
A Universal A ntenna Coup ler
J . Stanley Brown, W3EHE

762 Leba non Ave .
Pittsbu rgh, 28, Pa .

By ingeniously devising a method of variable link coupling to
rotary inductors, W3EHE has come up with an antenna tuner
ca pable of feed ing balanced or unbalanced transmission lines
from 50 ohms on up. Nothing has been spa red in this insta lla­
tion and we offer this only a s a source for furth er thought a long

these sa me lines.

T
il E grea test enjoyment that ma ny peo ple get
o ut o f amate ur radio j ... in designing and build­
ing some contra ptio n generally conside red im ­

practicable. if not even impossible. and then ma king
it wo rk.

My experience with antenna couplers dates back
over the yea rs to th e cylindrica l coil and pancake
coi l osc illa tion transformers of pre-World War 1.
T hey .111 wo rked after a fashion, o n o ne O f two fre­
quc ncies, a fter the proper choice of words. It is
a lmost impossible to a vo id. a lill ie power flowi ng
from a ntenna co upler. throu gh th e feeders, to the
a nten na , but a num be r o f us have been ve ry near ly
successfu l in th is respect.

I have always had a desire to own a couple r that
will match a ny th ing from the proverbial bed spring
to " pair o f buried coax cables at any f req ue ncy from
29.700 kc to 1750 kc. T his incidentall y should all be
acco mplished from the front o f the panel wit h no
aid from screwd rivers. w renc hes or bolt cutters .

T he front -view photograph illust ra tes what has
been acco m plished for the last 4 years . It measures
19" X 8~ " with a tP.4 H X 13 X IT' enclosure and.
un less yo ur time is worth less . it sho uld not cost
more th an $1.000 .000 to dup licate afte r sett ing up
a co mplete machine shop.

D uring my yea rs of struggle with thi s problem
I've had hut o ne fairly good multi-range a ntenna
co upler. easi ly recognized from fi g. I. as the Collins
twin-pi co u pler. vintage 1933 or SOl . Many ama teurs
used it o n 160-80-40 and. in some cases. 20 mete rs.

I C"lli ml. A . A .. "A Un ivt'r"ll. l An t en nu Cuupli ll l! ,RYlO t t-ill
r...· Mllll l" r n T'rnns rnitt er-s", q .'iT. Fr-b. Hi :l-l.

Wh en properly ad justed. the cl ip" to t he plate tank
coi l co uld be attached or removed and the p late cur­
re nt d ip was found at the sa me spo t on th e tuning
d ial. T here were no roller co ils around at that time
so the circuit was not as finel y adjustable as o ne
wou ld like. At the h igher frequencies it was difficult
to cl ip 10 t he tan k coil at the proper fractio n o f a
turn . T his tuner could not readily be loca ted re­
mote ly fr om th e transmitter. al though some ve rsions
with link coupli ng we re used.

A balanced line is gene ra lly conside red the idea l
means of center feed ing a ny ante nna. es pec ially
multi- freq ue ncy jobs. However. th ere are m an y
forms of single wire and single coax feeds in li se,
and these too. must he accommoda ted.

Desirabl e Coupler Features
T he o ld Collins twin-pi net work on ly needed

so me mode rn izing to coup le a va r iety of feeders and
anten nas to modern. single-ended . pi -netwo rk fi nals
as we ll as to the ce nte r o f push -pu ll final tan ks. The
fo llowing feat ures arc desirabl e and /or requ ired:

I. Coax line from fi nal a mplifier to the ante nna
coup ler.

2. Provisio n for r.f. bridge or Micro -m atch in
line to the cou pler. with low -puss fi lter in se ries.

3. Vari able coupl ing from trans mitter t o the
"cold end" of the cou pler coils.

4. Reactance cancell at ion in the ground leg o f
the coax line to the coup ler.

5. Ganged ro ller coils in t he coupler.
6. R.C. ammete rs in fee ders.
7. A ntenna se lecto r switc h.

Fig . 1- 0 ri ginal ci rc ui t of
tht> Co ll i n~ Twin·Pi Co up­
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f ig . 2-Basic circuit of the
Co llins Twin-Pi COUpllH il­

lust rating the method used
at W3EHE to link couple
to the rotary inductors.

