Harry A. Mills W4FD
Box 409 Bullard Route
Dry Branch CA 31020

Cene Brizendine WH4ATE
600 Hummingbird Dr. SE
Huntsville AL 35803

The CCD Antenna— Another Look

— theoretical justification and answers
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and substituted for
the inverted dipole, at
the same height and
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and feedline. The
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My DX is summarized:
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my reports were S-4 to
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2. Never any answers
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Fig. 1. A sample log sheet from W8VWX, while using the CCD antenna and 150 Watts input.
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to some frequently asked questions

to my DX CQs.

3. Last one in a pileup.

14MHz CCD Antenna

1. Can work DX sta-

tions | can scarcely

hear!

2. After ordinary CQs,

more DX stations an-

swer.

3. Usually 5th to 10th

in large pileups!”

The Ohio State Universi-
ty Electrical Engineering
Department feels that fur-
ther research into the CCD
principle is definitely 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 understanding the
superior 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 CCD’s advantages.

Testing

Previous comparisons of
CCD antenna performance
against a reference dipole
at 7 MHz had been cumber-
some, due to the sheer dis-
tances required to separate
test antennas from the Fer-
ris Model 32-B laboratory-
type field-intensity measur-
ing instrument. But to con-



struct a valid antenna range
for HF antenna measure-
ments becomes a monu-
mental task: building an ad-
equate, level ground plane
of suitable dimensions,
maintaining constant spac-
ing of test antennas, and
clearing of vegetation.

VHF frequencies permit
closer control of test condi-
tions, due to both smaller
radiators and antenna
range dimensions. A Taco/
Jerrold Model AIM 719-B
laboratory-level field-in-
tensity instrument covering
54 through 900 MHz and
calibrated 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 radius of
63 feet (approximately 9.2
wavelengths at 144 MHz).
Projecting near-future
plans to test many CCD
beam configurations, a
ground plane twenty feet
square was constructed, us-
ing close-mesh woven wire.
A rigid support post for test
antennas was mounted at
plane-center, with a com-
pass and means for accu-
rately spacing radiators at
specific heights above the
effective ground.

Two independent power
sources were provided:
commercial 115-volt and
lead-acid storage battery.
Operation solely from the
battery would quickly re-
veal any distortion of radi-
ated field patterns which
might result from reflec-
tions by commercial power
feedlines. Also important-
ly, the more constant bat-
tery power would eliminate
errors in pattern measure-
ments that could result
from commercial power
fluctuations.

Five different designs of
2-meter CCD radiators have
been used at W4FD to con-
sistently activate repeaters
90 miles away while using
one-Watt power. The CCD
design selected for the ini-

tial range measurements
was 7 feet long, made up of
40 sections of ¥-inch OD
aluminum tubing, each 2
inches long. (Except: two
sections at the feedpoint
and also the two at each
end are 2% inches long.)
The 38 fixed capacitors con-
necting these are each 24
pF.

Two identical simple di-
poles were constructed of
Ya-inch OD aluminum tub-
ing, each 3’%4"” long. One
serves as the reference di-
pole, the other as the field-
meter antenna, located 9.2
wavelengths from the test
antennas.

For valid comparisons of
the CCD versus the refer-
ence dipole, the precise ad-
justment of equal input
power to each is most criti-
cal, and was greatly facili-
tated by use of a line-to-an-
tenna impedance-matching
system which we call the
“trombone match.”

Some disturbing varia-
tions in field-meter readings
were caused by the move-
ment of personnel. By also
applying the trombone
match, immunity to such
movements was achieved,
and uniform readings were
then possible from any con-
venient position.

Careful preliminary mea-
surements were first made
with power to the range
supplied through a 115-volt
ac line laid flat on the
ground and laborously posi-
tioned at 90 degrees to the
test antenna during mea-
surement at each 10-degree
point around the range.
Then the ac source and line
was completely removed
from the range and re-
placed by storage battery.
The same readings were
again taken at each 10 de-
grees of azimuth for both
the CCD and reference di-
pole test antennas, each
mounted in exactly the
same position. Absolutely
no difference in values was
found (the AIM 719-B in-
strument is easily read to
0.1 dB).

