Chapter 10

Log Periodi ¢ Arrays

frequencies. Its advantage is that it exhibits essentially constant characteristics over the frequency
range—the same radiation resistance (and therefore the same SWR), and the same pattarn characte
istics (approximately the same gain and the same front-to-back ratio). Not all elements in the system are
active on a single frequency of operation; the design of the array is such that the active region shifts amonc
the elements with changes in operating frequerie. H. DuHamel and D. E. Isbell published the first
information on log periodic arrays professional literature in the late 1950%e first log-periodic antenna
article to be published in amateur literature appeared in NovembeiQ®5and was written by Calil.
Milner, W1FVY. (See th&ibliographyat the end of this chapie
Several varieties of log periodic antenna systems exist, such as the zig-zag, tpdqeaoidal,
slot,V, and the dipoleThe type favored by amateurs is the log-periodic dipoleyaofgen abbreviated
LPDA. The LPDA, shown irFig 1, was invented byp. E. Isbellat the University of lllinois in 1958.
Similar toaYagi antenna in construction and appearance, a log-periodic dipole array may be built as a
rotatable system for all the upper HF bands, such as 18 to 30 MHz. The longest element, at the rear o
the arrg, is a half wavelength at the lower design fregyenc
Depending on its design parameters, the LPDA can be operated over a range of frequencies having ;
ratio of 2:1 or highe Over this range its electrical characteristics—gain, feed-point impedance, front-to-
back ratio, and so forth—remain more or less constdms is not true of any other type of antenna dis-
cussed in this bookWith aYagi or quad antenna,
for example, either the gain factor or the front-to
back ratio, or both, deteriorate rapidly as the fre-
quency of operation departs from the optimum de-
sign frequency of the aiyaAnd because those an-
tennas are based on resonant elemefitseso-
nance operation introduces reactance which causes
the SWR in the feeder system to increase. Even >< Feed Point
terminated antennas such as a rhombic exhibit sig-
nificant changes in gain over a 2:1 frequency ratio.
As may be seen in Fig 1, the log periodic a
ray consists of several dipole elements which are
each of diferent lengths and fferent relative
spacingsA distributive type of feeder system is ~, —
used to excite the individual elemerithe ele- !9 1—A log periodic dipole arra . All elements
. . .. _aredriven, as shown. The forward direction of
ment lengths and relative spacings, beginning,e array as drawn here is to the right.
from the feed point for the alyaare seen to in- sometimes the elements are sloped forward,
crease smoothly in dimension, being greater fo&ind sometimes parasitic elements are used to
each element than for the previous element in thenhance the gain and front-to-back ratio.

A log periodic antenna is a system of driven elements, designed to be operated over a wide range o
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array. It is this feature upon which the design of the LPDA is based, and which permits changes in
frequency to be made without greatly affecting the electrical operation. With changes in operating

frequency, there is a smooth transition along the array of the elements which comprise the active re-
gion. The following information is based on a November 1Q&J article by Peter Rhodes, K4AEWG.

A good LPDA may be designed for any single amateur band or for adjacent bands, HF to UHF, and can
be built to meet the amateur’s requirements at nominal cost: high forward gain, good front-to-back ratio,
low SWR, and a boom length equivalent to a full-sized 3-element Yagi. The LPDA exhibits a relatively low
SWR (usually not greater than 2:1) over a wide band of frequencies. A well-designed LPDA can yield a
1.3:1 SWR over a 1.8-to-1 frequency range with a typical gain of 7.0 dB over an isotropic radiator (dBi)
assuming a lossless system. This equates to approximately 4.9 dB gain over a half-wave dipole (dBd).

BASIC THEORY

The LPDA is frequency independent in that the electrical properties vary periodically with the
logarithm of the frequency. As the frequency, f1, is shifted to another frequency, 2, within the pass-
band of the antenna, the relationship is

f2 =flh (Eq 1)
where

T = a design parameter, a constang; 1.0. Also,

f3 = f1h2

f4 = f1h3

f,=flAn-1 -

n=123,...n i £,

f1 = lowest frequency ‘ ~ - J

f, = highest frequency ~ 3

The design parameteris a geometric con- 4, \/B"'“"
stant near 1.0 that is used to determine the ele- 4 ~ «
ment lengths;, and element spacings, d, as / \ -
shown inFig 2. That is, el L
(2 =1/1 _ //T \Cocll-x_Feed
(3=102 /T

. 7; -
Fig 2—Schematic diagram of log periodic dipole
. array, with some of the design parameters

(=T g(n—l) (Eq 2) indicated. Design factors are:
where t=_tn _ Gnoa

¢, = shortest element length, and -1 Gnozna

da3 f tdy Oy

d34 = 1-dZB o= 20, 4

where

¢ = element length
d = element spacing

' — T = design constant
dy -1.n td, _ 2n-1 (Eq 3) o = relative spacing constant

S = feeder spacing
where g5 = spacing between elements 2 and 3.  Z, = characteristic impedance of antenna feeder
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Each element is driven with a phase shift 08’8y switching or alternating element connections,
as shown irig 2. At a median frequency the dipoles near the input, being nearly out of phase and close
togethe, nearly cancel each oths radiation As the element spacing, d, increases along
the arrg, there comes a point where the phase delay in the transmission line combined witdf the 18
switch gives a total of 3B. This puts the radiated fields from the two dipoles in phase in a direction
toward the apex. Hence, a lobe comirifjtbe apex results.

This phase relationship exists in a set of dipoles known as the “active region.” If we assume that an
LPDA is designed for a given frequency range, then that design must include an active region of di-
poles for the highest and lowest design freqyettchas a bandwidth which we shall cal} Bband-
width of the active region.

Assume for the moment that we have a 12-element LPDA. Currents flowing in the elements are both
real and imagingy the real current flowing in the resistive component of the impedance of a particular
dipole, and the imaginary flowing in the reactive compon@ssume that the operating frequency is such
that element number 6 is near to being half-wave resonant. The imaginary parts of the currents in shorte
elements 7 to 12 are capacitive, while those in longer elements 1 to 5 are indineticapacitive current
components in shorter elements 9 and 10 exceed the conductive components; hence, these elements rece
little power from the feeder and act as parasitic directdrs inductive current components in longer ele-
ments 4 and 5 are dominant and they act as parasitic reflectors. Elements 6, 7 and 8 receive most of the
power from the feeder and act as driven eleméitie amplitudes of the currents in the remaining elements
are small and they may be ignored as primary contributors to the radiation field. Hence, we have a general
ized Yagi array with seven elements comprising the active region. It should be noted that this active region
is for a specific set of design parameters 0.93,0 = 0.175). The number of elements making up the active
region varies wh 1 ard 0. Adding more elements on either side of the active region cannot significantly
modify the circuit or field properties of the ayra

This active region determines the basic design parameters for thiegaarasets the bandwidth for
the structure, B That is, for a design-frequency coverage of bandwidth B, there exists an associated
bandwidth of the active region such that

Bs=Bx By (Eq 4)
where !
B = operating bandwidth ﬁ (Egq 5)

f1 = lowest frequeng MHz
f,, = highest frequeng MHz

B, varies wih T and a as shown irFig 3. Element lengths which fall outsidg, Blay an insignifi-
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cant role in the operation of the ayrdhe gain 0.22

of an LPDA is directly related to its directiwit 0.20 - s ///
and is determined by the design parametand 018 -V, [ -
the relative element spacing constantFig 4 vV / Y \
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shows the relationship between these parameters.
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there exists an optimum valuerf@we shall call L \ )
Ogpe fOr which the gain is maximum. Howaye 010 = N \ \ ‘
the increase in gain obtained by usg; and t 0.08 ™ \\ N \ &5
near 1.0 (suchsat = 0.98) is only 3 dB when 0.06 N - s
compared with the mininm o (sigma,;, = 0.05) 0.04 6.0 g [*°|70] 75 |

0.76 0.80 0.84 0.88 0.92 0.96 1.00

and T = 0.98, as may be seen in Fig 4.

An increasen T means more elements, and
optimum g means a long boom high-gain (6.8  Fig 4—LPDA directivity (gain over isotropic,
dBi) LPDA can be designed in the HF region with assuming no losses) as a functiono ftand g, for a

T=0.9ano=0.05 The relationship of, o length to diameter ratio of 125 for the element at
ard a is as follows: the feed point. For each doubling of  //diam, the

directivity decreases by about 0.2 dB for

Design Constant T

o= (1/4)(1 —T) cota (Eq 6) {/diam values in the range 50 to 10000. Gain
relative to a dipole may be obtained by subtracting
where 2.14 dB from the values indicated.  (After Carrel,

followed up by Butson and Thompson)
o =12 the apex angle

T = design constant
o = relative spacing constant

dn n-—
Also o = Zén_ll (Eq 7)
Gopt = 0.2481 — 0.051 (Eq 8)

FEEDING THE LPDA

The method of feeding the antenna is rather simfjdeshown inFig 2, a balanced feeder is re-
quired for each element, and all adjacent elements are fed with°ghi&8e shift by alternating ele-
ment connections. In this section themeantenna feedeis defined as that line which connects each
adjacent elemenThe feed lineis that line between antenna and transmitte

The input resistance of the LPDAg,Rvaries with frequeng exhibiting a periodic characteristic.
The range of the feed-point resistance depends primarilyy,pth& characteristic impedance of the
antenna feedeR, may therefore be selected to some degree by chooginga is, by choosing the
conductor size and the spacing of the antenna feeder conductors. Other factors that, affedh®
average characteristic impedance of a dipolg, @d the mean spacing facto’. As an approxima-
tion (to within about 10%), the relationship is as follows:

RO = Z—OZ
\/1+ oy (Eq 9)
where

Ry = mean radiation resistance level of the LPDA input impedance
Z, = characteristic impedance of antenna feeder
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Z,, = average characteristic impedance of a dipole

— Dgn |:|
=120 @nm—nm— 2.2% (Eq 10)

¢ ,/diam, = length to diameter ratio oith element
0' = mean spacing factor% (Eq 11)

The mean spacing facta’, is a function 6t anda (Eqs 6 andll). For a fixed value of & R,
decreases with increagim and increasing.

