A Tale of Three LPAs: Some Notes on Zig-Zag Log-Periodic Arrays
3. The X or Saw Tooth Zig-Zag LPA

L. B. Cebik, W4RNL

The trapezoid was not the only solid-surface element shape to have a wire-outline analog in
the development of LPAs. Performing similarly to the trapezoid was the saw tooth shape,
shown in wire-outline single-bay form in Fig. 1. Like the trapezoid, solid-surface forms used a
central boom composed of a line that grew wider as the distance from the vertex increased.
The wire-outline version reduced the central line to the diameter of the wire itself. Folding two
bays together produced a directional beam. From above, the pattern of elements formed the
series of Xs that yields the casual array name.
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In the early 1960s, J. W. Carr discovered that he could remove the central boom and still
have a useful beam. Therefore, we shall have to see whether boomless X LPAs are more or
less successful than boomless trapezoidal arrays. Finally, we shall look at two amateur
examples of X LPAs using far less stringent design criteria than the ones we shall employ in our
main comparative study.

As we did for the LPDA and the trapezoidal zig-zag array, we shall impose design
parameters that best assure us of reasonable performance. Even though the arrays are too
long to be practical for most cases, they serve modeling needs well. When 1=0.9, 0 = 0.167,
and o’ = 17°, we obtain worthwhile performance over all or most of the 50-200 MHz operating
passband. The w-angle will be subject to variation to explore any differences that it makes to
performance. The limits of NEC modeling dictate that we use rather thin wire, in this case, 0.1”
(2.54-mm) lossless wire for all elements. Each bay will use 20 elements, resulting in fairly
sizable models. As a review, Fig. 2 provides the spreadsheet page that indicates the
dimensions used in the models.

The zig-zag X LPA handles the dimensions in a slightly different manner than did the LPDA
and the trapezoidal arrays. If we think of a Cartesian axis as the centerline of the model, the
earlier LPAs defined each element as extending for Ln/2 on both sides of the centerline. The
saw tooth zig-zag alters the arrangement such that the first element extends from —L1/2 to



+L.2/2. In the process, it also moves forward toward the vertex from R1 to R2. The next
element reverses and increments the process.

Zig-Zag Log-Perindic Antenna Elements

YWark Sheet Bold = User Entry
Tau 0.90 Sigma
Alpha' degrees 17.00 degrees | 0.297 radians | 1/2Alpha' | 0148 tanAlpha 0.1495
F-low 50.00 MHz
F-high 200.00 MHz
L-long L 300 meters | 9.84 | feet 118.11 | inches
Lhigh L 075 meters | 246 | feet 2953 inches
L*1.6 L 047 meters | 1.54 | feat 18.45 inches
Ry Vertex R 10.04 | meters 3293  feet . 395.15 |inches
Element | Ln Lns2 Rn Element | Lfeet Lfts2 Rfeet Element | Linch Lin/2
T 3.00 150, 1004 1 9.84 | 492 3293 T, M8 5906
2 270, 135, 9.03 2 8.56 | 443, 2984 2, 10630 5315
3. 243 122, 8.13 3 797 399, XBE7 3 9567 | 4783
4 219 1.09 732 4 718 | 389, 240 4 8610 43.058
S50 1.97 098, (.59 5 B.46 | 323, 21E0 5 Ji49 3875
6 177, 089, 593 g 8.81 | 291, 19.44 3] B9.74 | 3487
7 1.59 080, 533 7 523 282, 1750 7 B277 | 3138
3 1.43 072, 4.80 8 471 235, 1575 g 5649 2825
9. 1.29 065 4.32 g 4.24 | 212, 1447 g s0a4 | 2542
10, 1.16 058, 3.89 1o, 381 191, 1276 10 4576 2288
11 1.05 052, 3580 11 343 172, 1148 11 4118 2059
12 094 0.47 | 3.15 12 3.09 | 1584 1033 T2 306, 1853
13, 085, 042 283 13, 278 1.39 9.30 13 3336 1668
14 0.76 033, 255 14 250 1.25 8.37 T4 3002, 150
15, 0.69 034, 230 15, 225 113, 7.83 15 2702 1351
16 062, 031, 207 16 203 1.01, 6.78 15 2432 1216
17 0.56 028, 1.86 17 1.82 091, 5.10 17 2189 1094
18 050, 025, 167 18 1.64 082, 5.49 15 19.70 985 |
19 0.45 023, 1.51 19 1.48 | 074 4.94 T4 17.73 8.86 |
20 041 020, 1.36 20 133, 066 | 4.45 20 1595 798|
Calculating ¥ LPA Boom
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Fig- 3 shows the first element along with a simple solution to the question of where to
position the junction of the element with the boom at the array centerline. The position of
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Rbm12, the boom section that extended from element 1 to element 2, relative to the array
vertex is proportional to the ratio of L1/2 to L1/2+L2/2. We may calculate the position of Rom12
either from the proportionality of congruent triangles or by obtaining the tangent of the angle
shown as B in the diagram. Once we have the position of the first boom junction, we may find
all other junctions by multiply successively by the value of 1. Fig. 4 provides the calculated
values of Rbm for the X LPAs equipped with booms. The single-bay and the oblique double-
bay diagrams in Fig. 1 should suffice to confirm the accuracy of the method.



