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Thought Provoking Design of a . Vertical Radiator with

Details of its Evolution and Construction

Do you have but little space for antennas? Do
you want to be able to work four bands with o ne
a n ten na? Do )'ou have T VI troubles? Do you
covet that 59 Plus report from h alf-way around
the ' wo rld ? If you do , read o n, for here is a
reasonable and sensib le a nswer to your wishes.
If you aren't interested in any o f these th ings,
read o n any,v'ay. because here is a n idea that
you and the boys in your net can kick around a
bit d uri ng "ragchews."

T he antenna described here is a vertica l radia
tor o r p erhaps we should say it is a combinatio n
of two vertical radiators. Looking back on our
d ays in radio broadcast engineer ing, we remem
bered that a ver tical radiator of the p roper
height is excellen t for low-a ngle rad iation . By
reference to textbooks and past exper ience. we
k.no w that a heigh t of 0.58 waveleng th for our
vertical radiator g ives us the most low-angle
rad ia t io n for our money. T he calcu la ted vert i-

•

• • •
t.--- I

cal radia tio n panern for a 0.58 wavelength ver
tical rad iator is sho wn in Fig l a. Inasmuch as
the length of a n a n tenna in wavelengths varies
directly as the frequency, we can select a leng-th
which will be n.5S wavelengths at the highest
freq uency we wisH to lise.

\ Vilh the ad ven t of the 2 1-Me. band, and the
more recent opening of it to phone opera tio n.
we were faced with the problem o f selecting ;1II

antenna system wh ich would work o n four
hands. \Vc have neglected 28 Mc., because it is
not going to be a very useful band to us for the
nex t few years due to the trend of the sunspot
cycle. we had been gett ing very good results
with a d rooping grou nd plane vert ical radiator
o n 2 1 Mc., so the thought hit us, " \Vhy not put
it o n top of our ver tical rad ia tor?", thus so h ,jug
the prohlem as far as 21 Me. was co ncerned .

Radiation Patterns
That left us 1'1 , 7 and 3.9 Me. still to be ac

coun ted for. So we then selected a to tal tW 

tenna length of 39 feet as being 0.58 wave
lengths at 11 Me. Th is length includes the II 
foot 2 1-Mc. drooping ground plane's whip. A
length of 39 feet becomes 0.30 wavelengths at
7 Mc., a nd 0.16 wavelengths a t 3.9 Me. T hese
arc reasonable lengths for the lower frequencies.
The calcu la ted radiation patterns for 0.30 a nd
0.16 wavelength vertica l radiators are shown ill
Figs. Ib and l c. As inspection of these curves
will show, we are still able to ge t good low-angle
rad iation from o ur vertical a t these frequencies.

Const ructio na l details o f the a n te nna a re
shown in Fig. 2. T he mast is made from 2" alu
minum tubing. It rests upon a large and rug:g-ed
standoff insulator, and is guyed a t a point 20
feet from the grou nd , in three directions. The
guys are broken up by "e,:m" insulators, so that
no por tion of a ny guy is as long as I I feet.

Th. vertical radiator when the author was at
W4RXO. The total over-all heig ht is only t hirty
nine feet. Three drooping radia ls are used on
21 Me., and a ground screen on all ot her bands.
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The fining which holds the 21-1\lc. whip a t
the top of the 2" mast is a surp lus type ftfP·48
whip base insulator, complete with spri ll~. It
provides a means {or fastening the coaxia l Iced
line internally. T he whip is made of surplus
.uS5J, M 552, /.1551 ami .\lS50 wh ip sections.
with the last sect ion cut to g ive an overa ll wh ip
length above the base insulator of I I feet. ,\
machined filling holds the base o f the M 1'-4S
whip base tightly inside the top of the 2" mast.
The drooping grou nd plane rad ia tor is fed hy
means of R G-8/ U coaxia l line which 140CS ( loW I1

through the mast, and which terminates in a n
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Fig. 2. Construction details of the 4.Band an
te nna. Only one ra d ial ha s been shown in t his

drawing for the purpose of clarity.
SU-2J9 chassis t)'pe female co nnecto r set in to
the mast just above the base insulator. The outer
conductor o f th is line is thus co nnected to the
mast at top and bottom.