As mentioned, the 2m
range was fitted with a flat,
close-mesh ground plane 20
by 20 feet square, and the
new Taco/lerrold Model
AIM 719-B laboratory-level
field-intensity instrument,
which covers 54 through
900 MHz and is calibrated
to 1 dB, was used. In order
to eliminate the possibility
of pattern distortion by
proximity of the transmiting
equipment, an excavation
underneath the ground
plane contained the TS5-700
SP 2-meter transceiver and
power source.

The new range will be
used to make vertical pat-
tern slice measurements at
varying angles, equidistant
from ground, to reveal the
low-angle characteristics
which are so vital to DX
communications. It also
will be used to study the ef-
fects of adding capacitive
loading discs at the CCD ra-
diator ends, to extend cur-
rent flow even more to the
antenna ends. Following

this, measurements will be
made of patterns radiated
from multi-element CCD ar-
rays, showing the gains and
advantages which can be
obtained when employing
all-driven or parasitic ele-
ments. The trombone
match will be utilized to
provide equal power divi-
sion to driven array ele-
ments.

Some Theory

An antenna is a transduc-
er for coupling rf energy in-
to space. Its function is an-
alogous to that of a loud-
speaker and its system of
baffling which functions to
couple low frequency ener-
gy into the air to achieve
efficient sound reproduc-
tion.

Over many long years,
we have become accus-
tomed to regard space as
being “empty.” This is be-
cause early scientists and
physicists advanced a me-
dium theory whereby radio
and other magnetic energy
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fields traveled through the
““ether,”” an unfortunate
choice of words, which sug-
gested that propagation
was through a medium of
gas. That concept has fallen
into disuse. However, the
vast radiation energies now
known to be resident in
space provide ample rea-
son fc. keeping an open
mind to any new explana-
tion of electromagnetic
theory.

We 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 which many
forms of radiations are
propagated through space.
Some known facts lending
credence to this theory in-
clude: 1) Light is known to
have definite mass (as does
any “solid”) a determinant
in its velocity which is
186,000 miles per second
(the same velocity as other
known radiations). 2) Light
is “bent” by the presence of
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intense magnetic fields, as
theorized by Dr. Einstein
and proven by actual tests.
3) The sun’s light rays, inter-
acting with our planet, form
lonized radiation around it.
4) Light may be said to be
“modulated” by vortical
changes in the temperature
of the light-emitting body,
as sunspots create intense
magnetic fields which occa-
sionally disrupt communi-
cations as far away as our
planet. 5) Stars throughout
the universe 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 the darkest cave, only
our unaided eyes are not
sensitive enough to detect
its low level). 6) A photon is
a single quantum of elec-
tromagnetic energy. Max-
well’s equations form the
basis of classical electro-
magnetic theory, but quan-
tum theory requires that we
postulate the existence of

photons to carry the energy
of electromagnetic radia-
tion. Quantum 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, particularly on that of
the large satellite Echo I,
launched in 1960.'

Questions and Answers

Q. My real estate seems
too small for the CCD anten-
na dimensions given. What
are my options¢

A. Several space-saving
arrangements are possible
without reducing CCD effi-
ciency. When mounted as
an inverted dipole, much
less ground space is re-
quired. Also, since the new
design is a low-impedance
device with greatly reduced
high-voltage points, it may
be arranged effectively in a
zigzag configuration. An-
other space-saving plan is
to mount the middle por-
tion horizontally and allow
the ends to hang vertically.
This latter scheme will add
vertical polarization to the
composite pattern, which is
beneficial during some
propagation conditions.
When antennas for differ-
ent bands are desired but
space is limited, they may
be efficiently fed by a sin-
gle feedline. The low-Z
property of the CCD ren-
ders it very tolerant to near-
by trees and structures,
with much less detuning
and losses than is experi-
enced with a conventional
dipole. This factor reduces
the space requirements,
and, surprisingly, a CCD ra-
diator performs very well
on DX when only 7 feet
above ground. So, the im-
portance of tall supporting
towers is greatly reduced
and most city lots will ac-
commodate 14-MHz and
higher frequency CCD an-

tennas which will rival a ro-
tary beam in performance.

