

voltage, were created for this example two potential dividers.  To create the offset in load 

impedance, a push switches across the potential divider resistor network. This method provided 

either an effective antenna load short circuit, or to illustrate an antenna load open circuit. 

For fun, below shows a trap dipole design that has not used the connecting wire sections, just the 

trap connected to the 6:1 Balun, the co-axial connection as before a 50Ω PL-259 connector to the 

radio set. 

 

 

Although the “R_load” is listed as a 50Ω match through the 6:1 Balun, to determine the trap section 

loading impedance, multiply the SWR by 600Ω. Be mindful that the two traps connected to the 6:1 

Balun are effectively in parallel with each other, thus both as one present a load of 300Ω to the 6:1 

Balun, which thus transforms the antenna trap as a 50Ω load to the connecting co-ax cable for the 

radio set. 
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17/ 50Ω stub tuning section for vertical antenna 

 

The above diagram illustrates a stub tuned section as the matching element for the top loading coil 

vertical antenna. The antenna design in this regard has the vertical antenna loading coil equal to a 

full wavelength at the lowest frequency or band of operation.  

For an all HF vertical antenna, the loading is 60uH, which equates to an equivalent 200 metres of 

wire, just longer than full wavelength on 160m band. The top loading coil acts as the radiating 

element. The lower half tuned circuit is the all HF 50Ω stub tuning element, results shown below; 
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For an all VHF and UHF coverage, the same principle is used, but the vertical radiating load coil is in 

this case 1·8uH or 6metres of equivalent wire, which is full wave length on the 50MHz band. The 

tuning stub values are shown below; 

 

For an LF and MF version, the radiating element on a full wave LF frequency would be an inductance 

value of 600uH coil, which equates to a vertical whip of 2000 metres overall, but instead all wrapped 

up in a 600uH coil inductance. The 50Ω stub tuning element for the LF and MF vertical are shown 

below; 

 

In all three cases of the results listing, the “R_load” is the stub tuning impedance experienced by the 

antenna design, hence the co-axial cable match to 50Ω. The tuning stub components are so arranged 

that the overall impedance across the designed frequency range would produce a 50Ω impedance, 

forcing the overall antenna to reflect a 50Ω antenna load. 

It is important that the tuning stub is not earthed, but only 

connected to the feeder cable as illustrated. 
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18/ Antenna Tuning Units, thoughts and ideas to design 

There are many ATU designs around, but the one shown here is an simpler design concept. The idea 

is based around a "T" section low-pass filter, where-by the capacitor "C" in the below drawing is 

altered to adjust the impedance match quarter wave section between the transmitter "radio source" 

impedance and the aerial "antenna load" impedance. A "T - section" was chosen as depending upon 

whether the high or low impedance is planned, the inductor to capacitor arrangement would always 

be correct. That is whether the inductor is fed from the source or feeds the load impedance, from 

either a high or low impedance relative to the input or output terminals. 

" ATU 1/4 wave match impedance = SQR( R_source  *  R_load ) ". 

 

The ATU 1/4 wave matching section design calculation equation achieved by a BBC Basic for 

windows program, to determine the component values. The over-riding design point need is the 

minimum frequency of use of the low-pass filter design. In this regard, the lowest cut-off frequency, 

the 3dB point, is the top end of the HF band plan, i.e. at 30MHz, while to include the 6m band, the 

top end cut-off frequency would need to be above 55MHz. The CAD program is shown below. 

   10 REM design concept for an HF ATU 

   20 R_source = 50 

   30 ind = 64E-9 

   40 PRINT 

   50 PRINT 

   60 PRINT 

   70 PRINT 

   80 PRINT 

   90 PRINT 

  100 PRINT 

  110 PRINT 

  120 PRINT 

  130 PRINT 

  140  

  150 PRINT TAB(3);"HF QRP ATU design details" 

  160 PRINT TAB(3);"R_source = 50 ohms, 1/4 wave line inductance = ";ind*1E9;"nH" 

  170 PRINT 

  180  

  190 FOR R_load = 15 TO 150 STEP 5 

  200   ATU = SQR(R_source * R_load) 
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  210   cap = (ind/(ATU^2)) 

  220   freq_cut_off = 1 /(2*PI*SQR(cap * ind)) 

