CHAPTER III

LOG-PERIODIC ANTENNA THEORY AND DESIGN

3-1. Introducticn

The object of this work is  to study the way of designing a log-
pericdin antanns ;hich 1s suited for uee in domestic cirecult; i.z., the
ong with frequency range from 3 to 10 Mei The log-pericdie dipole an-
tenna is conslidered for this purpose boceuse 1t 1s mede of convontional
linear dlpole elament which is engy to construet for such HF band, and
it also serves quite well operation.

3

3=-2., Gensral Cheracteristics

The geometry of log-periodic structures is shosem so that the
electrical preperties must ropoat periodically with the logarithm of
the frequency.

L praclsc definitiom of logarithmieally perlodic structures

may be obbteined by cconsidering the transformation

Z = Inw { 3-1 )
ja
where w aml 2 are complex nurbers, Letting w = ffe , and 2= x + ¥,
it 48 easlly shown that
o= 8" or x = 1lop ( 3-2 )
6 =y ( 3-3 )

With thls transformation, a loparithmicelly pericdiec atructure is

formed by introducing periodie varistionn on the parallel atrips in
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the 2 planeiand then transforming to the w planc, A fow examples are
shown in Fig. 3-1., Figuras 3-1(a) and (b) show logarithmiecally periodic
slot and tooth structures. The teeth in Fig. 3-1 (c) are formed by
sirusoidal curves in the 2 plans. It will be noticed that in the w plane
all diwensions involved in the defindltion of a logarithmically periodic
atructure are proportional to their distence fram the orlgin or foed
peint. In Fig. 3-1(a), the slots are bounded by the redii Hnrl’ Rn,
Roiqr wonss fRam a goomotrical éequenﬂe of terms whare the goometric

ratio is dafined by

™)

Rn+1
R ( 3-4)
Il

The radii r s »++as form & similar sequence having the same

-1’ Tn? rn+l
gaometric ratlo. The width of the slot iz dafined by

o o= -2 ( 3-5)

It can be geen that infindte structurcs of this type having the property
thet, vhen energlized at the vertex, the fislda et e frequency [ will be
rcpeatod at all other frequencles given by ¢ f, When plotted on a log-
arithrle scale, these frequencies are egually spaced with a seperaticn or

period of 1n7 ; henec the name logarithml enlly periodie structures.

FA
3-3. Log-Paricdie Dipole Antenna
The practical wvelue of the log-pariodic approach wes cohanced even
further when Duliamel and so-~workers demonstrated that successful loge.

pericodic antennes could be mode with wire structures as woell as zheot
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structures. This development axtended the ranga of application down from
blerowaves through the high-frequency band. The log~periodic dipole array
of Fig. 3«2 iz a Kind of wire structurs, As with ;11 log-pericdic geo=
metrivs, all dimonsicne ere Increased by a constant retio in moving out-
ward from ths origin, Thus the lengthé and spacings of adjocent elements

miat be reletud by a eonstent scals factor ?#(~1, aa Tollows:

1 d
== = &T] = ?-‘ { =5 }

11'1-1 n-1

4 line through the ends of the dipole olements on one side of the
antenna aubtended an engle of with the cenier linc of the antenmn at the
virtuel mpex 0. The spacing factor (¢ is defined as the ratio of the
distance bstween twe adjaccent slamenﬁs to twice the lerngth of the larger
elemont, and is a constant for a given entenna, The goomotry of the
sntemna reletes ¢ to 7 and of.
T = --i'-;—(l— 7 Yoot & { 3-7 )

The largest element 1s called clament number 1, The half length

¢f alement n is dencted by hn' Therefore

hoo= o to-l : ( 3-8 )

The distance dn Tfrom eclemsnt n to sglement n + 1 is given by

6, = & 71 S {i3w9)

