Facts About Proper VHF
Vertical
Antenna Design
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Problems of base station antenna design

What is s0 hard about desighing & vertical base station antenpa? I's not a trivial qu:stmn | '
because. four important, ineracting design objectives must be dealt with simultaneously. o

1.

Decoupling. The antenna must be so designed that the coaxial cable and mounting structure
will not become inadvertent parts of the antenna. A propetly designed vertical antenna is said
to be “decoupled™ from the feed-line and supporting mast. Failure to achieve decoupling can
ruin the radiation pattern of the antenna, drastically lower the gain, canse the direction of
maximum radiation to be either raised or lowersd from the horizon, and allow radio
frequency energy to be guided down the outside of the feedline 10 the transmitter, where 1t
can ha coupled into the clectric wiring, 1elephone wiritg, and other electronic squipment.
Radiation Pattern and Galn. The ampiitudes and relative phases of the currents excited
on the radiating portion of the structure must be controlied to produce the required radiation
pattern and gain,

Input Impedance. The input impedance of the antenna must be well matched to the
characteristic impedance of the coaxial feedline over the entire band of frequencies for which
the antenna is 10 be used. In other words, the standing wave ratio {SWR) should be low
(under 2 10 1) over the reguired frequency band.

Mechanical Design. The antenna must be mechanically designed to withstand severe
environmental stresses, including high winds, high and low temperatures, icing, etc. The
upper design limits to these siresses beyond which the antenna will be damaged, will strongly
influence the cost. Any impedance maiching network built into the anterna tmust be
dimensionally siable and weather-protected in order to preserve the tuning. The connecior 1o

which the feediine is anachad should also be oot of the weather.

Proper decoupling: the key 10 good vertical antenna daslgn
The need for decoupling a vertical antenna from its T

coaxial feedline can be appreciated by referring 10
Figure 1. Antennas which are driven by 2-conductor
transinission  lines always have two  ternunals,
insulaied from each other, between which the high
frequepcy AC voliage generated by the transmitter is
impressed. Figure 1 shows a typical center driven
dipole antenna, with termninals a-b, across whieh the
AC voltage generated by the transmitter is connected.
During each cycle of the AC voltage, cument flows
out on one Jeg of the dipole and in on the other,
leavitig positive charge on one extrémity and nagative
on the other. The curreni then reverses, and the
polarity af the charges on the respective extremities 1s
reversed. An electric field is created n the vicinity of
the dipole between the separated charges, a5 shown in
Figure 1. The eiectric field bulges out from the
terminals 25 the charge spreads out toward -the
sxtremities. The following charge constitues the

Figure § Flectric field in viciniry of an
isolated cenier-driven dipole antenna
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Facts gbout prapser VHF vertical antenna dasign

current on the antenna, and associated with the current is a magnetic field, encircling the wiresof =
the antenna. The AC current is zero at the extremities of the dipole and maximum at about'a
quarter wavelength in from sach end, in what is called a “standing wave™ current distribution,
The separation of the oscillating charges on the conducting members of the antenna produces the
mysterious phenomenon of electromagnetic radiation. If the total length of the vertical center
driven dipole of Figure I is one-half wavelength, the resulting radiation pattern is well suited for
many communication needs, Maximum radiation intensity is directed toward the horizon, and the
pattern is omnidirecticnal in azimuth,

The problem remains of connecting the fesdline to the antenna terminals. We might try to bring
the cpaxial line up from below, connecting the center conducior to the lower extremity of the
antenna. What will we do with the outer conductor? Soppose that we just ot it terminate at the
base of the antenna as shown in Figure 2. The AC voitage from the transmitter is pipsd up to the
antenna within the coaxjal cable, and appears between terminal a, the base of the antenna, and
terrnipial by, the iip of the cuter conductor. )

