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for
VHF/UHF

REPEATERS
Quadruples your repeater

output power and will
bring in solid those

marginal mobiles
in the fringe areas.

Ken W. Sessions, Jr . K 6M VH

P ro bably the most po pular antenna in
the amateur rep eat er wo rld is th e

o mnidi rec ti onal co llinear coaxial sta ck , al­
though it is seldom ca lled by that name .
Versions of this antenna are manufactured
by suc h co mpanies as Prod elin , Phelps
Dod ge (Communications Prod ucts), and
several othe r fir ms t hat b uild antennas
specifica lly for the co m mercial bands .

Two of t he reas ons the co llinear anten ­
na is so popular are that it can be mad e to
exh ibit a great deal o f omnidirectio nal gain
a t a very lo w angle o f rad ia tio n and it takes
up very little space; In its manufact ured
fo rm, it resembles a lo ng fish ing pole wit h
a pa ir o f crossed fin s at the base.

In spite of th e fact th at a great deal o f
pains ta ki ng effort is re q uired to m ake th e
anten na an d get it jus t righ t , the operat ion
is surprisingly simp le. An d wha t ma kes it
even more attractive to th e amateur, it is
re mar kab ly inexpen sive. About all yo u
nee d is a good-sized hunk of 50n fo am­
dielectric co axial cable and so me po ly­
viny l-chlo ride (PVC) pipe. For 2 meters,
the pip e should be between 20 and 2 1 ft in
length ; fo r 4 50 MHz, an 8 ft length will d o
fin e. T he to ta l omnidi rectional gain (as
co m pared with a reference dipole) will be 6
dB (ac tually 5 .8 dB , b ut who's cou n ting?) .

Building th e Antenna

Ignoring the stru ctu ral aspec ts, th e
an te nna it sel f is nothing m ore than a series
of precise len gt hs of coaxial cab le so lde red
in an alt ern ate ph ase-reversal configura tion
as sho wn in Fig , 1. A q ua rter-wave wh ip at
the ant en na 's t ip shorts th e inner and oute r
co nduc to rs of th e coax and becomes the
te rmina l rad ia ti ng elem en t. At the lower
end o f the antenna, th e last co ax sec tion
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SOLDER TO
BRAID

Fig. 1. The co llinear gain antenna is m ade up o f
coaxial sections -connected in a phase-reversal
co nfigura tio n. The .bo ttom sec tion (fro m th e
radials rc the first joint ) and the upper sec tion
(wh ich jo in s the ant en na to the sho rt ed radiator)
are half the size of all other sec tions.

actually becomes the feedline itself, whose
lengt h , incid entally. is not critical as long
as the di mensions are foll ow ed with relig­
ious fana ticism.

A nu mber of amateurs have managed
to build an te nnas of this ty pe, and dia­
grams have never been scarce. But few have
handled the project successfully. Gett ing
the antenna toget her is no big deal. Th e
problems start to happen when it 's time to
turn t he solde red-to get her pieces of coax
into a structura lly sou nd antenna. Ap ply­
ing wet epo xy , as in a fibe r-glassing
sche me, doesn 't work out. I hav e yet to
determine whether the problems are attri­
butabl e to some chemica l interaction be­
tw een the wet epoxy and the coax dielec­
tric (changi ng t he dielectri c const an t of th e
line) or beca use the hard ened epoxy
doesn 't allow an y flexing of th e coax braid .
In any event , sealing the antenna with
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GENERA L LAYOUT ONLY.
SEE FIG. I FOR DIME NSIONS
ON ae, 220, AND 450 MHz

Fig. 2. Layo ut and dim ensions of collin ear gain an tenna. Th e 2 m eter dim en sions are for a
freq uency of 14 7 MHz; the 45 0 MHz dimensions are for 4 42 M H z exa ctly . The 220 d im ensio ns are
for 220.5 , just half the 45 0 frequency. The antenn a is broadbanded enough to yi eld a low V SWT on
any fre quency with in a megahertz of tha t shown.

epoxy is ultrabad news. When the antenna
is rigid and looks great, you'll measur e a
very disappointingly high standing wave
rat io and you'll discover with much lament
th at yo ur old groundplane worked be tter.

