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The past two decades have seen such national institutions as the 11111mu, the hula hoop, 
and the Edsel come i111.o being and then sink into oblivion. There are 011/,y two thin.gs left from 
the past, Ed Sullivan aml milila1'y sm·fJlus ratlio gear. Yes, even after 20 years it is still possible 
to work ufJ complete (and good) ham station from this equipment-and do it. for jar less loot 
tha1i putting a commercial£,• man11/ac/11rc1l ham station on the air. Ami. the real/,y best part of 
it all is the fact that the equipm ent lends itself lo giving lazy 11011-equipme11t comtructing 
goof-offs some man hours behind a u1a,..m .wlilering g1111. 

Surplus p1·ices a1·e11!t too dif]crcnt than they were right .after the w ar. You ctm still buy 
ARC-5 and 274N t.rammitters for $.5 and receivers fo1· $7, the ART-13 (a 100 w att /one/CW 
transmitter for 20, 40 and 75 meters) is aflailable for a&out. $40, and the great BC-342 receiver 
can still be picked up /01· less them $50. The reason why these pieces of gear are so relatively 
i1iexpensive is that ''OU a.re going to h11ve to a.dtl some elhow grease and solder to get them in 
operation. Not that they at·e defective, it's just that they ru n on mch improbable things as 
400 CPS or 24 volts, 01· sometimes the frequencies cove1·ed d01lt inclttde a ham band, or the 
crazy thing <Vas designed for ,.emote controlled operation. W'hatever it is, ')'Otf. are1l t going to 
take very much surf1l11.s gca1· home, /Jltt.g it right in, and be the hit of the band. 

Jr/bile it is true tlwt there have been ·11111nerous articles n:garYling how t'O convert various 
pieces of surplus gear for ham o{wration, mo.ft of them seem to ha·ve beett buried away in old 
and rmlocatable ismes of ham magt1zi'lles. lf you'11e alreatly &011ght a piece of mrplus equipment 
only to find that the conversion inst·m ction.f can't be obtained yo11 kn.ow the feeling of horror 
and /rusu·ation as you decide ·whetlnr to me the thing as a 1/.oorstop or to give as a birthday 
gift foryo11r ne{Jhcw (a. CB' er). 

JV' e ho{)(J tht1t this Jim-dandy, lnmly, 11ol111ne will be the arm11e1· to your fJroblems. It 
contains cotnplete conversion tlt1/.tt on all of the ARC-5 1md SCR-274N Command Sets, antl on 
aU mamie1· of other t·rtmsmitter.< and rccei-ve·rs ·which are w 01·th the tro11&le to convert f01- ham 
ttSc. The hearty souls who originally de·11isod the co1wersiom in tbis manual did their good 
work many ye11rs ttgo-most ha.ve mo'/Jctl since latt heard f.-om, some a1·e silent keys, others 
have lo·11g since fo1·gotte'IL any 1letails of the co.,,.-11enions they engineered. In other ·words, if you 
a-re stumped by a descrifJ(.ion of something ·in this hook, lots of luck; be.came we have no more 
idea of the answer thttn you. \Y/ e have gone 01Jar these conversions as carefully as possible, 
however, ac11d have attempted to eliminate any con/ming {Joints. 

On page 5 you wilt fi11d a lengthy a/1pe1ul-ix of equifnnent described .;., this volume. Becattse 
many pieces of sur(Jltts gear have ahnost identical circuits, althottgh haVitJg di/]e1·ent •tames, 
<Ve have also listed the various "first co11.sin.s" of the eq11ipments tlescribc1l in the conversions. 

Thanks for the .p,roduction 111ork 011 this book go to Solomon Nussbaum, ivho rues the 
day the govemme~•t i'llvented mr/Jlm; and lo Oa·vid Saltm an of The Elgin P·ress, who warned 
me that the photographs in this book (which wcra re/n·inted ./,·om ancient magazine a•rticlcs) 
w ere going to come out lousy. 

Other volumes of i11terast to anyone working ·fl)ith surplus arc "Surplus Schematics Ha·,ifl· 
book," by Ken Grayson, W2HDM, available for $2.50 from Cotllall Publishing, 14 V ander
venter Ave., Port l'r/ashington, N. Y . 11050; aml "Index To Sur.plus," by Roy Pafenberg, 
W4\V'KM, $1.50, from 73, f.nc., Peterborough, N . H . 7 he fint book contains schematics of some 
116 pieces of surplus gear. The second book is a bihiiography of c01wersion articles appearing 
i11hammagazi11es from 1945 to 1961. 

Tom Kneitel, K3FLL/WB2AAI 
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I 
S*WARLOO 

~ 
CONVERSIONS IN THIS BOOK 

Note: Equipments shown with one asterisk (*) ore covered under "Command Rcvrs.", 
those with two asterisks (**) ore listed under "Command Trans." 

ARA ........ ... ...... ........... ..... . * 
ARC-1 ....................... ... .. .. 28 
ARC-3 ........ ........... .......... . 37 
ARC-4 ......... .. .43, 47, 48, 50 
ARC·5 .. .................... * &. ** 
ARC-36 .................. ......... . 37 
ARC-49 ................ .. ... ....... 37 
ART-13 .......... ...... 81, 86, 91 
ATA ................................ ** 
ATC-1 ..... ............. 81, 86, 91 
BC-191 ...................... 94, 96 
BC-224 .................. 171, 176 
BC-312 .................. 171, 176 
BC-314 ................. 17 1, 176 
BC-342 .. ................ 17 1, 176 
BC-344 ............. ..... 171, 176 
BC-348 .. .. ......... .. ... 171, 176 
BC-37 5 .... ......... ...... ... 94, 96 
BC-453 ......... ...... ...... ... ..... . 
BC-454 .................. .. * 
BC-455 .... ............... ........ . 
BC-457 .................... ....... ** 
BC-458 ..... .......... ............. • • 
BC-459 ...... ......... ...... ....... ** 
BC-603 .......................... 151 
BC-604 ............................ 77 
BC-620 ........ .................... 23 
BC-624 ..................... .43, 50 
BC·625 ... ...... .43, 47, 48, 50 
BC-659 ...... .... ... ............ .. 23 
BC-669 ................ .. .... ...... 54 
BC-683 ....... ................... 151 
BC-684 .......................... ..77 
BC-696 ... .... .. ............... .... ** 