  230   PRINTTAB(2);"R_load = ";R_load;" ohms";TAB(22);"1/4 wave imped. = ";ATU;" ohms" 

    ;TAB(59);"1/4 wave cap. = ";cap*1E12;"pF";TAB(89);" 3dB cut. = ";freq_cut_off/1E6;"MHz" 

  240 NEXT R_load 

  250 *CHDIR C:\Users\alastair\Pictures\HFaNTENNA 

  260 *SCREENSAVE HF_atu_64nH_corrections.bmp 1,1,2000,1100 

 

 
 

Most HF radio's with an internal ATU will only impedance match an SWR value of up to 3:1, from 

15Ω to 150Ω. To use the "T" section low-pass filter design, each side of the inductance is half the 

64nH, in other words 32nH each side or 10·6cm of straight wire, equating to 32nH. The capacitance 

value used to alter the 1/4 wave matching section, is the listed "1/4 wave cap" values, in this regard 

the 1/4 wave capacitance varies from 100pF to 5pF overall.  The listed results of the design shown 

above would cover the Ham radio bands from "LF (135KHz) to 6m (50MHz)". 

 

The inductive reactance of a tuned 1/4 wave wire is about 140Ω, irrespective of the band used that 

has the tuned quarter wave antenna section, be it an HF, VHF or even UHF or microwave band 

quarter wave antenna. The maximum "R_Load" is 150Ω, which would mean that the above circuit 

ATU design component values are able to impedance match a 1/4 wave section.  To increase the 

impedance matching range of the ATU design, a 4:1 balum or even a 9:1 balum could be used. The 

4:1 version would increase the top impedance to 600Ω and would impedance match a full 

wavelength wire, while a 9:1 design would go further up to a two and a quarter wavelengths, which 

equates to 1350Ω.  

 

A question here is why we would think that a full wavelength wire is needed, or even a full 

wavelength vertical antenna. The reason is based around the concept of the electromagnetic 

coupling to the ether, the surrounding air and atmosphere. A 50Ω stub antenna has a physical length 

of only 8% of the band full wavelength, so in effect the electromagnetic coupling is just 8% of the full 

wavelength coupling of 100% of the signal given by a full wavelength vertical or wire antenna. In this 

regard, the signal electromagnetic coupling to the ether from a 50Ω stub antenna would irradiate 

just 8Watts of a 100Watt transmitter power output into the antenna, but the full wavelength would 
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couple the full 100Watts into the surrounding ether. On the plus side, a quarter wave antenna 

equates to 25% of a full wave, so a quarter wave antenna would be 25% efficient. 

 

Likewise the receiving antenna efficiencies are just as related to the antenna physical size and its 

band wavelength. A 25% efficient quarter wave would radiate 25% of the transmitter signal, and 

collect 25% of the received signal at the receiver end, thus equating to a transmission path minus 

any other losses to 1/16th of the transmitter signal or 6∙25% efficient. A pure 50Ω stub at 8% is even 

more drastic, equating to an overall transmission path of 0·64% efficient, ignoring any other path 

losses. Even though, it does not bare well. 

 

To construct a physically smaller full wavelength wire or vertical antenna, a lumped component of 

simulated wire section would be required. This simulated wire section would be an inductive coil 

inductor. A 1m section of wire equates to some 300nH, so a 80 metres wire would equate to an 

inductance of 24uH, or a top band wire or vertical of 160m, equates to 48uH. The current lobe 

radiated from the antenna would be more concentrated around the lumped component, namely the 

inductance coil. To this end, the effective radiated signal would be equivalent to the same long wire 

or full physical height normal antenna design. The "loading coil", which is effectively what we are 

describing here, would shorten the antenna design physical size to more manageable dimensions. A 

top band 160m vertical could be just 1metre in height, a 1metre whip with a 47·7uH coil either at 

the bottom or top loading mounting for the loading coil within the overall antenna. 

