OPERATION INSTRUCTION MANUAL
JOHNSON VIKING MATCHBOX

ANTENNA COUPLERS

These instructions are applicable for the installation and operation of the following
Matchboxes:

250-23 Matchbox for use with transmitters which have a maximum input of
275 watts to the final amplifier.

250-23-3 Matchbox, similar to the 250-23 unit, with a directional coupler indi-
cator installed and a Directional Coupler (part no, 250-37) furnished.

250-30 Matchbox for use with transmitters which have a maximum input of
1,000 watts to the final amplifier.

250~-30-3 Matchbox, similar to the 250-30 unit, with a directional coupler indi-
cator installed and a Directional Coupler {(part no. 250-37) furnished.
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1. GENERAL DESCRIPTION

The Johnson Matchbox is an antenna coupler designed for matching antenna and trans-
mission line impedances te a 52 ohm impedance within the amateur bands from 3.5 1o 30
megacycles. The Matchbox also provides band switching and transfer of the coupler from
transmitter to receiver and in addition mutes the receiver and grounds 1he recelver antenna
terminals during transmission.

The Matchbox is capable of matching the 52 ohm coaxial cutput of a transmitter 1nto
loads ranging from approximately 50 ohms to 1200 ohms for balanced lines, and 50 to 2000
ohms for unbalanced lines. Large amounts of reactance can be compensated for by the
coupler, the amount depending upon the frequency, line or antenna resistance, The Match-
box, or any coupler, installed at the transmitter end of the transmission line cannhot correct
the standing wave on the transmission line. This standing wave 1s a matter of impedance
match between the antenna and the transmission line and may be eliminated 1n various ways
described in antenna and transmission line literature.

The coupler circuit consists of a parallel resonant network utilizing an inductor with
a coaxial wound coupling link, a dual tuning capacitor, and a dual differential matching capaci-
tor as shown in Figure 1. Impedance matching for either balanced or unbalanced transmission
lines and antennas is accomplished by the front panel contrels of the two dual capacitors with-
out resorting to the customary coil taps or link adjustments. Adjustment of the Matchbox
must be accomplished by the use of a directional coupler, such as Johnson no. 250-37.

The Matchbox tuned circuit provides additional harmonic attenuation of the transmitter
output by at least 15 db. The 52 chm coaxial line between the transmitter and coupler provides
for the insertion of a low pass (TVI) filter such as the Johnson 250-20 for improved harmonic
attenuation. A terminal is provided on the terminal beoard for the installation of an R. F.
probe for use with an oscilloscope, modulation indicator

The Kilowatt Matchboxes {part nos. 250-30 and 250-30-3) have a switching relay system
designed for "fast make-slow break" operation allowing the final amplifier plate voltage to be
cut off before the transmitter load is removed. The time of delay is fixed between .15 and .25
of a second which is ample to allow the relay contacts to break without any arcing.

11. INSTALLATION

The Matchbox and its Directional Coupler must be connected to the transmitter with a
52 ohm coaxial line as shown in Figure 2. The length of the coaxial line should be as short
as practical since the input reactance varies more rapidly with frequency as the length of the
line increases. If a low pass filter and a TR Switch are used, they should be installed as
shown in Figure 2 using the coaxial lengths as indicated. The remalning connections to the
Matchhox should be made as follows:

1. GROUND. This terminal should be connected to the ground terminal on the trans-
mitter by means of a large gauge wire. The lead from the transmitter
to ground should be a large gauge wire and as short as possible avoid-
ing any lengths near an odd multiple of quarter-wave on the operating
frequency. For multi-band operation, ground leads of various lengths
should be instalied.

2. RECEIVER ANTENNA. The antenna leads from the receiver should connect to
the two terminals on the terminal board designated RECVR. ANT. Be
sure the ground lead from the receiver is connected to the grounded
antenna terminal. The Matchbox is supplied with the receiver tap at
the 300 ohm position. Less turns will give a lower recelver antennd
input impedance and vice versa.
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3. R. F. PROBE. This probe may consist of a short piece of stiff self supported
wire {soldered to the probe terminal inside the cabinet) with a small
turn on the end to provide capacitive coupling to the coupler inductor.
The coupling should be as loose as possible consistent with the energy
needed so the coupler tank is not unbalanced.

