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4 Antennas as an essential part of any radio static

4.1  Choosing an antenna

Communicators quickly learn two antenna tru
¢ Any antenna is better than no antenn:

» Time, effort and money invested in the antennaesysgenerally will provide morimprovement to
communications than an equal investment to any giae of the statio

The antenna converts electrical energy to radicewaand radio waves to electrical energy, which make-way
radio communication possible with just one ante

Suaess in communicating depends heavily on an antehigaod antenna can make a fair receiver perfosth.
It can also make a few watts sound like much mBnece the same antenna is used to transmit anteecemy
improvements to the antenna make tignal stronger at the desired reception points. &antennas work bett
than others. It is useful to experiment with diffiet antenna type

4.2  Antenna system consideratior

4.2.4  Tuning the antenna

The antenna length given by an equation is jusagproximation. Nearby trees, buildings or large metajects
and height above ground all affect the resonamfugacy of an antenna. An SWR meter can help tardete if
the antenna should be shortened or lengthened.c@irect length provides the bempedance match for the
transmitter.

After cutting the wire to the length given by thguation, the tuning of the antenna should be aefjuiir the bes
operation. With the antenna in its final locatitine SWR should be observed at various frequencithin the
desired band. If the SWR is much higher at the-frequency end of the band the antenna is too shatte
antenna is too short, an extra length of wire eaatbached to each end with an alligator clip. Ttenextra lengt
can be shortened little at a time until the correct length is reed. If the SWR is much higher at the I-
frequency end of the band, the antenna is too l@vgen the antenna is properly tuned, the lowest S\Res
should be around the preferred operating frequ

4.2.5 Transmission lines

The most commonly used type of antenna systemniias®n line is the coaxial cable (“coax”), wheree
conductor is inside the other. Coaxial cable hasrsg advantages: It is readily available and taststo weathe!
It canbe buried in the ground if necessary, bent, caledl run adjacent to metal with little effe

Most common HF antennas are designed for use wetisiission lines having characteristic impedaontetout
50 ohms. RG-8, RG-58, RG#4 and R(-213 are comnonly used coaxial cables. -8 and RG-213 are similar
cables, and they have the least loss of the tygptes! lhere. The larger coax types -8, RC-213, RG-11) have less
signal loss than the smaller types. If the feed ifless than 30 meters lonce small additional signal loss on 1
HF bands is negligible. On VHF/UHF bands lossesnames noticeable, especially when the feed lineng. On
these bands, higher-quality RE33 coax or even low-loss rigid or semrigid coaxial cables minimise Ices for
transmission lines exceeding 30 me

Coaxial cable connectors are an important part@axial feed line. It is prudent to check the ¢abgonnector:
periodically to see that they are clean and tighihinimise any loses. If a bad solder nection is suspected, the
joints should be cleaned andseldered. The choice of connectors normally depemdmatching connectors
the radios. Many HF radios and many VHF radios 86-239 connectors. The mating connector is 259
(Figure 7). The PL259 is sometimes called a UHF conne, although constant impedance connectors suc
Type-N the best choice for the UHbands. P-259 connectors are designed for use witt-8 or RG-213 cables.
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When using coax to connect the transmission lineS€-239 connector should terminate the | '
at the centre insulator and a P89 should be used at the end connecting to the.

Figure — PL-259 coaxial connector
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4.2.6 Matching impedances within the antenna syste

If an antenna system does not matuod characteristic impedance of the transmittanesof the power is reflecte
back from the antenna to the transmitter. Whenlihppens, the RF voltage and current are not umiédong the
line. The power travelling from the transmittertb® antenr is called forward power and is radiated from
antenna. The standingave ratio (SWI) is the ratio of the maximum voltage on the linghte minimum voltage
An SWR meter measures the relative impedance niettheen an antenna and its feed line. L.SWR values
mean a better impedance match exists betweenathentitter and the antenna system. If a perfectmeatrsts, the
SWR is 1:1. The SWR defines the quality of an amdeas seen from the transmitter, but a low SWR do¢
guarantee that the @mna will radiate the RF energy supplied to it iy ransmitterAn SWR measurement of Z
indicates a fairly good impedance match.

