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7 ;\ IC Operation
On 7 mc the coaxia l stub IS too sho rt 10
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f ig . 2 -Phase re...ersal is accomplished by th e use of
a coallial d ee ...e rother than the stub shown in fig . I .

The resulting ...ertical radiation pattern is sho wn.
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f ig . 3-Since the coaxial stub will not resona le a t 7
me the antenna b.ho",es a s ~ wa.......ert ;cal a nd pre-

senti the radiation pattefn shown a b o...e .

several elements with coax ial sleeves to he
stacked vertically. The: phase reve rsal occurs
at the oren or bottom end of the coaxia l sleeve.
Inasmuch as the current loop in the bottom
pori ion of the mast occurs at grou nd level . the
bottom end can be grounded and fed with a
shu nt o r "gam ma" type of feed . as shown in
fig. 2. The vertica l pattern over ground o f
average conductivi ty a t 14 mc is al so shown
in fig. 2. Note that the pattern is "squashed"
down. with most of the power going out a t
angles from abou t 3 to 22 degrees. This is
ideal for DX work because it places th e first
reflection zone out at a dist ance o f from 1100
10 2 100 m iles.---
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DX Antenna

Fig . l -on 14 me. ' he an
tenna o pero'es a s o ne ha lf
of a 3 elemen t center fed
co lineor. Also shown is the
current distrib utio n. Th" mir
ror ima ge be low grou nd
const i'ute s the seco nd half o f

the Dn'"nna .

the o ther half. ) A three-element colinear has
a ga in of 3.2 db over a dipole. Repl acing the
bo ttom ha lf with a ground plane a nd pu tt ing
all the powe r into the upper half gives a n
additio nal 3 db gain. The current distribution
on this a ntenna is a" shown in fig. I . The phase
reversal at the point a quarter-wave above
gro und can be accom plished in seve ral ways. by
a shorted quarter-wave stub. a tuned circuit. o r
a quarte r-wave coaxial sleeve. The latter is
show n in fig. 2. This design is used quite com
monl y at v.h.f. and \I .h.f.. where size permits

Antenna O pe ra t io n
1-1 ~IC Operation

The Mark III antenna is 50 feet tall. and is
grounded at its base. It would have been im
practical to make th is taller and heavier mast
self-support ing and st ill insula ted at the base
like the Mark II . so I decided to ground it
and shunt feed it with several feed rods.
Basical ly it is one half of a three-element
center-feed colinear on 14 me. as can be seen
in fig . I. (The m irror image below ground is

"5:!09 Bangor Drive, Kem inglon. Ma ry land .

The Mark III

Here is a vertical antenna, 50 feet toll and self supporting, for
the 80, 40, 20 and 15 meter bonds. Its low angle of radio/ion

makes it ideal for OX operation.

T
H IS antenna has proven itself with such
success that it seems worth passing on to
those who would like to build a colinear

vertical. T he a nte nna was origi na lly inte nded
for use o nly on 14. 7. and 3.9 me. but I have
fou nd that it can be successfully used on 21
me as well . I do not as yet know what its
vertical pattern is on 21 me. nor do I know
what its current d istr ibut ion is.
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Fig . 5 - Dime nsio ns o f th e a nte nna sect io ns sho wing
le ng ths, overlaps and location of the cooJlial sle e ve .

in fig. 6. by using some hardwood shims which
are planed down to the proper shape. wrapped
with thin sheet alu minum. and a re held in
place by fo ur large bolts which pass thro ugh
the junction ( two bolls a t right angles to the
other two ). Bolt sizes are shown in the table
in fig . 6.

