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The Log-Periodic
Dipole Array

Theory, Design, and Construction of
a Practical Antenna for HF Work

HiS ARTICLE is written to familiarize the

A amateur with fthe log-periodic dipole array .

(LPDA), and to provide the basic theory, design
procedures and the construction of a practical
untenna such as that used at the author’s QTH. In
the discussion the mathematical derivation of
individual clement currents, voltages, and ad-
mittances has hecn omitted for simplicity, The
amateur with a solid background in differential
calcujus, vevtor algebra and simultanecus Jif-
ferential-equation matricies can pursue this area
using the ieference raterial, However, derivation
of the mathematical model for these parameters is
not necessary in a practical design consideration,

The LPDA has had relatively little use in
amateur applications and has heen presented
sparingiy in vhi and uhf articles; however, it will be
seen that a good LPDA for any band, hf to ubf,
van be buikt to meet the amateur’s requirements at
nominal cost:  high forward guin, good front-
to-hack ratio, low VSWR, and a boom length
equivalent to a full sized three-element Yagi,

The LPDA is a frequency-independent antenna
invented by DuHamel and Isbell.’ 1t is in wide use
by the armed forces, ‘I'he LPDA exhibits a rela-
tively low SWR (usually not greaier than 2 to 1)
aver a wide band of frequencies, Cariel? has shown
that a well designed LPDA can yield 2 1.3 to |
SWR over 2 1.8 to [ frequency range with a
directivity of 9.5 dB,T

* 3125 Keenan Hd., College Park, GA 30349,

"For this and subsequent references, refer to
the bibliography at the end of this article,

"'[ED‘[TOR’S NOTE: Directivity is the ratio of
maximum radiation intensity in the forward
direction to the average radiation intensity from
the array. Assuming no resistive losses in the
antenna system, 9.5 dB directivity equaies to 9.5
4B gain over an isotropic radiator or approximately
7.4 dB gain over a half-wave dipole, i
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BY PETER D. RHODES* K4EWG

Basic Theory

‘The LPDA is frequency independent in that the
electrical properties such as the mean resistance
level, Ro, characteristic impedance of the feed line
Zu, and driving-point admittances, Yo, vary
periodically with the logarithm of the frequency.
See Fip. 1. As the frequency fq is shifted to
another frequency fa within the passband of the
antenna, the relationship is fa = fy/r
where = a Jesign parameter, a constant; +<1.0,
Also f3 = fyfr#

fa = Fr®

tn = ffrt 1 Eg. 1)
where # = 1,2,3, .. .1
f1 = lowest frequency
fn ¥ highest frequency
Taking the fog of Eq, 1,
logfy = logfi—in—Hilogr (Fq. D

Eq. 2 shows that any property shown on aiog f
scale is perfodic with period log r.

VA

LOG ¢
Fig. 1 -- Showing the periodic variations of an
electrical property of the array wversus the

logarithm ot the frequency.

QsT for



The design parameter r iy a geometric constant
near 1.0 which is used to determine the element
lengths, {, and element spacings, d. See Fig. 2. That
is,

52 =T l*j

13 = ’rlz

In = g1 (Fgq. 3
where I, = shoriest element length,
and '

dys = 7dyg

dgg = vdag

dype Lt 2 1y — 2 0= | (Eq. 4)

where dog = spacing between elements 2 and 3,

Each elument is driven with a phase shift of
1807 by switching or alternating element con-
nections, as shown in Fig, 2. The dipoles near the
input, being nearly out of phase and close together,
nearly cuncel each others’ radiation. As the ele-
inent spacing, o, expands there comes a point along
the artay where the phase delay in the transmission
line combined with the 130" switch gives 4 total of
3607 (1 —df2), This puts the radiated fields from
the two dipoles d apart in phase in a direction
toward the apex, Hence, a lobe comung off the
apex results when the total phase delzy from one
dipole to the next is 360 (1 ~ &/a).%

This phase relationship exists in a set of dipoles
known ds 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 dipoles
for the highest and lowest design frequency. It has
a bandwidth which we shalf call Bar (bandwidth of
the active regionh.® Cheong,® using a high speed
camputer, has made an extensive study of a
12-clement LPDA. He determined the individual
element currents, hoth real and imaginary, The
dipole nearest resonance is his element number 6,
The imaginary parts of the currents in shorter
elements 7 to 12 are capacitive, while those in
longer elements 1 to 6 are inductive, The capacitive
current components in shorter elements 9 and )
exceed the conductive components; hence, these