The three drooping: ground plane rad ials are
mechanically fastened to the .\(P48 whip base
by means of three small "egg" insulators, and
are elect r ica lly connected to the .\11'-48 h; l ~~ ru
only one place. which is a bol t in the side o r the
"ground" portion of the .\(P-48 base, above the
spring. The length o f each rad ial is exact ly II

Fig. 3. Measured radia tion resistance and reac
tance of the "-Band antenna. The method of
matching was developed after these measure-

ments had been made.

feet. measured [rom this bolt. T he bottom c uds
of the radials are secured to large "egg" i ll
su larors, whi ch are fastened to. brackets which
hold the bottom e nds of the radials a dist.nn'e
of I foot out from the mast.

At this point )'ou arc probably heg illT1 i ll~ to
wonder how the II -foot whip at the top o f the
mast is made to act as ex te nsion of the mast.
and to radiate, a t the three lower frequencies.
\ Vell , take a look at Fig. 2, a mi you will sec that
we have used a 7-foot 6-inch piece of RG-8/U
coaxial line as a shorted quarter-wave stub CH t

for 2 1 Mc.. the o pen cud of which is co nnected
between the whip and the d roo ping gm ll iul
plane. The outer braid of the stub line is ('()II 

uected to the mast at several places ;llo llg: its
length. The co nnection between inner con
ductor, outer braid. ami mast itself. at the lower
end or the stub. serves to effectively co nnect the
whip to the mast at tI!C three lower frequencies.
This wou ld not be true, of course, if the ,,111 11
were insula ted from the mast.

The Matching Network
:\0 \\' , the quest ion of feeding power to th is

an te nna at four different frequencies arose.
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Fiq. l. Th eoretical vertical rad iation patterns. Th. antenna il considered to be
0.58 wnel.ngth on 20 meterl. 0.30 wavelengtl. on 40 met.rs and 0.1 6 wavelengtl.
on 75 m.t. n . Radiation on all of tl.ese beeds is at th. most favorabl. angles.
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tap can be determined easily by experiment. At
H Me.• the ta p on the coil is at a higher posi
tion. At 7 :\Ie., we have a simple L·network.
with the series capaci ty in the feedline to hal
ance out the inductive reactance of the a n
tenna at this frequency. Adjustment of the
14-Mc. tap. a nd the setting of the var iable con
denser for 7 Me.• may be easily done ·by tr ial.

How did we feed the 21 ·Mc. power to the co
axial line up the mast? No, we didn't just plug
it in when we wanted to go on 21 Me. Wi'
wound th e large coil out of coaxial line, a nd fed
the 21 · ~ rc. power throug-h this line. and used
coaxial 1ine from the coil to the base of the m ast
as the lead-in for th e three lower frequencies!
T ale a look a t the sketch , Fig. 5, a nd at the
photographs. a nd )"011 will see how this was done,

Fig. ... Schematic of the mafching networl
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Fig. 5. Construction d.tails of the matehinq networl.

w here did we get our copper coaxial Hne? ' Vhy.
we made it l It was very easy. ' Ve took. 15 feet
of R G.8/ U. stripped the vinyl cover ing and
outer copper braid from it, thus leaving the
polyethylene dielectric and the inner cond uctor.
\Ve then slipped th is into a 15-£oot length of
Ji" 0 .0. copper tubing. where it fits "ery nicely,
making our required length o f copper coaxial
line. and we wound it in to an inductance of the
proper size. A PL·259 coaxial male plug was
soldered on each end of the coil. a nd through
the. use o r 1'/.-258 female junction fill ings. con
nection can be made to the feed-line at each
end of the coil. with PL-259 plugs. A similar
short piece of this home-made copper tu bing co
axial line was used between coil a nd mast fitting.
as the lead-in. \Ve passed it through an E. F.

