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TWO-ELEMENT QUADRIFILAR ARRAY

INTRODUCTION

Two desirable properties of a satellite-tracking antenna are hemisphere coverage and
rejection of unwanted signals such as multipath. If the ground antenna is steerable, these
properties are achieved by virtue of a narrow beamwidth. However, if the antenna is
fixed, a wide beamwidth is required for hemisphere coverage, and a sharp pattern cutoff
at the horizon is desirable to reduce multipath effects. To achieve both these require-
ments, an array of two quadrifilar helices with the proper phasing and spacing was de-
signed.

Measurements were made in an anechoic chamber which has recently been instru-
mented with a computer and magnetic tape system. Computer programs were written to
compute axial ratio, tilt angle, and polarization loss and were applied to the quadrifilar
array.

SINGLE QUADRIFILAR HELIX

The multifilar helix excited with a progressive phase relationship was first examined
by Gerst [11. The quadrifilar helix consists of four identical windings rotated 900 apart
and fed with a 0°, 900, 180°, 2700 phase relationship. As is true with the single-winding
helix, if the quadrifilar helix has several turns, it becomes a traveling-wave antenna; how-
ever a quadrifilar with one turn or less is a resonant structure [2, 3].

Several quadrifilar helices were built and tested. Figure 1 shows the case selected
for the array which will be discussed in the next section. The preliminary quadrifilar
models were constructed of copper tape wound on a styrofoam cylinder. The antenna is
fed from the top, with a balun through the center of the cylinder and a hybrid at the
base. This excited the four windings with the necessary 900 phase progression. The tests
were conducted at the bottom of the UHF band.

The three-quarter-turn quadrifilar helix of Fig. 1 is 0.638O in length (X0 at the center
frequency, designated), fR, and 0.11N% in diameter. The copper-tape windings have a
width of 0.02¼o and are 0.71%o long. A Smith-chart plot of impedance is shown in Fig.
2. Unlike the traveling-wave quadrifilar, the short resonant quadrifilar helix is narrow-
band, exhibiting about a 4% impedance bandwidth (VSWR < 2) for this case. However the
the resonant resistance for this quadrifilar helix is a convenient 50 S7, obviating the need
for any matching transformers.

A polar pattern for circular polarization is shown in Fig. 3. The zenith corresponds
to 0 = 0 (north pole of a spherical coordinate system), considering the quadrifilar helix

Note: Manuscript submitted October 10, 1973,
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Fig. 1-Three-quarter-turn quadrifilar helix

as a ground antenna. The axial ratio is in general low, with a maximum in the north-pole
hemisphere of approximately 4 dB. Good circularity throughout the hemisphere is im-
portant for satellite tracking, since the satellite antenna win often have high axial ratios
over part of the pattern or could even be a linear antenna. Faraday-rotation effects pre-
vent the determination of the arriving wave polarization from a linear satellite antenna at
VHF and UHF frequencies.

Although the pattern of Fig. 3 provides good hemisphere coverage, it decreases
rather slowly for Q > 9Q0 This slow pattern cutoff below the horizon, inherent with the
resonant quadrifilar helix because of the short length, leads to poor multipath rejection.
Figure 4 illustrates direct and ground-reflected signals arriving at the antenna. For graz-
ing incidence (a small) the magnitude of ground reflection coefficients are near ALO for
EO or EO polarization. The reflection coefficient for EO polarization remains large for
most angles of incidence. Consider 0 = 850 (a = 50): the polarization is EA, and the
ground reflection coefficient is 0.95. The pattern in Fig. 3 is for circular polarization;
however Et and EU patterns are similar. Therefore, the multipath rejection due to the
pattern is only 2 dB (U = 85O and 0 = 950). This could lead to fading in which the sum
of the direct and reflected signal would be 12dB below the direct signal alone. Multipath
effects are the most severe near the horizon, when the path loss to the satellite is also
maorrnoxiolmu~ m~. e n LUu U' L`-tIUI L tWLrtLL1iI8e, 1311 U tAdsIIt~ IL Lt awenna
was on the edge of a roof and the ground was not level. Thus an antenna which has
better multipath rejection would be advantageous.
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Fig. 2-Impedance bandwidth of the quadrifilar helix shown in Fig. 1

QUADRIFILAR ARRAY

An array of two quadrifilar helices will be discussed next. This array is an attempt

to achieve the necessary hemispherical coverage for fixed satellite tracking while having a

sharp pattern cutoff at the horizon to reduce multipath effects. A vertical array was

chosen, since it will be omnidirectional in 0, provide pattern control, and make possible

a sharper cutoff at the horizon because of the increased length.

