
21 dB of gain on 2 meters with a new
approach to the construct ion of VHF beams

by A.H.C. Smirk, RE. ZL4TA H
(Reprinted from Break-In)

Introduction

Of all the components making up a
VHF installation the antenna offers

the most potential for improving a station's
capability. For those who may have doubts
it is pointed out that with t he low-noise
transisto rs avai lable today . such as the
MPFI0 7 of the fi eld-effect type , it is
relatively easy to obta in a go od noise
figure : however, the overa ll noise figure o f
a VHF receiving insta llat ion is affec ted by
the gai n of the anten na. T he improvemen t
that can be obtained by increased an tenna
gain depends only upon the size of array
that it is practical and economica l to
construct.

In recent months I have develo ped a
suspension system fo r VH F antennas where
the rigid booms and st ruc tural framework
of the convent ional high-gain an tenna are
replaced by ropes under tension . With this
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system it is easy to construct very long yag i
antennas which individually have the same
gain as stacked arrays of conventional
design. ,

The 32-element yagi described in th is
article has a length of 73 ft, a theoret ical
gain of 2 1 dB , and can be const ructed from
all new mate rials for less than $ 10. Photo 1
shows a comp lete d 32-elcment beam
before it was raised on to its masts. Anten
nas of th is form could properly be des
cribed as suspended long yagis and I
suggest tha t they should be called "sly"
beams, using initial letters to form the
acronym.

Electrica lly the sly beam is identica l to a
rigid boom yagi of equivalen t length except
that the elements are sligh tly shortened to
compensa te for the removal of t he usual
me tal boom.
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Table I . D im ensions and spacing f or 32-elemen t
sly beam.

t
7"14G C o p per w i re

Elem....t l ength. in . S plicing Iro m Spacing fro m
Oi,ecto. P'<JCed i"9 E lement Driven Elem en t (in. J, 3!>.2 " ", 35.2 " 14.0

a 3 5 .2 ,.• 21.4

• 35.2 1 6 .4 31.8
s 35 .2 3 1,9 69 .7
s '" 31,9 101.6, 35 .2 31 .9 13 3 .5

• 35 .2 31 .9 165 ,4

s ae a 3 19 197 .3
ro 35 .2 31 9 229.2

" 35 .2 3 1.9 261 .1

" 35.2 319 293.0
ta 35.2 319 3249

" 3 5 .2 31 ,9 356.8
ts '" ai.e 388.7

" '" 319 4 2 0 .6

" '" 3 19 4 52 .5.. 35.2 3 19 484.4

" ", '" 5 16.3
ao 35.2 3 1.9 5 48 :2

" 35.' '" 5 80,1

" 35.2 31 .9 612 .0
aa 35.2 3 1 .9 6 4 3.9

" 35.2 3 1.9 67 5.8
ae 35.2 31.9 707 . 7
ze 35.2 3 1.9 739 6

" 35.2 3 1.9 771 .5
za 35.2 3 19 8 034
as • '" 319 835.3
ac 35.2 '" 8672

O roven Element ,..
Aellecto, 4 3 0 12 3 20 ,5

All directors - cut from 1/8 in. .diameter alum i
num welding rod .

Driven Element and Reflector - cut from 1/8 in.
diameter brass rod .

Spacing of Fiber Cord s - 14 in.
Design Frequency - 144.2 1101 Hz

slo tted, ba la nced T V feeder to a fully
adjusta ble balun a t th e transceiver. T o
some , th is sy st em may seem a bit crude but
it d o es con t rib u te to the o verall simplicity
of the antenna . Results u sing the d elta
match are very sa t isfactory and checks
made with an impedance bridge con firm
that a good match is obta in ed at the driven
element. When using balanced lin e it is

necessary to keep th e line tau t, otherwise
some flu ctuations in forward and reflected
power may o ccur with movements of th e
feeder. Det ails o f the d elt a mat ch a rc give n
in Diagra m I.