#-LPA Boom Calculations Fig. 4
Adjacent | 2.85

Opposite | 1.003673

tanBeta | 0.35216H

Rbm-n | 8505485

Boom Fbm-m | Rbm-ft Rbm-in

1.2 9808, 3120, 37435
23 _ BAA5B, 2808, 336.91
34 _FT0Z. 2527 30322
45 _ BEI2. 2274, 27290
56 _ BZ3, 2047, 24561
57 _ 5EB15, 1842, 22105
78 5053, 1653, 198.94
50 4545, 1492 179.05
910 4093, 1343, 16115
10-11 . 3684, 1209, 145.03
1142 . 3315, 1088, 130.53
1213 | 20984 979 117.47
1314 | 2685_ 881, 10573
1415 2417 793 9515
1516 . 2175, 7.4 5564
1617 . 10958, B.42_  77.08
1748 . 1762, 578, B9.37
1819 1586, 520, 6243
1920 | 1427 4B8. 5619
2021 | 1284, 421, 8057

As with earlier double-bay models, we shall not try to extend forward leads all the way to the
vertex. As Fig. 4 indicates, the distance from the forward-most element to the vertex is several
times longer than the distance between elements. Directly connecting the booms with a single
direct lead provides the most economical model with no harmful effects on the reported data.

X LPAs with Booms.

X or saw tooth LPAs equipped with central booms have current magnitude distribution
curves that are as difficult to decipher as their trapezoidal counterparts. Fig. 5 shows the
distribution curve set for one of the LPAs at 50 MHz. In the side view of the array, the nearly
level lines represent currents on the boom, while the more curved lines represent currents on
the angular elements. The face view of the array’s upper bay shows only the element currents.

Although more difficult to see due to the angularity of the elements, the boom-equipped X
LPA preserves some, if not most, of the properties associated with the solid-surface bay that the
wire-outline version approximates. Current magnitude may abruptly change as an element
intersects the boom, since the currents on each side are associated with a different saw-tooth
shape. In the side view, the most active region in terms of peak current magnitude for the X
LPA extends for a considerable distance toward the vertex. However, the element angles and
the disparate collection of wire sections involved do not allow us to see fine detail.

Fig. 1 shows the range of y-angles that we shall examine for X LPAs with booms. The data
will clarify why | limited the range to 0° to 20° in 5° increments. We may sample the
performance at each y-angle using the data in Table 1, which provides values for 50, 100, 150,
and 200 MHz.
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Table 1. Sample performance values of X zig-zag LPAs using various y-angles

1. 20 elements/bay, a=17°, 1= 0.9, y = 0° (flat array, 4” separation between bays)

Frequency = Max. Gain Front-Back E BW
MHz dBi Ratio dB degrees
50 7.28 15.70 64.2
100 8.13 30.62 64.6
150 8.29 2714 64.2
200 8.43 22.34 63.0

2. 20 elements/bay, a=17°,1=0.9, y =5°
Frequency = Max. Gain Front-Back E BW
MHz dBi Ratio dB degrees
50 7.64 11.96 63.5
100 8.64 29.77 63.8
150 8.70 26.57 64.0
200 8.79 22.60 62.4

3. 20 elements/bay, a=17°, 1=0.9, g =10°
Frequency = Max. Gain Front-Back E BW
MHz dBi Ratio dB degrees
50 8.25 9.06 62.8
100 9.38 23.42 64.0
150 9.44 22.14 63.4
200 9.27 18.23 63.0

H BW
degrees
99.2
95.6
94.6
91.8

H BW
degrees
90.2
88.0
88.8
86.8

H BW
degrees
77.0
76.3
75.6
75.8

Impedance
R+/-jX Q
276 - 26
270-j33
246 - 23
178 -j12

Impedance
R+/-jXQ
252 -j78
267 -j 39
241-j20
175-j7

Impedance
R+/-jXQ
324 —j138
307 -j1
268 +j 44
197 +j93

250-Q
SWR
1.15
1.16
1.10
1.41

250-Q
SWR
1.36
1.18
1.09
1.44

300-Q
SWR
1.56
1.02
1.21
1.75



4. 20 elements/bay, a=17°, 1=0.9, g = 15°
Frequency Max. Gain Front-Back E BW H BW Impedance  300-Q

MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 8.72 6.87 63.0 63.1 368 —j185 1.79
100 9.52 18.88 68.0 64.6 381 +j38 1.30
150 9.65 18.81 65.8 63.2 303 +j94 1.36
200 9.48 15.81 62.4 62.0 230 +j202  2.21

As we increase the value of y, the reference impedance for general SWR values increases
from 250 Q to 300 Q. One of the two major limiting factors in X LPA performance is the rising
reactance value as the y-angle increases, resulting in SWR values that exceed the normal 2:1
limit that we often employ as a standard. The other limitation is the gain and front-to-back
performance at the low end of the passband. The rising gain value at 50 MHz does not keep
pace with the rapidly declining front-to-back value at that frequency. We may re-affirm these
general impressions using summary frequency sweep data, shown in Table 2.