Inductors LI a nd L ~ o re
ust"d o n If"" meters.
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R. RJ . probe pointv for 'scopes. modulat ion :In\1
currier-shift indicators. etc.

__,,9 . Send-receive relay.
Ill. Complete: front rand control.

Variable Inductors
M(h t of rhc...e fc.uure-, were not too difficult to

provide. One. howe ver, W ;I" :l J'ltllllt-r : thai wa... how
to g;I Ug the vari able inductors and how In provide

vnrinble cou pling to them. Study " or the .ga ng ing
pro blem ind .cuted the ad visabilit y o f using gears .
Va riahle ind uc tive co upling wav a ' problem }'\eC;Ul'C

o f th e roller und contact rod being in the W;I Y. Tbc
photograph from the lor o f rhe unit give' some
cl ue' a, 10 the solu tion. and a n unernpt will he made
10 c1ari f)' the revt or the procedure.

F igure 2 i-, the buvi c -chemanc diagram of the
co ur ier :I llll fi g. :\ i-, rhc circuit a, co n-aruc ted,
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c t , C:!- l00 mmf vorio ble. Iron, mitt ing type spaced .093".
( ;1-350 t o 500 mmf variable. see te xt .

( I . C,-,-5oo mmf variable transmitting type- spa ced .0.45" ,
(I; , C. - " OO mmf surplus tronsmitting mica 3 000 w.v.

mo tchfld. see te xt .
C... . C~I-900 mmf surplus tr a nsmitt ing mico 3000 w .'t.

motch~d . " 'I" tl" llt.

Lt. L:?-5 Turns :::12. 111:1" die . X 1W ' long.
L:l. L, -2.c p h- ro to ry ind u<to r from 8C-375 or equ i'tol.. :l1

(E. f . Johnson 229-203 ).
L:" ~;-5 Turn s ec ch of = 12 soft dr~wn eepper, wire spaced.

2; II;" diameter. u~.. t ...1 end fig . .. .
M I M:?-RJ. amml"ll"r 0 - 0 .5 omp..res.
R, . R:!. R:1• R,. R.-,. R.,-Mplf'r Shunts. s.... text.

rig . 3 - Actuol wIri ng d iagrom o f the Univf'u al a ntenna tun..r showing inpul ond output capacitor
swilching . Ca r.. sho uld tw tn~pn to insurp that Ih.. m.. l.. r sh unts ar .. corpfully motched .
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-.
Sid e view illustra ting the method of mou nting the r6tary inductors and the a ssociated gearing arro ng~

me nt. The link ca n be see n mo unted on the rotary inductor spacing bars. The ten meter inductor and
input tonk capacito r C I a re mo unted be low the rotary inductor. The long shaft coupled to the rig ht
angle gearing a rrangeme nt at the upper left is the a nte nna selector switch . Mounted below the rig ht
angle d rive is the link load ing capacitor C;\ and be low is C I . one of the output to nk capacitors. Bala nced

and unbalanced output co nnecto rs are mounted on the rear panel.

The roller coi ls used were fr om the BC· 375 t rans­
m iller and are about 2-4 microhenries each . T hey
were geared toget he r on th e ground side of the in­
sulated fle xible coupling, with three 21;2 " p.d.• 32
pit ch gea rs. The two o utside gea rs are brass. Hos­
ton Cat. G III with l i n" fa ce. The midd le gear is
steel . Cal. 532XO with :\I u" face. The counter dials
ure removed from both roller-coil un its and one is
installed on the center-gear shaft. Figu re 4 indicates
the met hod of m aking a common dri ve unit o ut of
the two co ils. It will he noted thai o ut board hear­
ings arc provided for the shafts o f the two o uts ide
gea rs. The inboard hear ing is al the roll er coil itsel f.