1 _
1

The resuiting electric field is shown in Figure 2. On each
half-cvele, field lines originate on positive charge on the
antenna and terminate on negative charge on the ouiside

of the coaxial line. Then, the polanty reverses as the / ;_i...\
Fgb ™
I

-1..-
i

antenna becomes negatively charged, and the upper pant

of the outer conductar positive. An electromagnetic feld I' |
15 guided down the outside of the outer condictor as \
shown in Figure 2. The outside of the ouler conductor is \
hot with radio freguency currents all the way down to the \ '
transmitter, The actual antenna really consists of a dipole,

one side of which is the ventical leg, the other leg being
the outside of the outer conductor, the metal chassis of the

transmitter and other associated wiring. The radiation |
pattern of the systemn is generally unpredictable, and
generally bad! The length of the upper leg of the dipole /_ \

might be L4 wavelength, ¥ wavelength, or something else. [/
In every case, the siectromagnetic field will “spill” out /|
from the end of the coaxial cable, exciing current and ||
charge on both the intended “antenna” and the outside of ‘
the coaxial line. '\

[
\ l
l“'h. —/
This phenomenon can be readily verified by detecting the \\+ +
presence of cutrent on both the antenna wire and the
outside of the coaxial line, using the simple pick-up loop -+

described at the end of this booklet. Simply attach & %4
wave, 12 wave or 5/8 wave whip antennpa to the end of a
length of coaxial line of arbitrary length (6 or 8 feet o
would be fine} and connect the other end 10 a VHF 7 A

transmmatter. Ten watts of power is quite sufficient for 2

Figure 2 Elactic field in vicintty of a
whip antznna connected 1o a coaxial line

Page 2



test. Support the antenna and coaxial cable above the ground, and hold the pick-up loop close to
the antenna. Meaximum couplhing occurs when the plane of the loop lies in any plane containing
the antenna wire (or ¢coaxjal line). This current is not lezking through the coaxial line. It emerges
from the feed of the coaxial line and flews back over the outside of the outer conductor dus 10
the lack of any form of decoupling. '

Some pecple might say, “Ah, but you don’t have any impedance matching between the antenna
and the coaxial Jine!” Inpedanice matching has nothing to do with the cutrents spilling out over
the coaxial line, as the fallowing example will show. . '
Fignre 3 Impedance Matching
Figure 3 shows an impedance matching network .| metwork at base of whip

of a design used on certain end-driven vertical
antennas. The corrent I, a1 the base of the antenna
flows into the vpper terminal of & tapped
inductor. Current I, flows from the tap im‘.::l:-:I I::ht L ‘/,—— Antennc
center conductor of the coaxial line. A current I,
of equal magnitude, but opposite direction, flows ]
oo the linear surface of (he owter conductor, !
Current T, flows in the bortom section of the he Tapped

inductor, below the tap. Finally, a spill-over | ' Inductor
current, Is, flows on the outer surface of the puter + L

conductor. Kirchofl"s corrent law requires that la 1, ™
=y
|

=1+l and L = Ip+ 1. Wa can solve far I, in the
first equation and substitute it in the second to

obtain L = L. The spillover corrent must be the . ‘-70-"" '
same a5 the aptenna corrent, independent of I, k\L :‘\\
by

. )
whether the anmenna is matched to the coaxial . . 1
line or not! VAT AR R Cocxigl
. A Wire

Antennas with no decoupling '
Unfortunately, from the standpoint of the end '
user, there afe many coaxially doven VHF :
vertical antennas in wse today which totally lack '
any form of decoupling. These antennas fall into |
two classes: auipmotive whips mounted on othar than vehiclas with metal roofs, and antennas

s01d for fixed, base station use.

Automotive whips are frequently used by amateur radio operators as temporary hase station
antennss, conpected 1o the transmitter through 5 lenpth of coaxial hine. While the radiation
pattern will be homible and much of the transmitter power wasted, the amatsur operator will -
usually stll be able to communicate with at least some other statipns, The situation is more.
serious when automotive whips are mounted on the mastheads of sailboats for use in the marine
VHF band. The spill-over curment will flow down the stays and shrouds, as well as the outside of
the coaxial line and the mast itseif, if the latter is of metallic construction. All of these conductors
are long in the wavelengths and will radiate with many namow lobes in the vertical plane, which
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Facls aboul proper VHF verilcal anfanna design

rock with the motion of the boat, causing fading. 50 often’ experienced in marine
communications. The advantage of masthead height 1o achieve greater VHF range will be lost.