Table 2. Frequency sweep summery of X zig-zag LPAs using various y-angles from 50 to 200
MHz

1.¢9=0°

Category Minimum Maximum A Average
Gain dBi 7.28 8.44 1.16 8.17
Front-Back dB  15.70 34.21 18.51 27.84

E Beamwidth °  63.0 65.5 25 64.3
2.y=5°

Category Minimum Maximum A Average
Gain dBi 7.64 8.84 1.20 8.64
Front-Back dB  11.96 30.93 18.97 26.87

E Beamwidth ° 62.4 64.6 2.2¢ 63.5
*Least variation across the passband of the group.

3.¢y=10°

Category Minimum Maximum A Average
Gain dBi 8.25 9.52 1.27 9.31
Front-Back dB  9.06 25.85 17.69 21.75

E Beamwidth °  62.6 65.4 2.8 63.8

4. y=15°

Category Minimum Maximum A Average
Gain dBi 8.72 9.87 1.15* 9.56
Front-Back dB  6.87 22.01 15.14 17.49

E Beamwidth °  62.1 69.8 7.7 65.5

*Least variation across the passband of the group.

Because the data with the smallest range of variation does not focus upon a single y-angle,
my selection of a representative array for graphical presentation is somewhat arbitrary. |
selected the version in which @ = 5° for several reasons. The SWR remains below 2:1 across
the operating range. The average front-to-back ratio has not begun its rapid decline. As well,
the E-plane beamwidth shows the least variation across the operating range. Indeed, the
patterns shown in Fig. 6 display good control, allowing for the lesser performance of the X LPA



at the low end of the operating range. Any implementation of this array would naturally wish to
begin with a longer rear element.
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The sweep graph of free-space forward gain and 180° front-to-back ratio confirms the
general decline of performance below 60 MHz. Otherwise, the curves are exceptionally smooth.
Equally smooth are the impedance curves (resistance, reactance, and 250-Q SWR) shown in
Fig- 8. Below 55 MHz, we can see a sudden turn in all of the values, although the sweep limits
do not inform us of where the curves go below 50 MHz. Nevertheless, the combination of
sweep performance graphs suggests that the span of good impedance performance is greater
than the span of peak gain and front-to-back performance.

20 Elements/Bay, Alpha = 17°, Tau = 0.9, Psi = 5°
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330 16
300 b1 4
250 ) i — " J:”J[‘I
Ay a1 e WP inl § 'r:i—‘:ig_k\, 112 —
W ol )
E £ 2m h""‘“: &
5% S L
- 150 %
s 08
gy '™ s | B
22| =0 -
71 0 2
a +04
=0 MWW 0.2
-100 T/ T T il
a0 EO 70 g0 a0 100 110 120 130 140 150 160 170 180 190 200
Freguency, MHz
Wwith Boom |+Snurce1 R —8—3Source 1 X —— Source 1 SWR230) | Fig &
.

Very little distinguishes the performance of boom-equipped trapezoidal LPAs and their X
counterparts, once we compensate for any deficiencies at one or the other end of the operating
passband. One might profitably study the corresponding data for all w-angles for both types of
arrays in the data appendix.

X LPAs without Booms

Carr’s innovation of removing the central boom from a zig-zag saw tooth bay resulted in a
usable configuration. Unlike the boomless trapezoidal array, the boomless X array saw
considerable use, especially in magazine plans for home-built television antennas. Therefore,
we shall examine this type of array, using our standard design parameters, to see how it
measures up against both the trapezoidal version and against the X LPA with a central boom.

The dimensions and design values are the same as used for the trapezoidal array and
outlined in Fig. 2. T=0.9 and o’ = 17°. The only difference is the omission of the side wires.
Each element extends from a point defined by the limit of one element to the opposite limit
determined by the value of T applied to the initial limit. The result is two opposing bays of saw
tooth elements that form a series of Xs when viewed directly from above or below. Like the
trapezoidal array, the two bays have an angular separation determined by experimentally
selected values of y. The models of the X LPAs created a wire connecting the free ends of the
innermost elements on which to place the model source, since alternative lead arrangements
created no significant changes in performance.



