
• 8~ muL ?1.ooiat. 

The Ultimate Transmatch 

BY LEWIS G. MCCOY, *WIICP 

SOME amateurs assume that because they use 
coaxial feed lines they don't need a Trans

match. This can be an incorrect assumption, and 
we'll try to show why in tlus article. 

The Harmottic Problem 
A large number of hams nave found to their 

sorrow that the harmonic suppression in their 
transmitters may leave much to be desired. The 
FCC issues many citations to Novices each year for 
seoond·harmonic violations. 

A typical Novice station might consist of a 
.JJ:ansnuttcr and receiver, with direct coax feed to. a 
trap dipole or vertical antenna. In a properly 
adjusted transmitter of typical design, often there 
is insufficient attenuation of the second-harmonic 
energy. Tlus can mean that the second twmonic of 
the signal ca.n reach the antenna and be radiate· 
What is required to eliminate or reduce the sccon<l 
harmonic, and higher-order harrnonics:, is more 
selectivity between the transmitter and the 
antenna. A Transmatch is an exceUent aid in taking 
care of the harmonic problem. 

The S~Obm-Load !>rob/em 
Still another reason for using a Transmatch is 

because nearl)• au manufacturers of transmitters 
design their rigs to work into a nonreactive, 
50-ohm load. Any departure from this load imped
ance causes difficulty in tuning and loading the 
finai-amplifier stage. II might be pertinent to point 
out that simply because a ham uses 50-ohm coax, 
it doesn't necessarily follow that he will have a 
50-ohm load. 13asicaUy, in order to have a 50·ohm 
load when using 50-ohm coax, the coax must be 
terminated in a 50-ohm resistive impedance. In 
other words, the antenna impedance must be 50 
ohms. 

* Novice Edltor 

Most hams would like to own a Trans
match tbat could cover 80 througb 10 
meters, and work durittg coax-to·coax 
or balanced-littes conditio/IS. Here is 
just sucb a ·unit. It will matcb tbe 
proverbial bedsprings, or any otl>er 
11ot1resonat1t or resonam amenna, and 
witbout plug-i11 coils or ba11d switcbing 
- even on 160 meters. 
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The kW version of the Ultimate Transmatch. The 
knobs and dial counter are standard Millen 
components. The front bottom of the cabinet is 
tilted by means of two 2·inch standoff insulators 
used as feet. 

When the terminating impedance of the coaxial 
cable is other than 50 ohms, then the transmitter 
will be " looking" at some value other than 50 
ohms. II is practically impossible to design a single 
antenna that will have an impedance of 50 ohms 
on all of the bands a ha m onighl want to use. One 
answer to the problem is to employ a device that 
wiU "match" the unknown load to the 50-ohm 
impedance required by the transmitter. One such 
circuit or device is a Transmatch. A Transmatch is 
simply an adjustable rf transformer thai can match 
the unknown load presented by the transmitter 
end of the feed line to the required 50-ohm 
transmitter impedance. 

Receiver Cross-Modulation 
In addition to taking care of the problems just 

outl.ined, a Tmnsmatch can serve another very 
useful function at the receiver. Some receivers arc 
susceptible to what is known as cross-modulation, 
or front-end overloading, by strong nearby radio 
stations. This is particularly true on 160 or 80 
meters when a broadcast station h• nearby. The be 
stat ion overloads the front end of the communi
cations receiver. causing "birdies'' and other un
wanted responses across the band. A Transmatch 
will eliminate or greatly reduce this problem in 
nearly aU iinstances. 

The Ultimate Transmatcb 
We shall describe two Transmatchcs - one for 

the Novice power linut , and another for the legal 
2-k\V PEP limit. We have found that many 
amateurs on the verge of taking their General. or 
lugher-class licenses, would rather invest initially in 
a urut that will take care of all of their future 
needs. 