Q. Why is one full wave-
length at the lowest operat-
ing frequency used instead
of some shorter length?

A. At approximately one
physical wavelength, a de-
sirable condition such as
cancellation or near-can-
cellation of the wire section
inductive reactance by the
capacitive reactance of the
next adjoining capacitor in
the series chain results. Al-
so, a great reduction of end
effects occurs when the
overall radiating system is
made resonant. Reflections
from the radiator ends are
markedly reduced, so that a
traveling wave may move
efficiently from the trans-
mission line and the ra-
diator into space.

Q. | have a number of ca-
pacitors on hand other than
the values specified in the
guidelines table. May these
be used efficiently in a CCD
antenna?

A. Yes, definitely. It is
necessary only to adjust
section wire lengths and the
number of sections propor-
tionately. For example, sup-
pose that 470-pF capacitors
are on hand and a 7-MHz
CCD is desired.

First, find the even num-
ber of wire sections re-
quired, finding K for 7 MHz
from Table 1 in original arti-
cle: 470 pF/8.48=56. Over-
all antenna length (from Ta-
ble 1) is 140 feet or 1680
inches.

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

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

A. There is no set number
of capacitors required.
Within practical reason, the
larger the number of capac-
itors used, the more uni-
form the current distribu-
tion and the more effective



the radiator. In general, 40
to 60 fixed capacitors will
provide very effective cur-
rent smoothing throughout
the antenna. (Upward of
1,000 capacitors have been
successfully employed at
WA4ATE )

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 narrows the off-the-
shelf choice to the first
three types named. Wider
tolerance capacitors may
be used provided that they
are selected by accurate
measurement to the 5%
tolerance required. Any
units selected should have
substantially strong wire
leads or terminals.

Q. What type of antenna
will perform best inside a
building or attic (assuming
no metallic Faraday shield-
ing is present)?

A. Definitely, the CCD
type of radiator. It should
be remembered that the
high-voltage, high-imped-
ance characteristics 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-

strated while working DX
with attic CCD antennas on
10, 15, and 20 meters under
the previous call W3UZ, in
Washington, DC.

The increasing trend
toward condominium and
apartment living with their
restrictions against outdoor
antennas, presents another
application where an in-
door CCD will provide per-
formance which is much su-
perior to the conventional
indoor dipole. Even where
outdoor antennas are em-
ployed, very little dielectric
loss will occur when the
CCD antenna is strung
through trees or shrubbery.

Q. Why does the CCD an-
tenna produce good signals
and provide good DX recep-
tion at heights of only six to
eight feet (albeit down
about 10 dB from one ele-
vated to V2 wavelength)
whereas a simple dipole at
the same low level usually
does not?

A. This is a question for
which all the answers are
not yet formulated. Howev-
er, it is believed that there
are several reasons for the
improved performance of
the CCD at very low eleva-
tions. First, it is known that
low-angle radiation (the re-
quirement for DX) occurs in
the center, highest-current
portion of the conventional
dipole, and for the simple
horizontal dipole at low
heights, the radiation resis-
tance is known to drop off
very rapidly, nullifying
most if not all of the low-
angle radiation. Not only is
the dipole then coupled
closely to its ground “im-
age” but the “hot spotting”
center current produces ex-
cessive ground losses, as
does the dielectric end ef-
fect. That energy which
would have been reflected
at least partially at lower
angles (assuming a Y2-wave-
length height) is sporadical-
ly reflected at higher an-
gles, chiefly useful for
close-in communications.

In sharp contrast, the
low-mounted CCD antenna
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Fig. 4.

stretches out the antenna
current to the very ends of
the radiator (when end-
loading capacity-producing
discs are added). Now the
antenna current is no longer
bunched at the center por-
tion, but tends to produce a
focus or aggregation of low-
er-angle currents across the
radiator. When the CCD is
mounted at widely varying
heights, the center feed-
point impedance variation
is only a fraction of the ex-
cursions produced when
the height of a simple di-
pole is changed the same
amount.

During actual tests, DX
beyond three or four thou-
sand miles has been worked
with the CCD antenna lying
flat on the ground, al-
though the reported level is
then down 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

contains near or equal ca-
pacitance values and wire
section lengths has a three
to four times wider band-
width than the usual dipole
counterpart. Extremely
wide bandwidths have been
attained (at some sacrifice
in gain) when the capacitor
values and radiator section
lengths are made progres-
sively smaller, beginning at
the feedpoint and with the
smallest values at the radia-
tor ends. This form of CCD
results in a reflection-free
radiator with waves travel-
ing in only one direction
from the feedline, through
the antenna and into space,
without standing waves.
Measurements show that
voltage and current disap-
pear at the antenna ends.
This configuration has pro-
duced a UHF radiator that
is matched across 340 to
550 MHz *?

