
r. 1.r/.- ly' : '" "^r
U

3 3 1 , 1 , {

top-loaded
delta"loop antenna

li

Design and construction
of an efficient'
low-frequencY'

verticallY Polarized
antenna using
wire elements

Th. vcttlc.lly polrrlzcd full-wavc loop ha3

emotd ea r po9ubttfisnna on the lou'-fraqu€ncY

;ff. il;;'"-ttt" fotm oi this antenna b th€

ilngrl"t 
-(ad,"l 

bql: with one of its veniceg

poining sks 6td. Such an antenna *1 
T:::11*-

I ed ftom a singl€ point locatsd on a tow6r or a tra€'

On tre g}.rd l@firbt btn&' h€igm fir|.idiortr

cai J"". tt "ff"ot-'o ot dt' dclt! loog' Thb

#f o-"tt- t rpthod for mducim thb p'oblom

t,-- of en cdV itnpldtntod lotding roce-

our. Tfrc ca d ! $pPort hobm ot 20 fitstttt lF

;;#;ettt*t lntnnt b 3howr in llg' l' An

l;*;; t"p*, of tfib comparilofl b thtt th' tog

iJJ-J"lt ri"p ne' ra TTLDL) ha! tnorg sain ttnn
;:il;;i""p. E p"ti"tt* 3incs tho rrd of 19'€ at

wiOW rto u*n that tho antenna pottontt I wsll

a an irucrua V for shott-rango contacls 8nd pro-

rO- "* a *" S unit3 battor P€rtoflfn-c' lor. ?X
""r**. f" ,nlt "rticle, I dbcusE tho ovolution of tho

;6L; pro/ido d€tailed design informadon for an

flI rn€t€t TLDL.
Two kirdr ol vertically polatizod antonna3 a16 In

t
Th (|ftr l@ anL.rr a an inttt'tn€ cdlrn d lh' pog'i|] n_

-Jv Aoo|.. f, faa t-,t ardrnd fo' ourL t whiL lilo Ytl p.o.

J -.ta of"-* --"-' Fo' th€' Intlr*rtd in t6cr'n |tt

J-.r,d i a.- "-no.a ltf'|r|c' 1 rrd 2 Rd6ttnc' I ' p'r'

Irdtittr-tt,i-.,r p'o"at po'rditsrsrr of t'! (blo t'o..

il--'"i-i ot- 0",- !oe.dr' flth tupponing tflrrlt ltc''

ff#,.- .rt .t ffi tn ttui ol dr lt:"tr- in Ltig' c'r'''
Edlto., UrtilF iv Frank J. Wltt, WIDTV, 20 Chatham Road'

AilOou"t, Massachuseta 01 81 0

Horirari |n idttte rtf,rftttrt tot tlr t*lad' dff

loor tnl||lna.
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flo. 1. An Drnri.? d.ltltooP lm'nnt wlth 'p'r rt 20

i-.a-r tO f-O. sf.ach A .howr th. cl"ttc d'lt' looP to'

3.&! MH& B rhowt a toPlo.d'd d'lt' looP tor lh' t'm'

.conaot Ittqgancy. loadtng_ttub dlm'n'lont "' dltcstt'd

ln dral|rt

common us! on ihe low-frequency bands' One type

is susD€ndod abovo ground and fed diroctly; tho

oth€r is oroctgd from ground lev6l and excitation oc-

curs betw€€n ground or a simulated ground plan6

and tho anbnna. Both antennas would b€nefit from

a highly conducdve ground; but in tho lattet case'

since ground r€ai$ance appears in seri6 with th€

antenns 8t tho drivo point, efficiency is highly dep€n-

dent on ground conditions. Therelore, th6 more suc-

cessful monopola installations ara tho66 that us€

many radials. Ths TLDL is not fed against ground

and hence ground plays only the role of a roflector'

This is also truo oi full delta loops and sloping di-
poles. Experioncs has shown that impressive per'

formance may be obtained with such antennas with-

out an elaborata sY$sm of radials.

evolution of the
top-loaded delta looP

The signal at a distant point from a part ol a trans-
mitting antgnna it proponional to the current in that

Dart of ths antenna. For a half-wave dipole, for in-
stance, maximum radiation is received from the cen-
ter of the dipole, where the current is greatest. The
radiated contribution from th€ ends of the antenna is
negligible.

