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- super array for DX

Good news from New Hampshire.

A genera l view of the array in relation to the shack which is in the upper rear room of the
old fa rmhouse.
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he most popular 20
mete r beam antenna in

use today is the vag!
mounted horizonta lly on
to p of a ta ll tower. A
" package" price o n such

an antenna, a three-ele
ment triband beam , a
rotator, a 51-foot crank-up
tower, and 100 feet of coax
and rotator cable was re
cent ly advert ised in ham

magazines at $1 ,095 . In
addition , you will have to
pay for shipping and cost
of erection (including con
crete, guy wires, anchors,
etc.I to say nothing of the

legal fees to defend you r
self against the local zen
ing board because you
erected a 51-foot structure
on your property without a
building permit . To avoid
the above expenses, I de
signed and bu ilt a vertical
array over a ground plane
wi th a max imum height of
o nly 16.4 feet and a total
e rec ted cost of o nly $60,
plu s a few bucks fo r the ex
tra RC-58fU needed, thus
saving we ll over $1000.
we ll over $1000.

Vertical beams described
in the literature are general
ly either two- or four
element ground-mounted
phased arrays for 3.5 or 7
MHz .' The directivity of
these beams can be
changed by various switch
ing arrangements . The
usual method is to switch
in coils of coax cable cut to
the requi red length for the
number of degrees lag re
q uired. This is re latively
simple for two elements.
However, t he ga in fro m
suc h a two-e leme nt beam
is al so relatively low. To in
crease the gai n, it is neces
sa ry to increase the num
be r of e lements in the
beam. Four is usually the
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Fig. 1. Method o f feed for the 2-element phased array. Fig. 2. Method of phasing and power division for the
4-element array.

maximum num ber of ele
ments used. These may be
arranged in a straight line,
a square, or a t riangle, with
the fou rth element in the
center. ' The complexity of
the switching and phas ing
inc reases at a fa ster ra te
than t he ga in from suc h an
array. Although the ga in is
low from suc h a n a rray, it is
more th an adequate on 3.5
and 7 MHz, where rota table
beams are very expensive
and diff icult to construct.

To get enough gain on 14
MHz from such an a rray to
be competitive with yagis
and quads on towers, at
least eight e lements are
ne ce ssary . Th erefore , I
ske tc hed up a n eig ht
eleme nt ph ased array with
switchab le d irectivity, but
gave up the id ea afte r
calculati ng t he number of
rel ays and the feet of coax
cable that wou ld be need
ed ,

Parasitic Array
One-half of an eight

element yagi (split down
the middle) mo unted verti
cal ly ove r a ground p lane
looked really interest ing)
si nce it o nly required a
single length of RC-8/U for a
feeder and could poss ibly
be made into a tribander for
20n 5nO. An eight-element
parasitic beam could not
have its di rectivity switched,
but si nce I had already given
up that idea, I decided to
go ahead with a large high
gai n unidi rectional beam
fixed on Oceania. It was
decided to sta rt with fo ur

e lements , a reflector, a
d riven element. and two
directors, later expanding
it to eight or more ele
ments by adding more
directo rs . With this in
mi nd , I reviewed the
litera tu re o n yagi antennas .
A 20 meter beam is gen
e ra lly li mi ted to three
el eme nts only beca use of
the difficu lty in supporting
a lo ng boom 50 to 60 feet
up in the air. Imagine the
wind and ice load of an
eight-element beam with
an 80- to 100-foot boom !
This is no problem on VHF
where high-gain 10- to
1&-element yagis are com
mon. Neither is it a prob
le m on HF when the beam
is ve rtica l wi th each e le
men t mounted on its own
ground post.