4 RECEIVER CONTROL. These two terminals are connected to a normally closed
contact on the relay and may be used to break the receiver B- voltage
or muting circuit during transmission periods.

5. RELAY 115 V.A.C. The 115 volts AC for the antenna relay should be applied to
these terminals. This voltage is usually secured and controlled from
the exciter and should be applied to the relay only during transmitting
periods.

6. BALANCED TWO WIRE LINE. The two feed-thru insulator terminals should be
used for connecting all two wire balanced transmission lines. This
applies to both the 275 watt and Kilowatt Matchhoxes.

7. SINGLE WIRE.

a. 275 WATT MATCHBOX. This feed-thru insulatoer should be used for single
wire transmission lines or the end of single wire antennas which are of
high impedance.

b. KILOWATT MATCHBOX. Connect single wire transmission lines or the
end of single wire antennas to the feed-thru terminal designated "SINGLE
WIRE". The remaining feed-thru terminal must be grounded to the ground
terminal above it during operation on 80, 40 and 20 meters and left un-
grounded on 15, 11 and 10 meters.

8. COAXIAL AND LOW IMPEDANCE SINGLE WIRE.

a. 275 WATT MATCHBOX. If a coaxial line is used from the antenna, the inner
conductor of the line should be attached to either of the two balanced line
terminals, the outside conductor of the line grounded and the other bal-
anced line terminal grounded throughout the range 3.5 to 30 megacycles,

Low impedance single wire transmission lines or antennas should be at-
tached to either of the two balanced line terminals with the remaining |
halanced terminal connected to ground throughout the range 3.5 to 30
megacycles,

h. KILOWATT MATCHBOX. The coaxial line from the antenna must be con-
nected to the coaxial terminal, The feed-thru insulator terminal with
the ground terminal directly above it must be grounded during operation
on 80, 40 and 20 meters and 'eft ungrounded on 13, 11 and 10 meters.

Low impedance single wire transmission lines or antennas should be con-
nected to the feed-thru terminal designated "SINGLE WIRE". The re-
maining feed-thru terminal must be grounded to the ground terminal above
it during operation on 80, 40 and 20 meters and left ungrounded on 15, 11
and 10 meters.

9  DIRECTIONAL COUPLER. A directional coupler and its indicator must be used to
properly tune the Matchbox and should be connected per the instructions
received with it. The Johnson Directional Coupler, part no. 250-37,
must be used with the end which has the white nylon tip jack, connected
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to the 52 ohm coaxial line going to the Matchhox. The three indicator
leads from the Matchbox (or from a separate Directional Coupler Indi-

cator, Johnson part no. 250-38) should be connected to the Directional
Coupler with the white, red and black colored plugs in their corres-
ponding color tip jacks.

Unlike SWR Bridges which must be operated at very low power levels,
the Directional Coupler may be left in the transmission line to furnish
a continuous indication of SWR and relative power cutput while operxat-
ing with power levels of up to 1000 watts input.

111, OPERATION

DO NOT ATTEMPT TO PLACE THE MATCHBOX IN OPERATION WITHOUY THORQUGHL?

UNDER

CORDINGLY.

H ERA TNETRUCTIONS AND ADJUSTING THE MATCHBOX AC-

The following step-by~step tuning procedure should be performed only after the Matchbox
has been connected in accordance with the preceding INSTALLATION section.

l.

2.

10.

il.

12,

7/60

Turn the Matchbox BAND knob to the desired operating band.

Turn the Indicator Switch to CALIBRATE and rotate the Indicator Calibrate Control
ro minimum (full counter-clockwise on Johnsen Indicators).

Adjust the transmitter final amplifier, with reduced output coupling, to & frequency
in the same band as the Matchbox.

Adjust the Indicator Calibrate Control (clockwise rotation) to obtain a full scale Indi-
cator Meter reading.

