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Antenna Design:
Something New!

- controlled-current distribution

Fig. 1. Cont rolled-current distribution antenna general ar­
rangement. Details of construction and ad;us tmenr are in­
cluded in the text A feedUne length which is a multip fe of
V;> wavelength at the lowes t (design) frequen c y is
desirable.
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d irectly from a capacito r is
so m inor does not just ify its
v irtu a l e lim ina tio n from
use in antenna syste ms . As
a device for the con tro l o f
phasing, it looms as the
most important cons idera­
tion of a ll, both for pushing
that antenna current to all
parts of the rad iator and,
importantly, to d istribu te it
in phase, so the re sult ing
fie ld is efficien tly directed .
Int ere st in g ly en ou gh ,
s u p e r io r re sult s occ u r
when the c u rrent distnbu­
tlon becomes more equa l
in the sys te m . Lo and
behold. best resul ts a re o b­
tained upon el imination of
the sta nd ing wa ve .

The inse rtion o f capac­
it ors in se rie s w ith a n
an te n na wa s b rie f ly
d e scri b ed by Term an . '
Some ideas were adde d by
Cbe rrna n. with the advice
tha t the technique " we ll
deserves further investiga-

'Terman, Radio Engineering
Handbook, McGraw-Hili, New
York, 1943. page 773.

Ou r thinking in thi s regard
has c ha nged ve ry li tt le
since the medium of rad io
was di scovered more than
a hundred yea rs ago .

The greatest impedi ­
ment to progress in anten­
na development over such
a long t ime has been the
belief that a n "antenna" is
merely a length of wire in
space , whose dimens ions
are locked to the operating
fr eq uen c y . The second
problem . a lso lin ked with
the fi rst, is the notion that
the antenna shou ld sustai n
a sta ndi ng wave . Th irdl y
a re the prob lems associ­
ate d with lossy e nd e ffec ts .
There is a lso the excessive
copper heat loss that must
occur a t the center of the
conve nt io nal dipo le . The
losses due to high c urre nt
(and rf fi eld ) d en sit y
mu ltipl y when the usual
an te nna is erected as a
quart e r-wa v e ve r t ic a l
rad iator.

But all o f this was BC
(befo re cap aci t o rs ). The
fa ct t ha t the radiat ion
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space dimen sions of rad io
waves. The presence of
standing waves and losses
due to end effects have
heretofore been accepted
as mo re or less necessary in
the transfer of radi o fre­
quency ene rgy into space.
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A ntenna element s to
date, whethe r ground­

ed or ungrounded, are by
and larg e composed o f
e lect rica lly co nti nuo us
co nducto rs who se dimen­
sions a re based on for­
mu las related to the free-



Table 1. Construction guidelines for CCD antennas o ne space wavelength long.

Band length Section Sections Capacitor Capacitors "K"
meters feet inches number pF number

160 560 '40 48 '560 46 33.92
80 280 70 48 780 48 16.96
40 140 35 46 390 46 8.48
20 70 17.5 48 195 46 4.24
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It is well established that
a maximum field is pro­
duced a round conductors
at po ints of maxim um cur­
rent. Points of high vo ltage
and low current , con­
versely , produce small
fie lds . It follows that,
shou ld some mea ns be pro­
v ided to ma inta in the
an tenna current at a con­
st a n t or near-constant
value along a conductor,
the re sult ing field shou ld
t rans la te into impro ved
gain from the rad ia tor. This
condition of tracking the
antenna current in phase
wo uld no t o nly red istri bute
the exce ssive 12R conduc­
tor heating loss present at
the center point of peak
cur rent , but would also
red uce o r e liminate the
d ielec t ric end effect Josses .
Such a current distribution
would not only make it
possible to effi ciently
employ constant cross­
sect ion a rea sleeves in a
ferr ite radiator, but a lso to
improve other antenna
systems.

Fig. 2. (a) Conventional half-wave radiator showing rhe
concentration of current at the middle half of the antenna.
(b) Small sec tion o f a vertical CCD antenna showing cur­
rent loops at each capacitor-wire section. Loop
amplitudes decrease as the radiator end is approached.
Ho wever, very significant improvements in gain and other
features now result from expanding current dis tribution
outward from the antenna center to better utilize the en­
tire radiator.

To offset this limita tion,
a means to obtain a ne ar­
consta nt rf current a long
the conduc tor was con­
ceived. This CCD scheme
made it practical to utilize
cored sleeves over t he en­
ti re rad iato r and to great ly
extend t he frequency tu n­
mg range.

In b rief , the system
made possib le the opera­
t ion of el emen ts as short as
h undredths of a wave­
length, with spacing of
beam elements likewise
reduced . Upward of 300
foreign countries were con­
tacted by W4FD, under the
previous call W3UZ. usi ng
the shortened ferrite anten­
nas between t he yea rs 1959
and 1973. Moreover, many
of these contac ts were
made whi le radiating from
ferrite elements in a base­
ment in Washi ngton, DC, 5
or 6 feet below o uts ide
ground level.

Conti nued experimenta­
tion with the CCD scheme,
following its initial use in
ferr ite antennas, revealed
that the ga in reali zed fro m
conventiona l wire, beam.
mast, or tower antennas of
all types could be ma rked­
ly improved by employ­
ment o f the contro lled­
current dist ribution princi­
ple . In short, it improves
the operation of antennas
at both dimens ional ex­
tre mes.

The Controlled-Current
Distribution Theory

impeding practices. Some
simple t heory and prac­
tica l construct ion detail s
are included to introd uce
the improved system .

