Feeders & Antennas (MW0JWP)
Key points:
· Identify and recall the use of coaxial and twin feeders. 
· Know that in coaxial cable the RF field only exits within the cable and is not affected by objects outside the cable. 
· Know that feeders cause loss of signal strength on both transmit and receive. The longer the cable, the greater the loss. 
· Know that twin feeder usually has lower loss that coaxial cable. 
· Know that loss is measured in dB. 
· Know how to calculate the power delivered to an antenna for a given RF output and given feeder loss (in multiples of 3 dB). 
· 5b Feeder characteristic impedance 
· Know that the term 'impedance' can be thought of as a form of AC resistance. 
· Know that feeders have a characteristic impedance which depends upon the diameter and spacing of the conductors and those commonly available. 
· Know that an antenna has a feed point impedance which is determined by the relative RF potential difference and current at that point. 
· Know that the impedance of an antenna depends upon its dimensions related to the wavelength of the applied signal. 
· Know that an antenna will only present the correct impedance when fed with the frequency for which it is designed, and that a half-wave dipole has a feed point impedance of approximately 50 ohms when used at its designed frequency. 
· Know that if the impedance of the antenna does not match the impedance of the feeder, then some energy will be reflected back down the feeder and that the proportion reflected will depend upon the degree of mismatch. 
· Know that the signal reflected back down the feeder is not lost but will combine with the waves travelling up the feeder from the transmitter. 
· Know about the formation of standing waves. 
· Know that standing waves will affect the impedance presented to the transmitter causing a mismatch between the transmitter and the feeder.5e Antenna tuning unit 
· Know that a transmitter is designed to transfer energy into a specific impedance. 
· An antenna tuner unit (ATU) can change the impedance that a feeder presents to the transmitter, and that when correctly matched, the ATU may reduce harmonic radiation. 
· Know that the gain of an antenna is measured in dB, and understand how to calculate the e.r.p. for a known RF power and antenna gain (in multiples of 3 dB). 
· Know that a three-element Yagi has a half-wave driven element, a reflector that is slightly longer than the driven element and a director that is slightly shorter than the driven element. 
· Know that Yagi antennas may have more than one director. 
· Know that electromagnetic radiation comprises both an electrical field and a magnetic field. 
· Know that the two fields are at right-angles to each other and that the direction of propagation is at right-angles to both fields. 
· Know that it is the electrical field that defines polarisation of the wave. 
· Know that VHF and UHF signals will normally be received best when the transmitter and the receiver have the same antenna polarisation. 
· Know that polarisation is less important at HF due the effects of ionospheric reflection. 
· Know the concept of an antenna polar diagram. 
· Know how to recognise the directions of maximum and minimum radiation. 
· Know how to recognise polar diagrams for the half-wave dipole and yagi antennas. 
· Know the use of a dummy load and its construction. 
5a Feeder basics 
5a.1 Be able to identify and recall the use of coaxial and twin feeders. 
Coaxial feeder is an unbalanced feeder 
Coaxial feeder or coax as it is known for short is a cable which as a generalization looks on the outside like any other round cable. Whilst the basic construction of the cable remains the same its size can vary from a few mm diameter up to say 50mm depending upon the frequency it is to be used. 
It is only when you open it up that you see the construction. 
[image: http://www.brats-qth.org/training/graphics/bilcg8sty1.gif]
There is an inner core which carries the signal, then a layer of polythene or air spaced dielectric, on top of that is an outer braid which for good quality coax is woven to a tight weave so that there is minimum leakage, and lastly an outer jacket which provides waterproofing and resists damage of the internal parts. The outer jacket must be intact else any ingress of water / moisture and the cable will be damaged. 
Twin feeder on the other hand is a much simpler type of cable being merely two conductors equally spaced along their length. The conductors carry equal and opposite signals. The spacing of the conductors is a deliberate part of the construction. 
The wires can be thin say 1mm or up to say 5mm depending upon the conditions that they are to work in. 
