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Circularly polarized ant~Das with broad beunwidths
(>90°) have apflintion in space communication liolcs
as both non·tnckmg ground antennas and as st2bili~­

satellite antennas. Unfortunately, most of the available
antennas with broad beamwidth and circular polarization
(for example the conical spiral, traveling-wave bifilar
helix, or turnstile with reflectors) arc cumbersome me­
chanicallyat VHF and low UHF.

This paper describn a new and more comf:l-ct antenna,
the resonant, fractional.turn, ~uadrifilar helix with anti­
phase f~d (called the "volute' in this paper).

Volutes with elements Al4, >.12, 3>.14 and I.\. long
have bttn studied. (For con,-enience, the volute with
dements Al4 long will be referred to as the ";\/4
volute".)

These four types of volute are fed in the same fashion
(Fig. 1). One end of each element is bent to the center
f~d point, the opposite end is open circuited (,\/4 and
3,\/4 volute) or bent to the center and short circuited
(Al2 and I.\. volute). At the feed point opposite ele­
ments are fed in antiphase, producing two independent
bifilar helices. Each b,filar helix radiates a circularly polar­
ized, toroid-shaped pattern with the null perpenJicular
to the helicaJ axis. Feeding these two bi6Jar helices in
phase quadrature produces a cardioid-shaped radiation
pattern with circular polarization over the front
h~isphere.

In the "analysis" section of the paper a physical argu­
menl is presented relating the }J 2 volute to two orthog­
onal loop-dipole antennas. The radiation patterns calcu­
lated by this equivalence are compared with measured
patterns. An earlier paper' presented exact integral ex­
pressions for the 1./2 volute radiation pattern shape. Solu­
tions obtained by computer-aided integration were
presented and compared with meuured data.

'The "arplication" section of this paper indudes ex­
perirnenta beamwidth, axiaJ ratio, back·front ratio and
radiation pattern data, and details of m«hanical
construction.

Resonant Quadrifilar
Helix Design

Feeding the demmb: of the fractional-tum, four cle­
t helix in antiphase produces a resonant, circularly

lariud antenna with. cardioid shapc!d radiatiOn pat­
o Beamwidths from 90° to-240°, high front-to-back

iDS and good circular polarization are simultaneously
ainable by the proper cboice of tbe helical parameters.
is paper presents an intuitive analysis linking the helix

. h the loop dipole antenna. Helix radiation patterns
calculated U$lDg this alUJogy and compared with

ed data_ Measured ~width, back-to-front ratio
d wal ratio data are included. Applications of the
. as a satdlite antenna and 8$ a ground station an­

, and some prutical desigD details are described.
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II. rutiN VOLUf( WITH ,OI,.OEO 1t,I,.UNS

'';UIlE I

Fig. 1 _ 'I. tu,n 'Jolute with folded balun•.
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Fig. 211 _ Model of "/2 Itifila. heli•. Fig, 2b _ Loop-dipole ""odel of )./2
bitilcu hel''''

Fig. 2(: - Loop-dipole model of )./1 ........
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Fig. 3 - Ca,diold VI. vol"te radiation potte'n.

From this modt-l ex~rtsSions for th~ volute radiation
patt~m can be written:
E. ,"-p 01 ..1. , = Ke j(h /21 (sin <p + j cos q. cos 0)
E" ,_ 01...'. , = Ke H~ /21 (cos 0 cos <p - j sin 4»
E. '"-. 01 ..1. ! = Ke-jll· (- cos q. + j sin 4> cos 0)
E", l.HllDloel .. : = Ke-Jh (sin q. cos 0 + j cos 4»
where: The loops and dipoles ar~ assumed to be dmri­
cally small.
eJ.../'! ~xpressn the phase quadrature between the loop­

dipole antennas.
is a function of range. current and length. This
constant is the same for the 0 and <p components
of a single loop dipole because of the requirement
for circular polarization, and equal for the two
loop-dipoles because of physical similarity and
equal (~d currents.

The normalized total field is:
E.r=Ee,+E.~=(cosO+ I)

E" = Ei. + E', = (,'" 0 + 1) 1;00 - I>
The rdative phase is 900 and E. = Ef (or all 0 and "'.
indicating circular polarization over the sphere. The pat­
tern is cardioid shaped with the maximl!m along the hrli­
cal axis. Figure 3 compares the radiation pattern o( a \I.z
turn >./2 volute (with L" = .27>.) with a cardioid.

ANALYSIS

A simplified model of a Vl turn bili.lar helix is sketched
in Fig. 2a. The helical parts of the elements have been
approximated by linear and semi-circular r.ieces. The ar­
rows indicate the measured current distnbution of the
>.12 volute; with maxima at the f~d and distal ends and
minillU al the centers of the elements. The dotted cur­
rent indicates the vector sum of the currents in the
circle.

I£ the wires are removed (Fig. 2b) the current distri­
bution is similar to that of a loop.dipole antenna with
the loop in the plane of the radials and the dipole per­
pendicular to th~ plan~.

Th~ circularly polariz~d radiation patt~rn of th~ lh
rurn bifilar hdix is toroid sha~d, "'ith th~ null ~r·

pendicular to th~ radials and the helical axis. This ex·
~rimentally measur~d similarity with the radiation pat­
tern of th~ loop-dip::tIe antenna supports the validity of
th~ rur~t modd.

Extending this argument. two orthogonal loop dipol~

antennas (Fi~. 2C) ft'd in phase quadrarufe pro\,ide a
modd of the)J2 volute.

