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The CCO Antenna- Another Look
- theoretical justification and answers

to some frequently asked questions

Fig. 1. A sampfe log sheer from W8VWX, while using the CCD antenna and 150 Watts input.
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Response to our first
article (73 for October.

1978) describing the high­
gain Controlled Current
D istribution antenna, has
been exciting. Many tele­
phone calls and letters have
come from coast to coast.
universities, and from out in
the Pacifi c.

Enthusiastic comments
and data were volunteered
by Professor Arthur Erdman
W8VWX of Ohio State Uni-

versitv. His experience IS

quoted with his kind per­
mission:

" M y pr e vr ou s
14-MHz inverted d f­
pole was 45 feet from
earth at the center.
and surrounded by
five trees . It was fed
with low-loss 300­
Ohm twinlead and a
tuner, and produced
very poor ox results .
Then , a CCO was built

15 1 WATT S

and substituted for
the inverted dipole, at
the same height and
using the same tuner
and feedline . The
results are amazing !
My OX is summarized:
14-MHz Inverted Di­
pole
1. Could work only
the 5+9 OX stations­
my reports were 5-4 to
5-5 .
2. Never any answers

to my OX CQs.
3. last one in a pileup.
14-MHz CCD Antenna
1. Can work ox sta­
tions I can scarcely
hear!
2. After ord inary CQs,
more ox stat ions an­
swer.
3. Usually 5th to 10th
in large pileups!"
The Ohio State Universi­

ty Electrical Engineer ing
Department feels that fur­
ther research into the CCO
principle is definite ly justi­
fied. Professor Erdman will
direct the investigation, uti­
lizing already-written com­
puter programs.

Additional data are pre­
sented in this article that
will be helpful in construct­
ing and understand ing the
superio r antenna . There al­
so is a section on theory.
Finally, the questions most
often asked are addressed
below, in the order of most
concern to those interested
in the CCO's advantages.

Testing

Previous comparisons of
CCO antenna performance
aga inst a refe rence dipole
at 7 MHz had been cumber­
some, due to the sheer dis­
tances requi red to separate
test antennas from the Fer­
ris Model 32-B labora tory­
type fleld-intensitv measur­
ing instrument. But to con-
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Fig. 2.

As mentioned, t he 2m
range was fitted with a flat,
close-mesh ground plane 20
by 20 feet square, and the
new Ta co /j erro ld Model
AIM 719-8 la bora tory-l evel
f ie ld-intensi ty instrument,
whic h covers 54 through
900 MHz and is calibrated
to 1 d B, was used . In o rder
to e liminate the po ssibil ity
of patte rn di stortion by
proximity of the t ransmiting
equ ipment , a n excava tion
u nde rneath the g round
plane contained the TS-700
SP 2-meter t ra nsce iver and
power source.

The new range will be
used to make vert ica l pat­
tern slice measurements at
varying angles, eq uid istant
from ground, to reveal the
low-angle c ha racte ris tics
which are so vital to OX
com m u nica tio ns. It a lso
will be used to st udy the ef­
fects of add ing capac it ive
load ing discs a t t he CCO ra­
d iato r ends, to exte nd cur­
rent flow even more to the
ante nna e nd s. Following

struct a va lid anten na range
for HF antenna measu re­
ments becomes a monu­
menta l task: bu ilding an ad­
equate, level ground p lane
of suitable dimensio ns,
maintain ing constant spac­
ing of test antennas, and
clearing of vegetation.

VHF frequencies permit
closer control of test condi­
tions, d ue to both smal ler
radiators and antenna
range dimensions . A Taco!
Jerrold Model AIM 719-B
la bo ra to ry-le ve l field-in ­
tensity instrument cove ring
54 through 900 MHz and
ca librated to 1 dB was pur­
chased, and construction of
a VHF antenna range was
begun .

A section of level land
was selected, and vegeta­
tion cleared to a rad ius of
63 feet (a pproximate ly 9.2
wavelengths at 144 MHz).
Proje cting near-future
plans to test many CCO
beam configu ratio ns, a
ground plane twenty feet
square was co nstructed, us­
ing close-mesh woven wire.
A rigid support post for test
ante nnas was mounted at
plane-center, with a com­
pass and mea ns for acc u­
rately spacing radiators at
specific heights above the
effective grou nd.

Two independent power
sources were provided:
commercia l 115-volt and
le ad-acid storage batte ry.
Operation sole ly from the
battery wou ld qu ick ly re­
vea l any distortion of radi­
ated field patterns which
might result from reflec­
tions by commercia l power
feed lines. Also important­
ly, the mo re constant bat­
tery power wou ld eliminate
errors in pattern measure­
ments that cou ld resu lt
from commercia l power
fluctuations.

