The Log-Periodic
Dipole Array

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

HiS ARTICLE is written to fumiliarize the
- amatewr with the log-periodic dipole armay
(LPDA), and tfo provide the basic theory, design
procedures wnd the construction of a practical
#ntenna such as that used at the author’s QTH. In
the discussion the mathematical derivation of
individual clement curients, voltages, and ad-
miftances has been omitted for simplicity, The
amateur with a solid background in differential
calculus, vevtor algebra and simultaneous Jif
ferential-equation matricies van pursue this area
using the seference material, 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 nnd has bheen presented
sparingiy in vhf and whf 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 gain, pood front-
to-hack ratio, low VESWR, and a boom length
squivalent to a full sized three-clement Y agi,

The LPDA is a frequency-independent antenna
invented by DulHamel and Isbell.’ 1t is in wide use
by the armed forces, The LPDA cxhibits 2 rela-
tively low SWR (usually not greaier than 2 to 1)
aver a wide band of frequencies, Canel* has shown
that a well Jesigned LPDA can yield a 1.3 to |
SWR over a 1.8 to [ irequency range with u
directivity of 9,5 dB,T

* #1256 Keenan Rd., College Park, GA 30349,

'for this and subsequent references, refer to
the bibliography at the end of this acticle,

':'[E‘.DI'I‘OR’S NOTE: Directivity Is the ratio of
maximurm  radiation intensity in the forward
direction to the average radiztion intensity from
the array. Assuming no resistive losses in the
antenna system, 9.5 dB directivity equates to 9.5
4B gain over an isotropic radiator or approximately
7.4 4B gain over a half-wave dipole. i
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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
Zo, and driving-point admitiances, Yo, vary
periodically with the logarithm of the frequency,
See Fig. 1. As the frequency [y is shifted to
another frequency fo within the passhand of the
antenna, the relationship is fy = fyfr

where 7= a design parameter, a constant; 1<1.0.

Also f3 = fyjr2

Ja = fiir®

e = ffn 1 (Eg. 1)
where = 1,2,3, .. 1

f1 = lowest frequency

fn = highest frequency

Taking the tog of Eq. 1,

logty = log fi—in~ Filogr (Eq. 2)

Eq. 2 shows that any propecty shown on a log f
scale is periodic with period log .

Zo }

-

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

logarithm of the frequency.
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The design patameter 7 is 4 geometric constant
near 1.0 which is used to determine the element
lengths, {, and element spacings, d. See Fig. 2. Thai
is,

fz =T I]

Iy = 1ly

bn = g — 1) (Egq. 3)
where [, = shortest element length,
and

daa = 7d12

d3q = 7dag

Gty = 0y — 2n~ 1 (Eq. 4)
where dag = spacing between elements 2 and 3,

Each element is driven with a phase shift of
180" by switching or alternating element con-
nections, as shown in Fig. 2. The dipoles near the
input, being nearly oud of phase und close together,
nearly cancel each others’ radiation. As the ele-
inent spaeing, o, expands there comes a point along
the artay where the phase delay in the transmission
line combined with the 180° switch gives a total of
3607 (1 —¢dfa), This puts the radiated fields from
the two dipoles d apart in phase in a direction
toward the apex. Hence, a lobe coming oft the
apex results when the total phase delay 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 handwidth which we shalf call Bar (bandwidth of
the active regiont.® Cheong,® using a high speed
camputer, has made an extensive study of a
12-¢clement LPDA. He determined the individual
element currents, both real and imaginary, The
dipole nearest resonance is his element number &.
The imaginary parts of the currents in shorter
elements 7 to 12 are capacitive, while those in
longer elements 1 to 6 ure inductive, The capacitive
current components in shorter elements 9 and 1)
exceed the conductive components; hence, these

This close-up view shows the element-to-boom,
mounting areangement, Two hose clamps secure
each half-element to the angle-aluminum and
aluminum-bar supports. Above the nearer element
the feeder conductors and the strut cables are
visible,

elements receive little power from the feeder and
aet as parasitic directors. The inductive current
components 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 [eeder and act like driven elements, The
amplitudes of the currents in the remaining
elements are small and they myy be ignored as
primary contributors to the radiation field. Hence,
we have a generalized Yagi array with seyen
elerments comprising the active region, It should be
noted that this active region 18 for a specific set of
design parameters (r = (0,93, ¢ = 0.175). The
number of elements making up the active region
will vary with r and o, Adding additional elements
on either side of the active region canmot sig-
nificantly modify the circuit or field properties of
the array,*

