
Broadbanding The Mark III
Antenna On 80 Meters

BY COMMANDER PAUL H. L EE*. W 3JHR

The Mark til, originally designed to cover the 3.8 to 4.0 me portion of the
80 meter band con be made to cover the entire 3.5 to 4.0 me. The article
below illustrates the use of the Smith Chart to devise the corrective net-

work that broadbands the Mark til .
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A
earlier issue of this magazine! described
the Ma rk II I DX Antenna. In the first
three months after the appearance of that

article in print . I received over two hundred let­
ters from readers inq uiring a bou t va rious aspects
of an tenna design. Many readers wished to be
ab le to use the Ma rk III over the who le 80 meter
band. a nd wondered how the S.W,T. over the
whole band could be improved. It was originally
designed to cover only the 3.8-4.0 me range.
Some com puta tio n a nd a few neat tr icks wit h
that handy tool . the Smith C hart." have resu lled
in the informa tion contained herein.

Use of the Smith C hart makes the solu tion of
a prob lem such as broadbanding the Ma rk III
HO meter feed q uite easy. The inpu t impedance
of the Mark III 80 meie r feed versus frequency
is tabu lated below ( tuned fo r 3.9 mc ) :

Frequency Im pedance
3.5 6.64+)5 .6
3.6 11.20 + )7.66
3.7 18.30+ )9.69
3.8 . 29.60+ )10.20
3.9 ... 51.00+ )0
4.0 . 58.80 - )33. 10

Normalized Vallie
51 ohm basis

(R + [x}
. 13+). 11
.22+ ).15
.36 + ). 19
.57+).20

1.00 + )0
1.15- ).65

is about 12. \Ve can do some thing to im prove
this S.W.r. situation by adding several components
to the matching network. as we shall see. The
techniques used here in a re currently em ployed
in the design of shipboa rd a ntenna ma tching
networks for Nava l lise. whe re it is required th a t
an antenna be matched to a transmission line
over a very wide frequency range, with S,W.r. o f
2.5: l o r so.

The equivalen t circuit of the Ma rk III feed.
as tu ned for 3.9 me. is shown in fi g. 2A . As m ay
be seen. it is a sim ple L network whereby the
9 ohm antenna fee d point resista nce R. is
matched to the 51 o hm line. T he series induc tive
arm of the network is made of two pa rts av
shown in fig. 2B. One of these is the posit ive
reacta nce of the a nte nna feed point X ., which
is + j l l3 ohms. T he o ther pa rt is the nega tive
reactance of the series capaci tor, wh ich a t 3.9
me is -;9 3,4 ohms Thus the series arm is the
sum of the two. or +j I9.6 ohms. The shunt arm
of the L network is - j13.8 ohms. (These are
true values. no t normalized.)

Mismatching the l Network

Our first step is to intentionally mismatch the
L network in order to raise its input impedance.
by a factor of 1.9. to a new Z .. of 96.9 ohms. We
also tune it for the ce nte r of the ha nd . 3.75 me ,
T he reasons for this will be seen later whe n the
shape and location of the fina l input im pedance
curve are plotted a nd seen on the Smith Chart.

The new values for the L network of input
Z.. = 96.9 ohms at 3.75 me a re show n in fig. 3A
a nd 3H. The ante nna feed point im pedance is
9 + j 108.5 at th is frequenc y. An tenna resista nce
for a ll pract ical purposes rema ins at R . = 9
ohms. whereas the reac tance changes somewhat .
with frequency. T he negative reactance of the
series capacitor must now be -j78.5 ohms, a nd
tha t of the shunt capaci tor must be - j31 ohms.
T he se ries arm of the L network is the sum of
- j78.5 and + j I08.5 ohms. o r + j30 ohms, as
shown in fig. 3A. The L netwo rk. was computed
from the formu lae and charts in T erma n's Radio
Engineer's H andbook,
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fig . 1 - Curve A plotted
e n the Smith Chort above
is with the Mark II I an­
tenna tuned to 3 .9 mc. The
2 :1 s.w.r. circle includes
only frequencies fro m 3.8
10 " .0 me. Curve 8 was
developed with new val­
ues in the l network (fi g.
3) a nd is posit ioned prop­
erly to be folded bock on
itself by th e use of a ddi­
tion a l network s compo-

nents.
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Bending the Cu rve

\Ve now have a curve which is properly placed
on the Smith C hart to be amenable to being

These new va lues fo r the L network com­
ponents produce a new input impedance curve
as frequency is varied . Th is is curve ··W· in fig. t.
Note that the resistance components at 3.5 and
4.0 rue a re eq ua l. •\t .57. li nd that the highest
resistance compone nt. 2.0. a ppears at about 3.77
me. The im pedance values are a lso shown here
in ta bula r form :

. ..