The coaxial sleeve is hung around the 3H

sectio n. It is 16.5 fee t in leng th, and is shorted
to the mast at its top and is open at its bo ttom.
Feed rod d imensions are show n in fi g. 7. The 3.9
mc feed rod. which is connected to the mast at
a point just below the open end o f the stce ..-c . Is
abo used for the 7 me feed by switchi ng match
ing networks. The 14 mc feed rod is co nnected
to the mast abou t 8 feet from the ground. The
connecting point for the 2 1 me feed rod was
found by experimentation to be about 4.5 feet
from ground . The three feed rods are made of
I" aluminum tu bing. and are connected to the
mast by brackets o f al uminum st ra p at their
upper e nds. and arc held by sta ndoff insulators

Fig . 6 - Cron section of the junctions showing con
struction a nd positions of the ho rd woo d spocers. The
hordwood blocks are wra p pe d with thin sheet clu.
minu m. Bolt sizes fo r eoch junction ore as fo llows:

J unctio n BoI, Size
4" to 3" (3) Ifl" X 7" (1 ) 1J2" X 12"
3" to 2" (3) ~I" X 5" (1) !fl" X 12"
2" to 1,.," (2) l,~" X .c"
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resonate. and it has little if any effect on the
curre nt distribu tio n or the vertical pattern. The
ante nna behaves as a 3/" wave vertica l. whose
vertica l pattern over average ea rth at 7 me is
shown in fig. 3. Here again we can feed this
antenna with a shunt or "gamma" feed. as
shown. Note that this antenna 's pattern is use
ful for angles of about 5 to -t5 degrees. which
is good for medium and long distance wo rk
on 7 me.

Mast Construction
The dimensions of the mast are shown in

fig. 5. T he bottom section is a :W foot length
of 4 " aluminum irrigation pipe. of which four
feet is set in the ground . The next sectio n is a
'20 foo t le ngth of 3" irrigation pipe. with 30"
of this telescoped into the top of the bottom
section. The third piece is 10 feel of 2" irriga
tio n pipe . with 18" telescoped into the top o f
the 3" piece. The top sec t ion is a 9 foot len gth
of 1'h " tubing. wh ich is telescoped 12" into
the top of the :!" piece.

The telescoped junctions are made as shown
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3.9 vrc Operatio n

O n 3.9 me the stub again has no effect. and
the curre nt di stri bu tion is shown in fig. 4. At
th is frequency the antenna is 0.22 wave lengt hs
tall. T he vertical pat tern is also shown. Usefu l
power is radiated over vertical angles from 8
10 60 degrees. making th is antenna good for
short. medium . and long distance work on 3.9
rue. Here aga in the mast ca n he fed aga inst
ground with a "gam ma" type feed rod . T he re
is only one problem at 3.9 me. and that is the
"Q " of the antenna. It is slightly too short 10

he self-resonant ( not qui te a quarter-wave),
a nd therefor the impedance looking into the
bottom of the feed rod is in the orde r of
9 + j II 0 ohms. T his is wi th the feed rod con
nected at the highest possible place on the
bottom of the mast. just below the open end
of the stub . T he "Q" is about 12. With the
matchi ng net work ( to be described later ) ad
justed to give a v.s.w.r. of I at ).') me, the
v.s.w.r. rises to abou t 1.7 at 3.8 and 4.0 me.
This is not too bad. however. and can be
easily com pe nsated for in the output pi-network
of the transm itter. On 7. 14. and '2 1 rnc. how.
ever. the v.s.w.r. is a Oat l over the whole band .

Fi g . 4-The coollic l stub ho s no eRect on 3.9 me
ope ra tion and the ante nna ach a s 0.22 wovelen gt h

uni t with the vertical ra dia tion po ttern shown.



F:g. 9 - Con struct ion deto ils for the upper conne cting
clo mps for th e feed lines. The y o re fo brica ted from
I..... X ~.." a luminum IIr op a nd held togeth e r by
1.. ·20 X I" bran sere.....s. Three strops are req uired .