[image: http://www.brats-qth.org/training/graphics/bilcg8sty2.gif]
Uses of the feeders 
Twin feeders also called balanced feeders 
Twin feeders can be used for feeding dipoles and are most usually used for frequencies up to 30MHz. 
Coaxial feeders 
Coaxial feeders can be used with frequencies up to the 1GHz but then the feeder is usually a wave guide. 
Coaxial feeders can be used to feed dipoles with baluns, yogis and vertical antennas. 
5a.2 Understand equal and opposite currents flowing in a balanced feeder cause equal and opposite fields around the two conductors. Understand that these fields cancel out, but that nearby objects can cause an imbalance which makes the feeder radiate RF energy. 
Balanced feeder, or twin feeder as it can also be called, neither of the conductors is screened so each could radiate. As any radiation from the conductors is equal and opposite they cancel each other out. 
[image: http://www.brats-qth.org/training/graphics/bilcg8sty3.gif]
There is a proviso here in that if conducting objects are close to the feeder and especially if much closer to one conductor than the other then the radiation would not be in balance nor symmetrical and radiation is not cancelled out and stray radiation could occur. Thus there is a need to keep twin feeder away from walls and other objects. 
5a.3 Recall that in a correctly connected coaxial cable the RF field only exists within the cable and is not affected by objects outside the cable. 
Note that correctly connected mean screen continuity through any plug and socket and connected to a balun or unbalanced load, not necessarily of 50[image: http://www.brats-qth.org/training/graphics/ohm.gif]. 
Coaxial cable on the other hand does not suffer from the problems of changing radiation pattern due to the proximity of local objects as the screen wrapped over the dielectric prevents the inner signal carrying conductor from radiating and may be run along walls or even buried under ground. 
[image: http://www.brats-qth.org/training/graphics/bilcg8sty4.gif]
5a.4 Recall that feeders cause loss of signal strength on both transmit and receive. The longer the cable, the greater the loss. 
Recall that twin feeder usually has lower loss than coaxial cable. 
All types of feeder do not deliver at the end of the feeder run the same amount of power that was put in at the beginning. Such reductions in transmitted power of the signal at the antenna and reductions in signal strength on the S meter on receive are called "feeder losses". 
There are several factors associated with feeder losses:- 
· TRANSMIT and RECEIVE - Losses are exhibited on transmission and reception. 
· LENGTH of feeder - double the feeder double the loss. 
· FREQUENCY - the higher the frequency being used the greater the loss. 
FACT - Twin feeder losses are much less than those for coax. In very high power broad cast transmitting station long twin feeder runs are mounted on poles similar to telegraph poles. 
Thus using twin feeder for amateur use makes sense because of its lower losses. 
[image: http://www.brats-qth.org/training/animations/moreinfo.gif]So whilst losses do exist on reception they are more easily understood as affecting transmissions as they can be more readily measured. If you place a suitable power meter at the far end of the cable and having the meter terminated in a suitable Dummy load the amount of power reaching the end of the cable can be read of the meter's scale. 
[image: http://www.brats-qth.org/training/animations/moreinfo.gif]Note also that data sheets / catalogues can give figures for cable losses and they are often shown as losses per 100 metre and at a quoted frequency. 
5a.5 Recall that loss is measured in dB. Be able to calculate the power delivered to an antenna for a given RF output and given feeder loss (in multiples of 3 dB and 10dB). 
[image: http://www.brats-qth.org/training/graphics/mathsalert.gif]Feeder loss are quoted in dB where dB stands for "decibel". For this part of the syllabus you have to be able to calculate the power delivered to an antenna for a given output from the transmitter and for given feeder losses. The calculations are not complex and are limited to multiples of 3dB. 
What you have the understand that a 3dB loss represents a half of power reaching the antenna and a 6dB loss represents only a quarter of the power reaching the antenna. 
Example 1 if you have a 50 watt output power and a 3dB loss in the feeder what power is expected at the antenna? 
3dB loss is a half of the output power at the antenna 
[bookmark: _GoBack]So 50 / 2 = 25 watts at the antenna. 
