Log-Yagis simplified

A 12-foot (boom) antenna
achieves 11-dB gain
on 10 meters

Several articles on the design of log-periodic
dipole and Log-Yagi antennas have made the Ama-
teur fraternity quite conscious of their excellence for
long-haul DXing. Their virtues are high gain, excep-
tional bandwidth, and a large capture area. In order
to understand the mathematical concepts, rather
than just copying a design, a series of simple func-
tions have been derived that permits any interested
Amateur to design his own Log-Yagi.

reflector considerations

Relatively close spacing is employed in these Log-
Yagis. Purists may be dismayed by this approach,
since approximately 0.5 dB would be lost in a Yagi of
similar size. In the case of Log-Yagis, however, if
such a lost exists it is dwarfed in importance by
achievement of front to back ratios of up to 30 to 45
dB. Experimenters who have tried both the wide and
close-spaced reflectors report that the close-spaced
reflector shows no apparent loss in gain, but that the
front-to-back is terrific. Interlacing Log-Yagis does
show the loss of about 5 dB F/B when compared
with monobanders.

78 May 1983

Since | could find no published curves or data for
using close-spaced refiectors, | decided to provide
my own data at three spacings under 0.15 wave-
length. The spacings were chosen 1o provide easily
measured intervals of inches and fractions and result
in 0.0765, 0.0854, and 0.1 wavelength. Efficient re-
flectors are made progressively longer as they are
moved closer to the driven element or cell. Simple
formulas can then be used to calculate reflector
lengths based on the indicated spacing. Finally, the
frequencies used for computation are based on the
lower band-edge where wavelength is determined by
11808 ~ f MHz, with the result in inches.

Reflector spacing versus required reflector length
is as follows:

spacing reflector length
0.0765\ 6190 + f MHz
0.0854\ 6115.2 ~ f MHz
0.10n 6060 + f MHz

director considerations

In addition to the reflector design needed to pro-
duce the best F/B ratio, the best broadband charac-
teristics with constant gain were also considered. Be-
cause of perturbations within the log cell, it has been
found that with spacings less than 0.12 wavelength
the gain is not constant over the entire band. Spac-
ings between 0.125 and 0.150 wavelength exhibit a
relatively flat response if the director is adjusted to 95
percent of the longest cell element. The use of spac-
ings of less than 0.125 require pruning or adjusting
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[Curve for 7 = 0.95 only with approximate sigmas (¢).]

the director for best results in the portion of the band
of interest.

average Yagi gain

Tests conducted using two Yagi parasitic elements
with log-cell radiators show 4.3 to 4.6 dB gain over
the cell alone. Reference in the text to average Yagi
gain is based on a 4.5 dB average.

Second directors provide between 1 and 1.5 dB
additional gain when spaced 0.15 to 0.2 wavelength
from the first director. A third director seldom adds
more than 0.5 dB gain.

the cell function

There are as many combinations of Log-Yagi con-
figurations as imagination will allow. As this article is
not a treatise on the construction of a single design,
working examples are used to lead the builder
through the simple design steps.

In the formulas presented, f is the frequency in
MHz at the lower band edge, 7 is the design constant
between 0.85 and 0.97, and ¢ is the spacing constant
between 0.05 and 0.19 used to determine cell length
and gain. Half angle (o ) is the angle formed between
the boom and the taper formed by the element.

It should be noted that a 7 near 0.95 produces
higher gain, with virtually any ¢, than is possible
using the lower figures near 0.85, and is generally
what | use. Bandwidth of the cells, even with high
o, are sufficient through 28 MHz to ensure coverage
of the entire band.

Two curves are shown in fig. 1 and fig. 2 which

enable the designer to reasonably determine cell
gain. One represents the 7 versus ¢ from K4EWG's
work'23 and the other is from Isbell’s® work using 7
versus half angles. The Isbell curve has been modi-
fied by extending the curves to include half angles
near 3 degrees.

Both curves are based on pure log-periodic cell de-
sign and their accuracy is not questioned. For Log-
Yagi work, Isbell’s curves appear to correlate closely
if a correction factor of — 1.3 dB is applied.

Subtraction of 2.2 dB results in dBd — or gain over
a dipole. For this reason, the left-hand figures on the
modified Isbell curve have been corrected by 3.5 dB
and shown as dBd.

Either curve shows that cell gains over a dipole,
when added to the average Yagi gain, provide a very
efficient antenna on a relatively short boomn.

designing the antenna

Having waded through the basics that are perti-
nent to Log-Yagi design, you can proceed with the
development of the antenna shown in fig. 3 using
simple formulas.