APPLICATION
Physical Form

The radius :lnd axial length of the volute are rrlated by:

L., = N ~ ~, (L.,. -A r.)' -4;'r.'

whrrc:
L.. = axial Irngth of the volute (in.)L.,. = lenb'!h along a hdical dement (in.)
r. = radius of the volute (in.)
N = number of turns (or one dement
A _ 12 (or the 1/2 and 0. \'olutes

- 1 (or the 1/4 and 31./4 volute
A slightly con\'ex sha~ improves the s)'mmctry o( tht'

radiation pallem.

Experimental Data

Me:lSured beamwidth, axial ratio and back·front ratio
data (or the )./4, 1/2. 3J./4 and 1/. volutes with tht
number o( lurns as a parameter is presented as Fig. 4.
1be dashed lines on FIgs. 4& and 4j indicate the ~gion
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Fig. 4h _ 3 A!4 volute experimental data.
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where the maximum of the radiation pattern is not at
0=0°.

Ra.diation patterns typical of the various types of "olutts
arC' arranged in the ~uence:

FigNre Numb" Type of VO/Nlt Turm l..-
5a 1/4 ~ J91
'b }../2 ~ .17)).
Sc 3)./4 ~ .n5l
sd 11 ~ .64"

The measurements were made at 400 mcs with an d~

ment diameter of .1 inches. Th~ antennas w~r~ f~d with
orthogonal folded baluns as described in th~ following
section.

Folded Balun Feed
Orthogonal fold~d b.1lum (Fig. I) ~xcit~d in phast
9uadratur~ with a 3 dB dir«tional coupl~r provide a
noncritical f~ for Ih~ volul~, ~ fold~d balun-dir«­
tional coupl~r combination produces a cardioid pattern
shape and a son input im~d,lOa O"er about a 2:1 fl1'­
quency ran~. Th~ impedanc~ matching networks shown
r~duce the power in th~ coupler t~rmination by match·
ing the antenna and dir«tional coupler impedances.

For a given application the characteristics of the im­
pedance matching n~twork are determined b)' the feed
point im~danc~ of th~ bifilar helix. Limited data in­
dicates that Ih~ antenna impedanc~ has th~ J?ropettics:
Th~ resonant input resistanc~ and the Impedance

bandwidth increase In proportion to th~ cylindrical "01·
um~ ~nclosed by the ,·olut~.

Th~ impedance bandwidth increases in proportioo to
th~ element diameter.

As a very roup;h rule of thumb, a volute with a cylin·
drical volume of S x 1O~' (wavelengths cubed) has a
resonant input impedance between 2sn and 1000, and an
impedance bandwidth between 3% (thin elements) :lila
15% (.OlA diameter e1em~nts).

The )./4 volute has a resonant impedanc~ less th:lll 50
and a bandwidth of I% or less.

Split Sheath Balun Feed
A AI2 or 1>' volute with self-phased elements and a srlit
sheath balun' allows a robust mechanical constructIOn
(Fig. 6). Both ends of the helical elements are shorted to
the sheath of the balun. At the feed point the >./4 long
balun slots isolate opposite elements from one another,
This feed region configuration applies the same voltage
across bifilar helices I and 2. As th~ analysis indicates,
the phase of th~ current in bifilar helix I relative to
bifilar helix 2 must be 90° to produc~ the cardioid pat.
t~rn shape. To obtain this phase shift in the currents, tht
elements of bifilar helix I are adjusted longer than rC5()­
nance to produc~ :tn input impedance with a phase angle
of +4)°, bifilar helix 2 is adjusted shorter to produ«
_45°. This schem~ produces a cardioid pattern shape
over only a small bandwidth. The parallel combination
of th~ two impedances is matched to 500 by enlarging
th~ center condudor of the coax line inside the b3.lun to
form a J,,/4 transformer of the pro~r impedance.

In an application of th~ split sheath b3.lun feed a
UHF, right-hand<ircularly polarized volute ,,-as
stacked above a VHF, LHe volut~ to produce a dUll
f~uency satellite tracking antenna (Fig. 7). The ~e­
ments of both antennas w~r~ ~If.pha.sed. The UHF "01·
ute was fed with a split sheath balun of the usual type.
The sheath of this balun formed the center conductor of
th~ VHF balun. Th~ VHF balun was,a slotted type with
two }./ 2 long slots short circuited at both ends.' 'The
VHF en~rgy is fed to the balun by a parallel feed nar the
base of th~ antenna mast. Th~ slots were loaded with
fiberglass strips to waterproof th~ antenna.
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fig. 50 - ¥. I.rn A/I, valu~ radiation paHern.

y

ft,. 5c - ¥. lurn 3 )./4 volute radiotion pattern.

Fit. 6 - '/. lurn valule with .plit .hl!!Clth balun.

"Mber, 1970

fi,. 5b _ ¥. lurn 1./2 volule radiation pattern.

~

fi,. 5d- ¥. turn 11. volute radiation pattern.

Dual-Frequency Operation

Sevcral dual·frequency antcnnas havc bttn studied.
If the frequencies arc harmonically rdatcd, a single

volute can be used in the A/4 (or A/2) mode at the
lower frequcncy and in the 3>.14 (or lA) mode at thc
higher frequency. In general the beamwidth, bandwidth,
etc., wilt be quite different at the two frequencics and
the phasing network becomes more complcx.

Vertical stacking (Fig. 7), as already discusscd, allows
independenr control of the antenna par:uncters.

Coaxial mounting (Fig. 8) reduces the o\'crall size of
the antenna and providt"$ thc same phase center at the
two frequencies. The electrical pcrforfllilnce of each vol­
ute is only slightly affected by the presence of the other
under the conditions:

Outer Antenna: 1../2, I turn, L.. = .39}., LHC
Inner Antenna: 1../2, Y.l. turn, L.. = .441.., LHe
The frequencies are related by 8/3. The elements arc

self-phased, each volute is fed with a single folded balun.
No work on the c~xial technique was donc for othcr
dimensions or frequency separations.
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