Some yc:~r. ago, 1 a Tr.uumatch w:>< described 
t it:~ I wa~ designed for use with coaxial feed linet. II 
was called "the 50-0hm Transmatch." This panic· 
ular unit handles mismatches on the order of 4 to 
I. II con transform a load of about 200 ohms. or 
12 ohm.<. to a S().ohm impedance. The circuit of 
the Trunsmntch described in this article. Fig. I, is 
~lm ilar. but with two notable exceptio ns. In pla1:c 
of :1 lapped. swilchcd induclor, a vari:•blc inductor 
is ui<ed . lhc idea for lhis innovation corning from 
AI l.:IPiaca. K2DDK. The variable inductor is a coil 
wound on an insulated form lhat C11 n be rotated so 
thai a movable wheel shorls out und gJounds lhc 
unused portion of lhc ceil Using the roller 
inductor. along with the two vari•blc capaeilors. 
the Transmatc h provides an almost unlimited 
matching ra nge, plus the feature of 80· through 
I ().meter covcr<~b'C without band swilching. With 
the values shown in the units. it is even possible to 
add one fixed capacilor to obtain 160·mcter 
coverage. 

The o ther exception is the usc of a l-lo-4 
(u nbalanced-to-balanced) balun transformer on the 
output side of the Transma tch, which permits I he 
usc of balanced feed lin~ This mC3ns that a 
Transmatc h can cover 160 tlvough 10 meters 
(including the MARS frequcncic•). II can be used 
to match into coaxial lines. random·lcngt h end·fcd 
wire~. or balanced feeders. and can do the job 
wilhoul using switclles. 

The two units shown in the photogr~phs 
underwe nt ex tensive teSt$ as to efficiency. power· 
l~1ndling capabililics, and methods of adjustment. 
In coox.,lo-coox tests, power inputs and outputs 
tltrough 1hc Transmatch were carefully n1easurcd 
while using Bird Thrulinc waumelcrs and an 
adjustoblc dummy load. As carefully as could be 
meo:rurcd, and with indicated mismatches of up to 
IS to I . I he lransmatei1Cs showed an efficiency of 
over 95 percen t. Tllis small loss in efficiency more 
than ou1wclghs the usefulness of the device. 

Many lesls were made with the high-power 
version to check heating of the roller inductor and 
the balun. Under a key·down condition. with 1200 
I "Th<> r.Q-Ohmer Trammotch." Ju ly t 961 QST. 
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Fig. 1 - Circuit diagram of the Ultimate Trans· 
match. 
C1 - Spllt·stator variable, 250 pF per section; see 
text. For low-power version, E.F. Johnson lype 
16250; or similar, for high·power version, Millen 
type 16250, or similar. 
C2- 200.pF variable, for low power, E. F. Johnson 
type 167·12 or similar, for high power. Millen type 
16520, .171-inch specing, 16520A, .077-inch spac· 
ing. or similar. 
J1, J2 -Coax chassis fitting. type 50·239. 
JJ,J4,J5 - Feed through insulators. 
L1 - Roller inductor, see text. If 160·meter 
operation ls desired, total inductance should be 28 
uH, E.F. Johnson type 229-203; othtlfwise. 18 uH 
is adequate, E.F. Johnson type 229·202. 
T1 - 1·to-4 balun; see text for details, cores are 
Amidon type T-200.2. 

At the rear of the roller 
indue1or is the 1·t~ 
balun. The balun is set 
on top of a standoff 
insulator and is ~d in 
place with a piece of 
insulated board and a 
screw. The fixed 
capacitor mounted on 
the rear W<lll is the 
160.mc!ter unit. Both 
the variable capacitors 
and i nductor are 
mounted on l ·inch high 
standoff insulators. 
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Fig. 2 - At A, details lo r padding a low·value 
variable lor C1 by installing a second variable. C3. 
the sar"'1e value as the tow-POwer unit C2. In the 
case of tuning 160 meters. using an inductoc of 28 
uH lor L 1, and 250 pF per section lor Cl. a fixed 
capacitor of 100 pF con be used at C3. Centralab 
type 850- l OON, or similar. At B. details for 
connecting the bifilar wi ndings on the balun arc 
given. The ung-ounded leads a and b arc connected 
to J3 a nd J 4, the feed through insulator terminals. 