Because the X-version of the zig-zag LPA has no side wires, we may more easily see the
current magnitude distribution along the wires. In Fig. 9, the blue dots represent wire ends and,
therefore, changes in the wire direction. The green sections are the intervening wires as seen
from the array side. The accompanying general outline of this model, which uses a y of 10°,
provides an orientation to the wires from an oblique angle.
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Like the trapezoidal zig-zag array, the X LPA shows the same tendency toward a maximum
current peak along each bay that is far forward of the corresponding element on an LPDA. As
well, the absence of wire free ends reveals that the current minimums do not necessarily occur
at the points where the wire changes direction. See Fig. 10, which shows significant differences
in the current curves relative to the version in Fig. 5. Note especially that some of the parallels
to the current of solid-surface elements are missing.
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To allow more detailed comparisons between the trapezoidal and the X LPAs, we may look
at sample data at 50, 100, 150, and 200 MHz for the range of y-angles covered by this initial
exploration. The range of y-angles for the X LPA is not the same as for the trapezoidal
counterpart. X arrays have been successfully used when y = 0°, with a small separation
between the bays. In fact, we shall later discover that a y of 10° may be the most optimal angle



between bays when measured by the criteria used to select the optimal trapezoidal array.
Therefore, the sample includes w-angles of 0°, 10°, 15°, and 20°. Table 3 provides the results
of the sampling.

Table 3. Sample performance values: X (saw tooth) array: 20 elements/bay, a =17°,7=0.9

1. @y = 0° (flat array, 4” separation between bays)
Frequency Max. Gain Front-Back E BW H BW Impedance  600-Q 500-Q

MHz dBi Ratio dB degrees degrees R +/-jXQ SWR SWR
50 6.51 11.66 84.6 117.4 477 +j61 1.29 1.14
100 6.34 12.15 87.4 115.2 446 +j57 1.37 1.18
150 6.86 15.69 79.6 103.4 504 —-j119 1.32 1.27
200 5.79 16.53 107.2 134.0 301 +j18 2.00 1.67
2.y=5°

Frequency Max. Gain Front-Back E BW H BW Impedance 600-Q
MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 7.42 11.42 76.4 99.0 573 - j160 1.32
100 7.50 14.18 73.2 934 458 - 98 1.39
150 6.95 16.78 77.2 98.8 577-j6 1.04
200 6.35 18.14 100.4 124.8 307 -j15 1.96
3.y=10°

Frequency Max. Gain Front-Back E BW H BW Impedance 600-Q
MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 7.90 9.46 74.2 83.8 754 +78 1.29
100 7.32 18.82 82.4 914 619 -j 99 1.18
150 7.04 17.72 83.4 95.6 592 + 82 1.15
200 7.21 16.69 90.2 96.6 332-j30 1.81

4. p=15°

Frequency Max. Gain Front-Back E BW H BW Impedance 600-Q
MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 8.34 7.53 73.4 69.0 726 +j217 1.46
100 7.23 9.58 88.4 79.0 658 - j 87 1.18
150 7.27 13.34 89.6 79.6 672 +)94 1.21
200 7.50 15.01 91.0 79.8 355 +j20 1.69
5.py=20°

Frequency Max. Gain Front-Back E BW H BW Impedance 600-Q
MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 8.79 6.11 73.8 56.8 776 +j 302 1.66
100 6.48 412 106.8 71.2 629 - j 56 1.11
150 7.44 5.23 98.8 55.2 693 +j 33 1.16
200 7.71 7.60 92.0 68.0 440 +j 95 1.43

As was the case with the trapezoidal LPA, the X version of the array shows increasing gain
and decreasing front-to-back performance as we increase the y-angle. Also in concert with the
trapezoidal version, the X array shows an approximate feedpoint resistance of about 600 Q.
The one exception to this rule is the flat version; here the impedance is closer to 500 Q. The



entry for that version alone provides SWR values relative to both 600 Q and 500 Q. Notably,
none of the 200-MHz SWR values exceeds 2:1, and the performance does not radically
diminish at 200 MHz, as it did in the case of the trapezoidal LPA. Only the flat version of the
array shows a noticeable decrease in forward gain at the highest frequency within the operating
range.

The alternative way in which we may compare data both within the group of X LPAs and
between the trapezoidal and X types is to summarize the sweep data from 50 to 200 MHz. The
X LPA information appears in Table 4. There are three striking features within the table. First,
the optimal y-angle is about 10°, if we use the criteria of the smallest change in gain and the
smallest change in the E-plane beamwidth across the operating passband. We might have as
easily selected the version in which g = 5°, since the overall rate of performance change with
changes in the value of y is quite small. The selected y-angle angle is about half the value
required by the trapezoidal array.

Table 4. Sweep data summary, 50-200 MHz in 5-MHz increments: X (saw tooth) array: 20
elements/bay, a=17°, 1=0.9

1. W = 0° (flat array, 4” separation between bays)

Category Minimum Maximum A Average
Gain dBi 4.67 7.32 2.65 6.23
Front-Back dB  8.04 17.18 9.14 12.70

E Beamwidth °  74.2 116.4 42.2 91.0
2.y=5°

Category Minimum Maximum A Average
Gain dBi 6.19 7.53 1.34* 6.87
Front-Back dB  9.79 18.26 8.47 15.10

E Beamwidth °  87.2 124.8 37.6 107.9
*Least variation across the passband of the group.

3.¥=10°

Category Minimum Maximum A Average
Gain dBi 6.00 7.90 1.90 7.30
Front-Back dB  9.44 19.78 10.34 16.31

E Beamwidth °©°  73.0 107.6 34.6* 84.0
*Least variation across the passband of the group.