C' - SEE FIGVM '
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Base end tuning unit at W4RXO. The two-inc"
dia me ter aluminum tu bing rests on .. surplus

insulator.
O bviousfy. we needed some sort of matching
system between the base of the mast and our
ll C -8/ U transmission line for our three lower
frequencies, a nd we also had to feed 21·Mc.
power to the drooping grou nd plane radiator
a t the top of the m <151. ~

The fi rs t step was to measure the radia tion
resistance a mi r~a ctante' br the antenna a t 3.9,
7. a nd 1·1 Me.• with a General R adio M odel
9161'1 r -I bridge. In order to get the complete
picture, we look measurements at one megacycle
Intervals from .3 ( 0 15 megacycles. and the reo
suhs a rc plo tt ed in Fig. 3.

T he base impedance of our a ntenna <H the
three lower frequencies is shown in this t able:

II X
3.9 Me. 30 - j200
7.25 hie. 135 + j190

11.25 Me. 59 -j195
These th ree impedances can be matched to our
52-ohm Hne by a network such as the o ne shown
in Fig. 4. At 3.9 Me. the large inducta nce is
used as a tap ped loading coil. The exact size o r
the coi l can be calcula ted. usin~ a n inductive
reactance o f 200 ohms at 3.9 Mc., which is re
quired to balance out the 200-ohm capacitive
reactance o f the a ntenna. The position of the

•
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Fig. 7. This anten na curren t meter should be
inserted at point "Y" in Fig 5 while the antenna

is bein g tuned up.

needed a n adap te r to enable it 10 be plugged in
between the coaxia l lead-in and the co n nector
a t the ba se of the mast. This is shown in Fig. 7.
For r-I current measurement purposes, the inner
a nd outer cond uctors o f the coax ia l lead-in were
co n nected together. as shown. " ' hen the sys·
tern is properly tuned up on any o ne of the
lower frequency bands, the power in the Iecd
line and a nten na ca n he eas ily co mputed hy
Ohm's Law, for the line impedance is 52 ohms,
and the radiation resistance of the antenna is
known. These two power readings sho uld be
eq ual. and sho uld also be equal to the fi nal
am plifier's power input multiplied hy a reason
able efficiency figure, of say 70% . I n our G ISC

o ur power output is approx imately 670 watts.
Results

T he results obtained with this antenna sys·
tern o n all four hands have been most ~rati fyin~.

T he drooping grou nd plane g ives us very Rood
low-angle rad iat ion o n 21 Me. You m ay wonder
why we "drooped" the radials so much. when
th t> u sual practice is to run them ou t a t abou t
·15 d egrees from vertica l. ' Veil . we wa nted to
lo we r our angle o f radiat ion. for one thing.
And then, too. we wanted to keep them d o wII

alo ngs ide the mast so tha t they would no t have
a tend ency to act as top-loading at the lo wer
frequency bands and thus throw off ou r a nten na
height pattern calcula t io ns. fiy installing them
as shown , there is a sligh t mismatch between
the RG-8/ U line and the grou nd plane a ntenna.
hut our standing-wave ratio on the line at 2 1
Me. is only in the order o f 1.35: 1.0. and we did
not consider this to he objectionable. ' Ve could
perhaps elim inate stand ing waves ent irely hy

. making adjustments to the shorted quarter-wave
stub. but it's not worth climbing a 2" pipe mast
to d o it l However. one o f our dreams is to
so me d ay U 'iC a shor t. triangular tower of the
"TV antenna" type as our vertical radiator. and
then we'll be able to cl imb it and make ~lIdl
ad justmen ts.