T he center-gear shaft is fastened to the tums-coun­
ter dia l mechanism which has a good hea ring or
adequa te cantilever strength. A ny o ther good roller
coils o f similar inducta nce may he used. If it is not
desired 10 tune the 160 meter ba nd. an ind ucta nce
value of abou t 15 microhenrics sho uld he suita ble.
At th is point it is well to not e th at no "dead spo ts"
were fo und with a grid dip meier in an y of the
amateur hands covered. Using the o utput of ~IO M13
with son wuns input. no part s of these roller coil s
have show n any warmth to th e touch . Prio r 10 th is
final urra nge mc nt. these sa me coils had been in usc
on a full J kw uni t and hall been sa tisfacto ry.

•

Fig . .c - Diagrammatic view of
'he two SC·375 rota ry induc­
to rs a s seen from the top. This
view illustra tes how 'he links
t~, a nd til a re fixed to a move­
able train which rides on the
original rails o f the rotary
inductor. Wipe r contacts rid­
ing o n slide ba rs insure a
positive contact a t a ll times.
The whole variable train is
pulled bod: and forth over
rhe rotary inductors by means
of a pully a rrangeme nt . The
fron t pa nel control is loca ted

between the r.t . a mmeters.
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Friction Contacts
Riding On Slide RodsCemented

Together
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Coupling Coil Wming Frome,Two Peces Of

Low Loss Miccrta

Fig. 5- Th i, view illust rates

how l ~1 and LII ore wound
to allow ponoge over the

rolle r co ntact of the rotory

ind ucto r. Bo th co ils Ofe

joined a t point A and the
other ends of the indue­

ton are filled 10 the wiper
contacts which ride on the

,Iide rods. Detail B iIIus­
troles the method of
mounting the five turn

links on the polystyrene
spacers.

Va riable Caupling
Now comes " the part th at can't be done:" how to

get sliding coupling coils to work with roller coils .
' I here 's nothing to it! "! he end of the two rolle r coils
with the coupling coi ls attached looks li ke fig. 5. T he
cou pling coils are simply deformed to clea r the rol­
ler and are perfectly normal in other respects.

T he coupli ng coils were made o n a wind ing form.
o f the xarne shape t ha t they are . o ut of :: 12 brigh t.
tinned. ,oft copper wi re. They should he wound so
th at they a re ' arne relat ive po la r ity as t he coils they
cou ple to. T o hel p in getti ng this correct. visualize
them :" t ho ugh they we re wound as a continuous
length in th e 'ame d irection. and over t he t wo ro ller
cui" placed end to end . T hen mo ve th e two ro ller
coils 10 :1 pa rnl lel positio n with half o f the coupli ng
coil windi ng surround ing each. T he two halves of
th e cou pli ng co il are still connec ted by the " bent
111m" (deta il A. fi g. 5) and arc ph ased correctly.

In obtai ning vari able co upling to t he roller co ils.
the roll er coi l tie rods a re used as mechanical s lides
for th e insulated suppo rting frame o f th e couplin g
coils. Metal s lide rods a re used to connec t to the
coup li ng coils. The to p view pho to graph shows the
cord d rive method of movi ng the coupling coils. ' l he
control whee l i, cul ibruted to indicate degree o f cou­
pling. T he number o f turns of the coupling coil can
he adjusted o nly by getti ng inside the box. bu t it has
ne ver been necessa ry to change the nu mber in use (2
per coil ) for opera tion from 10 through 160 meters.
Exte rnal means of maki ng such a change would he
next to impossible. Fortunately. the degree or cou­
pling varia tion avai lable is more tha n adeq ua te to
make up for fixed coupling coil tu rns.

T he roller coil, are 2" in diameter and are on 5"
centers. rhus pro vid ing a sepa ration o f 1"Ii coi l d i­
ameters. M ut ual coupli ng between them has not
been a so urce or t ro uble.

Input and Output Tuning
T he input and ou tput va riable capaci tors are con­

t roll ed from concentric d ials with common kno b
(i n and out) con trol. Actually. th is refinement is not
as convenient OIS the independent dials used o n the
bread board model.