4. Y =15°

Category Minimum Maximum A Average
Gain dBi 5.27 8.62 3.35 7.49
Front-Back dB  7.51 18.06 10.55 12.26

E Beamwidth °  65.6 134.2 68.6 86.5

5 y=20°

Category Minimum Maximum A Average
Gain dBi 5.38 9.21 3.83 7.61
Front-Back dB  2.85 10.04 7.19 6.10

E Beamwidth °©  45.6 158.2 112.6 88.8



In addition, the 10° w-angle also yields a very close coincidence between the E-plane and
the H-plane beamwidths, as shown in the gallery of patterns in Fig. 11. Indeed, when w = 10°,
we find a near symmetry in the patterns for the two planes. In general, the X array yields
narrower beamwidths than the trapezoid.

20 MHz Fig. 11
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Second, average gain across all versions of the boomless X array tends to be higher by an
average of about 1 dB than the gain of the boomless trapezoidal LPA. Even with a y-angle of
0°, that is a flat array, the X LPA is capable of significant gain and a good front-to-back ratio,
which goes some distance to explaining the popularity of the design in home-built TV antennas.
The third notable factor is less debatable, since the range of change in both gain and the E-
plane beamwidth is much smaller among the boomless X LPAs than among the trapezoidal
counterparts. The general impression left by the X versions of the LPA is that they provide
better pattern control across the operating bandwidth than do the trapezoidal arrays.

Fig- 13 and Fig. 14 provide sweep graphs for the version of the array where y = 10°.
Graphs for the other versions of the X LPA appear in the data appendix document. The sweep
of forward gain and the 180° front-to-back ratio reveals that the design might benefit from a
slightly longer rear element. We also saw this feature in the corresponding sweep for the
trapezoidal array, but there, the effect was more pronounced at the low end of the operating
range. Atthe upper end of the range, the gain and the front-to-back ratio show no significant
decline, although the beamwidth tends to grow slowly with the operating frequency.

In common with the trapezoidal array, the X LPA SWR increases as the operating frequency
exceeds about 185 MHz. However, the rate of increase is much smaller than we encountered
with the trapezoidal array. Part of the reason for the slower rise in the 600-Q SWR is the fact



that it is due to a declining feedpoint resistance, in contrast to the trapezoidal array that showed
a rapid rise in the feedpoint resistance at the upper end of the passband.

20 Elements/Bay, Alpha = 17°, Tau = 0.9, Psi = 10¢°

Free-Space Forward Gain and 180° Front-to-Back Ratio

9 23
@ Jx«/‘h—\-‘t‘—‘ir’-‘— e '_‘—i—-\__!__L U_
- T Tis | 3
.% r
o a
5 110 | &
. :
= 5 =

u] o

a0 50 70 g0 a0 100 110 120 130 140 150 160 170 180 190 200
Freguency, MHz

Withaut Baom —a&— Forvward Gain —a&— Front f Back Ratio Fig. 12

20 Elements/Bay, Alpha = 17", Tau = 0.9, Psi = 107
Resistance, Reactance, and 600-Ohm SWR

go0 19

d
700 18

A oy
0 LV SN A PR BV KN SN B 3

fEE M A K\L A\A AR )
h

o LXK /

1Ay % '+

a0 60 70 100 110 120 130 140 150 160 170 180 190 200
Freguency, MHz

Source 1 SWRE00)

Source 1 R, ohms|
Source 1 X, ohms

[

Aithout Baom | —a—Sowrce 1R —8—Source 1 X —a— Source 1 SWR(E00) | Fig. 13

The boomless X or saw tooth LPA leaves the impression that it is generally superior to the
trapezoidal configuration in terms of performance at both ends of the operating passband and in
terms of pattern control. The optimal configuration requires a smaller y-angle, and even a flat
version is capable of reasonably good performance. The boomless X LPA still averages about
a 2-dB gain deficit relative to either type of array when equipped with a boom and a 1-dB deficit
relative to a single-bay LPDA. The boomless X LPA also has a somewhat lower front-to-back



average value than its boom-equipped counterpart. Still, if we measure simplicity of
construction against the deficits in performance, the boomless X LPA yields an honest debate,
whereas the boomless trapezoidal array performed too poorly to contemplate its use.

A Larger X LPA with Boom from Amateur Literature

Rothammels Antennenbuch contains not only a trapezoidal zig-zag array for potential home
replication, but as well 2 X LPAs. Unfortunately, each array uses a different set of design
parameters, so we can only sample their performance individually. Fig. 14 shows the outline of
the larger of two X LPAs with central booms. The array uses 12 elements, which suggest a
higher value of 1 (0.84). Like the trapezoidal array that we examined in Part 2, the values of o’
and of g are 60° and 45°, respectively. Also like the trapezoidal array, the shortest elements
are close enough to the vertex the permit extensions of the final element and the boom to that
point.

