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ABSTIùACT

A review of the basic ideas and theory of broadband

logarithmicelly periodic anl,ennas is briefly outlined. The

development a.nd construction of 1"wo types of logarithmically
periodic dipole antennas is described. An experimental

investigation of the effects of small-angle feed-line taper

is made on the performance of the antenna,s" An analysis of
the resul-ts is given over a 100 to 1200 megacycles per second

frequency bande



PRE}.'AC¡]

This thesis is concerned with the practical develop-

ment, operation, and characLeristics of two types of

logarithmicalty periodic dipole antennas. Antenna perforrn-

ance inchrd.ing input i-mpedance, bandwidth, and radi¡tion

charecteristics j-s investigated for sma1l angle variations

1n the feed-Iine taper of the two antenna.s. 'Ihe antennas

investigated are a Logarithmically periodic stra.íght-dipole

ryray and a logarithmically periodic v-dipole array" The

latl,er is a modification of Èhe straight-dipole array in

which the dipole elements are bent to form a v-shaped

structure "

The appendix of the thesis gi-ves a deta.iled description

of the antenna measurernent têchniques and includes the

measurement data"

The author wishes to express his sj-ncere thanks to

Professor Ernest Bridges for the suggestÍon of the topic

end for his hetpful assistance' The financial support of

the National Research. Council under granü L-738 is also
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CHAPTER f

INTRODUCTION

An antenna is a transformer for converting guided.

erectromagnetic wa.ves into free-spacê wâvêsc rt provides

the mea.ns of irnpedance matching between waves in free space

and waves in a transmission líne or wavegui-de. The antenna

also directs the radiation in desired directions and sup-

presses it in other directions where it is not wanted.

The bandwidth of the antenna is the frequency range

in whicir the observable characteristics such as the rad.iation
paÈ1,ern and input impedance have snral-l variation. It is a

rel-ative term that can be made definite by specifying the

degree of maÈch within the band" Notrmally, this is done by

specifying Èhe maximum amount of refl-ected. energy thal; can

be sent back inl,o the feed l-Íne from which it came¡ that is,
by specifying the maximum nefl-ection coefficienö and,/or the

maximum sta.nding-wâvê ratio aü the antenna input.
Many investigations have been made on the theoretical

a-nd practicai- aspects of broadba"nd antennas, but a break-

ührough was made in L957 with the introduction of the a.ngle

concept by Rumseyl*and the principi-e of Logari.thmic periodicity
?

by Du Hamel and IsbelL-.

Rumsey focused on the idea thaü an antenna whose

shape was specified entireLy in terms of angles would have

pattern and impedance characteristics Índependent of frequency"
ffi
listed in the bibliography"
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This idea was used by Du Ha¡nel to propose a pseudo frequency-

independent antenna w:ith electrical properties that repeat

periodically with the logarithm of Ëhe frequency,

In 1958¡ ât the University of Illinois, Isbe113 found

that the log-periodic principles could be apolied to the

design of a dipoJ-e array Ín which the pattern and impedance

hrere essentially índependent of, frequency over a ba.ndw'idth

governed by the size of'the structure and the precision of
construction" trsbelL named these antennas log-periodie

dipoles.

ïhe new concepts stirnulated rnuch activity in the

antenna field" PreviousJ-yn antennas w'ith broadband pattern

and Ímpedance characteristics impi-i-ed a frequency :range of
perhaps two to one; now broadband perf,ormance over ranges as

great as forty to one or more are possible"

In general-, the frequency range or band over which

the transformaÈj-on between guíded v¡aves and free-space waves

can be effected depends on the naÈure of the mismatch in the

antenna. If the transformati-on has the na.ture of a gradually

tapered line so that there is no sudden changegthen the re-
fLections are distríbuted over a distance of one or several

wavel-engths and have a chance to partly cancel- because of
phase diffenences"

The purpose of thi-s tl¡esís ís to show the performance

of, two simpLy constructed log-períodi.c dípoLe antennas and,

investigate the eff,ect of smaLL angle variations i.n the feed-
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line taper of these antennas.

A brief theoretical background on log-periodic dipole

antennas is given in chapter two, along w'ith some practical
aspecbs regardÍng the feed-line taper and construction

details of bhe antennaso An anal-ysis of the input impedance

and radiati-on pattern measurements on the antennas is given

in chapters three and foure respectively, The conclusions

are presented 1n chapter fíve.



CHAPTER ]I

THEORETICAL DEVELOPMENT, ANTI'NNA CoNSTRUCTION,

AND I.'EED-LIN¡J TAPER

Much has been written on the theoretical devel-opmenü

of frequency independent antennas, but onLy a brief su¡nmary

of the work done on l-ogarithmicall-y periodic antennas !,rill
be given here" The antenna construction details and remarks

concerning the feed-LÍne taper wil-I also be given"

I. THEOR¡]TICAL DEVF,LOPMENT

Du Hamel- and Isbell defined a J-ogarithmically peri-odic

antenna as rean antenna structure for which the elects'ical-

properties vary periodically with the ì-ogarithm of the

frequencyt'?o They were abLe to show that the log-periodÍc

antenna is a simple modificaÈion of an angular antenna"

The modificablon causes a variation of the eLectrical-

properties with frequency, but the variatíon is sometimes

very smal-l, the resuLt being a broadband antenna.

The originai- structures of Du HameL and trsbel-l- were

obtai¡red by a J-ogari-thmic tra.nsformatÍon from the Z-p1-ane

to the W-p1ane according to the formuLa

Z * Ln W ooooccococooooe ooooooooe coooooot.ZoL

where lU and 7- are cornplex numbers" Lettj.ng ül =roeJo and

7. s x + jy, Ëhe equaÈíons definlng the üra¡rsfo¡:rnation are:



x + iY = Itf"iO
= ln4 + jeo e oooooêosoooôeoooôooà oo.øeno2"2

Hencg¡ x = Lnf t orf s gx oooecoôoooocoôooc.cooe ooc'..2r)

end y ã go g. c e o o. o e o o. c. o o ô o o. o o o.. c o. o c o o c o o c " "...2.1+

With this transforma'bÍonu circl-es and radial l-ines in the

W-plane are mapped inüo vertical- and horizontal lines,
respectively, in the Z-plane. An exampLe of, a j-og-periodic

structure and its transformation is shown in figure 2"Le

pege 7.

The radíi Rrr, Rn+' forrn a geomeürÍc prognessíon

where the geometri.c natio is def,ined by

T = \,*t o . o o ! o o o.. .. ! o c o o o. e .. o o o ø o e o e e c "2"5
fì*n

When 'Lhe infinite strucÈure is energized at Èhe vertex,

el-ectríca} properties at a frequency f will be repeated (except

f,or a change in sca.l-e) at all other frequencies given by

Ttf, where n is an integer. lühen ptotted on a loganiûhmic

scale, these frequencies are eqitally spaced with a period of

lnT"; hence the name Log-periodic structures"

Du Hamel and Isbe112 found that the currents on ühe

J-og-periodic süructure decrease rapidX-y pasb the negion where

a tooth one-qilarber waveS-ength J-ong i-s positioned. This does

away w"ith the troubLesome !?end. effecüm prodrlced in most types

of antennas.

IsbeII4 found. that if the lower part of the structure

of figure z.Le page 7r vras bent about the horizontal axis, a
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unidirectiona.I pattern pointing in the direction of the

vertex could be obtained. The resulting structure is shown

in figure ?.2n This structure has ühe property that
Sn+I = Rn+} 

=To oooeoøoooooooooooooooooôoooo6o "2t6
sn Rn

where S' is ühe length of, the nth tooth element.

IsbellJ suggested an array of, conventiona.l- dipoles

as a modification e-nd practical application of the structure

in figure 2"2. The resulting J-og-periodic dipole array is
shown in figure ?"3g page 8"

Isbell found that i-n order to obtain radiation toward

the snall end and prevent excitation of the larger" eler,ìent,s

beyond the reactj-ve regionrt, l-80 degree phase shift must be

aclded between adjacent elements as shown in f,igure 2"1+s

page 8. Ihe reactive regionm of, the antenna nemains near

the hal-f wavelengËh el-ement and as the frequency is j-ncreas-

ed it moves forward through the array.

trVhen Èhe dipole elements are connected to a bal-anced

feeder the l-80 degree phase reversaL is produced. by effecüive-

ly twisÈing the f,eeden as shown in figure 2.5s page 9"

Another mod.ified f,onm of the structure of f,igure 2.2

ís made up of an array of, dipoJ-e elements benö to form a V-

shaped stnucture as shown in figune 2"6e page 9" These

antennas ane cal-led 1-og-peni-odic V-dipoJ-e antennas "

The experimental investigations of, IsbelL3 h..r*

shown tha.t the log-peniodic di.pole structure is a J-inearly



T = Rn*l

. F'IGURE 2 "2

A LOG-PER.IODTC ANTENNA BENT
THE HORTUONTAT AXTS

Z-plane
R"

W-pIane

F"IGURI} 2.L

A LOGARITIiMICAI,IT PERIODTC ANTENNA AND
ITS TzuNSFORII1ATION IN T¡IE Z*PLANE

= Sn+L

sn,
5-I

R*

ABOUT'
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Aray elements

F tr GURII 2.5

GONNECTION OF DIPOIE ELEMTENTS TO

A BATANGED F'EEDER

- Direction of beam maxLmum

-

hn+l-

%
r'{*n
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A

FT GTIRE 2 .6

LOC'-PERIODI 0 V-DIPOIE ARRAÏ
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polarized antenna of moderate gain" The pattern and input
impedance were found to be almost independent of frequency

over a bandwidth in which the size governed the low fre-
quency limit and precision of construction governed the high

frequency limito
Du tlarnel- and Ore5 have found that ùhe irnpedance of

the feed line plays a domínant role ln deÈermining the in-
put inrpedance.