Example 2 if you have a 40 watt output power and a 6dB loss in the feeder what power is expected at the antenna? 
6dB loss is a quarter of the output power at the antenna 
So 40 / 4 = 10 watts at the antenna. 
In the same example if the feeder loss is 10dB then the 50W output is 5W at the antenna and the 40W is 4W at the antenna. So a 10dB loss is a divide by 10. 
5b Feeder characteristic impedance 
5b.1 Recall that feeders have a characteristic impedance which depends upon the diameter and spacing of the conductors. 
The term 'impedance' can be thought of as a form of AC resistance. 
In the electrical theory section we have given you an insight into resistance and associated calculation. There is another type of resistance called impedance when associated with AC circuits. The term impedance comes from the word impede meaning to resist and is used with the AC circuit to differentiate from the resistance used in a DC circuit. 
The aim of this section of the syllabus is to ensure that you are aware that different feeders exist and that using the correct one matters. 
The characteristic impedance of a feeder is dependent upon:- 
· Coaxial the ratio of the diameter of the conductors "d" "D" 
· Twin feeder the ratio the spacing of the conductors and the diameter "S" "d" 
For this level you do not have to know how this relationship works. 
With regard to coax feeder the impedance is determined by the ratio of the diameters of the diameters of the centre and the screen. Thus a coax feeder that has bigger diameters in the same proportion will still have the same impedance but the advantage is that the larger cable will have lower loss. 
[image: http://www.brats-qth.org/training/graphics/bilcimpedence.gif][image: http://www.brats-qth.org/training/graphics/bilcimpedence2.gif]
[image: http://www.brats-qth.org/training/graphics/bilcimpedence3.gif]
Recall that this impedance determines the ratio of the RF RMS potential difference to the RF RMS current in a correctly terminated feeder. 
When the feeder Characteristic Impedance is terminated by a resistive load i.e. coax 50 ohms feeder and a load of 50 ohms then Z impedance is determines the ratio of Vrms / Irms in the feeder. 
Recall that for amateur use, 50[image: http://www.brats-qth.org/training/graphics/ohm.gif] coaxial feeder is normally used; that coaxial cable for TV and satellite receivers has a different impedance, and that balanced feeder is commonly available from 75 to 600[image: http://www.brats-qth.org/training/graphics/ohm.gif]. 
The usual coaxial feeder for Amateur to use is 50[image: http://www.brats-qth.org/training/graphics/ohm.gif] whereas that for TV and Satellite receivers is commonly 75[image: http://www.brats-qth.org/training/graphics/ohm.gif] to 600[image: http://www.brats-qth.org/training/graphics/ohm.gif] 
Note that correctly terminated means correctly connected with a resistive load equal to the cable characteristic impedance. 
5c Antenna impedance 
5c.1 Recall that the feed point impedance of an antenna is related to the dimensions of the antenna and the applied signal. 
The Impedance at the feed point of an antenna is related to the physical dimensions of the antenna and the frequency of the signal being sent to the antenna. 
Recall that the current flowing in an antenna is related to the feed point impedance and the potential difference of the applied signal. 
Recall that an antenna will only present the correct impedance when fed with the frequency for which it is designed, and that a half-wave dipole has a feed point impedance of approximately 50[image: http://www.brats-qth.org/training/graphics/ohm.gif] when used at its designed frequency. 
The feed point impedance of a dipole is APPROXIMATELY 50 ohms when fed with the frequency at which it is designed to operate. 
An antenna's feed point impedance is determined by the relative RF potential difference at that point and the current at that point. However the impedance of the antenna also depends upon its dimensions related to the wavelength of the transmitted signal. The antenna will only present the correct impedance if it is fed with the frequency for which it was designed. 
Recall that if the impedance of the antenna does not match the impedance of the feeder, energy will be reflected back down the feeder; the proportion reflected will depend upon the degree of mismatch. 
If the antenna impedance and that of the feeder do not match then some energy will be reflected back down the feeder. The amount of that fed back down will be dependent upon what is called the amount of "mismatch". 