# (Sawtooth) LPA with Boom
Alpha =60 Degrees
Fzi= 44 Degrees
Tau=0.84
12 ElementsiBay
48-230 MHz

Rothammels Antennembuch
Fig. 14 ' pp. 544-545

The specified design range for the array was 48 to 230 MHz. However, calculations of the
element locations appear to have used a minimum design frequency of 50 MHz. The
dimensions appear in Fig. 15 in a 2-part table. The lower section shows the calculation of the
boom positions for the array. The models for this array used 2.54-mm (0.1”) diameter lossless
wire. Table 5 samples the arrays performance at 50, 100, 150, and 200 MHz.

Table. 5. Sample performance values: 12 elements/bay, a = 60°, 1 = 0.84, p = 45°

Frequency Max. Gain Front-Back E BW H BW Impedance 300-Q
MHz dBi Ratio dB degrees degrees R +/-jXQ SWR
50 5.64 3.09 72.9 92.2 375 —j458 3.64
100 8.49 11.88 67.8 74.0 294 +j 41 1.15
150 8.44 10.51 63.8 73.4 380+j0 1.27
200 8.69 11.50 63.2 74.6 225-j28 1.36

Although the trapezoidal amateur array that we looked at in Part 2 showed relatively smooth
gain and front-to-back performance for the entire passband, the X LPA shows a serious deficit
at the lowest sampled frequency. Moreover, the feedpoint impedance at this frequency shows a
very high reactive component, raising the 300-Q SWR value to uncomfortably high levels.
Above the lowest frequency, the performance levels out at gain values only about 1 dB lower



than the X LPA using a 1 of 0.9. However, the front-to-back values correspond only to those we
might obtain from a 2-element driver-reflector Yagi.

Zig-Zag Log-Perindic Antenna Elements Fig. 15
DARC Large #-LPA, p. 544
YWoark Sheet Bold = User Entry
Tau 0.540 Sigma | 0089
Alpha degrees 60.00 degrees | 1.047 radians | 1/2Alpha | 0524 tandlpha | 0.5774 . DD0Oe=
F-low 50.00 MWHz
F-high 200.00 MHz
L-long L 300 meters | 9.84 | feet . 118.11 linches
Lhigh L 075 meters | 246 | feet . 2953 | inches
L™.6 L 047 meters | 1.54 | feet . 18.45 inches
Ry “ertex R | 2EB0 meters | 8.52  feet . 10229 | inches
Element | Ln Ln/2 En Element | Lfeet Lits2 Rfeet Element | Linch Lin/2 Rinch
7, 3000, 1500, 2595 Tl 9.84 | 482 g.52 T, MB11 . 5906, 10229
2 28520 1260 2182 2 85.27 | 413, 716 2, 8921 4961 8982
3 2m7 . 1058, 1.833 3| B.94 | 347 6.01 3, B33, ME7F 7247
4 177G, 0883, 1.540 4| 583, 292 5.05 4, 7000, 3500, 6063
S 1454 0747 1294 5. 4.80 245 4.24 5 5880, 2940 5083
6 1255 0B, 1.087 =14 412 206, 3.56 G, 4940 2470 4278
f, 1ios4, 0527, 093 7L 346 | 173, 2898 7. M4 2075 3553
8 oB\e8s, 0443 0767 8l 280 1.45 252 8, 3d485, 1743 3018
9, 0744 0572, 0644 al 244 1.22 2.1 9, 2828, 14B4 2535
0, 0B25, 0312, 054 10 205 1.02 177 0, 2459 1230, 21.30
1, 05825 0262, 0.454 1L 1.72 | 0.86 1.48 1, 2085, 1033, 17.89
12, 0441 0220, 0.382 12| 1.45 | 072, 1.25 12, 1735 865, 1503
13 03/, 0185, 0.3 13| 1.21 n.61 ., 1.05 13 14.58 | 729, 1282

#-LPA Boom Calculations

Adjacent | 276

Opposite | 0.415692

tanBeta | 0.150613

Rbrr-n | 2372157

Boom Rbrm-m | Rbm-t Rbrm-in

1-2 . 2372, 778, 9339
23 . 1893, BA4, 7845
3 . 1E74. 549, E590
45 _ 1406, 481, BRI
56 _ 1481, 387,  4RA0
67 . 092, 325, 3906
78 . 0833, 273, 3281
L 0700, 230, 2746

910 | 0588, 183, 2315
10-11 | 0494, 162, 1945
112 . 0415, 136, 1633
12413 | 0349, 114, 1372

Table 6. Frequency sweep summary: 50-200 MHz: 8 elements/bay, a = 60°, 1 = 0.84, p = 45°

Category Minimum Maximum A Average
Gain dBi 5.64 9.24 3.60 8.35
Front-Back dB  3.09 12.38 9.29 10.46

E Beamwidth ©°  59.1 74.4 15.3 67.5

The sweep summary in Table 6 reveals the same set of impressions. Still, among arrays
with high values of y and a’, the array does show relatively smooth E-plane patterns without too
much variation in the beam width. However, as Fig. 16 makes clear, the array exhibits less
control over the rearward lobe structure. In terms of 1970-era television reception, the antenna
would be subiject to interference from distant stations anywhere within the rearward quadrants.



