Hal Greenlee K4GYO
430 Island Beach Blvd.
Merritt Island, Florida

VHF Log-Periodics
and the "Log -Scan 420"

If you have been planning an antenna sls’rem for the YHF
or UHF bands, you shouldn't overlook the log-periodic
array. This antenna features high gain, wide bandwidth

and reproduceability.

The new look in antennas is here. Soon
VHF log-periodic antennas will be replacing
yagi arrays of practically all types, and also
replacing old standbys such as the collinear,
helix, and corner reflector. This revolution
has already been taking place in the tele-
vision antenna business for several vears
and there are good reasons why.

First of all, do not be led astray on the
subject of gain. Not many people interested
in antennas presently know that log-periodics
having about 1.5:1 bandwidths can deliver
just as much gain as yagis the same size and
having only a few percent bandwidth. This,
as well as other new data, has been ac-
cumulated in the last few years and the
properties of the planar (flat) log-periodic
have been under investigation recently. Only
lately has it become evident that log-periodics
with small apex angles can yield as much as
12 dB gain.

Construction details of the “Log-Scan 420
are presented later in this article. This an-

tenna serves as an excellent example of the
advantages of the log-periodic. Here is a
summary of its characteristics:

a., Gain: 16-17 dB over an isotropic.

b. Bandwidth between 1.5:1 SWR points:

50 MHz.

c. Size: 14%” wide, 65” high, 41" deep.

d. Input impedance: 50 ochms unbalanced.

e. Matching section or tuning adjustments

necessary after construction: none.

As you can see, the antenna is ideal not
only for general work on 420, but is just
the thing for the ever-growing amateur tele-
vision fraternity. Let’s compare it with its
nearest competitor, the yagi.

A stacked array of four yagis of the same
overall size would have 1.5\ length booms,
seven to nine elements per vagi, and each
vagi would exhibit about 11 dB gain. With
a stack of the above dimensions, a gain in-
crease of only 4-5 dB would result because
some aperature overlap occurs. However,
even with fullwave stacking (height of 80”),
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The "Log Scan 420" ar-
ray built by K4GYO.
Each antenna in this ar-
ray exhibits about [1.5

dB gain; the entire array
yields about 17 dB.
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a total array gain of over 16.5 dB is unlikely.
Advantage of the yagi in gain: little or noth-
ing.

Mechanically, the yagi has the advantage
of fewer booms and elements, but from every
other standpoint, the log-periodic array has
the upper hand. For instance: a 50 MHz
bandwidth, compared to a 1 to 2 MHz band-
width of the yagi. Even with special tech-
niques, bandwidth of more than 10 MHz
for the yagi array cannot be achieved with-
out going to twin- or tnple—dnven elements
at the expense of array size and/or gain.
Also, log-periodics are not sensitive to tun-
ing effects caused by element and boom di-
ameter. Nor do small (less than 2%) varia-
tions in element lengths from those intended
have much effect on gain and input im-
pedance. In addition, no balun, delta, tee
or gamma match is needed to couple the
antennas to the coax phasing harness or
feed line. The log-periodic design can be
adjusted to provide a good match directly to
coax of any impedance; this eliminates any
tuning or pruning, and effectively reduces
the weatherproofing problem to zero. More
about these factors later.

What advantages does the planar log-peri-
odic offer over dishes and corner reflectors?
One word: size. The “Log-Scan” has the
gain of a dish 7 feet in diameter, or of any
other screen reflector antenna of about the
same area. It also has about the same gain
as a 32-element collinear 62 inches square.
The reason is that, like the vagi, the travel-
ing-wave structure of the log-periodic mul-
tiplies the effective capture area it exhibits,
to equal a reflector antenna of much larger
size (whose capture area approximately
equals the reflector area). The simplicity of
transmission-line matching doesn’t offer too
much advantage over the dish or corner re-
flector, but does when compared to the prob-
lems encountered with a 32-element collinear
in a high humidity area.

