Fig. |. W6UYH inspects a vertically polarized tem-
porary test installation of the 40 to 500-mc discone.

JOSEPH M. BOYER, Wé6UYH, ex-WBPVL*

A single efficient antenna for operation on
any frequency from 40 to 500 mc that re-
quires no tuning stubs or matching trans-

formers, has an s.w.r. under 2:1 and provides |*
gain over a dipole throughout its spectrum.|

Discone—40 to 500 Mc Skywire!

NE ANTENNA CAPABLE of highly efficient per-

formance from six to three-quarter meters—
period ! No tuning stubs or matching transformers
needed, Voltage standing wave ratio in the trans-
mission line under 2:1 over the entire stretch of
r.f. territory quoted. Once up you can forget ft,
come gale or high water., That, ham brethren, is
the discone.

The writer decided upon the discone for v.h.i.
work when the XYL made 1t clear she didn't want
the brand new QTH looking like a radar develop-
ment laboratory. Now visiting hams say, “Yeah,
that's a nice ultra-modernistic weathervane up
there but where's the skywire?” A few minutes of
listening on 2 meters, however, with the OM using
a coaxial switch to cut from a well matched ground

plane antenna to the “weather vane” and they climb.

up on the root for a closer look.

While not too famihar to the ham fraternity,!
the discone was developed and used during World
War Il. Some designs now in the patent files of
this and other countries show some similarity in
theory of operation and appearance to the discone,
but the exact configuration of top disk and cone is
the brain child of Armig (G. Kandonian,2

The discone consists of a metal cone which is a
continuation of the shield of a coaxial cable, and a
top disk which i1s connected to the inner conductor
of the same coaxial line, The slant height of the

*Design Engineer, Douglas Aircraft Co., 208 Calle de
Madrid, Hollywood Riviera, Redondo Beach, Calif.

1 Lester, "Looking Over V-H-F Antennas,” ('Q, Novem-
ber, 1048,

2 Federal Radio and Telegraph Company.
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cone (shown in Fig. 2 as dimension d) is equal
to an electrical quarter wavelength at the lowest
frequency for which operation is desired. The flare
angle at the apex of the cone has a first order ef-
fect upon the input impedance of the discone anten-
na. The exact diameter of the top disk is only criti-
cal if the discone is to be operated over the first
few megacycles of its low frequency design point;
otherwise its effect upon input impedance is second-
ary.

Physical dimensions are given in Fig. 2 for the
three models of the discone to be described. Model
A is designed to cover the frequency range 40—500
mc : model B, 400-1,200 mc; and model C (B00—
5,000 mc) is a scale replica of the 40—500 mc ver-
sion whose purpose was to provide a means of
measuring the radiation pattern of the discone
using the model antenna range technique. This
technique will be described later in the article.

Theory of Operation

While a rigorous analysis of the discone would
result in an unwieldy mass of boundary equations,
a brief non-mathematical description should be of
value particularly to those desiring to modify the
basic design for their own special needs.

There are several non-mathematical analogies
which permit a wvisualization of the operation of
the discone, but two are particularly valuable, First,
the discone antenna may be looked upon as a “hi-
pass” filter network. Imagine such a network
hooked between two transmission lines, one labeled
“Communications Network” and the other “Space
Network.” If we add an energy source in the form



DETAIL A

Fig. 2, Constructional details and dimensions of discone models A, B, and C. Each of the three antennas shown,
spanning the frequency band 40 to 7,500 mec, will offer almost constant input impedance to a coax feed line,

of a very high frequency signal generator to the
“Communications Network” it will be found that
for all frequencies below some critical value the
filter will pass. little energy from the generator to
the “Space Network.” High magnitude voltage
standing waves will exist on the line connecting the
generator to the filter.

However, once the critical frequency is exceeded
the voltage standing wave magnitude will quickly
drop to a very low value and energy will pass
smoothly from the “Communications Network” to
the “Space Network.” We might call such a “hi-
pass” filter a “broad band” network. From theory
such a network, after the critical low frequency
Iimit is passed, will offer little attenuation to all
frequencies on up to light waves. Practical net-
works fail to achieve this performance either be-
cause lumped elements such as coils begin acting
like condensers after a certain frequency range is
covered ; or if distributed elements such as trans-
mission line sections are used in its construction a
frequency region is reached where minute defects in
fabrication and surface pits and “bumps” present
discontinuities—that is, begin to act like lumped
elements and the network design fails.