BC-779 ............ ... ... 157, 166 
BC-794 ........ ..... ..... 157, 166 
BC-942 .. ....... ...... ........... 185 
BC-946 .. ........... ................. • 
BC-1004 .... ............ 157, 166 
BC-1068A .................... .. 179 
CBY·52232 ............ .. ** 
Command Rcvr$ ......... 9, 16, 

2 1, 104, 109, 111, 137, 
140, 144, 145, 146, 147, 
148, 181, 182, 133, 192 

Command Trons . ........ 9, 16, 
21, 61 , 64, 65, 70, 72, 73, 
74, 75, 76, 80, 96, 98, 
104, 111, 125, 127, 131, 
133 

HQ-120 ....... ....... .. .. 157, 166 
HQ-129X ...... ...... .... 157, 166 
PE-73 ... .. ...... .......... ... .... 186 
PE-103 . ......... ......... .... 111 
Rl OA ................ .... ............ * 
R11A/ARC-5 ... .... * 
R22/ ARC-5 .......... * 
R23/ ARC-5 ............ * 
R24/ARC-5 ........................ • 
R25/ ARC-5 ........................ • 
R26/ARC-5 ......... ...... ... ...... * 
R27/ARC-5 ................ ........ • 
R28/ ARC-5 ... .. ............. .. 185 
Rl 12/ARC-5 ............... ... 185 
R129/U ............. ... .. 157, 166 
Rl 48/ ARC-5 .... .. . . • 
RAT ........... ..... ... .. ... ............ * 
RAV .. ..... ..... ............ .......... • 
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RAX-1 
RBO ..... .............. .... ....... .... * 
RT-18/ ARC-1 ........ ..... ... .. 28 
SCR-177 ... . 94, 96, 171 , 176 
SCR-188 ... . 94, 96, 171, 176 
SCR-193 .... 94,96, 171, 176 
SCR-274N ................ * &. ** 
SCR-399 ................ 171, 176 
SCR-499 ........ .. ...... 171, 176 
SCR-508 .................. 77, 151 
SCR-509 ........... ............... 23 
SCR-510 ......................... .23 
SCR-522 ........ 43, 47, 48, SO 
SCR-528 .................. 77, 151 
SCR-542 ....... .43, 47, 48, 50 
SCR-608 ............ ... ... 77, 151 
SCR-609 .. .... ...... .... ... ..... 23 
SCR-6 10 .............. .... ..... 23 
SCR-628 ........... .. . .. 77, 151 
SP-200 .. ................ 157, 166 
SP-210 .................. 157, 166 
SP-400 ......... ..... .... 157, 166 
TlS/ARC·5 ....... . 
T16/ARC-5 ...... .............. . 
T17/ARC-5 ..................... . ** 
T18/ARC-5 ............... ....... .. 
T18/ ARC·5 ...................... ** 
T19/ ARC-5 ...................... ** 
T20/ ARC-5 ........ ...... ........ ** 
T21 / ARC-5 ........... ...... .... . "'* 
T22/ ARC-5 .. .... ........... ..... ** 
T47/ART·13 .... .... 81, 86, 9 1 
Type 11K11 

........... ...... .. * & ** 
Crystofs ................ ...... .... 97 



General 

SURPLUS LINGO 
KNOWING WHAT YOU BOUGHT 

One of the biggest problems confronting the 
surplus addict is how to convert when no in
formation is available. It seems a shame that 
you might have a perfectly good piece of 
equipment and find that you don 't know how 
to get it on the air. This is the general case
or so our mai lbag leads us to believe. Convert
ing surplus equipment is not difficult providing 
certain procedures are followed. For the most 
part , test equipment is simple and not expen
sive. A good voll-ohm-milliammeter and per
haps a grid-dip oscillator are the basic instru
ments. Occasionally a signal generator and an 
oscilloscope may be required, but these are 
usually easy to borrow. 

01' course the first step in converting any 
surplus is to select the equipment. This may 
sound silly, buL I have often seen someone 
select a piece of equipment just to convert and 
then find that the job just cannot be done ... 
as a matter of fact J've done it myself. Other
times it may prove actually cheaper to go out 
and buy a commercial item and save quite a 
bit of money . . . not to mention time and 
headaches. Some gear just doesn't lend icsell' 
to surplus conversion. But in any case, having 
decided that you want to convert a piece of 
equipment obtain it in the best possible con
dition you can afford. Try to get a schematic 
with it-unless you like to circuit trace. Quite a 
few sources exisc for obtaining d-iagrams and 
manuals just in case- but that is an additional 
effort you have to go through. Make sure too. 
that you get all tubes and plugs that you might 
need-trying to find that crazy power plug late 
some Sunday evening just to let you get on the 
ai r isn't conducive to happiness. 

T he second step in surplus conversion is 10 
get the equipment working. The usual answer 
to this is that, "I'm not using it for the orioinal 
purpose," well so much rno;e the reason. i\:1uy
be some critical part is faulty and you never 
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knew i1. Of course you can also find out the 
power supply requirements and the tuning 
range as well as other feature which will allow 
you to modify with a lot less effort. Once 
operating, you can modify the equipment by 
sections and check each change as you go along 
by turning on the power-unless an extensive 
alteration is underway. 

The third s tep in any conversion is to decide 
exactly what it is that you want to convert. 
You can refer to handbooks, magazines, your 
own experience or other hams to find out how 
to do it. Perhaps one article showed a conver
sion, some secti0n of which you want to use. 
Well then disregard all but the sect ion that you 
want and do just what has to be done. 