Developmental Ba ck­
ground

The cont ro lled-c u rrent
distribution (CCD) princi­
ple was recognized more
than ten years ago, d uri ng
the developm ent of a com­
pact 3-e leme nt ro t a ry
beam. Femtes were used ,
not only to d ramatically
shorte n t h e a nte n na
e le ments, bu t a lso to pro­
vide a means whereby a
special type of cored fe r­
rite material could be used
to e lectrically tune each
ele ment individually over
a wide range of operating
frequencies . Controls for
tuning are conveniently
located at the operating
pos ition.

The CCD p ri nci ple is im­
plicit in the basic United
States patent 3,564,551,
granted to W 4FD on
Februa ry 16, 1971 , which
covers the sc heme where­
by a dipole antenna e le­
ment employing ferrite is
tunable over a wide range
of frequencies, in e ither
tra nsmitting o r receiv ing
modes , by varying t he
permeability of the sleeved
cores. Pe rmeability varia­
t io n is accomplished by
magpeticall v b ias ing the
core; ..... ith co nt ro ll ing field
current windings. -

It is well known that fer­
rite m a teri a l must be
em ployed in rf ci rcui ts
under conditions of hig h
current and low voltage
because of its inherently
high d iel ectric properties .
Previous use of th i s
materia l had been limited
to the midd le one-third to
one-half of the dipole .

tion ."> How long it has
taken us to grasp the han­
d le on this rocket, on wh ich
we may escape the prison
of conventional thinking!
Let us take that flight ,
without further delay.

It is difficu lt to face the
fact that, for all these
years, we failed to take ad­
vantage in antenna design
of that most important
cha racte ristic of a capac­
ito r, its inhe rent low loss.
The lowly capacitor is well
established as man's best
friend in the de sign of
power a nd audio fi lters
over these many yea rs .
Somehow, a blind spot has
prevented us from seeing it
in the vital role of filte ring
out antenna cur rent mto a
most efficient dist ri bu tio n
pattern.

Additionally, by equaliz­
ing current throughout the
rad iator by use of capac­
ito rs, we realize anothe r
very important impro ve­
ment. Over the years, we
have tolerated that
wastefu l sp ray of h igh­
angle rad iation whic h oc­
c u rs from the high ­
impedance, high-voltage
portions of our anten na as
though it were an unavoid­
ab le ev il. In re ali t y, a
s t a n d i n g - w a v e - t y p e
radiator thrust s out energy
at widely varying angles,
becoming worse towa rd
the ends. Whe n we ap­
proach equal current along
the antenna , radiation
begins to fo cal ize at a low
angle . Lo and beho ld agai n,
our anten na begins to per­
fo rm amazingly well on
DX, even when close to or
near the ground . In brief,
the equalized current ele­
ment becomes an im ­
proved perfo rme r when
subst it uted for the conven­
tional dipole form in all
kinds of configurations.

The present paper was
written to encourage a
breakthrough and break­
away from conventional

"Charman, RSGB Bulletin, Lon­
:ton, July, 1961.
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The problem of current
d istribut ion was reso lved
by cutting the antenna con­
ductor into twenty-two or
more even-numbered sec­
t ions of equa l length, to
wh ich were in te rco nnec ted
in alternate series twenty
or more eq ually-valued
f ixed capacitors. Note that
no capac ito rs, either series
or shun t. are emp loyed at
the feedpoint . Fig . 1 . The
antenna always begins
with co nduc tor sections at
the center feedpoint and
ends with co nd uc to r sec­
tio ns.

It wi ll be helpful to point
out here that the CCD prin­
ciple is reall y that of carry­
in g out t he idea of top o r
end l o ad in g, so often
ut ilized in the co nven­
t ional shortened antenna.
The ulti mate resul t is that
of improving the current
d istribution throughout
any length radiator. Con­
trol of current distribution
by means of intercon­
nected ser ies cond ucto r­
capaci tor sec t ions with
fan ned end rad ials or large
discs (but without lum ped
inductance in the circuit)
begins at o ne-half wave­
length for the d ipole or a
quarter of a wave length fo r
the grounded v er t ic al.
Thus, by using the horizon­
ta l dipole as a guide, it can
be seen that the addit ion of
aluminum screen discs at
the ends, plus the cutt ing
of a half -wa velength

Time Antenna Height In Ferris 32-B
DST ,... leyel, dB
1:45P UCCD 60 20 Relative

REF 60 '5
2: 10P ##7 CCO 60 20

REF 60 '5
7:20P ##4 CCO 60 20

REF 60 15.5
10:56A ##4 CCO 60 20

RE F 60 ' 5
10:40A ##4 CCO 60 20

REF 60 15

Date

7-2-77

7-4-77

7-5-77

7-14-77

rad iator into a series of
alternate wire and capac­
itor sec t io ns, could im­
prove both the cu rren t
dist ribution and gain of the
re sultant rad iato r . Ho w­
ever, this is only the begin­
ning of the poss ibilities.

Th e Antenna Aperture
Co ncept

One aperture c an be
convenient ly def ined, for
the purposes of this art ic le,
as the in-space dimension
of a half wavelength at a
particular frequency. By
this definition, the conven­
tional thi n-wire dipole,
because of its end-effect
characteri stic , may be said
to have an ape rture o f
about 0.9S. Antennas co n­
st ruc ted of tub ing o r cy lin­
drical elements have an
even smaller ape rture .

Aperture as a concept in­
volves the idea of exposure
to a wavefront . The idea
m ay be referred to a slo t
antenna , cavities, o r even
to the ra ster of a television
pictu re scan. In a sense, all
radiat ing system s w hich
present an exposu re which
is less than a wavefront in
free space distance may be
said to suffer from a degree
of " w avefro nt distortion"
In other words, the full
potential of the wave­
sweep or scan is not pre s­
ent in a t ra nsm itting o r
receiving antenna of con­
tracted d imensions.

Real exposu re effi-

. .
crencv. or maximum aper-
t ure usage, beg ins at t he
point w here an in-phase
equal -current c o v e rage
fi lls the conducto r o r slot
m edium .

