a new look
at the

W8JK antenna

This old standby
provides

interesting possibilities
for the new bands

The W8JK antenna or “‘flat-top beam’” was adapt-
ed for Amateur use and described in QST in 19381 by
John D. Kraus, W8JK. This antenna was widely used
for several years but has now been largely supersed-
ed by the Yagi, which hashigher gain for agiven size.

In 1970, 32 years after his original QST article,
W8JK described a 5-band rotary beam antenna with
several modes of operation.2 In mode 1, having the
highest gain, the antenna consists of a pair of vertical
WB8JK antennas stacked horizontally. Whether by
design or chance, the same issue of QS7 contains a
description of a device called ““The Ultimate Trans-
match,”’3 which is a considerable aid in making the
basic W8JK an attractive antenna.

In this article the W8JK antenna is compared to
the widely-used 3-element Yagi, and it will be shown
that, despite its lower theoretical gain, the W8JK is
in several respects the better antenna.

the W8JK antenna

The basic W8JK antenna is shown in fig. 1. It con-
sists of two closely spaced dipoles fed 180 degrees

60 july 1981

out of phase. The original W8JK article refers to this
as a single-section antenna if the dipole length, L, is
a half wavelength and as a two-section antenna if L
is a full wavelength. in fact, the antenna operates
well and with no abrupt change in properties over a
frequency range such that L varies from less than a
half wavelength to more than a full wavelength, so
that this distinction appears unnecessary. In the orig-
inal article and elsewhere4 more complicated varie-
ties of the antenna, and end-fed as well as center-fed
versions, are discussed. However, only the basic an-
tenna is dealt with here.

Operation of the W8JK antenna is as follows: the
individual dipoles tend to radiate as they would in iso-
lation; that is, with no radiation off the ends and
maximum radiation at right angles to each dipole.
However, because of the out-of-phase feed to the di-
poles, radiation cancels in the upward and down-
ward directions. The cancelled radiation is not lost
but appears elsewhere, primarily in both directions
along a line joining the centers of the two dipoles.

Antenna gain depends on both element length L
and spacing d, but neither is critical. If a lossless an-
tenna is assumed, very close spacing should produce
the highest theoretical gain, but such spacing also re-
sults in very low radiation resistance, and conductor
losses cannot then be neglected. In practice, spac-
ings of about one-eighth wavelength seem to be opti-
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fig. 1. The basic W8JK antenna, consisting of two
closely spaced dipoles fed out of phase.

mum. The spacing should not be reduced to much
below this figure but can be increased to a quarter
wavelength with very little reduction in gain.

Antenna length is subject to the same constraints
as in the case of a simple dipole: length should not be
reduced much below a half wavelength because of
reduced radiation resistance, and gain increases with
length up to a maximum at one and a quarter wave-
lengths.

The gain of a basic W8JK antenna with eighth-
wavelength spacing and half-wavelength elements is
about 4 dB in free space. This figure increases grad-
ually to about 6 dB at twice the design frequency,
and to a maximum of about 7 dB at 2.5 times the de-
sign frequency.

the Yagi antenna

The familiar 3-element Yagi antenna is shown in
fig. 2. This antenna is similar to the W8JK in that its

fig. 2. Three-element Yagi antenna. Energy from the
driven element DE is picked up and reradiated by
reflector R and director D.

gain results from the cancellation of radiation from
the various elements in some directions and addition
in others. It differs, however, in how power is applied
to the various elements. In the W8JK antenna both
elements are fed directly. In the Yagi only one ele-
ment is fed directly, and the others behave simultan-
eously as receiving and transmitting antennas, re-
ceiving power from the driven element and re-radi-
ating it with an amplitude and phase determined by
the length of the element and its spacing from the
driven element. This method of supplying power to
the parasitic elements makes the Yagi easy to feed,
but the critical dependence of the phase of radiated
power on element length makes the Yagi a narrow-
band antenna, operating as intended only near the
design frequency. At frequencies far removed from
resonance, the parasitic reflector and director receive
and re-radiate little power, and the pattern of the an-
tenna is not very different from that of the driven ele-
ment alone.

Variations on the 3-element Yagi include: a) an
increase in the number of directors, leading to im-
proved forward gain (additional reflectors, being in a
low-field region, would have little effect and are rare-
ly used), b) interlacing elements for various frequen-
cy ranges, and c) the addition of traps in the various
elements to cause resonance at several frequencies.
This is a useful procedure but requires compromise
spacing at the different frequencies.

a comparison

Although a 3-element Yagi has more gain in free
space than the WB8JK, there are at least three re-
spects in which the latter is the better antenna.
These are: noncritical construction, bandwidth, and
operation at low elevation.