The fourth step is to verify your conversions. 
Check ihe circuit for shorts and correct wiring 
and apply the rated voltage. Tuning and many 
other adjuscments may be made by means of 
the grid-dip oscillator. Once the circuit is 
working try and optimize your work. Perhaps 
a resistor somewhere can be slightly changed 
to increase the gain and perhaps some feedback 
wi ll help out in stabilizing the operation of 
another stage. Don't be afraid of making these 
changes but always have some mean value to 
start with. 

The fifth seep is the one that is usually over
looked. Keep a log. You would be surprised 
how often you may want to refer back to that 
change that you made and find that you have 
no informat ion except in your head. This is 
especially true if you want to swap some day 
and you suddenly need the circuit, but lo and 
behold it doesn 'c exist. 

Selecting the right piece of surplus for what 
you want lo do is not difficult now-a-days. 
More equipment seems to be hitting the market 
every day. Of course some gear will function 
right in our ham bands without modification 
of any kind. but will it do it with any degree 



Set or equipment indicator letters 

typ• of lnstollorion lype of oquipmttnl purpot• 

A Airborne 1Jns1olled and op erated I A 
in oircrofll 

lnvUib11;1 lighl, hoot rodiu1io n A Au.t:lllcuy om:in1bllos (root comploto 
oparo1in9 sou usod wllh or poll o l 
1wo o r mora •ell o r •eH sotlos) 

Undr:rwat~r mobile,. 1ubrni;;rinc 1--P-;u-eo-n--------l---B-o-1nb_l_nu _______ _ 

C Air ltonspotlob!e linocllvoh:d, do C Coulct C Communico1lon1 lrccoMng end 
not use) hons,111i ujn9I 

D Pilotless carrier 0 Rodlo c 

N upoc 

Photogroph.ic 

0 Oirocrion finder ond/or rccon
rioiuor.cc 

Eiocr:on ond/or rcleo1c 

G Ground, general ground UH! (in· G T clegroph Or r clcl yPC G fire con11ol or 1eo1chlioht direc t • 
Ing eludes two or more ground type 

ins1o ilorionsJ 

H Recording end/or tcproduclng 
tgrophic mc1crologlco l ond so1.md) 

ll'lfcn::>hone ond publicoddrcn 

floctro-m.cchonicol lnol other· 
"'he coveredl 

K An'lphibious l T ~femclet in.g 

Covniermeosvr~, Secrchli~~I control liriocllvoted, 
vso"C"t 

M Ground, mobile fins1olfedosopero1. M Mcierologkol 
in9 unil in o vehicle which hos no 
fur.c1ion other than transporting 
tha equipme-nll 

N Sound in o lr 

M t-.'.oin1eno11.ce end lclf om:mbliei 
Ur.d uding rooh> 

N N ov;g.orlonol oidl tlncludin9 olri· 
meters. bcoconi, compo u cJ. ro· 
((Hu. d .. p1h sounding o pprooch. 
e nd k>ndiog1 

Re;)fOdvcing bnoc1ivctcd, do nOI .. .,, 
------------'~.Sonar and undcr"WOtcr sound 0 Speclo1~ o r combinorlon of purpose1 

I t R:idio R .. eefving. oouiva deie-ctlng 

Weter surfcce c:cff S:i~<i.c l 1vp-c"l, mo;;ncilc. e lc., Dc1cc1ing end/or roni:e ond beer · 
or cc.mbmo1ions_o_1_,_v•_•_• __ 

1 
___ 1_no _____ ____ _ 

G:ound, trcnspor:cblc lelephone lwirel l1onunll1ing 

U General \l'lihly (includes 1wo 01 
rnOfe gencrol iru1ollctiOn clouel,. 
airborne. shioboord, ond ground> 

Grol:nd, vehicvlor Cinsrclled in V Vhuol o nd vh1ble Ughr 
vehicle de~ ign~d- fot lunc1ion5 
01her lhon ctirrying elecuonic 
cqt.1ipm~n1 , e-lc,, s1.1ch 01 fo f\lsl 

\V Wotot surface ond 1.1nd~1wolet W Armomenl (pcculiot 10 ormo· \'I/ Cont1ol 
~enl , no t othctwlie cove1adJ 

X Fonimllc Or 1olovhio n X ldon1i ficotlori ond 1ccoonit ion 

of efficiency. Is it worth spending a couple of 
hundred dollars on a fifty watt transmitter for 
220 Mc when the input will be almos t a kilo
watt and you have to supply all of tha t power? 
Sometimes it definitely pays to buy a piece Jf 
gear just to use some section of it. Perhaps a 
power supply may lend itself to something 
you have. Much 400 cycle equipment is avail
able today which cannot be used on standard 
60 cycle power lines. As a result a new power 
supply will be required before any other con
version is start ed. 

Much though t should be given to surplus 
which performs one special function only. For 
example one beautiful VHF receiver has been 
around for several years and at a good price ... 

for parts. One look at the schematic will tell 
you that it is a supcrhet and requires a separate 
local oscil lator (from some o ther gear) to 
make it work. On top o f tha t it gives only 150 
and 90 cycles output , no1 exactly suited for 
voice. I don't mean to be discouraging, just 
prnclical. 

On the o ther hancl the BC-3 12 and the BC-
348 receivers once so popular a rc hardly heard 
ol' yet st ill around. They offer so much per 
dollar with the least effort thal i1 seems amaz
ing that more has not been done with them. 
We hope to correct that too. 
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Designations 
One of the things which is highly misunder

stood by most hams land surplus dealers too) 



1s t11e system of designating equipments in the 
Armed Forces. Several systems are currently 
employed, but only one is being continued. The 
modern method sometimes called the AN sys
tem follows a standard pattern lets the name 
of the equipment denote its usage. The ARC-
5's are in this category. Officially they arc 
known as the AN/ ARC-5 (Some were known 
under the SCR-274N number). The AN desig
nated it as military and the ARC-5 means 
Aircraft, Radio, Communications, fifth system. 
Table I is a complete breakdown on this nom
enclature. Individual subdivisions of equipment 
are given titles as T-2 1/ ARC for a transmitter 
and R-28/ ARC for a receiver, for specific 
identifications. 