If a_ is the rodius ¢f element numbar n, the a,'s are given by

e = & -1 { 3=10 )
1

The ratioc of slement height to radius is the same for all elemants in a
™

given antenna snd will be denoted by h/a.
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The array nmust bo ed with a tranapositicn of the transmission
ine bepween adjmcunt dlpcle clemonts. Due to this alternation, cne ecll
of the LPD antenna consists of twe adjacent dipolee and twoe sections
of feader, Thus 7 as defined abuve is the gquare root of the eell scal~
ing factor, The antenna is ceused to radiamte in the backfire direction
( i.as, toward the source ), a condition which appears to be nocessary
for sucoessful unidirceticnal frequency-independent or log-p.eriodin

cparatlon,

3-3a,  fn Approxtmato Formula for Tnput Inmpedance of LPD. Consider the

approxdmate formula for the input impedance of a smnll dipolo antenna of

half=length h,

2/ ~J2,cot A h | ( 3-11 )
where fs-is the frse spacce propagaticn constant. 4, iz called the
average characteristic 1mpeduﬁ¢e of a dipole entenna '

2, = 1200 In hW/a - 2,25 ) | ( 3-12 )
This is a modification of a formula in Jordan which was derived by
Siegal and Labus. Replacing ths cotangent function in ( 3-11 ) by
its small argunent approximation, the cepacitanca of the n#h dipola

1s given by

c, = = ( 3-13)

whera ¢ is the velocity of light in vacuum. Using the mean spacing at
dipole n

- n

= - n
dmean"q/hngn -1 j}?F' ( 3-14 )
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the capacitancs per unit length is given by

AC = B __ = B { 3=15 }
langth cana

But. hnfdn is rclated to the apacing factor ¢ by

¢ = -0 { 3-16 )
Il
henee .
AC = —-3/—"(&— ( 3-17 )
. :;rzu

The characteristic icpedance of the unloaded feedar is glvan Wy

L
LA AN -
2, /e, ( 3-18 )

ard the charmctoristic impedanca of the equivalont line is given by

L
— D —
R, = ;’«-—-——GO+ X" ( 3-19 }

Using «/Lcrco = 1/c and substituting, one finds

R, = znx’ fm { 3-20)
wvharge
ZO o~
m = 1l + -t [ _'3..:21 :1
3 Ao

Equation { 3-20 } is used to approximats the input impedance of tho LPD,

3-3b, W and Logati th tive Rapion, For @ given antonna,

the usnable bamdwldth lor frequency independsnt oparation deponds on the
relative distance the active region can move before it bseomes distorted
by the smallest or largest element. Thus the width of tho active Tegicn,

ir properly defined, can be used to measure the bandwidth capability of
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a given antenna., Furthermore, the knowladge of thg width of the active
reglon is prerequieite to the design of en entennz to cover & given band-
width. The lower cut=off frequency of a glven antenna 1s determined oy
the length of the longest element. Conwversely, if the lower cut=off
frequercy 1s given, the rslative length of the longest required slement
In the active rogion be kpown to fix the length of the longest alement on
the antormn,

If the sctive region was very narrow, the operating bandwldth of
the antonna would be given substentially by the retic of the length of
the lergest to smallest slement. This rotic will be celled the structurs

bandwidth, Ea v

1 1 -
1 N
B/ rrEseore { 3-22 )
5 1
K
Since, the active reglon has scme width, it is apparent that the cparating
bandwidth B is always less than B, br a factor which can be called the
bandwidth of the active rogicn, Ear' Thus
| B = B /B _ ( 3-23 )}
The emplrical lfeormula of B, r @8 a function of ¢ and 7' 19 given by
Boyp = 1.1+ 30.7¢ (1-7) ( 3-24 }
The empiriesl formuls agrees with the computed and measured results for
all but the lowest valuas of f“, g0 1lts use should be restricted to
il ;, 0.875, For a fiwxed 7, the bendwidth of the active region irercoges

as ¢ increasas. Thls is an important design conglderation, beecausze

the size of en antenma to cover m given band increases as B&r irereases.
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.
3-3c. Input Twpedance 2 e Function of 2 and h/a. Formula ( 3-20 ) can

be inverted to find the fecder impedance reguirsd to achlgye a glven inpot
irpedanco, In its most usaful form ZO is normslized with respect to