wa tts in<lica tcd power through the Transm:Hch, the 
transmitter was kept on for l5·minute periods. I n 
o ne tes t. the measured rf current through the coil 
was in excess of 15 amperes. The roller inductor 
used in I he unit is rated :tt 5 amperes. so this was 
considered '' fairly rugged tesL The coil did get 
warm, bu t not enough 10 be a cause for concern. 
Kcc1> in mind that in regular ama1eur work , I S 
minutes wou ld be a ridiculous figure for cootin· 
uous opera tion. 2 In cw and ssb operation, the duty 
cycle would be in terms or .seconds or even 
fractions o f seconds. 

The Ualun used fo_r balanced opcrution in the 
hjgh-powcr unit was made up from three Amidon 
J .. kw cores - more about that in a moment. 

2£d. Note: Howe~er. telel.}·~ ol)('!rat.ion wouJd 
be continuous (to say r\OthinJ: or those long
winded a·m operators!). 

-

WI KLK, on our staff, 1~1s m:tdc extensive checks 
o n a single-core balun. for usc in an upcoming 
Transmatdt urticlc. It was found that a single core 
would e-Jsily handle 500 watts of power during 
~evcre mismatch condit ions. Failure of the core~ 
most likely due 10 sa turation and heating. took 
place at the 70()-, .. J tl level. In the high-power 
'Transmatch shown here. three cores an.~ used. T hey 
arc wrap(l(ld with glass insulating ta J>C :and then 
wound with .. renon co~rcd wire.Wirc insula tion 
material can be important because of the CX· 
tremely high rf voltages thai ma)' be developed 
with some load conditions. In many tests of long 
dura tion. using up to 1400-'"'•tts outi)Ul into a 
dummy loa d, it was almost impossible to detect 
any heat in~ or the balun. 

Bear in mind that lhe balun would only be 
needed if tx.o l:tnccd-Une operation were desired. I, o r 
coax·to-co:1X or random·wirc fcCd. the balun can 
be omitted. 

Constmction Information 
A look at l"ig. I. at A, will show that the circuit 

is a very ~imple one. The input line from lhc 
transmitter i., connected 10 the rotor of C l , a 
split·stator .:npacitor. T his means that the capacitor 
must be insulated from the cha-<Sis. usinjl standoff 
pillars. and from the panel by means of an 
insulated shaft coupler. T he same is true fo r C2. In 
tho k\V unit sho wn, we have installccJ l_t powe( 
br idge. Construction det.:lils arc no t given here for 
the bridge because such a unit was described in 
deta il in a recent is"'c of QST3 Also. many 
amateurs already ha\'C a Monimatclr4 or some 
other type of SWR indica tor. An SWR bridge o r 
mnt ehing indic:ttor is needed in the 50-o hm line 
between the rig and the Trnnsma tch to s,how ''-'hen 
the Tmnsmatch is correctly adjusted. 

layout or the cOmponents should follow lhc 
same arran.gement shown in the photographs, C l at 
the inp~1 1 side . the roller inductor a t tho center , 
aml~.then C2. If a balun is going to be installed , 
:ollow enough room behind the roller coil for 
mounting the ba lun. In Lhc two units shown. the 

3"1n·Line RF Power Met.erino;.''De<:. 1969 QST. 
'~UmJerstondlng Amateur Ra<liO. page 209. 

This is the low-t>ewer Trans
match . The salvaged roller 
inductor is mounted on the 
front pgnet, ma king use of the 
original mounting brackets. 

QST for 



Here is an inside view of tho Ultimate Tra•umntch 
as rMdo by AI WlPiaca, K200K, who came up 1hc 
ide~ o f using 1he roller induc1or. The lnsrallarion 
on tOP rho right-hand capacitor is rho home made 
1 G().mcrcr swirch and fixed loading capaciror. 