November 1973
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This close-up view shows the element-to-boom,
mounting arrangement. Two hose clamps secure
each haif-element to the angle-sluminum and
aluminum-bar supports. Above the nearer element
the feeder conductors and the sirut cables are
visible,

elements receive little power from the feeder and
det as parasitic directors. The inductive current
compenents in longer elements 4 and 5 are
dominant and they act like parasitic reflectors,
Elements 6, 7, and & receive most of their power
from the feeder and act like driven elements. The
amplitudes of the currents in the remaining
clements are small and they myy bhe ignored as
primary contributors to the radiation field. Hence,
we have a generalized Yagi array with seven
elements comprising the active region, it should be
noted that- this active megion is for a specific set of
design parametess (v = (L93, ¢ = 0.175), The
number of elements making up the active region
wilk vary with r and o, Adding additional elements
on either side of the active region cannot sig-
nificantly modify the circuit or field properties of
the array,?

This active region determines the hasic design
parameters for the array, and sets the bandwidth
for the structure, Bs. That is, for a design-
frequency coverage of bandwidth B, there exists an
associated bandwidth of the active region such that

By = B X Bar (Eq. 53

where B = operating bandwidth = %ﬁ (Eq. 6)

1

and  fq = lowest freq., MHz
fn = highest freq,, MHz

Fig. 2 - The log-periodic dipole array and some of
the design parameters,

Where 7 = el, length
W % = l. half length
h—1 dn—9 p— d = el. spacing
7 = design constant
g dpon—1 o = relative spacing
Uy g constant
§ = feeder spacing
Ay = in Zo = char. impedance of
1 antenna feeder

i7
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far varies with = and a as shown in Fig. J.
Element lengths which fall outside Har play an
insignificant role in the operation of the array. The
giin of an LPDA is determined by the design
parameter = and the relative element spacing
constant o, Thete exists an optimum vilue for o,
Ogpt, for each 7 in the range 0.8 < v < 1.0, for
which the gain is maximum; however, the increase
in gain achieved by usmg Sopt,, and 7 near 1,0 (Le.,
v = 0.98) is only 3 dB above_ isotropic (3 dBi)
when ¢ompared with the minimum o (o
= 05 and 7 = 0.9, shown us Fig, 4,

An increase in T means more elements and
optimum ¢ means a long boom. In the con-
struction portion of this article we shall see thata
well-constructed, high win (.5 dBA LFDA can be
designed in the "hf region with r = 0,9 and

a = 05, The relationship of 7,0, and & i8' as
follows: . : ’
s = (1/4) (1 =7)cota (Eq. D
where a = 12 the apex angle

r & design constant

o = relative spacing constant
also o = -1 (Eq. 8)

P
Ogpt ¥ L2587 - 066 tEq.9)

The tethod of feeding the antenna i3 rather
simple, Agshown.in Fig, 2, a balanced feeder s
tequired for each element, und all adjacent ele-
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ments dare fed with a I80° phase shift by al-
ternating clement connections. In this article the
term antenna feeder is defined as that line which
connects each adjacent element. The feed lUne is
that line between antenna and transmifter or
Transmatch, The characteristic impedance of the
antenna feeder, Zo, mast be determined so that the
feed-line impedance and type of balun can:be
determined, The antenna-feeder impedance Zo
depends on the mean radiation resistance level Ro
(required input impedance of the active vegion
clements — see Kig. $) and aversge characteristic
impedance of a dipole Za. (Za is a function of
element radius' ¢ end the resonant element half
length, where A = #/4. See Fig. 6.) The relationship

is a8 follows:

a o Ro? RO .

o = Eq,
Zo = g iza Rony So’?a) tEa. 10)

where Zu = characteristic impedance of feeder

Ro = mean radiation resistance level or
required input impedance of the ac-
tive region,

Za = average characteristic Impedance ofa

dlpole
= [204{In él— 2.55) iEq. L)