Frequency
3.5
3.6 , "
3.7 .. . .
3.8 . . . . .. ..
3.9 ..
4.0 .....

Normalized Im pedance
.57+;.38
.95+j.53

1.67+ ;.30
1.96-P5
1.20- jl ,42
.57- ;1.39

twisted bad on itself like a pretze l by the inser­
tion of a series differential ne twork consisting o f
series positive and nega t ive reactance. of such
va lues as to cause the ir su m to he nega tive at
3.5 me and posit ive at 4.0 me. It is our purpose
to cause the ends of the curve to move with in
the 2: I s.w.r. circle. and to bring the whol e c urve
as close to I : I S.W.r. as possible. \Ve ca nnot make
it perfect. hut it will he usable over the whole
3.5-4 .0 mc hand.

Inspec t io n of curve R in fig. I shows tha t ad­
di tion of -j.55 at 3.5 me and +j1.60 a t 4.U me
will accom plish the des ired result . The following
se t of simultaneous equat ions for the se ries net­
work is used to com pute the va lues of series X r.
and X l':

Whe re II is 4.0 me; + j 1.60 = + jX r.a - jX r••
and b is 3.5 me; -j.55 = + jX u.-jX '·b

Taking the ratio of f req uencies 3.5 /4.0 into
account and solving. we find that X,... is +7.9 0

-
'"

• •

-
'B>

f ig . 2-The equivalent circuit for the Mark II I feed
tuned to 3.9 mc is shown in (A). Equivalent circuit (8)
shows the negative reactance of the se ries capacitor

wh ich provides . in a se ries resultant, - ; 19.6 ohms.
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f ig . 3-The eq uivale nt circuit showing th e new values
for the l network is shown in (A). Equivalen t circu it
(8) shows the negative se ries reactance of - ;7 8.5 thus

gi ving the resultant + ;30 as shown in (A).



Fig. 4-Curve B of fig - 1
has been bent bock on
ittelf a s shown above a nd
the 3.5 to 4 .0 me portron
lies complete ly within the
2:1 S.W.f. circle . While
not perfect, it is usab le
over the e ntire 80 meIer
band and for those who
wish to work outside the
band (MA RS) it ;s also

usable•
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Fig . 6-A recta ngular plot of th e s.w.r. of the mod ified
Mark III.

,

New Circuit
Figure 5 shows the new circui t diagram of the

matching network with both true reactances and
component values indicated. The true reac tances
are obtai ned by multiplying the no rmalized 7 .
values by 5 J oh ms. and the component values
are based upon a center frequency of 3.75 me
as sta ted abo,..e.

For those inte res ted in voltage ra tings of com­
ponents. it should be sta ted that the series ca­
pacitors in the L and different ial circuits should
be ra ted for at least 2000 volts if a po wer of one
kilowatt is contempla ted. The shunt ca pacitor

[Co ll titlllt't/ 0 11 page 94 }
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tically a ll of it lies within the 2 : t S. W.f. circle .
Even the extremes at 3.5 and 4 .0 me are not too
had for those who wish to go outside the band
limits for i\IARS operation. Now you can sec
wh y we raised the input 7.". and balanced the
cu rve about 3.75 me.

. -

M odified Z.
.57 - j. 17
.95+ j.45

1.67+ j.6S
1.96 + j.05
1.20-;.22
.57+ j.24

. . . . . . . . . .

. . . . . . . .

1

,• •

, .
• •

and X l ' h is -8 .45. Computing them for all the
frequencies of int erest. we find the following :

Frt'C/ llel/c)' X I , X l' Slim
3.5 +7 .90 - 8.45 .55
3.6 + 8. 12 - S.20 .08
3.7 + 8.38 - S.OO + .38
3.75 + 8.49 - 7.89 + .60
3.8 + 8.60 -7.78 + .82
3.9 + 8.80 -7.60 + 1.20
4.0 + 9.03 -7.40 + 1.63

Adding the ir sum to the values for curve R
previously stated. we get :

Frequency
3.5
3.6
3.7
3.8
3.9
4.0 .

These new values of Z.. are plotted in fi g. 4.
and one ca n see what has happened. The im­
pcdancc curve is fo lded back on itself. and prac-

Fig. 5- The new matching network ,h:)wn ebe ve will
perm it the Men),; III 10 operate over the 3.5 to 4.0 me
band with an S.W .f. of leu than 2 :1 at any point. The

true reccteeces and component values Ofe shown.
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U5A-CA [from page 69J
be transmitted via messages th rough the Na­
tional Traffic System.