The sbove examples represent mususe of the-pmdur:t. Whip antennas, which give excellent
performance when mounted on the horizontal metallic surfaces of automobiles, are simply not
intended to be thrust into the air at the end of a length of cable. '

A more serious sitmation exists in the case of non-decoupled antennas which are sold for base
station and other non-automotive uses, End driven vertical half-wave dipeles with absolutely no
decoupling are on-the market specifically for marine masthead use and a number of base starion
aniennas with absolutely no decoupling are offersd to the arnateur radio market. Advertising
claims made by manufacturers of some of these antennas simply cannot be substantiated.

Figure 4 shows measored radiation patterns on three antennas, two witht gbsolutely no dm:auphng'
and 4 third with excellent decoupling. :

Figure 4 Rad:ation pamueras of 3 vertical

anteEnnas 900

60

r
T L

-60°

. HALFAWAVE WHIP - NG DECOUPLING (M)
6/8- WAVE WHIP - NO DECOUPLNG (1)
HALFAWAVE WHIP WITH 1/45WAVE DECOUPLING SLEEVE [RS-7)

All three antennas were measured with an attached 8 14" length of coaxial line in a straight hine
frc:m the hase of the antenna.
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Antenna 1 is a half-wave. whip with & tuner at the base, advertised for small boat masts. Note the
buttarfly paniern with major lobes of radiation at highi and low angles and a loss of signal 1oward

the horzon.

Antenna 2 is 2 5/8 wavelength whip and its pattern is even more hormrible than the first, with

stronger Jobes at high and low anples,

Antenna 3 is 4 base driven, half-wave whip with a guarter wavelength decoupling sleeve, Note
that the maip lobe of the patter js directed toward the horizon. This pattern is virmally
unaffected by the length of cable leading up to the antenna. The slight asymmmetry in the shape of
the lobe is a result of the small current spilling over onto the owsicde of the decoupling sleeve,
which is actually in phase with the current on the antenna and produces & small, urrm:-:i:rectmnal

gain over an jdeal half wave whig.

How to properly decouple the antenna
The first step in achieving good decoupling of 2 vertical
whip is 10 bring the coaxial line up through a guarter wave
sleeve, as shown in Figure 5 This antepna, called a
“sizave dipole™ has been widely vsed for many years, The
sleeve is connected (o the outer conductor of the coaxial
line @ the feedpoint, and extends down arcund the coax
for a quamer wavelength. The center conductor extends
above the feedpoint fur a quarter wavelength. The amenna

behaves like a vertical, center-driven hatf-wave dipole.

The bowom of the sleeve is a point of high charge
concentralion, yielding considerable electric figld coupling
to the auier conducter of the coax line, as shown in Figure
5. A certain amount of “'spill-over” current will flow down
the outside of the outer conductor. While this effect is
minimized by emploving 2 large ratio between the
diameters of the sleeve and of the coax line, much more
pomplete decoupling is achicved by installing a second
guarter wavelengih decoupling sleeve below the first, as
shown in Figure 6. The radiation patiems of these
anterinas are subsiantially independent of the length of the
coaxial line, or of any metallic mast on top of which the
antenna may be mounted. As a matier of fact, radiation
from the small current existing on the Jower decoupling
sleeve combines fortuitously with the radiation from the

vertical dipele to produce 2 broad lobe in the vertical Flrm.lrti Fields arcund a slesve dipole

plane, centered an the horizon.