Bandwidths of ten to one have easily been obtaÍned

wlth log-periodic dÍpole antennas,

II " ANTENNA OONS'IE^UL:TION

'Ihe main requirement for the design of a log-periodic

dipole antenna Ís to know the f,requency band over which the

antenna is to operate" The antennas used in this experiurental-

study were designed fon a frequency range of approximately

200 to L200 megacycles per seeond"

The. working drawing of haIf, the J-og-periodic straight-
dipole stnucture is shown in figune ?"7 " lhe other half is
constructed in the same way except that each corresponding

element ís placed on tt¡e opposÍte si-de of the boom, Each

haLf supponts monopol-e el-ements; heneg, when the ùwo hal-ves

are combined, the eonventj-onaL dÍpoJ-e elements are fonmed"

The 180 degree phase reversaL between adjacent elemenbs al-so

results.
The desígn parameters as well as the eLernent diameters

and lengths are given in figure 2"7;
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t
â5,3& em,

Or¡ter dLameter- 7/ h"
Thlckness- L/Lón

Elements and boorn
aLuminunr 1;ubing.
Desígn parameters:

rnade of,
o

T=O"80, o(=40"

ScaLe¡ f/10 f,l¡Il' eLze

, FTGI.JRE 2"7

I{ORKINú DRA}JING O¡' HAI,F THE LOG-PERIODIC

\

ELement Diam.
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Leneth
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Díst "fromaDex
lcm- )

l"
2
?

l+
Ã

6
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Y
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L2

L/?
Ll2

\18
3/8
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L65 "o
L37.O
l-05 ,0
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54 "1
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22 "OL7.6
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The antenna is made of aluminum tubing and the elements

are rigidly brazed to the boom" The two booms are hetd to-
geüher by plexiglass dielectric and styrofoam supports.

Different size tubing was selected in order to keep the

Iength-to-diameter raËio for all elemenÈs reasonably high and

comparable.

the antenna ís fed at the small end w1th twenty-one feet
of R.G-8VU co-axial- ca.ble" The cable is run through the Ínside

of one boomn The outer conductor is soldered to that boom and

the inner cond.uctor to the othen boom" The separation of the two

booms from center to center at the feed poínt is 1.5 ínches. The

boom tubing is 3/b incnes j-n diameter anA 1/16 inches thick"
For the structure shown in figure 2,7s page 11, the

longest dipole element has a resonant frequency of IZJ mega-

cycles per second. the shorbest dipole element has a reson-

ant frequency of Lb56 megacycles per second. At ûhe high

frequencies, however, bhe feed-line dirnensions become signi-
ficant in tþrms of, the wavelength; consequently, ûhe high

frequency limit of the antenna is Lowered" At 1456 megacycles,

for exanrple, the feed-poini; separation is approximately one-

fifth of a wavelength and the f,eed-l-ine Ís approxi.mately

one-tenth of a wavel-ength i.n dfanoetef,n

The i-og-periodic V-dipole antenna ís the same as the

straighË-dipole antenna in al-I respects except that the e1e-

menüs are benÈ I0 degrees towand ûhe apexo The el-ements then

form angles of 8O degrees w'ÍtÌ¡ respect. to the boom, raüher

than P0 degrees as beforeo
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FIGURE 2 '8
PHOTOffi,APH OF' LOG-PERIOÐIG S'IRAI GH'f-

DIPOLE ANTENNA

PHOTOGRAPH

F'trGIJR$ 2 "9

OF LOG-PERIODIC V-DIPOIE ANTENNA
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It is evident that the two antennas are easily con-

structed and are quite rigid.
Photographs of the two antennas are shown ln figures

2.8 and ? "9 s page L) "

trII. FE]ED-ttrÊ{E TAPER.

The feed line of, each anüenna was tapered by sÍrnply

forming an angle beüween the Èwo booms supporËlng the

elementse âs shown in figure 2.I0" This angle is defined

as the Èaper angle V. The J-arge and small end s*parations

are defined as ttarr and Î?brr, respecüívely"

n'or purposes of constructioct and measurementu it was

found more convenient to specify the end separation ltbn

instead of the angle V. For all- tapen angles used, the feed

end separation lrarr was hel-d at approximateLy L.5 inches.

Antenna patüenn and input impedance measurements ürere

taken for taper angles ranging from zero to twenty degreesu the

small angles beíng specifíed by nbrt sepanations of tr-'!, 2t t+r 6u

and 8,75 lnches" Tabl-e z"Le page 3Jo gives the corresponding

taper angles for bhe rrbtr end sepanaËions used on the antennasu

Figure z.LL, page J-6u shows a photograph of the log-

periodic straight-dipole anüenna with a tapered feed-Iine.
'Ihe end of, the antenna ís hel-d f,or a particular srbr¡ separaüton

by a süyrofoam support" Stynof,oan has good dielectric properties

and wave reflectionÐ resulting from i.ts use ane negligible"

A l-aboratory test showed thab the relatÍve dfelectric con-

süant of styrofoam i.s J-ess than L"zo
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, . I

':
LO&PERIODIC DIPOI,E AN'IENNA tilIlT¡ TAPERED FEBD

.

TABLE 2.1

' .:. END SEPAßAÏIONS AI{D CORRESPONDING TAPEII
, 

. .. 
A¡\¡GLES USED ON AC.¡UÁL AN1ENNAS
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FIGURE 2"1}

PHOTOGì,APH OF' LOG-PERIODIC SXA,ÆGHT-DIPOLE

AN'XENNA, WI'III A TAPERED F'EED



CHAPTER I]I

ANALYSIS OF THE INPUT ]MPEDANCE I{EASUIìEIVIIINTS

This chapter deals with the input impedances that were

measured on the log*periodic straight-dipole and V-dipole

antennas. For purpos*s ef clarity and analysi-s, the input

impeoances are presented i.n graphical fonn. A general dis-
cussion of the result,s ls gíven. The measurement technique

and experimental set-up¡ âs well aB the tabulated results,
are given Ín Appendix A"

Io II\ITB.ODUCTION

'Ihe input i-mpedance of an antenna is the impedance

looking into the input terminals. It is the impedance pre-

sented to the l-ine which feeds the anÈenna. 'Ihe inpruü

impedance determines the degree of match to the feed line.
If this ímpedance is the same as the characteristic impedance

of the feed l-ine, a perfect match nesults. Under these

conditions, the antenna wilJ. radiate maximum power without

reflecl,ing any Tlorti-on of it back into ühe feed

line" Uvidently, if the input impedance of an antenna can be

varied, the problem of matching it to given feed lines is
somewhat reduced" Achievemenb of a satisfactory match is
norma.lly specifled by a maximum vol-ta€e standing-wave ratio
(VSI¡,I¿) or just maximum standing-r'cave ratio (S!vR) on the feed

line e
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It was stated in the introductory chapterw, thab

antennas which have the nature of a tra.nsformal,ion w-ibh a

graciually tapered l-ine have the advanüage of producing mini-

mum reflections. Furthermore, i-n a tapered ùransitionr rê-
flections are not critically dependent elther on 1"he exact

transition }ength or on l"he exact wavelength of the trans-
rnitl,ed waves. For ühe log-periodic dipole antennas usecl in
iJur study ¡ we were confrontl;ed urit h a convenient way of taper-

ing the antennas by simpl¡' tapering the feed l-ines" As might

be expected, tapering also introduces disadvantages, particu-

larl¡' for large taper angles, which may offseü any rnatching

improvernent,

In this clrapter, the graphical presentation of measured

input impedances r^¡ill show some potential variations of the

imoedances and also the effect of, tlie l,apereci f eed-l-ines 
"

II. RIISULIS OF II''ùPUT IiviPEDAItICE IvTEASUIì.EIvltrNTS

Antenna input measuremenüs are comnonly presented in
two ways. fn the first case, 1f the overall performance of

the a.ntenna is desirecJ, bhe SWR over ühe operating frequency

ba.ncl is given. In ùhe second ca.se, if one is designing an

antenna. Èo maLch a f,eed line, the impedance at the inpul,

terminals is of interest"
Ihe inpub impedance values obl"ained at each frequency

may be connected to form an j-mpedance-versus-frequency curve

on a Smith 0hart6a. The shape of this curve on a Smith Chart

#' See Chapber I, page 2, paragraph 3"
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is a funcl"ion of Lhe characteristic inipedance of the feed line.
I'o avoid bhis dependance, ib is sonetimes desirable to plot the

i-mpedance values on a simple resistance (R)-versus-reactance (X)

dia¡ram, where the inpul" impedance is R + jX"

R-X dlagtrams for 1;he log-periodic straight-dipoJ-e and

V-dipole antennas are given in figures 3.L to ) "Ll+ " I'he dia-
grarns are shown for vaa'icus angles of feed-line taper" The

amount of taper is desÌ-gnai"ed ï:;r Ëhe end separal,ion trbrt or by

the taper angle V.