If all element diameters are identical, then the elemilam ratios will increase along the arra
Ideally the ratios should remain constant, but from a practical standpoint the SWR performance of a single-
band LPDA will not be noticeably degraded if all elements are of the same diarBetieto minimize SWR
variations for multiband designs, the LPDA may be constructed with progressively increasing element di-
ameters from the front to the back of the wrr&his approach alsoffers structural advantages for self-
supporting elements, agd@r conductors will be in place for the longer elements.

The standing-wave ratio varies periodically with freqyeite mean value of SWR, with respect to
Ro, has a minimum of about 1.1:1ay,, (Eq 8, and rises to a value of 1.8:lga= 0.05. In other words, the
periodic SWR variation (with frequency changes) swings over a wider range of SWR values with lower
values 6 0. These SWR ranges are acceptable when using standard 52 @ncb@R-for the feed line.
Howeve, a 1:1 SWR match can be obtained at the transmitter end by using a coax-toacsaatchA
Transmatch enables the transmitter low-pass filter to seealéad on each frequency within the array
passband. TénTransmatch also eliminates possible harmonic radiation caused by the frequency-indepen-
dent nature of the alya

Ry should be chosen for the intended balun and feed-line characteristics. For HF arrays, a value of
208 Q for Ry usually works well with a 4:1 balun and-82coax. Direct 5X2 feed is usually not
possible. (Attempts may result in smaller conductor spacing for the antenna feeder than the conductot
diamete, a physical impossibilt)

For VHF and UHF designs, the antenna feeder may also serve as the Watinthis technique,
element halves are supported by feeder conductors of tubing that are closely spagdd.séidtted
as 72Q, direct feed with 72X) cable is possibleAn effective balun exists if the coax is
passed through one of the feeder conductors from the rear of the array to the fee&igdrghows
such a feed-point arrangement.

If the design bandwidth of the array is fairly small (single band), another possible approach is to
design the array for a 100-R, and use &/s»-wave matching section of 7Q-coax between the feed
point and 52Q feed line. In any case, select the element feeder diameters based on mechanical
considerationsThe required feeder spacing may then be calculated.

The antenna feeder termination, i& a short circuit at a distanckXy,,,/8 or less behind element no. 1,
the longest element. In his 1964per on LPDASDr Robert L. Carrel reported satisfactory results in some
cases by using a short circuit at the terminals of el-
ement no. 1. If this is done, the shorted element acts
as a passive reflector at the lowest frequencies.
Some constructors indicate thatrday be elimi-
nated altogether without significant effect on the —="".>"
results. The terminating stub impedance tends to
increase the front-to-back ratio for the lowest fre-
quencies. If used, its length may be adjusted for the S~
best results, but in any case it should be no longer
than A /8. For HF-band operation a 6-inch short- -0 Coux broid Conmected
ing jumper wire may be used fof.Z Feed Line to Feeder Conductor

It might also be noted that one could increase:jg 5 method of feeding the LPDA for VHF
the front-to-back ratio on the lowest frequency byand UHF designs.

Element y

Self-Tapping
or Machine Screw
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moving the passive reflector (element no. 1) a distance of 0.15 ta 8&ttind element no. 2, as would be

done in the case of an ordigaragi parasitic reflecto This of course would necessitate lengthening the
boom The front-to-back ratio increases somewhat as the frequency increases. This is because more of th:
shorter inside elements form the active region, and the longer elements become additional reflectors.

DESIGN PROCEDURE

The preceding section provides information on the fundamentals of a log periodic dipp|&rama
that discussion, some insights may be gained into the effects of changing the various design parameter:
Howeve, a thorough understanding of LRIbasic theory is not necessary in order to design your own
array. A systematic step-by-step design procedure of theA_Bpresented in this section, with design
examples There are necessarily some mathematical calculations to be performed, but these may be accom
plished with a 4-function electronic calculator that additionally handles square-root and logarithmic func-
tions The procedure that follows may be used for designing anyAL#ébany desired bandwidth.

1) Decide on an operating bandwidth B, between f1, lowest frequency,anigliest frequeng
usingEq 5

2) Choo® 1 ando to give a desired gair(g 4).
0.8<1<0.98
0.05<0< Oy
The value 60,,; may be determined from Fig 4 or frafg &

3) Determine the value for the cotangent of the apex halfeamdiom
cota :14_—°T (Eq 12)

Note:a, the apex half angle itself, need not be determined as a part of this design procedure, but
the value for cba is used frequently in the steps that fallo

4) Determine the bandwidth of the active regiog &ther fromFig 3 or from

By = 1.1 + 7.7(1 %) 2cota (Eq 13)

5) Determine the structure (array) bandwidthf&m Eq 4
6) Determine the boom length L, number of elements N, and longest elemeihtd&ngt

10 [l
Lf’[ :@4§‘_ BSDCOtaEAmax (Eq 14)
N =14109Bs _,, InBg (Eq 15)
1 1
Iog? In?
492
Clg =1 (Eq 16)

where A2 = longest free-space wavelength = 984/f1. Usually the calculated value for N will not be an
integral number of elements. If the fractional value is significant, more than about 0.3, increase the value to
the next higher intege Doing this will also increase the actual valué @iver that obtained from Eq 14.

Examine L, N and’ 1 to determine whether or not the array size is acceptable for your needs. If the
array is too lege, increase f1 or decreag or T and repeat steps 2 through 6. (Increasing f1 will
decrease all dimensions. Decregsinwill decrease primarily the boom length. Decreggirwill
decrease both the boom length and the number of elements.)

7) Determine the terminating stub, ZNote: For HF arrays, short out the longest element with a 6-
inch jumpe. For VHF and UHF arrays use:

ZT = Apay/8 (Eq 17)

8) Solve for the remaining element lengths fr&i 2
9) Determine the element spacing, gfrom
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di,=2(¢1-/(2)caa (Eq 18)

and the remaining element-to-element spacings ffon2

10) Choose R the desired feed-point resistance, to give the lowest SWR for the intended balun
ratio and feed-line impedance. From the following equation, determine the necessary antenna feedel
impedance, ¢, using the definitions of terms f&q 9

_ R/ 0 R, f
Z0=g5z, *RoymBoz,0 *1 (Eq 19)

11) Once £ has been determined, select a combination of conductor size and spacing to provide
that impedance from

diam
S :( 5 )x 10%/27 (Eq 20)

where
S = cente-to-center distance between conductors
diam = outer diameter of conductor (in same units as S)
Z, = intended characteristic impedance for antenna feeder
Note This equation assumes round feeder conductors.

If an impractical spacing results for the antenna feeskdect a dierent conductor diameter and
repeat stedl. In severe cases it may be necessary to select a diffeyantRepeat steps 10 and 11.
Once a satisfactory feeder arrangement is found, the LPDA design is completed.

Design Example—Short Four-Ban d Array

Suppose we wish to design a log periodic dipole array to cover the frequency range 18.06 to
29.7 MHz. Such an array will offer operation on any frequency in the 17, 15, 12 and 10-meter amateur
bands. In addition, we desire for this to be a shortyaganstructed on a boom of no more than
10 feet in length.

To follow through this example, it is suggested that you write the parameter names and their values
as they are calculated, in columns, on your worksheet. This will provide a ready reference for the
values needed in subsequent calculations.

We begin the design procedure with step 1 and determine the operating bandwidt fiiofh =
18.06, f,=29.7, and B = 29.7/18.06 = 1.6445. (Note: Because log periodics have reduced gain at the
low-frequency end, some designers lower f1 by several percent to assure satisfactory gain at the lowe
operating frequencies. Increasingthe design frequency at the high end, howesepears toféer no
advantage other than extended frequency coverage.) Because we wish to have a compact design, w
choose not to extend the lower frequency range.

Next, step 2, we examineig 4 and choose values far o and gain. Knowing from the basic
theory section that tger values bo call for a longer boom, we choose the not-togéavalue of 0.06.

Also knowing that a compact array will not exhibit high gain, we choose a modest gain, 8.0 dBi. For
these valuesfao and gain, Fig 4 shows the requireto be 0.885.

From step 3 anéig 12 we determine the value for amtto be4 x 0.06/(1 — 0.885) = 2.087We need

not determie a, the apex half angle, but if we wish to go to the trouble we can use the relationship

o = arc cot 2.0870 = arc tan (1/2.0870) = 25.6

This means the angle at the apex of the array will 2.6 = 512°.

From step 4 ané&q 13,we calculate the value for,Bas 1.1 + 7.7(1 — 0.885% 2.097 = 1.3125.

Next, from step 5 anflq 4 we determine the structure bandwidtft®be 1.648 x 1.3125 = 2.1584.

From step 6 and the associated equations we determine the boom length, number of elements, an
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longest element length.

984
L = 514( 2158A)><2087 e 155t

log 2.1584 1+ 0.3341
log(1/0.885) 0.05306
(Because aatio of logarithmic values is determined here, either common or natural logarithms
may be used in the equation, as long as both the numerator and the denominator are the same type; tl

results are identical.)

(1 =492/18.06 = 27.243 ft

The 15.26-foot boom length is greater than the 10-foot limit we desired, so some change in the
design is necessarThe 7.30 elements should be increased to 8 elements if we chose to proceed with
this design, adding still more to the boom lendkhe longest element length is a function solely of the
lowest operating frequegcso we do not wish to change that.

Decreasing eitheo or T will yield a shorter boom. Becauseis already close to the minimum
value of 0.05, we decide to retain the value of 0.06 and decrease the valud.ets tryt = 0.8.

RepY, ting steps 2 through 6 with these values, we calculate the following.

N =1+ =7.30

Gain = 5.3 dBi? (outside curves of graph)
cota = 1.2000

B, = 1.4696

Bs=2.4168

L = 9.58 ft

N =4.95

01 =27.243 ft

These results nicely meet our requirement for a boom length not to exceed 10 feet. The 4.95 element:
obviously must be increased to 5. The 5.3 dBi gain (3.2 dBd) is nothing spectacutae array should
have a reasonable front-to-back ratio. For4oand coverage with a short boom, we decide this gain and
array dimensions are acceptable, and we choose to go ahead with the design. The variables summarized
our worksheet now should be those shown in the first porfidialae 1.