T he nine members o f the Net are K4PQL.
K4M YO. K4ITV. W4J UJ. W4NLC. K4SDS.
K4YNJ . W4ZA U and K4WVT. They are spread
out over Virginia. ~fembers will o pera te portable
and mobile on weekends. Normal frequencies
will be near 3537. 7030. and 14.075 kc. QSLs
will be handled by K4~fYO and s.a.s.e. will be
req uired.
Good Will Ackno" tedeement

Last month we told a story of the need of the
30 members of the Harstad Rad io C lub. nort h
of Arctic Ci rcle in Norway, for books and maga­
zincs for their libra ry .. . our thanks to C harles
Foiles. Jr.. Va n Nuys. Cali f., fo r sending the
boys a complete back se t of CQ to 195 1. T ha t's
a lot of good reading material .. . like the man
said . .. this USA·CA Program has inte rnationa l
good will as one of its major purposes. And let 's
not forget in these trying hamdom limes. we
could stand a hit be tter local good will.
Wha l's CookinJ: Department

Being worked out are deta ils for a top-level
Centennia l and counties award program for state
o f Washington. It is expected the go vernor will
affix his stamp o f approval. In inte rim. sta rt
collecting all possible Washington counties in
1964 with possibility credit will be give n fo r
th ose worked d uring 1963 . Here will be another
example of C HC'e rs working to ac hieve the
highest ama teur rapport with local . county and
sta te officials to bring world-wide publici ty and
good will toward all who participate. Mo re nex t
isslie. Old Man. K6BX

Mark III A ntenna [f rolll page 45J
docs not requ ire such a high voltage ra ting. but
it shou ld be rated to ca rry a t least 6 amperes at
..t .O mc. I have had many inquiries abou t my use
of variable vacuums. J used them because they
were avai lab le to me. and they are very stab le
under a ll conditions. Air variables may be used
in the Mark III tun ing un it. provided they are
in a comple tely wea therproof box.

In the above compu ta tions we have neg lected
losses in the coils and capacitors. Th is is per­
fectly legal if we use good quali ty components.
To allow for stray capacities. however. we should
make the components variable over ::t portion of
their range. Their approximate values may be
found by measuring with an impedance bridge.
The final adjustment will have to be made by
use of eit her a General Radio r.f. bridge to check
the input impedance. or with an s.w.r. meter
which can be operated under power.

Summary

This technique of alteri ng the inpu t impedance
of a tuning net work or an antenna and twisting
the curve back on itsel f like a pretzel o n the
Smith C ha rt can be applied generally to other
antennas and matching networks. with certain
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Tuesday, March 24th

THIS IS A "MUST". • •

SINGLE SIDE BAND

AMATEUR RADIO ASSOCIATION
invi tes you to the ham affair of the year!-

FREE
SEND FOR YOUR
1964 HAM CATALOG
FROM WRL

DOW KEY CO•• Thief Ri... F.n.. Minn.

13th ANNUAL SIDEBAND
DINNER AND HAMFEST

A tradit ion of the IEEE week in New York. Statler­
Hilton Hotel, 33rd Street and 7th Ave. Exhibits of
the latest ham gear in the Skytop Room, FREE to
all from noon to 7 P.M. Meet your friends from all
over the world at the cocktai l bar from 4 P.M.
Fabulous Buffet Dinner in the Penntop Room
7:30 to 9:00 P.M. for only $10.00. Special " Ea rly
Bird" incentive for those asking for tickets before
March 15th. Group reservations accepted for
tables of 10. Make your checks payable to
SSBARA, c/o BUDDY ROBBINS, W2JKN, 4665
Iselin Avenue. New York 71. N.Y.
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r
limitat ions. The input im peda nce of the load
be ing a lte red must be of pasuive rt',wlanc(' at
the lo wer frequency. and of negative ret/C'tance
a/ the higher freque ncy, like that in curve It of
fig. I. T he different ial series network which fo lds
up the curve over itself can o nly be a pplied if
such is the case. (A network of series X L and X(·
a lways looks more capacitive as frequency is
lowered . a nd more inductive as frequenc y is
ra ised. ) If the load im pedance is not as stated
above. it must firs t be reversed in sign by a suit­
ab le tra nsformation network before the series
different ial reactances can be appl ied.

A rectangula r plo t of S.W.f. versus frequency
fo r the modified Mark III 80 meter feed i'i shown
in fig. 6. At no time is the S.W.f. exactly I : I, a l­
though it approaches it closely at several Ire­
quencres.