IIT " R-X DIAGIAIVi CAI,CULA'I'IONS

It can be 
"ho*rr6b 

that lines of constant SllR are circles
on the R-X diagram, cenl-ered on the R-axis ancl crossing the

R-axis at Zo/SWII. and ZoxSWRu where Zo is the characterlstic

impedance of the üransmission line. Le1,ti-ng 1;he minimum ancÌ

maximum R-axis intercepts be designal;ed by Rmin r^d R*.*,

respectively¡ wê have the equa.tÍons

' \nir, = Zo/StriR ooe oo.e oooooooo coocoe oooo ".""3"L

and R*r* = ZoxSl'úRs c coe coccee.c.e ocooe e c ooc¡o ""3o2

Solving the 'bwo equal,ions for Zo and 15he standing-wave ratio,
hre have

zo = ilRnr"***ia, 
ce ooce oe coe oooe ce ocooo.."o ".3"7

and SV'IR = 1/\n.* Rmin' < t,o o c o o c e o e c c o o o o o c . o e ) o+

Supnose a constanl" S!'rlR circle ca.n be drawn on 1,he R-T

diagram to enclose all- inpuü impedance points l,aken at dif-
ferent frequencies. Ihis circle then represenl;s the maximum



u,

.ëo
I

(,
(,
Ê('l
P()
dq,
þ

x

resista¡ice) -ohm¡

FIGI'RE 3.1 ,

R.X, DIA@Aü OF INPUT IMPEDANOES FOR 'ITIE LOC.PERTODTC:: :- -;-:lrñ$ett:Drpgf ÂNTENNA wrm No TAPER 
:,¡ai

:l : FICITRE 3.2 i l

B-X'DIAß¡¡VI OF INPUT ITTPEDANCES.F()R $rE IOC'-PERIODIC STRAIGIIT-

,,:':a,';



', u,.r¡
Õ
I

.0,
'(t

d
lJ(,
d:o",r

ì,', }{1,.. +

R-X DIAGRAI'¡ OF INPUT I!'/^PEDAI'¡0ES FOR T¡IE LOG-PERIODIC SßAIGll¡
::, DIPOLE ¡NIENNA ütrltt END SEPARATION rbr OF 4.On ,,' ,
.t. ., . .

¡.

; . FTGTJBE 3.&
ß-X DIAGRÁII OF INPUT I].PEDANCES,FOR lHE LOSPERIODIC SnÂIctll-' .. r : : ,DIP0.E A¡¡T8¡|NA ïEm. END. SEPAßA{ION übn OF ó.Otr ,; r: .

' . '.: i',::,,'l1lll,i.i-;¡.-..,-: .:i.li:îì]-,îî'I¡¡ir-u:.:, ',î,.,ìi,: l1-,::i i.;-'. ,, '

l

l:, .'

B (resista¡ice)-oh¡na

TTGURE 3.3



':';
:;: i.'.:22

B (resÍstanceJ-or¡ma

: FIGIJRE 3¡5

R-X,DIACßAM OF INPUT I}¡PEDANOES FOR 'IIIB LOG.PERTODIC SIRATGHT-'- -ì---Drlotn ÑrsN¡.¡l hTTIt END SEPAnArtoN "bn oF 8.75t

u,
,E'

Ao
I

c,u
cJ
{J(,
.ú
o
h

x

.-::

..1,

.,i
I

':ji'
ri, . et
': r' ä',Æ
': o

I
':i,1

.c,,i:' O:.Lê

:: :*J
'(t.': (Ú
:..: .0t

..r'J . f..
' -r :.,. l,
;'x'.: +

iir:i
;::t i

'. r;rl:L

i.': i l:

., r.i-j,
' i:'.r1,,'l
: :. ,.l-: ::

:,..l
: .;::i

...i..i

. ;,.i:ì
r:l .¡

.::È;F:

:.,r.[:;ì
1 .:

.,,..,i ,



23

3]--r :l_l jl:l: l

lj ti -l "j-i i
_r- - l-_l_t --.j

h5Hå"i#-T-It-t+r3 r4rQr_ir¡ç-i-- I -r" -t--1-l' -l
-¡-iEper. ---¡¡
---l€=--l--t!- I --l- -l-.1

iu,r+ó^ollri

jri*i
'l

i@
Otô

-1hot"

IO
R (resÍstance)-ohms

FIGURE 3,?
R-X ÐIAG*ATú OF TNPUT ]]VIPEDANCES FOR TT{E Í,OG-PTAIODIC STRATG}TT_

DïPOLE ANIEI\¡NA !'IITH !APER'AIrIG,8 '¡t{ 
i OF, 20"

R (resf stance) -oÌtr!ûs

¡'trGURE 3"9., R-X Drd@,A¡4, OF rNpur rlippne¡,¡bgs roa rHE Loc-pERïODrC,t U*DIFOtE. AI{'¿ENI¡.A üIIII{ NO TAPER

I,

3

v)

o
,

c)
o
(g
.f)
o
ñ
q,
þ

X

60

5O

l+0

3O

?o

1,0

st
çt

o
I

o

(Þ
.Ð
(,
cú
c)
Ê,

Þf



v,

t4o
I

o(,
c
(ú
lJ(,
rl
o
h

x

B (ieeista¡ice)-ohns

" FIGI¡RE 3.9

B-X DIAGR¡¡vI OF INPUT I¡,T.PEDANCES FOR ltlE LOG-PERIODIC V-DIPOLE* 
'- .----ANTENNA ttrß END SEPARAltoN nbÙ oF 2.0rt i,,,,, l,',

.¡.; .9,
E

'o
,t

.o:. (,
(o

. +.).(,
:,'r :. cd,. c,

.. , h
t: x.t



?5

t"*Jy

R (resistance)-ohrns

FIGURE 3,11

R-N DÏAcn.AIvI OF:NPUT T]VIPEDANCEF FOR T}IE LOG-PERIODIC V-DIPOtE-: 
. ANTENNA !üITIJ END SEPARATION Nb'I OF 6"ON

','

l+O

R (reslstance) -ol¡¡o¡s

4

!?
É

,ß,o
I

c)
()

(l
P
<)
(ú
C)
þ

Þ{
+

ó0

5o

¿ù0

ç)

o
I

q)

(:\)

1t)(,
qt
c)

'h

þ<+

R-X V-DIPOtE
., . ,:.:' .

,: :t
I ' ,l: ' :¡''''.''



26

u)

o
I

O

Po
(ú
q)
l.

X
+

501 -
¿+

4
R (resistance)-ohms

FI GURE 7 ,13

R-X DTAffi.¡NI OF INPUT IIVI.PEDANCES FOR THE. IOG-PERTODTC V-DTPOLE
ANTENNA WITH TAPER AN6,E I't.Yi¡ OF lOO

"o 
Jo t+

R (resÍstancs)-ohm6
FIGURE 3 "11+R.X DIAffi,AM OF INPUT IIVIPEDANCES FOR 'THE LOC'*PERTODIC

ANTENNA, I{ITH 'fAPER. A}¡q,E WVII g¡I 29@

5O

l+0

st
,l
o
I

q)

(rü

{J
(.,
ad
0)
t"

X+

V-DIPOLE



27

SIJR over tÌre entire band. Ïhe ll-axis intercepts of 1,he

circl-e also provide us with a means of cal-cu1a.1,ing a cha.rac-

teristj-c impedarrce, a-ccorcling to equal,ion 3.3. this irnped-

ance value can be thought of as a mean resisbance l-evel fcr

the specified band. It will be known as the nominal charac-

teristic impedance, cr the nominal impedance, and will be

cÌesignabed by Ro" Hence, from equation 3.3,

Ihe SllR represented by the circl-e is the ma.ximum SliI¿ of the

band, referred to the nominal impedance Ro.