Continuing at step 7, we make plans to use a
6-inch shorted jumper for the terminating stub, Table 1

Z,. Design Parameters for the 4-Band LPDA
From step 8 anéq 2we determine the ele- f1=18.06 MHz Element lengths:
t lenaths: f, =29.7 MHz 01=27.243 ft
ment fengtns. B = 1.6445 (2 =21.794 ft
- - _ 1=0.8 03=17.436 ft
(2=1/01=08x%27.243 =21.794 ft 6 =0.06 04 = 13948 i
/3=08x%21.794=17.436 ft Gain = 5.3 dBi = 3.2 dBd 05 =11.159 ft
/4 =08 % 17.436 = 13.948 ft cota =1.2000 Element spacings:
/5 =08 x 13.948 =11.159 ft Dar = 19099 dip = 3.269 11
= - =L =2.4168 d,s = 2.616 ft
|_:958ft ds, = 2.092 ft
From s_tep 9 anétq 18we calculate the ele- -4 95 elements (in- djg _ 1674 it
ment spacing ¢ as'/2(27.243 — 21.794% 1.2 = creaseto 5) Element diameters:
3.269 ft Then fromEqg 3we determine the re- é = 626”8 ;hortedlumper d'f}”é?dzlalﬁ '“-?267 o
maining element spacings: Zav _ 40080 d|a€m4 _ 5/85m '
o' =0.06708 4/diam, = 267.8
d,3=0.8x 3.269 = 2.616 ft Z, = 490.5 Q diam, = 3,44,n
dy, = 0.8% 2.616 = 2.092 ft Antenna feeder: {3/diam; = 279.0
= — #12 wire spaced 2.4 in. diam, = 1in,;
Uy = 0.8x 2.092 = 1.674 1t Balun: 4 to 1 ﬁz?dlamz =261.5

Feed line: 52-Q coax diam; = 1Y4in.;

This completes the calculations of the array 7 1ldiam. = 2615
1= 261.

dimensions. The work remaining is to design the
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antenna feede From step 10, we wish to feed the L&R@ith 52-Q line and a 4:1 balun, so we select
Ry as 4x 52 = 208Q.

Before we calculate Zfrom Eq 19we must first determine from Eq 1Q At this point we must
assign a diameter to element noVBe wish to make the array rotatable with self-supporting elements,
so we shall use aluminum tubing for all elements. For element no. 5, the shortest element, we plan to
use tubing of/>-inch OD. We calculate the length to diameter ratio by first converting the length to
inches:

¢5/diamy = 11.159x 12/0.5 = 267.8

At this point in the design process we may also assign diameters to the other eldmemstain

an essentially constaritdiam ratio along the aryawe shall use larger tubing for the longer elements.
(From a practical standpoint forrtge values bt, 2 or 3 adjacent elements could have the same diam-
eta. For a single-band design, they could all have the same di@mietem data in Chapter 21 we see
that, abové/z inch, aluminum tubing is available in diameter step¥safich. We assign additional

element diameters and determifaliam ratios as follows:

diamy =>/sin.; /4/diamy = 13.98 x 12/0.625 = 267.8
diamgy =%/ in.; ¢3/diamy = 17.43% x 12/0.75 = 279.0
diam, = 1 in.; £2/diam, = 21.79 x 12/1 = 261.5
diamy = 1Y/ in.; /1/diam= 27.243x 12/1.25 = 261.5

Tapered elements with telescoping tubing at the ends may certainly be used. From a matching
standpoint, the diierence from cylindrical elements is of minor consequence. (Performance at the
low-frequency end may $fier slightly, as tapered elements are electrically shorter than their cylindri-
cal counterparts having a diameter equal to the average of the tapered sections. See Chapter 2.)

In Eq 10the required length to diameter ratio is that for element no. 5, or 267.8. Now we may
determine %, as

Z,,= 120 [In 267.8 — 2.25] = 120 [5.590 — 2.25] = 400.8
Additionally, before solving for £from Eq 19 we must determing’ from Eq 11.

0.06
=006 06708
©=Jos8
And now we usé=q 19to calculate &
) 2082 0 208 f
Zo =gx0.06708x 4008 *208| (Bx 006708 x 40080 *1

=201.1+ 208 x +/1.935 = 490.5Q

From stepll, we are to determine the conductor size and spacing fgrad £290.5Q for the
antenna feede We elect to use #12 wire, and from data in Chapter 20 learn that its diameter is 80.8
mils or 0.0808 inch.We determine the spacing froag 20as

S= (0-02808) x 1049051276 — 0-02808 x 10777

= 0-0308 x 50.865 = 2.42in.

An open-wire line of #12 wire with 2.4-inch spacers may be used for therfe€ds completes the
design of the fouband LPDA The design data are summarizedable 1
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Wire Log-Periodic Dipole Arrays for 3.5 or 7 MHz

These log-periodic dipole arrays are simple and easy to build. They are designed to have reason
able gain, be inexpensive and lightweight, and they may be assembled with stock items found in large
hardware stores. They are also strong—they can withstand a hurricane! These antennas were firs
described by John J. Uhl, KV5E, @STfor August 1986Fig 6 shows one method of installation. You
can use the information presented here as a guide and point of reference for building similar LPDAs.

If space is available, the antennas can be “rotated” or repositioned in azimuth after they are com-
pleted. A 75-foot tower and a clear turning radius of 120 feet around the base of the tower are needed
The task is simplified if only three anchor points are used, instead of the five shown in Fig 6. Omit the
two anchor points on the forward element, and extend the two nylon strings used for element stays all
the way to the forward stay line.

DESIGN OF THE LOG-PERIODIC
DIPOLE ARRAYS

Design constants for the two arrays are listed and B P e o
in Tables 2and3. The preceding sections of this / Feed Line
chapter contain a more precise design procedure 5
than that presented in earlier edition§bé ARRL Elements
Antenna Bookresulting in slightly different feeder
design values than those appearin@®T. \yon String

The process for determining the values in Tables ~ eement stays
2 and 3 is identical to that given in the preceding *™ """
example. The primary differences are the narrower
frequency ranges and the use of wire, rather than
tubing, for the elements. As additional design ex-

Feed Line
Spacers

Front Mount
and Feed Line
Connector

\/ Forward Stay Line

amples for the LPDA, you may wish to work through Anchor Points
the step-by-step procedure and check your resultsg 6—Typical 4-element log-periodic dipole
against the values in Tables 2 and 3. array erected on a tower.
Table 2 Table 3
Design Parameters for the 3.5-MHz Design Parameters for the 7-MHz
Single-Band LPDA Single-Band LPDA
f1 = 3.3 MHz Element lengths: f1=6.9 MHz Element lengths:
f, = 4.1 MHz 1 =149.091 ft f,=7.5 MHz f1=71.304 ft
B = 1.2424 (2 =125.982 ft B = 1.0870 /2 =60.252 ft
T =0.845 /3 =106.455 ft T=0.845 £3=50.913 ft
o=0.06 {4 =89.954 ft o =0.06 {4 =43.022 ft
Gain = 5.9 dBi = 3.8 dBd Element spacings: Gain = 5.9 dBi = 3.8 dBd Element spacings:
cota = 1.5484 dy, = 17.891 ft cota = 1.5484 d,, = 8.557 ft
B, = 1.3864 d,s = 15.118 ft B, = 1.3864 d,s = 7.230 ft
Bg = 1.7225 dgy = 12.775 ft B = 1.5070 dy, = 6.110 ft
L= 48.42 ft Element diameters: L =18.57 ft Element diameters:
N = 4.23 elements (decrease All = 0.0641 in. N = 3.44 elements (increase All = 0.0641 in.
to 4) //diam ratios: to 4) //diam ratios:
Z, = 6-in. shorted jumper { 4/diam, = 16840 Z, = 6-in. shorted jumper {4/diam, = 8054
R, =208 Q (3/diamz = 19929 R, =208 Q /3/diamg = 9531
Z,, =897.8Q ¢2/diam, = 23585 Z., =809.3Q (2/diam, = 11280
o' = 0.06527 El/diam1 =27911 o' =0.06527 f1/diam, = 13349
Z,=319.8 Q Z,=334.2Q
Antenna feeder: Antenna feeder:
#12 wire spaced 0.58 in. #12 wire spaced 0.66 in.
Balun: 4to 1 Balun: 4to 1
Feed line: 52-Q coax Feed line: 52-Q coax
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Forward to Rear

. Anchor
Hole Size to
Match Rope Used T
Hole Size to " .
Match Rope Used 2
Hole Size to
o

1/2" Match Wire ~
Size Used ?
3/4"
(o] O—J /

Hole Size to
Match Wire

Size Used

Depends on L ?
Size of Balun 1/ar 1/4"
1/2"
Hole Size to 5/8"

Match Wire
Size Used

[eJNe] O O0—
]
1/4,,J}~‘ -
5/8"
(A)

Fig 7—Pieces to be fabricated for the LPDA . At A, the forward connecto r, made from %2-in. Lexan. At B,
the rear connecto r, also made from '/>-in. Lexan . At C is the pattern for the feed-line spacers, made from
Ya-in. Plexiglas. Two of these spacers are required.

J
1

/4"

From the design procedure, the feeder spacings for the two arrays are slitjatgndli 0.58 inch
for the 3.5-MHz array and 0.66 inch for the 7-MHz versioks a compromise toward the use of
common spacers for both bands, a spacingsafich is quite satisfactgr Surprisingy, the feeder
spacing is not at all critical here from a matching standpoint, as may be verified fro2i7B log (2S/
diam) and fronEqg 9 Increasing the spacing to as mucHaisich results in an RSWR of less than 1.1
to 1 on both bands.

Constructing th e Arrays

The construction techniques are the same for both the 3.5 and the 7-MHz versions of.th@rarea
the designs are completed, the next step is to fabricate the fittingsSigsédor details. Cut the wire
elements and feed lines to the proper sizes and mark them for identificatienthe wires are cut and
placed aside, it will be fficult to remember which is which unless they are markéthen you have
finished fabricating the connectors and cutting all of the wires, the antenna can be assembled. Use you
ingenuity when building one of these antennas; it isecessary to duplicate these LPDAs eyactl

The elements are made of standard #14 stranded copperfMedwo parallel feed lines are made
of #12 solid copper-coated steel wire, such as Copperwiic will not stretch when placed under
tension. The front and rear connectors are cut fileiimch thick Lexan sheeting, and the feed-line
spacers from¥/s-inch Plexiglas sheeting.