The TLDL concaot resultad from a recognition of
the fact that for a conventional, venically polarized
delta looo, much of the antenna whsrs high currents
e)(ist is horizontal and near ground. The obiective of

the TLDL design is to get these parts of the antenna

away from ground and at least partly vertically orrent-

ed to increase antenna gain. Fig. 2A shows a tvpi-

ca l  ver t ica l ly  polar ized convent ional  del la  loop

designed for 3.825 MHz. Actually, this antenna can

onlyle said to be mostly vertically polarized because

of the oosition of the feed point. True vertical polari-

zation (in a direction psrpendicular to the plane of the

loog, i.e., the direction of maximum gain) is obtained

when the feed point is one-quarter wavelength away

from the oeak of the triangls as shown in fig' 28'

You can s€€ that the polarization i3 vortical by noting

the currsnt florv; the vertical componen$ from the

currsnE in the two upp€r sid6 of the trisngle add'

while th€ horizontal compononts cancsl'
Tho obisctiv€ ol tho loading is to "lift'' the curfent

nod6 highor in the vertical spsce aveihbb fot tho

"nt"n* ittd to rnakd tho vorticatlY radiadng gid$ of

the antenna moro vcrtical. Both actions will increaso

<u/

tig. Z Phylio.l dlm.n.ion. ot ! tyPlc.l cotn'r-ftd dcli! loop

aitonnr (A). T.u. v..tical pollrltation occu" whan thc

fc.dooint i. oncqu.rla. wtY.l.ngth trom th"Ptr lBl'

Skatch C rhowt cutl.nt dlattlbution.

o

o

F -  ' r  . . t . . t ,  t - a



the low-angle gain for vertically polarized signals'

The derivalion of the TLDL from a conventional delta

loop is shown in lig. 3.
Ths fe€dpoint resistance for both a conventonal

dolta loop and a TLDL has been measured at wI DTV

to U" t3d ohms. From this inlormation and from the

.--''-T.---.

f ig .  4.  M.thod ot  adding th€ stubs on both 3id '3 o l  th6 dol t r

looo to rcduco hor izontel ly  pol6t ized radiat ion '

geometry ol the two antennas (and if ons assumes

iinusoidal curront distribution), th€ TLDL has a galn

of 2.3 dB over a conventional delta loop' The dimen-

sions of fig. t hav€ bo€n assum€d for this calcula-

tion. See re{oronce 3 and tlg. 4 for an explanation ot

the rn€thodt us€d to arivo at thb tosult'

The TLDL b ttuly vertically polarized in a direction

perpendicular to th€ plan€ of th€ loop' lt b mostly

verticalv polsrizsd in othe? direc{ons and exhibi8 an

atmod omnidirscdonal Pattern.

loadlng stub

The loading (or rnatchingl stub is sholvn in tlg' 3

to bo horizontal, but this is rarely possibls' At

Wl DTv it run3 to th€ larthost point on the propony

and n€ke3 €bout a fl}degro€ an9l6 wiih the plane of

tho looe. Tho stub should be VB or 9'8 rnoter {32

feet) at 3.8a5 MHr' Hoirrever, it was nec€ssary to

lengthon it to 13 motors (4:t fe€t) tor re3onancs at

thai ftequ"ncy. The probable reason for this is that

the stub i3 s€vergly tolded back to,vard tho loop; the

cons€quent dstuning is overcoms by lengthaning the

stub. This effect is obsew€d in inverted V antennas'

where the length must be made longer than would be

necessary for a straight diPole.
The stub could be added on both sides of the loop

as shown in fig. 4. This would virtuallv eliminate the

effect of the stub on the radiated pattern This

method hasn't been ried, and the practical eifects

are unknown.
The stub can be shortened considerably by means

of a loading coil installed in series with the stub at the

point where ths stub is connected to the triangle

apex. See fig' 5. The 13-meter (€ foot) stub was

reduced to 4.-9 meters {16 fe€t) by the use ol a9"v'H

loading coil. The loading coil reduces radiation from

the stub, but it results in a reduction in antenna

bandwidth. Ths loading coil is a B&W 3029/390+1''

which is 63.5 mm (2 1/2 inches) diam€ter bv 254 mm

'8rrla. tnd willilmao.l lnc,Ca lstraalsti 8"vct o'm Foad Bnlrol

Pen€vlvlni.lS7.

t r r re r f tN  ou ,  sEetENrs

tig. 3. How th. top'lo.d.d d.lt! loop ltLOLl ir d"iv'd lrom

th-a convantional dalt! loop. Th6lop loading m'k" th' cut_

rant nodc hlghar with raapact to g.ound 'nd inct'!!" th'

va?tictl polaaiartlon lrom tha antcnna tidaa. Thit improv"

low-.n91! tadiation.
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t iO.5. Using.lo.ding coi l  to r 'duco l tub radi ' t ion'