Expo su re effi cien cy
begins in a smaller way
w ith the CCD scheme, p lus
element end o r to p capac­
ita n ce loadi ng , a nd
emerges more or less full ­
blown wit h ante nna
lengt hs of two apertures or
more.

The improvement in gain
t hat c a n be effec ted
t hroug h t he u se of a
co nsta n t -c u rre n t distri­
bution arrangement can be
i ll u st rated with the
SIB-wave length hor izontal
antenna. Thi s rad iato r pro­
duces its peak gain at this
length part ly because of
the trade-off between an in­
crea sing out-of-phase com­
ponent and it s expanded
aperture . Gain begins to
dec re a se at ante n na
lengths above and be low
the SIB-wavelength figure.

It is customary to pro­
vide the 1/B wavelength
(extending the % -w av e
dipole) by loading the
antenna wit h a no n ­
radi ating series ind uc to r.
H o w ev er , inductors in­
troduce subs tant ial losses.
Therefo re, any t rade-off
scheme to in crease gain
th rough the use of either
inductor or c a p ac i t o r s
should favor the inherent ly

l o w e r - l o ss capac ito r .
Moreover, the CCO princi­
p le can be employed not
o n l y to elim inate the
load ing ind uctor losses,
but also to effect ive ly dis­
tribute the current so t hat
resonan ce is restored to
the Ifl ·wavelengt h va lue.
Not on ly is the ou t-of­
phase component effect
greatly reduced , but the
resultant current distribu­
t io n can be made phase­
aiding also. Furtherm ore,
the trade-off limitation at
the SIB-wavelength dimen­
sion disap pears , and the
way is opened for con­
t inued in crease of aper­
tu re , in phase, w ith in­
creasing antenna length.

Controlled-Current Distri­
bution Principles

The CCD process ca n be
more easily visual ized by
co m pa ring i t to full -wave
rectif icat ion o f a mult i­
phased alternat ing cur rent
to iro n ou t t he ac ripp le
co m po nent. No recti f i­
ca t ion of the rf in the an­
tenna element is , of
course, taking place in the
CCD sy stem . However, in
the alternate co nd ucto r­
capaci to r arrangement , as
val ues of capacitors are
progress ively in creased
and wire length in each sec­
t ion is decreased , within
reason, the rf standi ng­
wave " ripp le" along the an­
tenna will tend to sm oo th
out. The better the d istri­
bution of the current. ap­
pro aching a t rue in-phase
co nd it io n, the more effec­
ti ve the antenna . The
capaci tance load in g d iscs
employed serve the pur­
pose of carrying uniform
dist ribution of c u r re n t
neare r to the radiator's
very end .

Test antenna specifications:
#4 CCO-150 teet overall, 36-inch sections, 390 pF caps.
.7 CCO-136 feet overall, 38-lnch eecuone, 390 pF caps.
Relerence model 67 feet overall. A convenllonal dipole.
All three antennas normal to a bearing 01 45 degrees true, and the standard Ferris model 32·B anten­
na.
All Inactive antennas were f loated during each reading.

Table. 2. CCO comparative f ield intensity measurements.
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An illustration of cu rren t
pattern s th rough t he Xc
and X1 co m po ne nt s is
shown in Fig. 2(b). A ver­
tical rad iato r is depicted,
so that positive X1 and
negat ive Xc va lues may be
show n right a nd left
respect ively . The wire sec-



Table 3. Measured CCD antenna fundamental and harmonic resonances versus overall
fength, as measured during construction. The graph in Fig. 3. was plotted using these
va lues. ·Wirh 2- /001square aluminum screens attached to each end during last meas ure­
ment.
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Length overall Fundamental 2nd harmonic 3rd harmonic
(fee t) (MHz) (MHz) (MHz)

6 46 126
12 30.1 86 140
18 22 63.5 104
24 17.8 57 83.5
30 14.4 42.5 71
36 13 36.6 59.5
42 11.5 31.7 52.6
48 10.5 28.4 48
54 9.9 25.5 40.8
60 9.3 23.5 38
86 8.9 21.6 35
72 8.65 19.8 32.5
78 8.3 18.5 30
84 8., 17.3 28.3
90 7.9 16.15 26.35
96 7.8 15.5 25

102 7.7 14.6 23.6
108 7.6 14.1 22.4
114 7.5 13.4 21.3
'20 7.35 12.9 20.3
126 7.25 12.4 19.2
132 7.15 12.0 18.3
138 7.1 11.7 17.8
144 7.05 11.4 17.15

" ' 50 7.0 11.3 16.0

15 . Harm onic o pera tio n
becomes more and more
effec tive as the number of
capacitor units is inc reased
and the conductor sec­
tio ns a re p roportionately
shorte ned . Rule of thu mb
shows tha t, fo r a given
ove ra ll antenna length ,
sho rten ing the wire sec­
tions by one ha lf doubles
both the numbe r and th e
capac ita nce va lues o f the
fixed capacitors required.
Broadside pa tte rn c ha r­
ac te ris tics a re pro por­
tionate ly improved at both
the fundamental and ha r­
monic frequencies wit h an
inc reasing number of sec­
tions .

Co mpara tive Fie ld Inten­
sity Measuremen ts o f the
CC D Antenna

At the W4FO ante nna
ra nge, carefu lly controlled
ga in measurem en t s are
made using a la boratory
standa rd Ferr is model 32-B
fie ld inte nsity meter, fitted
with its standard at-i nch
antenna. Power to both the
p late s and fi lam ents is
regu lated to 1 percent. The
la bo ra t o ry eq u ip me nt is

CCD Disadvantages
1 . Increased cost because
of the added wire, capac­
ito rs, a nd insulators.
2. G reater care in con­
struc tio n and testi ng.
3. Requires more erection
space t han is available to
some amateu rs.
4. In CCO antennas fo r 3.5
MHz and lower, the capac­
itors shou ld be protec ted
fro m s t a tic cha rge by
s hu nt ing re sistors . If a
duster o f CCOs is used,
o nly the longest one needs
thi s protect ion .