100MHz .08 ~ Fid-18

Red = E-Plans
Black = H-Plane

150 MHz DB 200 MHz e 0dBe

HLPA
12 Elements/Bay, Alpha =60 deg, Tau=0.84, Psi= 45 Degrees
Sample Free-Space E-Flane and H-Flane Fatterns

The sweep graphs in Fig. 17 and Fig. 18 confirm the tabular information. Note that the
performance drop near the lower end of the passband begins at a higher frequency than the
impedance deficit, a property that we have seen in other X LPAs.

X LPA: 12 Elemenis/Bay, Alpha = 60 deqg, Tau = 0.84, Psi = 45 Degrees
Free-Space Forward Gain and 180-Degree Front-to-Back Ratio
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X LPA: 12 Elements/Bay, Alpha = 60 deg, Tau = 0.84, Psi = 43 Degrees
Feedpoint Resistance, Reactance and 300-Ohm SWR
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A Smaller X LPA with Boom from Amateur Literature

Rothamel also presents a smaller X LPA that uses only 8 elements, with a T of 0.707. The
w-angle remains a standard 45°. The listed value of a’ was 75°, but | had to reduce the angle to
70° to bring the listed dimensions into coincidence with standard calculations of element
dimensions. Fig. 19 shows the outline of the array.

¥ (Sawtooth) LPA with Boom
Alpha =70 Degrees
Fsi= 45 Dedgrees
Tau=0.707
8 ElementsiBay
48-230 MHz

Rathammels Antennambuch
Fig. 19 hp. 544-545

The dimensions used in the model appear in Fig. 20, which again has an upper and a lower
section. The lower portion shows the relevant boom calculations. Like the larger X LPA, the
smaller version draws the end of the shortest element and the boom all the way to the vertex.
The distance is fairly short, as indicated by the smallest value of Rn in the dimension table.

Table 7 and Table 8 present the performance sampling information and the sweep data
summary, respectively. The performance deficiencies at the low end of the passband once
more stand out in both tables. The one interesting category is the 200-Q SWR value set. The
small array manages to maintain values that are less than 2:1 at all sampled frequencies. Once
more, the X LPA impedance performance has broader-banded characteristics than the gain,
although the SWR does rise a small amount above 2:1 at 2 points in the passband.



Zig-Zag Log-Perindic Antenna Elements
DARC ¥-LPA-Small p. 9dd

YWark Sheet Bold = User Entry

Tau 0.707

Alpha degrees 70.00 degrees | 1.2

F-low 48.00 MHz

F-high 230.00 MWHz

L-long L 313 meters | 1025

Lhigh L 0B5 meters | 214

L*.6 L 041 meters | 1.34

Ry “ertex R | 223 meters | 732

Element | Ln Lns2 Rn Element
T, 3125 15863, 2.2 T
2, 2208, 1105, 1578 2
3, 1E82, 0781, 1115 3
4 1104 05852, 0789 4
5, 0781, 0390, 0558 8
6, 05852, 026, 0394 g
F. 0390, 0195, 0279 7.
8, 0Z/6, 0138, 0197 g
9, 0195, 0098, 0139 g

#-LPA Boom Calculations

Adjacent | 2667185

Opposite | 0.853824

tanBeta | 0.245136

Rbrr-n | 1.848456

Boom Rbm-m | Rbm-t Rbm-in

1-2 . 1845 B0, 7277

2-3 L1307 429, 5145

34 . 0924 303, 3638

4-5 . OB53 214, 2877

o . 04s2 | 182, 1818

B-7 L 032 107, 1286

-3 L 023 076, 9.09

8-9 . 0B3 | 054 643

radians | 1/2Alpha
feet 123.03
faet 25 (8
feet 16.05
faet a7 .85
| feat Litf2
10.25 | 5.13
725 3E2
812 2.56
3.62 | 1.81
256 | 1.28
1.81 | 0.91
1.28 0.64
0.91 0.45
064 | 0.3z

. O0B11 tanAlpha | 0.7002

inches

inches

inches

inches

Rfeet Element | Linch
L 7.32 T, 12303
L 518 2, B698
L 366 3, B1A0
L 259 4 4348
L 1.83 5, 3074
L 1.29 6, 2173
L 091 7. 1837
L 0.65 &, 1088
L 0.46 g, 7 kA

Table. 7. Sample performance values: 8 elements/bay, a = 70°, 1= 0.707, p = 45°

Frequency Max. Gain
MHz dBi

50 4.09

100 6.96

150 6.32

200 6.92

Front-Back
Ratio dB
1.75
10.73

9.90

9.67

E BW
degrees
75.7
66.8
80.8
79.4

H BW
degrees
134.0
89.6
105.8
99.6

Impedance
R +/-jXQ
203 —j112
223 +j7
260 +j 28
209 -j38

Fig. 20
Sigma 0.105
0.105
LinS2 Rinch
61.52| 87.85
4349 BZ1N
3075, 439
2174 31.05
1537 218585
1087 1582
JB3| 1097
543 776
3.84 | 548
200-Q
SWR
1.73
1.12
1.33
1.21

Table 8. Frequency sweep summary: 50-200 MHz: 8 elements/bay, a = 70°, 1= 0.707, @ = 45°

Category Minimum
Gain dBi 4.09
Front-Back dB 1.75
E Beamwidth ° 64.0

Maximum

7.20
12.45
80.8

A
3.11
10.70
16.8

Average
6.37
8.69
70.9

As we might expect from such a sparsely populated array, pattern control decays more
significantly than we found in the larger amateur X LPA. As shown in Fig. 21, the rearward
lobes of the array at all sampled frequencies allow for considerable interference from the rear.
The E-plane beamwidth values are close to those that are typical of a simple dipole.