This active regiop determines the hasic design
parameters for the array, and sets thre 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

B, = B X Bar (Eq. 53

where B = operating bandwidth = ,{ﬁ (Eg. 6)
1 B

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

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

BALUN Where 7/ = ¢l. length
/ sedn Ldna—3 # = el. half length
( n—1 dp—9 p— @ = el spacing
£ t = design constant
7 ’:f) 6= A, n—1 o = ralative spacing
5TUB Ap— 4 constant
GIAX S = feeder spacing
. S i P Zo = char, impedance of
-~ ' ) antenna feeder
-
-
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Rar varies with = and a as shown in Fig, J.
Element lengths which fall outside Rar play an
insignificant role in the operation of the array. The
gt of an LPDA is determined by the design
parameter 7 and the relative element spacing
constant o. Thefe exists an’ optimum vilue for o
Ogpt, for each r in the range 0.8 <+ < 1.0, for
which the gain is maximum; however, the increase
in gain achieved by using qopt‘an'd 7 aear 1,0 (Le,,
v = 0.9%) is only 3 dB above isotropic (3 dB{)
when compared with the minimum o (g,
= 05)and + = 0.9, shown s Fig, 4,

An increase in v means mote elements and
optimuwn ¢ means & long boom, In the con-
struction portion of this article we shall see thata
well-constructed, high gaivn (8.5 dBi) LFDA cun be
designed in the "hf region with 7 = 0,9 and

g = 05, The relationship of 1,0, and a i3 as
foltows: . -
= (/4 {l=-7cotg (Eq. D
where g = 1/2 the apex angle

r = design constant

g = telative spacing constant
alsp g = ‘{'}__j’" 1 (Eq. 8)

2 -
Ogpt * L2387 - 066 tEq. 9)

The method of feeding the antenna is rather
simple. As shown in Fig. 2, a bulanced feeder s
required for each element, and all adjacent ele-
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ments are 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 line is
that line between antenna and transmifter or
Transmatch, The characteristic impedance of the
untenna feeder, Zo, mast be determined so that the
feed-line impedance and type of balun can-be
determined, The untenna-feeder impedance Zo
depends on the mean radiation resistance level Ro
(required input impedance of the active region
clements — see Fig. S) and aversge characteristic
impedance of a dipole Zu. (Za is a function of
element radius' @ and the resonant element half
length, where £ = #/4, See ¥ig. 6.) The relationship
iz as follows: |

7 = R_‘_): + Ra _._._._.,Ro 2 +
Zo = g R/ (s !

{Eq, 10)

where Zo = characteristic impedance of feeder

Ko = nean radiation resistance level or
required input impedance of the ac-
tive region,

Za = average characteristic impedance of a
dipole :

= 1204in éz» 2,55) iFq. L1}

# = el half length

a = padius of el,

o' = mean spacing tactor = & (Eq, 12}

VT
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Table 1 — Array dimensions, feet
£l No. Iy i dy_. 1,y (spacing) nearest
resonant
1 38.0 19 0
2 342 17.1 3.862 = dis 14 MHz
3 3078 1539 3475 = dpy
4 273 13.85 3.13
5 2493 12.465 2.815
6 2244 11.22 2.533 . 21 MHz
7 20.185 10,098 2.28
8 18.17% 9.088 2.05 .
9 16.357 8.179 185 28 MHz
10 1472 736 1683
11 13.25 6.625 1.498
12 11924 5062 1.347 = di1 12
From Fig. § we can see that Ro decreases with Design Procedure

increasing v and increasing q. Also the VSWR with
respect to Ko has a minimum value of about 1,1 to
1 at ¢ optimum, and a value of 1,8 to 1 at o = .05,
These SWR  values are acceplable when using
standard RG-8/U 52ohm and RG-11/U 72-chm
voax for the feed line. However, a one-to-one
YSWR match can be obtained at the transmitter
end using a coax-to-conx. 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 climinates possible harmonic
radiation caused by the frequency-independent
nature of the array.