Since I wanted my beam
to point to Australia , which
is 270 degrees true from
central New Hampshire, I
drove a s-teer ground
stake of 'l-inch diameter
pipe into the ground and
attached the driven ele
ment to it. At precisely
noon sun time, a stake was
d riven at the end of the
shadow of the driven e le
me ri t ." Th is estab lis hed
true north. Next, [ mea
sured off 90 degrees and
d rove another stake, mark
ing the true east/west axis
of my new beam. The three
ground posts for the reflec
tor and two directors were
installed next, together with
thei r e lements, a long this
east/west line. A length of
RC-B/U was hurried ly run
from the shack to the

driven element just before
dark. There was no time to
install radials, but I did
have a good (?) ground,
four pipes driven into the
moist soil to a depth of 3
feet.

At 6:00 am the next morn
ing, I ca lled CQ and was
elated that VK3AKK .a n
swered and gave a repor t
of strength 5 on a rather
poor band. I was delighted
that the first QSO on my
new Australian beam was
with a VK station. Anxious
to see how much better it
was than my other a nten
nas, I switched in tu rn to a
Hust ler 4BTV, a d ipole,
and an eight-wavelength
longwire. Ken came back
saying: "Don't slash you r
wrists or cut your th roat
with t his re p o r t , but
although your new beam is
a good S-5, the 4BTV
ground plane is an 5-7 and
the dipole is an S-9. The
longwire (po inting at South
America) is an S-6."

So, back to the drawing
board! It seems I have re ad
somewhere that a p ipe
d riven into the ground
ma kes a good li ghtning ar
rester but not an rf grou nd!
An swr check showed an
extreme ly high swr ratio, so
a 5D-Ohm dummy lo ad was
placed at the far end of the
coax. The swr came down to
1 to 1, showing the cable to
be OK. Realizing that the
trouble was probably due to
the lack of a grou nd plane,
four radials, each % of a
wavelength lo ng, were in-

stalled at the base of each
element. The swr immedi
ately came down to 3 to 1.

A field-st rength meter
was set up about 60 feet in
front of the beam, and the
lengths of each element
were va ried in steps of 2 to
3 perce nt bot h ways with
no very conclusive res ults .
The e lements did not want
to tune. It appeared that I
was trying to adjust the
length of an element an
inch or so at a time against
some unknown random
length of a ground system.
Fou r more rad ia ls were
added, making a total of
eight rad ial s per e lement. I
rese t the lengt hs of each
e leme nt to 5 and 10 pe r
cent shorte r fo r the direc
tors and 5 percent longer
fo r the ref lector and ran
another swr check. The swr
was now down to 2 to 1, a
worthwhile improvement.

The next morning. anoth
er CQ raised VK4AGL. The
new beam was beginning to
work . Joe gave me the fol
lowing comparative re po rt:
new beam S-9, dipole S-8,
4BTV 5-7, longwire S·5, It
appea red Iwas now in busi
ness, so I started adding
mo re elements, more
radials. and a a-to-1 step
down transformer. After
each change, I would col
lect comparison reports for
about a week. The greatest
improvement in repo rts
resu lted from inc reasing
the rad ials to 16 per e le
ment. The final 8-e lemen t
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Y.l -wave matching trans
formers . If each of the
driven elements had feed
point resistances of 50
Ohms, they wo uld be in
parall e l a t the first "T",
producing 25 O hms of out
pu t. Now, if we connect in
a 5Q-Ohm coaxial tra ns
fo rmer an odd number of
qu arter waves in length, we
can rai se this 25 Ohms to
100 Ohms. Zo = "Zr X Zs,
where Zo is the line imped
ance (in our case, for RG
8/U, 50 Ohms). Zr is the im
pedance at o ne end, and Zs
is the impedan ce at the
other end , 25 O hms. Zr =
lo21ls = 50 X 50125 = 100
Ohms.