 

Tuning the wire antenna with loading coil to lengthen or a load capacitor to shorten the effective 

wire, a BBC basic for windows program can be used to determine the loading reactance to lengthen 

or shorten the effect long wire. The below listed results show an example of such a calculations: 

 

 
The above illustrate results show that with the use of a 20metre long wire, operating on the 10m 

band, the long wire inductive reactance is around 1100Ω. The load capacitance for a 50Ω match on 

the 10m band is around 5pF, but to use the 20metre long wire for MF band, requires a load 

inductance of 43uH to equate a 50Ω load match. 
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The BBC Basic code used for the above illustrated calculation results is listed below: 

 

   10 REM calculated load capacitance for long wire antenna though the HF bands 

   20 REM inductance to wire is 300nH / metre length 

   30 REM 15metres of wire is half wavelength at 10MHz, the wire has an inductance of 4.5uH 

equivalent coil 

   40 REM reason : 1 metre of wire is equal to  300nH 

   50  

   60 REM the Zo=SQR(RL^2 - XL^2) equation is the add on to the co-axial cable, the antenna end 

   70 REM Thus so, with XL = 50, then the above equation then equals zero, and hence does add to 

the 

   80 REM antenna with an antenna reactive loading. 

   90 REM 

  100  

  110 REM The value of reference in the Zo=SQR() equation is the cable impedance, as XL =50, 

  120 REM the added load of the antenna to the cable equates to zero offset. 

  130  

  140 REM By using the cable impedance, the wire is matched to the cable characteristic value. 

  150  

  160 REM However if a 1/4 wavelength wire inductive resonance reactance value is used as RL, RL = 

141ohms, 

  170 REM then the wire is matched to the 1/4 wave length terminal impedance. 

  180  

  190 REM for the 1/4 wave length match to be used, the ATU would have an input PI section Low 

Pass Filter, Fc = 30MHz 

  200 REM the input of the LPF would be 50ohms to match the RF co-axial cable, but the LPF output 

would be 141ohms. 

  210  

  220  

  230 REM 15metres of wire 

  240  

  250 length_metres = 20 

  260 l = (length_metres*(300E-9)) 

  270 length_feet = ((100/2.54)*length_metres)/12 

  280  

  290 REM in this example the cable impedance is used as the reference for RL 

  300 reactance_resonant_impedance = 50 

  310 PRINT 

  320 PRINT 

  330 PRINT 

  340 PRINT 

  350 PRINT 

  360 PRINT 

  370 PRINT 

  380 PRINT 

  390 PRINT 

  400 PRINT 

  410 PRINT 
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  420  

  430  

  440  

  450  

  460 PRINT " reactance resonant impedance = ";reactance_resonant_impedance;"ohms" 

  470 PRINT " inductance of wire / coil = ";l*1E6;"uH" 

  480 PRINT " length of equivalent wire = ";INT(length_feet);"feet or ";length_metres;"metres" 

  490  

  500 PRINT 

  510  

  520 FOR f = 0.1 TO 0.4 STEP 0.3 

  530    

  540   REM inductive reactance 

  550   XL= (2*PI*(f*1E6)*l) 

  560    

  570   REM RL is low to 50ohms, thus the wire is capacitive and needs inductive loading 

  580   IF XL <= reactance_resonant_impedance THEN PROC_low 

  590    

  600   REM RL is high to 50ohms, thus thwe wire is inductive and needs capacitive loading 

  610   IF XL > reactance_resonant_impedance THEN PROC_high 

  620    

  630 NEXT f 

  640  

  650  

  660 FOR f = 1 TO 30  STEP 2 

  670    

  680   REM inductive reactance 

  690   XL= (2*PI*(f*1E6)*l) 

  700    

  710   REM RL is low to 50ohms, thus the wire is capacitive and needs inductive loading 

  720   IF XL <= reactance_resonant_impedance THEN PROC_low 

  730    

  740   REM RL is high to 50ohms, thus thwe wire is inductive and needs capacitive loading 

  750   IF XL > reactance_resonant_impedance THEN PROC_high 

  760    

  770 NEXT f 

  780  

  790  

  800  

  810  

  820 *CHDIR C:\Users\alastair\Pictures\HFaNTENNA 

  830 *SCREENSAVE load_reactance_50ohms.bmp 1,1,2000,1100 

  840  

  850 END 

  860  

  870  

  880  

  890  
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  900 REM RL is low to 50ohms, thus the wire is short and capacitive thus needs inductive loading 