0-

turned counter-clockwise. This brines the WIre
out on the right ha nd side of the- bolt. and
when tension is put o n the wire it tends to turn
the nu t clockwise a nd tighten it. Th is pre vents
th e nuts from work ing loose. The ope n end of
the sleeve is pulled off by means of a pair of
he avy springs a nd turn buckles. with a n E. F.
Johnson ty pe 136- 112 12" strai n Insu lato r in
series with each. T he top ri ng o f the sleeve is
held securely in place by double nuts o n the
12 " long 'h H bolt which passes through the
mast joint. The turnbuckles at the bottom are
similarly fastened to the 12 " long 'h " bolt
which passes through the lower mast junction.
This is shown very clearly in the accom panyi ng
photogra ph. The sleeve is ke pt under consider
a~le tension by means of the heavy spri ngs.
with th e turn bu ck les turned down to the ir
limits.

Feed Line Construct ion
T he connecti ng clam ps fo r the upper e nds

of the feed rods arc shown in fig . 9 . There a re
three of these. made from I;K X * .. aluminum
strap. with JA -20 brass hardware. After the
final adjustment. double nuts are used to pre
vent the bolts from working loose. Figure 10
sl-ows the design of the mounti ng ri ng fo r the
bottom insulators of the feed rods. This ri ng
fi ts o n th e mast abou t IS" above ground le vel.
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:~ t Ihc j ~ bot tom ends. Deta il s of these fittings
follow In a la te r paragraph . Switching between
feed rods 10 change bands is done in the tuning
unit at the base of the mast. T hose who read
the ar ticles o n the Ma rk II ante nna will recog
nize th is tuning uni t box and its wood post.
which has been cut off short.

Coaxial Slee ve Constructio n
Now let us see how the coaxial sleeve is

made. It is a sim ulated coax, or cage . with six
periphcrial wires as shown in fig. 8. It has a
9lf.t H diameter. T he no. 9 a lumi num clothesline
wires are strung ta ut , wit h fo ur spreader rings
n~ ade of alumi num strap. The top a nd bottom
nngs are m ade of 1,4 X t " strap. and the two
middle rings are made of VIt X *" st rap. This
ma terial is of the Reynol ds "do-It-yourself"
va riety avai lable in many hardware stores, in
6 or 8 foot lengths. The brass JA -::!O nuts and
bolts are also easily obtainable. A little tr ick
is used in securing the wire under the nuts .
Instead of turn ing the loop in the wire clock.
wise arou nd the bolt under the nut. the loop IS

Fig . 7-location of the feed lines for ea ch bond .

.-

Fig . lO- Bose mo unt ing rin g fo r the 3 feed lines. It
is con stru cted from 1;8 X 34" a lumin um stro p. The
a re o beneo th th e 1!,.i" X 1!,.i" X 217" insu la to rs ore
fl o t fo r so li d support . The t ubin g c10 mps (3) are a lso
fa bricated fro m 14 X 3~" stock . The ho rd .....oreo .s

bran of the dime nsions Iho.....n .

,....

•' To Spo"".
T~.

-

1 6. ~ '

Fig. a - Co nstruct io n detaits
for the coaxia l sleeve. Six
length s of # 9 al uminum
.....u. form th e cage and a re
held in plcee on th e olu mi.
num rings by '4·20 X '1... "

b rOil scre .....s ond nU h . Rings
A ond 0 o re mode from t~ "

X l" o lum inum ..... ith a 9"
i.d. Ring s 8 ond C o re made
from '4 X 1I~ olum inum ..... ith
a 9 ~~ " i.d. Th e t.....o bottom
bran bolts to .....hich th e 12"
John son insula to rs (# 136.
11 2) are o tta ched. mea sure

%·20 X l v.." .
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plumb, but when the wind died there was the
mast, as straight as before. The movement of
the sleeve in normal winds has no effect on
loading.

Fig . 12- Circuit of the luning unit us~d to feed the
Mark III Colineor verticol . The control circuit is
connected 10 th e remote tuning unit by underground

ple sfle ccble.

Cl. C2. C.- 11 0 mm f vocuu m vo rioble .
CJ- 750 mmf vocuum vorioble.
C5- 150 mmf Air vario ble.
C, . C,-0.0011 "If 5 ltv micas_ Sangomo type F-2

or eq uiv.
K1• K2. K]-D.p.d .t. relo y 117 v.c .c. coi l. Ameco type

51 or equiv.