Now at the next " T" we, ,
have two 1DO-Ohm resis
tances in parallel , giving us
the desired 50 Ohms for
the RG-8/U. An swr check
bears this ou t. The swr with
two elemen ts was a little
over 1 .5 to 1. With the four
e le ments a nd the trans
fo rme rs , it dr o pped to
almost 1 to 1. The element
lengt hs and the spacing
had been calculated from
the following fo rmulas : All
Y.l·wave e lements, le ngth
in feet = 246 X .95/1 4.250
= 16.4 feet. All element
s p a c i n g, in fee t
246n4.250 = 17.26 teet

A week of ope ra t io n
p roved that the four
phased e lements equaled
t he 8-element parasitic
beam. Many VKs and Zls
were worked, as well as
some long-path contacts to

,
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power from the transmitter
is hopefu ll y divided in half
by the coax "T" , o ne half
going to element #1 and
the other half going to e le
ment #2 . Al so note tha t
points A and Bare equidis
tant from the coax "T";
therefore, there is no phase
difference between them .
There is, however, a n addi
tional V. wavelength of
coax between po ints B a nd
C; therefore, it takes the
signal that much longer to
reach point C. Since there
are 360 degrees in a wave
length , V. of a wave eq ua ls
90 degrees, and the signa l
in e lement #2 is sa id to
" lag" that in e lement #1 by
90 degrees . Thi s same
method of feed will be
used fo r each pair o f
elements .

This 2-element phased
a rray was used for a week
working VKs and Zls, with
results equal to the 4
element parasitic beam.
Of cou rse, by now I had a
better ground pl ane tha n
earlie r. Next, two more
dri ven el em en t s wit h
V. -wave spacing were add
ed. In each case, t he d ivi
sio n of power was hope
fully a ccomplished by
simp ly insta lling a coaxial
"T" in the line as shown in
Fig. 2. Phasing was accom
p lished by feedi ng the two
pairs of elements through a
V. -wave and a Y4 -wave sec
tion of coax as shown. The
reaso n for doing th is was to
avail myself of a pa ir of

Fig. 4. Feeding eight 2 meter beams in phase with equal
power. Feedlines to all beams are of equa l length for in
phase operation. This is the type of phasing harness to use
fo r broadside d irect iv ity of the 8-element array.

each coax by V. of a wave .
Refe r to Fig. 1 fo r the
power divis ion and phasing
of the first two elements.
The formu la fo r the elec
trical length of a quarter
wave length of coax is: l in
feet = 246 X Vlf = 11.39
feet when f (freq ue ncy in
MHz) = 14.25 MHz and V
(ve loci ty fa ctor) = .&6.

Handbooks say that V
equals .8 for foam dielec
tric RC--8/U and .&6 for
sol id dielectric. Thi s makes
a good sta rting point. Be
sure to grid-dip your par
ticula r c o ax to 14.250
MHz, each time checking
the grid-dip freque ncy on
your rece ive r. Solder a
'l -inch dia meter loop onto
a coax chassis fitting and
then screw on t he lengt h of
coax to be checked. If it is
solid dielectric cab le, then
it should be cut to a few
in ches lo nger tha n .66
t imes v. , % , Y4, or 1 V.
wavelengths and then
pruned to length with the
grid-dipper. When d ipping
the %·wave coax, set the
dipper at 7.125 MHz and
read its second harmon ic
at 14.250 MHz. For all odd
quarter wavelengths of
coax, set t he dipper at
14.250 MHz. The end of the
cable you are p runing must
be open-circu ited . It was
interestin g to note that
none of my coax had a
velocity factor, V, of .66; it
varied from .59 to .62.

Refe rring aga in to Fig. 1,
you will note that the

"

If" .". ,m ,.. m '. ,m ••
I "'" ,,., I 1.,.. ""

I , ".. "., I '--1II<:-MI\j

L- ....!oaIU UAJ "..
- l,- II"-UJ I,I- H Sfi

'IA -
' Q. n ...s,,,...t ll

_ 1tG ·eN
An , ( MGT..