RD, reslting in

=  * +1 { 325 )

where c;r‘j = ffﬁ 1s the mean spacing fuctor. As in { 3-20 ), Za is
the average charactoristic impedance of a short dipole, glven bty

2, = 120{ lnh/a - 2.25 ) { 3-26 )
4 groph of ZE versus h/a is given in Fig, 3~3., Pig. 3-4 i3 a greph of
the relative feeder impudance 2 / RD versug the relative characteristie
dipole impedance & 4 R, for saveral values of the mean spacing factor
G'Jr. This graph can be used to design for a apocific input lmpedance,
glven 7 ’ani Za.

. 8
3=3d. The Characteristic Pettorn ng a Fungtion of ¢ and & . The scale

fector € nnd the relative spacing ¢ exercisc primary control over the

shape of the rondiaticn patterns of LPD antcmmas, The directivity in

deelbels can be approximated using the formula [rom Kraus,

D = 10logwr———~4d233 -27
Og{H‘n‘E){BMH) (3 )

EWg and BWy, are the half-power boamwidths, in degrocs, In Fig. 3-5 are
plotted conteurs of constant directivity in decibels, ns a funeticn of 7
and ¢" . L gecale for the angle & 1s also given. 43 straight line con=-

necting equal « indicates cn the top { or right } and the bottom edges
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of the graph deseribes combinations of € mnd ¢ corresponding to the
given angle & . All walues of 7 and ¢ which result in single~lched
froquency independent patterrns fall within this graph. For & less than
0,05 the diregtivity falla off rapidly and the front to tack ratlic
decrenses. Values of 7. grester than 0,38 on the left side of Fig. 2=5
have not been extensively imvestigatced because the 'I"'I'U.I:;'.leI‘ of elaments
roquired to achiove a given bandwldth beccmes sxcessive. For values

of ¢ greater than tho optimum ¢, the dircetivity fella off and the
patterns alther tend toward broadside or side lobes appoar, In addition,
the length of the sntennn for a required bandwidth becomes excoessiva,
For T less than 0.B. only ono dipele is ncar resonance et s given
frequency, ond it couples an insufficlent amount of energy from the
Teedar, resulting in enil offects which destroy the log-perliodic per-
formance, The element thickness con$rals‘the directivity to scme extent,
Fig. 3-5 is baged on Zu = 100 apd h/a = 177, an adjustment should be made
if h/a 1s much different from 177; i.e., the dlrectivity should be
dvercased by about 0,1 db for sach doubling of h/n, Hence, when b/ is
inereased to 20 197 1, where n is anmy number, thon

the modified directivity is = D - 0.1n ( 3-28 )
Eence for h/m™ 177, the constant directivity contoura of Fig, 3-5 will
rend high, As with 2., the variation scems Insignificant in the light
of the approximations mede, and for design purposes the directivity

conbours of Fig. 3=% can be used Airectly.
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3-3e, Ihe Take-Off Anglo as & Functicn of Height dbove Groumd. Since the

vertex of the array would lic on thoe ground, the height of a resonant
elament in wavelengthe is independent of frejquency. The slewation radia-
tion pattern iz thus also imdependene ol frequency. The take-of T angle
is determined by the product of the directionsl charasctoridstic of the
individual antennae elements and the array foctor resulting from the seper-
ation of the antenna from its imege in tho grnund.g Tha rough approxtma-
Hon for the heipht of the active clament above ground to glve the desired
take-off ongle cen be detersined from the array factor,

The srray factor of the antenns placed at a distance h abovs

grourd 1= givan by

2% h
x

The height b which gives optimum figldd strength at any speeificd toke-

E = ain{ ccs ¢ ) ( 3-29 )

off angle ¢ is givon by

d E

A hl®=conat. v _ ( 3-30)
ie,, cosi Ezh goag } = O { 3=-31)
or _ h = } { 3=32 )

4 cos g

The above height h can bs uszd to determine the angle of the array with
respect to ground which will give the toke-ofl ongle at @ dagraes.