Until the advent of this system the Signal 
Corps used a serial system such as SCR-522 
(Signal Corps Radio model 522), which had 
basic components such as the BC-624, BC-625 
(transmitter and receiver) and control box and 
a power supply each with their own number. 
T he Navy used two systems simultaneously
one for identification and one for accounting 
purposes. Both have been supplanted by the 
AN system. Navy equipment could be iden
tified as to usage by the first letter of the two 
or three letter identification. T would be indici-
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tive of a transmitter, R for a receiver, D for 
direction finder and S was used for Radars. 
The letter "O" was for test equipment and L 
for frequency measuring or generating equip
ment. The "M" was applied to special equip
ments. For Aircraft the lcucr A was used as 
a prefix to any of the above. 

The second system used by the Navy has 
caused much confusion. At one time all equip
ment in the Navy was designated by a two, 
three or four letter symbol and five digits. The 
first letter always being "C", and stood for the 
word contractor. T he following letters identi
fied the particlar contractor. CUT, for example 
meant that the United Transformer Company 
made that particular piece of equipment, while 
CRC stood for RCA and CG for General Elec
tric. The first 1wo numbers, in the fo llowing 
five digits, identified a particular equipment 
class such as 46 for a receiver and 30 for ao 
electron tube. The following three numbers 
were serial numbers. thus several manufac
turers may have made an identical part, the 
identity number would be the same for all but 
the "C"· symbol would be different_. T hus CRC 
46136 would be an RCA manufactured re
ceiver. To this day the Navy still identifies all 
manufacturers and contractors by this syst«'..!!1. 
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THE COMMAND SET 
ROUNDUP 

THE SURPLUS BONANZA 

ln spite o[ the many articles published about 
··command Sets" in the past several years 

there remains an insatiable ap
petite among new amateurs for conversion data 
on the B C-274N and ARC-5 equipments. 

Information on the following points is in 
1lemand: 

1. Basic conversion data. 
2. Power supply requirements. 
3. Simple modification to crystal control for 

Novice use. 
1. Modifying 4-5.3 Mc. (BC-457) and 5.3-7 Mc. 

(BC-458) units to cover amateur fre· 
quencies. 

5. Transmitter de-'IvTing information. 
6. Receiver data. 
This "final-final" article will attempt to as

semble the above informarion in one place for 
the benefit of all concerned. 

The Basic Transmitter Circuit 
Although they have different nomenclatures 

and cover different frequency ranges, all "Com
mand" transmitters utilize the basic circuit 
shown in Fig. 1. A 1626 variable-frequency oscil
lator drives an amplifier, consisting of a pair of 
1625's in parallel. A 1629 "magic eye" tube, in 
conjunction with a quartz crystal. serves as a 
frequency calibrator. 

A roller-type antenna coil, adjusted by means 
of a thumb wheel through the front panel 
permits using almost any non-resonant length 
of wire as a Marconi antenna. Antenna coup
ling is varied, also from the front panel. by 
a pivoted link coil inside the amplifier coll. 

Rated transmitter input is about 90 watts 
on CW and half that on 'phone. All tubes have 
12.6-volt fila.ments wired in series·parallel and 
operated from a 25-rnlt (nominal) d.c. source. 

The two important differences between the 
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BC- and ARC-5 model transmitters are in the 
method of plate feed to the I 625's and lhe power 
sockets on the rear. In the ARC-5's, an r-f choke 
feeds the voltage directly to 1.he plates, and a 
0.0004-µfd. blocking condenser keeps the cJ.c 
voltage olI of the tank coil. In the BC-models, 
lhe plate voltage is fed through the 1625 tank 
coil. This difference has no practical effect on 
the operation of the transmiuers. 

Of more immediate importance are the dir
ferences in the power sockets, which are noted 
in Fig. 1. 

Adapting The Transmitters 
Few amateurs have 25 volts of d.c. avaihlblc; 

therefore it is necessary to modify the filament 
circuit of the transmitters for a-c operation. 
Either 12.6 or 25 volts may be used. For 25· 
volt operation, the modification entails three 
steps: 

I. Remove the two resistors (R70 and Tl77) 
connected to 1Ji11 8 o[ the 1629 tube socket. Re
place them with a single 2500-olun. Y,·wau 
resistor connected between pin 8 and the chassis 
(ground). 

2. Jam both relays (K5J and K54) closed. 
3. Mount a key jack in the lower right-hand 

comer of tl1e (rom panel. Disconnect the 1625 
catl1odes from relay K5J and the 51,000-ohm re· 
sistor (R75) across it. Connect the catl1odes to 
the jack through a 50-ohm, two-watt resistor. 
Bypass 1.he cathode of each 1625 tube (pin 6) 
to the metal shell of the tube socket with .005-
1tfd ., 600-volt, disc ceramic condensers (Centra
lab DD-502). The 50-ohm resistor eliminates 
the effect of having the "dots" on a slightly 
different frequency than the "dashes," as some
times happens when a "bug" key is used. 

Operating the filaments on twelve volts re
quires one additional step: 



4. Ground pin 7 of the remaining 1625 socket 
(one is already grounded). Tie pin I Qf tbe two 
sockets together and to pin 2 of the 1629 socket. 
Remove the 126·ohm resistor (Ril ), which is 
connected across jJins 2 and 7 of the 1629 socket 
and mounted on the rear chassis wall. T ransfer 
the wire connecting pin 7 of the 1629 socket and 
the oscillator c'oil terminal strip to pin 2 of the 
socket. Ground pin 7 of the socket, and con
nect pin 2 to the filament terminal on the 
power socket (pin 6 on DC-models and pin 5 
on ARC-5's.) 

This completes the basic conversion. 

Power Supply 

The power supply shown in Fig. 2 will fur
nish all power for 75-watt operation of the 
"Command" transmitters. This level probably 
represents the best compromise between power 
output, signal quality, and power supply cost. 