Rotate the Indicator Switch to SWR. If the Indicator Meter reads more than full
scale, readjust the Indicator Calibrate Control until the meter reads full scale.

Alternately adjust the Matchhox "TUNING" and "MATCHING" dials until the indica-
tor Meter reads minimum SWR. Keep the transmitter final amplifier in resonance
(plate current dip) while tuning the Matchbox. As the Matchbox adjustments bring
the impedance match closer to 52 chms (SWR of 1 on the Indicator Meter), the re-
action on the final amplifier will become less pronounced,

When the Indicator Meter indicates minimum SWR, turn the Indicater Switch to
CALIBRATE and readjust, if necessary, the Indicator Calibrate Control until the
meter reads full scale. Return the Indicator Switch to the SWR position.

Return the Matchbox for minimum SWR. Turn the Indicator Calibrate Control to
minimum (full counter-clockwise position).

Adjust the loading and tuning of the transmitter final amplifier to the desived power
input. DO NOT attempt to load the final amplifier by changing the Matchbox adjust-
ments.

Turn Indicator Switch to CALIBRATE and advance the Indicator Calibrate Control
for full scale reading on the Indicator Meter. Return the Indicator Switch to the
SWR. position. The meter now reads the actual SWR at full power input.

Record the Matchbox "TUNING" and "MATCHING" dial settings for future reference
when returning to this frequency.

The operating frequency may be changed until a maximum 5WR of 1. 5 ig indicated on
the Indicator Meter at which frequency the Matchbox should be readjusted, per steps
1 through 10 above.
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275 WATT MATCHBOX

Parts List
Schematic No. Part No, Description
Cl 154-505-4 Condenser, 100ED30
C2 169-25 Condenser, 100EDASO
*C3, C4 22.1097 Capacitor, .0! mfd. disc ceramic
J1 22.746 83- 1R coaxial receptacle
L1 23,1041 Inductor
*M1 22,1488 Meter, 100 ua.
*R1 22.1196-1 Potentiometer, 2000 ohm 1/4 watt
RY 22.906 Relay, 3PDT
SWi 22.884 Band Switch
*SW2 22.1444~1 Switch, SPDT
*Pl 105-303-1 Plug, black nylon phone tip
*P2 105-301-1 Plug, white nylon phone tip
*P3 105-302-1 Plug, red nylon phone tip

* denotes additional components in 250-23-3 Matchbox.

KILOWATT MATCHBOX

Parts List
Schematic No. Part No. Description
Cl 152-517-2 Condenser, 110CD70
g2 160-32 Condenser, 100CDA70
C3 22.1156 Capacitor, 16 mfd. 250 WVDC
*C4, Cd 22,1097 Capacitor, .01 mfd. disc ceramic
J1, J2 22.746 83- 1R coaxial receptacle
L1 236-511-1 INDUCTOR
*M1 22,1445-1 METER, 100 ua.
R1 22.887 Resistor, 18 ohm 2 watt
*R2 22.1196-1 Potentiometer, 2000 ohm 1/4 watt
RY 22,1153 Relay, 5000 chm d.c.
SR 22.1009 Selenium rectifier, 35 ma.
SW1 23,1153 -Band Switch
*SW2 22.1444-1 Switch, SPDT
*P1 105-303-1 Plug, black nylon phone tip
*P2 105-301-1 Plug, white nylon phone tip
*P3 i05-302-1 Plug, red nylown phone tip

* denotes additional! components in 250-30-3 Matchbox
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FIGURE 2

275 WATT TRANSMITTER - MATCHBOX INTERCONNICTION

TRANSMITTER

6" to 12" coax.

Single Wire —\

{Note 1)
Directionat
Indicator
Cable

Ground Wire

Balanced Two Wire Line or
Coaxial Line

b 4

MATCHBOX

To Receiver

REF Input
(e

6" to

KILOWATT TRANSMITTER - MATCHROX INTERCONNECTION
Balanced Two Wire Line

TRANSMITTER

Ground Terminal

(Note 1)
Directional
Indicater
Cahle

Ground Wire

ry

Single Wire

O 0 L 00
— g Relay
- /\_E ‘ =115V A
1 LOW PASS DIRECTIONA L
—1 T-R SWITCH FILTER COUPLER |_J | Receiver
JOHNSON
| No- 2w o | No. 250-20 No. 250-37 L RF probe

~— Recceiver Antenna

12" coax.