These are reall y minor
inconven ience s in contrast
t o t h e fift e en ove r­
whe lm ing benef its liste d
a bove . The o ld adage ,
" Eve ry nick e l spent on the
antenna is worth more than
a dolla r spent o n the sta­
lion gear," was never true r.
Give t hat good rig a cha nce
w it h an e q ua lly g o o d
antenna!

34
32.5
30.4
29
27.9
26.4
25.4
24.5
23.1
21.8

4th harmonic
(MHz)

2 . G re a t reducti on o r
elim ination of e nd effects .
3. Higher an te nna re sis­
ta nce.
4 . Fu ll use of a nte nna
ele ment - no node s.
5 . lo we r radi at io n
angle - good OX radiator.
6 . No high vo l t age
points - can be lai d on tree
lim bs .
7. Good fie ld d ay a nten­
na -wo rks well at o nly 8
fee t up .
8 . No phase-inverting stub
req uired .

9. Can be made any con­
ve nie nt length for
availab le space.
10. Imp roved bro ad band
cha racteri st ics .
11 . lm p ro ve d broa ds ide
rad iation a t ea rly ha r­
mon ics -good harm oni c
antenna .
12. Current di st ribu tion e f­
fects lower losses in both
antenna and gro und.
13 . Ve ry e ffective fo r
q uads, d e ltas, etc .
14. Changes in he ight pro­
duce prog ress ively less
rel a t ive c ha nges in anten­
na re s is t a n c e as th e
number o f capaci tors and
o ve ra ll len gth a re in ­
creased .

ing rain . With the CCO a r­
ranged in a squa re, aga in
flat on t he ground and
under seve ra l inches of
snow, 12CUV reported a
signal of 549 on January 28,
19 77 . A two -wire non­
rad iat ing feed er 9 fee t long
was used , and no arcing
was fo u n d alo ng t he
rad ia tor with an inpu t of
500 Watts.

Adva ntages of the CCD An­
tenna
1. Grea te r gain .

,
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most efficient use o f the
ava ila ble ground space .

O ne sta rt ling cha ra c te r­
isti c of the CCD anten na is
its almost co mplete im­
mun ity to the effec ts of
close-by nonresonan t con­
ductors o r se mico n­
ductors. In o ne te st , cons is­
tent S.9 reports o n 7 MH z
were received by W4FD
from stations in M iami,
Cincinnat i. New O rlea ns.
and l ouisville with the
CCD antenna lying flat o n
the grou nd during a soak-

'$ ) 0 4 2 ~4 &6 ,. ~ '02 "4 126 '4 4
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Fig. 4. The Mills controlled-curren t distribution antenna.
Graph made from data taken during assembly on July 20,
1977. Section fengrh -l1 inches; capacitors-1500 pF;
number of capacitors -160; dip meter- Millen Solid. For
exact measurement data, see Table 4.
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feed line ci rcu lati ng cur­
rents a nd to maintai n
balance. Since the antenna
impedance along its length
is practically constant, no
feed problems should be
experienced at any point,
provided that balancing
tec hniques are employed.

The broad band ing char­
acte ris tics o f t he CCO
rad iator a re rema rkable, in­
creas ing in proportion to
a nte n na lengt h . Si nce
sta nding waves are now
co ns p ic u o us by t he ir
absence in t he conven­
tional se nse, t he need fo r a
p hase-i nve r t i ng s t u b
(which lim its bandwidth in
t he co ll inear a rray) no
longer exists. In o ne fell
swo op, controlled-current
distribu tion removes both
a long-standi ng obstacle to
broad banding and also the
wire loss introduced by the
stub.

He re tofo re , the capac­
itor has not been e mployed
to any great extent directly
in a ntenn a e lements . It is
passive insofar as its con­
tribution to the rad ia tion
process . However, its low
losses and its ability to con­
trol cu rre nt di str ibution ,
and hence phasing, give it
a unique pla ce in ante nna
des ign. Importa ntly, it pro­
vides the antenna designe r
wit h flex ibility in tailoring
his rad iating system fo r t he
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Too low a capacity will
create too high a capac­
itive reactance in O hms
and the reby over-cancel
the inductive reactance of
the wire section. Converse­
ly, incorpo rati ng c a pac­
itors of too small a value
will prevent ever ac hieving
re so na nce, regardl ess o f
how many sect ions a re
added . The Xl to Xc ra tio is
the key to proper CCO
antenna perfo rmance. If
the d ifference is too sma ll,
we will require a n imprac­
ticabl e number of wire sec­
tio ns and series capacitors
to obta in re sonance at the
desi red freq uency, and the
magic of co n tro lled ­
cu rrent dist ribution d isap­
pears .

The superio r c haracter­
isti cs of the controlled-cur­
rent distribution system
become apparent when the
radiator overall lengt h is
extended to o ne e lectri ca l
wave length a nd beyond .
The end-load ing d iscs may
then be e liminated , except
in instances whe re it is
desired to feed the antenna
at some point considerably
off cente r. In suc h ca ses,
the use of a disc is recom­
mended o nly at the shorte r
end. When o ff-center feed
is emp loyed , a balu n
shoul d be in se rt e d be­
twee n an t e nn a a n d
feed line to isolate the

Fig. 3. The Mills controlled-current distribution antenna.
Measurements were taken du ring assembly on March 24,
1977. Sections - 3 feet; capacitors -silver mica 390 pF(50
each); dip meter- Millen Solid; coupling turns -8. For ex­
act measuremen t data, see Ta ble 3.