Q. What are the antenna
resistance (load impedance)
characteristics of the CCD
antenna’?

73 Magazine = July, 1981 53



', ’ J 1.- 3 _._-._. 108 ,.; b I|
" ., - ; ‘._.:- r__‘; .‘-1 Y
L e :_‘- 5 ‘-'-_'i_‘ .H-il.u ! * ‘#
by ,_-.I_.._‘-_

g "Tr“‘ i "

"4 Tu I

Fig. 5.

A. The load impedance
of a conventional horizon-
tal dipole (antenna resis-
tance at resonance) may
vary as much as 10 times or
more, with wide variations
in antenna height. The con-
trolled-current distribution
antenna resistance change
is only a fraction of this for
the same variations in
height. Indeed, the main de-
terminant of the antenna re-
sistance will be the design
selection of the wire sec-
tion lengths and capacity
values, together with any
loading screens employed
at the radiator ends. With
capacitor and wire section
values within the ranges
covered by the formula, an-
tenna resistance values

around 250 Ohms may be
expected.

Thus, 300-to-450-Ohm,
open-wire balanced line
used with a transmatch will
work well with very long
transmission line lengths.
For shorter lines, 50-to-73-
Ohm coaxial line with a 4-
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to-1 balun at the antenna
terminals works quite well.
The very high ratio of radia-
tion resistance to loss resis-
tance and the greater aper-
ture of the CCD produce a
much greater signal than
can be realized with the
conventional dipole design.

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

A. The results from test-
ing the 160-meter CCD un-
der these conditions will
agreeably surprise many
readers. Nighttime perfor-
mance was as good or bet-
ter than with the best of
conventional antennas. Our
mutual friend John Sharpe
W5AB at Houston, Texas, is
broadside on the southwest
lobe of the WA4FD 160-
meter CCD, and reported
both CW and SSB signals
were never below $59. He
further reported that 90%
of the time the signal was

20 to 25 dB over 59. Con-
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 optimum radiating
efficiency?

A. This question has been
of great interest 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 itself is 377 Ohms,
would a continuous radia-
tion resistance of 377 Ohms
(or even crossing 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 CCD antenna produces
scores of sweeps through
377 Ohms. Aside from any
theoretical considerations,
tests with the multi-section
CCD suggest that there may
be some optimum (if con-
tinuously maintained) ra-
diation resistance such as
377 Ohms.

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

A. In a properly con-

structed CCD (wire lengths
and capacitors correct ac-
cording to formula), defec-
tive capacitors will be re-
vealed by exploring the ra-
diator with any simple voit-
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 sensitive dc cur-
rent meter, or a dip meter in
the diode mode. Starting at
the feed point, be sure that
an indication of rf is present
while the indicator is
moved out to the extreme
end of each half of the
CCD. If a point is reached
where no indication 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-
mately the same distance
from the feedpoint, the wire
section lengths may be
shorter or the capacitors
may be larger than speci-
fied by the formula. Both
values should be carefully
verified.

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

To explore this possibil-
ity, temporarily feed twice
the design frequency, i.e.,
14 MHz to a 7-MHz CCD,
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 CCD to a fre-
quency near the low-fre-
quency end of the design
band, as described earlier.

Wire sections which are
shorter than specified by
formula will prevent rf from
reaching the antenna ends
because the X. will be
much larger than the X,
Also, when wire sections



which are too short are
used, one may continue to
add any number of sections
and never achieve reso-
nance! This can be very baf-
fling and discouraging until
the importance of making
X_ approximately equal to
Xc is realized.

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

A. Yes; we believe that
the following constructors
will willingly share their
ideas regarding the CCD
when you furnish an SASE:

K2GGN, W2IMU, W2S5V],
WA4DNX, W4KIX, W40QT,
W4KXC, W8VWX, WD4DSX,
AC5P, KBAA, AA6US,
WBBRGN, and KK4X.