Duilamel ancl BerryT stated tiiat impeda.nces of log-

periodic arrtennas uihose patlerns exhibit a snrall- variation

over a period can be characl,erized by a charac'beristic

irnpedance enci anS'vüR with respect to that characteristlc

lnpeda.nce. Tire impedance locus clrcles a polnt on the real

axis once every one or one-half period depencì.ing on the type

^ f iì-,ur car: c,J. .,.,e period corresponds to a change in frequency

fron f co ff"
'-i'he feed points of the anËenna.s tested in this s¿udy

have the form of a. taperecl loop" It wa.s expectecl Ëhat this

would aclci a series inductive reactance to the j-nnut imped-

ance value and, consequently, shif't Ëhe inrpedance points

above the real axis on the R-X diagrams. It was also expecL-

ed that this reacl.a,nce would increase with increasing frequency"

Ihe R-X dia¿rams seem to verify l"hese assumptions. .L'he

strai¿ht-dipole antenna (figure 3.L, page 20) t for example,

R*"* x R*in'
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cenüered j-ts input impedance points around an avera,6e induc-

tive reactance of approximately forty ohms, rather than around

the real- R-axis, when considering frequencies from 200 to 900

megacycles per second.

.fhe effect of the series inductive reactance prociuced

by the innut feed can best be shown on an input reacl,ance (X)-

versris-frequency plot. Such a plot is shown in figure 3"I5

for the ì-og-perríodic straight-dipole antenna with no taper"

the solid curve corresponds to the measureC input reactance of

t,he antenna ancl the sËraight-Iine represents the reactance of

a constanl, inductance, which, in this case, is equal to 9"36x

LO-/microhenries" If the straight-line reactance is at-

tributedto the input-feed loop, then the actual antenna )

inpub rea.ctance corresponds to the dashed curve obtained

by subtracting the straight-line reacLance from the meas-

ured values. 1.'he actual antenna input impedance is then

predonri rranl,ly centered around the real R-axis in the R-X

diagram. The R-X diagram for the same antenna and

corrected for the feed-line reacËance is shown i-n figure

3 "16r pagê 30.

In figure ).I5, it is interesting to note that,

if the feed-line contribul,es a constant inductarrce,

only the input impedance values aü the higher frequencies

are grea.üly' affected" The high rea.ctive components,

which occurred aË the low frequencies, remai-n in the

corrected values of the input impedance. In other urords,
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the high reactive components at the lower freouencies are

due mainly to the antenna itself and the high ree.ctive

componenbs at the higher frequencies are due mainly to

the input feed-line.

In practice, reactive components are undesirable since

they usually increase mismatch when the antenna is connected

to the feed }ine. Antenna designers have solved 1,his problem

by cancelling reective effects w-ith matching cornponents or

cor,ìpensating networks6c " Compensation at a singJ-e frequency

is a very simpJ-e problenr; it becomes ¡nore difficul-t with in-

creasing bandv¡idth due to larger variations of the reactance,

Ihe reactive component introduced by the input feeC is
not real ly a fault of the antenna itself. ft can vary grea1"Iy,

depencling on the type of input feed a.nd the frequency usecl "

Thereforeu the input reactive component, although irnportant

in practical design, is not a fundamental characteristic of

the antenna type. Furthermore, if we assume that conpensation

can, ano lrill, be accomplished over the desired frequency band,

the real part of the inl-rut impedance becomes the determining

factor in characterizing the antenna by a nominal impedance.

fn view of this fact¡ wê can shift the maximum and minimum

real values, for the specified bandr so thac they 1ie on the

R-axis" The nominal- characteristic impedanc" Ro, can then be

cafculated from equation 3.5 and the standing-wave ratio,

referred to Iì.o, can be founcl from equation 3"b. The value of
parE].cul-arP,o for the antenna will be changed only if the

compensating network changes it"
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1'he R-X diagrams for t,he log-pericdic sõraight-dipole

antenna (figures ).I to 3"7, pages 20 t,o 23) show the ghift

of the maximum and niinimum resisüance values for the approxi-

nia.te design band, the standing-wave ratio circles, and the

correspondlng nomi-nal impedances " The R-X diagrarns for the

V-dipole antenna (figures 3.8 to 3"l,Iþ, pages 2l to 26) show

only bhe circles representing aD SVilR. of 2.0 v.'ith respect to a

20 ohm characteristic impedance. Ihis procedure will be

justified in the nexô secti-on.

IV. EFiT¡]CTS OF' ]¡dED-LIN]J TAPEF-

Let us firsl, consider the effect of varying taper on

the straight-dipole antenna. The R-X diagrams in figures 3.1

to ).7, pates 20 to 230 al-I show high reacLive components at

the low and high frequency ranges. Mloreover, these reactive

components show greater variation with increased taper angles

than the reactive components aü ühe niddle frequencies ranging

from 200 to p00 megacycles. fü is to be expected that para-

meËer changes aË high frequencies have a greater effecü than

at low frequencies because dimensions become more criüical
with respect Ëo the wavelengl;h" Since the antenna was designed

for an approximate frequency band of L25 to 900 megacycles, the

performance between these frequencies is the most important"

the R-X diagrams show that the reacüive components remain rela-
tively constant over the 200 to p00 megacycle range" The



)3

resistance component at a tiven frec¡uency increases slowly

l^¡ith increasing taper angles. For exa.mple, ât 400 megacycles,

the resistance component increases from 22 ohms at a taper

angle of zero degrees to 32 ohms at twenty degrees " At 300

megacycles, the increase is fronr 2J üo 32 ohms. this resulË

would suggest that the nominal impedance should also increase

with increasing taper angles. 'fhe nominal impedances and

SftrRl s for the straight-dipole anbenna are plotted againsü

the taper angles in figure 3"L7 " Ihe values were found from

the R-X diagrams, for the 200 to !00 niegacycle bando

I'igure 7,L7 shows that the nominal impedance stays

relatively consl,ant, around Ì9 ohms for small- taper angles up

to abouL 1;en degrees. Actua.lly, a slight decrease 1n Ro is

noted at a ben degree taper. However, at twenty degrees, the

nominaÌ impedance rises 1,o 27.I ohnrs. hre would expect a

further increase for angles above twenty degrees. IÌris is in

a¡ireenlent r,vith the results obtained by DuHameI ancl Ore5 for a

i;rapezoÍdal- tooth log-periodic antenna. They found the cha.r-

acteristic impeda.nce to vary from 65 to 120 ohms over taper

angles (V) ranging fronl seven to sixty d.egrees. 'Ihey did not,

however, find the characterisl;ic impedance for smaIl angJ"es

below seven degrees" The l,rapezoidal tooth structu.re, altlrough

being nrore difficul-t to consl,ruct, is a slightly better approxi-

mal,ion to the true log-periodic design 'Ehan the dipole el-ement

sgrucl,ures used for our tests" Figure 3.L7 also shows 1;haË the

Sl'¡P, remained fairly constant for taper angles up to l,wenty
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degrees. Except at zero degrees, the SIIIR rernained bel-ow 1.8

and above L"7, Of course, this is the SWR, referred to the

nominal impeclance Ro, for a 4.52L (200 900 mc.) frequency

band. For the trapezoidal tooth structure, DuHameI and Ore

found the Sl,!R. to vary from 1.8 to 1.4 for taper angles from

seven to sixty degrees" These S'ttJRrs, however, vrere obtained

for a l-0:1 (100 - 1000 mc.) frequency band.

Let us now consider the effect of varying taper on the

V-dipole antenna" 'Xhe R-X diagranis are shown in figures 3"8

to 3.14, pages 23 to 26" Unlike the straight-dipole antenna,

the V-dipole antenna has a reactive component which, in general,

decreases w'ith increasing frequency" Also, ühe reactive com-

ponents do not show large vani.ations for increasing taper angles"

htrereas the SWRI s for the straight-dipole antenna a"re all below

I.9 for a 200 1,o p00 megacycJ-e band, ühe SWRis for Ëhe V-dipole

antenna are much higher for the same band. For example, the

V-dipole antenna with a zero degree taper has an SVüR greaüer

than three, Apart from this, the nominal impedances for the

band are as low as ten ohms. Unless low reactive components

are a criterion for design, the V-dipole structure is inferior
in performance as far as inprat, characl,eristics are concerned.

An SltiFt' of, 2"0 is often specified as the maximum allow-

able in design" It ls for this reason that circles represent-

ing anSltIR of, Z"Oe with respect to a 20 ohm nominal impedance,

wetre drawn on the V-dipole R-X diagrans" The 20 ohm nominal

impedance was chosen because it agreed closely to the nominal



impedances obtained for ühe straight-dipole antenna '|

For Lhe V-dipole anüenna with no taper (figure ).8,
page 23), the SWR remains less than 2"O for the approxirnate

band from 20O to 6J0 megacycles. The R-X diagrams show that
there is a slighl; improvement in bandwidühs w-ith increasing

taper angles. At a taper angle of twenty degrees, the band

extends from approximately 200 to 800 megacycles"

It is evident, from the results, that the straight-
dipole antenna would prouide a good match to a 20 ohm line
over a1f the taper angles up to twenty degrees. It would

proclucean ShlR of less than 1.9 f,or a b"5tL (200 900 mc")

frequency band" The V-dipole antenna would givean S!'ilR of

Iess ühan ?,O for a maximum frequency band of 4;1 (eOo

800 mc.) at a taper angle of twenty degrees. The above SWRls,

on e 20 ohm feed line, are based on the assumption that large

reactive components would be cancellecÌ by a compensating net-

work. the lower SWRIs and largen bandwidths indicate the

superior input chanacterisbics of the straight-dipole antenna.