{10 inch6) long (6 turns per 25 mm) This coil with

ihe 4.$meter (lGfooi) stub allows the TLDL to r€8o'

nate anpttrete in tho g)-m€tor band by changing th€

tap podition.

matchlng mothod!
A common rn€thod for fe€ding d€lte-loop antsF

na! b to usr a quarbr wavelongttL of TFohm tarF

miErion linc berwsen a 50ohm trancmisriq lin€ and

irr.-t""0*l*. For a fe€dpoint reei$Ene ot lAn

ohrlE, fie v6wr at rgsonancs would b€

I lo = 1.16:t  (11
7y/ t0

which b quit€ accsptabl€. Since the conv€nlional

d6lta loop snd th€ TLDL ar€ ess€ntialv balancod ar}

rennar, it'3 d€sirabl€ to uso a 1:1 balun at tho antelr.

* ,o prr\r"nt "ntnna cunents on th€ coax feodlin€'

ItiVt OW, a translormer {shown in flg' 6 8nd th€

ohotol accomplish8 both impedanco matching an<l

ihe unbalanced-to-balancEd transformation; it

iandle the legol porver limit quite sstisfactorif' The

tansform€r ha3 bo€n evaluated onlv on ff) m€tots'

but the d6ign could bo trimmed to work over 8€\'6ral

uanOs. See ieterence 4 for details on optimizing such

dGigrls.

voltago standing-wave ratio

The vswr using th€ tran-sformer of fig' 6 and 5$

ohm coax is shown in flg. 7 for the conv€ntional dsl-

ta loop, tha TLDL using a wire stub only' and tho

TLDL with a wiro sttlb and loading coil' Note that an

excellont midband rnstch is obtained for all three

cas6, but the bandwidth depends on th€ contigura-

tion. The bandwidth of the worst TLDL cas€ (uslng

the loading coil) is substantiallY bettsr {6'6 times wid-

er) than that of a loaded zo-meter (6$foot), fl)-metor

sloping ctipote,5 which would require about the same

mounting h€ight. The vswt plot of the latter is also

shown in flg. 7 for comparison.
Note from fig. 7 that the vswr of th3 TLDL with a

loading coil is not unity. The reason is that the induc-
tivo loading modifies the current distribution at tho

top of the antsnna, and the fe€dpoint rasi$anc€ ls

changed. For the purist, a more optimum trans-

;;r;;; i;, this case would be one whero tie 3-1/2-

turi winding ot fig. 6 is reducsd to 2-l /2 turns' In all

"1""". tit" iistallaiion involved a ste€l towor with the

"it"nn"" trppon a 1.2 meters (4 fe€t) from the tow-

;;;; ; boom at ths 19.8-m€ter {6&foot) lev6l' All

guy wir€s were broken with insulators to avo|o reso-

i"n"", ana no guying was used abovo the 10'7'

meter (3$footl level.

concludlng remarks
The TLOL antanna p€rforrns 8s wsll as oth€r simi'

t", an-tenrrao requiting higher point! ol $pPort' Tho

deaion is barod m the poitioning of th€ higF@n€nr

;; tth. an$nnr 30 that dtov will P?or'kte'a. pn-
-t*irt 

""c""rV @tbed rad'retod sisntl Th€ TLDL

har subatanr'la$f more bend!"id$ thtL n! n6tct

iJi;"h, "",titd.t thc V4 Coping dipolo (load

Ji. i"["r"mn itdicab that rie sncnne should bo

a good paafoa[rr, and otl.thedr spcricnca har suu

stantbt|d dla nerultt
A pdnt d cerrhn - if voo tr' thb !n6n'l' I:fv

n€\r an$t'lna, d(. 3t€p3 to cotlt/inc. yout!'|f titt

o

; ' , ; ; ; c , ^ ; ; ; . , " "

,",:zi :i"':ti,', : :'" ii :: : !, ;ii:i "i': :,;: J'.1:"' ; :! 1t: i,2' :!; ::'.'

fio. 6. Co ttucdon ol tha matchlng tr'n'fotm" for th' lop_

io".al o.r,. r"oo."Ennr. sk.toh A thour tlrr b'tlc pritt

.i"i.. lnt i-pait"..6tlo b.twto l:1 'nd l:4 rrr'V b' oo'

i.i.J i.i iJ,"r.e windlng t' Th' b"lc conflgut'don ir

.i*i ii e.'ir.i"l, c .howr th' tch'm'dc 'nd wlndlne

lo9ac.
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fLoL r tTH !Nouc | tv€  Loao lNG