Five differe nt designs of
2-meter CCO radi ators have
been used at W4FO to con­
sistent ly activate repeaters
90 miles away whi le using
one-Watt power. The CCO
design selected for the ini-

tia l range measu rements
was 7 feet long, made up of
40 sections of %-inc h OD
al umin um tub ing, each 2
inches lo ng. (Except: two
sections at the feed poi nt
and also the two at each
end are 2 1/2 inches long.)
The 38 fixed capacitors con­
nect ing t hese a re each 24
pF.

Two ident ical simple d i­
po les we re constructed of
%-inch 00 a lum inum tub­
ing, each 3'% " long. One
serves as the reference di­
pole, the other as t he field­
meter antenna, located 9.2
wavelengths from the test
antennas.

For va lid comparisons of
the CCO versus the refer·
ence dipole, the precise ad­
justment of equal input
power to each is most crit i­
ca l, and was greatly faci li­
tated by use of a line-to-an­
tenna imped ance-matching
system which we ca ll the
"t ro mbo ne match."

Some distu rbing varia ­
tions in field-meter read ings
were caused by the move­
ment of personnel. By also
applying the trombone
matc h, immunity to such
movements was ac hieved,
and uniform readings were
then possib le from any con­
ven ient position.

Carefu l pre limina ry mea­
surements were first made
with power to the range
supplied through a Tl Swolt
ac line laid flat on the
ground and la borousl v pos i­
tioned at 90 degrees to the
test antenna du ri ng mea­
su rement a t each 10-degree
point around t he ra nge .
Then the ac source and line
was completely removed
f rom the ra nge and re­
placed by storage batte ry.
The same read ings were
agai n ta ken at each 10 de­
grees of az imuth for both
the CCO and reference di­
pole test antennas, each
mounted in exact ly t he
same position. Absolutely
no difference in values was
found (the AIM 719-8 in­
strument is eas ily read to
0.1 dB)
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this, measurements will be
made of patterns radiated
from multi-element CCO ar­
rays, showing the gains and
advantages wh ich can be
obta ined whe n e mploying
all-driven o r paras itic ele­
m en t s . The tromb on e
match will be utilized to
provide equal power divi­
sion to driven array e le­
ments.

Some Theory

An antenna is a t ransd uc­
e r for coupling rf e ne rgy in­
to space . Its function is a n­
alogous to th at of a loud­
speaker and its system of
baffling wh ich functions to
coup le low frequency ener­
gy into t he air to ac hieve
effic ient sound reproduc­
tion.

Ove r many lo ng yea rs,
we have become acc us­
tomed to regard space as
be ing "empty." This is be­
cause early sc ient ists and
physicists advanced a me­
dium theory whereby radio
and other magnetic energy
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tennas which will riva l a ro­
tary beam in performance.

Q. Why is one fuJi wave­
length at the lowest operat­
ing frequency used instead
o f some shorter length?

A. At approximately o ne
physical wave length, a de­
sirable co ndition suc h as
cancellation o r near-can­
cellation of the wire section
inductive reactance by the
capaci tive reactance of the
next ad jo ining capac itor in
the series chain results. Al­
so, a great reduction of end
effects occurs when the
overa ll radia t ing syste m is
made reso nant. Reflections
from the radiator ends are
markedly reduced, so that a
traveling wave may move
effic iently from the trans­
mission line and the ra­
diator into space.

Q. I have a number o f ca­
pacitors on hand o ther than
the values specif ied in the
gu idelines table. Ma y these
be used efficiently in a CCD
antenna ?

A. Yes, definite ly. It is
necessary only to ad just
section wire lengths and the
number of sec tions propor­
tionate ly. For example, sup­
pose that 470-pF capacitors
a re on hand and a 7-MHz
CCO is desired .

First, find the even num­
ber of wire sec tio ns re­
quired , finding K for 7 MHz
from Table 1 in origina l art i­
cle: 470 pF/8.48 = 56. O ver­
all antenna length (from Ta­
ble 1) is 140 feet o r 1680
inches .

Next, find the length of
each wire sec tion: 1680/56
= 30 inches . The number of
capacitors is always 2 less
than the number of wire
sect io ns; 54 in this example.