The output padd ing ca pacitors are employed in
400 and 500 mmf steps and are 3000 w ;v, (su rplus)
transm itt ing micas. They are sw itched in pai rs. and

the pairs were selected by a capacitance br idge to
he within ± t mmf of each o the r. T otal o utpu t
cupucitunce is about 1400/1400 mmf.

T he input vari able capac itor (CIC:d cons ists o f
two 100 mmf unit ... ganged. It is switched to u..e 2
sectio ns in series (5 0 mmf) , I sectio n ( 100 mmf) or
2 secrion-, in parallel (200 mmf}. These capacitors
a re well clear (If. and insulated from. the cha.... is and
controls. Plat e spacing is .093" .

The out put variable ca pac itors. (C.Cr,) are 500
mmf each. .O-tS" plate spacing and coupled toget her
mcchunical ly.

The I() r ueter coils may be seen in t he end-view
photogra ph. A fortu na te cho ice of d iamete r. tu rn,
and spacing permits the use of I tu rn or so of rolle r
coil in th e circui t o n the In meter ba nd . This is ade­
q uate to couple to the transmitter at th is frequency.

R.F. Amm eters
The r.f. ammeters are 0 to 0 .5 am ps and have 3

ste p, o f sh unt switchi ng from the front pa nel. T h is
is a tr ick y thing to do. Shu nts. switc hes and met ers
mu..t be absolu tely sy mmetrica l for the meters to
rend the same wit h equal a mounts of r.f. In ad just­
ing :1 pi-net work a very low- read ing rf ammete r is

t I

Fro nt view of the Unive rsal a nt e nna cou pler. The 6( -375

tu rns co unter diol co nt ro ls two rotary inductors gea red
toge the r. w hile the knurled th umb whee l b etwe en the
mete rs control s the posit ion of the links rid ing over the

rotory inductors. The larg e knob o n the lower right co ntro ls
the input a nd o utput va riable ta nk ca pacitors via a cc n­

ce nt ric shaft . Pulling th e knob in a nd out cho oses the desired
circuit. Ca pa citor Ca is con trolled b y the la rg e skirted k nob
o n th e left. The antenna se lector switch 5:1 is at the up per
left. inp ut capacitor switc h 5 1 is below the tu rn s co unter

d ial a nd o utput capaci tor switch 52 is at the fo r right.
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a help whe n sta rting to m atc h. When the fi rvt o utput
indication i.. reached . further adjustment req uire.. :1
higher-range am meter. Hy means of the sh un ts. these
meters cover n to about 5 am ps. in o verlapp ing
ranges. Silicon or ge r rnnniu r n rectifi er-t ype o ut put
ind icators m ight he used instead of r.f. a mme ters,
a nd being basicall y linear in sca le. instead o f cur­
re nt-squared, mi ght req uire Ie'" range-adj uctrnent .
This ca ll he a trouhlesoru e out put device whe n
co upling 10 feeder>; in the presence o f standing
wa ves . It sho u ld he remembered th ai whe neve r a
500 to 1000 wa ll transmitte r is matched to a varie ty
of loads from 50 o hms to severa l thousa nd ohms a
very wid e-range o ut put-i ndica ting device i .. req uired .

Adjustment
Initial udjustrnents o f suc h a de vice should he

made at the lowest po wer input possible. A grid­
dipper is helpfu l in the first rou gh settings. C alib ru­
tion cards sho uld he made of final set tings a t severa l
places in each band. To re tu rn to the best match of
tra nsmitter-to cou ple r-to feeders is then a very

.si mple matter.
• The 350 mmf variable capacitor in the coax lead
from the fina l am plifier is very-useful in arr iving at
a 10 " .' sta nd ing wa ve rat io :11 Ihi.. po int . A v.v. w.r.
device . such as a Jones l\I icro-match , left coil ­
tinuousl y in th e circ uit. i.. stro ngly recommended .
Life is probabl y much sim pler without it. bUI its
use encourages the effic ient use o f tubes and com­
ponents in the final a m plifier a nd it give.. th e lo w
pa-s filter ,J bette r chance to perform it,; function .
If ,I low paxs filter is u...ed (and it should he ) it
.. hould he con nected in the coax line from th e. t run...­
miller after the v.s.w .r. device .