V" DISCUSSION OF RI]STILTS

Enough data has been presented in the R-X diagrams to

demonstrate the approximaÈe behatriour of the input impedance

as a function of, continuous frequency values. The R-X diagrams

for the log-periodic straight-dipole and V-dipole anÈennas are

repeated in figures 3.18 and 3.L9, respectively, for a zero

degree taper angle" the Ímpedance points have been connected
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to show the approximate impedance locus over the entire

frequency rangeo

We have already attributed the large reactive com-

ponents as being due to the introduction of series inductive

reactance at the antenna feed poinü" We also stated earlier
that the impedance locus should ci-rcle a point on the real-

axis once every one or one-half period" The loops formed by

the impedance loci in figures 3"18 and ).L9, page 37, are

these circled points shifted above the real lù-axis by the

series inductive reactance aü the feed point" The changing

position of ühese loops tülth frequency is a result of,

imperfect scaling of, the antennas" As the frequency increased,

the elements responsible for the radiation became larger i-n

dÍameLer wiüh respect to the wavelength" Each time that the

frequency was increased to the point where the nexü smaller

set of dipole el-ements became activated (resonant), the

impedance locus would shift to a lower resisbance component

value as shown in figures 3.18 and 3.L9¡ page )7. DuHamel-

and Ore5 received similar nesults with a log-periodic

trapezoidal tooËh structure, namely, that the input ímpedance

decreased w'ith increasing frequency.

By virbue of design, adjacent dipole elements have

resonant frequencj-es of f and ff , where f is equal to 0.8

for the straight-dipole and V-dipoJ-e antennas. In view of

this¡ wê expect a loop Ín the impedance locus every Èime the

frequency varied from f to 0,8f, that is, every time the
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acbive region on the antennas shifted from one dipole set

to another. The frequency range f to 0"8f corresponds üo

one period on these particular antennas. As closely as can

be determined from the given points, figures 3.I8 and 3.L9u

page 37, lndica.be that the impedance J.oci circle a poinü

approximately every period.. Mayes and Carrel-8 attributed

deviation from periodicÍty as being due to the necessary

Èruncation at the front of the antenna, This causes imper-

fect frequency scaling.

.the loops in the impedance locus on an R-X diagram

represent the impedance variation over a period. 'Ihey are

a frequency dependenü shortcoming of the antenna design"

The shifting of the loops over a number of perlods is a

frequency dependent shortcoming of the imperfect antenna

construction. It is obvious from ühe R,-X diagrams thaL

these factors are v¡hat reduce the operational- bandwidths

of the log-periodic dipole antennas"

So far, we have been discussing bhe variati-on of the

input impedance" lVe shoulcl eonsider the general't*p*-

dance level. As mighb be expected, the input impedance

magnitude is dependenõ on the characteristic impedance of

the feeder from which the nadiating el-ements obtain their
energy. The feeder impedances of the tesü anbennas are

depenoent on ühe spacing and size of the üwo booms rnaking

up the feeder" When the booms are not tapered, they can

be likened to an air dielectr:Íc two-w1re line for u¡hich
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F'-amo and lVhinrr"ryg have developed. a characteristic irnpedance

formula" .the equation is given as

zo - LZo cosh-r (s/d) ohmse øooooôooc.o..û.o....).6

where S is the spacing between centers and d is the diameter

of each line" the log-periocij.c straight-dipole and V-clipole

antennas have boorns of l/ lr inch diameters and have a cenËer

spacing of L l/2 inches with no taper. Substituting these

values in equation 3"6, we get

Zo u 7.2O cosh-l (2) = :-57 ohms"

This val-ue is obviously much higher than õhe norrrinal

irnpedance va.Iues of approxinrately 20 ohns obtained for ûhe

tesl; anl"ennas. trL is also higher than any predicted val-ue

since the dipole elements attached to the booms would reduce

ihe characUeristic inipedance" 'when the frequency correspond.s

to bhe resonant frequency of a dipole elenrent, the innut

irrrpedarirce of the anbenna beconies dependent rnainly on the

drlving poinl, i-mpedance of that resonant element. I'otr a thin
half-wavetengbh dipole, this value is only n ohnr"loâ.

The average length-to-diamel,er ratio of the dipole elemencs

on Ëhe 'besL antennas i.s approximately 50" According üo
laKing-', the inpul; resistance a'b resonance of bhese elements

is around 68 ohms" ilie can only attribute the large difference

between the preclicted impedance and the nominal value of

around 20 ohms as being due to imperfect antenna constructinn.

NomÍnal lmpedance levels from 55 to 100 ohms were

obtained by Isbelt3 usíng a feeder wi'ch a characl,erisËic

impedance of, 105 ohms" Ðullamel and Isbetlz assumed
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discrepancies bel,ween predicted and measured values as

being due l;o the finite bhickness and length of the elements,

the magnitude of the inpuE impeclances for log-
periodic dlpole anl,ennas is also dependent on the design

parameüe"s'!'ando(" These para¡ieters were fixed for the

1,est anl,ennas; T had a val-ue of 0"S and 4 a value of forty
degrees" t:arrelll made an analysis of ühe log-perioclic

dipcle antenna and found l;haL the noninal impedance decreases

with increasing.f and increasing q" He also derived an

equation to determine the feeder characteristic impedance

which would yield a- given nominal impedanc" Ro" Unsurprisingly,

this equaüion is a function of the dipole spacings, element

thicknesses, and dipole driving point impedances.

In the preceeding section of this chapter, we found

thab small-angle taper variations did no1, make the a.ntennas

very flexibl-e as far as the input chara.cteristics were

ccncerned. The effecü of l,he taper varj-abions on the

radiating characterisüj-cs is a l;opic of discussion in
chapber four.

ffi
""igEi/



CHAPTER IV

ANALYSIS OF IHil RADIATION PA'i'Îh,RI\ l4EASUlìiJÌ4d\ 1S

Input J-mpedances ancÌ standing-hrave ratios are by no

means the only f,actors to be considered in an antenna perfor-
nrance analysis. Of equal imporùance ar.e 1,he radiation
properties of the antenna.

The radiation pattern measuremenL set-up¡ âtr explana-

tion of the principa.l E and H-planes, and the nreasured 
_

pal,terns are given in Appendix C" Since a very large number

of patterns were taken, only those whj ch are sufficient to

show the radiation chanacteristics êre given in the appendix.

INITI.ODUCTION

the analysis or properties of radiation patLerns is
norrnally given in ternrs of the gain, directivity, beamwidths,

side-lobe levels, and general beanr shape. Except for unusual

pattern shapes, the principa.l E and H-plane pa'l,ternslob åre

snfficient to sltow the radiaLion characberisËics of an anienna",

The directivity or directive gain of an antenna. is 1,he

ratio of the maximum to the average rad,ial,ion j-ntensity" 11;

is usually given as the directivity over an isotropic "ou,r."10".
An isoLropic source is one which radial,es equally in all

direcl,ions end therefore has a directi-vi1;y equa,l to one.

Kraus derivecJ. an approximate formulalod for the direcËivity of

a single-lobecl pattern, based on the half-power beamwidths of

I"
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I¿ie cen write thisthe pabLerns in Lwo planes at right angles,

equa.tioll as
r

D = LþL "25O ,
IfÐ-e-h

4.1

l,he E and l{-planes, respectively. 'r'he half-pov¡er beamwidth

is the angle wii"hin which the electric field does not faIl

below O.7O7 of il;s maximum value. Ïhe above formula is not

exact because it does not take into account the exact shape

of Lhe beam ancl bite minor lobes. Unless the beam is of

unusual shape and when side-l-obes are more bhan 10 db. dctr't-r

from blie maximum, equabion /¡"I gives a. good estinate of the

directivity. r'he direcLivity is often given in db., in v¡hich

case ten times the logarithm to the base 1,en of the right

side of equetion 4"] is foundc

I-he strength of Lhe side l-obes or minor lobes is

normalty specified in db. below the main lobe. lhis is

t,ermed the front-to-ba.ck ratio in db.

II . EF}.ECTS Oli. F.T]ED-LII\IE TAPEII

The radiation patterns for the log-periodic straight-
dipole and V-dipole antennas shcnr tha.t Ëhese structw es

radiate a single linearly-polarized lobe which is direcl,ed

coward the apex of Lhe array" The properties of tle se

patterns may be characterized by the üerns and definitions

given in 1,he introducl,ion" 'l'he results of the calcula'bions

on the rneasured pa't,terns are given Ín üables 4,1 and 4,2"

r,vhere Be and Bn are ühe half-power bea.mwidths in degrees in

This equatj-on is a further approxin,ation to the one
Kra.us - D a l+Ir25).