How th e CCD Antenna Dif­
fe rs

I t h a s lon g b e en
a ssumed th a t , b e c au se
radio freque ncy e ne rgy
be comes an accu rate ly
measurable stand ing wave
in free space, the rad ia ting
element itself sho uld be
dimens ionally designed to
al so co nta in a standing
voltage wave . Thi s locked­
in conce pt, far from having
basis in fa ct, is o ne of the
bottlenecks to the realiza­
tion of greater efficiency
and versatility in antenna
design and co nst ruct io n.

Here are fea tures whe re­
in the impro ved CCO an­
ten na d e p art s radi c all y
from t he usu al d ipo le .
Fi rst , we se lect the wire
section le ngth desired and
then dete rmine what ca­
pa city in picofarads is
nece ssa ry to pa rtia lly
cance l the inductive reac­
tance of the wire sect ions.

rent throughout the CCD
not o nly provides a more
favorable a ntenna re sis­
tance at the fundamenta l
fre q ue nc y (u sua lly dou­
ble ), as co mpa red to the
co nve nt io na l dipole, but
a lso the c urre nt di strtbu­
tion at the second har­
monic will be only a few
hundred Ohms (usually
le ss than 450), prov ided he
utilizes 50 or mo re d istri­
bution capaci to rs. More­
over , most of the radiat ion
will occur broads ide to the
anten na , as has been found
during operatio n at t he
funda menta l freq uency.

Elabo rate measu re ­
ments and adju stme nts
c o u ld be pe rfo rmed ,
mea suring anten na resis­
tance and resonant fre­
quency with rf bridge and
detector, wh ile adjusting
e n d- lo a d in g c a p ac ito r
sc ree n di scs to the exact
diam eter. However , in
practical application, such
elabo ra te tailoring is not
ju stified , because the
antenna will genera lly be
used ove r a wide range of
frequencies .

-
Co nt ras t ing the (CD fea-

tures to another type of
long antenna , the collinear
array , it s performance
super io ri ty is readily ap­
parent. When several one­
wavelength CCD rad ia tors
are configured as a col­
linear array, no longer are
th e usual r an-deg re e
phase-s h ifting stu bs re­
quired at o ne-hal f wave­
length inte rva ls along the
rad iator . Stubs are only
needed to separate each
one fu ll e lectrica l wave­
length. thereby red ucing
the number of stubs by
one-half in a given array.

The simpl if ied and im­
proved antenna will prove
to be o utstanding in gain
for 2 meter a nd higher fre­
quency applications and
particularly in co lor tele­
vision, where a broadband
response is mandatory.

The user of the CCD will
be especially p leased with
its performance a s aver·
tica l radiator . The longer
his CCD with respe ct to the
electrica l ha lf wave, the
less will be the need for the
labor-consumi ng ra di al s
whic h a re so important to
the co nvent io nal stand ing­
wave sys tem. Since cu rrent
is n icely di stributed
throughout the radiator, no
longer are we troubled by
the he avil y-concentrated
field a nd resulting lossy
ground -return c u r re n ts
directly at the verti cal
antenna base. The heavy
fi eld around the base
becomes less and less as
the antenna is lengthe ned
to one-half wavelength and
performs quite well with
sho rte r radia ls . At o ne
wavelength, we rea lize a
low-angle radi ator pa r ex­
ce llence and may d ispense
with t he rad ial plow.

The user will be most
agreeably surprised when
he learns that the almost
uniform di stribution of cur-

tion is distributed X1. com­
p rising most of the
rad ia tor, and the Xc con­
t ributes only minor power
in the radiation process.



Table 4. Fundamental and harmonic resonances versus overafllength fora CCO antenna
containing 160 capaci tors, as measured during the assembly phase. The gra ph in Fig. 4
was plotted from these values . Note: Frequency measurements for the 131- and 139-foo r
lengths are extrapolated, due to unavoidable circumstances during construction.

length overall Fundamental 2nd harmonic Numeer ct
(Ieel and Inchea) (MHz) (MHz) capacitora

20' 8" 19.1 57 24
25' 7" 16.6 48 so
32' 7" 13.2 36.4 42
38' 9" 11.5 30.9 SO
47' 5" 10.25 26.5 00
58' 2" 9.45 22.2 70
74' 2" 0.65 19.2 60
82' 5" 8.5 18 90
90' 7" 8.2 17.2 100
98' 9" 8.0 16.4 110

106'11" 7.65 15.8 '20
115' '" 7.0 15.4 1,"
123' 3" 7.4 15.0 140
131' 0" 7.2 14.6 'SO
139' 0" 7.05 14.15 100

Fig. 5. CCO capacitor/resistor assembly encapsulared in­
side plastic hot and cold water pipe. See text for construc­
t io n deta ils.

seri es string and find that
270 pF per capacitor is pro­
per for re so nance a t 7.0
MHz, then:

K = 270/24 = 11 .25 .
This is, of course, t he ef­

fecti ve series capaci ty o f
the string. But, more im por­
tantl y, we ca n use thi s K
figu re for dete rm ining fa ir­
ly close ly what ca pacitor
va lue to use with in o the r
bands a nd with different
wire sec t io n lengths and
capa c ito r va lues . As in­
dicated above, both the ca­
pacitance and wire sec t ion
lengths are indirectly pro­
portional to the operating
freq uency Ii. e .. K for 3.5
MHz would be a round 22 ).

CCO antennas fo r higher
frequencies may be de­
s ig ne d b y r a ti oing
capaci tors a nd wire sec­
t ion length from the data in
Tab le 1 . Similar ly , t he
bui lder may co mp letely fill
his ava ila b le land space by
sca li n g t h e wire and
capacitor sizes .