Oscillator plate voltage is relatively critical 
for best ·results. Approximately 200 volts gives 
essentially "zero-drift" operation. Either higher 
or lower voltage causes a frequency drift in one 
direction or the other. Actually, optimum volt-
age varies from transmitter to transmitter, but 
is usually quite close to 200 volts. Fortunately, 
a deviation of ten or fifteen volts does not de-
grade performance appreciably. Regulation of 
the oscillator plate voltage is highly recom-
mended. Two VR-105 tubes in series may be 
used, between B+ and ground, as shown. 

Six hundred volts a-c on the plates slightly 
.:xceeds the 550-volt maximum rating of the 

5U4G rectifier tube, but such operation does 
not apparently reduce tube life, especially if 
the maximum current draw11 does not exceed 
200 milliamperes. Because the 5U4G is being 
slightly overloaded, fusing the primary circuit 
of the transformers is a wise precaution so that, 
should the rnbe arc over at the end of its useful 
life, the fuse and not the transformer will blow. 

The transformer, Tl , in the parts list is one 
of the very few av,llilable stock items that de
livers sufficient plate voltage for our purpose 
and has two 6.3-volt filament windings that may 
be connected in series to provide 12.6 v0lt~ to 
light the tubes in Lhe transmitter. Trans
formers wiLh only a single 6.3-volt winding 
may. be used in conjunction with an additional 
6.3-volt, two-ampere filament transformer. Con
nect its primary in parallel wi th the primary of 
the plate transformer, and connect the two 
6.3-vol t windings in series. 

The most desirable filter condenser for the 
power supply is an oil-filled, 1,000-volt unit, 

B+TO 
t625 Pl.ATES 

V54 
1626 

IVT<371 
~-....;M:;.:;ASTER~ OSC, 

'!T.6Vt!R 
·OVEP. )f .,t;1;- .........._ 

ARC-5 Power Plug Connections. ,. ) 

(/(CAI( VI f!.-w 0 vr.rrPL:j 

1'168 
20A 

--~--

L52 

K53 

Fig. I. Typical Command Set transmitter wiring schematic with power plug connections for the "BC·" series. 
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with a capacity of 4.0 µfd., or more. However, 
where economy is important, two 8.0 or 16.0-
µfcl. electrolytic condensers connected in series 
may be used, with 100,000·ohm I-watt resistors 
across each one to equalize the ,·oltage drops. 

Probably the easiest way to bring power to 
the uansmiucr is through a five-conductor cable 
soldered directly to die transmiuer power socket 
and termin:ncd in a five-prong male plug for 
connection 1.0 the power supply. Proper term
inals to use on the power socket are shown in 
Fig. J. 

To connect the cable to the transmitter, bare 
and tin about Y.·inch of each conductor, and 
solder them imo d1e appropriate terminals of 
the power socket. l~astcn the cable to the back 
of the m111smitter with a clamp to prevent 
straining the connections. 

Operating and Tuning Up 
A Comma nd Transmitter 

Tt 

'------------ -o<2.6VAC 
Tl~Powc1· trrmuformcr. 0887 or ~luiv). 

1200v .. 200rnn., ct.: SWl-d.v.s.t. 'toggle. 
Sv., 3nmp.: 6.3v., SW2-<1.p.s.t . toggt~. 
8amp.: a.av., a ump, Fu1e-.6nmp. 
(Stnncor ;9414 or Vl- 6U4G 
equiv.) V2- 0C3/ VRIOS 

Ch- 8.6b., 200ma. V3- 0C3/ VR105 
!Stancor :c1121 or 
equiv.) 

C-4 i<fd. tOOOv., oil 
filled (Corncll-Oubilltr 
1'J U, or equiv). 

Rt- 26,000 ohme. 60w. 

M t- 200ma. milliamtter 
CTrh>lett 227T or 
equiv). 

Chaub-10" 17 x 2· 
3 octal tube socket•. 

with s1itlcr (Oh mite Note: meter may be 
0585 or cc1ulv). mounted on power 

Rl-15,000 ohmt, 25w. aupp!y chassis or aL 
,_;th slider (Ohmlte tr..namitur. 

Fig. 2. Puis list and wiring schematic of a 
power supply suitable for use with the Com· 
mand Sot t ransmitters. Although the rectifier 
tu be is slightly overloaded no damage should 
result if tho primary of the transformer is fused. 
Tho oscillator voltage must be regulated for 

v-f-o o peration. 

Operating a "Command" transmitter differs 
little from operating any other transmiuer, ex
cept in dlc use or dle crystal caJjbrator, which 
works in this manner: Nom1ally, die "eye" o[ 
the 1629 tube is nearly closed, but when the 
1626 osciUator is tuned to the frequency of the 
calibrati.ng crystal, die "eye" opens to its full 
width. The Lransmiuer dial reading should 
then be the same as the frequency marking of 
the crystal. 1f it is not, the calibration is cor· 
rected by inscning a screwdriver through che 
slide-covered opening in the transmitter cover 
and adjusting oscillator c.ondenser C68. of the 1625 tank coil and connected in series 

Calibrating crystals of other frequencies can with the link. 
be substitu tctl for the one furnished with the Crystal Control 
transmitter by plugging them into pins 1 and 3 Tl1ere arc two methods of modifying "Com· 
of the crystal socket. mand" trans1nittcrs for crystal control, which is 

To load a random length end-fed antenna, mandatory for Novice operation. One is to re-
connect it to die amenna 1erminal and ground wire the oscillator for crystal control. The 
the transmil!cr case. Set the link coupling con· other is to build a plug-in adapter. 
uol to about half scale and rotate the antenna An adapter has tbe advamage that the trans
loading coil for maximum 1625 plate current, lllitter is easi ly restored to variable frequency 
re-adjusting C65 as necessary to keep the 1625 control by unplugging it and inserting the 
tank circuit tuned to resonance. Adjust coup' regular oscillator tube. The diagram (Fig. 3) 
ling to draw die desired plate currenL is a modification of the previous adapter, 

Antenna lengths that are an integral multiple using a 12A6 tetrode in place of the original 
of !4-wave long may be difficult to load, unless uiodc. since it is a more vigorous oscillator 
a 100-µµfd. variable condenser is a,·ailable. Con- with "sluggish" cryst.als. However, the triode 
nect it in series with the antenna for lengths an circuit also works well and uses fewer parts. 
odd multiple of a quarter-wave, and between To use the latter, omit C2, C3, C4, R2, and 
the antc1111a terminal and the case for lengths l<FC2, and connect pi11 8 of the tube socket 
tha t are multiples of a half-wave. d irectly LO the conunon ground poim. 