0/—(3051:-:131 [ine

MATCHBOX

ﬂ

To Recetiver

r/“‘RF Input
QL Q0 Q0

6" to 1

-y O 0 0.0
} 4
= = — Relay
| LOW PASS DIRECTIONA L 115V
~ T-R SWITCH FILTER COUPLER | Receiver
JOHNSON ' JOHNSON JOHNSON Control
] _ 50 ohm - 20(-37 -
. 250-39 No. 250-20 No.
Mo coax. -{ ]_ RF probe

— Receiver Antenna

2" coax.

Note 1 - If a separate Directional Coupler Indicator is used, disregard the cablg from the
Directional Coupler to the Matchbox. -
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OPERATING MNETRUCTIONS
JOHMSOM DIRECTIONAL COUPLER

AND

DIRECTION AL COUPLER TNDICATOR
Cat. Mo. 250-3T and 250 IR

GENERAL DESCRIPTION

The JOMNSON Directional Couplsr is & device d=-
aigned primarily to messure standing wave ratic on 51 chm
coaral tranarmission lines, onbalanced 52 chm systema, an-
tennns or other devicas, The Directionzl Coupler lnalao ea-
gential tr proper adjustment of an antenna couples amit. It
is g0t criteal with reapect to (reguency and will give acca-
rate mnassuzements up o frequencies of 150 magacyclies.
The Coupler may be left in the transminsicn line to furnish
a coptindoun indication of SWR ard relative power uatynat
whils operating with power lavols af up to 1000 =alts inpal.
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CIRCUIT

The Directionsl Coupler is simply & ahort sectlon of
tranmmission line. Tws indicating circaite placed back to
backare ceapled ta the centes condoctor of the Coupler. The
combinatias of inductive ecupling and capacitive coupling ls
pisch that the incident powsr i cancelled out and the indi-
cators measure relative seflected power. Since the indi-
cators ars Bick io back, one aeasures aciual reflected power
and the other measures actual lacident powers, which, be-
caame of ita placermnent, sppears to be reflecied o that par-
Heoular cireait. The raticaf refllected power bo lncldent pows T
im uned to determine the SWEH,

DIRECTIONAL COUPLER INDICATOR

The JORMSOM restional Coopler Indieator, 250-18,
s s 0400 us meter and associsted cirenitry whichis houned
in am attractive meter box. SWR may be rosd direetly from
the meterwhich o calibrated in SWH. A second scale cali-
brated ir pereent alfords an indication ol relative powsr cut-
put. U the JOHMSOMN Directional Coupler Indicatar im not
esed in conjunction with the Directional Coaplar, i1 will be
pecessary bo wasa 0-L00 ua, 0-250us or 0-]1 ma metes move-
rent and connect it up in acireult slmilar to the Directional
Coupler Indicator as shown In Figure & belaw,
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T

SPDT IWITCH

SCHEMATIE DLAGAAM IWRECTIONAL COUFLER INDICATDR

FIEURE 2
MARTE LEIT
Part To. Deéseription
b L~ | Supurltor, 05 A eerimle dime
8 L Meter, LD o,
22, 11 E-1 Sotentioeeter, 2000 ofm, 1/h sskt
E5-3W1-1 Plua, wnlte nylon gpheme LD
ol S T Plue, red sylion phone Tip
ok O [ Y | Vi, blacE sylon poong Tip
by i LU Bwltoh, SPOT
OFERATION

The aperation of the Directionnl Couples Ls very sim-
ple and straightforward. Connect the device to be measared
tn the cossial connsetar which (s located on theé end of the
Coupler which has the shite nylon Hp jack., Copsmect the RE
power apurce to tha coaxial capnecior on the endod the cou-
pler which han the blackand red nylon tp jacks. Thess ands
are labeled reflected power and incldent powar, reapectively.
The power sturce may be any device in the 75 o 1000 watt