The separation, relative phase, and element pattern determine the array pattern. We

first consider an array of two omnidirectional sources (Fig. 5) with separation d and

relative phase y. The received signal due to a plane wave is

3
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ZEMTH&tat

Fig. 3-Typical 6 cut for the quadrifilar helix (Fig. 1I measured using
circular polarization

Fig. 4-Quadrifilar ground antenna with multipath interference

a a

Fig. 5-Array of two omnidirectional sources
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RetOR = e'i + ei( 27rdsina)AlxO0 (1)

unshoar P anrel A era tha rcnaiiracl nrnnlifiiAtand nhnco flnlcr +hn amnlitilAn R is of

interest, with the maximum amplitude being 2 from Eq. (1). Normalizing and expanding
Eq. (1), we get

I1+cs(Y- 2rdsina)
1 + coz ; xo

(2)
2

Tn termrs of dR ievel the amnlitude nattern hbonmes

d1 + g~ os{e2 _ 2rd sin 0)N3

dB = 10 logio 2 _ 

We now consider the case in which the array pattern at zenith (a = 900) is 15 dB below
the peak of the pattern. Gain requirements for a satellite ground antenna are usually less
severe overhead because the path loss is minimum, satellite antenna gain is at the peak,
and the signal has already been acquired. Then from Eq. (2)

V +cos 7- 2'd)
0.178 = ,(4)

2

which gives the following relationship between the separation and phasing:

a = 360d/X% - 159.5.

The worst-case multipath effects normally occur at the minimum elevation angles. For
example, if tracking is limited to a > 100, then the worst-case is near Cv = 100. We first
assume perfect ground reflection and two omni sources; then the signal level from Eq.
tO8 fnr nutnfnI,,, -nii1+j-+h is

/+cos 27rd sin 100)

1 2+Cos yo

1 + Cos (Y + 2ird sin 10°)

2

5

(6)

(3)

(5)

I

R
2 = V
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Fig. 6-Plats of Eqs. (5), (7), and (8)

Substituting for 'y from Eq. (5), we get

i *eos( 29.5d - 159.5)

S' -
/ 2

The dB level of SI pSdB = 20 log SI_) is plotted against dIX0 in Fig. 6 along with Eq. (5).
The signal level as a function of d/X 0 depends on both the direct gain at a = +100 and
the reflected gain at a = -100 and represents the dB level relative to the peak gain with
no reflection. If we assume a reflection coefficient of 0.9 and a 3-dB element pattern
rejection (ac = -10o relative to ax = +10'), the level for out-of-phase multipaths is

6
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ZENiTH
6 -0

330C 300

900+ 90

i20°< \ \ \/ / / /Y20'
Fig. 7-Pattern for an array of two isotropic sources with d/xo 0.78

and y = 120°

(l + (297.5d -159.5) +1Co (422.Id -159.5)
S2= 2 - 0.637 2 , (8)

which is plotted in Fig. 6. For both cases the optimum d/X0 is near 0.8; however be-
cause of the rapid decrease in level for d/X9 > 0.8 a value of d/X0 = 0.78 was chosen.
This case is plotted in Fig. 7 with T = 120 . The gain at zenith is approximately -15 dB
uith rsncntn +n theeo nalr ni +hea nn+ptrn daerracras rnnidl'r helaowx t-ha horiznr lia + t ta

null near cx = -10°. Reduction of the backlobe will depend on the element pattern.

The balun for the vertical array (Fig. 8) is constructed of semirigid coax. Both
antennas can be connected to the same structure because of the X0 /4 short between the
individual antenna baluns. The relative phase is determined by the 0.78A separation (A
being the wavelength in the semirigid coax), the 1800 difference between the two
individual baluns, and the phasing network composed of three 90° hybrids.

