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Extended Double Zepp

old-timer's delight

still works

My first transmitting
antenna, way back

in 1929, was a full-wave
ce nte rfed rad ia tor with
o pe n-wi re l ine-t une d
feeders, commonly known
at t hat time as a "do uble
Zepp." As amateur rad io
p rog ressed , this antenna
became known as a " pa ir
of ha lf waves in phase ."
St ill later, anothe r versio n
appeared a nd was ca lled
th e "exte nded double
Zepp" antenna . The very
latest version used
SIB-wavelength elements
and had about 3 dB gain
ove r a half-wave dipole . As
any old-t ime r can te ll you,
these we re po te nt OX
antennas in thei r heyd ay,
especially when you re
member that 50 Watts was
" h igh power" and the
latest sto re-bought receiv
er was the Nationa l SW-3.

Strange as it may seem,
the horizonta l ante nnas to
be described he re were in
sta lled as part of a research
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project on phased and
driven vertical arrays with
which I was associ ated d ur
ing 1976 and 1977. For this
project, we needed severa l
re ference antennas with
hor iz o ntal pola rization
and definitely known gain
cha racte rist ics. It was de
sirable that the antenna
gains were on t he order of
0,3, and 6 dB; it was essen
tial for a " perfect" match
to be obtained between
each antenna , reference or
otherwise, and its transm is
sion line . The use of coax
ial transmission lines was
nece ssary so that we could
switch the line s at t he
t ran smitter for "instant"
comparisons between an
tennas. The fi rst antenna
installed was a half-wave
dipole fed at the center
with a 1:1 ratio toroidal
co il ba lun and RG-1 1/U
(7S-0hm) line . Since th is
antenna is not unusual in
any way, it is not desc ri bed
he re .

The Extended Double Zepp

The second re fere nce
antenna was t he extended
do u ble Ze pp wi th 5/8
wave length e lements . The
design frequency for the 15
meter experiments was
21 .3 MHz . Normally, the
two 225 0 elements are
each cut to a length equa l
(in feet) to 6OOff , where f is
in MHz. For 21.3 MHz, the
elements L1 and L2 a re
each 28 feet , 2 inches long.
Element lengths for other
frequencies may be ca lcu
lated or taken from Table
1.

In most hand books, an
open-ended stub is shown
co nnected to t his anten na
at the center, as shown in
Fig.1 at " A". Ifthe distance
between the point s
"0"-"0" and "x"-" );" is
equal to 1f8 wavelength ,
the impedance ac ross the
line at the "x"-"x" points
will be about 120 O hms. If
you make the open-wire

stub 31B--wavelength long
from po ints " 0"-"0" to
points " t"-":", you can ob
tai n any va lue of im
pedance along the line as
you move from the open
end of the stub (very high
impedan ce) toward the
point where the stub con
nects to the antenna ele
ments (low impedance).

Si nce you need to use an
RC-8/U (50-Ohm) coaxia l
line and a 4:1 ratio toroid al
coil balun to match the
line and antenna, you will
find the appropriate
2DO-Ohm impedance point
down the stub fro m the
anten na at 6 fe e t , 10
inches. This poin t, marked
"v't-"v" in Fig . 1, is correct
for 21.3 MHz. For other fre
quencies, the distance be
tween points " 0"·"0" and
"y"-"y" can be calculated
from the formula in which
the distance in feet eq ua ls
145.69/f, whe re f is in MHz.

If yo u use RC -11/U
(75-0 hm) line , the correct
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a lte rnate ly tr imming t he
radiator and st ub lengths
ve ry carefully and sliding
the alligator clips up and
d own the bare wires of t he
stu b, yo u should be able to
obtain a complete null on
the swr meter ind icator.

A complete nu ll or ze ro
reverse re ad ing indicates a
perfec t match between the
line and the antenna feed
point, o r an swr of 1:1. In
our antenna s, with a per
fec t match a t 21 .3 MHz,
the sw r was no t more th an
1.2:1 at the freq uency ex
tremes of the 15 meter
phone band . The fina l ad
justments are made so that
the swr meter indicates
ze ro re verse when t he
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pede nce. bu t mak e sure
that it is exactly a half
wave long. If it is, the swr
meter readings will be the
sa me as when connected
to a ba lun input .