" 'Ih

Tuning Un it Adjustments
The operating sequence of the tuning unit

relays is as follows:
Fn·q . K . K : K :
21 me on o ff on
14 me off off off
7 me off on off

3.9 me on on on

On 3.9 mc I am using a simple "L" network.
with 03 in series with the + j II 0 ohms feed point
reactance, adjusted to leave about + j20 ohms
of X I in the series arm of the " L". with fixed
capacitors C. and C, as the shu nt arm. The input
impedance is 5 J + jO ohms at the connection 10
the coaxial line. On 7 me the relays cut in an
"Omega" match. consisting of two variable ca
pacitors. C, and C•. C. is the shunt arm of the
"Omega" from reedpoint to ground. and C, is
the series arm leading to the coaxial line. On
7 mc the input impedance of the feed point is
more favorable. Again. the input impedance is
adjusted to 51 and jO ohms. On 14 me. the con
nection point of that feed rod to the mast was
adjusted. and C: was tuned to give an input
impedance of 5 1+ jO.

Assembly
This antenna mast was put together on the

ground, the sleeve was fastened in place. all
bolts tightened. and then it was raised easily
by three people, and set in a 5" post hole
drilled with a post hole borer . It was a bit
awkward to handle because of its 50 foot
length. but was not heavy. weighing no more
than 30 to 35 pounds. It is quite strong in spite
of its 50 foot height. During the 50 knot wind
experienced shortly after its erection. the top
of the mast bent over about 8 feet out of

Fig . ll -Grovnd clamp d etclls used to connect to the
radial, and tile tuning un it. It is mode from % X 1"
oluminum stock and furn i,h.d with bra ss hordware.

T he insulators are of a surplus type. square in
cross-sect ion and 2 Y.z " long. I obtained them
as part of some large s.p.d.t. knife switches
which I bought from Barry Electronics. 512
Broadway, New York City at SOl;' each . Each
switch has three of these insulators. and I
bought enough to give me a good stock of
these handy items. Insulators made by Millen
or E. F. Johnson could be substituted.

The aluminum strap is flattened beneath each
insulator, as shown in fig . 10. to give a smooth
bearing surface for the insulator. There is a
similar strap. made to mou nt only one insula
tor. which is used to brace the midd le of the
13 foot 7/3 .9 me feed rod to keep it from
vibrating in a wind.

Figure I I shows the detail of the heavy
ground clamp used at the base of the mast. It
is made of the 114 X I" strap. and is held
tightl y around the 4" mast by means of the
~ -20 bolts with double nuts. It is placed about
4" below ground level. and is used as the tie
poin t for a piece of the ~ X I" strap which
serves as the ground bus 10 the tuning unit and
as the connecting point for the twelve buried
ground radials. The 12 rad ials are of the No.
9 alum inum wire and are pushed into slots in
the sod 10 a depth of about 3". Two of them
are over 60 feet long and the others vary in
length from 35 to 50 feet. fi ning within the
limits of the property. The coaxial feed cable
and the relay control cabl e are buried from
the house to the mast. The coaxial line is
RG·S/ U, and the control cable is plastic
covered electrical cable designed for direct
burial. As much of the original Mark II setup
as possible was used without change.
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ohms. On 2 1 me the sa me thi ng was do ne using
the length of the 2 1 me feed rod and capacitor
CI to obtain 51 pills jO ohms. Relay control is
hy means of switch SI on the operating desk . as
described in the January 1961 article . Back con
tacts on the relays are used ( 0 ground unused
feed rods. T his was especiall y necessary in the
case of the 7/3 .9 me feed rod. as a match could
no t be obtai ned o n either 14 or 21 me with it
floa ting.