Once the value of o has been determined for
each band within the array passband, the balun and
feed line may he chosen, That is, iff o = 100 ohms,
a good choice for the balun would be | to |
balanced to unbalanced, and 72-ohm coax feed line,
If Za = 220 ohms, choose a4 to 1 balun, and
52-ohm coax feed line, and s0 on. The balun may
be omitted if the array is to be fed with an
open-wire feed line,

The terminating impedunce, Z't, may be
vmitted, However, if it is used, it should have a
length no longer than r,../8. The terminating
impedance tends to increase the front-to-back ratio
for the fowest 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 ax 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, as would be done in the case of an
ordinary Yagl parasitic reflector, This of coyrse
would necessitate lengthening the hoom,

As noted in Fig. 7. the front-to-buck ratio
increases as the frequency increases, This is because
more of the shorter inside elements form the active
region, and the longer elements become additional
reflectors.
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A syslematic step-by-step design procedure of
the LPDA is ta follow, This procedure will provide
the amateur with the basiv tools for designing any
LPDA for any desired bandwidth,

i) Decide on an operating bandwidth 8
between [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
M gox Topt

The value of a5y, may he determined from Fq, 9,

3 Determine the apex half-angle a

cota = Ao
b

4) Determine the handwidth of the active
group Bar from Fig. 3.

5} Determine the structure (array) bandwidth
Bs from Eq. 5.

3s°

2107

lso°\

Fig. 7 — Measured radiation pattern for the lowest
frequency band of the author’s array, 14 MHz, The
front-to-back ratio increases as the freguency
increases. For this array it is 14.4 dB at 14 MHz,
19,5 dB at 21 MHz, and 21 dB at 28 MHz.
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Construction diagram. At B and C are

shown the method of making electrical connection
to each half element, and at D is shown how the

hoom sections are joinad,

6} Determine the boom length, £, nember  of
elements ¥, and longest elewent Yength, [y,

L [i_( —}!js) cot a.:| Amax (Eq. 13)
=1+ {Eq. 14}
Icng{_l_) q
gy =492 T
f1
where Apg,y, = longest free-space  wave

length = 984/f
Examine £, N and !4 and determine whether or not
the wray size ix acceptable at vour QTH. I the
array is too large, increase a by 57 und repeat steps
2 through 6.

7y Determing the terminating stub Zt. (Note:
For hi arrays shott out the longest element with a
&-inch jumper. For vht and uhf arrays use:

Zt 7 Amaxi8.

#) Once the final values of 7 and ¢ are found,
the characteristic impedance of the Fecder Zo must
be determined so the type of balun and feed line
can be found. Use Fg. 10, Determine Ro from Fig.
5, Za from Fig. 6 and o' from Eq, 12, Note: Values
tor hle Za, and Zo must be determined tor each
amateur band within the array passband. Choose
the element half-length & nearest & = A/4, at the
center frequency of each amateur band. Once Lo is
found for each band, choose whatever combination
of balun and feed line will give the lowest SWR ou
each band,
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M Solve for the iemaining element lengths
from Eg. 3.

10) Determine the element spacing dy» from
dl‘l = 112 {I-l —In)cota (FEq. 15}
and the remaining element-to-clement spacings
from Eq. 4. This completes the design.

Construction of an LPDA
at the Autbor’s TH

‘The final result of this work is the finished
project, 1 wanted one beam antenna which would
replace my three stacked monoband 3-element
Yagis (10, 15, and 20 metersy and would give
comparable performance, The LPDA was chosen,
and on-thewir 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 r = (1,9

Relative element spacing constant o = .05

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

Bandwidth of active group, Bar = |.4

Bandwidth of structure, Hs = 3,22

Boom length, £ = 265 {t

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

Toral weight, 116 pounds

QST for



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 irnpedance:.
Zaq_,q_ MHz ™ 450 ohms; 2321 MHz = 420
ohms; Zagg Mz = 360 ochms.

Mean spacing factor ¢” = 0527,

Impedance of the feeder: Zoyyg ppz = 95 vhms;
ZOEI MHz ~ 97 thS; 2023 MHuz = 103
ohms

Using a toroid balun at the input terminals and z
72-ohm coax feeder the SWR is 1.4 to |
(maximum).

The mevhanical assembly uses materials readily
available from most focal hardware stores or
aluminum supply houses, 'The materials needed are
given in Table I}, In the construction diagram, Fig,
8, the materials are referred to by their respective
material list number, The photographs show the
overall construction picture, and the drawings
show the details, Tuble IH 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 G inches is satisfactory for hf antennas; use
stnaller spacings for vhf and uht arrays, For uhf
and vhi arrays, § should be smail when compared
to the smaliest wavelength used (ie., less than
Amin/8.