Study the drawings carefully and be familiar with the way the wire elements are connected to the
two feed lines, through the front, rear and spacer connectors. Details are sketehleddand 9.
Connections made this way prevent the wire from brealétgf the rope, string and connectors must
be made of materials that can withstand tffeats of tension and weathering. Use nylon rope and
strings, the type that yachtsmen useég 6 shows the front stay rope coming down to ground level at a
point 120 feet from the base of a 75-foot towdt may not be possible to do this in all casg&s
alternative installation technique is to put a pulley 40 feet up in a tree and run the front stay rope
through the pulley and down to ground level at the base of the tree. The front stay rope will have to be
tightened with a block and tackle at ground level.
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Putting an LP together is not difficult if it is assembled in an orderly manneis easier to
connect the elements to the feeder lines when the feed-line assembly is stretched between two points
Use the tower and a block and tackdtaching the rear connector to the tower and assembling the
LPDA at the base of the tower makes raising the antenna into place a much simpld@iddbk. rear
connector securely to the base of the tower and attach the two feeder lines to it. Then thread the twc
feed-line spacers onto the feed line. The spacers will be loose at this time, but will be positioned
properly when the elements are connected. Now connect the front connector to the feddwiores
of caution: Measure accurately and carefully! Double-check all measurements before you make pe
manent connections.

Connect the elements to the feeder lines through their respective plastic connectors, beginning
with element 1, then element 2, and so on. Keep all of the element wires securely coiled. If they
unravel, you will have a tangled mess of kinked wire. Check that the element-to-feeder connections
have been made propgrl (See Figs 8 and 9.) Once you have completed all of the element connec-
tions, attach the 4:1 balun to the underside of the front coomeCwnnect the feeder lines and the
coaxial cable to the balun.

You will need a separate piece of rope and a pulley to raise the completédihf®Dposition.

First secure the eight element ends with nylon string, referring tckigd 8 The string must be long
enough to reach the tie-down points. Connect the front stay rope to the front conmedtthe com-

NOTES :

Mount Balun on Bottom to Tower

of Front Connector

for Balance
() Feed with 50-0 Coaxial Rear Connector

Cable and 4:1 Balun 1/2" Thick Lexan\
(3 Pay Close Attention to
Detail of Element
Connection to Feed Lines

to Tower

Elements Made From
#14 Copper Stranded Wire

Feeders

Elements

) Nylon
Strings

Feed Line Made
From #12
Copperweld Wire

Mount Balun on
Underside of Connector
for Balance

Nylon Rope
//4" or Larger
y \ Front Connector
to Front and Balun Mount
Stay to Front Stay 1/2" Thick Lexan
Fig 8—Typical layout for the LPDA. Use a 4:1 Fig 9—Details of electrical and mechanical
balun at the point indicated. See Tables 2 and 3 connections of the elements to the feed line.
for dimensions. Knots in the nylon stay lines are not shown.
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pleted LPDA is now ready to be raised into position. While raising the antenna, uncoil the element
wires to prevent their getting away and tangling up into a mess. Use care! Raise the rear connector tc
the proper height and attach it securely to the tower, then pull the front stay rope tight and secure
it. Move the elements so they form a 60-degree angle with the feed lines, in the direction of the front,
and space them properly relative to one another. By adjusting the end positions of the elements as yol
walk back and forth, you will be able to align all the elements properly. Now it is time to hook your rig

to the system and make some contacts.

Performance

The reports received from these LPDAs were compared with an inverted-V dipole. All of the
antennas are fixed; the LPDAs radiate to the northeast, and the dipole to the northeast and southwes
The apex of the dipole is at 70 feet, and the 40 and 80-meter LPDAs are at 60 and 50 feet, respectively
The gain of the LPDASs is several dB over the dipole. This was apparent from many of the reports
received. During pileups, it was possible to break in with a few tries on the LPDAS, yet it was impos-
sible to break in the same pileups using the dipole.

During the CQ WW DX Contest sonieg pileups were broken after a few calls with the LPDAs.
Switching to the dipole, it was found impossible to break in after many, many calls. Then, after switch-
ing back to the LPDA, it was easy to break into the same pileup and make the contact.

Think of the possibilities that these wire LPDA systems offer hams worldwide. They are easy to
design and to construct, real advantages in countries where commercially built antennas and parts ar
not available at reasonable cost. The wire needed can be obtained in all parts of the world, and cost o
construction is low! If damaged, the LPDAs can be repaired easily with pliers and solder. For those
who travel on DXpeditions where space and weight are large considerations, LPDAs are lightweight
but sturdy, and they perform well.

5-Band Log Periodic Dipole Array

A rotatable log periodic array designed to cover the frequency range from 13 to 30 MHz is pictured
in Fig 10. This is a large array having a gain of 6.7 dBi or 4.6 dBd (approximately the same gain one
would expect with a full-size two-element Yagi array). This antenna system was originally
described by Peter D. Rhodes, WA4JVE, in November 1338 The radiation pattern, measured at
14 MHz, is shown irFig 11

The characteristics of the array are:

1) Half-power beamwidth, #3(14 MHz)

2) Design parametar= 0.9

Fig 11—Measured
radiation pattern
of the 13-30 MHz
LPDA at 14 MHz.
The front-to-back
ratio is 14.4 dB at
14 MHz, and
increases to

21 dB at 28 MHz.

180°
Fig 10—The 13-30 MHz log periodic dipole array.
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3) Relative element spacing constan= 0.05
4) Boom length, L = 26 ft

5) Longest elemearyl = 37 ft 10 in. (a tabulation of element lengths and spacings is giVeble 4)

6) Total weight, 116 pounds
7) Wind-load area, 10.7 sq ft

8) Required input impedance (mean resistancg)y R2Q, Z; = 6-inch jumper #18 wire
9) Average characteristic dipole impedancg,: 3378 Q

10) Impedance of the feedeZ,: 1171 Q
11) Feeder: #12 wire, close spaced
12) With a 1:1 toroid balun at the input termi-

nals and a 7-X2 coax feed line, the maximum SWR
is1.4:1.

Table 5

The mechanical assembly uses materiaMaterials List, 13-30 MHz Log Periodic Dipole
readily available from most local hardware store&rray
or aluminum supply houseBhe materials needed Material Description

are given inTable 5. In the construction diagram, 1)
Fig 12, the materials are referenced by their re-
spective material list numibeThe photograph

shows the overall construction, and the drawin%

Aluminum tubing—0.047" wall thickness
1"—12' or 6' lengths

Is"—12' lengths

ls"—6" or 12' lengths

3/,"—8' lengths

Quantity

126 lineal feet
96 lineal feet
66 lineal feet
16 lineal feet

. . . . Stainless-steel hose clamps—2" max 48 ea
show the detailsTable 6gives the required tubing 3)  Stainless-steel hose clamps—1%/:" max 26 ea
lengths to construct the elements. 4) TV type U bolts 14 ea

5) U bolts, galv. type
516" x 11/2" 4 ea
et x 1" 2 ea
Table 4 6) 1" ID polyethylene water-service pipe—
) s .
13-30 MHz Array Dimensions, Feet ;‘f)solJZ{,'n;ltlisntﬁ‘,jﬁrgEnfir/fun?D 20 lineal feet
El Nearest angle—6' lengths 30 lineal feet
No. Length d,_1n(spacing) Resonant B) 1" x Y/+" aluminum bar—6' lengths 12 lineal feet
1 37'10.2" — 7) 144" top rail of chain-link fence 26 lineal feet
1 " 1 " — 8) 1:1 toroid balun lea
é ?;;r).%;" 2, Z'gu — 212 14 MHz 9) 6-32 x 1" stainless steel screws 24 ea
Lo Lo T s 6-32 stainless steel nuts 48 ea
4 27' 7.1 , 3, 0'8” =dsg No. 6 solder lugs 24 ea
5 24100 2'9.1" =dys 18 MHz 10) #12 copper feeder wire 60 lineal feet
6 22'42" 2'5.8" = dgq 21 MHz 11A) 12" x 8" x Y4" aluminum plate 1ea
7 2014 2'2.8" =dg7 B) 6" x 4" x /4" aluminum plate lea
8 18 1.2" 2'0.1" =dg 24.9 MHz 12A) 3/4" galv. pipe 3 lineal feet
9 161 3.511 1’ 9.7:: - d89 28 MH2z B) 1" galv. plpe—mast 5 ||nea| feet
10 1479 175 =dgy, 14) Y 3" armbuckles rea
11 13" 2.4" ., 1: 5'6:: = leyll 15) 4" x 1Y2" eye bolts 2 ea
12 11105 1'3.8" = 11,12 16) TV guy clamps and eye bolts 2 ea
Table 6
Element Material Requirements, 13-30 MHz LPDA
1!1 7/8" 3/4:1 11/411 1!1 l" 7/8" 3/41! 11/411 1!1
El  tubing tubing tubing angle  bar El tubing tubing tubing  angle bar
No. Lth Qty Lth Qty Lth Qty Lth Lth No. Lth Qty Lth Qty Lth Qty Lth Lth
1 6 2 6 2 8 2 3 1 7 6 2 5 2 — — 2' 1
2 6 2 12" 2 — — 3 1 8 6 2 352 — — 2' 1
3 6 2 12" 2 — — 3 1 9 6 2 25 2 — — 2' 1
4 6 2 852 — — 3 1 10 3 2 5 2 — — 2' 1
5 6" 2 7 2 — — 3 1 11 3 2 4 2 — — 2' 1’
6 6" 2 6 2 — — 3 1’ 12 3 2 4 2 — — 2' 1
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% 6-32 x1" Stainless Steel
Screw, Washer and Nut

. Plastic Pipe— 1" ID
] / Element

Coax to Transceiver

4"to 6"
Solder Lug
Element 1-1/4" OD Galv Steel
/_ Top Rail of Chain-Link

o o o 4 Fence — 21 Ft Section

Solder to Lug

Bend Loops in Wire Where
K Wires Cross. A Plastic

Spreader May Be Used if
Necessary
#12 AWG Copper Wire

Wood
l«<— Dowel

3/16" x 1-1/2" Galv
Stove Bolts

(D)

Fig 12—Construction diagram of the 13-30 MHz log periodic array. At B and C are shown the method
of making electrical connection to each half element, and at D is shown how the boom sections are
joined.
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The Telerana

The Telerana (Spanish for “spider web”) is a rotatable log periodic antenna that is lightweight,
easy to construct and relatively inexpensive to build. Designed to cover 12.1 to 30 MHz, it was co-
designed by Gege Smith, W4AEO, athAnsyl Eckols YV5DLT, and first described by Eckols@QST
for July 1981. Some of the design parameters are as follows.