Another effsctive form of decoupling is shown in Figure 7. In this design, the radiating element
consisis of a half-wave whip base-driven through a quarter-wave decoupling sleeve. Since the
current alang the whip is distributed in the form of 2 standing wave with maximum amplitude in
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Facts about proper VHF vertical antenna design

ihe'::cnt:r the base of the whip 15 a point of low current and high veltage. As explamed in the
previous section, the magnitude of the current gpilling over the outside of the decowpling sle::w:
must be equal to that of the current fowing o the base of the whip.

RiRR

Figure 6 Sleave dipals with Figure 7 End-driven half-wave dipate wilh quarist
additional decoupling sleeve wave decoupiing sleeve

Since this current is small, the spill-over current is also smatll. The spill-over cument is also
distributed as 2 standing wave, with maximum amplitude at the 10p, where the sleeve connects to
the outer conductor of the coaxial line, and minimum amplitude at the botlom or open end of the
sleeve. The current disttibution on the entire antenna is sketched in Figure 7. The current couplad
onto the outside of the coaxial line below the sleeve is extremely small, as can be experrmentally
verified with the RF detectar described at the end of this booklet. Since the mput impedance of
this antenna is high, a tuner is necessary to transform the impedance to 50 ohms. An L-C network
for matching puwrposes can be buili-in at the feedpoint,

Achieving emnidirectional gain

The most practical way 10 oblain omnidirectional gain in a vertical antenna system is to stack a
number of separate antennas o form -a vertically riented colinear array. It is relatively =asy to
obiain 3 dB of omnidirsctional gain with respect 1o a vertical half-wave dipole. Higher gains
require much more complex structurss, multiple feedpoints, power dividers, phesing sections,
impedance matching networks, gtc. While 3 dB of omnidirectional gain can be obtained in
antennas costing little more than simple decoupled half-wave whips, higher gain antennas are
generally much more expensive.,

One of the most popular ways to obtain 3 dB of omnidirectional gain over a vertical half-wave
dipale Is to employ a center driven dipole whose total length is 1 24 wavelengths, that is, 5/8
wavelength on each lag. The properties of such 2 dipole have been known for many years. When
crienied vertically and well decoupled from the coaxial feed cable, this antenna produces almost
exactly 3 dB of omnidirectional gain with respect to a half-wave dipoie, yer requires but one feed
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point. The 1l waue]englh (or "“twin 5/8") design
produces the maximum possible gain for a single dipole.
If the antenna is either shuner or longer, the gain drops
off.

Figure 8 shows how this dipole can be employed in a
verical orientation. Notice that the cozxial line is
brought up to the center of the dipels, where the center
conductor excites the upper 5/8 wavelength element.
The lowsr 5/8 element consists of the outside of the
outer conductor, down for a distance of 3/8 wavelength
from the fesdpoint, and then the outside of a Y
wavelength decoupling sleave. The “spill-over” current, !
which must be squal to the current at the base of the ¢
upper siement, constitules the current entering the lower !
element of the dipole, The lower 5/8 element terminares |
at the open and of a resonant quarter-wavelengih sleeve, @
Tests have shown the presence of a small amount of |
spill-over current below this sleeve. Accordingly, a |
second rescnant sleeve is necessary 1 produce 2 high |
degres of decoupling, The current distribution along the
antennz is sketched in Figure 8. Note the standing wave - (=
distribution, and the fact that the upper and lower
current “loops™ are in phase with cach other. This is the
desired action which produces the gain. Nate also that
there is a phase reversal of the currents near the feed "Tl"
point. The effect produces small “side lobes™ at high and

low angles - a characteristic of most gain-type anienna  °' _
arTay's. Figure 8 Center-driven twin-5/8 dipels with
- twin decoupling sleeves

N
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The decoupling sleeves are filled with Styrofoam cores with 2 central hole te accommodate the
coaxial line. An L-C network is used at the feed-point to match the antenna impedance 10 30
ohms. The entire antenna i fitted snugly inside a stiff, tapered fiberglass tube, and weather
sealed.

Gain .