The discone, then, may -be visualized as a “hi-
pass’ network with the above limitations. The
familiar dipole, on the other hand, acts like a “band-
pass’ network, Over only a very narrow band of
frequencies does it pass energy from the “Com-
munications Network” to the “Space Network.”
The objection may be raised that a dipole will radi-
ate first as a half-wave antenna, then as a full wave,
and so on, Its input impedance, however, at each
of these resonance points changes radically and
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consequently, unless the generator’s impedance 1s
matched to the antenna impedance at each of these
points, high standing waves will still exist with
poor energy transfer. This change of input imped-
ance with frequency, relatively speaking, does not
occur with such an antenna as the discone,
Intrinsic Impedance

The question then arises: what sort of radiation
characteristics does an antenna have to possess in
order to function like a “hi-pass filter network”?
The first step in this direction is to define the term
intrinsic or wave impedance. There is nothing
formidable about this term, and as ham radio moves
into the region beyond 2,000 megacycles on a large
scale its use in the hobby’s jargon will become com-
mon. Today most amateurs are familiar with the
picture of radio energy being merely guided be-
tween the conductors or boundaries of a transmis-

‘sion line. (The earth, for example, serves as a
rather leaky waveguide wall or boundary for verti-
cally polarized “ground” waves on most ham fre-
quencies. )

The intrinsic or wave impedance is simply the
ratio of the electric to magnetic fields existing be-
tween a particular pair or set of such wave bound-
aries. It is the wave equivalent of the familiar law
of Ohm, R = E/I. This concept permits assigning
a value of impedance to the empty space existing
between all the transmitting and receiving skywires
in the universe. The assigned value is 377 ohms
and space is then looked upon as a mammoth trans-
mission line with this value of intrinsic impedance.

The job of any antenna is to act as an impedance
matching transformer between the immpedance of
the communications networks connected to them
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and the above mentioned space transmission line.
The sharply tuned transformer represented by the
dipole is one way of doing this job, but 1ts charac-
teristics are not suited for operation over a wide
band of frequencies.

The discone goes about its space matching duties
in a slightly different manner. Assume a very high
frequency signal generator connected to a long co-
axial line of convenient characteristic impedance,
say 52 ohms. At a frequency of 300 mec, for ex-
ample, energy passing down the line and reaching
the open end reflects back and sets up high mag-
nitude voltage standing waves, Little power can
leak out of the open end and propagate into space.
[f, however, over a distance of 10 feet or more
the spacing between the inner conductor and the
shield of the coaxial line is gradually increased so
that at the open end the shield is now a tube several
feet in diameter—then it will be found that almost
all energy supplied to the line is being radiated.
The standing waves along the line will, for prac-
tical purposes, have vanished. Radiation will con-
tinue to occur even when the signal generator 1s
tuned to higher and much higher frequencies. What
we have done is build a wide band antenna known
as a form of anular slot, which in its way 1s a
brother to the discone.

To see the similarity attention is directed not to
the open end of the line but to the gradually taper-
ing section between the signal generator and the
slot radiator at the open end. This section 1s known
as a faper tromsformer. Such a configuration of
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Fig. 3. Evolution of the discone antenna from an open-

ended coaxial line. The relationship shown is true only

when the discone is operating at least a half octave
above its low frequency cutoff point.
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Fig. 5. The model B discone, shown mounted on the
metal roof of the test car, proved to be very efficient in
tests over a 12-mile path on the amateur 420-mc band.
Transmitter used had a power output of 2!/3 watts.

-

boundaries starts out with a low wvalue of wave
impedance because of the electrical dimensions be
tween the shield and mner conductor. As these
spread apart the wave impedance changes gradually
until somewhere along its length 1t “looks” like the
value for space. The location of this point will
change with a change in frequency, either moving
further back down the throat of the taper transfor-
mer or out toward the open end. But in either case
from this point forward in the taper transformer
the radiated waves will find themselves in an envir-
onment which has the electrical “feel” of space and
from there on out into actual space electromagnetic
waves will propagate with little loss.

Tapering boundary transformers are the theory
basis for many types of microwave radiators such
as the electromagnetic sectorial horn used in radio
city-to-city links, and they also explain the oper-
ation of the discone.

Coaxial Taper Transformer

All the foregomng ground had to be covered in
order that we might hnally see that the discone is
a coaxial taper transformer in which the shield of
the transmission line has been folded back on itself
at the beginning of the taper and flared out into a
cone (Fig. 8). The top disk is provided for two
good reasons. One, it provides a continuous bound
ary, symmetrical m all directions from the center
of the system, upon which the electric field lines of
force extend themselves as they advance out along
the cone into space. Twao, at the low frequency
limit point (where the electrical diameter of the
open end of the taper is barely sufhcient in size to
support radiation) the top disk acts as a capacitive
plate to permit the discone to function quite like
a top loaded dipole. This low limit point occurs at
a frequency for which the slant height of the cone
15 equal to an electrical quarter wave.