4.2.7 SWR meters

The most common SWR meter application is tuningrtenna to resonate on a given frequency. An SVERng
of 2:1 or less is quite acceptable. A reading @fa¥. more is unacceptable. This means there is@sdampedanc
mismatch between the transmitter, the antennaeciettd line

How the SWR is measured depends on the type ofrn#tene SWR metersave aSENSITIVITY control and a
FORWARD-REFLECTEDswitch. If so, the meter scale usually providesracl SWR reading. To use the me
first put the switch in the FORWARPosition. Then adjust the SENSITIVITdontrol and the transmitter pow
output unil the meter reads full scale. Some meters havark on the meter face labellSET or CAL. The meter
pointer should rest on this mark. Next, set theael switch to th(REFLECTEDposition. This should be doi
without readjusting the transmitter poy or the meter SENSITIVITYontrol. Now the meter pointer displays
SWR value. Find the resonant frequency of an aatdiynconnecting the meter between the feed lineyand
antenna. This technique will measure the relatmpeidance match between tantenna and its feed line. T
settings that provide the lowest SWR at the opagdtiequency are preferr

4.3 Practical antennas

4.3.1 The half-wave dipole antenna

Probably the most common HF antenna is a wire @at bhalf wavelength (A) at the opeating frequency. The
transmission line attaches across an insulatdieaténtre of the wire. This is the lwave dipole. This is often
referred to as a dipole antennBi (neans two, so a dipole has two equal parts. A dipolld be a length oth

2



From the ITU Emergency Telecommunications handbook; prepared for the 54" JOTA 2011.

than ¥2\.) The total length of a halfravelength dipole is A. The feed line connects to the cen "
This means that each side of this dipole iA long.

Wavelength in space can be determined by dividimg ¢onstant 300 by the frequency
megahertz (MHz). For example, at 15 MHz, the wawgtle is 300/15 = 20 metel

Radio signals travel slower in wire than in aiygtthe following equation may be us<to find the total length of a
% A dipole for a specific frequency. Notice that theginency is given in megahertz and the antennahdagh
meters for this equation:

L (in meters) = 143
fMHz
This equation also takes into account othetors, often calledntenna effects. It gives the approximate length
wire for an HF dipole antenna. The equation will be as accurate for VHF/UHF antennas. The elediantetel
is a larger percentage of the wavelength at VHF lagtler frequencies. her effects, such eend effects also
make the equation less accurate at VHF and

Table 2 — Approximate lengths for ¥ dipoles suitable for fixed, mobile and amateur bang

Frequency Length Frequency Length Frequency Length
(MHz) (m) (MHz) (m) (MHz) (m)
3.3 43.3 12.2 11.7 30 4.8
3.5 40.8 13.4 10.7 35 4.1
3.8 37.6 13.9 10.3 40 3.6
4.5 31.8 14.2 10.0 50 2.86
4.9 29.2 14.6 9.8 145 99 cm
5.2 27.5 16.0 8.8 150 95
5.8 24.6 17.4 8.2 155 92
6.8 21.0 18.1 7.9 160 89
7.1 20.1 20.0 7.1 165 87
7.7 18.6 21.2 6.7 170 84
9.2 15.5 21.8 6.5 435 33
9.9 14.4 23.8 6.0 450 32
10.1 14.1 24.9 5.7 455 314
10.6 13.5 25.3 5.6 460 31
11.5 12.4 29.0 4.9 465 30.7
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Figure — Construction of a simple haltwave dipole antennaAt top is the basic dipole assembly
Bottom left shows how to connect wire ends to insaiors. Bottom right illustrates
connection of the transmission line to the centrefdhe dipole
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Household electrical wire and stranded wire wilekth with time; a heavy gauge cog-clad steel wire does not
stretch as much. The dipole should be cut accortdiige dimension found by the equation above l(tetayth of &
% A dipole), but a littleextra length should be provided to wrap the endarat the insulators. A coaxial or para
transmission line is needed to connect the antemtfze transmitterThree insulators are also neeclf supporting
the antenna in the middle, both ends wroop toward the ground. This antenna, known aseerie-V dipole, is
almost omnidirectional and works best when the angle betwkemidres is equal to or greater than 90°. A dij
can also be supported only at one end, in whicé ttas known as sloping dipole.