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

A. Yes. But please note
that the positive inductive
reactance, X, and the nega-
tive capacitive reactance,
Xc, move in diametrically
opposite directions, when
the exciting frequency is
changed, to a series circuit
such as the CCD. Therefore,
harmonics as we are accus-
tomed to regard them, will
never occur close to whole
number multiples. For ex-
ample, in a reasonably well-
balanced chain of alternate
wires and capacitors in se-
ries, with fundamental reso-
nance at 14 MHz, a second
“harmonic’’ indication at
average antenna height oc-
curs at slightly over 1.6
times the fundamental fre-
quency.

These relationships be-
tween fundamental and
“harmonic’” frequencies in
a typical, balanced CCD are
shown graphically in Fig. 1
of our previous article. In
another example (from the
same graph), in order to pro-
duce a second harmonic
near 28 MHz, a CCD radia-
tor would necessarily have
a fundamental resonance

near 17 MHz. In a futuristic
example, the harmonic of a
CCD designed for the new
18-MHz band falls neatly
near 28.9 MHz!

Actually, this offbeat
harmonic relationship pro-
vides a great advantage in
practical operation. Instead
of the wide swings in load
impedance experienced
with a conventional dipole
when changing from even
to odd harmonics, the CCD
user employing a trans-
match will find relatively
small changes in loading.
Moreover, the effects of im-
proved current distribution
and smoothing out of the
broadside radiation field
pattern will carry over to
the second and third fre-
quency multiples.

Q. Is there a simple for-
mula or formulas which |
may use in a step-by-step
manner to calculate with
reasonable accuracy, the
design parameters fora CCD
operating at any frequency
within the HF bands?

A. Definitely vyes.

Formula 1. S—=2 = fC/
59.35, where S—2 = num-
ber of capacitors, S = num-
ber of wire sections, and f
= resonant frequency in
megahertz. (Note: 59.35 is
an empirically derived con-
stant.)

Formula 2. LT = 984/
fX12, where LT = total
length in inches (for 1 wave-
length) and f = resonant
frequency in megahertz.
984 is double the usual 492
because the CCD is one
wavelength overall.

Formula 3. Lg = LT/S,
where Lg = length of sec-
tions in inches, S = number
of wire sections (from For-
mula 1), and LT = total
length in inches (for one
wavelength).

These three simple for-
mulas can be combined in a
single comprehensive for-
mula. However, it has been
found that less confusion
results when specific pa-
rameter values are deter-
mined by using the formu-
las in the above order. A

sample calculation is con-
tained in the answer to the
following question.

Q. | have on hand 50
fixed mica capacitors, each
390 pF in value. Do | have
enough of them to construct
a /-MHz CCD antenna, as-
suming that | have a suffi-
cient amount of #14 copper
wire? How do | determine
all antenna dimensions?

A. Applying Formula 1:
S—2 = (7 MHz X390 pF)/
59.5 = 46 capacitors. Then,
S = 46+2 = 48 wire sec-
tions.

Applying Formula 2: LT
= (984/7 MHz)X12 =
1686.85 inches overall
length.

Applying Formula 3: Lg
= 1686.85/48 = 35.14 inch-
es, the length of the sec-
tions.

In summation, we have
46 fixed capacitors, each
390 pF, 48 wire sections,
each 35 inches long, and a
total CCD antenna length
of 1686.8” or 140.57 feet.

Wire sizes 18, 16, and 14
all have a sufficiently small
length-to-diameter ratio
when utilized 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 the outset that this
type of radiator is a very
broad characteristic type of
high-pass filter. It will per-
form well at all frequencies
above its resonant point,
but should not be used on
amateur bands whose fre-
quencies fall below reso-
nance. The broadband na-
ture of this antenna is such
that it will operate most ef-
ficiently on the lowest fre-
quency band for which it is
designed, even in instances
where resonance occurs at
or near the high frequency
end of a band. It is most de-
sirable that the CCD be
made resonant within the
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Fig. 7. Graph for determining the self-inductance of straight

lengths of wire.

lower frequency half of the
band.