If capaci to r value s not
s how n in Table 1 are
available, they may a lso be
used to const ruct an eff i­
cie nt CCD antenna. it is
o nly ne cessary to adj us t

means o f an rf Q-meter o r
bridge .

lig htn ing a n d s t a t ic
c ha rge protective cho kes
were o ri g ina lly used across
each capacitor. These m ay
p roduce random re so­
nance indications wh ich
are mi sleading during dip­
mete r mea sureme nt s
which a re necessa ry to ad­
jus t the CCO antenna to
resonance . For that reason ,
the su bsti t u t io n of 't-watt.
20 to 50k Ohm res istors is
recommended .

Proper capaci to r va lues
lie between the two ex­
tremes whi c h were men­
tioned above, the key to ef­
ficient CCD performance
being the co nd it io n of par­
tia l ca nce lla t io n of wi re
sec t io n positive X1 by the
negative rea ctance Xc. A
range of useful value s and
wire sec tion dimensions is
incl uded in Table 1. A
sim p le mathematical eq ua­
tion can now be esta b­
lished in whic h the CCO
series c a paci to rs ca n be
equated to a ce rta in K
value for e ach band . For
example, if you have 26
five-foot secti o ns (with 24
capaci to rs) in the a ntenna

and (2) protect ion o f co m­
ponent s from moistu re ,
sa lt water, etc. Obviou sly,
a CCO mounted w ith in an
a ttic would have less st rin­
gent req u ireme nts.

Method (4) a bove was
devel oped by W4FD and
has proven ve ry effective
in s it u a t io ns where the
assem b led rad ia to r must
be dragged through tree
branches o r ove r rugged
terrain dur ing erection .
This method of assembly
will be de scribed later in
deta il because the CCO,
for the first time, opens the
door for successfu l anten­
na operat ion in treetops
and in many ot he r sites
which have been fou nd un­
favo rab le fo r o t he r anten­
na systems.

The types of capaci to rs
preferred a re po lystyrene,
silver mica , or mi ca, in t hat
o rde r. Ca paci ty tolerance
should be 5% , and the dc
wo rking voltage may be
200 volt s , due to the
relatively sm a ll rf volt age
im po sed across e ac h unit
in the CCO applicat ion ,
even at the legal power
limit . Po lystyrene capac­
itors provide the ad van­
tages of stabi lity , excellent
sea ling, sma ll size, and
lig ht e s t weight. Ca p ac­
it ors o f wider label ed
tole ra nce a re equally
satisfactory, provided t hey
are selected for the recom­
mend ed to leran c e b y

Overse as Signal Reports

The results of OX tests
a n d transmi ssion and
reception have favored the
CCO by betwee n 5 and 7
dB over the re f ere n ce
dipole. On good OX nights,
reports o n 7 MHz CW have
been 10 to 20 dB over S9
from Europe and Asia to
W4FO using 500 Watts.

housed in a permanent
isolated building located
normal to the test antennas
and 56 wavelengths d istant
(at 7 MHz). A 67-foot-long
dipo le , for co mpa riso n, is
mounted parallel with the
CC O ant enn a s and is
elevated 60 feet.

Two identical separate
dri vers and final s are
ca re f u lly m atched for
equal outputs and feed
ident i c al impedan ce ­
matching netwo rk s and
tra ns missio n lines to the
antenna s being compared.
To m inimize the effects of
fading, provision is made
for rapid alternate switc h­
ing between the two anten­
nas being compared , both
whil e transm itting and re­
ce iving. See Table 2.

CCO Co ns tr uctio n Guide­
lines

Se veral m eth ods o f
assem bling the capacito rl
wire sect io ns have been
employed s ucce ss f u ll y.
These have included: (1)
b ridging the components
ac ros s s m a ll s t ra in in ­
s u l a to rs ; (2) utilizing
sp ac ing insul ators sa l­
vaged from large coaxia l
transm ission lines; (3) en­
ca psu la t ing the co m po­
nents inside a light plastic
tube (Fi gs. 5 and 6); and (4)
sp ira ling dual wi res about
a nylon rope and taping
each ca pac itor fo r water­
proofing (Fi g. 7).

The construction meth­
od selected depends upon
ind ividual sit ing problems .
The ma jor req uirements
a re : (1 ) me chanical
strengt h suff ic ient to sup­
port the antenna du ring
wind and icing cond itio ns,
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sio ns). Add one inc h more
to each wire section e nd
for connect ions . Sc ra pe
clean the one-i nc h portions
fo r so lde ri ng .

3. A rra n ge a co m­
fortabl e work posit ion fo r
anc ho ri ng. stretc hing, and
assembling o ne anten na
sect ion at a tim e . (W4FD
uses two vises spaced on a
workbench.I

4 Allow suff icie nt ro pe
at each end fo r tying the
finished CCO to its sup­
ports, and st retch the first
rope section pre pa ratory
to applying the two wires .
Anchor a single end of the
wire to the rope using vi nyl
tape.

5. Si mu ltaneously tw ist ­
wind the two wires about
the rope in a crisscross
(s pira lling turns in opposite
d irec tions)manner, ma king
12 o r 14 tur ns fo r th e
ty p ica l 5-foot sec t io n. The
nu mber of c rossover tu rns
is not critica l. The purpose
is to pr ov ide sn ug ad­
herence of the wire to the
rope . Experiment with the
first sec t io n un til you are
sa t isfied with yo ur tech­
tuque.

6 Wrap two turns o f
both cleaned ends of t he
a n te n na se c t io n wi re s
around a capacitor lead
and one protector resistor
lead close to t he un it
bod ies.

7 . So lder t he t w o
wrapped wi res. e nsu ring
that so lder flows o nto all
wires a nd penetra te s the
joint. We ll-so ldered con­
nec tions are essent ial to
proper CCO performance;
therefore , do no t solder un­
til all joints are clean .