[image: http://www.brats-qth.org/training/animations/moreinfo.gif]For more advanced students you are probably aware that the impedance at the feed point of a half wave dipole when fed with the correct frequency is accepted to be 72ohms. 
5d Standing waves 
5d.1 Understand that the signal reflected back down the feeder is not lost but will combine with the waves travelling up the feeder from the transmitter leading to the formation of standing waves. 
A concept difficult to grasp is that the signal that is sent back down the feeder due to a mismatch is not lost but will combine with the waves travelling up the feeder from the transmitter. 
Standing waves are produced whenever two waves of identical frequency interfere with one another while travelling opposite directions along the same feeder. 
The amplitude of the wave going forwards is added to the amplitude of the wave going backwards in accordance with the principle of superposition which means that sometimes the waves create a larger wave because they are in phase and sometimes null out completely when they are in anti-phase. 
These new peaks and troughs are the "Standing Waves" and are characterized by certain fixed points along the feeder which undergo no displacement. 
However the standing waves affect the impedance "seen" by the transmitter and if the impedance mismatch to 50 ohms is too great, a modern rig will shut down due to the in-built protection. However older equipment may well be damaged due to incorrect impedance. 
The correct idea here is to ensure that you check the impedance mismatch with your SWR (standing wave meter) on low power. 
Recall that the reflected signal will change the input impedance of the feeder so that it is no longer the characteristic impedance and the feeder will not then present the correct impedance to the transmitter. 
The Characteristic impedance of a feeder for coax in nominally 50 ohms. An antenna will only present an impedance near to 50 ohms when the antenna is the correct size for the applied frequency. It is only at this time will the antenna and the feeder ensure maximum transfer of power. Any mismatch will result in some power being reflected back down the feeder. 
The mismatch which has the result of forming the reflected signal and thus the Standing Waves then presents to the transmitter's antenna socket and altered impedance rather than the characteristic impedance which the transmitter was expecting. 
5e Antenna tuning unit 
5e.1 Recall that a transmitter is designed to transfer energy into a specific impedance. 
Recall that an antenna tuner unit (ATU) can change the impedance presented to the transmitter, may also reduce harmonic radiation. 
A transmitter is designed to "see" a specific impedance at its aerial socket. If it does not "see" this impedance then the PA (Power amplifier) cannot operate efficiently. 
So if you have made a dipole antenna cut to what you calculate is the correct size of the frequency you wish to operate but then find you have a Standing Wave Ratio or SWR greater than say 1.5:1 you would need an ATU to match the antenna to the rig NOT TUNE THE ANTENNA. 
An ATU matches is does not tune!! 
There is a conflict of words when discussing ATU (antenna tuner unit) and antennas. An antenna can only be "tuned" by cutting it to the correct length. Thus the term ATU should really be an AMU or Antenna Matching Unit. By adjusting the ATU it alters the impedance seen by the transmitter to as near 50 ohms impedance as possible. The ATU is then said to "tune out" the mismatch or put is another way tune out the standing waves on the feeder BUT it is NOT TUNING the ANTENNA. 
Resistive Load 
Further the main use of the ATU is to present a resistive load rather than an inductive load, at the correct impedance, to the transmitter. 
Change frequency / band and re-tune of the ATU is required 
The tuning out of the mismatch must be carried out for possibly any frequency change but most especially when there is a band change. The reason for this is that there will be a charge in the impedance of the antenna with a change of frequency. 
Have your tutor demonstrate such a "tuning" up at your club's field day / weekend (if it has such events) -the BRATS hold several such weekend during the year. 
[image: http://www.brats-qth.org/training/animations/moreinfo.gif]For the Intermediate Exam you do not have to be aware as to how the matching takes place just that it is possible and that an ATU MATCHES the antennas impedance to the rig and DOES NOT TUNE the antenna. 
5f Antennas 
The sections of the syllabus has been re-ordered as it is considered that the order shown helps you to best understand the principles outlined. 
5f.2 Recall that the gain of an antenna is measured in dB, and understand how to calculate the ERP for a known RF power and antenna gain (in multiples of 3 dB and 10dB). 