T U "';'. "T HII

vag i beam gave a consis
ten t two S-unit increase in
signa l st rengt h (abo ut 12
d B) over the best of my
refere nce anten nas . I still
was not happy with the
beam because I could not
see any def inite results
from trying to tune it. Ad
justing the lengths of each
of the eight elements
became very tedious and
time-consuming. It was
decided, therefore, to try
an all-driven a-element
phased array, sta rting with
two elements, then goi ng
to four, and then to all
eight.

Phased Array
In a phased array, there

a re two th ings to watc h out
fo r: First, if V.-wave length
spacing between e lements
is used for end fi re, then
the re m ust be a gO-de
gree lag between elements,
and second, t he power
must be divided equally
among all elements.S The
first problem is solved by
feeding the first element
directly from the co a x
from the transmitter and
then feeding the second
element through an extra
V. wave length of coax.
Now, obviously, an elec
t rica l V. wave of coax, 11.4
fee t, wil l not reach be
tween two V. -wave spaced
e lements, 17.3 fee t; there
fore , we must lengthe n t he
coax to each e lement by an
equal amount. For ease in
grid-dipping each length of
coax, I chose to lengthen

Fig. 3. Feeding and phasing an 8-element array. Note the
37.S-0hm Q transformer. Refer to Fig. 5.
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A view of the array from the highway with our ofd cattle barn in the background. This
view is looking to the east off the back of the array and causes considerable comment
among passing CBers. I o ften notice truck drivers looking out their windows with mik e in
hand . . . "Cot your ears on, good buddy?"

the Indian Ocean, South
Afri c a , a nd t he So u t h
At lan tic . Another set of
fo u r e le me nts was in
sta lled . one at a time. in
line and phased, the same
as shown in Fig. 3. The sec
ond group of fou r elements
was delayed the proper
num ber of degrees each by
feed ing them off another
" T" wit h a 1 V. -wavelength
coax line.

The method of power
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division into e ight eq ua l
parts is patterned after the
way you would divide the
power to eight two meter
beams. I used this method
very successfully in the
1950s on a 32-element
beam for 144 MHz. Fig. 4
shows how it is done. No
measu rements have been
made to find out exactly
what the power d ivision ac
tua lly is between e lements;
however, judging by the ar-

ray 's performance, it must
be fairl y correc t.

Swr mea surements with
va rious num bers of e le
ments are as fol lows: 1 e le
men t, 1:1; 2 e leme nts .
1 .5:1; 3 e lemen ts, 3:1; 4
elements, 1:1 ; 5 elements,
2:1; 6 elements. 3:1; 7
elements, 2:1; 8 elements,
1 .5:1 . The add it ion of a
V. -wave Q transformer,
Fig . 5, made up o f 2
parall el lengths of 75-0hm

coax. as shown, raised the
25-0hm output of the last
" T" to 56 O hms, close
e no ugh to 50 O hms to give
an sw r o f 1 :1 fo r t he
tra nsmitte r to look into.
Several weeks of tests on
the completed 8-element
phased a rray show that it
tops the parasitic beam by
a good S-unit. Thi s is
perhaps bec au se I was
never able to get all six
directors and the reflector
properly tuned for max
imum gain . It appears that
a parasit ic e le me nt re 
quires a much more per
fec t ground p lane for tun
ing than does a driven ele
ment. At any rate, the all
dr iven arr ay was m uch
eas ier to get going than
was the parasitic array . 1
suspect that an all-d riven
4-eJement rotary beam
would outperform a con
ventional vagi.

Construction
A readil y av a ila b le

source of inexpensive tu b
ing for th is array is thin
wa lle d ga lva nized steel
e lect rica l conduit. found
at most e lec trica l supply
houses or di scount sto res.
Each element is made up
of a 10-foot top sect ion of
Vl- inc h diameter tubing
telescoped into an a-toot
bottom sect ion of %-i nc h
di ameter tubing. The two
sec t io ns are accu ra te ly
meas ured to 16.4 feet and
t he n fastened toge the r
with three 10/32 mac hine
sc rews tapped into the out
side tube .