Thi.. tuner hus he-en used very sa tlsfuc to rtly to
feed :

a . 52 o hm dumm y antenna. with o ne e nd
grounded.

h. 52. 1O.t, 200. 300. a nd flOO o hm dum m y a":!­
tennas with balanced feed to both ends .

c . A fu ll ... ized 20 Met er beam with T ee-match.
fed by buried. parall el RG -8 / U. 52 o hm cable....
(104 ohm feed ) .

d . A fu ll size Hy-G ain 10·1 5-20 Mei er beam with
huried RG-8 / U cable to the G amma march.
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Cover Photo
Top vie .... of th e a ntenna t uner sho .... ing compo­
nent layout and sha ft placemen t. The large hu b
at the botto m, con lro ls the slid ing rack which
cou ples l ;, and Ltl to th e rola ry inductors. The la rge
cera mic rotary s.... itch a t th e to p se lects the a nten­
a ns a nd the wafe r switch a t the rea f se lects th e
o utp ut ca pa citors. The p ulley and cords mecha nism
a ttaches to the la rge skirted kno b o n the fro nt
pa nel ond by Q push Of 0 pu ll, ei the r input o r c u t ­

pu t ca pacitor may be se lected. Th e re la y and mica
capacitors ca n be seen nest led under the la rge
switch 0 1 tlu' ffO a f.

c. A 120 ft. fl a t-to p. sing le wi re . cen ter fed w ith
2" spaced feeders about 75 feet long. All hand..
I() to IflO me te rs.

f. T he same a nte nna. with the fee de rs tied to­
get her and used o n 160 meters.

W hen uved with a sing le wire line. the other
feeder posit ion can he grou nded or not. as t he opera­
to r ...ee... fit . ~I y e xperie nce is that it works best w ith­
OU I the ground. When the unu ...ed po... il io n is
gro unded . the re is cur re n t in the unu -,cd d . am meter.
T his is annoying. and probabl y i... n't do ing any good .

There a rc a few miscella neous points t hat are
wort h men tioning. This matchin g device is just ; IS

good for recei vi ng as it is for tra n..nu tti ng, so a
d.p .d.t . re lay is mou nted in the ca binet 10 tra n... fe r
the co upling co il leads. T he 35 0 mmf var ia ble
ca paci to r. in ..erles with the coax from the Iran...­
m ill er. i.. u...ed o n ly when t ran... mi ll ing. A bout 500
mmf wou ld prohahly he a be tter va lue . if t he re is
roo m fo r it.

T he a ntenna selector switc h se lec ts a ny o f seve rn!
co ax fi ll ings and o ne pair of porcelain feed-th ro ugh
insula tors .

'1he coup ling co ils arc ad justed to he close to t he
"cold-end" o f th e roller co ils :IS indica ted by t he
locat io n o f the roller contact . T his i... 1101 difficult
a .. calibrat ion o f th e tu rn cou nter and co u pling co n­
11'01 were made so that they coincide. If co upling
co ils nre moved beyond the rolle r co ntucr. towa rd s
the "co ld end." most of th e co upling is then 10 the
vhorted tur ns on the ro lle r coils.

There a re ..eve rul places where a n r.I. p robe m ay
he inse rted . O ne i-, In the " ho t side" o f t he co upling
coilv. O thers arc at the r.f. a m me te rs a head of th e
ante nna selec to r swi tc h.

T he com pone nt-, and t heir a rra nge ment provides
the antenna tu ner I have a lway.. thoug ht o f a ... ideal .
I rea lize t hat no true amateur eve r cop ies nn yt hi ng
and it is th erefore ... trongly suggested tha t any a t­
tem pt 10 re-p roduce o ne o f these u nits he nur...eel
ca re fu lly th rou gh the bread board stage. When poe­
sible, try mo unting grounded. non-magn eti c. met al
..hee ls in similar positions to t he com po ne nts th at
the parts of the cu hinet will he. In lhi..; way it w ill
he po..... ible to eliminate any undesirable effec ts be­
fo re fina l a ...sem bly. •