For the cell half-lengths in inches:

1 = 2820 ~ f
2 =1Xxr7
3 =2xr7

Spacing between the elements is calculated by
first multiplying the selected o by four and again mul-
tiplying that quantity by the length of ¢1. Stated as a
formula: ¢1(4g) = {1 — {2 spacing. To calculate the
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fig. 3. Log-Yagi consisting of cell {11, 2, and (3} and up
to three parasitic elements.

¢2 —~ ¢3 spacing multiply the £1 — 2 spacing by 7.
This completes the cell design and a total Log-Yagi
can be designed from the data presented so far.
For example, a 28-MHz antanna with a 7 of 0.95
and using a ¢ of 0.07 results in the following cell
dimensions.

/1 = 2820 +~ 28 = 100.71
2 = 100.71 x 0.95 = 95.6786
(3 = 95.6786 x 0.95 = 90.895
(1— 2= (4x0.07) x100.71
= 0.28 x 100.71
= 28.1988 = (28.2)
f2— 3= 28.2x095
= 26.79 = (26.8)
cell length = 55inches

Continuing the design for the parasitic elements
using 0.0765-wavelength spacing for the reflector
and 0.15-wavelength spacing for the director we
find:

R = 6190 +~ 28

= 221.07
(11808 + 28) % 0.0765
421.7 X 0.0765
32.26 = (32.25)
(2 X 100.71) % 0.95
201.42 X 0.95
191.349 = (191.35)
421.7 X 0.15
= 63.25
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The parasitic elements require 95.5 inches plus 2
inches each for mounting; when added to the cell
length, this figure indicates that a boom of 154.5
inches, or 12.875 feet, is required. If the antenna was
to have been designed for exactly a 12-foot boom,
then this example must be changed by reworking the
cell length or changing the director spacing. In the
example given, reducing the director spacing to
0.125 wavelength results in a new spacing of 52.75
and the antenna fits a 12-foot long boom nicely.

The K4EWG curve indicates a cell gain of 9.2 dBi,
or 7.0 dBd. To compute the half angle to check with
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the modified Isbell curve, we must calculate the co-
tangent (cot) of the half angle from the 7 and ¢ used
in our design as follows:

cotx = (4x0)+(1-71)

cot ® = (4% 0.07) + (1 —0.95)
= 0.28 + 0.05
=56

Cot 5.6 (5.614) resolves to a half angle (o) of 10.1
degrees.

The gain on the modified Isbell curve indicates
8.8 dBi, or 6.6 dBd, for the cell alone. Cell gain of 6.6
plus 4.5 average Yagi gain renders a figure of 11.1
dBd total gain for the Log-Yagi, or about 0.6 dB less
than indicated by the other curve.

The two methods produce little difference in cell
gain figures in the region between sigmas of 0.05 and
0.12, but even the lowest of gain figures equates to a
power ratio of 12.6, which makes 100 watts as effec-
tive as 1.26 kW on a dipole.

wide-spaced cells

The previous design produced a high-gain antenna
on a short boom. Surely some designers will be con-
sidering whether versions with longer booms and
more directors are practical, particularly for those
who have the space to erect them.

If all the constants remain the same except a,
which is increased, only the spacing between cell ele-
ments will change. The spacing for {1 — {2 becomes
68.5 inches and 2 — (3 is 65.063 inches for a cell
length of 133.5inches using a o of 0.17.

Using this cell length with 0.15-wavelength direc-
tor spacing and 0.0765-wavelength reflector spacing,
the boom required would be a little over 19 feet long.
If, however, the reflector spacing were changed to
0.0854 wavelength, the mechanical balance would
be improved and the configuration would fit nicely
on a 20-foot boom.

Using the previous formulas, the cot & is 13.6 and
the half angle is 4.2 degrees. The modified Isbell
curve shows a cell gain of 8.95 dBd and a total Log-
Yagi gain of 13.456 dBd. The 100 watts now looks like
2 kW on a dipole.

While straining for every dB possible, adding a
second or third director could give a final figure of
over 15 dBd.

tolerances

Two items left untouched by most other articles on
this subject are the need for carefu! workmanship
and the use of relatively finite measurement if the
best results are to be attained. Inattention to detail or
poor workmanship can cost you gain.

Tolerances should be held to 1/16 inch for element



lengths and spacings up to 1/8 inch as high as 28
MHz. For metric measurement, 1 mm is an excellent
tolerance figure (for both length and spacing).