10
3=3f, The FPhage Center ag a Funaticn ¢f & . The phase center of a log=-

perlodic antenna docs not lie at the wertex, rather it lies socme distance
Xp btehind the vertex. For a fixed atructure the distamce oz -mescured

1n wavclengtha 1a esgentielly indsperdent of frequency. The phase contar
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lies on the eentor line of the half structurc at a point nosr wherc a

helf-wave transverze element exists, amd 1a given by

xp = —Ecotﬂ { 3-33)

3~4. The Degign of Log=-Periodic Dhpole Antconnes

Tho procedurc in designing the LFD is outlined wherchby the physical
dimenaicns of an antenna which meets given electrical speeificaticna can

be determined by the uss of graphs and nomograms.

3«4n. Havlew of Paramotors and Effects. . To warying degrees all the para-

meters waich specify an LPD hevs an effect on the observed performance.
Tabla 3-1 lists the parameters amnd qualitaetively describes how sach

effects tho performance.

TABLE 3-1
11

LPD Parameters and Their E€fcct on the Obaerved Performance

Table entries denots the change in porfermance for an incrense in the
parameters of thoe first column,

. ——

7D+ | Bonduiath Toput Tnpe: Direo- | Pass Gen- Boowlemgts L/a

i Parameter ' of fActive dance’{al-. tivity : ter Dist- for a fixed
' Region Baf ways less ! ance to the  Opernting
5  than Z_ -  fNpex X, ; Bandwidth B :
! ( “decroase small . inersase. 1nereass Decrease to s
e const. ) " decrease | ' {depends ' polnt depending
? : i ; ona)] on Bythen in-
: : : t "orease,
? T ' E D 7 :
i {w conat. ! decrouse  smell small inde- decroaza

! " deercase | increase pendent f
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LFD ' Bandwidth' Input Impe- Direc- ' Phase Cen® Boomlength L/Amiy
i Parameter | of Active dance (al-! tivity  ter Dist-: for a fixed
f i Region B ways less - ance to theé Operating
' i %" than Z, ) + fpex xg Bandwidth B

R Ty T P R U Py

. (T"const,) increase . incroasc : inerease . lnereasa | increase

: : : (depends
i on o« )

‘ v . inerease ° ingcrenss samall | inde-

: (« conat.)” ! ' deoreass | pondent

e e e e e B NN e 2 g T

Z ;. lpdepen~ . increase small :  &mall small '

‘dent but ' de¢rense . decreaso | decreaso

 location ; '

of AR moves

¢ toward

1. apax

--—u-...l.- s,

incroase

e e

h/a : indepen- | inergase | small 0 small ; small
dent, but ° - deerease . decrease’  inerense
"location : : t
af AR movea § : :
avay from | : 5 i

Apox _ . 5 !

¥ The table entrivs hold truc over the following ranse of parancter for
which frequeney indepeadonl operation has bown werificd: Q.B75 L TL D.?E’
0:05 {7 (& optimumt 1P { 2, {500, ard 20 (h/a {20000, Amy one of
T s or T, may toko on other valucs provided the remaining paki byt

meters are sultably regtricted as explainod in the text.

Tho dircetiviiy of un LPD doponds wrimarily on the cambination
of 7 and ¢ selected. Jines an ineresse in dircetivity implies an
increasad aperture, it is not surprising that high directivity models
are claracterized by small o and lorze /A .. For a given 77, 4
and 2lement Lhizknese, tho input impudanec deponds on the characberise

tic impedance of the feeder. Fortunatoly, the directivity is csgertially



independont of the feeder impedance. Thils mokes it possiblo to design
an antcona for o given directivity and then, in most cases, the input
impedance can o adjusted to the required lewel,

Table 3-2 iz a colloction of the design equations. The most im—
portant relationship, that which relates the dirsetivity to the antcnna
parameter, has not bezn put inte equation form. PFer this information

referencc aust be mads to the graph of Fig. 3-5.

TABLE 3-2

Dosion Equatiggg

Mumber of cquations refer to the ones wvhich arce first intreoducad.