A center-fed doublet using a low-impedance There are no special precautions required in 
line may be loaded by setting the rotary in- constructing the adapter, except to position 
ductance lo minimum inductance and con- the octal plug so that the oscillator tube extends 
necting one antenna lead to the antenna post horizontally over the crystal and 1629 tube 
and the other to ground (chassis). Although 5ockets when the adapter is plugged into the 
this theoretically unbalances the antenna sys- I 626 socket. Ground pin 1 0£ the 1626 socket 
tern, there docs not seelll to be any difference in to use lhc adapter and connect the external 
results, on 3.5 :ind 7 Mc. If insufficient loading filamcm wire from the adapter to the "hot" side 
is obtained, even with the coupling control set o[ the fil:unclll supply. Apply not more than 
to maximum, a few turns of weU-insulated wire 250 volts lO the oscillator B+ pin on the power 
may be wound arouncl the bottom {cold end) socket. The voltage need not be regulated. 
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CTAL 

I 
® t~zX2Xt\'lU 

OR ALUMiNUM BOX 

NOrE: 
GllOIJNO PINI OF 0$ClllA'/'OR 
TllOE SOCKET IN COM/t/ANO 
TRANSMI rrER. 

C5 

I tOO 
";"" J.l)lfd 

CRYSTAL 

Cl -2GO µµJoi . 600v. (\>a•~ or metal 11.1\Jc u 1· 
"•ramie. Am ;.henol CPS). 

C2- .00ii 11-fd. COOv. V'l'- J2AG or IG26 
eer·n.mie. (see text ). 

CJ , CS- 100 µµId. 600v. Xtal-3.f; or 1 llk 
ceramic. crystal. 

Ct- 20 11-p.fd. 600v. Built-in ' U brnck~t 
ceramic. bent. of aluminum or 

Rl-72,000 ohm 'f.:w . aluminum Lox approx. 
ltt- 27 ,000 ohm \..,w. I \..: x I~ x 2". 
lti'CI . RFC2- 2.S mh. 'l'o use adapter. lll'Ound 

r-r cho·:ca pin I of 1626 t ube in 
P L- Octnl lllur.. mnlc transmitter. 

Fig. 3. ) his adaptor moy be used with any 
Cornman:! fransmillor by following the instruc
tions given In tho text o n the previou s p ogo. 
A p arliol structural view is shown in "B" and 
a schoma li c {parts list above) is shown in "A." 

Will1oul plalc or screen voltage on lbc 1625's, 
adjust the rnain lram.mitter dial until lhc oscil· 
lator (unclions smoothly. Then apply voltage 
to the 1625's and resonalc the 1625 tank circuit 
by adjusting -C65. Antenna luning and loading 
arc described previously. 

Utilizing the BC-457 and BC-458 
So far, it has been assumed that 3-4 Mc. or 

7-9.1 Mc. lransmittcrs, which cover lhe 3.5 and 
7-Mc,. amateur bands, respectively, arc available. 
However, 1-5.3 Mc. a nd 5.3-7 Mc. u nits are 
more p lentiful :i.nd can be modified to cover 
these and Olher bands quite easily. 

To cover lhe 3.5-Mc. band with a ~ -5 .3 Mc. 
BC-457 unit, scl the oscillator padding conden
ser C60 (under the oscillator coil shield) to 
maximum capacily and re-resonale lhe 1625 
stage with C65. T he oscillator coil shield must 
be in place while lhis is being done. 

The easiest way to cover lhe 7-Mc. band with 
a 5.3-7 ~le. , BC-158 unit is to decrease the 
capacity of both padding condensers just enough 
to permit covermg the entire band. A better 
way is to shon om three turns Crom the top of 
each coil, before ad justing lhe padders. 

By shorting out the lop turn on each coil, 

remo\'ing two rotor plates Crom eacb of the 
ganged condensers, and judiciously juggling the 
setting of lhe coil slugs and padders, it is pos
sible to make the 7-~ l c. band start at 6.0 on the 
dial and end at 6.3, giving direcl frequency 
calibration by memally adding 1 to the dial 
reading. 

Covering Other Bands 
Modifying the frequency range of "Com· 

mand" transmitters to cover other bands re
quires changes ranging from working on the 
coils to completely rebuilding the unit. Some 
of the more-successful methods will be described 
briefly in the following few paragraphs, with 
full details to be found in the reference articles. 

160 Meters: If the scarce 2. 1-3 Mc. BC-456 
transmitter is available, set the padding con
densers to approximately maximum capacity. 
Otherwise, the coils of o ne or the higher-fre
quency units may be rewound. A new oscillator 
coil contains 36 turns oC #20 enameled wire, 
with the cathode of the 1626 connected lo the 
eighteenth turn. T he 1626 filament wires (f>ins 
2 and 7) are cut completely free of the osci l
l:uor coil. Disconnect lhc neuu·alizing con
denser from the osci llator coil and move R74 
and C58C to lhat terminal. Set oscillator padder 
to maximum capacity. Rewind the amplifier 
m'.! with 34 !1.i lurns # 18, enameled wire. Tune 
10 resonance wilh C65. 

20 Meters: The simplest met.hod of covering 
14 l\fc. with a .. Command" transmitter is to use 
a 7-9.1 Mc. BC-159 unit. Disconnect tuning 
condenser C67, and use C65 to tune the 1625 
slage as a 14-J\lc. doubler. Disconnect neutraliz
ing condenser from the oscillalOr coil. Move 
R 71 to that terminal. Replace C58C with an 
0.002·µfd. mica condenser. A much better 
method is to insert a frequency multiplier be
tween oscillator and revamp the amplifier. 