Q. How many capacitors
are necessary in the CCD,
and should they havea high­
voltage rating ?

A. There is no set number
o f capacito rs req uired .
Withi n practica l reason , the
larger the number of capac­
itors used, the more uni­
form the current distribu­
tion and the more effective

Questions and Answers

Q. My real esta te seems
too small for the CCD anten­
na dimensions given. What
are my options ?

A. Several space-saving
arrangements are possible
without reducing CCO effi­
c ie ncy. When mounted as
an inverted dipol e, much
less ground space is re­
quired . Also, since the new
design is a low-impedance
device with greatl y reduced
high-voltage po ints, it may
be arranged effectively in a
zigz-ag configurat ion. An­
other space-saving plan is
to mount the middle por­
tion ho rizonta lly and al low
the ends to hang vertically .
This latter sc heme will add
vertica l pola rization to the
composite pattern, wh ich is
benef ic ial during some
propagation c o nd it io ns.
When antennas fo r differ­
ent bands are desired but
space is limited , they may
be efficiently fed by a si n­
gle feedline . The low-Z
property of the CCO ren­
ders it very tolerant to near­
by trees and struct u res,
with much less detuning
and losses than is experi­
enced with a conventiona l
dipole. This factor reduces
t he space req uirements,
and , su rprisingly, a CCO ra­
diator performs very we ll
o n OX when only 7 feet
above ground . So, the im­
portance of ta ll supporting
towe rs is greatly reduced
and most c ity lots will ac­
commodate 14-MHz and
higher frequency CCO an-

photons to carry the energy
of electromagneti c radia­
t ion. Q uantum field theory
pictures the coulomb forc­
es and magnetic forces be­
tween particles as being as­
sociated with a kind of pho­
ton exchange beween parti­
cles . The pressure of sun­
light is very small. It has,
however, been observed to
have a measurable effect
on the orbits of earth satel­
lites, particu larly on that of
the large satellite Echo I ,
lau nched in 1960.1
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intense magnetic fie lds, as
t heorized by Dr. Einstei n
and proven by actua l tests.
3)The sun 's light rays, inter­
act ing with o ur planet, fo rm
ionized rad ia tio n arou nd it.
4) light may be sa id to be
" modu la ted" by vo rtical
changes in the temperature
of the light-emitt ing body,
as sunspots create intense
magnetic fie lds whi ch o cca­
sio nally d isrupt communi­
ca tions as far away as o ur
planet. 5) Stars throughout
the u niverse emit light;
even planets may be said to
emit photons, although the
level is below the detection
threshold of human eye­
sight. (light is present, even
in t he darkest cave, on ly
o ur unaided eyes are not
sensitive enough to detect
its low level). 6) A photon is
a single q uantum of elec­
trom agnetic e ne rgy. Max­
well's eq uations form the
basis of classica l electro­
magnetic theory, but quan­
tum theory requires that we
postulate t he existence of
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fields traveled through the
" ether," an u nf ortu nat e
choice of words, which sug­
gested that p ro pagat ion
was th rough a med ium of
gas. That co ncept has fa l len
into disuse. However, the
vast radiation energies now
known to he resident in
space provide ample rea­
so n fc. keeping an open
mind to any new explana­
t ion o f electromagnet i c
theory.

W e express an opinion
that consideration should
be given to the theory that
light itself, that ever-pres­
ent photon. may be the me­
dium through whic h many
forms of radiations are
propagated through space.
Some known facts lending
credence to this theory in­
clude: 1} Light is known to
have defin ite mass (as does
any "so lid") a determinant
in its velocity which is
186,000 miles per second
(the same velocity as other
known rad ia tions). 2) light
is "bent" by the presence of

e
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Fig. 4.

the rad iato r. In gene ra l. 40
to &0 fixed capacitors will
provide ve ry effective cur­
rent smooth ing throughout
the antenna. (Upward of
1,000 capacitors have been
successfully employed at
W4ATE.)

Best broadside gain re­
sults when all capacitors
are of equal capacitance.
When as many as 40 capaci­
tors are connected in series
with wire sections of the
CCD radiator, the rf voltage
applied across each individ­
ual capacitor is quite small
(typically under 80 volts,
even with 1 kW input to the
final amplifier). This per­
mits the use of convention­
al-sized polycarbonate
(most stable), polystyrene
(lightest weight). silvered
mica, mica, dipped mylar~.

and other low-loss capaci­
tors . The capacitance toler­
ance should be within 5%
which na rrows the off-the:
shelf choice to the fi rst
three types named. Wide r
tolerance capacitors may
be used provided that t hey
are se lected by accu rate
measu rement to the 5%
tolerance requi red . Any
units selected should have
substant ia lly stro ng wire
leads o r te rmina ls .

Q. W hat type of antenna
wilf perform best inside a
building or attic (assuming
no meralfic Faraday shield­
ing is present)?

A. Definite ly, the CCD
type of radiator. It shou ld
be remembered that the
high-voltage, high-imped­
ance cha racteristics that ex­
ist over the large outer por­
tion (away from the center)
of the conventional dipole
produce high dielectric loss
in the radiator even though
the walls, ceiling, and roof
are of dry wood and shin­
gles . Therefore, design your
antenna as a current-oper­
ated device free from
points of high voltage
throughout. and the dielec­
tric losses from the sur­
roundings will be greatly re­
duced . W4FD had these ad­
vantages amply demon-

st-ated while working OX
with attic CCD antennas on
10,1 5, a nd 20 meters under
the previous call W3UZ, in
Wash ington, DC.