  910 DEF PROC_low 

  920 Xc_low = (reactance_resonant_impedance - XL) 

  930 REM Xc_low used as XL, as opposite reactance required 

  940 XLoad = Xc_low/((2*(f*1E6))) 

  950 PRINT TAB(1);" freq= ";f;"MHz";TAB(19);" XL=";XL;TAB(35);" Xload for 

";reactance_resonant_impedance;"ohms = ";XLoad*1E6;"uH" 

  960 ENDPROC 

  970  

  980  

  990 REM RL is high to 50ohms, thus the wire is long and inductive thus needs capacitive loading 

 1000 DEF PROC_high 

 1010 XL_high = (XL - reactance_resonant_impedance) 

 1020 REM XL used as Xc, as opposite reactance required 

 1030 Xcload = 1/((2*PI*(f*1E6)*XL_high)) 

 1040 PRINT TAB(1);" freq= ";f;"MHz";TAB(19);" XL=";XL;TAB(35);" Cload for 

";reactance_resonant_impedance;"ohms = ";;Xcload*1E12;"pF" 

 1050 ENDPROC 

 1060 

 

To alter the design values, program lines 250 for the wire length, and program line 300 for the 

designed impedance match requirement, together would enable a custom made wire antenna with 

its appropriate load reactance match to be determined. 

 

Although the load impedance can be matched by various means, measuring the antenna load 

impedance to determine any of the antenna match components needs to be achieved first. The 

below math process is also illustrated below can also the found within the antenna article on the 

companion website www.radiohamtech.com which is related to this blog "Radio Ham Technology". 

 

Below is a illustrated section of the above antenna article, and demonstrates how the antenna load 

impedance can be found. 

 

"From a standard “forward and reflected voltage” ratio, the “swr” can be found. By re-arranging the 

following equation and assuming the signal current are constant using Kirchhoff's circuit laws, from 

this only the signal voltages and the companion resistances would alter:  

 

matching ratio “r” = (reflected voltage) / (forward voltage) 

 

The equation of : 

 

SWR ratio = matching ratio “r” 

 

Then RL the unknown equates to the following equation: 

 

RL = SWR ratio * Zo 

 

where “Zo” is the 50Ω, the designed termination impedance of the signal source ( the radio )" 
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Once this is completed, the antenna load reactance is found by following method. 

 

The characteristic impedance formulae for transmission lines, Zo = SQR( L/C ) is used to find the load 

reactance values. Both the characteristic impedance and the capacitance per metre are published 

and from these figures the co-axial line inductance per metre can be calculated. From my own used 

references at a similar moment, I found that in round figures, the inductance of a metre length of 

wire irrespective the capacitance or cable impedance, was found to be 300nH/m for every metre 

length of wire. 

 

The reference used at the time put the cable impedance at 50ohms and the capacitance as 120pF/m, 

equating to a base line inductance of 300nH/m. 

 

By swapping the cable impedance "Zo" for "RL" in the equation Zo = SQR( L/C ), using the new Zo = 

RL, the RL found from the forward and reflected voltages of the SWR metre, the antenna load can be 

calculated as an equivalent transmission line impedance, just like a co-axial line, but in this case the 

calculation of the transmission line equation would be the resulting load antenna. Any overall found 

reactance of inductance or capacitance exhibited by the antenna load can then be determined.  

 

As a 50Ω long wire is a physical length of 8% of a full wave length, then any additional wire would 

equate the wire to having too much inductance at 300nH/m, then would be inductive relative to the 

50Ω antenna load requirement. The reverse is also true, any shorter than the 8% of full wavelength 

would equate to a reduction on inductance at 300nH/m relative to the 50Ω antenna load 

requirement, thus the shorter length and would be then capacitive relative to the required 50Ω 

antenna matching load. 

 

Hence if RL is above 50Ω, the long wire would be inductive, the SWR example would indicate an 

example of SWR = 1:1·50, the referenced then used is the co-ax capacitance at 120pF/m in order to 

find the overall antenna inductance as a transmission line equation representation of the antenna 

load.  

 

If however the RL is below 50Ω, the long wire too short then capacitive, the SWR would indicate an 

example of SWR = 1:0·50, the referenced then used is the co-ax inductance of 300nH/m to find the 

overall capacitance, as a transmission line equation representation of the antenna load.  