The three-quarter-turn quadrifilar helix (Fig. 1) was used for the two elements of
the array (Fig. 9). Impedance measurements at the four inputs were identical and
exhibited almost no change from the previous measurements (Fig. 2) on the single
quadrifilar helix. Thus with the effect of mutual coupling small, pattern calculations
combining the array factor and element pattern should be fairly accurate. A typical 0 cut
for the quadrifiar array measured with left-hand circular polarization is shown in Fig. 10
with the isotropic level near 8. Calculated values based upon the element pattern of Fig. 3
and the array factor of Fig. 7 are also plotted. The calculated points were normalized to
the peak of the measured pattern and show good agreement.
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Fig. 8-Balun for a vertical array of two quadrifilar helices

A quadrifilar array for outside use was constructed of aluminum tubing and nylon
containing a light stablizer. The antenna is shown in Fig. 11 mounted on the dielectric
head in the anechoic chamber. A radiation distribution plot for left-hand circular polariza-
tion is shown in Fig. 12. The directivity isotropic level is 9.6 dB; numbers less than 9.6
are above isotropic. The rapid decrease in signal level for 0 > 900 is evident. The level
of right-hand circular polarization is low for all 0.

The anechoic chamber is instrumented with a computer and magnetic tape system.
Two amplitudes and the phase angle between these amplitudes are measured at each o0
coordinate and stored on magnetic tape. Usually the amplitudes correspond to E and
E, . Computer programs were written to compute other antenna properties such as axial
ratio, tilt angle, and polarization loss from the data stored on magnetic tape.

8

BALUN SHORT

SHORT

BALUN SHORT

I

m
L



NRL REPORT 7671

Fig

If I

I/

/i

{I

I 9-Vertical array of two
quadrifilar helices

ZENITH
9=00

Fig= 1 0-Tvniral e cut for the quadrifilar array (Fig. 9) measured using
circular polarization. The calculated points are normalized to the peak
of the measured pattern.
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Fig. lI-Quadrifilar array made for outside use
by substituting aluminum tubing for the copper-
tape windings on styrofoam shown in Fig. 9

Axial ratio can be
components as

expressed in terms of right- and left-hand circular polarization

ERHC +ELHC
axial ratio = -

¶ERHC-~ELHCI

where ERHC and ELHC are determined by

E2 +E 2 +2E sinS 
E _= I1/ 6 p

ICnf PG v 2

and

(9>

(I M

(I1J
E,2+ E2 - 2EEo sin 6

LHC 2

and 6 is the phase angle of E relative to E.. The dB axial ratio for the quadrifilar array
is shown in Fig. 13. From 5 elevation angle to overhead the maximum axial ratio is
4 dR and the ratio is usually much lower.
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Fig. 12--Radiation pattern of the quadrifilat array shown in Fig. 11 measured
using left-hand circular polarization

The polarization ellipse tilt angle is given by

tan-a ( E Cosb6tilt angle = K £2anE 2

2 2~~~ 41

The tilt angle is measured counterclockwise from the E. axis (900 corresponds to the £41
direction). The tilt angle pattern for the array is shown in Fig. 14. The numbers must
be multiplied by 5 to obtain the actual angle; thus 0 and 36 correspond to the ellipse
maximum along E., and the number 18 corresponds to the £41 direction.

The polarization loss between an antenna with axial ratio RA and a wave with axial
ratio R W is

11
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Fig. 13-Radiation pattern of the quadrifilar array shown in Fig. 11 for the axial ratio in dB

polarization loss = [(HA)Z + 11 [(RW) 2 + 11
[RARW + 1]2 cos2 r + [RA ± RW 2 sin2 r 5

where r is the tilt angle between the antenna ellipse and the wave ellipse. The plus is
used for same-sense rotation and the minus for opposite-sense rotation. The maximum
polarization loss occurs when the ellipses are orthogonal (r = 900. This case is shown in
F5.? 1 -Sa. -n se ro+Eota f U +and e dACrtmn+ -XeIE -c l -,U s

4
inE 4nnntn- ,ufl fh,

1 9 . V-11 i1a1 -9)t La.4 & J W 4L ItJ aL-FAA ULW M TE M -X I44L 1 V TL -z 1a IflGtO "k-tf 'IS9 91454

quadrifilar array.

The distribution plots given in Figs. 12 through 15 thus verify in detail that the
quadrifilar array should be a useful satellite-tracking antenna.
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