1) 1=0.9

2) 0 =0.05

3) Gain = 6.7 dBi (4.6 dBd)

4) Feed arrangement: 400 feeder line with 4:1 balun, fed with 5 coax The SWR is 1.5:1 or
less in all amateur bands.

The array consists of 13 dipole elements, properly spaced and transposed, along an open-wire feede
having an impedance of approximately 4D05e= Figs 13 ard 14. The array is fed at the forward (smallest)
end with a 4:1 balun and RG-8 cable placed inside the front arm and leading to the tnaAsnaitterna-
tive feed method is to use open wire or ordigv ribbon and a turreeliminating the balun.

The frame that supports the arr&yq 15) consists of four 15-foot filvglass vaulting poles slipped
over short nipples at the hub, appearing like wheel sp@kgslL6). Instead of being mounted directly
into the fibeglass, short metal tubing sleeves are inserted into the outer ends of the arm and the neces
sary holes are drilled to receive the wires and nylon.

A shopping list is providechiTable 7. The center hub is made from #sdinch galvanized fou
outlet cross or X and four 8-inch nippléesid 16). A 1-inch diameter X may be used alternatyel
depending on the diameter of the fibergl@shole is drilled in the bottom of the hub to allow the cable
to be passed through after welding the hub to the rotator mounting stub.

All four arms of the array must be 15 feet lomgey should be strong and springy for maintaining the
tautness of the aryalf vaulting poles are used, try to obtain all of them with identical strength ratings.

The front spreader should be approximately 14.8 feet long. It can be much lighter than the four
main arms, but must be strong enough to keep the lines rigid. If tapered, the spreader should have th
same measurements from the center to each Bondchot use metal for this spadet

Building the frame for the array is the first construction step. Once that is prepared, then everything else
can be built onto it. Begin by assembling the hub and the four arms, letting them lie flat on the ground with the
rotator stub inserted into a hole in the groufide
tip-to-tip length should be about 31.5 feet eaclp.wa
A hose clamp is used at each end of the arms to pr&able 7
vent splitting. Insert the metal inserts at the outerShopping List for the Telerana
ends of the arms, with 1 inch protrudii¢pe mount- 1 1Ysinch qalvanized. 4-outlet X
ing holes should have been drilled at this point. Ify g i1 735, oM #eS FOHIELEToss 012
the egg insulators and nylon cords are mounted t@a—15-ft long arms. Vaulting poles suggested.
these tube inserts, the whole antenna can be disas- Tlhg,eé?bm;’fi,gﬁei”"”g and all of the same strength
Semb'ed simply k_)y bending_ up th_e arms and pu”ingl—(Spread)er, 14.8 ft long (must not be metal).
out the inserts with everything still attached. 1—4:1 balun unless open-wire or TV cable is used.

Choose the arm to be at the front end. Mountl2—Feed-line insulators made from Plexiglas or
two egg insulators at the front and rear to accom-, fiberglass.

6—Small egg insulators.
modate the inteelement feedeThese insulators 328 ft copper wire for elements; flexible 7/22 is
should be as close as possible to the ends. suggested. _ _
At each end of the cross-arm on top, install a65.€icgtegZ|(i)nrg.) #14 Copperweld wire for interelement
small pulley and string nylon cord across andie4 ft (50 m) strong Ys-inch dia cord.
back Tighten the cord until the upward bow 1_R0k|)| ?tf nylon monofilament fishing line, 50 Ib test
re?‘CheS _3 feet_ above the _hl@ﬂ)l cords will re- 4—clz/:etgl furbing inserts go into the ends of the fiber
quire retightenig after the first few days because  glass arms.
of stretchingThe cross-arm can be laid on its side 2—Fiberglass fishing-rod blanks.
while preparing the feeder line. For the front-to-rear*—HoSe clamps.
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4:1
Balun Connects

5.05
4.92
Dimensions in
Meters
This Side

1.25

0.40m

Egg
Insulator

Spacing Distances
frcrrlw %?ecr

7/22 Element

12.769
Wire

Here
Egg Ins
Nylon & Nylon
36.726 ,
5.13 / / 16.82
1. . .

16.56"
16.13'

14.69'

Direction
of Gain

Dimensions in

Feet
This Side

Strong Nylon

Cord or Rope

Feeder Line Insulators

Catenary

Eqg
Insulator

O

O

j
1/2"

Front View /

Feeder Line /

(400 Q)

11.492 MHz

1/4"

Tie for Elements

Elements -3,5,7,9,11,13

1/4" 1/4"

- 3/4" —>

1/4"

to Cat }
Ant Nylon o Latenary Egg | T W\p T Top
El Leader Ins LI ‘Tl | View

Solder

Use Double Clinch Knot =+

7i)
r
|

T

|
Feeder Lines —
for Leader to Catenary ~

Under

So\(;r\

\ Over
Elements -2,4,6,8,10,12

J

Fig 13—Configuration of the spider web antenna. Nylon monofilament line is used from the ends of
the elements to the nylon cords. Solder all metal-to-metal connections. Use nylon line to tie every
point where lines cross. The forward fiberglass feeder lies on the feeder line and is tied to it. Note that
both metric and English measurements are shown except for the illustration of the feed-line insulator.
Use soft-drawn copper or stranded wire for elements 2 through 12. Element 1 should have #7/22

flexible wire or #14 Copperweld.

Log Periodic Arrays
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e 6.88' (2.10m) ————»

13.75' (4.2m)

4:1 Balun

1

\ Forward Spreader

16.83' Forward Supports are of Small Diameter Nylon Rope 16.83'
(5.13m) (5.13m)
21.22' 21.22'
(6.47m) (6.47m)
Forward
/ Arm
Arms and Spreader are
Fiberglass Vaulting
Poles, Approx 1-1/2" Dia
Hub
30.34" (9.25m) Across | |
' . '
Left Arm I Right Arm
Egq Tiny Egg Insulators are Used Eqg
Insulator at All Points where Metal Insulator
Might Cut Nylon Arms are Approx 31.5'(9.60m)
When Flat,
/ Before Bowing Up
Rear
Arm
21.22' 21.22'
(6.47m) (6.47m)
. Feeder Line Also
Pipe Connects to El 1
Insert Through Egg Insulators—{]
1-1/4" Pipe

Cross

1-1/4"x 6"
Nipple (4/ /

/Use Hose Clamps
at Each End of Fiberglass
to Prevent Splitting
Drill Hole
for RG-8

Welded

1-1/4" Rotator
Mounting Stub

\’4

30.34" (9.25m ) Front to Rear and Side to Side

4 Nipples Pipe "T"
or X"
Rear Front
Alternative Hub, Pipe "X
No Welding.
Al 1-1/4" or 1" \

‘\ Rotor Stub
Rear Supports are Formed by
Antenna Element #1 Plus
a Short Lead to Total 6.47m
4:1 Balun

Feeder Line, Front to Rear
Small Nylon Rope, Side to Side
( Tie Together where they Cross)

Optional
Support

Note: if Supported Stub is Used,

Rotator Upward Bow Can be Reduced

Mounting
Stub

Fig 14—The frame construction for the spider web antenna. Two different hub arrangements are

illustrated.
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bowstring it is important to use a wire that will not
stretch, such as #14 Copperweld. This bowstring is a
tually the inte-element transmission line. &Eig 17.
Secure the rear ends of the feeder to the tw
rear insulators, soldering the wrap. Before secu
ing the fronts, slip the 12 insulators onto the twg
feed linesA rope can be used temporarily to form|s
the bow and to aid in mounting the feeder line. Thg
end-to-end length of the feeder should be 30.24 fee
Now lift both bows to their upright position
and tie the feeder line and the cross-arm bowstrinfp = =
togefrher where they cross, directly over and apF-ig 15— The spider web antenna, as shown in
proximately 3 feet_ abOYe the hub. this somewhat deceptive photo, might bring to
The next step is to install the no. 1 rear elemenhing a rotatable clothesline. Of course it is
from the rear egg insulators to the right and left crossnuch larger than a clothesline, as indicated by
arms using other egg insulators to provide the propeiigs 13 and 14. It can be lifted by hand.
element length. Be sure to solder the element halves
to the transmission line. Complete this portion of th¢
construction by installing the nylon cord catenaries
from the front arm to the cross-arm tips. Use egg ins
lators where needed to prevent cutting the nylon cord
In preparing the fibgglass front spreadekeep
in mind that it should be 14.75 feet long beforg
bowing and is approximately 13.75 feet whe
bowed. Secure the center of the bowstring to th
end of the front arm. Lay the spreader on top of th

nylon fish line. String the catenary from the
spreader tips to the cross-arm tips.

At this point of assemp) antenna elements 2
through 13 should be preparéthere will be two
segments for each elemeAt the outer tip make a
small loop and solder the wrap. This will be for thgq
nylon leade. Measure the length plus 0.4 inch for
wrapping and soldering the element segment to theg 16_The simple arrangement of the hub of
feede. Seven-strand #22 antenna wire is suggestanpke spider web. See Fig 13 and the text for
for use here. Slide the feed-line insulators to theidetails.
proper position and secure them tempoyaril

The drawings show the necessary transpositi
scheme. Each element half of elements 1, 3, 5, 7,
11 and 13 is connected to its own side of the feedcys
while elements 2, 4, 6, 8, 10 and 12 cross over to ti#=
opposite side of the transmission line. . , — ,

There are four holes in each of the transmig ———— e

sion-line insulators (sekig 13. The inner holes "

are for the transmission line, and the outer one - —

are for the elements. Since the array elements 3 . G

slanted forward, they should pass through the in g {
sulator from front to back, then back over the insu N L
lator to the front side and be soldered to the tran ) : v
mission line. The small drawings of Fig 13 showrig 17—The elements, balun, transmission line
the details of the element transpositions. and main bow of the spider web antenna.
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Each place where lines cross, they are tied together with nylon line, whether copper/nylon or ny-
lon/nylon. This makes the array much more rigid. All elements should be mounted loosely before you
try to align the whole thing. Tightening any line or element affects all the others. There will be plenty
of walking back and forth before the array is aligned properly. Do not expect it to be extremely taut.