One might get the impression from the pre
ceding paragraph that a General Radio R. F.
Bridge is necessary for tuning up. It certainly
is a very hand y tool . hecause it e nables o ne
to read accurately both the magnitude and
sign of reactance and the magnitude of re
sistance. for each change in tuning. However.
it is not an absolute necessity. One may use an
s.w.r. meier, inserted in the coaxial line right
at the input 10 the tuning unit. T his musl be
an S.W.r. meter whi ch will handle power. how
ever. as adjustment of the variable capacitors
is done with the transmitter on and feeding r.f.
power 10 the antenna. This is really a two
man job. with one person at the transmitter to
turn it o n a nd off for stub adjustments . He
m ust abo see that adjustmenIs bei ng made at
the tun ing unit do not cause overload at the
final amplifier. In my own case. I did not care
whether the 4.IOOOA. running at low voltage
and about 100 watts input. went out of tune
or not. as long as I was able to get enough
output for s.w.r. meter readi ngs. The 4- 1000A
could no t he hur t at a ll under such condi tions.
Howeve r. the proud owner of a sensitive pair
of 6 146's would not be so fortunate. and should
have someone standing by the transmitter to
retune the final tank if required!

A n appropriate type of s.w.r. meter is the
" Beerca n S.W.R. Ind icato r" desc ribed on page
96 o f November 1957 CQ. There is also a
good one on page 736 of the Radio Handbook.
15th Edition. These two are designed to read
s.w.r. under power.

Using the s.w.r. meter, adjustment will take

longe r than with an r.f. hridge. because it is
more of a cut-and-try operation. At high val.
lies of s.w.r . it is quire difficult to detect the
results of changes in tuning. For example. a
reacta nce change from + j 175 to + j I50. while
appreciable and in a favorable direction. would
show very little change on the s.w.r. meter. Or.
a change from + j50 to - j50 in react ance.
with the R term remaining about the same.
would not show up on the s.w.r. meter as a
change unless one passed through the jO point
slowly in the tuning process. However, don't
give up hope at this point. T he job can be done
wi th an s.w.r. me ier and some pat ience a nd
care.

In fact. the next tuning unit I build will
contain a built-in S.W.r. meter as a permanent
fixture. with provision for shorting out the
sensitive microammetcr for its protect ion when
not in use .

Performance
The Mark III has provided many excellent

DX co ntacts on 14 me. which it was designed
to do. and it has outperformed nearby Yagfs
in laying down strong signals in overseas places
like Europe and Au st ral ia . On 7 me it gives
very strong signals over the whole of the U nited
States and Canada. depend ing on slip condi 
t ions. and has provided many excellent DX
contacts at night. It is usefu l on 3.9 me for
short-range daytime contac ts out to 500 or 750
mi les. and at night it reaches out 10 the West
Coast and Europe wit h no troub le at all. Being
ab le to usc it on 2 1 me was an unexpected
bonus. I had not originally so intended. and I
have no idea of the current distribution nor
vertical pattern shape on the 21 mc band. How
ever I plan to make an ac tual vertical pattern
measurement on a ll bands at an early date .
T his is not ha rd to do with the antenna in place
and connected normally.

For those of you who care to write for fur
ther info rma tion. please enclose a stamped
envelope. •

NEW YORK GETS CALL PLATES

l eft to ri;ht, W2AAO, K2SJO a nd Go". Rock. f.ller.

II , -, . ' HOWARD M "GUIRE, W2AAO, (left) who for
almost ten years pioneered the adoption of call 
letter license plates for New York State amateurs
is shown receiving his personal pla te from
Governor Nelson Roc kefeller during the Hudson
Amateur Radio Council's Convention held at
the Statler H ilton Hotel in N. Y. C. on October
13th. T hrough Howard 's extensive efforts, N_ Y.
amateurs wilt d isplay plates fo r the coming year.
Sta n Zak. K2SJO, HARe Convention Chai rman
seems quite pleased with the goings on. Ken
tucky, Massachusetts and New Jerse y remain to
be convinced.
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