B. Hold t he c apaci to r
and attac hed #17 wire sec­
tions snug ly agai nst t he
rope and app ly one layer of
vinyl p last ic tape, sta rting
o n the rope abou t 2 inches
from the capac ito r/res isto r
ends. Lap the tape one half
of its width fo r eac h wra p .
Continue taping over the
capacito r a nd resistor un t il
the remaining capac ito r/re­
sisto r leads are jus t ex­
po sed .

Construction Detail s
1. Test every capaci tor

for va lue, within 5% . The
CCO w ill fai l to o pe rate
proper ly with even a sing le
defect ive capac itor. Form
the capac ito r leads in a
straight line, pointing away
from the capaci to r body.

2. Cut sections of soft­
drawn #1 7 o r#1B enameled
copper wire into lengths
appropriate for the desired
frequen cy of operat ion
(see Table 1 for dimen-

til the forward e nd of the
antenna is retrieved . (Note :
It will usuall y be found
best to lay the ante nna out
at the site in the form of
two a rm -wound co ils ,
ass uming yo u are us ing a
cente r feedlin e. The pull ­
ing ope rati o n of an tenna
ends through the trees will
then invo lve relea sing one
a nte nna coil a t a time,
wo rking o u t from th e
ce nte r.I

To withstand the stress
of dragging the capaci torl
line sections through the
tree branches , W4FO de­
signed a specia l type of
CCO ante nna . A single con­
tinuous nylon rope o f Y4 -to
3/B-inc h di ameter provide s
a ll insu lat io n and se rves as
a messenger to pro tect the
antenna com pone nts dur­
ing erect io n and also to
provide a rugged support
afte r the ante nna is pu lled
into its o pera ting posit ion .
In thi s fo rm , the CCO
becomes a ve rsat ile a nten­
na which may be quickl y
unreel ed for rigorous use in
military. amateur field day,
o r emergency se rvices .

Genera l Const ruct ion
Two w ires a re parall e led

in each sect io n, spiralled in
oppo site d irections a bout
a co nt inuous nylo n ro pe .
The use o f two wi res p ro­
vides symmetry and im­
proved performance. Elec­
tr ically, the wire ends of
each sect ion are joi ned
toget her and attached to
the adja cent ca pa ci to r!
wire sect ion asse mbly , as
in Fig. 7.
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A 2S0-foot le ngth of
40-po und -weight nylon
cord is employed a s an in­
termedia ry step. This cord ,
wou nd o n a spool. is
placed in a topless card­
boa rd box. The cord end is
then secured to the end of
the monofil ament line, fo l­
lowing its removal from
the arrow. The monofila­
ment line is the n pulled
back t hroug h the tree by
means of the reel (attached
to the bow), until the for­
ward end of the un wind ing
nylon cord is retrieved . The
heavier nylon cord is then
used to pull the antenna
through the tree branches .
The last step is simply a
matter of rewindi ng the
nylon cord on its spoo l un-

over the t rees . using a
4S-pound pull bow. The a r­
row is weighted at t he fro nt
by taping on a 14-inch
length of Y4 -inch-diemete r
stee l ro d . This a dded
we ight pulls the a rrow and
line to the ground after
clea ri ng the t rees .
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H.UfY'S Magic Rope Tric"-

At his 4D-acre antenna
range o n a 4(K)-acre plot,
Harry W4FO solved the
special problem of raising
contro lled-cu rre nt dist ri­
bution antennas to the tops
of t he living 100-foot-plus
Georgia pine trees which
God so helpfully prov ided.

First , a 20-pound weight
monofil ament fis hing line
is shot from a spi nning reel.

SP'•• l U C••01.'0....,.u

Fig. 7. CCD antenna assembly on nylon rope which pro­
vides insulation, support, and protection. Two wires are
spiralled in oppos ite directions around the rope. The
capacitor, resistor, and connections are protected against
weather and rough usage with vinyl electrical tape.
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Fig. 6. Steps fo r construct ing one t ype o f rugged weather­
proof capacitor/resis tor assembly.

section wire lengths a nd
numbers proportionatel y .
For exa mple, suppose that
470 pF capacitors are on
hand. a nd a 7 MHz CCO is
desired.

First , find th e eve n
number of wire sections re­
quired: 470 pF/8.48 ("K" for
7 MHz) = 56 wire sectio ns.
The overall antenna length
is 140 feet (f rom Tab le 1) or
1680 inches . Then, fi nd the
s ection wir e len gth s :
1680/56 = 30 inches. The
number of capaci tors is
always 2 le ss than t he
number of wire sections. o r
54 in this example .



9 . Wrap two o the r pre­
vio usly cleaned #1 7 (nex t
sec tion) wire s around the
exposed capacitor/res istor
leads. and solder well , en­
suring tha t the solder flows
onto a ll joining su rfaces.
(Note: All so lde red connec­
tions must have smooth
surfaces to eliminate any
sha rp projections of wire o r
solde r which could punc­
t u re the wate rp roofing
tape during e rection.)

1 0 . Apply a final
wrappi ng on the enti re
capaci to r/res istor asse m­
bly, sta rt ing on the ro pe
a b o ut one- ha lf inch
beyond the end of the first
taping . Continue taping un­
til the leads are covered at
both ends. (Note: An a lter­
nate method to tap ing may
ut ilize heat-sh rinkab le tub­
ing of a suitable diameter .)

This method of assem­
blin g the CCD o n a ta ut
rope, p lus the crisscross
winding of the #17 wire
sections, will ensure, if
ca refu lly done, that no
strain will be p laced o n the
component pigtail leads
du ring no rma l service.

Encapsulated Assembl y
Construction

The second Mill s CCD
antenna was bui lt by
W4ATE , as shown in Fig. 5.
Thin-wall hot/cold plast ic
water pipe and the liqu id
cast ing mater ial were pur­
chased at Sears. The #1 B
copperweld wire and poly­
styrene capacitors a re
stoc ke d by Bu rstein ­
Applebee, 3199 Mercier
sr. Kansas City MO 64111.