The Pounder—A Single-Band 144-MHz LPDA

The 4-element Pounder LPDA picturedrig 18 was developed by Jerry Hall, K1TD, for the 144-148
MHz band. Because it started as an experimental antenna, it utilizes some unusual construction techniques
However, it gives a very good account of itself, exhibiting a theoretical gain of 7.2 dBi and a front-to-back
ratio of 20 dB or better. The Pounder is small and light. It weighs just 1 pound, and hence its name. In
addition, as may be seenhig 19, it can be disassembled and reassembled quickly, making it an excellent

antenna for portable use. This array also serves well
as a fixed station antenna, and may be changed eas-

ily to either vertical or horizontal polarization.

The antenna feeder consists of two lengths o
Y2 x Y2 x /1e-inch angle aluminum. The feeder
In th
first experimental model the array contained only
two elements with a spacing of 1 foot, so a boon
length of 1 foot was the primary design require-
ment for the 4-element versiomable 8gives the

also serves as the boom for the Pounder.

design data for the 4-element array.

Fig 19—One end of each half element is tapped
to fasten onto boom-mounted screws. Thus,
disassembly of the array consists of merely
unscrewing 8 half elements from the boom, and
the entire array can be packaged in a small
bundle of only 21 inches in length.

Table 8
e — % Design Parameters for the 144-MHz Pounder
fl =143 MHz Element lengths:
f, = 148 MHz ¢1 =3.441 ft
B =1.0350 ¢2 = 3.165 ft
1=0.92 €3 =2.912ft
o0 = 0.053 4 =2.679 ft
Gain=7.2 dBi =5.1 dBd Element spacings:
cot a = 2.6500 d;, = 0.365 ft
B, = 1.2306 dys = 0.336 ft
B, = 1.2736 ds, = 0.309 ft
L =0.98 ft Element diameters:
N = 3.90 elements (increase All = 0.25 in.
to 4) ¢/diam ratios:
Z,=none ¢4/diam, = 128.6
Fig 18—The 144-MHz Pounder. The boom ?0 :532138 o gg:zmi _ ig?:g
extension running out of the picture is a 40-in. o = 0.05526 ¢1/diam, = 165.1
length of slotted PVC tubing, “/s-in. OD. This Z,=751Q

tubing may be clamped to the side of a tower or
attached to a mast with a small boom-to-mast
plate. Rotating the tubing appropriately

at the clamp will provide for either vertical or
horizontal polarization.
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Antenna feeder:
2 x 12 x 116" angle aluminum
spaced /4"

Balun: 1:1 (see text)

Feed line: 52-Q coax (see text)




Construction

The general construction approach for the Pounder may be seen in the photographs. Drilled and tappe
pieces of Plexiglas sheéty-inch thick, serve as insulating spacers for the angle aluminumrfe&de
spacers are used, one near the front and one near the rear ofjthE@urano. 6-3 x Y/a-inch pan head screws
secure each aluminum angle section to the Plexiglas spaiger20and21. Use flat washers with each screw
to prevent it from touching the angle stock on the opposite side of the.spacsure the screws are not so
long as to short out the feetleh clearance of aboutis inch has been found sufficient. If you have doubts
about the screw lengths, check the assembled boom for a short with your ohmmeter on a megohms range.

Either of two mounting techniques may be used for the Pauddeshown in Figsd8 and19, the
rear spacer measures 1@*/z inches, with 45 corners to avoid sharp point¥his spacer also accom-
modates a boom extension of PVC tubing, which is attached with two no. 2Q-3%&h screwsThis
tubing provides for side mounting the Pounder away from a mast or.towe

An alternative support arrangement is shown in FigT2@o Y2 x 3-inch Plexiglas spacers are used at the
front and rear of the arya Each spacer has four holes drilfédnch apart and tapped with no. 6-32 threads.
Two screws enter each spacer from either side to make a tight aluminum-Plexiglas-aluminum saktdwich
the center of the boom, secured with only two screws, 8 48inch strip of/s-inch Plexiglas. This strip is
slotted about 2 inches from each end to accept hose clamps for mounting the Pounder atdys snoast,
the strip is attached for vertical polarizatiolternate mounting holes, visible on the now-horizontal lip of
the angle stock, provide for horizontal polarizatidia
though sificient, this mounting arrangement is not as
sturdy as that shown g 18

The elements are lengths of thick-wall aluminum
tubing, Ys-inch OD. The inside wall conveniently
accepts a no. 10-32 taphe threads should penetrate
the tubing to a depth of at least 1 inch. Eight no. 10-
32 x 1-inch screws are attached to the boom at the
proper element spacings and held in place with no.
2 10-32 nutsFig 19 For assemlg) the elements are
then simply screwed into place.

Note that with this construction arrangement, the
two halves of any individual element are not precisely
collinear; their axes ardfset by aboub/s inch. This
offset does not seem to affect performance.

Fig 21—The feed
arrangement . A
right-angle
chassis-mount
BNC connecto r,
modified by
removing a portion
of the flange,
provides for ready
connection of a
coax feed line.

A short length of
bus wire connects
the center pin to
the opposite
feeder conducto r.

Fig 20—A close-up look at the boom, showing
an alternative mounting scheme for the

Pounde r. This photo shows an earlier 2-element
array, but the boom construction is unchanged
with added elements. See text for details.
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The Feed Arrangement

Use care in initially mounting and cutting the elements to lefigtbbtain the 18° crossover feed arrange-
ment, the element halves from a single section of the feeder/boom must alternate dir€ébtbns the halves
of elements 1 and 3 will point to one side, and of elements 2 and 4 to theTdtlsearrangement may be seen
by observing the element mounting screwsim19 Because of this mounting scheme, the length of tubing for
an element “half” is not simply half of the length givenTeble 8 After final assemb), halves for elements
2 and 4 will have a slight overlap, while elements 1 and 3 are extended somewhat by the boom. tAibkeness
best procedure is to cut each assembled element to its final length by measuring from tip to tip.

The Pounder may be fed with RG-58 or RG-59 coax and a BNC comnAatwodified right-angle
chassis-mount BNC connector is attached to one side of the feeder/boom assembly for cable connec
tion, Fig 21. The modification consists of cutting away part of the mounting flange that would othe
wise protrude from the boom assemblThis leaves only two mounting-flange holes, but these are
sufficient. A short length of small bus wire connects the center pin to the opposite side of thre feede
where it is secured under the mounting-screw nut for the shortest element.

For operation, the coax may be secured to the PVC boom extension or to the mast with electrical
tape. Itis also advisable to use a balun, especially if the Pounder is operated with vertical ekements
choke type of balun is satisfacypformed by taping 6 turns of the coax into a coil of 3 inches diamete
but a bead balun is perferred ($&eapter 2p. The balun should be placed at the point where the coax
is brought away from the boom. If the mounting arrangemehtgp?0is used with vertical polariza-
tion, a second balun should be located approximatelyavelength down the coax line from the first.

This will place it at about the level of the lower tips of the elements. For long runs of coax to the
transmitte, a transition from RG-58 to RG-8 or from RG-59 to RG-9 is suggested, to reduce line
losses. Make this transition at some convenient point near the arra

No shorting feeder termination is used with the array described here. In the basic theory section of
this chapte it is stated that direct feed of an LRDs usually not possible with 52-coax if a good
match is to be obtained. The feedgrd this array is in the neighborhood of 120 and with this
value,Eq 9indicates B to be 726 Q. Thus, the theoretical mean SWR with-&ine is 72.6/52 or 1.4
to 1. Upon array completion, the measured SWR(3he) was found to be relatively constant across
the band, with a value of about 1.7 toThe Pounder offers a better match toZZoax.

Being an all-driven arga the Pounder is more immune to changes in feed-point impedance caused by
nearby objects than is a parasitic wrra his became obvious during portable use when the array was
operated near trees and other objects . . . the SWR did not change noticeably with antenna rotation towar
and away from those object$his indicates the Pounder should behave well in a restricted environment,
such as an attic. For weighing just one pound, this array indeed does give a good account of itself.

The Log Periodic V Array

The log periodic resoné¥ array is a modification of the LPDA, as showirig 22. Dr Paul E. Mayes
and Dr Robert L. Carrel published a report on the log perdirray (LR/A) in the IRE Wescon Conven-
tion Record in 1961. (See tB&liographylisting at the end of this chapeAt the antenna laboratory of
the University of lllinois, they found that by simply
tilting the elements toward the apex, the array could __ Direction of Beam Maximum
be operated in higher resonance modes with an in- " Feeder (Described by Z)
crease in gain (9 to 13 dBd total gain), yielding a
pattern with negligible side lobe3he information
presented here is based on an October Q&Par- \ —
ticle by Peter D. Rhodes, KAEWG. =" 2

A higher resonance mode is defined as a fre-
quency that is an odd multiple of the fundamental
array frequeng For example, the higher resonance b1 p /
modes of 7 MHz are 21 MHz, 35 MHz, 49 MHzand ~ "~"n, “'=%" “"a,
so on The fundamental mode is called %@ (half-  Fig 22—Lp vA schematic diagram and definition of terms.
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wavelength) mode, and each odd multiple as follow&,3\/2, 7A/2, and so forth, to the (2n -\12 mode.

The usefulness of such an array becomes obvious when one considers an LPVA with a fundamental frequency
design of 7 to 14 MHz that can also operate in thi@ 8ode at 21 to 42 MHz. A six-band array can easily be
developed to yield 7 dBd gain at 7, 10 and 14 MHz, and 10 dBd gain at 21, 24.9 and 28 MHz, without traps. Also,
using proper design parameters, the same array can be employedii2 time&e to cover the 35 to 70-MHz range.