15 Meters : With a 7-9. I Mc. BC-459 unit, add 
a frequency multiplier between the oscillator 
and amplifier. Rewind the amplifier coil to 
have 5 turns, double spaced. 

T he conversions using an added multiplier 
stage may have it installed in the space original
ly occupied by the 1629 calibr:uor tube socket. 
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10 and 6 Meters: Operation on these bands 
requires practically a complete rebuilding job. 
The process has been described fully in several 
articles. 

Adding Another Stage 
To The Command Transmitter 

Installing a11 unwned stage belween the 
oscillalOr and the amplifier of a "Command" 
transruiner reduces reaclion, resulling in bet
ter keying, wbich is disc.u~sed a bil later, and 
eliminates the possiuility of frequency modu
!ation when the 1625's arc amplitude modulat· 
eel for 'phone work. Also, as mentioned above. 
an extra frequency multiplier is usually required 
lo operate t11e amaleur b:111d; al1ove 7.!l i\Ic. Fig· 
ure ·1 is a suitable ci rcuit fm ciL11cr application. 



~ 
A 2.5 mh. r-f choke acts as the plate load SA/37 '~' m 

impedance when the stage is to be used as an sw• 1 II: {;;;]s 
isolating stage, and a slug-tuned coil is sub- ~ 
stituted for the choke when a frequency mulu· RFC• l ~1~ 
plier is required. The switch and coil shown in ~~ ~t LI 

the dashed lines permits using the stage for -- R4 

either purpose. Of course, for this feature to be I_ ~ ,,.'°~ 
of any value, a similar switch must be added LO ¢1 
the 1625 tank circuit. T hen one transmitter l1J ~ 
may be used on two adjacent bands. 6 -=-

Rewire the crystal socket for the tube, mou m 6-3v a~ro~ 
the coil on a scrap o( metal in place of the Ct. c 2, ca. C(-o.oor. R2-470 ohm•, 2 w. 
1629 tube socket, and mount the switch on the µfd. soo v. disc R3-27 K, lw. (Moy be 
rear or side lip of the chassis. · c:eramics. varied to ndjuat cxci· 

r. f l 6 k c s- 0.0001 µ (d . mici. or tation to 1620'• ). 
The simplest modi11cation o t 1e I 25 tan ceramic. R4-10 K, Y,,w. 

~:~~~~~r f~~~it~o-~~n~e o;i~:t~£° U:! ~~as~~l~~'. Ll~£f;~tE~~:i~~~~l R~~:~~~~di!Jrc~~ney 
hind C65 and C67 (See Fig. 1 and bottom ~'o.;n~~· 1:n~~: ~~·':f. S':!it'Jt~;d~~;·:i~ 
photograph) and wir e it SO that when it is open, •20, enam. spoccd to ccroroic insulated 
C67 is out of the circuit. Resonance is obtained occupy 1h inch. 21 Mc. (~ntrolub 2D!S or 

· · · 1 T. ;;20, ennm. si:incc<l equi•-1. ) A aiml1nr 
on the new frequency near mmirnum capacity to occupy ~~ inch. switch i• u•cd ;., the 
of C65. It is convenient to add an external (One only required.) 1625 s tugo, described 
shaft and dial to C65 for adjustment. R l- 68 K, lf..w. in text. 

· h 1 1 Fig. 4: Oiagrom of on isolating stage or froquency 
Alternatively, the SWltC may le mountCC multiplier which moy be substituted in -the frequency 

above the chassis and used to short out the top calibrator stage space of "Command" transmitters. 
hal{ of the tmns on the amplifier coil T5·1. Referring to Fig. I, the wire between tho oscillator 
Resonance on either band will then occur a t coil (T53) and the 1625 grids is removed from the 
approximately the same setting of C65, depend· grids and connected to pin 4 of the 6AG7 soc\et, 
ing upon how accurately the tap is placed. and the output oi the 6AG7 connected to the 1625 
Ganged tuning of the oscillator and amplifi~ r grids. Othor chonges required are to tomove the 
is retained. Also a more favorable L/C ratio 1625 neutralizing condenser (C62) ond disconnect 

C58C and R74 from tho oscillator coil termiMl strip. 
in the tank circuit for harmonic discrimination Connect RI and Cl to the terminal to which C62 
is obtained. was previously connected. When only on isolating 

De-TVl'ng The Command Set Transmitter stage is required, LI and SWI are omitted, and whoo 
"Command" se t transmitters are notorious only a frequency multiplier is required, LI is sub-

TVI producers. However, there are tremendous stituied for RFC I , SW I again being omitted 
differences in the T VI produced by apparently en all ground leads as much as possible and n:· 
identical units. Some are very nearly "clean," move unused components and conductors. In 
and others are just the comrary. Also, the os- low TV-signal areas, it is also desirable to by
dllator of one may be full of TV!, with the pass each terminal of the power socket with an 
amplifier relatively clean, or vice versa, or both 0.005-µfd. disc ceramic· condenser. T he im· 
stages may contribute their share to r.he overall ponant point in installing thes'e bypasses is to 
confusion. keep their lead length to an irreducible mini· 

The first step in de-TVI'ing the transmitter mum. 
is to improve the effectiveness of the bypassing 3. 'With the bottom plate in place, the bot· 
under the chassis, and lO cool off the power and tom of the transmitter is quite well shielded, 
key leads. The ingredients required are a hand· even though there is a theoretical possibility of 
ful of ·0.005-µfd. disc ceramic condensers and r-f leakage along the crack between the edges 
about five feet of shielded wire. Carry out as of the chassis and the plate. Use all screws and 
many of the following steps as are necessai-y press the plate firmly into place while tighten· 
to clean up your troubles: ing them. 