Designing your own

Log-periodics have the extraordinary fea-
ture of being truly wide-band structures, with
their electrical properties repeating at in-
tervals occuring at a ratio equal to the factor
r, as the frequency is changed. The = factor
is the factor by which the next higher set
of elements on the antenna decreases in
length, relative to any one set. If, for ex-
ample, an array had a = factor of 0.9, and
the longest set of elements were 100 inches
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Fig. |, The planar log-periodic antenna. The 7 factor
determines the relationship between subsequent ele-
ment lengths and spacing. The « angle is the apex
half-angle shown here. Both of these factors control
the available gain of the array.

long, the second set would be 90 inches,
the third set, 81 inches, and the fourth set,
about 73 inches. The r factor is usually
chosen above 0.7 so the properties of the
antenna repeat close enough together per-
centage-wise so there is no appreciable vari-
ation in them. A log-periodic can be made
to cover 10:1 frequency ranges or more.
However, to cover, say, a 100:1 range, it
would be necessary to scale down the diame-
ters of the elements and booms in inverse
proportion to the increase in frequency.

The low cutoff frequency occurs when
the longest set of elements is about 0.47
wavelengths long. The high cutoff frequency
occurs when the shortest set is about 0.38
wavelengths (for that frequency). If it is
desired to maintain gain and pattern closely
over all of a given band, the cutoff fre-
quencies should be set 10% below and above
the band limits for = factors of 0.9 and
abave: 20% for smaller factors.

The « angle is the apex half-angle, as
shown in Fig 1. The r factor and « angle
together control the available gain; it being
higher for a smaller « angle (which means a
longer boom) and a higher r factor (which
means more sets of elements).

It can be seen why an antenna can be
duplicated with different element and boom
diameters than the original, without affect-
ing the performance. All that will happen is
that the high and low cutoff frequencies will
be shifted slightly. This factor makes build-
ing log-periodics much easier than building
and adjusting vagis.

Looking at Fig. 2, it can be seen that the
planar log-periodic is actually a balanced
transmission line with elements fed from
along its length. Notice that each set of
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Fig. 2. Method of feeding the log periodic with
coaxial feedline. The coaxial line is fed through one
of the booms and connected to both.

elements is reversed in feed polarity from
the previous set. The antenna will not work
unless this is done. The antenna structure
is fed at the high-frequency end, and its feed
impedance appears somewhat less than the
characteristic impedance of the boom struc-
ture. It is possible to match impedances from
50 ohms to 200 ohms by adjusting the boom
spacing. The only restriction is that low im-
pedances should be used only with high =
factors, although the reverse isn't true.

The L-P balanced structure can be fed by
coax, without using a separate balun, by
feeding the coax through one of the booms
from the back of the antenna. The shield of
the coax is connected to the carrier boom
only at the very front, and the center con-
ductor is connected to the end of the other
boom by the shortest possible path. Currents
on the other surfaces of the booms drop al-
most to zero toward the rear of the antenna,
and the boom completely shields the coax
from antenna fields along its length. The
coax can be taken from the rear of the boom
to the mast at about a 45 degree angle, with-
out producing noticeable effect on antenna
pattern, or line SWR. Notice that both booms
must be insulated from the support mast and
should be spaced from it by at least twice
the gap between the booms.

It should be kept in mind that the smallest
possible booms should be used for building
VHF arrays, because this will lessen the
amount by which the halves of an element
set are out of line with each other. The fact
that the halves are not directly in line causes
some shift in polarization away from hori-
zontal. This can be minimized by using high
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v factors and by using square booms with
the elements inboard toward each as far as
possible. This was done in the “Log-Scan”
(see Fig. 9)

The gain is related to the « angle and ~
factor as shown in Fig. 3 on the left scale.
Antennas will work with other combinations
of @ and 7, but these combinations are opti-
mum for maximum gain. Fig. 3 also allows
estimates of the size of an antenna for a
given gain and bandwidth.

Let us design a L-P array as an example.
Suppose that you wanted to build a fairly
high gain L-P to cover 144-225 MHz, in-
cluding 2 meters, channels 7-13, and 1%
meters. The antenna is to have as much
gain as possible without exceeding a boom
length of 10 feet (lz). First, calculate how
many wavelengths at 144 MHz are equal to
10 feet:

I “—*‘zn X ftuwer.r"ggr)'

= 10 x 144/985 = 1.46
Then calculate the bandwidth ratio,

BW = fuppern’flﬂwtr — 225;144 — 1.56

Then, going to the graph, draw a straight
line from 1.56 on the right scale, through
1.46 on the center scale, and find its inter-
section on the left scale. Roughly, « = 4.5
degrees and = = .95. The gain available is
11.5 dB. This gain is equivalent to a 2-meter
vagi of the same length, with a typical band-
width between 1.5:1 SWR points of 2 MHz
—not even enough for the whole amateur
band!