A 7-30 MHz LPVA with minimum design param-
eters (fewest elements and shortest boom) is shown |
Fig 23. This array was designed and built to test th
LPVA theory under the most extreme minimum desig
parameters, and the results confirmed the theory.

Theory of Operation

The basic concepts of the LPDA also apply to the
LPV array. That is, a series of interconnected “cells’
or elements are constructed so that each adjacent cf
or element differs by the design or scaling factor, |
(Fig 24). If (1 is the length of the longest element in
the array and, the length of the shortest, the relation-
ship to adjacent elements is as follows: Fig 23—A pedestrian’s view of the 5-element

492 7-30 MHz log periodic V array showing one of
1 :T (Eq 1) the capacitance hats on the rear element.
2 =1/1
(3 =142
¢4 =1/3, and so on, to
(=Tl (Eq 2) (nzz,,)th
Where l (n+1 )Jh nth Cell (n—=1)th Cell
f1 = lowest desired frequency and Cell
n = total number of elements EE]: (mt2)th e W
Assume g, is the spacing between elements l
¢1 and/2. Then ¢ _ 4is the spacing between the I
last or shortest elements _ ; and/,, where n is Loss_Woss_, tn+ ]
equal to the total number of elements. The rela- non LLHH
tionship to adjacent element spacings is as follows:
d12 =1 (¢1 -/2) cota Fig 24—An interconnection of a geometric
d23 =1d,, progression of cells.
d3q =Td23
g5 =Td3y
: 2 L
Oy 1n= Ty _2n-1 (Ea 3) %15 i )
where E : © ¥=0
a =2 the apex angle 2 . g L
0 =Y4(1 1) cota (Eq 4) g L : e
The above information is no different than was £ o oo
presented earlier in this chapter for the LPDA. Itbe- =< ,

Il Il Il Il
comes obvious that the elements, cells of elements ° MVzoooSv2o SM2 o T2 a2
and their associated spacings, differ by the design Vode of Operetior
parameter. Each band of frequencies between any fig 25—Average directive gain above isotropic
andtf corresponds to one period of the structure. In(dBi). Subtract 2.1 from gain values to obtain
order to be frequency independent (or nearly so), th@din above a dipole (dBd).
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variation in performance (impedance, gain, front-to-back ratio, pattern, and so forth) across a frequency
period must be negligible.

The active region is defined as the radiating portion or cell within the array which is being excited
at a given frequeng f, within the array passbands the frequency decreases, the active cell moves
toward the longer elements, and as the frequency increases, the active cell moves toward the shorte
elements With variations of the design constantthe apex half angle (or relative spacing constant
0), and the element-to-element feeder spacing, S, the following trends are found:

1) The gain increasesaincreases (more elements for a given f) arcreases (wider element spacing).

2) The average input impedance decreases with increasisgaller element spacing) and in-
creasig T (more elements for a given f).

3) The average input impedance decreases with decreasing S, and increasing conductor size of th
element-to-element feede

As described earlrethe LP/A operates at higher order resonance poinbat is, engy is readily
accepted from the feeder by those elements which are near any of the odd-multiple resahances (
3\/2, B\/2, and so on) The higher order modes of the /R are higher order space harmonics (see
Mayes, Deschamps and Pat®ibliographylisting). Hence, when an MA is operated at a frequency
whose half-wavelength is shorter than the smallest element, thgyerethe feeder will propagate to
the vicinity of the 3/2 element and be radiated.

The elements are tilted toward the apex of the array by an gngleown inFig 22 The tilt angley,
determines the radiation pattern and subsequent gain in the various modes. For each mode fifigrre is a di
ent tilt angle that produces maximum gain. Mayes and Carrel did extensive experimental work with an
LPVA of 25 elements whtt = 0.95 anab = 0.0268 The tilt angley, was varied from Oto 66° and radiation
patterns were plotted in th¢2 through7A/2 modes. Gain data are plottadrig 25. Operation in the higher
modes is improved by increagin (more elements) and decreasm(rloser element spacing).

When considering any single mode, the characteristic impedance is comparable with that of the
LPDA,; it is predominantly real and clustered around a central valdeTRe central value,

Ry, for each mode increases with @eeder impedance)rhus, as with the LPDA, control of the VR
input impedance can be accomplished by controllipng Z

When multimode operation is desired, a compromise must be made in order to determine a fixed imped-
ance level. The multimode array impedance is defined as the weighted mean resistancgg, lexédpRit
can be shown that g, lies between the Jentral values of two adjacent modes. For examp

R01/2 < me < R03/2 (Eq 5)
where
R.,,,= A2 mode impedance, center value
R,.,,= 3\/2 mode impedance, center value
and where
R0 = Rmax X Rmin (Eq 6)
C“Rmax
SWR = &™ (Ea 7)

The weighted mean resistance level betweerhth and 3/2 modes is defined by

SWR
me = '\/RO:UZRO:L/Z SVV—R?JIE (Eq 8)

where
SWRy» = SWR inA/2 mode
SWR;, = SWR in3A/2 mode
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Once % andy have been chosehRig 26 can be used to estimate thg,Rvalue for a given LFA.
Notice the dominant role tha{feeder impedance) plays in the array impedance.
It is apparent from the preceding data that th€A i3 useful for covering a number off@irent bands
spread over a wide range of the spectrum. It is fortunate that most of the amateur bands are harmonicall
related. By choosing a large design paramete0.9, a small relative spacing constant 0.02, and a tilt
angle ofy = 40°, an LR/A could easily cover the amateur bands from 7 through 54 MHz!

DESIGN PROCEDURE

A step-by-step design procedure for the log peciddarray follows.
1) Determine the operational bandwidth, B,
in the A/2 (fundamental) mode:

B :]]:_?l. (Eq9) 120 ,/
= Y= 45°

where 110 I / | /e
f1 = lowest frequeng MHz 00 / ‘”=ﬁ://)
f,, = highest frequenc MHz . r ///"ﬁw o
2) Determiret for a desired number of elements, E 90 // ,,:55/’
n, usirg Fig 27. ol i
3) Determine element lengttig to ¢, using Eqgs i /7 //
1 and 2 of this section. 0 //,/
4) Choose the highest operating mode desired and «ﬂ//
determire o andy from Fig 28. g0 .V
5) Determine cell boom length, L, from "

_2o(1-¢,) -
L a 1_T (Eq 10) 4075 l 85 l 95 l 105 l 15 l 125 l 135 l 145 l
Note: If more than one VA cell is to be driven Zo of Feeder, 0

by a common feedgthe spacing between cells

. Fig 26—Weighted mean resistance level, R ,
can be determined from 9 9 wm

versus characteristic impedance of the feede 1, Zj

D, =20/, (Eq 11)  for variou s g angles.
1.0
0.95 — S e =
B=1.5 —"_-— - 4T
e p— - L
_’/’ [ -— //’. -
> e S I = S -
-~ - - ]
= 7 [ . ”"/ - ] —
2 7 ? 290 — Y S
2 09 / . 6l o=—|" - - | =" -
8 ’ / - 42.’— * - . - ———-:' —_—
: , /. 9 450//0/‘/ /"/ /”’—_—
g R LA RS S Al e
° ' / /" A S I e
/ , s L St
0.85 l , A |ty % Ar
. V4 7 V4 /7 4 * 7/
/ . / . / / Q //6?3
Il / // / // // @/ Zo?
7 / . /’
I / AV
0.8 / / Al 1/
1 2 5 4 5 6 7 8 9 10 1 12 13 14 15 16 17

Number of Elements

Fig 27—Design paramete r, T, versus number of elements, n, for various operational bandwidths, B.
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where
D1, = element spacing between cell 1 (lower ™\ _ 600
frequency cell) and cell 2 (higher frequency cell). N 1 T~<L -7
0, = relative spacing constant for cell 1 b 010 ;\ e 507
(.1 = shortest or last element withincell 1 % ., 1 ~T° I
3 4 N 2
: : . / N 2
6) Determine the mean resistance levg),R 8 0.os|—¢ ~f'\\ 3002
usingFig 26 5 / T "
. . . o o
7) Determine the element spacings using Eqs™ **[/ —~L 20
3 and 4 of this section. 0.02H - 10°
: . . /
Construction Considerations 2/2 v Y v Y m/g
The 7'30 MHZ LN/A Shown in the phOtogl’aphS Highest Mode Desired

gives good resultsThe structural details can be seerrig 28—optimum o and  for an LP VA when the
in Figs 2 ard 30, and additional data is presentechighest operating mode has been chosen.

in Tables 1ard 2. Although it performs well, it is
likely that a more conservative design (two additiong
elements) would yield a narrower half-power (3 dB]
beamwidth on 7 and 14 MHz.

It may be of interest to note that both linea
and capacitive loading were usea¢h. The rela-
tionship in the next section may be used to est
mate linear loading stub length and/or capacitang

Table 1

Design Dimensions for the LP VA

Element Element Design

Lengths, ft Spacings, ft ~ Parameters Fig 29—The element-to-boom detail is depicted here.

Aluminum angle brackets, U bolts, and sections of
PVC tubing are shown securing each element to the
boom at two points. The 300 -Q twin-lead, threaded
through a piece of polystyrene and attached to the

/1=56.22* d;,=915 1=0.8
(2=56.22  d,3=732  0=0.05
(3=45.00 dy;=5.86 o =38.2°

(4 = 36.00 dgs = 4.67 L =27 ft* foremost element, may be seen entering the picture
(5 =28.79 P =45° at the top left. The end of the linear loading line fo  ra
is visible near the bottom.

*¢1 is a shortened element; the full-size dimension is 70.28 ft.

** The total physical boom length is L plus the distance to the ¢5 cross
bracing. The cross braces are 3 ft. long, and ¢ = 45°; hence, the
total boom length is 27 ft + 1.5 ft = 28.5 ft.

Table 2
Basic Materials for the LP VA

Elements 1Y2", 6061-T6, 0.047" wall
aluminum tubing
Bracing 1%4" x 114" x Y/¢" aluminum angle
Boom 2%;" OD, 0.107" wall aluminum
tubing
U bolts 14" squared at loop to accommo
date tilt angle @
Feeder #12, SOI'd. copper wire . Fig 30—A shot of the rearmost elements looking at
C_ap. hat for 1 #10 aluminum wire, 24" diam an angle to the boom. The linear loading line may be seen
Linear loading 4’ loop, 3" spacing each half of /1 supported at various points along the boom and
for /1 at the rear element by pieces of polystyrene.
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hat size if construction constraints prohibit a full-sized array. However, performance in higher mode
operations was less than optimum when shortened elements were used.