The ground post is a
5-foot sect ion o f 'l-inch
diameter tubing driven 3
feet into the ground with a
sledgeha mmer. Be careful
to get it exactly vertical us
ing a ca rpenter's level so
that all yo ur e leme nts will
line up nicely. Cut off the
to p 2 inc hes to get rid of
the deformed pa rt caused
by the pound ing.

The driven e leme nts are
eac h insul ated from the
grou nd posts with thick
walled plast ic cond uit o r
rigid plastic water pipe.



Thi s is c u t into 3-inc h
lengths and sp lit length
wise, o ne size to fit the
Y4-inc h conduit and one
size to fi t the 'l -Inch ground
post. See Fig. 6. The Re
58/U is attached to the bot
tom of t he element with a
10/32 machine sc rew, while
the b ra id, after tin ning, is
clamped to the groun d
post a long wit h 16 radial s
by using a stainless steel
hose clamp right at ground
level. The plastic insu lators
are squeezed into place
with a C-c1amp about 18
inc hes apart and held the re
with black vinyl electrical
tape until the elements a re
secu red with TV U-damps.

Remember that t he ele
me nt length is from the top
of the e lement to the poi nt
w he re the radials a re
clamped to the grou nd
post. Fig. 7 shows the ri ght
and wrong way of attac h
ing the rad ials. Keep the
leads o n the end of the
coax as short as possib le,
as these add to the length
of the d riven e lement. It
would be wise to give all
the pieces of cond uit a
couple of coats of rust
proof paint before e rec
tion. Also, put corks in the
top of each e lement and
ground post to keep out
water whi ch will freeze
and sp li t the tubing in the
winter. Tape the joint of
the 1fl- and Y4 -inc h tube s
with viny l ta pe for th e
same reason .

• •

Looking west along the line o f the arra y: The Connecticu t River flows in the veitev and the
hills in the d istance are in Vermont. No te that the top o f the 7th element is just even with
the horiz on. A little trig with a pocket calcula tor tells us that our minimum angle of radia
tion is abou t 6 degrees.

Ground Plane
Th er e ha ve bee n a

number o f papers pub
lished recentlv" o n the im
portance of grou nd rad ial s
or ground planes fo r ver
tical radiators . Most of
these have been fo r single
element vertica ls o r fo r
shortened vertica ls. They
have compared t he effi
ciencies of severa l dif
fe rent ground planes using
various numbers and vari
ous lengths of rad ial s. A
broadcast band station
normally uses 120 rad ials,
each 0 .4 wavelengths long.
If you plan to do this at 14

MHz for each of 8 e le
ments, you will have to
bu ry about 5 miles of wire
in your ya rd, and if you do
not wan t any TVI , you had
better so lder each place
that the wires might touch
eac h othe r o r insul a te
the m well. See Fig. 8. A
poor jo int will rectify you r
signa l a nd gene rate har
monies.

Since I had found no in
formation on the number

of rad ials needed for an
8-element array, I decided
to start with none and add
them a few at a time until
there was no longer any
noticeable improvement.
You have a lready read of
the d isa strous results with
no radial s a nd of the im
provement as rad ial s were
added . If you dec ide to
stop at 16 rad ials a s I did,
you will need 16 x 8 x 17
or about 2176 feet of wire,

just under % of a mile. I
bought two '/.i -mile spools
of #17 galvanized electric
fence wire from the local
farm supp ly store for $1 2.
To solder the c ros sove r
points before burying the
wire , I used a cid co re
so lde r and then brushed
the joint with baking soda
to neutralize the acid . The
radial s were buried a maxi
mum of 1 inch in the sod so
that they would not get
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Thisphoto sho ws the use of coaxial fittings in construction of the 37.5-0hm Quarter-wave
matching transformer. Refer to Fig. 5 for dimension s. RG-8/U from the transmitter con
nects at the bottom. The coax leaving the " T" at the top of the picture drives the right
hand and left-hand halves of the array, respect ivel y.

tangled up in the lawn
mower. The less " lo ssy"
the dirt over the radials,
the better . Fig. 8 shows the
layout of the radial system .
The dots indicate so lde red
crossover points .