Th e in c re a s ing trend
towa rd condomini um a nd
apartment living with t he ir
restr ic tions against outdoor
anten nas, p resents anot her
applicat ion where an in­
door CCD will provide per­
formance which is much su­
perior to the conventiona l
indoor dipole. Even where
outdoor antennas are em­
ployed, very little dielec tric
loss will occur when the
CCD antenna is st rung
through trees o r shrubbery .

Q. Why does the CCD an­
tenna produce good signals
and provide good DX receo­
tion at heights of only six to
eight feet (albei t do wn
about 10 dB from one ele­
vated to Vi wavelength)
whereas a simple d ipole at
the same low level usualfy
does not?

A. This is a q uest ion for
which all the answe rs are
no t ye t fo rmulated. Howev­
e r, it is be lieved th at there
are several reasons for the
improved performance of
the CCD at very low eleva­
tions. First, it is known th at
low-angle radiation (the re­
qu irement for OX) occurs in
the cente r, highest-curren t
port ion o f the convent iona l
dipole, and for the simple
horizon ta l dipole at low
heights, the radiation resis­
tance is known to drop off
ve ry ra pi dl y, null ify ing
most if not a ll of t he low­
angle radi ation. Not o nly is
the di pole the n coupled
closely to its grou nd " im­
age" but the " ho t spotting"
center cu rrent produce s ex­
cessive grou nd losses, as
does the die lectric end ef­
fect. That energy which
would have been reflected
at least partially at lower
angles (assuming a w-wave­
length height) is sporadical­
ly reflected at higher an­
gles , chiefly useful fo r
close-in communications.

In sharp cont ras t, t he
low-mounted CCD antenna

stretc hes ou t the antenna
current to the very e nds of
the radiator (when e nd­
load ing capac ity-prod uc ing
discs are added). Now the
antenna curre nt is no longer
bunched at the center por­
tion, but tends to produce a
foc us or aggregation of low­
e r-angle curre nts across the
radiator . When the CCD is
mounted at widely va ryi ng
he ights, t he center feed­
po int impedance va riat ion
is only a fract ion of the ex­
cu rsions produced when
the height of a simple di­
pole is cha nged the same
amount.

During actual tests. OX
beyond three or four t hou­
sand miles has been worked
with the CCD antenna lying
flat on the grou nd , a l­
though t he reported level is
then dow n 20 to 30 dB.
Field Day hams take note!

Q. How does the band­
width of the CCD antenna
compare with the conven­
tional dipole bandwidth?

A. A CCD antenna which
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contains near or equa l ca­
pacitance va lues and wire
sect ion lengths has a three
to four times wider band­
width than the usual dipole
c o u nt e rp a rt. Extrem ely
wide bandwidths have been
attained (at some sac rifice
in ga in) when the capacitor
va lues and rad iator sect ion
lengths are made prog res­
sively sma lle r, beg inning at
the feed point and with the
sma lles t va lues at t he redia­
tor ends. This fo rm of CCD
results in a reflection-free
rad iator with waves travel­
ing in only one direction
from the feed ltne, through
the anten na a nd into space,
witho ut standi ng wave s.
Measurements show that
voltage and current disap­
pea r at the antenna ends .
This configuration has pro­
duced a UHF rad iator that
is matched across 340 to
550 MHz.'

Q. What are the antenna
resistance (load impedance)
characteristics of the CCD
antenna?
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A. The lo ad impedance
of a co nventiona l horizon­
tal dipo le (ante nna resis­
tance at resonance) may
vary as much as 10 times or
more, with wide variations
in antenna height. The co n­
t ro lled-current dist ribu t io n
antenna resistance change
is o nly a f raction of this for
t he sa me variations in
he ight. Indeed . the main de­
term inant of the antenna re­
sistance will be the design
se lec tion of the wi fe sec­
t ion lengt hs and capacity
values, together with any
loading screens employed
at the radiator ends. With
capacitor and wire sec t io n
values wi thin the ranges
covered by the formula. an­
tenna re sistan ce va lues
around 250 O hms may be
expected .

Thus, 300-to-450-0hm ,
open-wi re bala nced line
used with a transmatc h will
work well with very long
transm ission line lengths.
For sho rte r lines, 50-to-73­
Ohm coaxia l line with a 4-

to-1 balun at the antenna
terminals works quite well .
The very high ratio of radia­
tion resistance to loss resis­
tan ce and the greater aper­
ture of the CCO produce a
much greater signal than
can be realized with the
conve ntional d ipole design.