Results

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

Table I — Marerials list

Material Description Quantity
1. Aluminum tubing — 047" wall thickness
1" — 12" or §' lengths 126 lineal feet
718" — 12 lengths 96 lineal feet
/8" — 6 or 12 langths 66 lineat feet
34" — @ lengths 16 lineal feet
2, Suainless-steel hose clamps — 2" max. 48 ea,
3, Siainless-steel hose lamps — 1-1/4" max. 25 ea,
4, TV-type U-bolts 14 ea,
5. U-bolts, galv, type
5/16" X 1.1/27 4 ea,
1/4" x 1" 2 ea,

8. 1" ID palyethelene water-service pipe —
160 psi test, approx. 3-1/4" QD
A, 1-1/4 % 1-1/4" X 1{8" aluminum angle —

& lengths
8. 1" ¥ 1/4" aluminum bar — &' lengths

20 ineal feet

30 lineal feet
12 lineal feet

7. 1-1/4" top raif of chain-link ferce 26.5 lineat feet

8. 1:1 taroid balun 1ea,
9. 8 — 32 X 17 stainless-steel screws 24 ea.
6— 32 staintess-stee! nuts 48 ea.
No. 6 solder lugs 24 e,
10. No. 12 copper feeder wirs 60 lineal feet
i1,
A, 127 % 8" X 114" aluminum plate | e,
B, 6" % 4" % 1/4'" alum. plate T ea.
12,
A, 314" galv, pipe 3 tineal feet
B. 1" galv. pipe - mast 5 lineal feet
13. Galv. quy wire 50 lingal feet
14, 1/4" X 2™ wrnbuckles 4 pa,
15. /4" % 1-1/2" aye bolts 2 ga.
16. TV guy clamps and eye bolts 2 8a.
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Table HIT — Element material requirements
EL No, 1" tubing  7/8" tubing 3/47 mubing 1-1/47 engle 77 bar
Lth, Oty Leh. (v, Litho (M. .th Lth.
1 g 2 ' 2 a8 Jd i T
2 g 2 127 2 - ey 1
3 ) 2 122 2 - - 3 1
4 6’ 2 85 2 - 3 1
5 6 2 7 2 - 3 1"
6 6 2 oy 2 - -~ <3 1’
7 8’ 2 5 2 - ~ 2 1
a & 2 s 2 - ~ 2 1
9 G 2 28 2 = 2" 1
10 ¥ 2 5 2 - iy 1
11 T2 & 2 - @ 1
12 3 2 4 2 - z (M

This atticle has dealt with the basic LPDA
system. However, there are endless bigh-gain array
possibilities with this type ‘of antenna. Tilting the
glements 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
specific  fiequency  within  the passband. The
LPDA-Yagi combination 15 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 he & two- or three-element
LPDA for 21.0 to 21.45 MHz with the addition of
2 or 3 parasitic directors and one parasitic re-
fiector, The combinations are endless,

I wish to thank Ben Painter, W4BBP, who
helped in the plotting of the radiation pattern, [

also wish ta thank the fellows at W3SK, who
helped in on-the-air far-field testing,
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The Rollerless Ultimate
(Continued from page 12)

small amount of rf energy to the input connector
{no more power than necessary o get a reading on
the SWR indicator in its most sensitive position)
and adjust both the INPUT and OUTPUT vontrols
while observing the directional wattmeter set for
reflected power. Yarious settings of the capacitors
should be used with each switch position until the
proper settings are ostablished as indicated by
minimum rteflected 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,
either 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 une to use. fo tesis, the author could
match any of the station antenpas on gry band,
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with the exception of ten meters. The lead
inductance and stray capacifance of the ciscuit
ivakes it difficult to load some "odd” antennas on
this band, Ordinary antennas, such as a ten-meter
Yagi of 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
sufficlent eapacitance avarltable at C2 for loading an
&0-meter open-wite-fed dipole on 160 meters,
Additional capacitance connected in parallel with
C2 solves the problem aicely. A transmittiog
ceramic S-kV, L0-pt vapacitor is satisfactory for
this purpose und can be included along with an
appropriate switch it 160-meter operation is anti-
vipated, 1F there is a need to include an SWR meter
in the Transmatch, the vonstructor i8 reterred to
the Monimatch circuit published with the Ultimate
Transmatch which appears in 25T for July, 1971,
or any recent edition of The Radio Amateur’s
Handbook.,
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