I3
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_____ — UG 58/U COAXIAL
CONMNECTOR

=~ WARDWARE CLOTH OR
COPPER SCREEN. COP-
PER STIFFENING
MAY BE USED IF GOM-
FINED TO INSIDE SUR-
FAGE OF CONE.

Fig. 6. Two alternate methods of constructing simple
discone antennas.

Radiation Patterns

As mentioned previously, the radiation patterns
of the discone were secured by the model antenna
range technmique.® A one-twentieth scale model of
the discone was constructed to operate over a fre-
quency range of 800 to 5000 mc. An Army surplus
APT-5 transmitter unit was used from 800 to 1,500
mc to excite a large pyramidal horn radiator used
to “illuminate” the model antenna under test. From
1,500 mc up a Klystron transmitter was available,

The model discone was mounted upon a specially
constructed dielectric tower. This tower, in turn,
was fixed upon a motor driven circular table which
permitted the model antenna to slowly rotate about
its central axis either in the vertical or horizontal
planes. As the model turned at approximately 1
r.p.m. it was “illuminated” by the uniform wave
front beam of the horn radiator mounted upon the
laboratory building. All signals to the model were
square-wave modulated to avoid danger of fre-
quency modulating the Klystron.

A bolometer detector (10 ma Littelfuse in a
special holder) connected to the model discone de-
modulated the received signal, passing the audio
component back to tuned amplifiers in the labor-
atory. To record this signal graphically in the form
of a polar plot of field strength a specially designed
cathode ray oscilloscope with servo-driven deflec-
tion coils was provided. The oscilloscope screen is
photographed during the process of rotating the
antenna through 180 or 360 degrees to secure a
permanent record, The plots shown in Fig. 4 were
projected and traced from such films.

As can be seen, the vertical pattern changes
relatively little over the large span of frequencies
covered, which are equivalent to the range 40 to
500 mc for the model A discone. Wasteful high

3 Sinclair, Jordon, Vaughan, *“‘Measurement of Aireraft
Radiation Patterns Using Models,” Proe. LLR.E., Deec.,

1947.
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angle lobes are noticed at the frequency equivalent
to 500 mc. The model range technique permits
measuring patterns with great accuracy wunder
realistic conditions and the results differ in many
respects from the idealized patterns usually en-
countered in textbook literature.

If a more narrow beam is desired near the hori-
zon while retaining the 360 degree horizontal cover-
age, several discones may be stacked one above the
other. While the band, over which the input im-
pedance of such an array remains essentially con-
stant, i1s narrowed by this procedure it is still enorm-
ous when compared with the useful bandwidth of
arrays such as the stacked Franklin or the loop type
radiators used in FM broadcasting.?

Operating Tests

The discone has a theoretical gain of about 1.8
over a dipole 1n its hrst half octave ot frequency
coverage, It was the purpose of the operating tests
to determine what superiority, 1f any, could be
noticed on the various ham bands within the model
A discone’s territory. A rig ending in a 4E27 with
200 watts input was used on the 6-meter band. An
SCR 522 was put on 144 and 220 mc, with an APT
5 emploved on 420, A 3-watt ‘mobile unit for 420
was used for the mobile tests.

With regard to actual air contacts it 1s only fair
to comment that ham radio in general is not set
up as a research project. Hence the results to fol-
low, because they are based on many “R" meter
readings—each with its own peculiar characteristics
of calibration and law characteristic—are neces-
sarily qualitative instead of quantitative,

Comparison between the performance of the dis-
cone and four individual ground plane antennas cut
for the middle of each band and carefully matched

(Continued on page 69)

4 Longitudinal and transverse arrays of discones as well
as an “‘array” consisting of a discone feeding a hollow
paper tube with a hali power beam width of only &
degrees cannot be described here but may be the subject
of a later article.

Fig. 8. An "exploded' view of the model B discone
illustrating the simplicity of construction. A special
flange, not shown, was welded to the base of the
antenna for ease in mounting to an automobile roof.

15




wild look in eye about to detune scared old Scratchi.
Before he are getting any ideas like cutting off legs
I are thinking fast and asking him why not bypass-
ing me to ground.