Q. How effective is a
160-meter horizontally-po­
larized CCD antenna, both
as a nighttime skywave rad i­
a tor and a ground-wave day­
time antenna ?

A. The results from test­
ing the 160-meter CCO un­
der these conditions will
agreeably surpri se many
readers . Nighttime perfor­
mance was as good or bet·
ter than with the best of
co nvent iona l antennas. Our
mutual friend John Sharpe
WSAB at Houston , Texa s, is
broadside on the southwest
lobe of the W4fD 160­
meter CCO, and reported
both CW and SSB signals
were never below 59. He
further reported that 90%
of the time the signal was
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20 to 2S dB over 59. Co n­
tacts were made on two dif­
ferent nights on 1808 kHz ,
with the same reports . The
power input was 100 Watts
to the Swan 160X equip­
ment. Daytime coverage
has been 80 to 100 miles
with the same input power.

Q. Is there a value of radi­
ation resistance in Ohms
which, if maintained, will
produce op timum radiating
efficiency?

A. This question has been
of great inte rest to us for
some time. Although no
firm answer has yet been
formulated , there are indi­
cations suggesting such a
possibility. The following is
intended to arouse interest
among members of the am­
ateur fraternity, to encour­
age experimentation along
these lines.

Assuming that light may
indeed be the medium in
which signals are propagat­
ed through space and that
the intrinsic impedance of
space itse lf is 377 Ohms,
would a cont inuous radia­
tion resistance of 377 Ohms
(or even cross ing through
this impedance value many
times). produce optimum
coupling efficiency to the
radiator? This is a most in­
triguing question .

The radiation resistance
of the simple dipole sweeps
through 377 Ohms only
twice. It occurs a number of
times in the collinear anten­
na and even more in the
rhombic . Each type of an­
tenna produces an ascend­
ingly improved efficiency .
The CCO antenna produces
scores of sweeps through
377 Ohms. Aside from any
theoretical considerations,
tests with the multi-section
CCO suggest that there may
be some optimum (i f co n­
tinuously maintained ) ra­
diation resistance suc h as
377 Ohms.

Q. How may I determine
that capacitors out to the
very end of my CCD anten­
na are a1l functioning ?

A. In a properly con-

structed CCO (wire lengths
and capacitors co rrect ac­
co rding to formula), defec­
tive capacitors will be re­
vealed by exploring the ra­
d iator with any simple volt­
age or current indicator
while low power is applied .
The indicator may be a
hand-held neon or fluores­
cent lamp, a miniature di­
pole feeding a solid-state
diode and se nsit ive de cur­
rent meter, or a dip meter in
the diode mode. Sta rting at
the feed point, be sure that
an indica tion of rf is present
while the ind icator is
moved o ut to the extreme
end of each half of the
CCD. If a point is reached
where no ind icat ion is ob­
tained, the last capacitor
passed over may be defec­
tive. If , however, an rf indi­
cation is lost at both ends of
the antenna and at approxi­
matel y the same distance
from the feed point, the wire
sec t io n lengths may be
shorte r o r the capacitors
may be larger than spec i­
fied by the formula. Both
values should be carefu lly
verified .

Also, it is possible that
one is attempting to oper­
ate the CCO below its reso­
nant frequency , in which
case it functions as a high­
pass filter , preventing rf
from traveling beyond a
few sec tions from the feed­
point.

To explore thi s po ssibil­
ity, temporari ly feed twice
the design frequency, i.e.,
14 MHz to a 7-MHz CCO,
and repeat the preceding rf
probing tests . If indications
of rf are then obtained out
to the radiator ends, the ca­
pacitors are functioning,
and steps must be taken to
resonate the CCO to a fre­
quency near the low-fre­
quency end of the design
band, as described earlier.

Wire sec tions which are
shorte r than specif ied by
formula will prevent rf from
reaching the antenna ends
because the Xc will be
much larger than the Xl.
Also, when wire sections
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Fig. 6.

W ire sizes 18, 16, and 14
al l have a sufficien tly small
leng th-to-d iameter ra ti o
when uti lized at the 7-MHz
operating frequency.

Q. Can the CCD antenna
be operated effectively on
frequencies either above or
below its resonant frequen­
cy?

A. It should be recog­
nized at t he outset that th is
type of radiator is a very
broad characteristic type of
high-pass fil te r. It wi ll per­
fo rm we ll at all freque nc ies
above its re sona nt po int,
bu t shou ld not be used on
amateur bands whose fre­
quencies fa ll below reso­
nan ce . The broadband na­
ture of this a ntenna is suc h
that it w ill operate most ef­
f iciently o n the lowest fre­
quency band for which it is
designed, even in instan ces
where reso nance occu rs at
or near the high freq ue ncy
e nd of a band. It is most de­
sirab le that the CCO be
made reso na nt with in the
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sample ca lc ulat ion is con­
ta ined in the a nswer to the
fol lowi ng question.