Inpui ranpge.
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It will wlao be necessary tohave seme type of melas
to wse an an indicator. If & JOHMNSON Hractioral Cogplas
Indicator, 250-35, im uemd, merely plug the white, black aad
il mylon phons tp pluge en the indicater cabls knto the re-
apectiva whits, blseh and red phons i Jacks on Uie oupler,
I the Indicatar in pot ased, & sbmilar onit will have {0 ba
conatructed an indicated in Figure 2and the consections mids
to the coupler aecardingly.

SWR MEASUREMENT

To read SWR, casnect the cospler as indicated in the
precesding paragraphs, Hotate the CALIBRATE control to
mirimmem (full counter<latkwine oa the JOHMION Indicator)
and thes switch o CALIBRATE. Tunsz and load the trans-
roitter. Adjust the CALIBRATE potestiometer to cbialn
full scals meter reading except when uning & 0-01 or 0-1.2
tha meter inwhich case adjust for .5 ma. Rotate the switch
to the SWE position. The meter resding willdrop if the SWR
ia l=ss than 10 fa 1. The JOMNSON Indicator indicates SWR
directly. If an ocdinary meter is being veed, refer 1o the
curves ol 3WR va. mater readings, Figure 1, to ohtain SWR.

Under certais power, freguency and BW AR conditions,
it may be impossibls to obtais 2 full scals meter reading on
& 250 ua meter and 0-1 ma meter. This is particularly trus
wdth low power, low frequescy and low SWR conditions and
in due to the fact that the Mreciional Coupler depands on ln-
ductive and capacitive coupling which at the lower power,
irequancy &nd SWR conditions are smailer. In this case,
one will have o shtals a more sensitive meter such as the
0-100 wa or wae the tastrument to measurs percent reflected
power. Even theugh cie casnot obtain full scale deflection
in the CALIBRATE position, rotats ths CALIBRATE poten-
tometer to obiatn as large a resding an possible but sel to
& convement valus such an 150 us, for instance, Then rotate
the switch te SWR and read the refllscted power reading.
tduliipky tha refected power resdung B awd divide Fhin nuebar
by Hhe valus obtaimed in the CALIBRATE poaitien. Apply this resuliing
nusber to the 0-100 scale on fhe chart and read =p to lntarveci the
plosttad lae Tor SWH. Foo -1-:!7!- H #ha reading In the CALIBEATE
pogition wan 150 wa and the reading in the SWR peuifion was 215 wa,
7180 divided by 150 egeali {5 whizh i equivelent t= an TWR ol
1% There i & aligkt error introducaed by tee use of dif-
ferant power lovels and whether the unknown impedance is
more or less than 52 chrms, This errer is negligible when
e SWH ls under 2.5 0 1 and amounts 1o less thes 20% of
ihe SWH ls most other casea,

ANTEMNA COUFPLEHR ADJFUSTMENT

The JOHNSOM Directional Goupler may be used 1o
properly adjost anyantenna coupling unit including the YWiking
Matchbox coupler. It shouldbe borne in mind that the antenna
eoupling unit is & dovice for matching or irenaforming the
antenni ayatem impedance fat the feed point} te the osubput
{mpedance of the transmittes. The typical anfanea coupler

Uusteated in Figure 4 is rescnant at the operating frequescy.
The degres of coupling to the transmitter must be adjusted
gither by L| or soms mauns withis the transmitier such &a
& p-network cutput cirsuil, variable link or othar variabla
coupling device, The Directional Coupler shoud be lratalled
between the powsr sourca and the antenns coupler input e
in Figure 4.