The stated gain of an antenna most ose a reference to have any meaning. Commercial antenna
manufacturers use a free space half-wave dipole as the gain reference and the gain will be shown
with the subscript “d™ (for dipole). 50 the number 3 dBd 1nd1cat=5 3 dB mors power in the
direction of maximum radistion than a dipole.

Another common reference is gain over the mythical isoropic radiator. This is a non-existing,

byt mathematically convenient antennz that radiates with the same power intensity in all
directions. The gain of a half-wave dipole is 2.15 dBi and our 3 dBd antennais 5.15 4Bi.

Page 7



Facts abou! proper VAF vertical antenna daﬁfgn

In order (0 make the gain numbers larger, some manufacturers use gain numbers that could
theoretically be achieved if the antenna were placed gwver a perfect, infinitely large ground plans
s0 that all the power deliversd to the antenna would be above the ground plane. This theorgtically
would double the power above the ground plane and add another 3 dB. Our dipole could have an
“advertised gain™ of 5.15 dB and our 3 dB4d antenna counld be advertised to have a gain of 8.15
dB. Note that there is no reference in these pumbers. The prospective antepna purchaser should
insist on the gain reference.

Vertical base station antennas should have their direction of maximuem radiation on the horizon.
Some commercial antennas intended for amateur use cannot contrel their pattern and may be
several dB down on the horizon, Gain is, unfortunately, measured in the direction of maximum
radiation; not on the borzon. Two antennas with 3 dBd of gain mav he milas apart in
performance due to their differing angles of maximum radiation.

. An antenna whose maximum radiation is at 2ero degrees slevation {hke the IsaPole) is an
important consideration.

IsoPole™

The same twin-5/8 wavelength design shown in Figure 8§ is used in the AEA IsoPole antenna,
shown in Figure 9. Models of this antenna are produced for the 144-148 MHz, 220-225 MHz and
420-450 MH2z arnateor bands (the two meter IsoPole can be tuned anvwhere between 138 and
174 MHz for commercial applications).

The design abjectives for the IsoPoles were challenging: ;
1. to producz a gain-type omhidirectional wverbeal antenpa with excellent !
decovpling, I
2. capable of accepting full legal power, % A

3. impedance matched at the factory for complete coverags of the respective | |
commmercial & amateur bands, '

4. with input coaxial connectors and matching section protected from Ihﬂ weather, |

5. all at an attractively low price. e—1

|
To reach these objectives, innovation was necessarv, For example, the conical |l |
shape of the decowpling slesves was chosen Lo achieve structural rigidity, good 1 5 A
" decoupling via a wide mouth diameter, and a simple means for clamping the slesve |{ 8
to the mast. These mechanical advantages, combined with cerain elactrical |'I |
properties of nuncv]mdncal sleeves have led AEA to obtajn patent protecticn for u
this design. ! \

The IscPole is designed (o be mounted atop 2 metailic pipe or mast. The base of the I,"
upper element of the antennz contains an insulating section of Delrin® and metal | "1
sleeve {0 slip over the 1op of the masi. The coaxial connector is located withip this

sleeve, allowing the coaxial cable {usually BG 8/U) (o be brought up inside the i :
Figure 9 The AEA

IsoPole ame=nta
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mast. The RF connection to the antenna is therefore completely out of the weather. The
insulating section houses the L-C tuner, which is pre-adjusted at the factory o provide low SWR -~
over the entire band. The L-C tuner compensatas for the slight impedance mismatch introduced . -
by the common (VHF) female $0-23% connector used. For best results, the vser should t:mpin}r a
BNC or type N fitting at the wransceiver end of the RG B/U cable. '

While hardly necessary, the user of the antenna, if he so desires, can tune the IsoPole o 2 specific
fraguency using an SWR bridge. This is done by lengthening or shorening thpcr element
(which is constructed of two telescoping sections) for minimum SWR and making a
corresponding adjustment of the distance between the faed point and the mouth of the upper
decoupling sleeve.