Q. I have on hand 50
fixed mica capacitors, each
390 p F in value. Do 1 have
enough of them to construct
a 7-MHz CCD antenna, as­
suming that f have a suiii­
cien t amount of #1 4 copper
wire ? Ho w do 1 determine
aJl antenna dimensions ?

A. Apply ing Formu la 1:
5 - 2 = (7 M Hz X 390 pF)1
59.5 = 46 capac itors. Then,
5 = 46 +2 = 48 wire sec­
tions.

Apply ing Fo rmul a 2: LT
(98 4/7 MHz) X 1 2

1 68 6 .8 5 in che s ov e ra l l
length .

App lying Form ula 3: Ls
= 1686.85/48 = 35 .14 inc h­
es, the length of the sec­
t ions.

In sum mation, we have
46 fixed capac itors, each
390 pF, 48 wire sections,
eac h 35 inches long, a nd a
tota l CCO a ntenna length
of 1686.8" o r 140.57 feet.

near 17 M Hz. In a futuri sti c
examp le, the harmonic of a
CCD designed fo r the new
18-MH z band fall s neatl y
nea r 28.9 MH z !

Actua lly, thi s o ff be at
harmonic re lat ionsh ip pro­
vides a great adva ntage in
practica l ope ra tion. Instead
of the wide sw ings in load
im pe d an c e ex pe rie nced
with a conventional di pole
when c ha nging from even
to odd harm o nics, the CCD
user employing a t ra ns­
match will f ind relat ive ly
sma ll c hanges in lo adin g.
Moreove r, the e ffects of im­
proved current distribut ion
and smoothing ou t of the
b roadside rad iation fie ld
pattern wi ll ca rryove r to
the second a nd th ird fre­
quency mu ltip les .

Q. Is there a simple fo r­
mula or formulas which f
may use in a step-by-step
manner to calculate w ith
reasonable accurac y, t he
design parameters for a CCD
opera ting at a ny frequency
within the HF bands?

A. Def initel y yes.
Formula 1. 5-2 = fCI

59.35, whe re 5 - 2 = num ­
ber of capac itors, 5 = num­
ber of wire sec tions, and f
= reso nant freq ue ncy in
mega hertz. (Note : 59 .35 is
an empirica lly derived con­
stant.)

Form ula 2. l T = 9841
fX12, where LT = tota l
length in inches (for 1 wave­
le ngth) and f = re sonant
frequ e ncy in m egahertz .
984 is do ub le t he usual 492
because the CCO is o ne
wave length ove ra ll.

Formula 3. Ls = l T/5,
where Ls = length of sec·
tions in inc hes, 5 = number
of wire sections (from For­
mu la 1), and LT = total
length in inches (fo r one
wave length).

These three simple for­
mulas can be comb ined in a
single comp re he ns ive for­
m ula. However, it has been
found th a t le ss confus ion
resul ts when spec ific pa ­
ra me ter va lues a re deter­
mined by using the formu­
las in the a bove o rder. A

which are too short are
used, one may continue to
add any number of sections
and never achieve reso­
na nce! This can be very baf­
fling and discou ragi ng unt il
the importance of making
Xr approx imately equal to
Xc is realized .

Q. Can the CCD antenna
be operated at harmonics of
the fundamental frequency?

A. Yes. But p lease note
that the pos itive ind uctive
reactance, Xt. and t he nega­
tive capacitive reactance,
Xc. move in diametrica lly
opposite directions, w hen
the exciting frequency is
changed, to a ser ies ci rcu it
such as the CCD . Therefore,
ha rmo nics as we are acc us­
tomed to regard t hem, will
never occur close to whole
numbe r multiples. For ex­
ample, in a reasonably well­
balanced chain of a lternate
wires and capacitors in se­
ries. with fundamental reso­
nance at 14 MHz, a second
" ha rmo nic" indication at
average antenna he ight oc­
curs at slightly over 1 .6
times the fundamental fre­
quency.

These re lationsh ips be­
tween funda men ta l and
"harmonic" frequencies in
a typical, balanced CCO a re
shown graphical ly in Fig. 1
of our previous a rticle. In
another example (from the
same graph), in o rder to pro­
duce a second ha rmonic
near 28 MHz, a CCO radia­
tor wou ld necessa rily have
a fundamenta l resonance

K2GGN, W2IMU, W2SVj,
W4DNX, W4K IX, W40QT,
W4KXC, W8VWX, WD4DSX,
ACSP , K8AA , AA6US ,
WB8RCN, and KK4X.