<.."abi net:c nrc made up from ;~luminum sheet stock. 
If desired, a commercial chassis and cabincl c~n be 
used. In the low-power Tr.onsmatch, leave at lcasl 
1/2-inc h >p;tCing between !he edge$ of lhC <-:l pac
ilors and any ;xur of the chassis and cabincl. Allow 
l-inch sp:ocing in I he k\V unil. 

/Jalu11 Oetails 
For the low·llowc r Transmatch, u single tor<Jitl 

.:ore wil l more lhon handle the power. lncidcn l:o lly. 
the low-power unil was 1cstcd under :all conditions 
al aboul 100 walls through the T r:ulsm;llch. The 
power-handling capabilit iC$ o f lhe units depend 
print~ril)• o n the plate spacin~ used for C l and C2. 
aside from the balun rc<tuircmenh mentioned 
c;orlicr. AI I he I OO.watt level. a plate •P'•cing 1)1' .03 
inch is udc<)ualc. A .045-inch spacing should 
handle 500 watts. In I he kW unit shown. C l has a 
.077-inc h spaci ng. While a .077-inch >J>.1cing c:op-•c
itor w:tsn'c tried a t C2, such plate spacing :\hould 
work allho k\V level. 

In m:1king the low·powcr ba lun. wind two 
la yers of Scotch brJnd clecuic;~l Jape around the 
core before polling on the wire. Thi$ will llfO\•ide 
c•trJ in_<ul31ion. and wiU protect lhe edges o f lbe 
wire to JHcvcnt lhc enamel from being scr::apcd 
3way. l~i~. 2. •t R. shows a sketch or lhe winding. 
The winding e<msisls of 10 bitilar !urns of No. 14 
Formvar insulated wire. Connected as shown. this 
will provide a 1-ro-4. unoo lanocd-to-balanced con
figurution. 

T hree cores arc needed in the high·power b;J iun. 
Each core is covered wilh two layers of 3-M I)'JlC 
27 gbs.<-cloth insulating tape. Next. I he three <'OrC$ 
arc stacked. then covered with two more layers of 
I he tape. The ' vindinl' consists of IS biftl:lt turns of 
either No. 12 or 14 insula led wire. 'I he insulation 
should have a minimum rating of I 000 volts and 
can be either Tcllon or vinyl-nylon (or any oilier 
suitable covering, with a minimum voltage rating or 
I 000 volls). 

In nmk lng lhc low-r ower Tmnsmatch, a ro ller 
coil from " j unked 4()-motcr ARC-S lr:UISmillcr 
was s:alvu~ed and im:t.allcd in the unit . Many 
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an1a1eur> know otber hams who have old ARC-S 
gear. and these units :ltc 3 good source for lite 
roller coils. llowcver. some han" 1113Y nol be able 
10 loc-Jte used ARC-S transmitters. so we ha,·c 
included some information on sour..:cs or suq>lus 
~tnd new roller ill(Ju dors. There may b..: l\urplus 
out lets in )'our :ul"a wor lh itwcsH!_!:J tinH. Look for :J 
roUcr coil llmt l'l:l:S :·1 minirnum induct:mcc or 10 uH 
when used wil h c I havin~ " V:tluc o r 200 pi' per 
sec tion. Such a combination will cover :1 lo w 
frequency of 3500 kHz. In lhc unil shown. in 
addition to the ARC-S roller. we u>ed a ' 'alue of 
I 00 pi' per section for C I and IXIdded th3t 
capacitor with another or 200 pi' ($ingle section) 
in order 10 1>rovide the re<)uircd cover~gc. This 
:tddcd C3)XI Citor is shown in Fig. 2 al A. lly using 
t h i~ approach, it is: sometimes easier to :\:ave money 
rhcn \vhcn lrying lo loca te a 200-I>F· tx'<·scclion 
v:1tiablc for CL (l ncidc nla lly. you e:111 usc a 
variable at C l of more than 200 pF per sc~l ion for 
good covcrnJ?,c with the roUcr inthJct:ulcc ~pccificd 
:~:~bove.) 