Q. What effect does
height-above-ground have
on the radiated pattern of
the CCD antenna?

A. Although complete
pattern data has not yet
been obtained and ana-
lyzed, preliminary measure-
ments made with a com-
mercial field-intensity in-
strument at the 2-meter
range indicate that the
sharper pattern lobes occur
when the CCD is elevated
1/2A or higher. At heights of
5/8A and above, side levels
(off the radiator ends) are
22 to 24 dB below the
broadside lobes. Dropping
the height from 1/2A to 1/8A
gradually collapses the ma-
jor broadside lobes. At the
1/4A height, the broadside-
to-side radiation differs by
slightly more than 12 dB. At
1/81 elevation, the differ-
ence is even less. See Figs. 2
through 6 for various eleva-
tions.
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It is interesting to note
that the off-end radiation
begins to increase markedly
below 1/4A height, and can
become almost equal to the
broadside value as the ele-
vation is reduced below
1/8A.

These preliminary mea-
surements were made with
both the test antennas and
the field-intensity instru-
ment antennas horizontal
to flat ground, well in the
clear and at the same
height. The probing point
was 51 away. A ground-
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, readings were record-
ed at each 7.5 degree point.
Directly off the CCD ends,
minor lobes were noted
which were approximately

1 dB above the minimum
skirt levels of the side radia-
tion. A power input of 1
Watt at 146 MHz was used
during all pattern mea-
surements.

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

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-
creased 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 cur-
rent will then flow in the
very ends, resulting in a
more efficient radiator.
Wire screens are recom-
mended over solid discs, for
reduced wind resistance.
For the 7-MHz band, 16-
inch diameter discs are suit-
able, the diameter increas-
ing in inverse proportion to
frequency, for other bands.

The constructor will find
that the added discs cause
a slight lowering of the an-
tenna’s resonant frequency.
By adding the discs one at a
time and noting a slight fre-
quency decrease with each
addition, a positive indi-
cation is obtained that all
sections are functioning.

A CCD is installed as an
inverted dipole at W4ATE,
where it is found conve-
nient to replace 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 capacitors 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 dimensioned

about 50% longer than the
others.

Q. Is there a method
whereby a directional array
of multi-elements can be
optimally adjusted at a
particular 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 directional ar-
rays. The method involves a
full tuneup of all the radiat-
ing elements (CCD or con-
ventional) directly from the
operating position, with a
simple means for power di-
vision to the individual ele-
ments. The scheme elimi-
nates the troublesome com-
mon-point junction bottle-
neck and uses an inexpen-
sive tube or solid-state
amplifier feeding each an-
tenna element to permit
rapid system tuning without
interaction problems,
which many amateurs al-
ready recognize with con-
ventional systems.

Q. Is there a method, par-
ticularly adaptable to solid-
state linear amplifiers and to
transmatch tuners, whereby
the conventional, cumber-
some wide-spaced tuning
capacitors can be eliminat-
ed from tank, and the open-
end or toroidal coils be
henceforth ferrite-loaded
and five or six amateur band
tanks placed in the area now
occupied by one tank?

A. Fortunately, yes. The
method involves a con-
trolled-voltage distribution
(CVD) 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 loading 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



under certain conditions of
sunspot activity and other
circumstances in which the
Earth’s field-ionization pat-
tern is altered (as caused by
the sun’s activity), the usual
ionized layers existent at a
particular time of day can
become greatly changed.
Signals normally bent to
Earth by the reflecting ac-
tion of one or more ionized
layers may, because of al-
terations in the usual layer
heights and thickness, be re-
flected to a higher or lower
angle than usual.

Since the CCD antenna is
known to produce a consid-
erably lower reflection an-
gle, any circumstance

which changes the reflec-
tion angle from the ionized

layer(s) at which the anten-
na maximizes, will neces-
sarily produce a weaker sig-
nal. Many amateurs who
use both horizontal and
vertical radiators often find
that one or the other polari-
zation produces a stronger
signal. Since the CCD an-
tenna’s radiation angle can
be even lower than that pro-
duced by either of the
aforementioned conven-
tional antennas, it not only
becomes a very helpful
third form of advantage,
but, on occasion, can re-
ceive signals otherwise not
even detected. Also, sever-
al observers have noted
that under most circum-
stances the CCD antenna
will produce the least signal
fading.