Coaxial Cable
RG-8/U solid dielectri c

coax wa s used for the feed
line from the transmitter to
the first " T". RG·59/U ,
75-0hm, wa s used for the
37.5-0hm ~ -wave trans
former , and RG-58/U was
used for the phasing
harness. Of co urse , you
could use the larger coax
throughout if you have it
available .

Results
How do you report on

the merit of a new beam?

•

The usual method is to se t
up a field-strength meter
and rotate the beam, not
ing how the field strength
varies with d ifferent head
ings . You could calcu late
the theoretical gain 1 or
perhaps program a com
puter to do it for you . In
this way, you could find
out what the beam should
do under certain condi
tions . What I wanted to
know was what would the
beam do under actual con
ditions. The only way to
find this out is to call CQ
DX and see from what
direction your answers
come. Then instantly
switch back and forth be
tween the beam and a fixed
reference dipole and a
reference ~ -wave ground
plane antenna and request

the OX sta tio n to give you
compa ra tive reports on the
three antennas .

As a general rule of
thumb, the gain of a beam
increases by about 3 dB
when you double its size .
The ARRL Antenna Hand
bo ok· s t a t es that a
3-element phased endfire
beam has an average gain
of 5 dB depending on
seve ra l variables, while a
6-element beam has a gain
of 8 dB . In an attempt to
measure the gain of our
new array with a home
made field-strength meter
with a remote indicating

meter, we got a gain figure
of 12 dB.' In a test with
W1 PFBfmobile on a hill 20
miles away in Vermont on
a bearing of 270 degrees,
Glen reported the array
was 5-9, the Hustler 4BTV
was 5-4, and the dipole was
5-2. At six d Bper 5-un;t, this
looks like a 30 dB gain,
1,000 times in power; well ,
you know how Scrneters
are. The average VK and Zl
st a t io n. however . also
reports the array 3 to 5
5-units better than the two
reference antennas . The
proof of the pudding is in
the high percentage (about
95% ) of answers to CQ OX
that come from VK , ZL,
and other s o u t h w e s t
Pacif ic Ocean areas.

A possible explanation
for the reports of 20- to
3D-dB gain at a distance of
10,000 miles from an an
tenna that shou ld only
have a gain of 9 dB is that
perhaps its angle of radia
tion exactly matches the
angle of propagation for
that distance and that the
angles of radiation of the
4BTV and the dipole do
not. The Handbook 10 states
in Table 1, p. 18, that at 14
MHz, signals arrive 99% of
the time at between 6
degrees and 17 degrees and
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Fig. 5. 37.5-0hm Q transformer - converts 25 Ohms to 56
Ohms.
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fa r the st rongest At 2500
mil es, however, they may
be all equal.

Ove r a th ree-mont h
period, more t ha n 150 VKs
and Z ls we re wor ked,
many of whom could not
even be heard on the 4BTV
or the d ipo le. QRM from
the west is louder , of
course, because the array
points that way; however.
most of these stations a re
still asleep at 6:00 am
Eastern Time. The side-to
front and front-to-back
ratios must be fairly good
because QRM from Europe
and South America is rare
lv a problem .

If you already have a
quad at 60 to 100 feet , this
array will not he lp you . If ,
on the other hand , you only
have a tribander at 35 feet .
you may do better in one
direction with this phased
array, saving the cost of a
ta ller tower. If you are con
sidering spending a bundle
fo r a 6O-foot tower and
rota table beam, you may
do we ll to consider two or
three of t hese a rrays, each
poi nti ng toward needed
new countries. Your ability
to instan tly switch di rec
tion with seve ra l of these
arrays witho ut wa iting for
a c u mbe rsome ro t ar y
bea m to tu rn is indeed a
new expe rience in DXing.