Inasm uch as the Mark III is al ready suffi­
cient ly broadened on 7 and l .t me. even enough
to pe rmit ~IARS operation on frequencies a t
some distance outside the bands. no changes
have been made in the feed fo r those two bands.
The only other change in the Mark III since the
origi na l a rticle has been the removal of the 2J
mc feed. The vertica l pattern was not good for
DX on that band. Removal of the 21 me feed
caused the feed point for 14 me to move down
the mast abou t 3 feel. This is the only change.
The antenna has performed well for 20 months
as o f the date o f writing. and no furth er changes
are contem pla ted. •

40 M. Vertical [from page 401

out. One week after load ing ours up for the first
time. we had worked 12 countries and numerous
sta teside QSOs on 40 meters. A check of the
reports given by a ll contacts since the vertical
went into operation shows an average signa l
strength of 8-plus. Unimpressed? Well . max i­
mum power here is 135 watts p.e.p.

Perhaps the grea test sa tisfaction has a rise n
from say ing "A nte nna he re is a quarter-wave
vert ical with a counterpoise ground sys tem. a ll
home-brew. OM ," To wh ich the guy will reply.
"Te ll me more. Dave. it sounds interesting," And
you've got a good QSO sewed-u p. Total cost
here. S I.t.75. How can you miss? •

Class C l inea r Urom page 351

a st ric tly linear exci ter-no compression. clip­
ping. or a. l.c .e etc. More than half the time. not
count ing pa uses. such an e nvelope has a peak
to r.rn.s. power rat io 8 db or greate r. Since 8 db
is about a 2.5 amplitude ratio. if the peak is at
the p.e.p. (i.e.• no flat-topping }, the same r .m.s.
value is produced by a consta nt signa l of 1/2.5
of the peak am plitude where the e ffic iency is
also 1/2.5 or 40% of the p.e.p. efficiency. For
these very unfavorabJe conditions (existing most
of the time ) th is amounts to ave rage e ffic iencies
of a pproximately 40% of 30 % (p.e.p. eff. ) or
12% for C lass A. 40% of 60% or 24% fo r

' A .l.e . d OC' not normally affect envelope shape (linea rity)
provldmg the time consta nt is greater than 50 rns ,
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C lass B. and -to% of 80% or 32 % for a Class C
linear. It's been sa id many times before but
bears repcating-c-i.e. by comparison. a two-tone
signa l. whic h has a 3 db peak r.m.s. ratio. would
show 2 1% for Class A. 42 % for Class B. and
56% C lass C average efficiencies which look
(and are) lo ts higher than voice sig nals! A.l.c.
and /o r a udio compression will help keep the
peaks up at the p.e.p. level. bu t the y can't bea t
the 8 dh Peak l Ave. ra tio down because they
can't change short interval envelope shapes. A
good cli pper is the most im mediate. practical
way to reduce the peak to average envelope
ra tio. and a good one improves both in telligibil­
ity a nd efficiency. The efficiency pay-off for clip­
ping & a.l.c. is grea test of course in the C lass C
case due to the highe r p.e.p. efficiency.

An alternate form for the Clamp tu be o f fig. I
is shown in the circuit o f fig. .t. A sim ila r version
of this was a lso in the CQ Sideband Handbook
sec tion ( page 15.t ). The 6BL7. V:. is a dual
tr iode wi th the fi rst ha lf as a d.c. am plifie r. the
second as a cathode follower d.c. sc ree n driver
o r modula tor. \V6ED D has recently developed
this ci rcu it to drive a pa ir o f 4W300B's in a
Class C Linear. Its use solves an objection to
the c ircuit of fig. I by el iminating R, because it
has to be a rather hu sky resistor since the cur­
rent is high under stat ic conditions. A second
problem solved is that if the filame nt should
burn out in the fig. I case. or V: inadvertently
left out of the socket, full screen voltage is ap­
plied to the amplifier tube which would ce rtai nly
be rough! Still anothe r advantage is tha t the
cathode follower of fi g. 4. be ing a low im pedance
dev ice. wi ll give better assurance of linea rity
against any non-linea r screen gr id loading.

Part II o f this article will cover the construc­
tion and adjustment of a C lass C linear ampl i­
fier.

[To be continued]

The Dow ECO If rom page 37]

20 may e ndange r the crystal. Find out from
eithe r a smart o ld- time r o r a smart newcomer
wha t tubes thi s applies to. Also, operate the
screen of e lec tro n-coupled crystal oscillators at
a maxim um of 100 to 150 volts unless specia l
preca utions have been taken in the design.

C heck the osc illator against a stable standard.
such as a continuously-ru nning crystal oscillator
or the b.f.o. of a stable receiver, If it is good.
use it and enjoy it. Yet, in honesty, remember
tha t much of what you have done was pioneered
by lieute nant Jenn ings B. Dow. USN. ex·W3TL.

Postsc r ipt

Experimenting with oscillators is a most re­
warding ex pe rie nce . Comparisons a re easy to
make between one test a nd the next.

T he principle is basica lly understood. yet there
is much in the subjec t of osc illators for the ham
to improve and inve nt-for instance a good and
exact mathematics of how those blinking thi ngs
work in Class C.