By fastening the phase lines exactly 0.5 inch from
the attachment end of the radiator, and maintaining
equal lengths of each wire or strap in the phasing
pairs, the builder is ensured of good electrical bal-
ance and his results will be repeatable time after
time. The dimensions developed from the design
effort are based on center-to-center spacing of all
elements.

fine tuning the design

In many combinations of the three basic factors of
design, it appears that some fractions make the
measurement practically impossible. Other cases are
noted where attaining the tolerance figures for con-
struction is impossible.

Changing one or more of the factors even slightly
can often resolve the problems. In the foliowing ex-
ample of a 14-MHz design, the original figures and
finalized computations are explained:

final computation
f=14.0037214 7 =
0.950341403

original computation
f=14MHz 7 = 0.95

o=0.1791 o= 01789265

01 = 201.42857 1= 201.375

2 = 191.357 2= 191375

(3 = 181.7893 3= 181.875(181.8716)
01 — 2 = 144.303 1— 2 =144.125

22— 3 = 137.088 2 - (3 =137.0(136.968)

First, the dimensions of (1, €2, and {3 were diffi-
cult to measure. This was resolved by dividing 2820
by 201.375 for the new frequency. Although 2 and
3 could be considered within tolerance, it was desir-
able to see how 7 would be influenced.

The figure of 191.3786 for 2 after the frequency
was changed was close to 191.375, so a new 7 was
developed by dividing 191.375 by 201.375 for 7 =
0.950341403, which helped make ¢3 a more easily re-
solved figure.

Although the cell spacings were resolvable, | felt
that reducing the sigma slightly would permit the use
of integral inches for £ — 3, and that the small
change would not affect gain. By cut and try, | im-
proved the dimensions and arrived at the new figure.

The results are dimensions well within the estab-
lished tolerances. It is much more simpie to redo the
arithmetic than to try to measure uncommon frac-
tions!

construction

I've tried various methods for mounting cell ele-
ments. Generally, the insulating material used in cell

construction dictates the mounting method. When
using polystyrene, Lucite, Plexiglass, or PVC tubing
as insulators, strap them with stainless steel hose
clamps. (If you use U-bolts, a cushioning material
must be added.) With these insulators, | used 1-1/4
x 1-1/4 aluminum angle mounted to 4 x 4 plates for
fastening to the boom (with muffler clamps). Most of
the materials mentioned succumb to weathering of
some sort in two to three years. PVC shows break-
down of insulation and the others get brittle and
crack.

The best material is polycarbonate. Though this
material is expensive, it has a tensile strength of 6000
psi, a breakdown characteristic of 360 volts per mil
(0.001 inch), it retains its impact strength to — 40 de-
grees F, and it has a temperature distortion point of
over 260 degrees F. Polycarbonate with 1/8-inch wall
can support a full-sized 14-MHz element, with two U-
bolts spaced 6 inches apart, when the element is
enclosed in a tube only 7 inches long with a gap be-
tween elements ends of 0.5 inch. There will be no no-
ticeable sag at the element center.

guying

Single guy wires are satisfactory for small booms
and on larger-diameter long booms with thick walis.
The extra support provided by umbrella-type guying
is recommended in most other cases. When the
installation is close to salt water, or in areas where
oxidation levels are high, stainless steel guys and
turnbuckles are highly recommended. The 3/32-inch
sailboat-shroud cable is adequate for most cases. For
very heavy arrays, such as interlaces, 1/8-inch mate-
rial is recommended. Dacron is the only rope material
recommended for guys. This should be of the woven
type, in diameters of 1/4 or 5/16 inch. Rope guys in-
crease wind resistance considerably.

matching

Impedances of almost all configurations are be-
tween 35 and 48 ohms. Whether strap, rods, tubes,
or wire is used for the phasing lines, their influence is
small so far as matching capabilities are concerned.

K4EWG devised a matching stub for his design
which is easily found by using 266 = f. It is installed
between ¢3 and a 1:1 balun. Closing up the stub
spacing or adjusting 1/8 inch at a time provides the
best match.

On many occasions it is difficult to make such
changes easily. A preferred method is to feed the an-
tenna through a balun and slightly shorter stub,
using a transformation in the feedline. This approach
uses either an odd number of quarter wavelengths of
50-ohm feedline (corrected for velocity factor) or a
single 50-ohm quarter-wave section between 70-ohm

May 1983 81



K.V.G.