20 MHz Fig. 21
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Black = H-Plane

200WMHz 0B

v LPA
3 ElementsfBay, Alpha= 70 deg, Tau=0.707, Psi= 45 Degrees
Sample Free-Space E-Plane and H-Flane Patterns

Fig. 22 and Fig. 23 provide sweep graphs that correlate with the tabular information. The
gain and front-to-back graph is notable for two reasons. First, the performance curves are
subject to sudden changes. Second, the low-end performance deficiencies cover a wider
portion of the total passband.

X LPA: 8 Elements/Bay, Alpha = 70 deq, Tau = 0.707, Psi = 43 Degrees
Free-Space Forward Gain and 180-Degree Frontto-Back Ratio
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X LPA: 8 Elements/Bay, Alpha = 70 deqy, Tau = 0.707, Psi = 43 Degrees
Feedpoint Resistance, Reactance and 200-0hm SWR
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The impedance graph reveals that the small X LPA undergoes more radical changes in both
resistance and reactance than the larger array. As well, we can easily find the SWR excursions
above 2:1 at 55 and 80 MHz, with a borderline case at 130 MHz.

Of the two old-style X LPA designs, only the larger version might pass muster for adequate
wide-band performance by 21% century standards—and then, only if we correct the deficiencies
at the lower end of the passband. While we make those corrections, we might also experiment
with the optimum value for the y-angle and not blithely accept the 45° standard that was
common when these designs emerged.

Conclusion

Our main goal in all three parts of this exercise has been to compare the performance of
“standard” LPDA design against zig-zag LPA designs that came earlier. To level of field of
comparison, we used a fixed set of design parameters for all of our candidate designs: 1=0.9, 0
=0.167, a’ = 17°. All arrays used 20 0.1”-diameter elements per bay. Since the zig-zag
designs required experimental selection of the w-angle, we let that factor be a variable.

Virtually none of the configurations showed exceptionless performance across the entire
passband, a condition that we created by limiting the compensatory steps normally used to
define the operative dimensions. Some versions showed weakness at the low end of the
operating range, while others saw declines nearer to the upper end. Virtually all of the designs
(with the exception of the boomless trapezoidal array) are subject to relatively easy reworking to
correct the deficiencies, but the result will be as many different designs as we have types of
LPAs.

Along the way, we have made some relevant comparisons between and among
configurations. Repeating those textual assertions might leave their foundations uncertain.
Therefore, by way of final summary, | have created Table 9, a compilation of the sweep
summaries of the representative arrays of all types covered in these notes. The data allow you



to draw your own conclusions. For further data on variations of each LPA type, see the data
appendix.

Table 9. Sweep data summary, 50-200 MHz in 5-MHz increments

LPDA, single-bay

Category Minimum Maximum A Average
Gain dBi 7.33 8.52 1.19 8.09
Front-Back dB  16.71 44 .56 27.85 28.93

E Beamwidth °©°  60.8 66.4 5.6 63.7
Double-bay, ¥=10°

Category Minimum Maximum A Average
Gain dBi 9.35 10.79 1.18 10.00
Front-Back dB  14.28 63.75 49.47 35.93

E Beamwidth ©° 54.0 61.0 7.0 57.8
Trapezoidal zig-zag LPA, with boom, y = 5°

Category Minimum Maximum A Average
Gain dBi 7.71 8.57 0.86 8.35
Front-Back dB  20.13 32.04 11.91 2712

E Beamwidth °  63.0 68.8 5.8 65.0
Trapezoidal zig-zag LPA, without boom, W = 20°

Category Minimum Maximum A Average
Gain dBi 4.48 8.20 3.72 6.57
Front-Back dB  4.46 13.60 9.14 9.94

E Beamwidth °  73.6 170.0 96.4 109.7

X zig-zag LPA, with boom, y = 5°

Category Minimum Maximum A Average
Gain dBi 7.64 8.84 1.20 8.64
Front-Back dB  11.96 30.93 18.97 26.87

E Beamwidth ° 62.4 64.6 2.2¢ 63.5

X zig-zag LPA, without boom, y =10°

Category Minimum Maximum A Average
Gain dBi 6.00 7.90 1.90 7.30
Front-Back dB  9.44 19.78 10.34 16.31

E Beamwidth °  73.0 107.6 34.6 84.0