An even bcncr :1pproach co gel lhc required 
capacitance fOI' Cl. because il is be Iter to maintain 
the symmclry of the circuit •• shown in Fig. I at 
A. would be to gang two 20()-pF variable$ to make 
up your own split-slator c;~pacitor. with the desired 
plaiC Sl>acing. (There may be some around. blll we 
couldn't find arw manufactured split·st~alor with 
the required I>I;Hc Sl>acing and C3fXICil:u>ec). Still 
:u>O ihcr nt>pronc h would be to cli p li.xcd 
tr:m~mi ll lng-typc micu ca(XIt.:icor~ ucro~s c~1ch ~cc
tion of C' l co obt:lin the required ~:IJ),1Cil ;m\:C for 
usc on 160 and 80. 

Pi11diug the l'arts 
A)c n'K>'t ham~ arc finding ou l. it i~ becoming 

more ::md more difficult 10 bu)'. or find. com· 
po ncnts for ~onsc ruction projects. Surnc ~ouching 
w3 s done. :uul chc following inform:a tion is worch 
r:•ssing o n. Burry Electronics of New York Cily has 
informed us I hat lhcy will fi ll any order for any 
~una tcur com po nent :H the manuf~H.:Iu n.•r's c.Urr\!nl 
amateur net 1>ricc. The parts $.pc~ificd in Fi~. I ;..rc 
C\lrrCntl)'·manuf:JCturcd i tems. Also. t:air tt:sdio 
Sales in Lln>lt. Ohio has some Mllplus roller 
induc lors and ~'Ountcr dials in stuck. The rollcr
·inductor ca ralog number is S950-199·6469. and 
the counter dial is lis1ed as RT-45. Also. Millen 
com1>oncn1s c:m be purcha ..cd directly from Millen 
(wrile lo WadeCa)•wood , WI KR D) . 

Usiug tbe 'l'ran.<matcb 
One of I he firsl consider:.! ions in using'' selup 

for ··coax·to·coaxu is exactl)' how much. or how 
high an SWR can be rolcralcd. As has been pointed 
out. thi~ TrJ nsma tch will h:mdlc any mi~match o n 
I he line. Wilhoul getting into a lot o(de lail<. > (ew 
ob.\Crvations ilhout coaxial lines an."" In order. l· irst. 
lhe higher the SWR. !he !P'ea lcr 1hc losses in 
coa.xL1I line<. The a moun I of IOSc<cs dei>Cnds on the 
line consl m cl ion :and the {rt'qucucy :at which I he 
line is u~ccl the lower the fr..:qucncy . the less will 
be the )()sscs. For exam ple. RG-8/U has a loss per 
I 00 feel uf line of only 3/ 10 of a <I ll :.I 3.5 Mllz 
with an SWR of I (a ma1d1cd cumlil ionl. At 28 

/Continued 0 11 puge SS) 
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mode switch in the cw position, the signal goes on 
the air when the jack is closed. Thus you cari'not 
switch from ssb to a-m, or back again, without 
putting a burst of cw on the frequency. During the 
vHF SS, for some hours we wondered about the 
beeps we often heard when we snagged some of the 
more difficult Sections, until we suddenly realized 
that they were produced by some of our 
TR-6-using competitors, moving in for a shot at the 
new multiplier, and switching modes! 