Construction Steps
1 . Cu t wire s to the

length se lected from Tab le
1, allowing sufficie nt
material to form anchoring
loops at each end .

2. Form simple loo ps at
eac h e nd and so lde r the
Mapped t urns (to prevent
my movement after final
assernblv).

3. Sol de r a pro te ctor
-e sis t o r ac ross eac h
:a paci to r, without hea t

damage to either . Do no t
trim th e capac itor leads .
(No te : Ca re m u s t b e
obse rved during the
following steps to avoid
breakage of small com­
pone nt leads.)

4. Wra p o ne capac itor
and one re s is t o r le a d
around the antenna wire
loop, and solde r we ll.
Repe a t, until capaci to rs
a nd resistors are so lde red
to o ne end of each anten na
wire section to be used in
the entire CCD antenna .

S. Saw the hot/cold pipe
into 2-inch le ngth s. Dri ll a
3/B- inch hole nea r the
center of each (e nc a p­
sulating liquid is poured
into the hole later), (Note:
Pat ience and coord ina tio n
are requ ired in t he next
step. A few practice runs
are suggested using scrap
pipe and wire .)

6. Soften o ne end of the
p ipe for 'h inc h by in­
se rti ng a small solde ri ng
iron. Caution: This opera­
t io n must be performed
outdoors, o r in a well ­
ve ntil ated room to avoid
breathing the fumes .

After the pipe end
becomes completely soft.
the pipe is cente red over
t he ca pac itor / resistor
assembly . The softened
pipe end is clamped flat in
a vise so that t he loop wrap
port io n is em bedded in the
softe ned pipe .

Again, this step req uires
patience, but careful ex­
ecution will result in a
st ro ng and perma ne n t
a nte nna wi th no exposed
connect ions. Repe at unti l
a capacitor/resistor and
pipe section is installed on
o ne end of each wire sec­
t ion.

7. Assemble the anten­
na sections, using the same
techniques as in step 6, to
close the remaini ng pipe
ends .

B. Sea l a ll p ipe ends
temporarily with masking
tape , to p revent any
le a ka ge of the encap­
sulati ng liq uid .

9 . Mi x c lea r pla s t ic
casting liq u id and cata lyst

in a sma ll pa pe r cup. (A
conve nie nt po uring spout
is formed by creasing the
cup edge .I Fill the pipe
cavity completely, tilting it
to free any trapped a ir bub­
b le s. Th is will flow t he
liquid arou nd the wire
a ncho r loo ps to provide a
solid, one-piece assembly.
The filled pipe may be
hand led free ly, after tem­
porar il y sealing the pour­
ing hole with masking tape.
Repeat until all assemblies
have been poured.

10 . After com ple tely
ha rd ening, the ma sk ing
tape may be removed . Any
obvious voids or openings
noted should be filled wit h
the potting liqu id .

Adjustments

Every CCO antenna con­
structed must be resonated
by add ing o r subtracting
complete sect ions whil e
the frequency is bei ng
monito red with an ac­
curate dip meter. The
overa ll CCO lengt hs shown
in Table 1 are intended as
gu ide li nes , whic h may be
modif ied to achieve reso­
nance at the frequency
desired . An equal number
of sect ions must be added
or remo ved at each end of
the radiator in o rder to
maintain system balance.
It is desi rable tha t
resona nce occu rs at the
low-frequency end of th e
operati ng (design) band.
This condition will also im­
p rove performance of
higher-f requency harmo nic
operation.

During ad justment, the
CCD may be suspended at
a convenient S or 6 feet
above ground. Due to its
mini mal e nd-effec t c ha r­
acte ristics , much le s s
change in resonant fre­
quency will occur upon
being raised to its fina l
operati ng heigh t. A te m­
pora ry coi l is insta lled at
the antenna feed point fo r
coupling to the dip meter.
Ei ght tu rns a re suggested
as a sta rt ing va lue, wh ich
sho uld be reduced whe r­
ever possi b le for best

mea sureme nt acc uracy.
Inspection of the graphs

in Figs. 3 and 4 revea ls a
very slow lowering of the
fundamental frequency as
the de s ign goa I is ap­
proac hed d ur ing assembly.
This could prove to be
frustrati ng to the bui lder
who is assembling his first
CCD. To enable the buil der
to b et t e r a n tic ipa te
reach ing the des ired fre­
q uency a nd a ntenna
length, frequent measure­
ment of higher harmonic
re so nan c e s w il l pro ve
hel pful. Optimu m perfor­
ma nce occurs at the length
where the addition of more
sect ions produces little o r
no cha nge in t he resonan t
frequ ency. O perat ion at
lengths which fa ll a long
the knee of the graph is to
be avoided . Final adjust­
ment to resonance mu st be
made whil e o bse rving dip­
meter ind icat ions at the
fundamental frequency.

The Future
Fu tu re work will expand

into th e use of fe rrite
elements and CCD prin­
ciples in minibeams, the
improved pe rfo rmance
found to re sul t from the
app lication of cont roll ed­
cu rre nt dist ributio n in
loop-element beams, and
the superio rity of d riven­
element CCD arrays o ver
parasitic configurat ions.

Prel im inary tests with
CCDs using very short sec­
tions (10 inches at W4FD
and 5.73 inches at W4ATE )
promise a n impro ved an­
ten na for underwater sub­
ma rine communications.

Laboratory-type fie ld in­
tensity studies, as stated
above, plotting at a micro­
wave ra nge , mathe matical
modeli ng, and computer
analysis can unlock further
sec rets of the CCD prin­
ciples. Meantime, we rad io
amateu rs are in as unique a
position as always, with
300,000 testing sites in this
country a lone, to agai n im­
pro ve man 's profound ly
im po rta n t instr u me n t,
communic ations. •
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