The noncritical nature of the W8JK results from
the fact that, unlike the Yagi, it does not depend on
resonance for its symmetry; and, provided symmetry
is maintained, element length and spacing are rela-
tively unimportant,

Its large bandwidth, too, results from the nonreso-
nant nature of the W8JK antenna. This bandwidth is
such that operation is possible over at least a 2.5:1
frequency range. Operation over such a range does
require the use of an antenna tuner or transmatch
and a tuned transmission line, since antenna impe-
dance does change with frequency.

antenna height

We turn now to the question of operation at low
elevation. It is a matter of great importance, and in
fact the major point of this article, that the basic prin-
ciple of operation of the W8JK antenna remains valid
even at very low elevations, whereas under the same
conditions the behavior of a Yagi degrades to that of
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fig. 3. Basic W8JK antenna spaced at a height 2 above a
ground plane. Aithough reflection from the ground
plane takes place and the angle of radiation is raised,
symmetry is retained, and the basic principle of opera-
tion — cancellation of radiation in the vertical direction
- remains valid.

a simple dipole. This means that at low elevation the
W8JK is a more effective antenna than the Yagi. To
see why this is so, consider first the W8JK (see fig.
3). The presence of a nearby ground plane wili affect
the antenna impedance, but with a tuned feed line
and a transmatch this is easily compensated.

The important point is that, because symmetry is
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tig. 4. Three-element Yagi antenna at a height / above a
ground plane. If & is small, director D and reflector R
are detuned and improperly excited and are thus
ineffective. The resultant radiation pattern is that of
the driven element DE alone — a dipole above a ground
plane.
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not disturbed by the ground plane, the fundamental
principle of operation — cancellation of radiation in
the vertical direction — remains valid. Considering
next the Yagi {see fig. 4), we find that the nearby
ground plane will severely detune both director and
reflector and interfere with their excitation by the
driven element. These two parasitic elements there-
fore become ineffective, and performance degrades
to that of a simple dipole near ground.

It follows from the above argument that there
must be some critical height below which the W8JK
outperforms the Yagi, and it would be interesting to
know what that height is. In principle it should, of
course, be possible to calculate the characteristics of
both the W8JK and the Yagi as functions of height
above a perfect ground. But, particularly in the case
of the Yagi, this presents difficulties, and an experi-
mental approach seems preferable. | am not in a
position to carry out the experimental work, but |
have found a reference® that seems to contain the es-
sential results. In this reference it is stated that a 20-
meter antenna, essentially equivalent to a W8JK, at
38 feet (11.6 meters} gave results comparable to a 3-
element Yagi at the same height. When 10-meter
antennas were compared at the same height, the 3-
element Yagi was found to be superior. This would
seem to imply that at an elevation of about one
wavelength, a 3-element Yagi outperforms a W8JK,
but that at a half wavelength elevation, the two are
about equal. This would mean that the critical height
is about a half wavelength, and that below that
height a W8JK can be expected to outperform a
Yagi.

Fig. 5 (from reference 4) shows the W8JK vertical
radiation pattern at a height of 1/2 wavelength.

conclusions and remarks

The W8JK antenna has a number of desirable
characteristics and makes a particularly good anten-
na in situations where only a low height is possible.
An elevation of a half wavelength seems to be about
the critical height below which the W8JK provides
higher gain than a 3-element Yagi. Thus a W8JK at
20 feet (6 meters) should be about comparable to a 3-
element Yagi at the same height on 21 MHz, poorer
at higher frequencies, and better at lower frequen-
cies.

Although the WB8JK exhibits gain over at least a
2.5:1 frequency range, the antenna has an impe-
dance that is a function of frequency and should be
fed by a transmatch and an open-wire line of some
sort.

In addition to the 10-, 15-, and 20-meter bands, the
new Amateur bands at 10, 18, and 24 MHz can be ac-



commodated. For example, an antenna with a length
L =40 feet (12 meters) and a spacing d = 11 feet (3.4
meters) should provide good performance on the
Amateur bands at 10, 14, 18, 21, 24, and 28 MHz. In
addition it should provide much improved reception
on the 12-, 15-, 18-, and 21-MHz shortwave broad-
cast bands, where most listeners make do with a ran-
dom length of wire, or at best, a dipole. If operation
below 14 MHz is not required, the spacing can be re-
duced to d = 8 feet (2.4 meters), and the length L can
be anything from 24-40 feet (7.3-12.2 meters).

In closing | might mention that my own experience
in feeding a 30-foot-long (9-meter) W8JK with 8-foot
(2.4-meter) spacing by means of a 40-foot (12.2-
‘meter) length of 300-ohm TV twinlead has been bet-
ter than might be expected. There has been no
breakdown with 1200 watts PEP input, and although
losses are no doubt somewhat higher than those of
an open-wire line, the use of twinlead is extremely
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fig. 5. Vertical pattern of W8JK antenna at a height / of
one-half wavelength. At other heights additional lobes
may appear, but vertical radiation is always cancelled
and radiation is at lower angles than from a dipole at
the same height (from reference 4).

convenient. The main disadvantage of the twinlead is
that it is necessary to cease operation during rain-
storms because the input impedance of the feed line
becomes erratic.
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HAL 2304 MHz DOWN CONVERTERS (FREQ. RANGE 2000/2500 MHz)

2304 MODEL #2 KIT (withpreamp) . . . ...t $59.95
2304 MODEL #3 KIT (with High Gainpreamp) . . ................... $69.95
ALL ABOVE MODELS WITH COAX FITTINGS IN & OUT AND WITH WEATHER-PROOFED
DIE CAST HOUSINGS