The next step is to calculate the longest
element length. This length , [, is equal to
0.47 at the lower cutoff frequency:

ley = 0.47 x 985/frower

= 0.47 x 985/144 = 3.22 feet
The second set of elements has a length of:

lE{:E:I — IEH‘.I X T

= 3.22 x 0.95 = 3.06 feet
The rest of the element lengths are calcu-
lated in turn by multiplying each length by
r to obtain the next length. To know how
many sets are needed, calculate the ideal
shortest element, lew; equal to 0.38 = at the
high cutoff frequency:

lemy = 0.38 x 985/fupper

— 0.38 x 985 /225 — 1.86 feet
Then continue the original table of elements
until a length of less than 1.66 feet is
reached. This is the shortest element needed
(dont necessarily use 1.66 feet).

To determine the location of each ele-
ment, start by determining the distance d:
from the longest (and rearmost) element,

BW:
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to what would be the apex if the frequency
coverage extended to infinity (see Fig. 1):
d: = leey/2 x cotangent («)
(where « = 4.5°)
= 3.22/2 x 12.77 = 20.59 feet
The second element will be a distance d:

from the apex:
dﬂ d1 XT
= 20.59 x .95 = 19.55 feet

The table is continued, the same way as the
element length table was, until finished. The
last distance subtracted from 20.59 feet gives
the exact boom length needed, except for
adding perhaps a half inch at each end to
hold the end elements. This won’t be exactly
10 feet, but can be adjusted by changing ~
a small amount and recalculating both dis-
tances and element lengths.

Next, choose a transmission-line imped-
ance. If, for example, you decide on 50 ohms,
a value of about 60 to 100 ohms should be
tried for the characteristic impedance of the
boom structure. The spacing will be much
less than the boom width in this case. De-
cide what the smallest boom diameter is
that is practical to use, and, fit your coax
through. For circular booms, the approximate
spacing can be found from a table in most
handbooks showing the characteristic im-
pedance of parallel-wire lines as a function of
relative spacing. If square booms are used,
vou may have to guess a little, because, as
vet, I haven’t been able to find a formula for
the impedance of square-conductor trans-
mission lines. I have found by experiment
that spacing of about 20% of the width of
a square boom, gives a characteristic im-
pedance close to 50 ohms for the finished
antenna.

If it is desired to stack a pair of the
antennas such as just designed, the coax
should have impedance close to 100 ohms
(91 ohms), and the boom structure should
end up being between 110- and 180-ohm
characteristic impedance. The coax cables
are then brought out equal distances from
the rear of each boom, and joined in a tee
connector. The lengths of the individual
cables are unimportant, so long as they are
equal, in order to maintain proper radiation
phasing. At this junction, the feed impedance
will be close to 50 ohms. This combining
method is, of course, frequency-independent
and can also be used with three or four
stacked antennas if 150 or 200 ohm coax can
be obtained (those available may be relative-
lv lossy). All feed lines should be the same
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Fig. 3. Design nomograph for log-periodic antennas.
When the bandwidth ratic is known (fur cutore/
fit cutort), the length of the boom, « angle and
gain over an isotropic can be found. For example,
for an L-P for 144 to 225 MHz, the bandwidth ratio
is 1.56. A boom is available which is ten-feet long
(1.46 \ at 144 MHz). What a angle and 7 factor
are required? The dotted line indicates an « angle
of 45 degrees and = factor of 0.95; gain is ap-
proximately 11.5 dB.