If you ca nnot o btain a
complete null (ze ro indica
tio n) on the swr meter in
d ica tor by adjusting the
two all iga to r clips, ad jus t
the cl ips for the lowest in
di cation . Now, trim an inc h
or so from the length of
each radiator e le ment and
aga in adj us t the a lliga tor
clips for a null. The clip ad
justments a re not very
critical. bu t an inc h or so
removed from the radi a
tors or the st ub will have a
very not iceab le effect . By
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Fig. 1. Extended double Zepp antenna with coaxial l ine
feed. Cain = 3 dB o ver half.wave dipole a t sa me height;
f = megahertz . Dimensions for 21 .3MHz- L1 = 28'2";L2
= 28'2"; "'0 "-"y" (200 Ohms) = 6'10"; "o"-":" = 15'4";
adjus t "o":": " d imension and "v" positions for fowest swr
a t test point "A". L1-2- two 13-turn coils #12 copper,
Teflonrtof insulated bifilar wound on 2" powdered-iron
core (T-2).
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Frequency L' L2 0-'
3.750 MHz 160' '50' 27.47'
7.150 MHz 84 ' 84 ' 14.41 '

14.175 MHz 42.3' 42.3' 7.27'
21.300 MHz 28.17' 28.17' 4.84'
28.600 MHz 21.0' 21.0' 3.60'

t he a ntenna . Once t he
point is located, pee l t he
insulation from the two
wi res for a distance o f
about 4 inches o n each side
of the ca lc u late d an d
measured point. The o ut
put terminal s of the balun
are connec ted to the two
ba re stub wires with flex i
ble le ad s no t ove r 8 inches
long and a pair of copper
a lligator clips .

Connect an swr meter in
se rie s w ith the coax ia l
transmission line and the
ba lun inpu t termina l (test
point " A"). Raise the anten
na at least 10 fe et a bove
the gro und .

At the transmitter e nd o f
t he coaxial line, app ly a
21.3 MHz rf signal at a
level of about 5 Watts . Ad
just the swr meter sensit ivi
ty a nd/o r the signal level
unt il t he swr meter in
di cator reads exa ctly full 
sca le "fo rwa rd." Throw t he
sw r meter se lec to r switc h
to " refle c ted " or " reve rse."
The reverse indica t ion
should be much lowe r than
that obtained w it h the
switch in fo rward position ,
but the indicator may not
read zero . Move .t he two
a lliga to r c lips up or down
th e bare st ub wires to
lo cate the po int where the
reverse swr ind ication is
t he lo west.

The antenna shou ld be
pulled up to a half
wavelength above grou nd
while observing the swr
meter reverse indication. If
it is inco nvenient to re ad
the swr meter indication
when the ante nna is rai sed ,
connec t a ha lf-wavele ngt h
piece of coaxial line be
tween t he sw r meter o ut
put terminal and the balun
input terminal. Use a ny
type of coax fo r the half
wave section and any im-

Table 1, These dimensions are for the antenna shown in Fig. 1. -Adjust as required. See
text.

The Adjustments

The antenna system may
be easily matc hed and
resonated for o ptim um
perfo rmance if you follow
eac h ste p in o rde r as
fo llows.

Ca lcu la te the length of
t he two rad iato r elements
and the matc hing stub
from the formulas o r se lect
them from Table 1 . Cut the
wires about 2 or 3 inc hes
longer than the calculated
lengths to allow for trim
m ing ad jus t me nts dur ing
t he re sonat in g proc e ss .
Connect th e stub to the
antenna eleme nts as
shown in Fig. 1 .

Calcu la te the distance
o f the 2DO-Ohm impedance
point down the stub from

3O().()hm match ing po int
will be a few inches fur ther
down the line in t he di rec
tion toward the open end.
It must be understood tha t
these calcu lated po ints of
attac hment a re intended to
br ing yo u within the ball
pa rk a nd, in some cases,
may be exact ly correct.
Ho we ver , the a nten na
must be re so na ted and
matched as outl ined be
lo w . The ove rall st u b
le ngth for 21.3 MHz will be
15 feet. 4 inc hes . For other
frequen cies, use the for
mula in whi ch the distance
in feet eq ua ls 326.52/f ,
where f is in MHz.

The stub is const ruc ted
from two no. 12 copper
conductors spaced 4 inch
e s apa rt by m e a ns of
po rcela in spreade rs. The
two radi a tor elements a re
also made from the same
size wire . Ord inary plast ic
covered hou sehold e lec
trica l wire, obtainable at
any ha rdwa re or e lec trical
supply store, is suitab le . If
you can not obtai n t he
porcelain spreaders, use
plastic rod or hardwood
dowels to ma ke the
sp re ad e rs . In the " o ld"
days, we used maplewood
dowels and boil ed them in
lin seed oil to preve nt the
absorption o f moisture .
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any impeda nce val ue by
tapping across the st ub at
the app ropriate point
along the line .

The 200 -0hm im-
pedance point for the con
nect ion of the balun out
put term inals is about 24
inc hes up the stub fro m the
jumpe r wire . Again , I want
to emphas ize t ha t the im
pedance connect ion po ints
are o nly approximatio ns.
Bare the stub conductors
and slide the alligator clips
up and down for lowest swr
indicat ion in the coaxia l
line at test point " A". If a
co mple te null cannot be
obtained with the alligator
dip adj ustments, move the
jum per wire up or down
t he stub and readj ust the
d ips unti l a reve rse zero
swr mete r indicatio n is ob
tained . O nce the correct
a dj us t ments ha ve been
made, so lder the jumpe r
wire ac ross the stub and
dip off the unused ends of
the stub. At the balun con
nection, remove the all i
gator dips and so lder the
balun output leads directly
to the stub co nducto rs at
the exact points where the
d ips were attached . The
fi na l ad justments should
be mad e with the e lements
sus pended a half wave
lengt h above grou nd.