^/4  SLOPtN6 ATPALE Ut fH tNOUC| |VE LaAot t l c
FP€OuENCr  IMHz)

{lg. 7. Vohlga.tlnding wav. .atio rod b.ndwidth ot th.
conv.ntlon.l d.lt! loop. rh. TLDL, tha TLOL with induc'
tlva loadlng, and ! quai!6r-wavola.tgth aloping dipola an_
tr.tn! wilh inductiva losding. Relonlnt lraquancy it 3.&6
MHU in thi.  mod.l .

other nearby antennas are not significantly influ-
encing its behavior. A considerable amount of inter-
action between a TLDL, an inverted V, and a sloping
dipole, all supported by the same tower, has been
observed. The data in this article were taken with the
invened V and sloping dipole removed from the
towsr.
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250 & 400 Hz 8-pole xtat filters
WIN Y(lUR BATTLE AGAITIST ORM
GET THE BEST AI{O SAVE

AINMAIL POSTPAIO
OVENSEAS ADO '3

Fartasticl ' is ths word XzTK uses In summanzing the perl0.mance ot
lh€ n6w Fox-Tango 8'pols 250 iz C$/ cryslal rattrcs lllter rn compafison
wrth rhat ol hrs slanoaro 4-0ora rlEath unrt. q€markaDlv lree lrom
lnqtnq. .exceptEnal ultimato rei8ctton. . . suo€nor shap€ laclor . easy
In siah;lpn . . . ' ar9 other quol€s kom hrs €nlh usrashc rspon . whrl6 gr aLr.
lvrno. nrs rgnarxs com€ as no surpnsa - lhEy morEly Echo thosl ol hun-
dr6ds ol salrstlrd Yaosu ano (6nwooo purchascrs ol Fox'Tango trllets
who havr d€cdld to up-grada ihlir prosont sots instoad 0l purchasiflg
nE{ onos at loday's intlatd pncG.
Fox.Taflso liltors aro d€siqnod to march thr mounllng hobs In lhE most
oooutar Hsath n03 hk! ths Hw-101. SB'301, slc., exaclty. For thr
hilrs, rh! dnllino ol a Itw srull holas tvlll posa no proolotn lor HEalh
ownors who hav. ' 'burll lhcrr ovJn ' . K2TK mounl€d hrs nrw 250 H r un
In thc soa6 r€$w!d l(r an AM tiltor rn hts 58300 lhus maklng uss ol
exrsling lro Fansl coolrols lor sal€cting e hor ol hls two CW lillErs. For
thoss whos8 modEls lack $is lacility, tt wtll b6 Easy l0 tmprousc m6chan'
rrator qEctrornagn€lE swrtching arrangomEnls dual liltols aro d€sired.
0l coune, lor tholr saisliod wrlh ona lilttr, Inslallation usually conslsts
ol tighloring tlvo fluts and soldlting two corntcton3.
our complst! lins ol liltors is list8d b€low. Not€ lhat wo otl6r both 250
and 400 tlz bandwidths lor Hoalh rios. Allhough thc hn$ arl||.r l0 D€
lho sam6 as lhr dandald H6ath CrW tillcr, rh! drthrsnc! in 8-p010 per'
formancs hrs to ba h€ard to bc b€lilvcd. The 400 Hz unit is idoal lor r0u'
ri0e CW op€ralion w€n though it lacks lh! ne€dllsharp responsE (and
criticaltuning rEquirsmEnts) ol th6 250 Hz liltsr.
All units arE $55 sxcEpt as indicalod. 0rd6r wdh conlidonc8 - salis{ac'
tion ls guarartsto.

I !  evoo etToT nue lo sr fn larrry o l  some l r l0 l  numb€rs.  specr ly ceSrec "n ' r
corxpleley *hen arderrng ncude make and model 0l sel. I ler nuriroei arro

0lod. sritciing Sorrda Dermrl easY moufnnq (wrlhout dnlhng) ol up lo rwo c.rslar
I  r lers o l  afv Ivoe n addlDn lo lhose lor  whlch lhe manulaclurer  prov ce5 ;3ace
;hes€ ooafoS wrlraccommodale any ol lhe lllt6rs llsled rrr4t lladn slec lv fa{e
ol set wrli whrch hoarc rs lo be !s!d, 520 allfia posha|d.
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