5 = , o = taRt(-:f) (327

(1 -7 te , 7T =1 - X
}GD 3 !#GF arn oL ‘L{.;-

A
4

Bop=12+30.77 {1- "{"],‘ Bap = 1.1 + 122.85'2 tan o

Byp =21+ 77 1 - T Ytano  { 3-24
&
R = grnenTaiae- ( 3-20
Z
fre ot
Y 4g's
%
4
RO : ¥ L\ ( 3-25
o ; g . 2,
8¢ [ 8¢ =]
a Dj
z2, = 120 (Inh/a -~ 2.25) { 3-24
Z = 120 cosh T -2 ( 342
Lad 20
D, = BBy, { 323
L;;,muxzfql-ai}cow,uhmﬁ= (1-31 lH { 3-35

5 : Be "1 .7

7

)
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log B

e
o= 1+ — ( 3-37 }
log -
£
3
Xp, = _E.cutm { 3-33 }
3-4ba Deslegp Procedurg. WFirst is presented a method of finding the mejor

design paremeturs T and ¢ for a given valve of directivity. Then it is
shown how Z_ 1s adjusted to obtein the required input impedance,

1z
J-4e. Choosing T and & T Obtein a Given Dirsctivity. For most applica-

tlong, one 1.5 interestad in designing an artenna vhich has s glven direc-

tivity and ivput impedence over a given frequency bamd. Once these elec-
trical characteristies are spueified, cne must decilde the relative impor-
tance of minmimizing the number of clements or the size of the antenna.
Thaeas two propertice are not irdependent. Thr number of elemsnts 1e deter-~
mined by T; as § increases the number of elament incressss. The antennn
9ize is determined by the boom length { the distance betweon the smallest
and the largest clement ), which depende primarily on .. ig & desreages
the gize inereases. From the graph of Fig. 3-5, it can be seen thet s
nunber of combinations of 77 end ¢ lead te a given value of dircotivity,
One of this set {( T, &) leads to mimimum boom length and another lsads tc
8 minimum number of clements.

With these Facts in mind a preliminery chcice of € end ¢ can be
mede from the graph of Fig, 3-5. It is ususlly best to start swlth the
optimum volue of ¢  mnd then proceod to lower values, Xnowing 77 end ¢,

the valus of ths dependent variable & can be determined from

tan KX = ];TL { 3-32 )



or from the nomograph of Fig., 3-6,

Tha structure bandwidth EIs must be frund to determine the boom lonpth
and the mnber of zlements. Es depends on the required operating band-
width B ard the bendwidth of the active rcgion Byp- TFor the given valueg
of T, 6, and ua , Ear cen be determined from the nomograph of Fig., 3-7,

Bs is then glven by
By = BBy, ( 3-35)
Since the length of element number onc is f — / 2 in the preliminary

dagign, the geumetry of the LPD antenna provides an cxpression for the

boom length relative to the longest operating wavelength.

1
7 oA L2 - ,%,) got ol { 3=36 )
s

A max
whers L is ths boom length betwsen tho longest and shortest elements. 4
nomopraph of { 3-36 } is given in Fig, 3=8. Tha number of elomonts ia
found from tha oquation

log BS

5__ ( 3-37 }

log

8 nomagraph of which is given in Fig. 3-9.

It i1z likely that the first estimats of © and ¢ will not mimimizs
L or N. Repcating the process for diffarent values of 7 and ¢ will esta=
blish the trend, and the minimum designs will becone readily apparant.

i3
3=44. Deglgning for a Given Input Impedanca. Once the Final wvalues of 2

and ¢ are found, the characterlstic impedance of the feeder Z, mat be

determined so as to give the required input impedance R,. The ratio h/e



r s ] 1.5+
- ib - .
[ re
.74
[ .2 3
- 75
- m -
.74 7 A
3 Bu.—
— .80 4 I —
— 8z £Q o
—~ Ea 5
i A0
- HE 1 G -
— .mq
R b =
55 L Lo .au—: 4
=80 ) N
| fo = 5 Ll
| o 'S |
s 2 E t ’-‘: o -
L oo , g
-az W Lo o
= . u A
Ll L g:-: a1
-ay g g § = 3
or -
T Z 3 y
D -
- a4 ol '
E o5 16 -
i =) 18 =
o5 1
=
2°_
R o2 - )
22
24
- o6 :
G2 - ]
20
- 2m
1
- 57 . 1
a1
40 -
-3 . 45 -