 

In any regard, a transmission line impedance equation for the load antenna can be determined. 

 

A "inserted video" illustrates how an Arduino program can calculate the antenna load between the 

radios changing from transmit to receive mode. On transmit mode, the SWR measurement made 

and the SWR calculation is shown, while on receive mode the load antenna transmission line 

impedance is calculated from the originally shown SWR value and then displayed as a transmission 

line impedance. Four Arduino analogue ports are presented with test voltages, one each for the "Rx 

signal meter" and the "Tx power meter", while one more each for the "SWR forward" and "SWR 

reflected" voltages. By the way, the variable "R ohms" in the pictures and video, is actually supposed 

to be "Z ohms", a little typo in the Arduino code. 

 

Below are two photographs of the Arduino code determining the transmission line antenna load 

impedance to forward and reflected test fault voltages on two of the analogue ports of the Arduino 

microprocessor.  
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The first photograph illustrates a inductive loaded antenna with the calculation referenced to the 

model line capacitance of 120pF/m, the SWR = 1:1·918 relates to the calculation of the antenna load 

as R = 95∙9Ω, the inductance as 1∙1uH and the capacitance 120pF. 

 

 
 

The second photograph illustrates a capacitive load antenna with the calculation referenced to the 

model line inductance of 300nH/m, the SWR = 1:0·198 relates to the calculation of the antenna load 

as R = 9∙9Ω, the inductance as 300nH and the capacitance 3∙1nF. 

 

 
 

With the directly calculate the antenna load match for the ATU, by using the "quarter wave line 

matching section" as well as any additional load reactance to bring down the antenna loading to 

within the ATU design matching limits, the mathematical model of which can now be accomplished.  
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Most auto ATU's will hunt switch the relay circuits for a correct value match for an unknown antenna 

loading, but with the above mathematical process illustrated within the you tube video, it can be 

seen and shown that the load antenna can be measured then calculated and matched with 

practically one sounding click of a relay circuit, all done within a fraction of the time usually taken for 

an unknown antenna load at any moment in time. 

 

All us radio ham or professional RF engineers, are lead to believe that if the transmitter design 

output impedance is said to be 50Ω, the question is "is it 50Ω". There is a trick to measuring the 

output terminal impedance of a radio transmitter, and that is as one would of thought, use a 50Ω 

dummy load, but the mathematical trick is this: 

 

If the transmitter terminal impedance is higher than the 50Ω dummy load, then from a standard 

SWR bridge, the dummy load would look as a low impedance load, because the SWR bridge would 

reference the forward and reflected voltages to the transmitter terminal impedance, even though it 

is the dummy load that is being measured. 

 

Should the dummy load measurement indicate say "SWR = 1:0·50", then the dummy load would be a 

capacitive load, i.e. below 50ohms. However the trick to determining the transmitter is to 

reciprocate the SWR measurement: 

 

SWR transmitter = 1/ ( SWR dummy load) 
 

The reciprocal of the measured "SWR = 1:0·50", equates the SWR transmitter = 2:1, which would put 

the transmitter output impedance as "2 * 50Ω = 100Ω" source transmission line impedance with an 

inductance load value. 

 

Consequently, if the "SWR dummy load" is measured as "SWR = 1:1∙50", hence as higher than 50Ω 

the dummy load seems as an inductive load, by virtue of the same above equation, the transmitter 

SWR output would be uncovered as "SWR = 1:0∙66", or a 33Ω transmitter source transmission line 

impedance with a capacitance load value. 

 

Once the new  source impedance is known, the quarter wave matching section can be redesigned, 

by replace line 20 within the first listed BBC basic program shown above at the top of this particular 

posting, i.e. R_source = 50, can be changed to in the first example of a 100Ω transmitter output 

impedance to  "R_source = 100", or in the second case found transmitter output impedance,  

"R_source = 33". The BBC Basic program would in both cases recalculated the new quarter wave 

matching section component values.  

 

The same trick can be used to determine output impedances of RF mixers, RF filters and even 

perhaps if the forward and reflected voltage measurements are sensitive enough, an RF pre-

amplifier.  