Dipole antennas radiate best in a direction th@0fsto the antenna wire. For example, supposp@alantenna i
installed so the ends of the wire run in an eastdgection. Assuming it was sufficiently above thround (fol
example, ¥A high), ths antenna would send stronger signals in northsaudh directions. A dipole also ser
radio energy straight up and straight down. Of seuthe dipole also emits some energy in directidhthe end:
of the wire, but these signals will be attenuz Though it is possible to contact stations to th&t ead west witl
this antenna, signals are stronger with statiortseamorth and sout
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Figure 10 — Alternative ways of installing a dipole. The configration on the left is an Invertec-V
dipole. A sbbping dipole is shown at right. A balun (not shown)nay be used at the
feed point, as this is a balanced anten
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4.3.2 Broadband folded dipole

A broadband version of the dipole, the folded diplahs an impedance of about 3thms and can be fed direc
with any length of 300 ohm feed line. This variatiof the dipole is termebroadband because it offers a better
match to the feeder over a somewhat wider rangeeqtiencies. When a folded dipole is installed rasnaertec
“V" it is essentially omnidirectional. There are several broadband foldedldfp available commercially th
provide acceptable HF performance, even when apgraithout a tune

4.3.3 Quarterwavelength vertical antenn:i

The quartewavelength vertical antenna is effective and easyuild. It requires only one element and
support. On the HF bands it is often used for Idiggance communications. Vertical antennas areresfdo as
non-directional or omni-directiohantennas because they send radio energy equelllyvall compass direction
They also tend to concentrate the signals towardchtiizon as they have a I-angle radiation pattern and do |
generally radiate strong signals upwe

Figure 11 showsdw to construct a simple vertical antenna. Thigiear antenna has a radiator that isA long.
Use the following equation to find the approximiaztegth for the radiator. The frequency is givemiegahertz an
the length is in meters in this equation.

L (in meters) =

fMHZ
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Figure 11 — Simple quarterwave vertical antenn:
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Table 3 — Approximate lengths for ¥\ monopoles and ground radials suitable for fixed, mile and amateur

bands
Frequency Length Frequency Length Frequency Length
(MHz) (m) (MHz) (m) (MHz) (m)
3.3 21.6 12.2 5.9 30 2.4
3.5 20.4 13.4 5.3 35 2.1
3.8 18.8 13.9 5.1 40 1.8
4.5 15.9 14.2 5.0 50 1.43
4.9 14.6 14.6 4.9 145 50 cm
5.2 13.7 16.0 45 150 48
5.8 12.3 17.4 4.1 155 46
6.8 10.5 18.1 3.9 160 44
7.1 10.0 20.0 35 165 43
7.7 9.3 21.2 3.3 170 42
9.2 7.7 21.8 3.2 435 117
9.9 7.2 23.8 3.0 450 16
10.1 7.1 24.9 2.9 455 16
10.6 6.7 25.3 2.8 460 16
11.5 6.2 29.0 25 465 15
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For successful results, theNAertical should have a radial system to reducehHagses and to a
as a ground plane. For operation on high frequenthe vertical may be at ground level and
radials placed on the ground. At least 3 radiatsikhbe used and out like the sps of a wheel
with the vertical at the centre. Radials shouldbleast ¥A long or more at the lowest operating frequel

Most vertical antennas used at HF ari long or shorter with appropriate loading networksr VHF and UHF
antennas are physilly short enough that longer verticals may be ugegopular mobile antenna is a EA
vertical, often called a “fiveighths whip”. This antenna is popular becauseoiicentrates more of the rac
energy toward the horizon than a\Yertical.

Commerdally available vertical antennas need a coax fee usually with a P-259 connector. Just as with 1
dipole antenna, RG-8, RG-11 or RE8-coax can be ust

Some manufacturers offer muliand vertical antennas that use s~tuned circuits (trapsjo make the antenna
resonant at different frequencies.

To fabricate a treeaounted HF ground plane antenna (Figure 12), atenigRC-58 cable is connected to the fe
point of the antenna and is attached to an insul@tee radial wires are solderedthe coa-line braid at this point.
The top of the radiator section is suspended framealimb or other convenient support, and in tswpports th:
rest of the antenna.