Figured_g, Wmopraph, & o %(1 - Ticot g

B O



R
. _d

o

al

v
Pk
|

[
[
H

- 2.5 6D
0
124 -
G (G )
ERE
|- ﬁ Tlﬂ—
] o
l 4D LA
%2 40
- 5D
- 55 el
2
- 6.3 gze
- .0 W] 28 -
1.9~
-7 & 1.5 -}
- 8.0 Q 74
B L
- B0 s
— S E o 1,5
S WD
L W s
- E 35 4
-z D ..
) T ok
B} T
- 1A %l.a N
122
S 8 29
1) E e
T | 5t
il ] § i 4
19 (] -
- 20 = 4137
- 2 ' <310
- 22 _ . M 1
—23 - 133 .
24 L
- 2%
- 26 - N
-7 =D
Z2a
=249
- 30
- 7 6
- 3
- 3
= 38 .
- A ' i AL
- 4p
Y] ]

™

SCALE FACTOR =

2

) 2 _
Fipgurec, 1.7 . Bowogroph, E“_ = 1.l # 7,7 {1 -T) GGF a



B

|

-

STRUCTURE BANDWIDTH B,

L TII.II'III.FIIIr||I

1
L

2 s gt r—— s b i
1 24
50 ]
40 . 2
] j
Y
a.:_. 1. i} -
EArhy
1.8 -
b6 = 5
(. |
1.2 [
_I.D‘-i
50 T -
£
~, B0 1
- m g -
X 50 |
0o ]
% =t Y 10
1 w
H A E"‘EJ 1
F 8 12 =
S.Bu- a
D M -
W 3
> 20+ 16
— .5 |
ﬁ |E.: FE—.'
Ll 4 S
x 207
G 22
LB 1
08 -
06— 6
07 — 28
0& - 30
a5 h
04 1
| 4
o3 o
Oz 46—

L L 1
Flgurw 3.8 Momographk, y— = Ef.l - glcot a

max

g2



= 5 L LIS B T S G | T T g T ]

[=] bl =BT | oo a+.2..3 o oW [ [l oD W L =

= - A N N N g iy : . =
g HIOMWMANYE JdNIoNELS

3%
1

. ag
L 45

L RLLRE I e e TSR ;
N SINIW3ITI 40 HIGWAN
4 HOLIvd Jwns
A & 2 &
. :_ PR B _. I ; T B

pe-

3-9 _ tomagre-.n

LEHET R

- 15
— T



is determined from structural considerations, and 41deally should be the
same for each eloment. Praetically, the alement ﬁiumetcrs con be scaled
in groups, and in the computation of input impedance the average h/a in a
group should by used. The averaga characterlstic impedance of a dipole
alement %, can be found from

Zo = 120 { In h/a - 2.25 } ( 2-38 )

cr from the graph of Fig, 3-2. Inverting { 3-20 )}, gives the charascteristic

impedance of tha fceder relative to RD,

2
1
s e [l ) ( 3-39 )
Rt'.‘l ’ZEI. 0‘ -E_rE
&4 R (3 RD)

vhere Z_ K'Ro is the average charscteristic impedance of a dipcle element

-
with respect to the requircd input impedanes R, and ¢ is ths mean rclative

specing,
GOVRNGFL o ( 3-40 )
A graph of  3-39 ) is given in Fig. 3-4.
The major paramsters of ths required design have now been deter-

rined, It remnins to find tho size of the first clemont relative to

the maximum operating wavelength. The helf-length of the longest slement

is given by

_ pS
hl—S-—i“E:'-E- { 3-41 )

vhera S is the shortening factor as resd from the graph of Fig, 3-10,

Knowing 7, 5, W, 4,» end h., one can find the dimensions of all other

parts of the anteona,

The impedance 4, which terminates the feeder hes an offact only at



the lowest operating frequencies, In practica, the feeder is tcrminated 1in
a short cirewit e distance of A pax / 8 or less behind ths largest clament,

so that 4p romalins inductive at the lowest frequensies,

3~5v Application of the Design Procedurs

speelfications
Frequency range. 3t 1o Me
Peclarization. Horizontal

Azimuth-plane beamvidth,  90” between half power points,

Verticel-plane beamwidth. 607 between hall power points .