[image: http://www.brats-qth.org/training/animations/mathsalert.gif]Well here is some more maths for you and it does require some learning. The table below shows the relative comparison between dB and the linear unit. This table needs to be learned and is not provided in the examination. You will see that the table goes up in 3dB jumps and each time the gain is double the previous, except for 10dB which is ten times the original power input figure. 
The dB has the same basic values as given for feeder losses and thus you should be able to quickly get you head around the figures for antenna gain. 
	dB
	Linear unit

	3dB
	times 2

	6dB
	times 4

	9dB
	times 8

	10dB
	times 10

	12dB
	times 16

	15dB
	times 32


ERP (effective radiated power) as you learned in the FL course is:- 
ERP = Power into antenna x gain of the antenna 
Example 1 
If the power into the antenna is 50 watts and it has a gain of 10dB what is the ERP? 
Power in = 50 
Gain = 10dB = x10 
Therefore ERP = 50 x 10 = 500 watts ERP 
Example 2 
If the power into the antenna is 10 watts and it has a gain of 9dB what is the ERP? 
Power in = 10 
Gain = 9dB = x8 
Therefore ERP = 10 x 8 = 80 watts ERP 
5f.3 Recall that a three-element Yagi has a half-wave driven element, a reflector that is slightly longer than the driven element and a director that is slightly shorter than the driven element. 
Recall that Yagi antennas may have more than one director. 
The Yagi antenna is a beam antenna which due to its construction concentrates the RF signal generally one direction. 
This is achieved in its simplest form by three elements - 
The driven element which is a di-pole constructed to be resonant for the frequency of transmission, 
A reflector element which set behind the driven element and is a little longer than the driven element and 
A director element which is set in front of the driven element and is a little shorter than the driven element. 
[image: http://www.brats-qth.org/training/graphics/yagi3.gif]
[image: http://www.brats-qth.org/training/advgraphics/care.gif]Some students find understanding this section difficult and confusing. Can we suggest that you ask your tutor to show you a Yagi antenna and explain what each part does and not just to reply upon this description? 
With the construction of the bigger reflector and smaller directors than the driven element the focused direction of most of the radiation from the driven element is towards the director element and onwards. 
[image: http://www.brats-qth.org/training/animations/yagiani.gif]
5f.4 Recall that electromagnetic radiation comprises both an electrical field and a magnetic field. 
Recall that the two fields are at right-angles to each other and that the direction of propagation is at right-angles to both fields. 
Recall that it is the plane of polarisation of the electric field that defines polarisation of the wave. 
This part is a new concept to you and has not been touched upon in the FL course. 
It was James Clerk Maxwell theories of what he called Electromagnetism which explained the relationship between electricity and magnetism. His theory is based upon the idea of an electromagnetic field. 
Let's take one step backwards. It is hoped that you have all at one time of another played with iron filings on a piece of paper and moved around a magnet beneath and have been able to move the iron filings around. The movement was caused by a magnetic field affecting the iron filings and the movement of the magnet causing the magnetic field. 
It has been explained elsewhere 3e.1 that it an electric current when passed through a wire generates and magnetic field. This is what is called a stationary electromagnetic field as it stays bound to item that is causing the field. Examples of stationary fields are: the magnetic field around a wire carrying current or the magnetic field around the magnet. 
Now if the current through the wire is changing something special happens if the changes are rapid enough. 
The changing electromagnetic field propagates away from its origin in the form of a wave. We know these as radio waves. 
The electromagnetic radiation has actually two components parts - an electrical field and a magnetic field. The two fields are located at right angles to each other and the direction of radiation is at right angles to both those fields. This is the concept that you have to know. Why they are at right angles to each other and which on goes where is of no consequence to you at this stage. 
Vertical electrical field the vertical polarization 
It is the electrical field which determines or defines what is called the polarisation of the radiation wave. 
[image: http://www.brats-qth.org/training/graphics/radiation.gif]
5f.5 Recall that VHF and UHF signals will normally be received best when the transmitter and the receiver have the same antenna polarisation and that this is less important at HF because the polarisation may change during ionospheric reflection. 