Other tWIn-EJ'S antennas -
Some manufacturers offer twin-5/8 antennas which are dﬂven al the lower i
gxtremity, as shown in Figure 10. A phasing section 15 wsed at 2 point 3/8ths ‘ '
wavelength down from the tip in order to obtain the desired current o :
distribution. The coaxial connector fot the feed line, the matching network, .
the base insulator, and the hardware for mounting the antenna atop a mast '
are all located ar the Jower extremity. Antennzs of this design have
ghspiutely no decoupling. The same current entering the base of the antenna
must spill-over the mast (if metallic) and the outside of the coaxial line.
Cuorrents on the tast and coaxial line radiate and create fields which
combine with those radiated from the antenna. The resolting radiation
pattern is vimually onpredictable, and varies with every installation. Figure
11 shows a superimposition of two radiation patterns, one for an AEA {
IsoPole , and the other for a non-decoupled twin-5/8 antenna as supplied by ,
its manufacturer, These parems were measured on an anterma pakiem rangs i
"at & nearby university, osing high standards of anlenna engineering practice. |
The patierns wers maasured in such a way that the effact of the presence of . SOV
the earth on the two antennas was identical. In each case, a length of 8-1/2 ﬁ
feet of coaxial cabie was mounted so as to extend beyond the bottom |
extremity of the antenna in a straight line. Radiation patterns were recorded !
in dB on a linear chart recorder, and transferred carefully to polar plots

showing relative radiated power vs. vertical angle, to simplify interpretation Figore 10 End- dmm twin-5/8
of the results. amenpa with no decoupling

<o O
P

i)
|

Nete that the main lobe of the lsoPole is centered on
the horizon, while the main lobe of the non- j
~decoupied antenna is tifwed wpward, with a |'
corresponding loss of power in the direction of the

horizon. This effect was produced by radiation from |
the cutrents spifling out on the 8-1/2 feet of coaxial |
cable. Longer cable runs could be expected to
produce much more serious degradation of the

Figure 11 Radiation patl.:mauf AEA IsoPole compared (o
that of non-decoupled twin-3/6 antenna
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radiaticn pattern, in the form of many sharp Jobes caused by the “long-wire” radiation from the
feed line phasing in and out with respect o the radiation from the aptenna. While there would be
a finite chance that radiation from the feed line mught combine fortuitously with that from the
anteana to create & nel gain, this resolt is improbable. The loss of performance of the non-
decoupled antenna will vary with each installation, and can easily be in the range of 3 to 6 dB
below its well decoupled counterpart.

How to make.&n RF detector
A simple series circoit consisting of a loop of wire, a pilot light and a tuning capacitor, makes an
inexpensive and highiy effective detector of antenna currents and the spill-over effect.

Figute 12 shows a typical detector, using a square loop of wire 2 inches on a side. A No. 49, 2
volt, 60 mA, Pilot light should be used in order to obtain enough sensitivity for good results with
as little as 10 watts of transmitter power; The variable capacitor can be a compression-mica, air
dielectric, ceramic, or tubular plastic varety. A diclectnc handle of wood or plastic should be
gived to the loop in order to pravent the user’s hand from detening the datector or the antenna,

To wne the detector, bring the loop op close to the antenna while the transmitter is g, with the
plane of the loop. Adjust the capacitor with an insulated tuning tool to obtain maximum
brighiness of the lamp. You may have to back the loop away from the wire t avoid bumning out
the lamp doring tuning. With the suggesiad capacitor, the loop should be able to tune to any
frequency between 140 and 230 MHz,

16-20 GAUGE WIRE
on

“‘*i":ﬂ No. 49 PILOT LIGHT

'i 2VOLT, 60 A IN JACKET
2“ "‘!_H'
S SHREEN

YARIABLE CAPACITTOR
4-12 gf
[or thereaoouts)

LOOP GLUED 1O DIELECTRIC HANDLE

Flgure 12 Simple RF detector
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