On 14 Me. we ca n notice the difference he.
tween this a n ten na a nd the usual half-wave
doublet or quarter-wave vertical , both of which
we had used previously. Overseas signals are
much stronger. and there is less "short-..kip."
o r "sta teside" QR~r. because of the shape of
the vertica l radiation pattern. shov...n in Fig. J.
On 7 Me. it performs beautifully, giving us 59
plus reports on almost every contact. O n 3.9

(Con tin u~d on page 58)

PL- Z59
PLUG

0 -9 ANf>
R.F. MEnR

SO-Z39
RECEPTACLE

Johnson T ype /35-67 insulator before soldering
the PL·259 plugs on the ends. I t fits very nicely
through the hole in the insulator, after the bolt
is removed. After installation. the hate was
cau lked wit h rubber cement (0 male it water
proof.

' Ve used one coaxial line for the 21 Me. and
lower frequency feeds from the transmitter
The switching from 3.9 to 7 to J4 to 2 1 ~Ic. W 3..'

done by means of a large rotary switch. as shows
in Fig. 5. Relays may be installed to do this jo b
by remote co ntrol, if desired .

Note that the inner co nd uctor of the co
axial coil 1.1 is grounded a t 3.9. 7. a nd 14 Me.•
at the ground end o f Lt , th rough the contacts
of SlIJl .

Ground System
OUT tuning unit . bu ilt in to a waterproof

aluminum box, is shown in the photographs.
Once adjusted. it is closed lip and left alone.
The rotary switch shah projects through the
side o f the box with a rubber grommet to keep
water 011 1. It is turned by using a screwd r iver.

An antenna o f this kind needs a Rood w o u nd
system. \\rc buried eig-h t radials, o f # 12 bare
co p per wire. each 60 feet long. They are all
tied tog-ether a t the base of the antenna. and
one ground lead is brought up to the tuni ng
uni t cabine t. " six-foot square piece of co p per
ground screen would he a \"Cry good add ition
10 this grou nd ""\((' 111 . ;PH l some dav we intend
to put one in. The radials should he soldered
to it. as sho wn in the sketch, Fig. 6. O f course.
the RTOUll d syst em was installed be/orr the rc
sis ta nce and reactance measurements were mad e!

In tuning- u p , it was Woeful to insert a 0-:1
ampere line-current r -f ammeter at point " X,"
and a 0-9 ampere an te n na cu rren t r-f ammeter
at point "Y:' The antenna cu rren t meter

Fig. b. The efficiency of this type of antenna
de pends upon the ground syste m. This is t he
suggested arrangement for radia ls at the base

of the antenna.

•
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For com plete
Inform ation
W R I TE now
for a descrlp.
tlv. fo lde t.

nx Al\"TENl\"A

( from ;agt 23)

~fc., because it is somewhat shorter than :1
quarter-wave, its efficiency is reduced. but il
doe. put out a very good signal both locally
a nd at distances of several hundred. m iles. At
night on 3.9 Mc., we have worked. stations over
1.000 miles away with this antenna, in the
w estern U. S., and the ' Vest Ind ies. from
W4RXO.

Now for a word about TV!. This antenna
definitely helps that situation. In the first place,
it is fed by coaxial line, which is buried under
ground from the transmitter out to the tuninJ.:
unit. Use of coaxial line enables us to insert :1
low-pass filter in the line as it leaves the rmus
mitter, If any harmonics to do get by the fi lter,
they are discriminated. against by the anten na

(Co" ti" lUd 0" pag, 60)

st:IlHt ~"':(;II,\l\"IS~IS

(f,om ; ogt 16)

swung more than ISO d egrees, the antenna will
rotate in the opposite direction ; therefore a
habit o f swinging the controller more than a
half turn could soon result in the feeders being
torn off, in sp ite of the stop .