Feo’,

9 MHz CRYSTAL FILTERS
Ap?ll- Band-

MODEL cation width Poles Price
XF-9A SSB 2.4 kHz 5 $50.60
XF-98 SSB 2.4 kHz 8 68.60
XF-9B-01 LSB 2.4 kHz 8 91.35
XF-9B-02 usB 24 kHz 8 91.35
XF-9B-10 SSB 2.4 kHz 10 119.65
XF-9C AM 3.75 kHz 8 73.70
XF-9D AM 5.0 kHz 8 73.70
XF-9E FM 12.0 kHz 8 73.70
XF-9M Ccw 500 Hz 4 51.55
XF-9NB cw 500 Hz 8 91.35
XF-9P cw 250 Hz 8 124.95
XF910 IF noise 15 kHz 2 16.35

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM 12 kHz 8 $64.10
XF107-B NBFM 15  kHz 8 64.10
XF107-C WBFM 30 kHz 8 64.10
XF107-D WBFM 36 kHz 8 64.10
XF107-E Pix/Data 40 kHz 8 64.10
XM107-SO4 FM 14 kHz 4 28.70
Export Inquiries Invited. Shipping $3.50

MICROWAVE MODULES VHF & UHF EQUIPMENTS

Use your existing HF or 2M rig on other VHF or UHF bands.

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMk 1691-137 $224.95
1296 MHz MMk 1296-144 119.95
432/435 MMc435-28(S) 74.95
439-ATV MMc439-Ch x 84.95
220 MHz MMc220-28 69.95
144 MHz MMc144-28 54.95
Options: Low NF (2.0 dB max., 1.25 dB max.), other bands & IF's available
LINEAR TRANSVERTERS

1296 MHz 1.3 W output,2Min MM1t1296-144 $374.95
432/435 10 W output, 10M in MM1435-28(S) 299.95
144 MHz 10 W output, 10M in MMt144-28 199.95

Other bands & IFs available

LINEAR POWER AMPLIFIERS

1296 MHz 10 W output MML1296-10-L $ ask

432/435 100 W output MML432-100 444 95
50 W output MML432-50-S 239.95
30 W output MML432-30-LS 209.95

144 MHz 100 W output MML144-100-S 264.95
50 W output MML144-50-S 239.95
30 W output MML144-30-LS 124.95
25 W output MML144-25 114.95

All models include VOX T/R switching. F ™
“L" models 1 or3W drive, others 10W drive r

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS

48 Element 70/MBM48 15.7 dBd $75.75
88 Element 70/MBM88 18.5dBd 105.50
144-148 MHz J-SLOTS

8 over 8 Hor. pol D8/2M 12.3dBd $63.40
8by 8 Vert. pol D8/2M-vert 12.3 dBd 76.95
8 + 8 Twist 8XY/2M 9.5dBd ask
UHF LOOP YAGIS

1250-1350 MHz 29 loops 1296-LY 20 dBi $44 .95
1650-1750 MHz 29 loops 1691-LY 20 dBi 55.95

Order Loop-Yagi connector extra: Type N $14.95, SMA $5.95

=

(617) 263-2145
SPECTRUM
TERNATIONAL, INC.
Post Office Box 1084
ord, MA 01742, U.S.A.

Send 40¢ (2 stamps) for full details of all your VHF & UHF equip
mentand KVG crystal product requirements
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feedline and the balun end. In every case, it has been
possible to reduce the VSWR to 1.3:1 or less across
the band.

Though the standard computation for a quarter-
wavelength section is 246 -+ f multiplied by the line’s
velocity factor, my figure of 240 + f low end, with
correction for velocity factors, appears to provide the
best broadband characteristic for this transfor-
mation.

about gain figures

I will be among the first to agree that antenna
models do not guarantee the gain figures attributed
to the designs of these Log-Yagis. Usually as much
as 2.5 dB variation is noted.

Recent antenna testing by the NRL (Naval Re-
search Lab) and others have verified that modeled
antennas are but guidelines for the development of
full-scale antennas, where certain performances are
required over particular paths. Recent testing has
been performed with full-scale antennas to deter-
mine ‘‘apparent gain’’ over such paths.

The use here of the idea of apparent gain is similar
to its use in the development of ‘‘gain type’’ anten-
nas for mobile use. For example, a 5/8-wavelength
antenna by itself cannot produce a 3-dB improve-
ment over an antenna 1/4-wavelength long. Appar-
ent gain is accomplished by concentration of energy
in a favorable direction or takeoff angle.

Apparent gain follows the design gain quite closely
in Log-Yagi arrays. On long-haul paths of over 3000
miles, a comparison with a reference dipole yields re-
sults that are quite close to those derived by compu-
tations using the curves. The large capture area and
non-symmetrical vertical pattern are no doubt con-
tributors to its ability on such paths.
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