FOURTH ELEMENT FROM REAR

RG -8 FEED LINES ——»
ALL SAME LTH.
(ABOUT 42")

Fig. 4. Feed harness for four stacked log-periodic
antennas using RG-8/U coaxial cable.
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type, exactly the same length, and should
all be hooked in parallel at the same point.
The formula for paralleled resistnrs gives
the driving impedance at this poin

With L-P arrays designed fnr less than
20% bandwidth, %-wave matching transform-
ers can be used instead of the above method.
The “Log-Scan™ has all four L-P sections ad-
justed for, and fed with, 50-ohm coax. Then
the feed lines are tee’d together in two pairs,
as shown in Fig. 4. The resulting two im-
pedances of 25 ohms are fed through %
wave, 50 ohm transformers to obtain two 100
ohm impedances. These are paralleled again
in a third tee, getting us back to 50 ohms
again.

The stacking of L-P’s and the results ob-
tainable are fairly similar to the stacking
of yagis. With L-P’s having less than 20%
bandwidth, all sections can simply be made
parallel to each other and spaced according
to the same considerations found to apply
when stacking yagis. The original “Log-
Scan” employs % wave stacking distances
(some might prefer a full wavelength). When
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VERTICALLY STACKED

Fig. 5. Method used for stacking log-periodic an-
tennas. Note in the vertically stacked drawing that
each set of elements in the antenna are reversed
in feed polarity from the opposite set.
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Mei‘hnd of mnunhng the mdmdual ¥ Lug S:an 420"
log-periodic antennas to the mast. A piece of
phenolic is used to insulate the booms from each
other and from the mast.

arrays of more than 20% bandwidth are to
be stacked, however, they should be tilted
toward each other, as shown in Fig. 5. This
keeps the “active” zones of the stacked an-
tennas at a constant wavelength separation,
regardless of the frequency, thus insuring a
constant pattern shape. The amount of tilt
should be that necessary to bring the (imagin-
ary) apexes together. Up to perhaps six or
eight antennas can be stacked by this method,
and gains as high as 20 dB are thought pos-
sible. The angle between stacked sections
should be something between two and four
times «, which gives approximately J-wave
to a full-wave spacing. It will be necessary
to use smaller (2a) angles for larger numbers
of elements and larger a angles. When four
antennas are to be stacked in a 2 x 2 arrav,
they take on the appearance of a pyramid.
Such arrays have been built for UHF TV re-
ception, and, on a larger scale, for satellite
tracking.

Be sure, when stacking either L-P’s or
vagis, that they all have the same side up-
ward. Otherwise, when two are stacked, the
phasing is 180 degrees out and a null instead
of a peak will occur in the desired direction.
With three or more antennas stacked, all
sorts of peculiar but undesirable patterns will
result if one or two are inadvertently turned
over.

L-P’s can be made to cover two different
frequency ranges if you want to shorten the
boom and eliminate a band in the middle.
Just leave off the elements shorter than
necessary for the lower band. and put the
longest highband element where the next
low-band element would have been. It is
also possible to change the « angle and -
factor in mid-band, so that higher gain can
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be obtained at the higher {frequencies.
Neither trick seems to mess up the SWR
curves or patterns in the desired ranges.
Cross-polarized L-P’s may be constructed
by using a structure of four booms, as shown.
The outputs of the two feed cables, if they
are kept the same length, can be combined
in a hybrid ring to give right- and left-hand
circular polarization. Special wideband hy-
brids have been developed for use with L-P
arrays and the like, which work over fre-
quency ranges on the order of 2:1 and more.

Getting it working

After you have designed your antenna and
have built the two halves, the best procedure
is to temporarily mount them together in
some way so you can put the antenna out
in the clear and make an SWR test on it. The
tests should be made with several spacing
values, to see what spacing appears to give
the best average SWR. If you are building
an array, this only need be done with one
section: the results ar» very repeatable. It
you don’t have SWR equipment, a good guess
at the spacing will most likely give SWR
values not more than 350% higher than the
best obtainable. This is another advantage
of the L-P over the vagi. For amateur TV
transmitting work, an SWR of 1.3:1 or less, is
desirable to keep from transmitting “ghosts”.
It is possible to obtain this SWR over 20
MHz, or more, at 432 MHz by adjustment of
the boom spacing (see Fig. 7).