Linear Loading Stub Design

The following linear loading stub design equation may be used for approximating the stub length
(one half of element, two stubs required).

L =273 %S'Q[m%h _]] E"_(ng“)% (Eq 12)

f arctanld b
O fh Iog(a) 0
H H

where

L = linear loading stub length in feet required for each half element
h = element half length in feet

f = element resonant frequency in MHz

b = loading stub spacing in inches

a =radius (not diameter) of loading stub conductors in inches

d = average element diam in inches

Note: The resonant frequency, f, of an individual element of ledgttan be found from:

4
=409 (Eq 13)

The capacitance hat dimensions for each half element can be found from data in Chapter 2.

Log Periodic-Yagi Arrays

Several possibilities exist for constructing high-gain arrays that use the log periodic dipole as a
basis. Tilting the elements toward the apex, for example, increases the gain by 3 to 5 dB on harmonic-
resonance modes, as discussed in the previous section of this chapter. Another technique is to ad
parasitic elements to the LPDA to increase both the gain and the front-to-back ratio for a specific
frequency within the passband. The LPDA-Yagi combination is simple in concept. It utilizes an LPDA
group of driven elements, along with parasitic elements at normal Yagi spacings from the end elements
of the LPDA.

The LPDA-Yagi combinations are endless. An example of a single-band high-gain design is a
2 or 3-element LPDA for 21.0 to 21.45 MHz with the addition of two or three parasitic directors and
one parasitic reflector. The name Log-Yag array has been coined for these combination antennas. Th
LPDA portion of the array is of the usual design to cover the desired bandwidth, and standard Yagi
design procedures are used for the parasitic elements. Information in this section is based on a Decem
ber 1976QSTarticle by P. D. Rhodes, K4AEWG, and J. R. Palmer, W4BBP, “The Log-Yag Array.”

THE LOG-YAG ARRAY

The Log-Yag array provides higher gain and greater directivity than would be realized with either
the LPDA or Yagi array alone. The Yagi array requires a long boom and wide element spacing for wide
bandwidth and high gain. This is because the Q of the Yagi system increases as the number of element
is increased and/or as the spacing between adjacent elements is decreased. An increase in the Q of tl
Yagi array means that the total bandwidth of that array is decreased, and optimum gain, front-to-back
ratio and side-lobe rejection are obtainable only over small portions of the band.

Log Periodic Arrays  10-27



The LogYag system overcomes thidfaiulty by using a multiple driven element “cell” designed
in accordance with the principles of the log periodic dipoleya®ace this log cell exhibits both gain
and directivity by itself, it is a mordfective radiator than a simple dipole driven elem&hie front-
to-back ratio and gain of the log cell can be im-
proved with the addition of a parasitic reflector

and directo. Rl NG
It is not necessary for the parasitic element P

spacings to be large with respect to wavelength, " Drector st

as in tleYagi arrg, since the log cell is the deter- -7 g

mining factor in the array bandwidth. In fact, the  ~ A

element spacings within the log cell may be small

with respect to a wavelength without appreciable
deterioration of the cell gain. For example, de-
creasing the relative spacing const@)tfrom 0.1

to 0.05 will decrease the gain by less than 1 dB.

1:1
Balun

A Practical Example _4 J

The photographs and figures show a DMayg —\'><><><,
array for the 14-MHz amateur band@he array de-

sign takes the form of a 4-element log cell, a para-

sitic reflector spaced at 0.085,,,, and a parasitic RG-8

director spaced at 0.25,,, (WhereA . is the long- 28

est free-space wavelength within the array passband). n

It has been found that array gain is almost unaffected 019 AMox
with reflector spacings from B\ to 0.5 A, and |

HwL—if

-

1
/
/
/
/
/
/
/
/Li

the increase in boom length is not justifi€de func- ——_

tion of the reflector is to improve the front-to-back T

ratio of the log cell while the director sharpens the =
forward lobe and decreases the half-power wsa | a3 | arn | 0852

Max

beamwidthAs the spacing between the parasitic el-
ements and the log cell decreases, the parasitic efgg 31—Layout of the Log- Yag array.
ments must increase in length.

The log cell is designed to meet upper anggple 1
lower band limits wih 0 = 0.05 The design pa- | og-yag Array Characteristics
ramete T is dependent on the structure bandwidth,

PRt : Frequency range 14-14.35 MHz
Bs. When the log periodic design parameters hav§ Operating bandwidth B =105
been found, the element length and spacings cappesign parameter T =0.946657
i 4) Apex half angle a =14.92°; cota = 3.753
be determined. . . 5) Half-power beam width 42° (14-14.35 MHz)
Array layout and construction d_et;_;uls can be&s) gandwidth of structure B, = 1.17875
seen inFigs 31through34. Characteristics of the 7) Free-space wavelength lmax = 70.28 ft
: . 8) Log-cell boom length L =10.0ft
array are givenn Table 1 L . 9) Longest log element /1 = 35.14 ft (a tabulation of
The method of feeding the antenna is identical element lengths and spac-
to that of feeding the log periodic dipole array with- _ ings is given in Table 2)
h it | t&s shown in Eia 31. a 10) Forward gain (free space) 8.7 dBi

out the parasi |C_ € eme_n g ) 11) Front-to-back ratio 32 dB (theoretical)
balanced feeder is required for each log-cell elemen) Front-to-side ratio 45 dB (theoretical)

; ; ) 13) Input impedance Z,=37Q
an_d all adjacen'F elements are fed Wlth a’Jdtase 14) SWR 1% to 1 (14-14.35 MH2)
shift by alternating connections. Since the XA}  15) Total weight 96 pounds
array will be covering a relatively small bandwidth,lgg \éVi“g-'Oédta}fea g 2-5 327“0

s s . eed-point Impeaance 0=

the radiation resistance of the narrow-band log cellB) Reflector length 36.4 ft at 6.0 ft spacing
will vary from 80 to 90 (tubing elements) depend- 19) Director length 32.2 ft at 10.5 ft spacing
ing on the operating bandwidffhe addition of para- 20) Total boom length 2651t

10-28 Chapter 10



Reflector

A

Director

Boom to Mast Detail

Over Bar,

Angle and PVC Pipe

Driven Element to Boom Detail

Fig 32—Assembly details. The numbered components refer to

Fig 33—The attachment of the elements to the
boom.

Fig 34—Looking from the front to the back of the
Log- Yag array. A truss provides lateral and
vertical support.

Table 4.

Table 2
Log- Yag Array Dimensions
Length  Spacing
Element Feet Feet
Reflector  36.40 6.00 (Ref. to /1)
/1 35.14 3.51 (dyy)
£2 33.27 3.32 (dyq)
(3 31.49  3.14 (dgy)
(4 29.81  10.57 (/4 to dir)
Director 32.20
Table 3

Element Material Requirements,
Log- Yag Array

1-in. “/s-in. 3fa-in.  Ya-in. 1 xY/s-in.

Tubing Tubing Tubing Angle Bar

Lth Lth Lth Lth Lth

FtQty Ft Qty Ft Qty Ft Ft
Reflector 12 1 6 2 8 2 None None
/1 6 2 6 2 8 2 3 1
/2 6 2 6 2 8 2 3 1
/3 6 2 6 2 6 2 3 1
/4 6 2 6 2 6 2 3 1
Director 12 1 6 2 6 2 None None
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sitic elements lowers the log-cell radiation resistance. Hence, it is recommended that a 1-to-1 balun be
connected at the log-cell input terminals anekb@oaxial cable be used for the feed lihke measured
radiation resistance of the 14-MHz Ld@gg is J Q, 14.0 to 14.35 MHz. It is assumed that tubing elements
will be used. Howewe if a wire array is used then the radiation resistangea®l antenna-feeder input
impedance, g must be calculated so that the proper balun and coax may b&hs@docedure is outlined
in detail in the early part of thchapte.

Table 2has array dimension$ables3 and 4 contain lists of the materials necessary to build the
Log-Yag arrg.

Table 4
Materials List, Log- Yag Array

1) Aluminum tubing—0.047 in. wall thickness
1 in.—12 ft lengths, 24 lin. ft.
1 in.—12 ft or 6 ft lengths, 48 lin. ft
’Is in.—12 ft or 6 ft lengths, 72 lin. ft
3/4 iIn.—8 ft lengths, 48 lin. ft
3/4 in.—6 ft lengths, 36 lin. ft
2) Stainless steel hose clamps—2 in. max, 8 ea
3) Stainless steel hose clamps—1'/4 in. max, 24 ea
4) TV-type U bolts—1Yzin., 6 ea
5) U bolts, galv. type: 516 in. x 1Y/2in., 6 ea
5A) U bolts, galv. type: Ys4in. x 1in., 2 ea
6) 1in. ID water-service polyethylene pipe 160 Ib/in.2 test, approx. 13/s in. OD 7 lin. ft
7) 1Y41in. x 1Y4in. x Ysin. aluminum angle—®6 ft lengths, 12 lin. ft
8) 1in. x /4 in. aluminum bar—6 ft lengths, 6 lin. ft
9) 1%/4 in. top rail of chain-link fence, 26.5 lin. ft
10) 1:1 toroid balun, 1 ea
11) No. 6-32 x 1 in. stainless steel screws, 8 ea
No. 6-32 stainless steel nuts, 16 ea
No. 6 solder lugs, 8 ea
12) No. 12 copper feed wire, 22 lin. ft
13) 12 in. x 6 in. x /4 in. aluminum plate, 1 ea
14) 6in. x 4 in. x Y4 in. aluminum plate, 1 ea
15) 3/4 in. galv. pipe, 3 lin. ft
16) 1 in. galv. pipe—mast, 5 lin. ft
17) Galv. guy wire, 50 lin. ft
18) /4 in. x 2 in. turnbuckles, 4 ea
19) s in. x 1%Y2in. eye bolts, 2 ea
20) TV guy clamps and eyebolts, 2 ea
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