: L1253
Dircotivit = 101 —_—— = 9 db
d "€ “50 X 20
Take-off angle 45°
h/a 5,000

Input impedance 50 ohms

In entoring the graph of Fip. 3-5, an adjustment should be nade
beeause h [/ a = 5,000 instead of 177.

From ( 3-28 }, the correctien factor n ean be Found by :

2™ 177 ) = 5,000

then n = 5

Then the constant directivity centours of Fig. 3-5 will roed 0.5 db
high. Hence the contour designated 9,5 @b will read 2.0 db for this case.
Starting with a value of ¢ greater than optimum ( to ¢learly illustrats
the trend ), the set ( ¥, ¢ ) which yields a Alractivity of 9,0 db is

recorded [rom Fip., 3-5 in Teble 3-3,
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The valucs of By, L / M rngr 204 N wure dgtermined from the nomographs.
The minimum-elemcnt design is ( .894, .166 )i The minimum beom longth
design cannot bo attained for values of ¥ .and ¢ within the cperable range.
A compromige betwzen length and numbor of elements is given by T = 0.90
and ¢ = 0,153. Thia design has L / A_max = 1,2 and N ='i&. The average
characterdstic dipele impedance fer h/a = 5,000 is about 750 ohms { Pram
Fig. 3-3 ) so Z, /R_ = 750 / 50 = 15, G =G/ ¢ 1s 0,1615, and from the
groph of Fig., 3-4, ED / A is epproximately 1,02, thorefore the feeder im-
predance &, 13 1.02 X 50 = 51 chms. The half-~length of clement ons iz sct
equal to 1,12 A / 2 because the shortening foctor is 1.12 { see
Fig, 3-10 }}ﬁ

In eompiling A table of the dimensionz of the antennm, it is best to
start with o tabulaticn of power of ¥ which is accurate to a least four
decimal places, The half lengths of the elements hn, the distance Crom the
apex to each clement, X,; the distance from the front of the antenna to
gach alewmsnt, D, and thz elemont dianmsters ars then computed, &= showm in
Tablé 3~4. Tho hall length of the largest clement is 2B8.0 g because the
desired lew froquency cut=cff iz 3 Me, The resulting antenns is shown in
Fig, 3-11,

The foeder iz zpaced to glve a characteristie impedunce of 51 ohms

sccording to the formula,

-}
a2 = 120 cosh -2 ( 3472 )
[ 2a

where b 13 the center to esnter spacing and 2a 1s the diameter of the feodar

conducshors.
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TAELE 3-3

Values of §, ¢ and o, which give 9.0 db dircetivity nover 3,33 : 1 band,

T ¢ & B, | B = Eﬁaré L/ A pax. N

207 21

e s
9L L1925 - 675 1 163 | 5u43 1,795 19
90 1825 3 1 1465 5050 1 150 | 17
e 166 L 9.2 163 | su3 | nae 16
00 .13 9.2 AN % 5,20 .20 17
91 L2589 1 L 496 | 135 ¢ ae
92 128 . 9.0 1.2 . 473 L 1.22 ; 19
93 ¢ .15 Bu76 134 0 4edé 1,23 | 22
9L L098 875 1,28 . 4a26 - 1.24 24,

95 1 .079 9,10 ¢ 1,22 4,06  1.16 28
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TABLE 3-4

intenna Dimegnsions in Metora

r";;ﬁ':miﬂ .