# = el half length

a = radius of el

o' = mean gpacing factor = Ef_ tEq. 12y

VT

QsT for
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Table I — Areay dimensions, feet
L No. Iy h g q,n (specing) nearest
resonant
1 38.0 19 0
2 34.2 171 3.862 = dye 14 MHz
3 3078 1539 3475 = doy
4 277 13.85 3.13
5 2493 12.465 2.815 .
8 22,44 11.22 2,833 . 21 MHz
7 20.195 10.098 228 .
8 18.175 2.088 2.05 .
2] 16.357 8.179 1856 28 MHz
10 1472 7.38 16863
11 13.25 6.625 1.496 .
12 11.924 5962 1.347 = diy 12
From Fig. § we can see that Ro decreases with Design Procedure

incrzasing » and increasing a. Also the VSWR with
respect to o has a minimum value of about 1.1 to
1 at ¢ optimum, and a valye of 1,8 to 1 at & =05,
These SWR  values are acceptable when using
standard RG-8/U 52-0hm and RG-11/U 72-0hm
voax for the feed line. However, a one-to-one
VSWR match can be obtained at the transmitter
end using a coax-to-coax . Transmaich.® A
Transmatch is used at the author’s QTH so that the
transmitter low pass filter will see a 52-0hm load
on each frequency within the array passband, The
Transmatch also  eliminates possible harmonic
radiation caused by the frequency-independent
nature of the array.

Once the value of Zo has been detexmined for
each band within the array passband, the balun and
feed tine may be chosen. That is, if Zo = L0 ohms,
a good choice for the balun would be | to |
balanced o unbalanced, and 72-0hm coax feed line.
Il Zo = 220 ohms, choose a4 to 1 balun, and
52-ohm coax feed line, and so0 on. The balin may
be omitted if the array is to be fed with an
open-wire feed line,

The terminating impedunce, Zt, may be
omitted, However, it it is used, it should have a
length no longer than hy../8. The terminating
impedance tends to increase the front-to-back ratio
fur the lowest frequency used and in the con-
struction details a 6-inch shorting jumpes wire is
shown for 7t. When Zt is simply a short-cireuit
jumper the longest element behaves av a passive
reflector, 1t also might be noted that one could
increase the front-to-back ratio on the lowest
frequency by moving the passive reflector (No. |
vlement) a distance of 0.15 to 0,25 A behind
element No, 2, a5 would be done in the case of an
ordinary Yagl parasitic reflector, This of course
would necessitate lengthening the boom,

As noted in Fig, 7, the front-to-back ratio
increases as the frequency increases, Thix is berause
more of the shorter inside ¢lements form the active
region, and the longer efements become additional
reflectors.

MNovember 1973

A syslematic step-by-step design procedure of
the LPDA is to follow, This procedure will provide
the amateur with the basiv tools for designing any
LPDA for any desired bandwidth,

1) Decide on an operating bandwidth £
befween [y, lowest frequency and f,, highest
frequency, using Eq. 6. '

. 2) Choose r and o to give 2 desired gain (Fig,
1.
0.8 <7=098
.05 % 0% ‘Topt

The value of agp, may he determined from Eq. 9.

3 Determine the apex halfangle

cota = iﬂ
b

4) Determine the bandwidth of the active
group Bar from kg, 3.

5} beterming the structure (array) handwidth
Bs from Eq. 5.

3s° 45°

270° au®

TN
180°

Fig. 7 — Measured radiation pattern for the lowest
frequency band of the author's array, 14 MHz, The
front-to-back ratio increases gs the freguency
increases. For this arvay it is 14.4 dB at 14 MHz,
19,5 dB at 21 MHz, and 21 dB at 28 MHz.
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6-32%1" STAINLESS STEEL
SCREW, WASHER & NUT

" PLASTIC PIPE=1"1D

(8)

Fig. 8 —
shown the method of making electrical connection
to each half element, and at D is shown how the
hoom sections are joined.,

6} Determine the boom length, £, nomber  of
elements v, and longest element length, [1.

I [i_( ";s) cot a:| Ama {Eq. 13)
N=1+ (Eq. 14}
l(ng{l) q
[1 w 222 o
i
where XApax = longest free-space  wave

length = 984[f;

Examine £, & and /4 and deteimine whether or not
the wray sige 1% acceptable at vour QTH, If the
array is too large, increase a by 57 und repeat steps
2 through 6.

71 Determine the terminating stub Zt. (Note:
For hf arrays short out the longest element with a
6-inch jumper. For vhf and uhf amrays use:

Zt = Apaxi8.