Summary

These antenna systems
are actually much easier to
adjust than the above
description might indicate.
The only test equipment re
q uired is an swr meter and
a low-power signa l source
whose frequency can be
acc urate ly cont rol led . The
ave rage Nov ice should be
ab le to const ruct and ad
just these " beam" anten
nas if the instructions are
carefully fo llowed . The ex
tened do uble Zepp anten
na will effectively double
your radiated power . The
4-ele me nt job will give you
a n effective radia ted
power gain of fo ur times .
Al l references are to a half
wave dipo le at the same
he ight..

na was that all pub li shed
de signs showed the use of
cum bersome tuned feed
ers o r 6OO-O hm o pen-wi re
lines . In thi s a rray, the
met hod of feed is even
eas ier to ad just than that of
the extended double Ze pp
ante nn a previo usl y d e
scribed.

Th e f o ur radiat or
ele me nts mu st be exactly
the same length. Use the
ha lf-wave formula in whic h
length in fee t equa ls 468ff,
where f is in MHz. For 21.3
MHz, each element is 21.97
(22) feet long . If the
e lements are cut preci sely
to this lengt h and the a rray
is erected exact ly one-ha lf
wa vel ength above e lec
tr ical g rou nd , no a d
jus tme nts of the element
lengths are nece ssary. The
phasing harness conduc
tors Pl , P2, P3, and P4 mu st
be exac tly equa l in length .
The di stance from each
stu b connec t ion point out
to the e lemen t connec tion
must be p recisely the
same, or the array will be
unba lanced and incorrect
ly phased . Incorrec t p ha s
ing will reduce the gain and
ma y cause other problems.

For s tu b d e sign pur
poses, the di stance from
the stu b connec t ion o n the
phasing harness cond uc tor
to the e leme nt connect ion
is considered to be 1/16
wa velength . The e nt ire
phas ing harness is looked
upon as two l /1 6-wave
length transmission lines in
pa rallel . Therefore, if you
m ak e the im peda nce
matching st ub equa l to
3/1 b wavel ength as shown,
yo u can connec t an ad
justable "s ho rt circ uit "
(jumper wire) ac ross the
lower e nd of the stub and
use it to reso nate the array .
Since the 111 6-wa vel ength
phasing harness plus the
3/16·wave le ng t h stub
equals 4/1 6 wavelength, o r
1 /4 wave leng th , the
"sho rted" stub will have a
low impeda nce va lue at
the bottom and a high im
pedan ce va lue at the top.
As a re sult, you can o bta in
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l 2 and l3 are also excited
in phase . However, the cur
rents flowing in l1 and l3
and the cu rrents in 12 and
l4 will be ou t o f phase by
1800 (observe the instan
taneous pola rity symbols
in Fig. 2).

This type o f a rra nge
ment produ ces wha t is
called an "end-fire" a rray .
Maximum radia tion will
t ake place along a line
th rough the plane of the
radia to rs a nd a t rig h t
angles to the fo ur ele
ments . Th e pattern is
bid irec t ional. and the gain
over a half-wave d ipole a t
the sa me height is a bou t
6.2 dB . Unt il now , the big
draw back with thi s an ten-
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The Four-Element End-Fire
Array

Back in the " stone age"
o f am at eur radi o , t h is
a nte n na w a s ge ne ra lly
ca lled a n "BIK be am" after
the ama teu r (John O. Kraus
WBIK) who o riginated and
pub l icized it in th e
technical journals. The ver
sion shown in Fig. 2 con
sists of four half-wave
e lements- l l , i z. l3, and
l4. When t he phasing sec
tion is connected as shown,
elements l1 a nd l4 wil l be
exci ted in phase . Eleme nts

antenna is suspended a
half wave (abou t 23 feet
fo r 21.3 MHz) above the
earth.

Fig. 2" Four-efement array" Cain = 6.2 dB over a half-wave
dip ole at same height. Dimensions for 21.3 MHz-L1 =
21'; L2 = 21'; L3 = 22'; L4 = 21';S = 57·112"; srub (3/16l)
= 8 '5-1/2" between point "0 "-"0" and "r ":": ": 200 point
= 24" between "x "-"x" and "z "-"z '', For o ther frequen
cies, use the formulas . U -2-13 turns each bifi/ar wound
on 2" powdered-iron (T-2) core. Use #12 or #14 copper wire
wi th Teflon insulation. Enclose it in a 2 " x 3" x 4" meta l
box.
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