B"Bh
found



4l+
TABLE 4.1

HALF-POIVEF. BEAII1\TIDTHSe DIRETJTIVE GAINS, ND FROtiT-TO-BACK
RATIOS FOR THE S'ITLAIGHT-DIPOLE ANTENNA WITTi

VARIOUS FE,JD-LINE TAPER ANg,ES

I 'Ihe blank spaces indicate pattern breakup"
& * The blank spaces indicaüe thal; the back lobes are noË meas-

,urable and the front-to-back ratio j.s greater than 20 db,

wFreguency
(mc i

Taper;
end sep,
b (in. )

Beamwidbh 4
( degrees )

E-pl-ane lH-pl-ane

Directivity
D | ¿u.

Front-to-back *
ratio in db"

E-planel H-plane

200
300
400
500
600
7oo
800
900

1000
1100
1200

200
¿+00
600
Boo
900

1000
1200

200
400
600
800
900

I000
I200

200
400
600
8oc)
900

1000
L200

?QA
400
600
800
900

1000
1200

1.5
8?

2"4
sr

4,0
n

6.0
¡¡

g 
"75m

48
l+2
38
36
38
l+2
)8
48
40
l+:

52
¿10

3B
¿+:

38

52
l+2
)8
tþ!

t+j

60
48
38t*
¿10

56
5o
)8
l+6

¿+0

86
66
7l+
6!

5_B

76
7?
6l+
7B
60
50
6:
l+2

Q2

66
l+6
66

:

92
70
52
6_8

9lþ
7l+
5l+
7:

11.3
L3.6
L7 "O
l'l+ "7
18,l_
L9 "6L6 "b
24 "6

-

9,2
L5.6
Ll+,7
15 "4

t8_.7

8.6
Ll+ '923.6
L,r_",

-

7,5
L2 "320.9
t1'*

7.8
11.L
20.1

'1''

10"5
]I"li
L2 "71l,7
L2 "6],2,9
L2 "2
L3 "g

:

9"7
11.g
11,7
tt_,9

,1"7

9 "l+
LL "7
L3 "7

'-:"'

8.7
10,9
L3.2

''-.u

S"9
10.5
13.0
IL.I

:

tt_. t

zl "u
L5 'l+lrtl)ø {

I,g
9 'l+

tt'u

14 
"¿ù

õ.g

f,l+ 'l+

11.9

g"g

9_.9

õ.s
L6_,5

-
9 "l+

LL."7
8"o

18 "420,0
15.4

7-.?

l,l+ "9

rf" Z
l'l+.9
14 "g

5"5

r4"g

rã.8
l-6"5
19 "210,4

L5 "l+

tl "g
17 ,L
20 "o10"8

L6"5

-
Lg "2
23 "r
12 "8

L6"5
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TABLE 4.2

HALF-PCI/{T;Tù BF.;AMVJIDTHSg DIItECTIVE GAINS, AND FFi'ONT-TO-BACK
A.ATIOS FOR THE V-DIPOLE ANTT'NNA Ii/ITH VARIOUS

F'E!]D-LINE TAPEIì AN6,ES

Frequency
lmc"/

Taper;
ENd S€D.
b (ln.)

Beamwidth X
( degreeg )

E-planel H-plane

Directivity
Dlou,

Front-
ratio

Li-olane

o-back >

n db"
ll-plane

200
300
¿+00

500
600
700
800
90o

L000
1Lo0
L200

200
400
ó00
8oo
900

1000
1200

200
400
600
800
900

1000
1200

200
l+00
6oo
800
900

1000
I200

200
400
6oo
800
900

1000
1200

1.5
¡!

2"O
tî

l+ "0f?

6"0
'1

9.75
8E

56
l*8
l+6
36
I+2
40
Iù8

:

)o
¿18

trv2

lÞ-6

6a
5o
l+2

:

5O
5l+
l+2

i

58
5l+
l+l+
l+:

8B
80
66
82
54
I+l+

,:

84
78
58
,:

B4
68
6a

18

86
80
56
7:

8l+
8¿+

66
7_8

8"4
10,7
L) "614.0
18 ,2
27 "l+tt_" 3

8.8
L2 "6
l,6.l+
,r-.,

s:2
10.6
].6.g
12 "8

:

8.7
9"6

L6 "7'l''
9.8
9"1

f'l+.9
tl" 3

9.2
10"3
1r"3
r1" 5
L2.6
].3.7

':'t
:

9 "l+11"0
12 "I
': '

9"1
lo "2].2.3tl't

9"2
9.8
L2 "2

':"0

9.9
9,6
11"7
10,5

:
:

1r .7

-
2T "L

20 "020,0
8.6
rt1
I cJ-

LZ "l+

t1'6

21"L

rä"g

rg'*

Lg,2

rã.e

:

21,1

:
14, g

,\.s

2L,1

LZ 'l+

L6 .5
L4 "9
20 "o
L7 "720,o' 7"3

I¿1,0
12 "8

16 "5
9.0

L6 "5
9.1

14.4

zl,.g

Lg "2
9 "l+E')e+

L5 "9

?L "9

Lõ.2
8"ó
)"6.?2

z16.o

21.1
10.4

2"6

* The blank spaces indicate pattern breakup"
X X Tfre blank spaces indicaËe that the back lobes are noÈ meas-

urable and the front-'Ëo-back raüio is g4eater than 20 db.

w#
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ihe half-power beanwidths, direci,ive gains, and front-to-back
ratios are given for both antenna structures wÍ1rh various

l,aper angles. The amounl, of taper is designated by the end

separaci-on trbr¡. I'he blank spaces in some of the columns

indicate that the particular calculation was not applicable

for that paütern due 1,o multiple lobing or pattern breakup"

Since we are i-nterested in the maximum side-lobe levels over

ûhe frecluency band, only the front-to-back ratios whlch are

significant were calculated.
the patterns for the log-perÍodic struc'bures were

single lobed with low side-lobe levels for frequencies from

200 to 800 megacycles, Ab p00 megacycles, however, pabüern

breakup due bo multiple lobing was observed" The beamwidths

and directivities in tabl-es 4-"1 and 4,2 can be averagecl over

the frequenclr rang-e from 200 to 800 megacycles for each

separate taper condition. Xhe resul-ting average values cen

be compared to show the effect of varying the feed-line 'baper"

The average E and H-plane bearnwidths for 1,he antennas

are plo'{,ted as a function of the taper angle in figure 4."1.

For the stralght-dipole structure, both the E and H-p1ane

beamwidths increased vrith increasing taper angles" f'or the

V-dipole structure, the H-plane beamwidths also increased

with j-ncreasing taper angles, but those in the E-plane

remained relatively constanl". The H-plane beamw'idths for
both strucl,ures !üere considerably highen than ühe E-plane

beamw-idths. Tt is interestlng to note thaü Ëhe V-dipole
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sLructure has generally higher beamwidbhs than the straight-
dipole sl,ructure "

the average directive ga.ins in db. for the antennas

are plotted as a function of the taper angle in figure h.2"

The figure shows bha.t the directivity decreases with

increasing taper angles" This decrea.se is to be expected

because the directivil"y varies inversely as the beamwidth,

Ihe same inverse relation accounts for l,he fact that

directivity Ís greater for the straight-dipole structure

bhan for the V-dipole structure"

I,et us compare our results w1th those found by DuHamel

and Ore5 for the wire trapezoidal-tooth sl,ructr:res' They

found an average E-plane beamwidbh of 67 degrees, an average

H-p1ane beamv¡idth of J-0ó degrees, and an average front-tc-
back ratio of 15 db. They also found that the H-plane beam-

widühs decreased wiLh an i-ncrease in taper angle Y and that

the E-plane pattern was essentially independent of the Y-

angl-e " Their resuLts hrere obtained for V-angles ranging from

thirty to six1,y degrees. The reverse was found to be true in
our case for V-angJ-es below ten degrees; the E and H-plane

beamwidËhs increased w1th an Íncrease in taper angle. Over

the 20O to 800 megacycle band of the straighi5-clipole structure,

we obtained a minimum front-to-back ratj.o of 9"9 db" in the

E-plane and 8.0 db" in the H-pIân€" The V-dipole structure

had a minimum front-Èo-back ratio of 10"8 db" in the E-p1ane

and 8.0 db" in the H-plârrêo The average front-Êo-back ratio
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for both structures over all- the taper angle s u¡as better than

L5 db.

ITI . DISCUS$ION OF R.ESULTS

The variation of the directivity over the desigred

frecluency band of a log-periodic antenna is a good measure

of its frequency independent performance" Figure 4"7 shows

Ëhe direcl"iviby as a function of frequency over a l+:l- (200

800 mc") band for the test antennas w'ith no taper" 'fhe

straight-dlpole structure had a maximum directivity variation
of 8.3 or 2"4 db. For the V-dipole structure, the maximum

varia.tion was 15"0 or I+"5 db" These varia"tions are very large

a.nd may be partly the result of the approxirnate meUhod of

calculation. The maximwn directivity for both structures

seems to occur near /00 megacycles.