The description of the TR-6 given here is by no 
means complete. Rather, we have mentioned 
mainly those items in which this equipment is 
unusual or unique. Just about every other feature 
normally found in hf sideband gear is included in 
the TR-6. Operators who have had experience with 
other Drake equipment will find much of the TR-6 
familiar.- WJHDQ 

The Ultimate Transmatch 
(Continued from p. 27) 

MHz, this same line would have a loss of slightly 
less than 1 dB. However, as the SWR rises, so do 
the losses. With an SWR of 10 to 1, for example, 
the additional losses at 3.5 MHz would amount to 
about 0.6dB, or an overall loss of about 1 dB. For 
the same SWR at 28 MHz, the losses would be 
about 2.5 dB, or a total loss of about 3.5 dB. For 
the benefit of the Novice, a loss of 3 dB would 
mean half of the output power from the rig would 
be dissipated in 100 feet of line. Therefore, oDe 
could easily tolerate the condition at 80 metei:s, 
but the losses would be prohibitive at 28 MHz. 
Following this reasoning, it would mean that the 
amateur would be wise to keep the match at the 
antenna feed point as close to 50 ohms as possible, 
and thereby keep the SWR low. 

With trap or multiple dipoles, the SWR should 
be less than 5 to 1, and with sucl:l a system the 
Transmatch would be ideal. Keep in mind that you 
must provide a load for a transceiver or amplifier 
that is close to 50 ohms. The Transmatch will 
provide a means. 

In a coax-to-coax system, set both C1 and C2 at 
maximum capacitance (plates fully meshed), then 
feed enough power through the Transmatch to get 
a full-scale forward reading on your SWR indicator. 
It is always important to use low power when 
adjusting a Transmatch. Next, switch the SWR 
bridge to read reflected power, then run the roller 
inductor slowly through its range. At some point 
you will notice a sharp dip in the reflected-power 
reading. Once this point is reached you should 
adjust C1 and C2, with possibly a slight adjustment 
of the roller coil, to get a perfect match. Power can 
then be increased to the desired level. You'll find 
that several different settings of the Transmatch 
may provide a perfect match. The one to shoot for 
is the condition that requires the most capacitance 
at C1 and C2 for a matched condition. 

If a random-length, end-fed antenna is used, 
merely connect the end of the antenna to terminal 
13, Fig. 1B, and go through the adjustment 
procedures outlined above. It is helpful to have an 
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Drake TR-6 50-MHz Transceiver 
Height: 5 7/16 inches. 
Width: 10 3/4 inches. 
Depth: 14 1/4 inches. 
Weight: 15 3/4 pounds. 
Power Requirements: 650 volts de at 500 

rnA, 250 volts de at 175 rnA, -60 
volts adjsutable into 30,000-ohm 
load, 12.6 volts at 5.5 A. These 
voltages are furnished by the Drake 
AC-3, AC-4, DC-3, J!)C-4 and DC-24 
power supplies. 

Price Class: $600, less power supply, spea· 
k er and other optional accessories. 

Manufacturer: R. L. Drake Co., Miamisburg 
Ohio 45324. 

earth ground connection on the Transmatch. Also, 
if possible, use an antenna length that comes out to 
a quarter wavelength, or odd multiple thereof. 
Such an antenna will be of low impedance, and will 
reduce the chances of high rf voltages appearing on 
the Transmatch or associated equipment. 

If balanced feeders are used, the feeders should 
be connected to terminals 14 and 15 with a short 
jumper connected between terminals J3 and J4. 
Again, the previously-discussed tune-up and adjust
ment procedures should be followed in setting up 
the Transmatch. 

Some Other Thoughts 
Some amateurs might be concerned about the 

amount of voltage that can be developed in a 
mismatched coaxial line. In a matched condition, 
with 1000 watts in a 50-ohm line, the rf voltage 
would be about 220 volts. With a standing-wave 
ratio of 20 to 1 (! ), the increase in voltage would 
be 4 1/2 times, or approximately 990 volts. This, 
however, is well within the rating of the RG-8/U 
cable. 

This Transmatch should satisfy the needs of 
those hams who desire a rtmltiband unit without 
switches or plug-in coils. Once the settings for the 
controls are determined, a chart can be made up 
for any given installation. Band changing is then 
quickly done. lll!il'--1 
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