The terms used at this exam level are horizontal and vertical polarization. 
VHF and UHF signals 
When using VHF and UHF the signals the best signals will normally be received if the same polarisation is used for the transmitter and receiver - else significant attenuation occurs. 
The poorest reception of a signal at VHF or UHF would be when the transmitter is say vertical and the receiver is say horizontal 
[image: http://www.brats-qth.org/training/animations/more.gif]If the transmitting antenna is set vertically and the receiving antenna horizontally then the antennas are said to be "cross polarised" and the poorest received signal is likely. 
HF signals 
With HF, the signals are themselves twisted due to the effects of the ionospheric reflections that the effect of "cross polarisation" of antennas is less marked. 
[image: http://www.brats-qth.org/training/animations/radiationani.gif]
5f.1 Understand the concept of an antenna polar diagram. 
Identify the polar diagrams for the half-wave dipole and Yagi antennas. 
Identify the directions of maximum and minimum radiation. 
So what is the concept of a polar diagram? Well it has nothing to do with the north or South Pole. 
As you are aware antennas radiate, the polar diagram is a representation of the radiation pattern as a simple drawing. The diagram below shows a set of arrows which represents the direction and radiation strength. 
The direction is obvious but the radiation strength is proportional to length of the line - the greater the strength longer line. 
[image: http://www.brats-qth.org/training/animations/polarani.gif]
The diagram is NOT representative of any particular antenna, it is the principle of the direction of the arrow and length of the arrow (showing strength) establishes the polar outline when the arrow head are linked up. 
Dipole 
Let's start with the polar diagram of the dipole. 
[image: http://www.brats-qth.org/training/animations/dipolepolani.gif]
It is hoped that you gather from the animation that wire hanging down in the middle is the feeder and the horizontal wire are the legs of the dipole. 
The radiation is then a bit like a doughnut that has been slipped on one end and slid along to the middle. 
Thus:- 
· The maximum direction of radiation is then always out away from the wire of the dipole and 
· Minimum radiation is along the line of the dipoles there is minimal radiation off the ends of the wire. 
Yagi 
[image: http://www.brats-qth.org/training/animations/yagipani.gif]
The Yagi diagram develops to show the direction of the maximum radiation in the direction of the arrows. Remember the driven part of the Yagi is in fact a dipole and thus the reflector and the directors do a good job of changing the radiation pattern but some of the signal still goes out at the sides and rear of the Yagi. The pattern shows the field strength at a particular distance from the antenna and is not intended to show the range of the signal else you would not reach too far if the signal only reached the end to the antenna!! 
The longer the arrow the bigger the radiated signal so on the Yagi the minimum signal is to the rear next less is to the sides. 
5g Dummy loads 
5g.1 Understand the use of a dummy load and its construction. 
The dummy load is a substitute for an aerial and as such is also called an artificial antenna and as far as transmitters or receivers are concerned it electrically resembles an aerial (usually 50 ohms impedance) and thus can stand totally in place of an aerial. The dummy load is a piece of test equipment which all radio amateurs should own. 
The dummy load enables a transmitter to be tested without radiating a signal (or at worst a very low radiated signal). When connected to a receiver it does not pick up external RF signals and RF noise. 
When testing a transmitter the Dummy Load must be capable of safely dissipating, as heat, the output power of the transmitter. 
Carbon Resistor NOT wire wound resistor 
The dummy load is a large resistor of usually 50 ohms (or a number of resistors to make up the required wattage dissipation). The resistor is set inside a suitable screening enclosure and has a connector so that it may be linked by a coaxial feeder to the transmitter or receiver or even the end of a coaxial cable run which is under test. 
[image: http://www.brats-qth.org/training/graphics/bilcdummy1.jpg][image: http://www.brats-qth.org/training/graphics/bilcdummy2.jpg][image: http://www.brats-qth.org/training/graphics/bilcdummy3.jpg]
Above are three examples of dummy loads 
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