Vüe süated earli-er thaü radiation pattern breakup was

observed at 900 megacycles for both log-periodic structures"

At this frequency mulËiple lobes appeared in the patterns.

Pattern breakup may be caused by two factors" Firstly, if
the frequency is increased to the point where the active

region moves very close Ëo the feed l,ransil,ion near the apex,

pattern deterioration results" The second factor is a-result

of the dipole elemen0s resonating in a three-ha1f-wavelength

mode. Fotr example¡ ât p00 megacycles Ëhe radiation may occur

from the front elements on the antenna as well as from an

elemenL nean the back operatÍ.ng in Ëhe three-haÌf-wavelength
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tnode. Ihe d.istance between the two active regions thus set

up vrould cause lobing of the pal"terns. At 900 megacycles,

an element equivalent in length to a half-wavelength at 300

rrregacycles would operate in the three-half-wavelength mode.

A check of the design shows bhat our log-periodic structures

srrpport, elenents which are a half-wavelength long at 3O5 "5

megacycles. These elements are undoubtedly the cause of the

Iobing at 900 megacycles.

'Ihe fronü-to-back ratios for the strucl,ures were found

to be generally lower at 2OO megacycJ.es than at higher

frequencies in the band" 'Ihis is probably due to the acl,ive

region approaching the length of the antenna at lou¡ frequencies"

'when this occurs, electrically speaking, the antenna no longer

Iooks like an infinite structure.

Lhe log-periodic straighü-dipole and V-dipole structures

Ï,rere found to have directive gains greater tha.n 10 db. and ¡ì

and H-plane beamw'j-dths of appnoximately 45 and 70 degrees,

respectively, over a ¿þ:1 bandwidth" The directivity of these

a.ntennas is surprisingly high" Isbe]13 obbaired directive

gains of 10 db. over a ?zl- bandwidth with the log-periodic

dipole anray. Ivtayes and üarreI8 found average directive gains

of about I db" over a 3:tr bandu¡idth" Cartrelll also foUnd that

the gain of a log-periodic dipole antenna is determined

prinarily by the design pararneters T and o{. The gain increases

as 'T'increases and { decreases"

'Ihe variation of 1;he feed-line taper on the dipole
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structures had generally morc effect on the H-plane patterns

than on the ll-p1ane patterns" This r¡ras also true when

considering side lobes" The beamwidths of all patterns

increased with increasing taper anglee except the E-plane

beamwidths which remained relatively unchanged for the V-

dipole antenna. Hor,,rever, a variation of the beamwidth in
only one of the principal planes is sufficient to produce a

variation in the antenna directive gain,
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CHAPT¡Ji V

CONCLUSIONS

'I'he log-periodic dlpole antennas were found to ha.ve a

characteristic radiation pattern which was single lobed and

directed towards the apex of the array; they had an everage

nominal impedance of approximabely twenty ohms, a directive
gain greater than I0 db. over isotropic, and a standing-wave

ratio referred to the nominal- impedance of l-ess than two for

a ba.ndwidth greater öhan four to one.

The results obtained for small feed-Iine ta.per a.ngles

showed that 1"he standing-wave ratio did noù seem to be strong-

Iy ciependent on the nominal lmpedance Ro. Therefore it r¡¡onrt

be strongly dependent on the feeder characteristic impedance"

The nominal impedance remained relaËively constanÈ for small

taper a,ngles below ten degrees and increased w1üh increasing

taper a.ngles above ten degr€e s o The a.ntenna- directivity was

found to be a function of the taper angle; it decreased v¡ith

an increase in taper angle" Although the decrease in direc-

tivity is a disadvantage, the taper angles did give an im-

provement in side-lobe leve1s at certain frequencies,

parüicularily at 200 rnegacycles in the E-plane" An important

observation from a comparJ-son viewpoint was that for most

Iog-periodic structures and for 1;aper angles above ten degrees

the directivity increa.ses urith íncreasing taper angles"

In compa.ring bhe straight-dipole and V-dipole structures,
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the most significanl, differences were the lower input

reacûive components and the lower dlrective gains of the

V-structure for all taper angles,

It was concl-uded that frequency dependence of the

characteristics was caused by two factors: (I) the particu-ì.ar

log-periodic design, and (2) the i-rnperfect antenna construction,

Enough data have been presented to provide information

for practical design. Factors such as the pattern breakup

at 900 megacycles and the front-to-back ratios become critical
in practical apolications" The small-angle t,aper variations

provide a certa.in amount of independenl, control of input a.nd

radiati-on characteristics. However, for most applications

one is usually interested in d.esigning an antenna which

exhibibs maximum gain over a given frequency ba.nd compatible

with Iimitations on the input lmpedance and standing-wave

ratio.
The log-periodic dipole antenna, besides having

comparable direcbive gain, offers considerable advantage

over pa.ra.sitic (i.e, Yagi¡lOe arrays in ba-nd.width and as a

resul-t is much }ess critical to adjust for proper operatj-on"

It is obvious that in an experimenta.l investigation

of a broadband antenna one is confronted with the ta.sk of

making hundreds of measurements. The data presented in this
report hrere taken from over a thousand inpedance measurements

and hundrecls of radi¿ati-on pattern measurements. The emphasis

is now on theoretical analysls. Carrelll h*" made an analysis



of the log-periodic dipole antenna i-n terms of the known

properties of dipoles. However, the straight-dipo1-e and

V-dipole sbructures are only two of many approximations

Lo l,he true log-periodic design" The cornplexity and

variations of log-periodic antennas make s a complete

theorel,ical- analysi-s an extremely difficul-t problem.
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APPENDIX A

iüi¡]ASUiì.IüliENT CF ANTENNA INPUÎ IIIPEDAI\.IOE

Ihe input impedance of the experimental log-periodic

antennas is the impedance looking into bhe 1,wo wire feed

Ìine, rather Ëhan the impedance looking into the twenty

fool, eleven inch length of RG-84/U co-axia1 cable feerìinø

the antennas.

In order to measure t,he inpub impedance directly, a

rrdumr'ytr Ìine was employed with a special short at the enci"

.llhe rrdununyr¡ line is identical to Èhe co-axiaI lines feeding

the antennas and is al,so twenty feet eleven inches in length"

'Ihe special short refers to the cable terminated in a tapered

loop with a flat plate providing the short. In other words,

ilr is a short-circuited model of l,he actual cabl-e to tubing

transltion used on the antennas. A photograph of tle ndummyrr

Iine is shown in figure A"l"

I'igure A"2 shows a block diagram of the input

impedance measurement set-up.
'.the l,esü antenna was placed on a mount on top of the

Engineering Building and oriented in such a uray so as to

minlmize interference from surrounding objects.

For each frequency, the rrdummy¡t sliort-circuited line
and the adjustable line was connecüed to the admittance

meter" 1'he line was adjusted for an odcl multiple of a



6I

PHOI'Jffi.APH OF
OF THE

FI GURE A.1

THE SHCIIT-CIRCUIl'ED IIiODEL
AIITENNA FEjJD CABLE



o¿

Low pass
fÍIter

874-R2o otl'--Y
R22 patch
cords

Ï0 db,
ped

Gl-type 871+'-;t'tg
er re

Constant impedance
ad.jusËable line,
G^ù*typ,e 871+-LK.P

cord

To ltdurruuy!? or
antenna line"

M - UNIT OSCIÏ,LATORS

I2L5-B -. 50 to 25O mc 
"1209-B - 250 Eo 920 mc"

12I8-A - 900 to 2000 mc.

Type
type
fype

FIGURE 4.2

BLOCK DIAffi'Aili OF INPUT IIviPEDANCE
IVIEASTJRBViEN T APPARATUS

Unib power
supply
ffi--type I20I-A

ittance

GR-üvpe 1602-

Local
oscillator

¡nc, IF
plifier



63

quarter vfavel-ength. This was done by setting the meter to

balance a.t the admittance of an open circuit (O + iO) and

the instrument balanced (a nuIl on the I"F. amplifier) by

adjusting the constant-impedance line. Due to the co-axia1

cable attenuation loss, it vlas necessary to adjust the

conductance arm from the zero position to obtain a perfect

nrill.
the rrdummyn line was then removed and replaced by the

antenna cable feed. The admittance rneter was rebalanced by

meens of the arms" The meter readings multiplied by 2.5 were

the series resi-stance and reactance of the antenna input

uncorrected for line loss"

The 2.5 factor arises due to the quarter wavelength

effective line tength, The admlttance seen by the admitüance

meter is
Y* *tot / Trrmillimhos, o..oo.cooêóeooo "."4.1

where Yo is the characteristic admittance of the line and Ï*

is the unknown admittance" Therefore,

Ym = z*/ Zoz milLimhos, oo'cocooecc oeôoo "A'2

where Zo = 50 ohms. Hence,

z* = Y* (millimhos) x 1o-3 * 5oZ

= Ym (miltimhos) x.2"J ohmsø sooooc .....4.3

The measured, lmpedances hrere corrected for line loss

by applying the loss in db.*, at each freqttency, to a Smj-th

Chart e

The characteristic impedance of RG-BA/U co-axial cable

* The line loss in db. for the feed cable is given
in Appendix B"
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is 52 ohms. It¡e admittance meter readings are bâsed on a

characteristic impedance of 50 oh¡ns. This discrepancy

causes a small error ín the measured ímpedances. Because of

ühe reduced accuracy, each impedance reading was taken as an

avera3e of two separate meter readings and the result taken

to the nearesÈ whole number. The accuracy of the admittance

meter is t3fM percent, where M is the multiplying factor on

the meter'. The best accuracy that coufd be obtained for the

impedance values was thent 3 percent.