Suspension Cords
O rdin ary cotton or hemp rope is not

sa tisfa ctory for th e suspension cords as
these material s absorb water into their
fib ers resulting in swelling a nd shrin ki ng .
Furthermore , the length of such ropes
depends upon the period fo r which t hey
have been subje ct to lo ad , a phenomenon
known as " creep." For any VHF an tenna it
is a fundamental requirement that e lements
must have the correct spacing at all times
whe n the antenna is in u se . Nylon cords
generally do not absorb water into the
fiber, but some types will ho ld water b y
ca p illa ry absorpt ion be t ween the fibers. A
120 Ib breaking st ra in fishing line made o f
"Ulstron" fib er has b een found to have
adequate me chan ical p ro pert ies. (I t is New
Zealand made , so may no t be read ily
ava ilable in a ll areas. But parachute cord s,
deep-sea-fishing lines, and o ther high
st rengt h nonporous cords shou ld be
equally su itab le . )

Elements
With y agi antennas the directors may be

all o f the same length o r o f d ecreasing
length wi th distance from the driven ele
ment. In the former ca se the optimum
length for all d irector elements d e pend s
upon their total number. When there arc
more th an 12 in number , the length of
directors b ecomes less than 36 in. for a
design freq uency of 144.2 MH z. Aluminum
welding rod of 1{8 in . d iameter is su pp lied
in 36 in . lengths and is a re ady source o f
eleme n ts. The low-cost , ligh twe igh t and
high-conductivity characteristics of alumi
num make it an ideal ma ter ia l. For the
drive n element and refl ec to r which are
necessa rily greater than 36 in . long at 2
meters, so lid brass ro d of 1/8 in . diameter
has b een used . It is ava ilable in lo ng lengt h s
from su p plie rs o f nonferrous metals. The
lengths and spacings of all el ements for th e
3 2-ele men t sly beam are give n in Table I.

Matching
Most of t he usual forms o f impedance

mat ching sho uld be sat isfactory with t he
sly beam. I used a 300n d elta ma tch at the
dr ive n e leme nt and a length of 300n

--
300n Balanced

feedli ne

Diagram 1. Details of delta matching for 300n
balanced feedline.
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Fabrica tion

Even with the best artificial fiber cords
available a small amount of creep inevi
tably occurs. A standard technique to
minimize this is to prest retch the cords for
~4 hours at about 90% of the breaking
load . This is well worthwh ile as about 80%
of the ultimate creep will occur within the
first few hours of loading, leaving only a
sma ll percen tage to occur while the
materia l is in service. The pres t retching is

conveniently done by placing two of the
cords in parallel ready for the elements to
he fixe d and then tensioning between
anc hors as prescribed.

As an additiona l safeguard against creep
it is recommended that when the sly beam
is not in use the tension on its supporting
cords be reduced to less than 50% of the
working load . In practice, this is easy to do
and only requires that the supporting cords
pass through a pulley at the mast head and
down to some convenient point from
which adjustments can be made.

Two light wooden spacers about 15 in..
long are used to maintain the cords at the
correct spacing. These can be fixed to the
fib er cords by passing the cords thro ugh
small ho les drilled near the ends of th e
spacers and then kno tting the cords abou t
the spacers.

It should be noted that t he supporting
cords are slightly elastic so that the spacing
of the elements depends upon the tension
applied. Also the sag of the array and
susceptibility to lateral disp lacement in
high winds is affected by the tension in the
cords. It has been found that a total of
80 - 100 lb of tension in the antenna is
satisfactory fo r a system employing two
cords each of 120 lb breaking strain.

The elements should be cut to size and
fitted to the supporti ng cords wh ile t hey
are subject to the in tended wo rk ing ten
sion. ~any method s of attaching th e
cleme nts to the supporting cords are
possible. However, wire ties sho uld be
avoided because of the risk of producing

noise in the receiver due to the interaction
of the unbonded metals. The simplest
approach is to tie the elements firmly in
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Fig. 2. Knot used to fix elements to suspension
cords.

place with a piece of colton fishing line as
shown in Fig. 2.

It is useful to arrange the knots so that
they can be slid along the fiber supporting
cords. The first step then is to tie all the
elements in place and then working fro m
one end slide each clement in to its exact
position. A measuring stick with the lead 
ing dimensions marked on it simplifies this
procedure. Knot s are t hen trimmed a nd a
dro p of glue or varn ish applied to hold
them.

Masts
Two supporting points are required, one

at each end of the array. and each of these
mus t be capable of taking up to 100 Ib of
sideways loading. This sounds difficult but
in practice is not really so. Use can be
made of trees, chimneys and other natural
objects although care is necessary to insure
that t he antenna's performance is not
affected by objects within its effective
aperture. If a t ree is employed some
arrangement is necessary to compensate for
sway; o therwise the ele ment spacing will
va ry . One so lution is to use a pulley at t he
treetop and a coun terweight wh ich ma y
rise and fall in a setup similar to that used for
low-frequency longwire antennas. Even if
two masts are req uired the cost need not
be excessive. I used masts of IY2 in.
galvanized pipe with three guy wires at
every l O ft of height. The guys used arc

73 MAGAZINE



@
CODE '~"'C Tl CE OSCill AlO R

CW MONITOIl

s

. on <!? <.
------AMECO---

Improve your CW sending!
NEW AMECO CW MONITOR & CODE
PRACTICE OSCILLATOR , -~ !

