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BY JOHN J. SCHULTZ, *W2E E Y/ l

A folded dipole is generally regarded as being a single-band antenna.
However, a simple modification can both improve the bandwidth of the
antenna on its design band as well as allow operation on a higher frequency

band, also as a folded dipole antenna.

FoLDEDdipole antennas are fa­
vored by many amateurs because their band­
width characteristic is broader than a simple
single-wi re dipole and they can be con­
structed fro m commonly available materials.
Such a dipole using 300 ohm twinlead for
both the flat top portion and for the trans­
mission line is a common example. The main
drawback to such an antenna is that it is
basically a single-band affair. The only ex­
ception is when the antenna is operated on
odd harmonics of its fundamental, the same
as a simple dipole. Thus, a 40 meter folded
dipole can be effectively used on 15 meters
since the center impedance on 15 meters is
about the same as on 40 meters. The disad­
vantage of such operation is that the radia­
tion pattern changes. On 40 meters, maxi­
mum radiation is broadside to the line of the
antenna while on 15 meters a cloverleaf
radiation pattern results. It is not possible to
obtain maximum radiation in the same direc­
tion on both bands.

Folded Dipole Impedance
An interesting point to examine and funda­

mental to use of a dipole on two bands. other
than the 40 and 15 meter exception men­
tioned. is what determines the impedance of
a folded dipole. The antenna consists simply
of two dipole elements connected in parallel.
only one of which is directly connected to the
transmission line. If the same amount of
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power is delivered to the folded dipole as to
a simple dipole. half of the current which
flowed in the single wire of the simple dipole
must flow in each wire of the folded dipole.
For this to occur, the impedance of the folded
dipole must be four times that of a simple d i­
pole. T his assumes that both wires of the I
folded dipole are the same conductor size so
that equal currents flow in each. If the con­
ductors are not equal in size. the total current
is not split equally between the conductors
and the impedance is no longer simply four
times that of a simple dipole.

Th is situation is illustrated by the graph of
fig. 1. As the size of one conductor becomes
larger or smaller than the other and depend­
ing on the spacing between conductors. the
impedance stepup either becomes mo re or
less than four to one. T he most pertinent sit­
uation is when the impedance stepup is ex­
actly four to one, by virtue of the conductor '
diameters being the same. Notice that this
situation occurs for any value of conductor
spacing to conductor diameter ratio or. in
other terms. for any value of impedance of
a transmission line which may consti tute the
flat-top portion of a folded dipole antenna.
It is not necessary to use 300 ohm twinlead
for the flat-top portion of a folded dipole to
produce a match to a 300 ohm transmission
line . In fact. almost any twinlead of any im­
pedance but with equal diameter conductors
will serve as the flat-top section. Of course, in
the usual folded dipole it is convenient to use
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Fig. l-Variation of the terminol imped once of a
fold ed d ipole antenna a s a function of conductor
diam eter an d the spa cing between conductors.

Fig. 2-Placemenl of shorting connectors not only
improves bandwidt h of folde d dipole on funda­
menta l freq uency, but fo rms basis for use of

antenna on a seconda ry frequency.
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where the physical length of the entire flat­
top portion constitutes a V2.\ length and once
where the physical length of the flat-top por­
tion between short ing connections constitutes
~ ,\ length.

The practical usage of the advantage of
dual resonance o f the flat-top depends on the
velocity factor of the line used to cons truct
the flat -top. For instance, if standa rd 300
ohm twinlead would be used to cons truc t the
flat-top, its veloci ty factor would be about
0 .82. If the an tenna for 20 meters were made
33 feet long and shorti ng stubs placed 13.5
feet from each side of the center o f the an­
tenn a, a second resonance of the flat-top
would occur at a freq uency where 26 feet
constitu ted ~.\ or 18 mc. Obvio usly. suc h a
reso nance is not useful for amateur oper-

1

2

Improving Folded Dipole Bandwidth
I Various methods have been used to im­

prove the bandwid th character istics of folded
dipoles on their fun damental frequency. In­
stead of directly connecting the dipole cle­
ment ends together, capacitors having a value

, relat ed to the capacitance pe r foot ra ting o f
the transmission line used for the fl a t-top can
be used. Stubs can also be placed at the ends
of the dipole elements. The theoretical basis
fo r the bandwidth improvement produced by
these means seems to be a bit obscure but.
nonetheless, numerous amateurs have fou nd
them to be effec tive,

, One inte resting method of bandwidth im-
provement involves the placing of di rect
jumpers ac ross the conduc tors o f the fl at- top
portion as illustrated in fi g. 2. The jumpers
are placed a q uarter-wave fro m the center of
the antenna with allowance made for the
velocity factor of the line used for construc ­
tion o f the flat -top. Thus, when the flat-top
is considered as a transmission line, the
closed-end quarter wave stub ( which part of
the flat-top forms) reflects an open circuit
to the center of the antenna and no effect is
noted at the antenna termin als . However.
when the antenna is ope ra ted off o f the fre­
quency at which the entire fl at-top resonates
as a 1/2 A clement, the stub produces a react­
an ce o pposite to that o f the enti re fl at-top
section alone and the antenna bandwidth is
improved . In a sense, the fl at-top portion of
the antenna serves both as a rad iat ing elemen t
and partly as a frequency co rrective stub.