If the antenna is to be side-mounted on
the mast, the SWR curve should be checked
unmounted, to set the spacing, and then
mounted and rechecked. The mast should be
as slim as possible in the case of 420 MHz
antennas. The preferable way to mount small
L-P’s is from the rear. Dielectric masts, rather
than metal, might be used more successfully
for the side mounting. The final test of
the effect of side mounting the antenna, is
to confirm that the main pattern lobe is on
the axis of the boom, If it is desired to rear
mount an L-P, the booms can be extended
back about % wave (at the lower cutoff fre-
quency) past the rear element and shorted
together on a mounting plate. Side mounting
is as much a problem at 420 with yagis as
with L-P’s, and rear mounting can sometimes
help solve pattern problems.

Building the "Log'Scan 420"

If the specifications for this array createa
interest in building one, the required alumi-
num from a local jobber will cost about
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Fig. 6. Method of mounting the antenna elements
to the booms used in the ''Log Scan 420" log
periodic. Clearance for the coax feedline is provided
by installing the screws next to the wall of the boom.

$10.00. The boom material is % inch square
stock with .050 wall—preferably % hardened.
The elements are %4 inch rod, % hardened.
The elements are made long enough to pass
through the boom and protrude about %s
inch on the opposite side. Each of the four
identical sections requires two 41% inch long
boom pieces and about 13 feet of rod
(multiply by four to build the array). The
lengths and locations of the elements are
given in Fig. 8. Note that the elements are
not centered on the booms, but are moved
toward the other boom as far as possible.

Elements are held in place by aluminum
8-32 machine screws which are threaded
through the boom as shown in Fig. 6. They
should be as close to the wall as possible, to
leave room for the RG-8/U feed cable. These
screws can put quite a bit of pressure on the
elements to insure good contact with the
boom; this is important. Since I was worried
about corrosion, I rechecked the complete
SWR plot after the array had been up some
months in the humid, corrosive atmosphere
near Cape Kennedy, and found no change.
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Fig. 7. SWR plot of the four stacked "Log Scan
420" log-periodic antennas. This antenna was de-
signed for use between 410 and 450 MHz; between
these points the SWR is less than 1.7:1. In the
420 MHz amateur band, the SWR is less than [.5:1.
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NOTES

|, BOTH BOOMS ARE INSULATED FROM MAST (SEE DWe)

2 ELEMENTS EXTEND THRU BOOM AND PROTRUDE 1/16" (SEE FIG 6)
3. MOUNTING BLOCKS ARE CLOTH TYPE WATERPROOF BAKELITE

4, BLOCKS ATTACHED BY 8-32 ALUM. SCREWS TAPPED INTO BOOMS

5. ELEMENTS NOT CENTERED ON BOOMS BUT OFFSET (SEE FIG 6)
6. ELEMENTS STAGGERED FROM ONE BOOM TO OTHER AS SHOWN BELOW

I"e 2% 174" BAKELITE BLOCK AT
EACH END TO MAINTAIN SPACING

| ¥
326" 1/4" s ki
BAKELITE
MAST MTG. PL.

mﬂ#

TR
i

APPEARANCE OF ONE
BOOM SHOWING STAGGERING
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DIMENSIONS IN INCHES

=4 2132 Dg =25 29/3 Ly = & &' Ly =5 932"

=9 5/32° Dy =29 2532 Lz = & 17732 Le *S /6"

=13 /32" Deg =33 I7/32 Ls = 6 11732 Ly *5 9/32°

=17 25/32" Dy =37 5/32" Ly = 6 5/32" Lip =5 1/8"

=21 29/32" D =40 I/16" Lsg =5 31732 Ly =4 3i/32"
Leg =5 25/32"

Fig. 8. Top view of a log-periodic antenna exhibiting about 12 dB gain. When four of these antennas are

stacked, approximately 17 dB gain is possible. The SWR from 420 to 450 MHz, when fed with 50-ohm
coaxial cable, is less than 1.4:1. LI should be 634" long, not 63" as shown.

The ideal antenna would be all welded, and
while this might add $30—$60 to the cost of
the array, it would virtually last forever.