Figure 12 — Construction of treemounted ground plane antenna. L = 143y,

Thedimensions for the antenna are the same as foA vertical antenna. All three wires of the antenra &\
long. This generally limits the usefulness of tinéeana to 7 MHz and higher bands, as temporaryastgppighel
than 10 or 15 meters may notdeailable

4.3.4 Antennas for handheld transceiver:

VHF and UHF handield transceivers normally use shortened flexibiermnas that are inexpensive, sn
lightweight and robust. On the other hand, theyehasme disadvantages: It is a compromise n that is
inefficient and thus does not perform as well agdaantennas. Two bet-performing antennas are theA and
the 5/8\ telescoping types that are available as separatssarie:



From the ITU Emergency Telecommunications handbook; prepared for the 54" JOTA 2011.

4.3.5 Vertical antennas for VHF and UHF

For operation of steons at fixed locations, the A vertical is an ideal choice. The 145 MHz mo
shown in Figure 13 uses a flat piece of sheet aiumi, to which radials are connected with machicrews. A
45° bend is made in each of the radials. This lmmdbe made ith an ordinary bench vise. An -239 chassis
connector is mounted at the centre of the aluminplate with the threaded part of the connectomigciown. The
vertical portion of the antenna is made of 10 mmpes wire soldered directly to the centrn of the SO-239
connector.

Figure 13 —A VHF or UHF ground plane antenna with 4 drooping radials. L = 143/jyy;
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Construction is simple as it requires nothing ntbee an S-239 connector and some common hardware. A <
loop formed at the inside emd each radial is used to attach the radial diygctithe mounting holes of the coax
connector. After the radial is fastened to the-239 with hardware, a large soldering iron or pr@ptorch is use
to solder the radial and the mounting hardwa the coaxial connector. The radials are bent to°sa#§le and th
vertical portion is soldered to the centre pin tonplete the antenna. It is prudent to apply a s@sabunt of
sealant around the areas of the centre pin ofdheector to prevent ttentry of water into the connector and ci
line.

4.3.6 Delta loop

The Delta loop is another field expedient wire anteused by disaster relief organisations. Thesettaee ke)
advantages to a Delta loop antenna: 1) a groungepsaunnecessary; 2) ull-wave loop (depending on the sha
has some gain over a dipole; and 3) a closed wap‘quieter” (improved sign-to-hoise ratio) receiving anten
than are most vertical and some horizontal anterfr@sd point selection will permit the choice certical or
horizontal polarisation. Various angles of radiatisill result from assorted fe-point selections. The system
rather flexible and is capable of maximising claseor long distance communications (high angle werkow
angle). Figure 14 liistrates various configurations that can be uséé. bandwidth at resonance is similar 1
dipole. An antenn&ining unit (ATU) is recommended for matching tlystem to the transmitter in parts of -
band where the SWR is high. There is no rule tictates the shape of a full wave loop. It may bevemient tc
use a triangular shape with the apex is at thenteghich case only one high support is needed.uEirg square ¢
rectangular shapes have been used.
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Figure 14 — Various configurations fe¢ a full -wavelength Delta loop antenna. Overall length ¢
the antenna wire is approximately 286,
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4.3.7 Directional antennas

Directional antennas have two important advantages simpler omr-directional antennas such as dipoles
vertical monopoles. As transmitting antennas, t@ycentrate most of the radiation in one directior.receiving
directional antennas can be pointed toward the desiredtain or away from a source of no

Although generally large and expensive below all@uHz, directione antennas often are used on the upper
frequency bands, such as from 10 MHz to 30 MHzeétional antennas commonly used at VHF and UHF o\
to their reasonably small size. The most commoectivnal antenna is ttYagi antenna, but there are other tyf
as well.

A Yagi antenna has several elements attached émtaatboom, as Figure 15 shes. The elements are parallel
each other and are placed in a straight line albedoom. Although several factors affect the amhofigain of ¢
Yagi antennaboom length has the largest effect: The longer the boom, thbdrithe gail

The transmissin line connects only to one element calleddriven element. On a thre-element Yagi like the one
shown in Figure 15, the driven element is in theldig. The element at the front of the antenna (tdvthe
favoured direction) is a director. Behind idriven element is the reflector element. The drigksment is about *
A long at the antenna design frequency. The dirastarbit shorter than A, and the reflector a bit longer. Ye
beams can have more than three elements, usuakydiymg more diictors. Directors and reflectors are cal
parasitic elements, since they are not fed dire

Communication in different directions may be acke\by turning the array using a rotator in the atiral
(horizontal) plane, to point it in different dirions.
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Figure 15 — A threeelement Yagi showing the reflector, driven elemerdnd director supported

by a boom
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