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

A. This information does
not appear in standard wire
tables, but may be derived
after the inductance value
is calculated according to
the formula L = I(2log 4l/d
—3/2n10—3, where L
self-inductance, | = length
of wire in centimeters, and
d diameter of wire in
centimeters. However, the
design chart in Fig. 7 more
readily provides the self-in-
ductance values of various

—_—
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copper or aluminum wire
sizes useful for CCD anten-
na construction.

For example, to find 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 directly up to
the curve for #14 wire. From
that point, go to the left
edge of the chart and read
approximately 1.33 uH.

Last, insert this value into
the usual formula, X =
2nfl, where f is frequency in
MHz and L is inductance in
microhenrys:

XL (6.2832)(7)(1.33)
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-
urations with improved effi-
ciency. The resulting radia-
tion patterns will be differ-
ent from those with conven-
tional arrays.

—
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Final Remarks

We are grateful for the
enthusiasm and suggestions
of commercial antenna en-
gineers and many amateurs
who have phoned or writ-
ten: Frank K8AA, for com-
parison tests with 7-MHz
European stations, using
less than one-Watt input to
his CCD, Ben W5TM, for
suggesting static protection
resistors across the phasing
capacitors, the encouraging
notes of Dick W2IMU and
Art W8B8VWX, and for useful
construction ideas from the
imaginative mind of Larry
AABUS.

Larry’s experience is typi-
cal of CCD builders: “Out
here in Los Angeles, | suffer
from the “copper curtain”
syndrome. California kilo-
watts wipe out fellows us-
ing 100-200 Watts like my-
self. Oh, we can rag chew
with ZLs across the Pacific,
but spanning the long over-
land haul to Europe was un-
heard of for me. But last

[copies

active filters and decision level correction cir-

cuits
® The most flexible interface system available to

ticated limiterless design utilizing ultrasharp
computers and high voltage loops

® Built in 170 volt loop supply

110 Baud ASCII)
¢ Continuously tunable shift coverage

easy interface
® Keyboard activated switch for break in operation

throughout
® Full complement of rear panel connectors for

v
[ =
-
L
=
e
T
n
£
[
d
3
2=
(11
=
o
W
1k}
=
i}
b
=
o
54
i
=
=]
L
[
=
iuid
k)
0
k]
& s

® Unparalleled selectivity achieved with sophis-

® Selectable bandwidths of 55 and 100 Hz.
® Rugged construction - commercial guality

RTTY
Demodulators

night on 14 MHz, | was
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na. | could not hear them at
all on either my 14-MHz di-
pole or a 130-foot, all-band
doublet up 60 feet. Also,
when using the CCD my sig-
nal reports are usually two
S-units above my tried and

180~
170}
60 -
150 =
140}
130 -
PRk
o
L f o
Ol
80—
T
1ol o

NUMBER OF WIRE SECTIONS

80
40}
1ol S
2ol

| [ 1 l l

FSK-1000 '

ready to copy!
® The FSK-500 is the best demodulator available

or 110 Baud ASCII| copy
® Input bandpass preselector using active filters

® High voltage loop keyer output

accurate tuning
e Autostart buill in

logic signals
e Three shift coverage without straddle tuning

® Individual tuning meters and LED's for quick,
® Three shift AFSK keyer plus narrow shift CW |D

This RTTY demodulator is designed for computer
interface but is a fine stand alone unit:

e Easy computer interface with R5-232 or 5 volt

® Selectable bandwidths give you optimal Baudot

® Fully wired and tested:

MC

FSK-500 .

700 Taylor Road

Order direct on Yisa or

true 7-MHz double-extend-
ed Zepp.” B

References

1. Shortley and Williams, Prin-
ciples of College Physics, Pren:
tice-Hall, Englewood Cliffs NJ,
1967, pp. 593, B33, and B58.

2. Hallen, Electromagnetic
Theory, Chapman & Hall, also
Wiley & Sons, New York, 1962,
pp. 501-504.

WIRE SECTION LENGTHS IN INCHES

200 300 400 200 BO0

700

gO0D =00 (000 IO 1200 1300

SECTION CAPACITORS IN PICOFARADS

for under 5500.00 (Except for our FSK-1000!)

® Positive tuning with meter and LED's

Columbus, Ohio 33230

T.M. Call [614) 86U ZNGLH

Fig. 8. CCD antenna design chart for a 1-wavelength 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.)
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