The mast mounting assembly (four
needed), shown in the photograph, is made
from a piece of waterproof bakelite, % x 3 x 6
inches, and two TV-type U bolts and clamps.
Near each end of the boom pair, an addi-
tional piece of bakelite, % x ¥ x 2 inches, is
used (on the side opposite the mast mount-
ing) to hold the booms in alignment at the
proper spacing of 0.150 inches. Both mast
mounting plates and end supports are held
on by aluminum machine screws tapped into
the boom. Tho lower boom carries the feed
cable, and these screws should be offset
toward the upper boom to leave as much
room as possible. The cable should be run
through the boom before the ~lements, set
screws, and supports are installed.

The cable attaches to the front of the an-
tenna with lugs, keeping the lead lengths
as short as possible. All exposed parts of

the cable outside of the jacket, and all of the
area around the lugs and attachment screws
should be covered with RTV silicon rub-
ber to insure that moisture cannot cause
trouble. Tape or other protection should be
used on the cable where it leaves the rear
boom, to prevent fraying of the cable jacket.

The sections are stacked 21 inches apart,
and each cable should extend about 42 inches
from the rear of the boom. Match cable
lengths and types.

Type N connectors, UG-21/U, should be
used on all cables. The cable matching sec-
tion, which was explained earlier, is shown
in Fig. 4. Each Y-wave transformer is 4
inches overall length, leaving about 1 inch
of jacket showing between the UG-21/U
connectors. Triple-female tee connectors, type
UG-28A/U are used for the three tees.
The length of conductor inside each tee con-
stitutes part of each % wave transformer, and
has been taken into account in the length

calculation (which has been verified by



measurement), The 4-inch sections must be
made from solid dielectric RG-8/U; foam
dielectric would require a shorter length.
Recommended antenna feed line for lengths
under 60 feet is foam RG-8/U, which has a
loss of about 3.9 dB per 100 feet; over 60
feet, RG-17/U or %-inch foam Heliax, both
with a loss of 2.3 dB per 100 feet; and over
100 feet, % inch Heliax, with a loss of 0.8 dB
per 100 feet.

Each section of the array has a 50-ohm
impedance, and can be tested for SWR if you
wish to verify that all sections are electrically
identical. Needless to say, a single section
can be used as an antenna with 12 dB gain.
The individual SWR curves are fairly similar
to the overall array plot in Fig. 7. If you wish
to obtain the lowest SWR at any one part of
the 420 band, it will be necessary to scale
the antenna element lengths and location dis-
tances slightly, in one direction or the other.
I would also recommend one additional set
of elements at the low end and two additional
sets at the high end, if the antenna must have
equally good front-to-back ratio and patterns
over the entire band.

The = factor for the array is 0.97 and the
a angle is 2.5 degrees. The design horizontal

beamwidth is about 40 degrees, and the verti-
cal beamwidth, about 20 degrees. The low
frequency cutoff was designed as 410 MHz;
the high cutoff, as 450 MHz.

Actual performance of the “Log-Scan” has
indicated it works well. The beam is lined
up with the boom axis as it should be, and
the horizontal beamwidth is close to 40 de-
grees. The vertical beamwidth has not yet
been measured, but the gain appears to be
about right when compared to several yagi
antennas. The high and low frequency cut-
offs shown in Fig. 7 are within a few percent
of the design cutoffs.

I started building L-P’s with the design and
construction of a 110-300 MHz single planar
log-periodic. Patterns and gain were both
good. It has an « of 15 degrees and ap-
parent gain of about 8.5 dB. The second
log-periodic I built was a 50-300 MHz planar
with two different = factors, the change to
a larger factor being made at 100 MHz. It
does a good job on three amateur bands,
all of the VHF TV, FM, the 225 MHz telem-
etry band, and quite a bit more. I am al-
ready convinced—try one yourself and be

convinced, too.
v KAGYE)

ILLUMINATED WORLD GLOBE only $16.95

plus ... . FREE ... a two year subscription or extension to 73

e This 13” globe is just the right size for your op-
erating desk.

e The globe gets you the beam heading for a
country quickly.

Wil e Keep it beside the rig and spin to the country you
e o | are working.

e Illuminated, makes the shack look really great.
e The lamp is easily changed if it ever burns out.

e For a small fee you can get a new globe to keep up
with country changes.

e Complete wtih desk stand.
e Guaranteed by Hammond.
e Every home should have a world globe.
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13" illuminated world globes, with desk
stand and lamp. And enter a two year City
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