{ ;

' 0.6561 |
0,595
- 0.5315
; 0. 4784

| 0.4306 |

| 0.2825
f 0.2543
é 0.2289
© e 2060

© 0,1854

28,0
25.2
22.7
20,4
18,35
16,51
14.87
13.40
12.04
10,84
.78
B,79
7492
T.13
Frad2
5.77

5420

*n

172.2
| 155.0
139, %
1256
I 113.0
i 201.7
i 91.5
824
P4l
bE.7

5440
L3.8
43.4
38.4
0.4
R

140.3
123.1
107.6
337
81,1
69,8
59.6
50.5
H2.2
4.8
2f,1

22.1

16.9 -

11,49
75
A5

2a

L0112
01008
" oos0

L 00732

. .006604 |

| 00595
: 00536
é L0482
00434
. 00390
L0G352
.00317
00285
| 00257
.00231
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011
+011
« 010
008
« 05
L0065
» 006D
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0035
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L0025
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G0

172.2 m

Fig. 3-11. Log=-pericdiec dipole antenna for

frequshey range 3 tc 10 Me, T = 0.9, ¢ = 0,152,
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If thoe diameter of the foeder comductor is 1 em; then the centar to
center apacing 1s 1.0925 cm.
For take=ofl anglec at 450, the approximate angle that the array 1s

inelined to ground can be found as follcow:

n = Amax . Auax _ Apay
max -fl- Z05 L‘;é ‘; onsg 45(:! 2 '/2—
= 0.35325 }'max
/743 i
min % '16 X 0.3525 A —
boom length = 1.2 A .
. Antcnna
N L -
e 3535 Aoy
e T t s hmin . :

R A B " s A A T A A e S A A e i B e B |

Fig. 3-12. LFD above pround,

i
- X 0. -
sin 1_1p X 0.2535 = sgin 1

1.2

0,206

then, angle

11,9°

The antenna's settdng 1s shown in Fig 3-12,

At this angle of inelination, each elcment is elevated the same
fractlional part of its reacnant wavelength, the toke-off angls will bo
independent of the operating frequeney., If, on the other hand, part of
the clements are placed ot different phose distances above ground the

pattern will vary with fregueney.
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=6, Conelusions

In this chapter, a step by step proccdure which anable one to
deslgn & log-pericdic ﬁipcle antenng over & wide range of input lmpe=-
dance, banduidth, dirsctivity and antenna size. Although ths dealien
wethod is cut and $ry, a rough approximation to an optimum dasign mey
be obtained by the glven precedure.

Of course, the cutlined proccdure is only one of many, and varin-
tion will become spparsnt to thosa uwho gain experlence in the design
of LP apntennas. The graphs and noncgrams arc particularly usaful
because they allow cne to achiove many prelinimary designs without
rescriing to tedicus computnticns.

In practical, the scaled medel of the antenna should be constructed
firet am the characteristics be investigated. A scele factor of ag
much ag %00 : 1, making the HF band 1,500 to 15,000 e { 20 tc 2 em ),
may be accaptable For radietion pattern mcasurement. The inclinaticn
of the entennn with respect to ground teo give the desired take off antla
beth indopendent and dependent on frequency can easily ba contrclled,
The measurement of the input impedance 1n the senled model is urmecessary
bzcause it can casily be adjusted by simply increasce or decreassz the
apncing between the feeders in the full size antenna to got the desired
vazluz,

Tho typical LPD for uss in domestic circuit has alrasdy bzcon
designed. The radiating olements should be rugped encugh to withstand
tension, the appropriats radiatcrs should bs made of seven-~strand Calsum

bronze wire, the numbers arce according tc the diemeter sizes. The various
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compenents of the antenna can zasily be constructed and conld be set up
with minimun cost. The ecomputud design equaticns ere basod on certain
englneering approximations such as sinuscidal eurrent distribution along
atraight conductors of small eross scetion, and the applicability of
clrcuit theory concepts to certein parts of an antenna structurce that
arc spall compared to wavalength, llowever, it is believed that o gocd
agreement between measurcd and computed rosults may cxist. This design

iz felt to bz useful,
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