Th is a rray, w ith its
met hod of phasing and
power divis ion, may be
seated to other amateur
bands. It is possible that
top-hat loaded e lements
could be used on 80 and 40
to keep the he ight down to
16 teet."

The directional charac
teristics, both horizontal

----- -+--- --

ing radi a ted at an angle of
28 degrees. It would ,
the refore, requi re mo re
hops to reach Aust ra lia,
and since each hop at
tenuates the s ignal , it
might be several S-units
weaker than the: array, thus
accounting for the d isc rep
ancy in the gain figures be
tween the array and the
dipole.

Fig , 10 shows the vertical
radiation of a vertical
dipole with its center V. of
a wave above ground. It is
believed that a V. -wave
ground plane would have a
similar pattern. Note that
the effect of ground at
tenuation absorbs most of
the radiation below 10
degrees. My 4BTV has 16
V. -w ave radials, more than
usually used, but far less
than the recommended 40
radials. each 0.4 of a wave
length long. Therefore, it
may have a higher angle of
radiation than the array
and take one o r two extra
hops to reach Australia .
Thus, with the ground at
tenuation and t he extra
ho ps, it mig ht be even
weaker than the dipo le,
and it appea rs to be. This
same phe nome non, o f
cou rse, a lso app lies to
rota ry beams. For example,
three ident ical beams wit h
a gain of 8 dB wi ll each ex
hibit complete ly different
gains at a point 10,000
miles away, depending on
the height at which they
are mounted . The one ex
actly % of a wave above
ground will be the weakest,
the one 1 wave above
ground will be an S-unit o r
so stronger, whi le the one
1 % waves high will be by

Aust ra lia, 10,000 mi les,
wou ld require a minim um
of four hops. A signa l ra
diated from a dipole % of
a wave high would have a
pattern like that in Fig. 9 .
with most of its power be-
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arrive 50% of the time be
tween 6 and 11 degrees . It
is a lso pointed out that
since the max imum sing le
hop via the F2 laye r is 2500
miles, l1 a signal traveling
from New Hampshire to

Each of the eight elements is attached to its ground post as
shown, using split sections of plastic water pipe for in
sulato rs held in place with mvtert electrical tape and
clamped together with TV V-clamps. Refer to Fig. 6.

Fig. 8. Radial system shown in full for first two elements on
Fig. 7. Right and wrong ways of connecting radial system. the right. The other six are identical.

140



,

•

harness, the phase lag
becomes 135 d egrees with
the 3/8-wave spac ing be
tween elements. On 28
MHz, we have a 18Q..degree
phase lag with V2-wave
spac ing. In other words,
the phase lag between
e le ments is co rrec t for the
element spacing on each of
the three bands. The ele
ment lengths , however, a re
incorrect on 21 and 28
MHz . On 21 MHz, the
elements are 3/8 of a wave
long, as are the 'A -wave Q
transformers. It is not quite
clear why it works as well
as it does on 15 meters. On

.,...
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s pac ing between these
antennas in wavelength.
He further sta tes that the
gain of the array is propor
tional to the length of the
array, but is independent
of the spacing of the
e leme nts provided that the
spac ing does not exceed a
c ritica l value of about 3/8
wavelength. Greater spac
ing is permissible under
certain conditions. The ar
ray being described fulfill s
the above co nd it io ns on 14
MH z with a 90-d egree
phase lag and 'A -wave ele
ment spac ing. On 21 MHz,
using the same phasing

...

Fig. 10. Vertica l angle of radiat ion from a half-wave ver
t ical antenna whose center is l4-wave above a perfectly
conducting ground.

Four more radials were added after this picture was taken, making a total of sixteen; all
were from 16 to 20 feet in length. The author employed a trained mole; however, any
sharp-pointed garden-weeding or cu ltivating tool may be used to scratch the shallow
trench needed to bury the radial about 1 inch. Refer to Fig. 8.

from the so ut h and north
east fell off a couple of
Seunits com pared to the
4BTV and the dipole . On 21
MH z, the directivity was
les s pronounced, but the
array proved to be effec
tive , eq ual to o r better than
the 4BTV o r dipole in the
westerly direction.