T o prevent the a nten na from rotating in the
opposite direction, first turn the controller
sligh tly less than a half a turn. Allow the a n
te nua to rotate far enough, so that an add itional
rotation of less than 180 degrees will put the
antenna in the desired position ; then bring the
controller to the final position.

A normally dosed " limit" switch in each
motor lead will give positive protect ion against
ta ngling the feeders. There are a pair o f them
in the AYLC 1591 motor that m ust be removed .
T hey may be remou nted externally fo r this
purpose.

Although my a ntenna can only be rota ted
about a revolution and a half without damage
to the feeders, I never relished the though of
having to swing a beam 340 d egrees to achieve
a net cha nge in position of twenty degrees.
Therefore. 1 usc no method to limit rotation.
So far. 1 have never wrap ped up the feeders.
O ne reason may be that it is easy to inspect
them, if I suspect that they are twisting.

(from ;agt 57)

superb nx worked with the equipment d e
scribed . \ \'ell , wh y should a VHF man not have
this pri\;lcgc? The first QSO using this n C-625
gismo resulted in breaking the then world 's
record with \\'50~S on 220 Me.

Motoroli

N ow a va ilable- t he new Motorola M onitor
or Alert R eceiver. for operat ion in t he 25-50
mc. a nd 152·174 mc. ranges. Optional se
lective signaling, emergency 6 VDC power
s u p ply, a n d red-yellow- blue-whi t e light
a lert cabinet a ttachments. Ideal for a ma
teur, 8 S well as public safety. civilian defense,
industrial a nd commercial radio systems.

h , 'wi"" 1.'.,marI.. wrif. '0:

NEW MOTOROLA
Hom e Unit M onitor Receiver

NEW
PANADAPTOR

This invaluable visua l PCA-2
signal observer is ra pid ly becoming im
possible 10 gel. O,der you's TODAY while
we have a limited supply to fill immedia te
requests.

LIMITED QUANTITY
NOW AVAILABLE

NEO-TECH
PRODUCT S . I NC .
14 SOUTH SECOND AVE., MOUNT VERNON. N.Y.

Communications & Eledronics, Inc.
. A,...ttllr 511" O ept , • CQ • 11

132 7 W. WOlh lngton Blvd., Chica go 7 , IlIInol.
_". ,.,ion: Harry Harrison, W9LLX, Tel. TAylor ' .21OO-bt. 161
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BUY OF A LIFE TIME!
TRIED AND PROVEN THE WORLD OVER

(from pogt 58)

u -elf. because as we go above 0.58 wavelengths
in length, the radiation from a vertical antenna
shifts from low to high·angle, where it can't do
a ny hann to your neighbor's TV picture. The
Z l ·~ (c. , drooping ground plane also discrimi
nates aga inst harmonics because of the mis
match which occurs at harmonic frequencies
between antenna a nd feed-line.

And there you have it-a Jour-band antenna
which takes very liule space, which is neat ill
appea ra nce, and which is easi ly erected . Com
ments a nd questions from readers will be
welcomed.

LETTINE RADIO MFG., CO.

1'1l01',\(; ,\TIOX

:o noBp h..rE' to t ilt 10 th.t they devlate cone id E'ra bly from
~ i nli parallel to thE' ...-rth, thu. cau.inc a traMmlaaloD
to be- u a t u red in m.ny direction. rather than beolD&'
norm.IIT retl.ec ted alonli i t. ereat cirde path. Additlon
.Ib, beea u" of the tilt of the horizontal rll!'tl.eetine au r
f . «'8, the ailina l arrl vln" f rom one direction will at1'tke
the reflectjcn eu rf.oe a t • different .nele t han will a
s i¥'n . 1 arrlvinli f rom the reciprocal dlreetje n, This pro
duces different reflecting charaderietici and 'cattrerM
eig na l, o f thl, naturE' do not usua lly olK-y the la .... o f
reciprocity , .nd may reault in "one way ,kip'" "One
way , kip" due to ,ca Uer in&' can ueually be deteeted by
the weakness and characteriltic fluttery or warbly f a de
a elW)('i.ted with eee uer ed ele n a b . Scattered eignals alllO
us ua lly arrive from direction, t hat eeere to bear no
vieible relation.hip to the dtreetjon of t he tran.mlttln"
erat ton.