Dual-Band Operation
If a folded d ipole with flat-top short ing

connections is operated at a frequency such
that the port ion of the fl at -top between short­
ing connections forms a 'h A dipole. the con­
figurat ion shown in fi g. 3 resul ts . T he inner
portion of the antenna forms a conventional
~.\ folded di pole. The sections of the flat­
top portion beyond the shorting connections
form a closed-end stub. However. since
whatever reacta nce they present at the short­
ing connect ions is ineffective due to the direct
short they have no more effec t than if a ca­

I pac itor were placed across a short circuit.
The fl at-top port ion o f the antenna is capable
of a dual rcsonancc-oncc at a frequen cy

the same line for both the fl at-top sec tion and
transmission line but it should be noted that
the term inal impedance of the flat-top section
is not a fu nc tion of the im pedan ce of the line
used for its construction.
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Summary
Taking adva ntage of the sho rt ing co nnec­

tion feature mad e possible by the veloci ty
factor of a dipole constructed fro m twinlead
transmission line. otTers an unique method o f
dual-band antenna operation. The idea might
be expandable to a tri -band antenna if the
basic dipole is operated on an odd mult iple
of its fundamental frequency. N o experi­
ments or theoretical an alysis o f such opera­
tion has been tried and the idea can only be
offered as a basis for experimentation. The
basic principle should also be applicable to
the driven element of a beam antenna and
thus allow dual-band beam opera tion without
any load ing reactances be ing necessary in the
driven element. - I

o n 10 meters, an amate ur band ante nna also
resonant on one of the int ernation al broad­
cast bands or WWV freque ncy, etc,

One major advantage of this form of dual­
band antenna is that the radiatio n pattern re­
mains the same on both frequencies at which I

the antenna resona tes, that is, broadside to I
the line of direction of the antenna. If the
antenna is constructed to resonate both in
an amateu r band and a nea rby in ternational
broadcasting band , wh ich is used for DX
spotting, there will be no confusion as to ,
in which direction a band opening is a t its
best.

A lthough theo retically possible , the veloc­
ity fac tor of the commonly availabl e twin­
lead transmission lin es do not allow the con­
struction of an antenna which will resonate
on bands with a I to 2 freq uency rat io such
as 80 and 40, 40 an d 20 and 20 and 10 me­
ters. T his would require the use of a trans­
mission line for the fl at-top portion of the
antenna wi th a veloci ty fac tor of ab out 0 .5.
M any transmission lines approach this figure,
but the author has been un abl e to find any
commonly available commercial transm ission
line wh ich would be suitable.
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ation. Ho wever, if the flat-top of the same an­
tenna were construc ted of 75 ohm twinlead ,
the velocity factor would be about 0.67. T he
shorti ng connections would be placed 11 feet
from eithe r side of the antenna center. T he
center 22' portion of the ante nna would then
resonate nicely in about the middle of the 15
meter band . T hus, both 20 and 15 meter cov­
erage would be achieved without compromise
perform ance on either band and with com­
pletely automatic bandswitch ing. Although
the flat-top portion is construc ted of 75 ohm
twinlead , it still presents an exact match to a
300 oh m transmission line on both bands as
explained previously.

Thus, by choosing a twinlead with the
proper veloci ty fac tor, and disregard ing its
imped an ce as a transm ission line , a fo lded
dipole antenna can be produced that will
operate on two distinct frequency bands.
Figure 4 shows the attenuatio n and veloc ity
factor fi gures for some common types of
twinlead. It should be noted that velocity
factor is a fun ction of the materials used in
construction of the twinlead and an exact
value should be obtained from the manufac­
turer o f the twinlead used . The major manu­
facturers of twinlead , such as Amphenol and
Belden, can supply exact d at a on each of
their twinlead transm ission lines.

The typical veloci ty fac tor fi gures shown in
fig. 4 will allow the construction o f a variety
o f antennas such as a 20 meter dipole opera­
tive o n 15 meters, a 15 meter d ipole ope ra tive

Fig . 3-0 pe rated on freq uency which corresponds
to cente r portion of anten na shown in fig. 2 becom­
ing Y2 \ long, another folded d ipole is formed
where end po rtions are ineffective in de ter­
mining resonant freq uency beca use of shorting

connections.

Transmissi on Line DB / Attenuation /3 0 Me Velocity F actor (A pprox.)

300 oh m T V Twi nlead
150 ohm TV T winlead
75 ohm TV Twinlead
75 ohm Transm itt ing Twinlead

0.86 .82
I.l .77
2.0 .68
1.5 .71

Fig. 4- Typical characteristics of various types of twinlead . Exact characteristics vary with
manufacturer.
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