FACTORY WIRED & TESTED $50 additional
POWER SUPPLY KIT FOR ABOVE $24.95
FACTORY WIRED & TESTED $34.95

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR
COUNTER COMPLETE. HAL-600A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO
T0 600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY AND ONE FOR HIGH
FREQUENCY; AUTOMATIC ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC GATE
WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY # .001%, UTILIZES 10-MHz

CRYSTAL 5 PPM COMPLETEKIT $129
HAL-300A 7-DIGIT COUNTER (SIMILAR TO 600A) WITH FREQUENCY RANGE OF 0-
300 MHz COMPLETEKIT $109

HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 50 MHz OR BETTER
AUTOMATIC DECIMAL POINT, ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN-
PUTS: ONE FOR LOW FREQUENCY INPUT, AND ONE ON PANEL FOR USE WITH ANY INTER-
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY
BEEN MADE. 1.0 SEC AND .1 SEC TIME GATES. ACCURACY # .001%. UTILIZES 10-MHz

CRYSTAL 5 PPM COMPLETEKIT $109
FREE: HAL-79 CLOCK KIT PLUS AN INLINE RF PROBE WITH PURCHASE OF ANY FRE
QUENCY COUNTER
PRE-SCALER KITS
HAL300PRE . . ... (Pre-drilled G-10 board and all components) . . ... $14.95
HAL300A/PRE. ... ..... (Same as above but with preamp). . ....... $24.95
HAL 600 PRE . . (Pre-drilled G-10 board and all components) . . . .. $29.95
HALG600A/PRE. . ....... (Same as above but with preamp). . ....... $39.95

HAL-1 GHz PRESCALER, vxr & unr ineuT & 0UT-
PUT, DIVIDES BY 1000. OPERATES ON A SINCLE 5 VOLT SUPPLY
PREBUILT & TESTED $79.95

TOUCH TONE DECODER KIT

HIGHLY STABLE DECODER KIT.COMESWITH2SIDED, PLATED THRU AND SOLDER FLOWED
G-10 PC BOARD, 7-567's, 2-7402, AND ALL ELECTRONIC COMPONENTS. BOARD MEAS-
URES 3-1/2 x 5-1/2 INCHES. HAS 12 LINES OUT. ONLY $39.95

DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM
7206 CHIP. PROVIDES BOTH VISUAL AND AUDIO INDICATIONS! COMES WITH ITS OWN
TWO-TONE ANODIZED ALUMINUM CABINET. MEASURES ONLY 2-3/4" x 3-3/4". COM-
PLETE WITH TOUCH-TONE PAD, BOARD, CRYSTAL, CHIP AND ALL NECESSARY COMPO-
NENTS TO FINISH THE KIT PRICED AT $29.95

FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND-HELD UNIT, THE PC BOARD
MEASURES ONLY 9/16" x 1-3/4"”_ THIS PARTIAL KIT WITH PC BOARD, CRYSTAL. CHIP
AND COMPONENTS PRICED AT $14.95

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR
WBA4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT, IN QST MAGAZINE
AND THE 1975 RADIO AMATEUR'S HANDBOOK $16.95

ACCUKEYER — MEMORY OPTION KIT PROVIDES A SIMPLE, LOW COST METHOD
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95

PRE-AMPLIFIER

HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH (- 3dB
POINTS), 19 dB GAIN FULLY ASSEMBLED AND TESTED $8.95

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL — $7.95.
OPERATES ON 12-VOLT AC (NOT SUPPLIED). PROVISIONS FOR DC AND
ALARM OPERATION

6-DIGIT CLOCK » 12/24 HOUR

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS, 1 CLOCK CHIP, &
FND COMM. CATH. READOUTS, 13 TRANS., 3 CAPS, 9 RESISTORS, 5 DIODES, 3 PUSH-
BUTTON SWITCHES, POWER TRANSFORMER AND INSTRUCTIONS. DON'T BE FOOLED BY
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA PRICED AT $12.95

CLOCK CASE AVAILABLE AND WILL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR
PRICE $6.50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK.

SIX-DIGIT ALARM CLOCK KIT FOR HOME, CAMPER, RV, OR FIELD-DAY USE. OPER-
ATES ON 12-VOLT AC OR DC, AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD. COM-
PLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE, PRE-DRILLED PC BOARDS
BOARD SIZE 4” x 3”. COMPLETE WITH SPEAKER AND SWITCHES. IF OPERATED ON DC,
THERE IS NOTHING MORE TO BUY.* PRICED AT $16.95
*TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM
110-VOLT AC $2.50
SHIPPING INFORMATION — ORDERS OVER $20.00 WILL BE SHIPPED POSTPAID
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LESS
THAN $20.00 PLEASE INCLUDE ADDITIONAL $1.50 FOR HANDLING AND MAILING
CHARGES. SEND SASE FOR FREE FLYER

DISTRIBUTOR FOR

HaLTronix

P. 0. BOX 1101
HAROLD C. NOWLAND SOUTHGATE, MICH. 48195
WBZXH PHONE (313) 2851782
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