#) Once the final values of 7 and ¢ are found,
the characteristic impedance of the Feeder Zo must
be determined so the type of balun and feed line
can be found. Use Fqg, 10, Determine Ro from Fig,
3, £a from Fig. 6 and ¢' from Eq. 12. Note: Values
tor kie Za, and Zo must be determined for each
amateur band within the array passband, Choose
the element half-length i nearest / = /4, at the
center frequency of each amateur band. Once Jo is
found for each band, choose whatever combination
of balun and feed line will give the lowest SWR on
each band.
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FENCE- 21 FT. SECTION
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3w 1}2 GALY.
STOVE BOLTS

Construction diagram. At B and C are

7 Solve for the iemaining element lengths
from Eq. 3.

10y Determine the element spacing dy» from
d12 = 112 (I] —iz)cota (Eq, 15}
and the remaining element-to-clement spacings
from Eq. 4. This completes the design.

Construction of an LPDA
at the Author’'s QTH

‘The final resubtt of this work is the finished
project, 1 wanted one beam antenna which would
feplace my three stacked monoband 3-element
Yagis {10, 15, and 20 metery) and wounid give
comparable performance. The LPDA was chosen,
and on-thesir performance substantiates the
theory behind it.

The parameters are as follows:

Frequency range, 13-30 MHz

Half-power beamwidth, 43° (14 MHz)

Operating bandwidth, B = 30/13= 2.3

Design parameter 7= 0,9

Relative element spacing constant o = .05

Apex half-angle o = 25°, cot a = 2.0325

Bandwidth of active group, Bar = | .4

Bandwidth of structure, As = 3,22

Boom length, £ = 26.3 ft

Lungest element /4 = 38 ft (a tabulation of element
{engths and spacings is given in Table 1)

Total weight, 116 pounds

' QsT for
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Looking “down the throat”

of the K4EWG hf LPDA,

Wind-load area, 10,7 sq. ft

Required input impedance (mean resistance), Ro =
67 ohms, Zt = 6-inch jumper No, 18 wire

Average  characteristic  dipole itnpedance:.
Za14 muz = 450 ohms; Zagy mpg= 420
ohms; 2325 MUz ¥ 360 ohms,

Mean spacing factor ¢” = 0527,

Impedance of the feeder: Zoyg ppgz = 95 vhms;
2021 MHz ¥ o7 QhITIS; 3023 MHz = 103
ohms

Using a toroid balun at the input terminals and a
72-ohm coax feeder the SWR is 1.4 fo |
(maximum}),

The mevhanical assembly uses materials readily
available from most ltocal hardware stores o
aluminum supply houses, The materials needed are
given in Table 1}, In the construction diagram, Fig,
8, the materials are referred to by their respective
maderial list number, The photographs show the
overalli construction picture, and the drawings
show the details, Table 11 gives the required tubing
lengths to construct the elements,

The antenna feeder (line connecting adjacent
elements} is constructed of No, 12 solid copper
wire, with solder-lug connections at each element,
The feeder spacing § (Fig. 2) is not critical, From 4
to & inches is salisfactory for hf antennas; use
staller spacings for vbf and uht arrays, For uhf
and vhf arrays, § should be small when compared
to the smaliest wavelength used (i.e., less than
Amin/ 8-

Kesults

This beam has been in operation at the author’s
QTH for several months, and it has performed
better than had been unticipated. The ironi-
to-back ratio is approximately 19,5 dB at 21 MHz
with a forward gain of 8,5 dBi. The radiation
pattern, plotted in Fig. 7 shows a good forward
fobe at 14 MHz. The beam was well worth the
effort, as at a height of onty 30 feet it punches
through the pileups with moderate power (100
watts).

Table I — Marerials list

Material Description Quantity
3. Aluminum tubing — 047" wall thickness
1" — 12" or §' lengths 126 lineal feet
7/8" — 12° lengths 96 lineak feet
/8" — 6’ or 12 langths 66 lineat feet

34~ @’ lengths 16 lineal teet

2. Suainless-steel hose clamps = 2™ max. 48 ea,
3, Siainless-steel hose clamps — 1-1/4" max, 25 ea,
4, TV-type U-bolts 14 ea.
5. U-bolss, galv, type
5/16" X 1-1/27 4 ea,
ATZS A 2 qa,

8. 1" |D polyethelene water-service pipe —
160 psi test, approx, 1-1/4” QD
A, 1-1/4 X 1-114" X 1/8" aluminum angle —
& lengths
B. 1" % 1/4" aluminum bar — &’ lengths