• Monitors Transmitter's CW • Transistorized
• Kit or Wired • Bui lt-in Speaker • low Cost
The Model OCM is a combination Code Practice Oscillator and CW
Monitor. It monitors yourCW sending with a simple (no modification)
connection to the keying terminals transmitter. It may be used with
any transmitter or transceiver employing negative bias keying. Atone
contro l, as well as volume contro l, and head phone jack are included
on the front panel. Built-in back-to-beck diode switching makes it
unnecessary to turn the unit on and off, even when switching from
CWto Phone. Curren t drain only takes place when the key is actually
depressed. The model OCM contains one transistor and two diodes.
Size: 6" x 3/1 X 2"

Model OCMW (Wired & Tested) (less batteries)
Model OCMK (Kit form) (less batteries)

Leader in Compact, Quality Ham Gear
P.O. BOX 6527, RALEIGH, NORTH CAROLINA 27608

A Division of Aerotron, Inc.
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IO-gage fe nce wire, each fitt ed wi th a wire
strainer fo r easy t ensioning. With this
arra ngemen t there is no di fficu lt y in
obtaining the necessa ry 10 0 Ib la teral load
abil ity a t 40 ft a bove ground, provid ed the
guy anchors arc firmly set.

Fig. 3. Th e laun ching en d of the "sly " beam.

Polari zat ion
With the ar rangemen t shown in Fig. I

the t wo fiber cords arc brought together to
form a single cord at each end of the
anten na. Generall y the we igh t of the feeder
is suff icien t to keep the elements ho rizon
tal bu t in wind y co ndit ions the ant en na
ma y rotate , thus a lte ring the plane o f
polariza tion. A simp le solu t io n is shown in
Fig . 3. T wo ligh t cords are attached to the
wooden space r at the reflector elemen t to
maintain the desired plane o f polariza tion
of the array. A change from horizonta l to
ver tica l polarization or vice versa can be
effec ted in a fe w mo ments by alteri ng the
relative posit ion s of the two stabiliz ing
cords thus ro ta ting the array about its lo ng
uxrs.
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Bandwidth
Generally spea ki ng, the bandwidth of a

yag i a nte nna is inverse ly proportiona l to
the gain: for a 2 1 d B yagi. peak perfor
ma nce can on ly b e expected over a na rro w

por t ion of t he band . As normally d efin ed ,
the band wid th o f the 3 2-clemen t sly b ea m
is pro ba bl y a bout 0 .5 Ml-l z a t 2 me te rs.

Outside this ra nge a no t icea b le drop in
performance is ex pected. However, the sly
bea m has an u nusual feature not fo u nd in
conve n tiona l a ntennas : The sup port ing

cords are quite clastic and by alter ing the
tensio n on the beam it is possible to alter
the spacing between adjacent c le me n ts.
This ell masse altering of c leme n t spacing
tun es the a rray and has t he effec t of
increasing the useful bandwidt h o f the
an te nna. It should be poin ted out that to
achieve max imu m ga in a t a pa r t ic u la r
freque ncy the spacing be tween every
elemen t and t he le ngt h o f every eleme n t

must be optimum.

Gain
Some authorities d o no t sta te perfo r

mance figures for antenna a rrays because

of the u ncertaint ies involved. Ho wever. I
conside r tha t an ind icat io n of the pote ntia l
performa nce shou ld be give n so th at dif
fere nt arrays may be tentative ly compared.
Pro vid ed the readers realize that many
fac tors such as ante nna height a nd mu lt i
pa t h reflectors can markedly a ffect
a nte n na performa nce , no se rio us d is p utes
should arise.