He are evidentally liking idea, as he are wrapping
me well with wire, and connecting condenser to
this and then to radiator. Then he turn on rig and
go downstairs. This are working ok, I guess, as he
are coming back and untying me. Needless to say,
I am leaving hurriedly with instructions not to
coming back until have grown cupple more inches.

[ are sorry to be leaving so soon, as were about
to try out antenna idea. Being he so high 1n air on
top of building, couldn’'t Scratch: using metal
framework of building for vertical antenna?

Respectively yours,
Hashafists Scratchi

BC-624 NOISE LIMITER

[from page 25]

noise. Resistors need not be more accurate than
109% because a little clipping on occasional voice
peaks is not objectionable in amateur communica-
tions. Distortion i1s so low that no provision has
been made for cutting the limiter out of the cir-
cuit, or for adjusting the limiting level,

The 18,000-ohm resistor (R6) in the cathode
lead from the 6B8 has no effect on detector and
noise limiter performance. Its function is to pro-
vide a bias which delays the a.v.c. so that it does
not act on weak signals. The amount of delay can
be varied by changing the size of this resistor. In
some receivers the a.v.c. diode load resistor, RS,
1s returned to ground rather than to the cathode.
This more conventional connection should be re-
tained. No changes were made in the audio ampli-

fier other than adding a 6800-uuf condenser from
the plate of the 6J5 (or 12J5) to ground. This

serves to bypass the higher-pitched audio compo-
nents of input noise which previously had been at-
tenuated by the audio transformer.

DISCONE

[from page 15]

with shunt coaxial transformers to the RG 8/U

line were requested from stations worked. By “care- |

fully matched,” we mean actually measuring the
voltage standing wave ratio with a laboratory slot-

ted line and matching until the line to the ground |

plane was as flat as it could be made. No matching

of any kind was used on the discone at any of the|

frequencies used.

Out of twentv-two contacts made, nineteen re-|
ports gave the discone a 2 to 3 “R" advantage; one |
station called it a draw, and two other reports)

(on the three-quarter meter band) gave the dis-
cone anywhere from 3 to 5 R-units greater signal
strength but had to be reluctantly discarded because
the stations concerned were estimating by ear, not
meter.

The smaller version of the discone shown mount-
ed on an automobile top (model B, Fig. 5) was
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SURPLUS RADIO
CONVERSION MANUAL

INTWO VOLUMES

ONLY

BOOKS

OF

THEIR

Here Is 8 set of reference data which has become standard
for the most commonily wused items of surplus electronis
equipment. All conversions are practical and yield a useful
item of equipment; all have been provem by (testing om
several units. Listed below are the many worthwhile [tema
included in these helpful, unusual reference books.

VOLUME 1|
BC-221 Frequency Maeter
BC-342 Receiver
BC-312 Recsiver
BC-348 Receiver
BC-412 Oscilloscope as a8 test scope or a3 8
television receiver
BC-645 420-Mec. Transmitter /Receiver
BC-453A Series Receivers
BC-4S57A Series Transmitters
SCR-522 144-Mc. Transmitter /Receiver
TBY Transceiver with Xtal Control
PE-103A Dynamoltor
BC-106BA V-h-f- Receiver
Electronics Surplus Index
Cross Index of VT-Number tubes

VOLUME 11
ARC-5 and BC-454 Revrs for 28-Me.
ARC-S5 and BC-457 Tx for 28-Mc. Mobiile
ART-13 and ATC Transmitter
Surplus Beam Rotating Mechanisms
Selenium-Rectifier Power Units
Hi-Fi Tuner from BC-9468B Receiver
ARC-5 V-h-f Transmitter
GO-9 and TBW Transmitters
9-Watt Amplifier from AM-26
TA-12B and TA-12C Transmitters
AVT-112A Transmitter for Alrcraft
BC-375 and BC-191 Transmitters
Model LM Freguency Meter
Primary Power Requirements Chart
ARB Receiver Diagram Only

FOR EITHER VOLUME AT YOUR
$250 DEALER—On mail orders from us,
$2.60 postpaid.