T he co mm ercial ante nna people use
fiber glass, but t hey do not use it to seal
th e antenna. Instead , they use an inert and
flexible sealer, th en encase the whole busi­
ness within a preformed fiber-glass t ubular
envelope . At leas t one of th e co mme rcial
suppliers uses beeswax as the inert sealer.
Actually, t here is no real need to immo­
bilize the an ten na once it has been placed
inside the PVC pipe. The most important
point in th e constru ction process is to
make th e th ing wate r-t igh t. Water dro ps

inside a hunk of coax do bad ' things to
antennas and feedlines; and once the water
gets insi de, you're better off changing
anten nas than tr ying to ignore the prob­
lems.

The dimen sional details o f the an te nna
are shown in Fig. 2. Length s have been
calcu lat ed in th e decimal syste m to the
nearest hundredth of an inch . Of course ,
you'll not be ab le to mainta in this accu­
racy , but th e sys te m did simplify th e
co mputations . The 2 meter figures are
based on an op erating frequen cy of 147
MHz. The antenna is broadbanded enough
to give an swr of close to unity regardless
of the FM channel of operat ion . The 4 50
Mllz frequen cy o f operation is 44 1 MHz,

SHIELD (T IN WITH SOLDER)
1/4 in. EXPOSED

COAX

SOLD ER T O SHI ELD
OF NEXT LENGT H

D1ELECTRIC-I / B in. PAST SHIELD

INNER CONDUCTD R - I/ 4 in. EXPOSED .
SOLDER TO SHIELD OF NEXT LENGTH

COAX

Fig. 3, The coaxial lengths sho uld be so ldered as shown . Keep the braid trim med even ly all the way
around and make sure the braid from one sec tion doesn 't make contact with the braid of the n ext
sec tion. I f conductors are well tin ned , pro blems will be minimized . Coax leng ths are measured
individually [rom braid en d to braid end.
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exactly t hr ee t im es the fre quency of t he 2
meter version. You 'll no te that the 450
dim ensions arc just one-third those shown
for the 2 meter version . If yo u build both
antennas, don't select those two exact
freq uencies for repeater channels or you'll
likely end up with your 2 meter sys tem
tr iggering yo ur 4 50 receiver - it has hap­
pened. Th e 220 dimension s are calcu late d
for 220 .5 MHz (half the 45 0 frequency ). I
haven't built the antenna for 22 0 becau se
I've never had th e occasio n to use that
band except when get ting into W6ZJU's
privat e repeat er. But if 45 0 contin ues it s
trend of increasing po pulation, there
sho uld be a general t ur ning to 22 0 MHz for
repeater control in t he not-too-distant off­
ing .

To begin co nstruction, cut eight
lengths of coax from the reeL Each piece
sho uld be cut about an inch oversize, then
trimmed do wn later so that all pieces are of
exactly the same lengt h. The di mensions
given are en d-of-braid to end-o f-braid for
any given leng th . (See closeup det ail in Fig.
3.) The braid-to -braid dist ance should be
approximately the same as the d istan ce
between the inner and the outer conductor
of t he coax you' re using, or approximately
1/8 in . This dimension is t he only one th at
does not change with operating freq uency
or band.

When all the leng ths have bee n cut an d
trimmed to t he precise lengths , and you are
sur e they will fit toget he r as shown, study
Fig. 3 carefully, th en tin all exposed braid
and conduc tors. This tinning pro cess is an
im por t ant step and should be done as
completely as yo u can manage it.

As yo u solde r the lengths toge ther , use
care to avo id handling th e sold ered pieces
any more than is absolu te ly necessar y . The
braid can pull loose without muc h encour­
agement - and whe n th at happens yo ur
only recourse is t o replace the sec ti on with
the loose braid. Winding each jo int -with
electrical tape has always wo rk ed out well
for me, but I always won de r if everything
is okay under that ta pe. Once the tape is
app lied, you'll jus t have to guess about th e
con dition of the hidden joint. The be st
approac h would probably be to make all
join ts first , then inspe ct the whole anten na.
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If everything loo ks shipshape, then go
ahead an d wra p the joints with tape. Ju st
be very careful in the handling until the
an tenna is safely stuffed into its plas t ic
pipe.

T he quarter-wave radi ator that goes at
the top can be any goo d conductor, but
copper is best. And th e easiest way to get a
good, sti ff cop per co nduc to r is to buy
some narr ow-diameter (1 /8 in. is idea l)
copper tubing . The same material can be
use d for th e rad ials at t he base of the
antenna. I have used type TW soft-draw n
cop per wire (10-gage) , but it has proved
too flexible fo r appli cati ons involving re­
mote mounting - suc h as at distant re­
peate r sites. The t ubing offers a grea t deal
better stability. If you have a heavy-wat t­
age soldering iron or gun, you'll have
excellent results soldering the tubing,
too - even tho ugh yo u'll probably hav e to
file or scrape the part s where solde r is t o b e
applied.