Scatterine ca n take place from t he rt'Kular laY..,1 of
the ionoel,here. Sporadic E layer, from Auror.. and ahto
f r om "round reflection poiata.

" O ne .... a y , kip" i , tberefore usually attributed to t hll!'
geolira l'hkal variation in atmOllpheric netee levels or
eca tter inll from irff&,ular eu rfaeea.

Thanks to an of ToU who have taken the time to
lend m e eom m ente ~ardlni' "DX and the SUD" which
a ppeart'd In the July and Aueust iNUes of CQ. It I,
"ratlfyi nl' to know that the artJcJe wu fou n d to be
helpful in exp lain lnK lOme u peola of the m@oChanl,m
t h.t m a ke. It PQlIIt ible for u. to tranemlt radio al"naJ.
over c reat d istaDeft.

(from pagt 45)

VALLEY STREAM, N. Y.
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62 BERKELEY STREET

UTTIN E MODEL 240 TR ANSMI TTER W ITH MOBILE
CONtUCT IONS A ND A.C. POWER SUPPLY

n l, oul.landlna' lnn.mltter hu bH-n arelalmed I p-eat pet
form", t hrou, houl Ole _rid. It II n rell'Dt for find ItaUon,
POrtabl. or mobile o~r.lIon. D.n If )'011 bau I transmitter
of )"Our own )'011 un'j , trord to ml.. 1M, _ D4oa1'ul bu, .
dlnct from our rarlory, ru dJ to o~nl• .

'111. :140 I•• • 0 to ~O .,tt P hon..cw rl l' for 16 0 \(I 10
mm n. C'OlD plfOll with : (8 ill: 1 4 1: H I Ublnet, tel! toDt.ln~ A.C.
POWl"T ,lIppl)', MOBILE l;llnn«tlonl, metfl'. tu~. etTItal aDd
l'C1I1 for 4 0 IIlf'leti . TubN : 6 \'6 IKe., 8 07 final. 6 SJ7 tn"1!tal
mike am p ., 6 :'11' 7 phue InY"rl"', 2 6LB' , mod. , 5U40 Net .
W . I, ht 30 lht. TVI IMlrunlonJ IDeludrd. 9 0 ckJ ruaranlee
Price $ 79.'5.

1 25 . drPOf;It wllh ordfr-b,lanee C. O. D .
8 0 . 20, 1 0 meter toll. 12 .9 1 eer ttt . 1 6 0 meter ClOth 13.60
A IIO for CAP , Urol <kl . t . MARS , Marine , Stlt. GUlrd , N ort« ,

UTTINE VFO & ANT. TUNE R NOW IN STOCK

BOU ND VOLUME
T ilE l\"(WICE SIIACK

67 W e st 44th Street Ne w York 36, N.Y.

(f ro,n pagt 50)

line similar to the one in the picture, although it
may be much shorte r than that one,

T o tune a sixty·five foot antenna on 3.7 Mc., con
nect the sta to r- of the condenser to one end of the
coil, its rotor to gr-ound, and the antenna to the
other end of the coil.

II you wish to tune this antenna to 7.2 Mc., or a
!JO.foot antenna to either band, connect the con
denser across the coil, grounding the rotor end, and
cc eect the antenna to the stator end.

Tuning with either arrangement consists in ad 
justing the antenna condenser for maximum plate
current, then returning Cl for the "dip" in plate
cu rrent, varying the numbe-r o~ turns in L2 to vary
load ing, Use the minimum number of turns that
will permit drawing the desir-ed current,

(Continued on " t'xl Jt4ge)
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