 

However to measure the input impedance measurement of a device or unit under test, would be to 

measure the forward and reflective voltages of the unit under test as a dummy load. By using a 

reference 50Ω RF signal source generator, the input SWR value of the unit under test would be 

referenced to the 50Ω RF signal source generator as the RF signal source was the RF transmitter, 
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then the input SWR value of the unit under test would be revealed. From this the SWR 

measurement, the input impedance of the unit under test can be determined as transmission line 

input impedance and the associated reactive component of inductance or capacitance. 

 

One additional thought, if your auto ATU uses the forward and reflected voltages from the SWR 

sensor bridge, then it is quite possible that the antenna load would be matched your radio even it 

has a construction fault and it is not quite to a 50Ω specification. That is to say not 50Ω but higher or 

lower than 50Ω. As the ATU measures the forward and reflected voltages to a base line reference, in 

this regard to the radio set output impedance ( the source impedance ), any error within the radio 

set output impedance would be compensated for by the auto ATU antenna matching. If the radio set 

is 40Ω, then the auto ATU antenna would match the antenna load to 40Ω source impedance, and so 

would the case if the radio set output impedance, thus the source impedance was 70Ω.  

 

One this point, an auto ATU purchase may safe your bank balance, that is to say not upset the 

emotions of your banks branch manager. If one is a home builder of RF amplifiers in the QRP to legal 

limit, then an auto ATU purchase would help with any design construction errors of the terminal 

impedance that is hopefully 50Ω, within the final build. Mind you, it would help the main line 

equipment manufactures and small scale companies should any constructional error creep in, fully in 

the knowledge that the auto ATU would compensated for any manufacturing errors.  

 

Actually that is a point, as in the days of HF final stage tube or valve amplifiers, the output matching 

circuit of the tube amplifier would have two adjustment controls, a "plate" and "load" or an "anode" 

or "load", sometimes labelled as "tune". The tube or valve output circuit thus matched to a 50Ω 

dummy load. From this point on, the antenna load was matched to the radio set, a radio set that had 

been tuned to indicate a 50Ω RF source output. The auto ATU would in effect accomplish the "load" 

process of a legal limit amplifier, while the "plate" would manually or automatically be adjusted to 

set the "plate" or "anode" to the RF band plan setting.  

 

The reason for the "plate" adjustment is made as the amplifying device travels up and down the 

radio spectrum, the RF impedance match requirements of the amplifying device change. Many RF 

amplifier designs tend to use a wide band RF transformer coupling, using a balum, but even here it is 

perhaps at best a compromise. It is perhaps possible that over the HF spectrum, even solid stage 

amplifier output impedance may vary around the 50Ω mark. If this is true, then an auto ATU would 

possibly overcome any difficulties along these lines. 

 
Many a radio ham may be perhaps using a balanced transmission lines system. A balanced 300Ω line 
system is not uncommon, but a 50Ω version is different. A balanced line system is said to be more 
resistant to EMF interference, and perhaps may radio hams have found that to use a counter-poise 
ground has in some cases reduced the Electro-magnetic interference pickup. From this prospective, I 
am wondering if the below diagram would help in the reduction of EMI noise. 
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The above diagram illustrates the 50Ω balanced line approach. Essentially the method entails a 1:1 

balum fed to and from a standard unbalanced 50Ω co-axial line. The counter-poise is used to provide 

a counter-poise 50Ω grounding, turning the unbalanced co-axial line into a 50Ω balanced line 

system. The HF radio would provide a 50ohm source, the auto ATU while impedance matching the 

antenna load, would in itself provide a 50Ω load to the balanced line structure of the transmission 

line system. The plan is for the counter-poise to not only provide the 5Ω balanced line but also help 

reduce the EMI pickup by virtue of the now in use 50Ω balanced line system. The components used 

to create the counter-poise load, are the same values used for the HF mobile vertical antenna's 

matching stub tune line circuit, so would then provide the antenna counter-poise impedance across 

the HF band.   

 

The signal end "the co-axial line central core", is connected to the top side of the 1:1 balum. The 

lower termination end of the balum, is connected to the top end of the counter-poise. The bottom 

unconnected end of the counter-poise must stay as a high impedance connection, that is to say 

left unconnected and not earthed or grounded. By leaving unconnected, the counter-poise will 

reflect a 50ohm load as the balanced antenna load into the 1:1 balum, thus creating the 50Ω 

balanced line application. 

 

 