2-0250-037

To adjust the sntenna soupling wait for a minimem
SWH, rotate tha CALIBAATE contrel of the directional cou-
pler indicstor to its maximmsm counteraclockwine panitian
and sst the switch e CALMRATE, Tunesand load ths trane-
mittaT to wama valuye, Roists the CALIMREATE [Inl.l-nti.im!ll!r
fio oblain the wvaual eallbrate dlal reading which s full scale
on all but the B-§ ma merer. Hotafe the swiich o SWER,
adjust the sntenha céupler iuntil the Indicator metsr roads
rero curreat which imdicates that the antensa transmisslon
line terminal impedanca bn masched into 52 abmae, If tha
anfmnnd ceupler has & circuil similar to the one shown, ths
coupler Ls adjurted to Fesonance by the tank zapacitor Cl and
the impedince mitched by the taps on the coil L&, In seme
coser where the aatessa and transmisslonlise aystem prasant
large valuss of reactance 1o The oulpst terminals of the cou-
plar, it will nat be possible to afisin & good impedance match
sitnce the S5WHR ia high. In thess cases, it is necessdry Lo
change thelength of the antepns transmisslon line, or insert
seactancs of the sign necessary to cancel the antenna reach-
asce, The JOHMEON Matehbow coupler fa adjusted by twd
capacitor controls and will handle s largs rangs of antenns
resiginncer and reactances. Aftsroblaining the lowest SWH,
the teanamitler may be lasded to iin normal valoes,

MEASUREMENT OF EADIATION RESISTANCE OF AN UN-
BALANCED ANTENNA SUCH A5 YVERTICAL RADIATOR

Measzrements muat be made &t the anlsnna terminals
and ootthraugh a feedline, A variablecapacitor and s vari-
abls industsr are required for taning outl kafenna reaciance.
Ground the ease of the Mrectional Coupler with the shortes)
possible lead, Cannectthe center terminal of the Directional
Coupler output conxlal connector 1o the &ntansa to be mean-
ured with enas of the variable resctances ln scries with the
lead, With CALIBHATE conirol io minimum, tune and load
the tramemiiter lato the sntenna to some canvenisnt valos,
st the CALEHRATE control te cbtain the usual calibrats
reading. Using first one resctance, then the other, adjusi
the expacitor or viriable indactss untll a minimam indicatar
mater reading in obtsined. The roactance inthe secies lead
will be equal but of oppasite sign to the reactance of ths an-
tepan X, I it i poseibls o measire the inductor or capaes
itor whith produced minimum SWHR ore may calculate the
amountal reactance. W the capacitos was used, By = T ,..1 "
and jXgin induckive, I the ieductor wan used, i, = 3 *%2
andd 1Xy I8 capacitive. Mefer the minimam metar reading ta
the SWE wa. mater curreat chart, Figure J, which will givw
the SWH. In the case af anlennas where the antenna rosis-
tance is greater than 52 chrms, astenna resistance is squal
io the product of tha SWR and the siandard resisiance &f SE
ohma, If the antenna resistance is lens thas 5% chrma, then
antenna resistance (8 sgual fa 52 dwided by the SWE. One
may add a non-inductive resistor{leas thanlll chma} in series
with the bridge eentar sutput terminal in arder to daterrming
whethar the impodancs s ahove or below 51 ehima. o tha
SWE imcreases with the addition af the resistor the snknswn
antern resistance ix greates than 52 okens, If it decrakses,
the antenna resistance is smallss thar 32 obme.

MEASUREMENT OF THANSMITTER INPUT IMPEDANCES

The JOHMSON Directional Coupler Isdicator and
JOHNSON Directional Coupler may bs used 1o measurs the
input impedance af typical high power amplifisrs. Connect
the eutpaiconnectar of the Mrectional Coupler to the clreusit
to be measured. Tuans esd load the driving seurze to obtaln
the osual smasat of grid current in the amplifise which is to
be measured, Adjust the CALIBRATE potentiometer Lo ob-
tnin the ureal calibrate reading, rotate the swiich i SWH
and read SWH el the tranwmitiar iapat circuit, This la phr-
Heslasly conwenisnt inmessuring iaput clircuits of near and
Class & amplifiers and will help ia the adjustment of theae
clreults to obiain naminal 50 ohm inpat impedances.
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