Ground Radials

There is nothin g sacred about the
manner in which the rad ials are attached to
th e antenna. F igur e 4 shows the sys tem I
used, wh ich wo rked but had a ra t her ugh
look about it. K6VBT built on e an d used
an arrangement of his own that looked

COAX

WRAP RAD IAL S w IT H
BARE WIRE AND SOLDER
TO COAX BRA ID

Fig. 4. Radials, of narrow-diameter copper tub­
ing, should be cut to slightly longer than a half
wavelength . Th e center sho uld be bent to con ­
form to the rounded shape of the coax braid so
that on each radial a quarter-wave length exten ds
outward from the coaxial braid. Tin the braid
first. A fter wire-wrapping and soldering, wrap the
joint well wi th electrical tape.
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tional coverage, or if y ou 'd rather ha ve a
definite preplan ned radiation pattern , yo u
can ge t co nside rably more gain than the
5.8 dB already pro mised by merel y spa cing
the antenna a pres cribed number of quarter
wavelengths from the to wer. Of course this
mea ns th at your anten na will have to be
side-mounted rat he r th an top-m ounted. If
you space the antenna one quarter-wave
from t he tower, y ou'll get a major lobe in
the sam e direct ion as t he antenna is from
th e to wer mass, as show n in Fig. 6A. Each
addition al qu art er-wave essentially add s a
lobe tha t exc eeds the 5.8 dB omn idirec­
tional refer ence point.

B
1/21..

A
1/4 1..

ELECTR ICIl L TIlPE

Z4on.G IlLVPIP E­
LARGER 1.0. THAN
PVC 0 .0 .

~ FOu R SLOTS IN PVC P IPE
(FOR RIlO,IlL5 J

much more pro fessional - but his required
a lot more work an d some rather precision
drill work in t he PVC pipe. The idea is to
get four 19 in . rad ials ex te nd ing equil ater­
ally away fro m the antenna while main­
taining some structural int egrit y. If the
concep t of Fig. 4 is adop te d , the slo t
arrangement of Fig. 5 will hold things
toget he r satis factorily.

The slots (Fig. 5) are cu t length wise
into the bottom of the PVC pipe so that
the radials can be held in place when the
PVC is inserte d in to the mounti ng pipe
(made of heavy metal). Th e metal pipe is
notched gently to seat the radials . Before

C
3/4 1..

D
A

Fig. 5. Long slots in the PVC pipe will hold the
radials in place wi th the antenn a in sert ed. Wrap
the bo tt om well wi th electrical tape after th e
anten na is installed in the fiber tu be . N otch fo ur
m atching plac es on a 2 It leng th of galvanize d
pipe to seat , an d try for a snu g fi t.

inserting the PVC into the lar ger pipe , the
slots on the PVC should be taped up (after
th e antenna is installed in the PVC sheath ,
of course ).

Building your own gain antenna is a lot
of trouble, as you can readily see. But it
looks pretty attra cti ve whe n you start
pri cing the com mercial equivalents . And
there is an almost ind escribable satisfaction
that comes wit h putting out a good " com­
mercial quality" signal fro m. a homebrew
antenna .

One Last Note

If your repeat er doesn't give omnid irec -

Fig. 6. By spacing the antenna the proper nu m ber
of quarter wavelenghs, some in teresting radiation
pat tern s can be o btained. In the pa tt erns shown ,
the cir cles repr esent the 5 .8 d B omn idirec tional
gain ach ieved by top-mounting. Th e asymmetrica l
overlays repre sent th e pa tterns o bta ined by sid e­
m ounting. Note that even thou gh signal loss
occurs in some direc tions, significan t gain im ­
provem ent is realized in other ar eas.

Playing around with antenn a-to-to wer
spacing can help you spe nd a jolly after­
noon at your repea te r site - whi ch can be
great fun when compared with paint ing the
fen ce or fixing the wif e's vacuum cleaner.
So grab yo urself a hunk of coax or two and
get started on th e an t enna. The n take a
good look at a map of your area and see if
you can 't improve your repeater 's effi­
ciency by som e selective mounting tech­
niques.

.K6MVH-
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