Q. Will you please fur­
nish the calls of some suc­
cessful builders of the CCD
antenna so that I might con­
tact them and profit from
their experiences?

A. Yes; we be lieve that
the following constructors
will wi ll ingly share t he ir
ideas rega rd ing the CCD
w hen you fu rnish an SASE:
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about 50% longer than the
othe rs.

Q. 15 th ere a m ethod
whereby a directional array
o f multi-elements can be
optimally adiusted at a
particu lar frequency, or
even changed to another
band within a few minutes
without conflicting re­
actions?

A. Definitely, yes, where
the CCD antenna system is
utilized in directiona l ar­
rays . The method involves a
full tuneup of all the radiat­
ing elements (CCD or con­
ventional) directly from the
o perat ing position , with a
simple means for power di­
vision to the individual ele­
ments. The sc heme elimi­
nates the troublesome com­
mon-point junction bottle­
neck and uses an inexpen­
sive tube o r so lid -st a te
amplifier feed ing each an­
ten na element to permit
rapid system tuning without
inte ractio n problems,
which many amateurs al­
ready recogn ize with con­
ventiona l systems.

Q. 15 there a method, par­
ticu farly adaptable to solid­
sta te linearamplifiers and to
transmatch tuners, whereby
the conven tional, cumber­
some wide-spaced tuning
capacitors can be eliminat­
ed from tank, and the open­
end or to roidal coifs be
henceforth ferrite-loaded
and five or six ama teur band
tanks placed in the area now
occupied by one tank?

A. Fortu nate ly, yes . The
method invo lves a con­
tro lled-voltage distribution
((VO) system , a blood
brother of the CCD scheme
developed at the same
time. The basic plan is very
much like the CCD in that
capacitive load ing is uti­
lized .

Q. Although my CCD an­
tenna usually produces a
stronger signal than my ref­
erence test antenna, there
are times when my refer­
ence antenna produces the
stronger signal. Why is this?

A. It is well known that

Q. What are the advan­
tages gained by the use of
capacity-loading disc
screens at the ends of a CCD
radia tor?

A. Although the use of
loading discs is not essen­
tial to efficient operation of
the CCD, some of the valu­
able refinements are in­
c re a se d radiation resis­
tance , improved broad­
banding, improved current
distribution , almost com­
plete elimination of end ef­
fects , and final adjustment
of resonant frequency.

In particular, more cu r­
rent will then flow in the
very ends, resulting in a
more effi cient rad ia to r.
Wire screens are recom­
mended over solid discs, fo r
reduced wind resistance .
For the 7-MHz band , 16­
inc h diameter d iscs are suit­
able, the dia meter increas­
ing in inverse proportion to
freq uency, fo r other bands.

The const ructor will find
that the added discs cause
a slight lowering of the an­
tenna 's resonant frequency.
By addi ng the d iscs o ne a t a
time and noting a slight fre­
quency dec rease with each
add ition, a pos itive indi­
cation is obta ined that a ll
sect io ns a re functioning.

A CCD is installed as an
inve rted dipole at W4ATE ,
where it is fou nd conve­
nient to rep lace the discs
with small fixed capacitors
soldered between the radia­
tor ends and the supporting
wire, which is grounded.
The desired value of capac­
itor may be determined by
the temporary use of two
variable capaci tors which
may be adjusted for proper
operation and then re­
placed with fixed capaci­
tors .

When loading discs are
not employed, it is suggest­
ed that the two outer wire
sections be d imensioned

1 dB above t he minim um
sk irt levels of the side rad ia­
t ion. A power input of 1
Watt at 146 MHz was used
du ring a ll pattern me a­
su rements .
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It is interesting to note
that the off-end rad ia tion
begins to increase ma rkedly
below 1/41 height, and can
become almost equal to the
broads ide value as the e le­
va t ion is reduced be low
1/81-

These prel iminary mea­
surements were made with
bot h t he test antennas and
t he Held-intens ity inst ru­
ment antennas hori zon tal
to flat ground, well in the
clea r a nd at the same
height . The probing point
was 51 away. A grou nd­
plane screen had been in­
stalled at this time.

The test CCD antenna
was rotated through 360 de­
grees and field-intensity
readings were taken at each
15-degree interval between
full broadside and 30 de­
grees. Between 30 and 0 de­
grees, read ings were record­
ed at each 7.s degree point.
Directly off the CCD ends,
minor lobes were noted
which were approximately
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Fig. 7. Graph for determining the self-inductance of straight
lengths of wire.

lower f requency half of the
band .