The theore tical gain of the 32-eleme n t
sly bea m is close to 21 dB when compared
with a d ipole . Many weeks have been spe nt
in a ttem pting to ve rify th is ga in f igure

experimen tally but a reliab le and accurate
figure has not been obtained. On-the-air
compara t ive t ests u sin g a dip o le a nd a
5-cleme nt y agi gene ra lly su p port the theo
retical gain figure. The a n te nnas used for
comparisons were carefully checked for
impedance matching a nd reson a n te fre
q uency. Measure ments were made wit h the
ai d of a relia ble ste pped a lte rna to r fitt ed
between the conve rte r and t unable i-f
system. T ests were conducted from two
sites under a variety of cond it ions wit h
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sta t ions up t o 180 miles distant. The
imp ro vement o b tai ned wi th the sly beam
over the 5-e lemen t yagi o n receiving tests
was t ypically Z 5-units, o r 12 d B.

O n the lo ng pat h between Duned in a nd
Wellington (37 0 mi les) the sly beam has

shown it s su perior it y. O n December 14
when Bill (Z L2CD ) was in contac t wit h
Peter ( Z L4LV) and Z L4 T A II (mel. Bill 's
signa ls we re bare ly pe rce pt ib le on a 5
c lemc nt y ag i at my Pigeon Flat DX sit e. On
the 32-element yagi Bill's signa ls we re

easi ly readable.

F ig. 4. A "sly " beam can be rolled on to a card
board tube for transport.

Portable
Beca u se t he sly bea m has no rigid boom,

it can readily be ro lle d in to a ca rdb oa rd
tube for transpo r t to f ield d ay o r OX sites.
The to tal packed weigh t o f the 3:!--ele ment
beam, excluding feedline. is about 2Y2 lb .

Usefulness
Obviously the sly beam is not intended

fo r across-town con tac ts. With a simp le

antenna, such as a 5-element yagi, it should
be possib le to consistent ly work stations
o u t to 100 miles o r more, give n ave rage

c o n d i tio ns a nd mo derate t ransm it ter
powe r. If you can no t d o t his, fix your gear
first or find yourself a good portable
o perating site, then think abou t b u ild ing a
sly b eam.

F or mo st O X purposes thc fa ct t ha t the
array is fixed in direction ma y be of li ttl e

importance. T he 32-element beam d es
cri bed he re has a. bea mwid th in the HE"
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plan e of about 100 (a t the half-power
points) . Thus at 200 miles the width of the
main lobe is about 34 miles. My lo ng yagi
at Pigeon F la t near Dunedin has been
carefully aligned so that t he centerline of
the main lobe passes close to Wanganui in
the North Island . In the region of Welling
ton the main lobe (when it gets that far)
wo uld be 75 miles wide . Thus Christ
church, Welli ngton , an d Auckland all lie
close to the 10 0 solid angle enclosing the
main lobe of the antenna on its present

• hea ding. In addition to the dispersion of a
signal with distance, resulting from the
dive rging antenna beam, there is scatter
due to to pography and atmosphere. All
this means that beyond 200 miles the area
over which the transmitt ed signa l will be
heard a nd from which signa ls will be
received is quite broad .

Future Developmenl
Alt hough the suspension system appears

best su ited to the yagi , it could readily be
adapted for collinear or other types of
array.. Even with the yagi there is much
scope fo r experimentalion and develo p
me nt. An accurate measure of the gain of
the sly beam and an assessmen t of the
broad ening of the bandwid th achieved by
alte ring the tension of the suspe nsion cords
wo uld be worthwhile projects.

A q uick gla nce at Table I, which gives
the length an d spacing of elemen ts, shows
that apart from the reflector , the driven
element , and the first fo ur directo rs, the
element length and spacing is cons tant. If a
reflector, d riven eleme nt , and set of
lau nching directors were fi tted to each end
of the array, a switchable bidire ctiona l
antenna might resu lt , This could prove
handy fo r ZL2 s who could then beam
north or south simply by feeding the array
at one end or the othe r.

Conclus io n
The sly beam is an exceptionally high

performance an te nna which can be con
structed in a single afte rnoon from all new
materia ls for less than $ 10 (excluding
feede r and masts) . No special to ols o r
fabricat ion techniques are req uired and
anyone who can t ie a knot could construct
one. Unusua l fea tu res of the suspe nded
beam are it s ab ility to be tuned by varying
the tension on the su pporting cords , it s
high gain resulting from it s length , and its
portable na tu re. It is best sui ted to fixed
direction commu nicat ion beyond 100
miles and should make po ssible some rare
DX co mmun ica tion on 2 meters and per
haps eve n a record-breaking contac t
between a first a nd fo urth dist rict stat ion .

. .. ZL4TAll •
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