The results of the impedance measurenerÌts are given

in table 4.1 for the log-periodic sËraight-dipole antenna

and in table 4.2 for the log-periodic V-dipole antenna..-

The corrected input impedances are gÍven for various feed-

line tapers and frequencies rangÍng frorn 100 to 1600 rnega-

cycles per second' The feed-line taper is designatåa ty ti,"

large end-spacing rlbn or by the taper anglef . The VS!¡tR is

the voltage standing-vrave ratio on the feed cable of the

antenna and is obtained from ühe corrected impedance point

on ühe Smith Chart. It is the standing-wave rat'i o w:iÈ h

respect to a 50 oh¡n 1Íne.
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TABLE A.I
INPUT IMPEDANCES AND VOLÎAGE SÎANDTNG TIAVE RAÎIOS FOR
ioc¡m r¡+itcÆ,Ly pERroDr c srRArc¡tt-DrPoLE AN?ENNA (LPD )

Itbrl-end
ing

Input
imoedance

(ð¡ms I

I8 +5 461 5.7

50 n 851 2.8

26 n ¿l9l 4.0

35 n 36'' z.S

25 n 391 7.4

26 tt L?l 7.9

22 n 7gl ).8
22 n 73lr 3.1+

2I n 33|' 3.,+

23' 721 7.2

IOr'.3t+l 7.O

¡ 
| I5 rt :., l+O I 5.5

rr n 40 ' 7.3

12 n 55 110.0

19 ,' 7?l 9.O

2 " 59lr[.0
3? n 881 6.r

Input
Freq. im,peda4ce

VSVJR

r0o lr8 +J 521 6.0

r50 l5r tt 5r.l 2.6

zoo 126 i ,,el ,-.0
250 175 n 38lt 2.5

3oo 126'n t:79|, ?.7

75O 126 " t+71 3.9

r+oo 122 n )91 3.8
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600 123 n 3rl 3.2

?oo lr2 n nl 6.2
'800 ll7 û ¿lOI 5.0

900 lrr n èIl 8.r
rooo f rr ¡r 541 9,8

rr0o lI7 r 7rl 9.5

r20o I 9,f 58113.0

Í.300 175 n 8?l 6.3
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n
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Í
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n
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n,ti.

n I'

.n '
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' .. j'.:
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ÎABLE A.I (contlnued)
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ohms llQTrIP
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TABLE 4,1 (conÈinued)
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Input
impedance
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TABLE A.I(continued)
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r0,0
æI



INPUT ]}îPEDANCES
LOGARI TM\iI CATLY

r¡bn_end
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impedance
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TABLE A."2

AND VOLTAGE STANDING WAVE RATIOS FOR
PERTODIC VEE-DIPOLB ANTENNA (LPVEE)
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n

It

tÌ

It

l8

!t

It

It

n

t¡

Freq "

r00

r50

200

?'50

300

350

400

l+5O

500

6oo

'7oo

800

900

r000

IIOO

I200

r300

I¡100

ï500

r60o

Input

28 +¡

55 rr

32"
29n

?T. |l

17"
2l* n

16n

I¿l ir

IJ tt

gtt

7t,
¿l tt

2n
5n
3¡r

5*
5rr

¿¡ tt

4n

80

58

l+4

32

28

2)

20

IO

t3

TO

tt

7

l+

Í.2

9

II

IO

7L

VShiR

6"9

2"9

3.r
2.6

3.I
)"Q

2"5

3 "l+

7"8

3"8

lþ

2

).o
7"2

IT "5
20.0

9"8

I4 
"C)

r0.3

9"8

II "O

TI.3
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TABLE 4.2(continued)

Inputllb rt-end

?e1'^i1s^ ,,

t.-L,¡¡vIrvÞ ,

-
2t+,2 (20")

n.

Fre uenc
cê

r00

r50

200

250

300

350

400

450

500

600

700

800

900

r000

IIOO

I200

r300

I¿+O0

r500

5'
4r¡

imoedance
(õLrms-1

I0 f;

52 rl

?Ã ll

73 1r

22 rt

2I_ tt

27 rB

r8 11

I/ tr

T7*
T2 18

9tt

5*
4n
6rÌ

5*
6rl

III
76

55

39

33

24

22

IO

IO

9

.lt)

7

5

I&

T3

ï4

9

ï9
IO

30 "0
l+.0

)'O

2"7

3"3

3"0

2"3

3"2

7"3

)"9

4"3

)oO

9,0

T7 "5
g.g

IIQÏ¡IP

TO"5

8"5

r0"8

12 "5

r5 "0
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APP,CNDIX B

ÌIIþ]ASTJRUT,IENT OF CABL$ AÏ'|EI\UAlIOi\

It was required to find the attenuation or line loss

of the twenty foot eleven inch length of IÌ'G-84/U co-axial

cable attached to the input Èerminals of the log-periodic

dipole antennas"

The impedance measurement set-up shown in figure L.2,

page 62, v¡as also used to neasure the line loss"

For each frequency, the rfdunu,ytr short-circuited line
(figure A.I, pa.ge óI) and the constant-impedance adjustable

Iine vra.s connected to the admitl,ance meter. The line }ength

vfas ad justed unl,il the resonant condition was obtainecl, tha.L

is, ze¡'o reactance and Some resisLance greater than l0 ohms.

Plotting this resista.nce on a SmiÙh Charür wê obtained the

line loss directly in db"

the results of the attenuation measurements ê.re shown

graphically in figure 8.1. The results check closely with

published values of atl,enuati-on and wibh values given in

cable caËalogues"
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APPET\ìD]X C

IviEASWiIIrilli\ T 0I' AIiTENI\A FI jill,ì-ST?.EI{GÏfi PATI'ERI\¡ S

The far-field patterns in the 1,wc principal ple.nes

were found for various feed-line l,apers on 1,Ìte log-periodic

antennas. l'he two principal planes are the E-plane and the

li-plane as shown in figure C'1"

Tire antennas vrere linearly polarized in the E-plane "

A diagram of the transmitting and receiving system is
shown in figure C"2" A block diagram of the neasurement set-

up is shown in figure C.3, page 77"

the log-periodic test a.n1,enna was used es the 1,rans-

mitting antenna and it was placed on the rotator as shown in
figure C.2" A corner-reflector dipole antettna v¡as used a.s

the receiving antenna. Ihe two antennas were placed about

seventy feet apart on top of the En¿';i-neering Building so

that refl-ections from surrounding objects hlere mj-nlmizecl.

Screen reflectors were placed on the roof between the trans-

mitting ancl receiving antennas to elimlnal,e reflections to
the receiving anfenna"

For each pattern, the test antenna was rotated over

360 degrees and the field strength automatically recorded on

the X-Y recorder. The angular position of the test antenna

was indicated by a remote selsyn control " The selsyn move-

ment also controll-ed the X-drive of the recorder by employing

a circular rheostaü as a voltage tap, the sliding contact
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being neclianically coupled to the selsyn shaft"

Iìegulal.ed poi^rer supplies and constant-voltage trans-

formers were used to stabilize the signals, Low-pass filters

v¡ere used to elimina.te the effects of harmonics. 'Ihe resul-t-

ing patterns were al-most completely noise free"

A square-law crystal detector was used in the receiving

clrcuit, the signal being fed inüo a standing-wave anplifier

and 1,hen into 1,he Y-drive of the recorder

The E and H-plane patterns for the log-periodic_

straight-dipole and V-dipole antennas âre shown on page s 79

to 121-incl.usive" Patterns were tal<en for freguencies ranging

from 200 to 1200 megacycles per second. Because of the large

number of patterns taken, only 1"hose which Serve to shov¡ the

antenna perforntance and. changes thereof are shown here"

The feed-IÍne öaper is designated by the end separati-on

frbrr or by the taper angle Y. The zero degree position on lhe

pattern recordj-ngs correspond to the direction of the beam

niaxirrrunr on the log-periodic antenna" In this position, the

small or feed encÌ of the test antenna was point,ing CirecLly

at the receiving antenna"

I-he accuracy of the pattern *"."r""orurr" sysuem was

dependent mainly on ihe operaüion of the crystal detector

in bhe square-Iaw region and on its sensibivity to low signal

strengõh" The angular position of the anbenna could be

lndicated 1"o vrithin approximaüe1y two degrees"
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