Q. Wha t effec t does
height-above-ground have
on the radiated pattern of
the CCD antenna?

A. A lthough com plete
pattern data has not yet
been obtained and ana­
lyzed. prelim ina ry measu re­
ments made with a com­
me rcia l fie ld-intensity in­
strument at the z-rnete r
range ind ica te that the
sharper pattern lobes occur
when the CCD is elevated
1/2Aor higher. At heights of
S/8l and above, side levels
(off the radiator ends) are
22 to 24 dB below the
broadside lobes. Dropping
the height from 1/21 to 1/81
gradually co ll apses the ma­
jor broadside lobes. At the
1/41 height, the broadside­
to-side rad iation differs by
slightly more than 12 dB. At
1/81 elevation , the differ­
ence is even less . See Figs . 2
through & for various eleva­
tions.
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night on 14 MHz, r was
reading a TA2 in Tu rkey and
C3 stations on the inverted­
dipo le, 7-MHz CCD ante n­
na. I cou ld not hea r t hem at
allan either my 14-M Hz d i­
po le or a tao-foot. al l-band
doublet up 60 feet. Also,
when using the CCD my sig­
nal reports are usually two
S-units above my tried and

Fig. 8. CCD antenna design chart for a 1-wave/ength ele­
ment. Use curve 1 for wire-section length, and use curve 2
for number of wire sections and capacitor value. The num­
ber of capacitors is two less than the number of sections.
(Curves derived at 7 MHz.)

copper or aluminum w ire
sizes usefu l for CCD anten­
na construction.

For example, to f ind the
inductive reactance at 7
MHz of a piece of #14 cop­
per wire which is 35 inches
long, first locate 35 inches
along the bottom of the
chart. Trace d irectly up to
the curve fo r #14 wi re. From
that point, go to the left
edge of the chart and read
approximately 1.33 1JH.

last, inser t t his va lue into
the usual formula, Xl =
2rrfL, w here f is f requency in
M Hz and L is inductance in
microhenrys:
XL (6.2832X7X1.33) -
58.4 Ohms.

Q. Can a CCD dipole be
used as a basic element or
building block for more
complex arrays?

A. Yes . The CCD principle
may be employed in most
existing systems and config­
urat ions with improved effi­
ciency. The resul ti ng radia­
tion patterns will be d iffer­
ent from those with conven­
tional arrays.

Final Remar ks

We are gratefu l for the
enthus iasm and suggestions
of commercial antenna en­
gineers and many amateurs
w ho have phoned or wri t­
ten: Frank KBAA, for com­
parison tests with 7-MHz
European stations, using
less than one-Watt input to
hi s CCD, Ben W5TM, for
suggesting sta tic protect ion
resisto rs ac ross the phasing
capac itors, the encouraging
notes of D ick W21MU and
Art W8VWX, and for useful
construction ideas from the
imaginat ive m ind of Larry
AA6US.

Larry's experience is typi­
ca l of CCO builders : "Out
here in Los Angeles, I suffer
from the "copper cu rtain "
syndrome. California kilo­
watts wipe ou t fe llows us­
ing 100-200 Watts like my­
self. Oh. we can rag chew
with Zls across the Paci fic,
but spann ing the long over­
land hau l to Europe was un­
heard of for me. But last

under certain condit ions of
sunspot activ ity and other
circumstances in which t he
Earth's field-ionization pat­
tern is altered (as caused by
the sun's activity), t he usual
ionized layers existent at a
particu lar time of day can
become greatly changed.
Signals normally bent to
Earth by the reflecting ac­
t ion of one or more ionized
layers may, because of al­
te rations in the usual layer
heights and th ickness, be re­
flected to a higher or lower
angle than usual.

Since the CCD antenna is
known to produce a consid­
erab ly lower ref lect ion an­
gie , any ci rcumstance
which changes the reflec­
tion angle f rom t he ion ized
layer(s) at which the anten­
na max imizes, wil l neces­
sarily produce a weaker sig­
nal. Many amateurs w ho
use both horizon ta l and
vertica l radiato rs often find
that one or the other polari ­
zation produces a stronger
signal. Since the CCD an­
tenna's radiation ang le can
be even lower than that pro­
duced by eithe r of the
aforementioned conven­
tional antennas, it not only
becomes a very he lpful
thi rd form of advantage,
but, on occasion, can re­
ceive signals otherw ise not
even detected . Also, sever­
al observers have noted
that under most c ircum­
stances the CCD antenna
will produce the least signa l
fading.

Q. How may / determine
the inductive reactance of
straight-wire sections, for
further experimental study?

A. This information does
not appear in standard w ire
tables, but may be derived
after the inductance value
is calculated accord ing to
the formu la L = 1(210g 41/d
- 3/2j10- 3, where l ­
self-inductance, I = length
of wi re in centimeters, and
d = diameter of w ire in
centimeters . However, the
design chart in Fig. 7 more
readily prov ides the se lf-in­
ductance values of various
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