Why does a 20 meter ar
ray work on 15 and 10
meters? Terrnan' states
that an endftre array co n
sists of identical antennas
arranged along a line carry
ing equal curre nts excited
so that there is a pro
gressive phase difference
between adjacent anten
nas equal in cycles to the

w
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Fig. 9. Vertical angle of radiat ion o f a half-wave dipole at a
height of VI-wave abo ve a perfectly conducting ground.

•

and vertical , of antenna ar
rays sim ilar to the one
di scussed in this article
may be found in various
handbooks.'!

The direction of radia
tion of this array may be
switc hed end-for-end or
broad side by bringing
equal lengths of RC-58/U
from each element into the
shack to eight single-pole,
three-po sition c o a x ia l
switc hes. Three different
phasing harnesses would
be sw itched into circ uit.

Operation of the Array on
21 and 28 MHz

Recently, during a 10
meter band opening, I
decided to check the swr of
the 4BTV vert ical on 28
MHz, and, to my surprise, it
was 1:1. I was more sur
pri sed to find that the co ax
ial switc h was in the 20
meter array position, not
the 4BTV position. Further
me asurements showed the
swr of the array on 10
meters to be as shown in '
Fig. 11 . Next, the swr was
mea sured on 21 MH z .
These figures indicate that
the array sho uld work on
both 10 and 15 meters, and
indeed it does. On 10
meters , the swr is 1 :1
aro und 28.5 MHz and is
below 1.5:1 from 28.1 to
28.8 MHz as shown. On 15
meters, the swr is 1 .3:1 at
21.150 and is below 1.7:1
fro m 21 to 21.450 MHz.
listening and transmitting
tests confirmed that on the
ten meter band the direc
t iv ity was essentially the
sa me as that o n the 20
meter band . Signal s from
the west peaked up a cou
ple of S-units , while signal s
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o ther. At each "T", we
para ll e l these impedances
a nd cut t hem in half, th us
redu c ing t he swr as we get
nearer to the transmi tter .
Terma n shows that the gain
with VJ -wave spacing is o n
ly about 112 that of Y4 -wave
spacing; however, si nce the
array on 10 meters is twice
as long as it is on 20 meters,
the gain doub les and there
fore is about the same as
on 14 M Hz .

P.S. It works like a bomb
on CB. •
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28 M Hz , where the elements
are 1!J of a wave long, it
would appear that we are
trying to feed a high imped
ance point with a low im
pedance feeder. There is un
doubted ly a very high swr
on the coax nearest to the
elements. The losses will be
low since the coax is short.
Since ou r 1;; -wave Q t rans
forme rs are now % of a
wave long, they no longer
act as Q transformers but
simply repeat the imped
ance from one end to the

Fig. 11 . Swr curves for 7 MHz through 28 MHz fo r the ar
ray.
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A RTTY DXers' Dream FSK·I000

At IRl, we believe that the RITY ham should be limited by his skill as an
operator-not by his demodulator. The FSK·1000 was conceived and specifically
engineered for use on the crowded HF ham bands, to give the serious DXer, contest
operator, or MARS station a competitive edge when the QRM gets rough. For those
who desire top-ol-the-Hne performance, the FSK·1000 offers:

• True limiterless operation over wide dynamic range
• Ultra·sharp selectable·bandwidth filters for each

tone-wide = 100 Hz; narrow = SS Hz
• Accurate tuning accomplished with individual meters

for mark and space channels
• Decision level correction circuitry

• Optional three shift AFSK keyer
• Optional Baudot/ASCII Video driver
• Positive dynamic range indicator
• Internal loop supply
• Dual mode autostart

Write for complete specifications. Compare our features and our price. We think you 'll
agree that the FSK·1000 is the logical choice for cost-effective high performance RTIY.
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