20 fineal feat

30 lineal feet
12 lineal fest

7. 1-1/4" 1op rait of chain-link fence 26.5 lineal feet

8. 11 taroud balun 1 ea.
& — 32 % 1" stainless-steel screws 24 ea,
6- 32 stainless-steed nuts 48 ea.
No. 6 solder lugs 24 ea,
10. No. 12 copper feeder wire 60 lineal feet
1.
A, 127 % 8" X 114" aluminum plate  ea,
B. 6" % 4" X 1/4" alum. plate 1 ea,
12,
A, 314 galv. pipe 3 lineal feat
B. 1" galv. pipe — mast 5 lineal feet
13. Galv. gquy wirg 5( lingal feat
14, 1/4" 3 2™ turnbuckles 4 pa,
15. 1/4" % 1-1/2" eye bolts 7 ea.
16, TV guy clamps and eye bolts 283,

Novembery 1973
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Table I — Element material requircinents
El No. ["tubing 78" tubing 347 tubing 1-1/47 angle 17 bar
Lth, Oty. Lth. Qwv. Lth Qv Lih Lih,
1 & 2 & 2 & 2 ¥ i
2 G P 1272 - ¥ 1
3 ) 2 127 2 - - 3 1’
4 6 2 885 2 - 3 1
5 6 2 7 2 - 3 1"
3] -y 2 5y 2 - - 3 1*
7 ) 2 5 2 - - 2 1"
a8 5] 2 s 2 - -~ 2 1
9 & 2 258 2 e 2 1
10 -y 2 5 2 - ry 1’
1 3 2 e 2 - & 1
i2 3 2 4 2 o z 1

This atticle has dealt with the basic LPDA
system, However, there are endless high-gain array
possibilities with this type ‘of antenna, Tilting the
elements toward the apex will increase the gain 3
to 5 dB, Adding parasitic directors and a reflector
will increase both gain and front-to-back ratio for a
speciflic  frequency  within  the passband. The
LPDA-Yagi combination is very simple. Use the
LPDA design procedures within the set of driven
elements, snd place parasitic elements at normal
Yagi spacings from the LPDA end elements, Use
standard Yagi design procedures for the parasitic
elements, An example of a single band high-gain
LPDA-Yagi would bhe a two- or threeclement
LPDA for 21,0 to 21.45 Mz with the addition of
2 or 3 parasitic directors and one parasitic re-
flector, The vombinations are endless,

I wish to thank Ben Painter, W4BBP, who
hielped in the plotting of the sudiation pattetn. 1

also wish ta thank the fellows at W3SK, who
helped in on-the-aie far-field testing,
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The Rollerless Ultimate

(Continued from page 12)

small arnount of f energy to the input connector
(no more power than necessary o get a reading on
the SWR indicator in its miost sensitive position)
and zdjust both the INPUT and OUTPUT vontrols
while observing the directional wattmeter set for
teflected power, Yarious settings of the capacitors
should be used with each switch pesition until the
proper settings are established as indicated by
minimum reflected power. The operator may then
log the settings and return to them anytime.

In some cases i may be found that two
positions of the inductor switch may be used.
wither of which will provide proper reflected power
readings, When this situation occurs, the position
which allows the output capacitor to be more fully
meshed is the gne ta use, fo tests, the author could
match any of the station antennas on gry band,
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with the exception of ten meters. The lead
inductance and stray vapacitance of the circuit
makes it difticult to load some “odd™ antennas on
this band, Ordinary antennas, such as a ten-meter
Yagi or dipole can be loaded properly, however.

This Transmatch was designed with 160-meter
operation in mind, The final product proved to be
marginal in performance since there was not
suificient capacitance avatable at C2 for loading an
Stkmeter open-wire-fed dipole on 160 meters.
Additional capacitance connected in parallet with
C2 solves the problem aicely. A transmittiog
ceramic 3-kV, L00-pE capavitor is satisfactory for
this purpose and can be included along with an
appropriate switch i’ 160-meter operation is anti-
vipated, 1F there is a need to include an SWR meter
in the Transmatch, the vonstructor is reterred to
the Monimateh circuit published with the Ultimate
Transmatch whtch appears in (25T for July, 1971,
or any recent edition of The Radio Amatewr’s
Handbook,