1313 KENWOOD ROAD, SANTA BARBARA, CALIFORNIA

69



Fig. 7. Voltage standing

wave ratio existing in a 9
52-ohm coaxial line for

model A discone., A

v.s.w.r. magnitude of 2

V.SWR.
represents only 3 per

cent power loss due to

impedance mismatch.
Measurements were 2

made on a laboratory

slotted line.
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necessary in order to test the antenna for suitability
under mobile conditions. Operation was in the 420-
mc band. Only two schedules could be arranged
between the mobile unit and the home station in the
time allotted for mobile operation. In both instances
contact over a 12 mile path could not, be established
with ground plane antennas being used at both ends
of the circuit, After a five minute call the home sta-

200 300 400 S00

FREQUENCY (mc)

tion switched to the model A discone and was heard
about O3 R3 by the car. The mobile unit then tied
in its discone and the signal was Q5 R4. The least
that can be said from the above results is that the
discone looks like a good. efhcient antenna for
members of the fratermity who do not desire a roof
bedecked with an antenna for each v.h.f. band they
operate in. For the experimenter who wishes to
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Here at last is a binder using modern
postwar materials at prewar prices. De-
signed to provide instantaneous refer-
ence to your monthly copies of CQ. An
unusually fine library finish that will stand
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stainproof and washable
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work with combinations of discones, possibilities
appear extremely bright.

A point of interest about the mobile mstallation
!l.lr-:' 01 '{]]l_' l[h:-!:i_rﬂt_‘ Zi:- ‘|."'.'l:"].1i1 (d to a “.’H

and tapped

15 that the
ring of 064 brass. This ring 1s drilled
for 12 type 10-32 screws which go directly mto the
car top which then acts as an excellent ground plane.
Little change in the mput impedance results when
this 1s done, but the radiation changes
shightlv. In this cas
was noticed. No attempt was made to secure pe

the (itizens Band.

patiern

a lowering of the major lobx

mission for transmissions n

althous

ngh voltage standing wave measurements were

carried out to 500 me and. as can be seen from the

curve, l'tg. 7, predict excellent results tor band
many hams will probably be tempted t
Construction MNotes
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thor's model A antenna cost a total of $25.00; this
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DUAL CONVERSION SUPER

l from page J-—”

capacity can be used across the coil for the sami
purposc, 1i desired.

The pitch control i1s an air trimmer of approx
nnately 35 puf maximum capacity. Actually, 1t 18
a standard trimmer from Lwo

stator and three rotor plates were removed, leav

M-puf arr which
mg nine plates m all. In order to avoid trouble
pitch control condenser
that

1
» ] (1
Err,h—.-..=|p]|;+

from b-f-o harmonics, the
1s mounted directly under the b-f-o col so
118 stator 11 i!l] LCcdll I"i'

-"I- :L inch |'l'-l“' 11'!il::T él'uiii e | ]"I-.ﬂlr' 1*‘: 11 ‘-..'!I’r:r conp-

made as short as

lers are used to couple the trimmer shait to a bear-
mg assembly mounted on the panel. In wiring the
second 1-f and detector circmmts. be su cep all
components close to the chassis to allow clearance
or this shal

| he send-receive switch, SH 4. 1s I le-pole-
ouble-throw toggle switch, one vhich 1s
1sed to applv 117 volts a.c. a pair of terminals
n the rear of the chassis to operate antenna and
ansmitter relavs he “send” posita The other
pole grounds the proper terminals of the gain cos
irol potentiometers he “receive” position, and
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Radar, Communications

and

Sonar Technicians

WANTED

For Overseas Assignments

Technical Qualifications:

I. At |least 3 years practical experience
in installation and maintenance.

2. Navy veterans ETM | /c or higher.
3. Army veterans TECH/SGT or higher.

Personal Qualifications:

|. Age, over 22—must pass physical
examination,

2. Ability to assume responsibility.

3. Must stand thorough character inves-
tigation,

4. Willing to go overseas for | year.

Base pay, Bonus, Living Allowance, Yaca-
tion add-up to $7,000.00 per year.
Permanent connection with company
possible.

Apply By Writing To
B-2 P.O. Box 3495, Phila. 22, Pa.

Men qualified in RADAR, COMMUNI-
CATIONS or SONAR give complete
history. Interview will be arranged for
successful applicants.

It is easy and pleasant tolearn orincrease
gpeed the modern way—with an Instruc-
tograph Code Teacher. Excellent for
the beginner or advanced student. A
quick, practical and dependable method.
Available tapes from beginner's alphabet
to typical messages on all subjects. Speed

range 5 to 40 WPM. Always ready, no
QRM, beats having someone send to you.

ENDORSED BY THOUSANDS!
I'he Instructograph Code Teacher lit-
srally takes the place of an operator-in-
structor and enables anyone to learn and
master code without further assistance
Thousands of successiul operators have
“acquired the code’” with the Instructograph System, Write
today for full particulars and convenient rental plans.

INSTRUCTOGRAPH COMPANY

Dept, C, 4701 SHERIDAN ROAD, CHICAGO 40, ILL,
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