I. Bypass to ground each of the following 4. Another good method of improving the 
points: screen grid of each 1625 (pin J), plate shielding is as follows: Remove the rotary an· 
of 1626 (pin J ), target of 1629 (p in J ), the tenna coil and cover the holes in the Eront panel 
centertap of the 1625 grid coil, and the point with a piece of scrap aluminum. Next, bend a 
where the filament voltage is fed into the oscil- piece of bronze screening, 12 x 15 inches, into a 
Jator coil. D isconnect and remove the th ree- trough to fi t inside the cover. Then solder an
section, 0.05-µfd . condenser (C58) mounted on other piece across the open back of the trough. 
rea r lip of the chassis. ·when the cover is screwed· into place, the screen 

2. Replace the leads from the power socket is clamped firmly between it and the chassis. Pay 
to the various points within the transmitter particular attention to the openings near the 
with shielded conductors, grounding the shield rear of the cover at the bottom. They may be 
wherever possible throughout its length, sealed off by soldering the edge of the screening 
especially at each end. At the same time, shon · a t this point. 
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5. Olher mclhods of improving the shielding 
of lhe cover include backing up lhe venlilaling 
louvres wilh perforated sheet metal and ' sealing 
lhc LUbe-access openings on the top wilh 
cleclronic weatherstripping. 

6. Undoubtedly the most efficient way lO 
keep harmonic energy out o[ the antenna cir
cuil is to substitute a coaxial fitting for the 
original omput terminal -and feed the amenna 
through a low-pass filter, in con junction with 
an antenna tuner if necessary. Any convention
al link-coupled antenna wner may be used. 
Also, by remounting the original rotary coil on 
,1 small metal base and link coupling it to the 
transmitter, it will fun ction in much the same 
fashion as it did before being removed from 
the transmitter. 

After the coil is remounted, close wind a 
three-turn link of stiff, well-insulated wire (about 
# 16) of a diameter jusl sufficient to slip over 
lhe rotar y coil. Slip the link coil over one end 
of the rotary coil, with the link fitting between 
lhe coil and the rod upon which the roller 
slides. Terminate the link winding in a co
axial cable chassis filling mounted on the base 
on a small angle plate. T he fitting serves the 
dual purpose of supporting the link winding 
and bringing r-f power from the transmitter to 
the tuner. 

Ground the end of the rotary coil under the 
link winding and connect the roller to the an
tenna. Adjustment and limitations of the load
ing coil will be as already d escribed, but with 
the possibility of inserting a low-pass filter in 
the link line for further attenuation of har
monic output from the transmitter. 

Alternate Keying Methods 
The problem of which is the best method of 

keying "Command" transmitters has caused 
more hair tearing than any other question. 
When operated c0nservadvely, excellent keying 
can be obtained on 3.5 J\k, and good keying 
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on 7 Mc. On the h igher frequency bands, how
ever, keying is seldom bener tl1an passable, un· 
less a frequency multiplier has been insenecl 
between the oscillawr and power amplifier in 
the course of the modification, and if only the 
I 625's are keyed. 

Jn our opinion, on 3.5 and 7 Mc., straight 
cathode keying of the 1625's is as good as any 
type, and better than some. It suffers the dis· 
advar!tage o( not permitting "break-in." Key 
ing Lhe oscillator permits "break-in" operation, 
buc almost invariably accentuates chirps. Ex· 
peclients used to permit oscillator keying in· 
elude keying the B- lead of the power supply, 
keying oscillator B+ and amplifier screens 
simultaneously through a relay, and re
placing the jumper between fJins 7 and 8 on 
the 1626 socket with a 0.002-µfd. condenser and 
connecting pin 8 to the key jack through a 
2.5-mh. r-f choke. 

Modulation 
T he transmitters work well on phone at in

puts of approximately fifty to sixty watts. In 
fact, many amateurs run considerably higher 
power than this on phone, without too much 
trouble. For an input of fifty watts, any modu
lator capable of delivering twenty-five watts of 
audio power may be used. Assuming a 1625 
tube plate voltage of 500 volts and a total cur
rent of I 00 milliamperes, the modulation trans· 
Cormer should be capable of matd1ing the plate 
load impedance of the modulator tubes to a 
5000·ohm load. The screens of the 1625's should 
be modulated as well as the plates. This is 
most easily accomplished by feeding the screen 
voltage through a 10-henry, SO-milliampere 
filter choke, wh.ich will allow them to be self
rnoclulated. 

Command Receivers 
T he most commonly available "Command" 

recei,·ers are the BC-453, covering 190-550 kc: 
the BC-451, covering 3·6 Mc; and the BC-455, 

Bottom view of the typical 
Commend type transmitter. 



covering 6-9 Mc. They all use the same, basic, 
six-tube circuit, with the filaments of the 12.6-
volt tubes wired in series-parallel for operation 
from twenty-five volts. 

As in the case of die ttansm.iuers, diere are 
both BC- and ARC-5 models, but the only im
portant difference between them is that the 
ARC-5 receivers use a 12SG7 tube in the second 
i-f stage, while the BG models use a 12SK7 tube. 

The receivers are quite sensitive and stable, 
but the two u ni ts that cover the am~.teur 3.5 
and 7-Mc. bands leave much to be desired from 
the selectivity standpoint. Nevertheless, they 
make excellent "first" or standby receivers. 
The bibliography contains many references to 
articles describing how to cover these and other 
bands with "Command" r.eceivers. 

The BC-153, 190-550 kc., receiver has proved 
to be an extremely useful gadget around many 
amateur shacks. lt uses an 85-kc., i-f amplifier, 
which is very selective. By tuning die main 
dial to 455 kc., die standard intermediate fre
quency of most communications receivers, and 
using a wire connected to the antenna post of 
the BC-453 with die other end wrapped loosely 
around the lead from the last i-f transformer 
to the second detector in the communications 
receiver, the combination becomes an extreme
ly selective "'dual-conversion" receiver. 

Some amateurs however, just take the i-f 
transformers from the BC-453 to build a selec
tive i-f channel in less space. 

Modifying The Receivers 
To use the receivers in amateur service en

tails adding a gain control, a beat-oscillator 
switch and a phone jack, and building a power 
supply. Also, as it is easier to obtain 12.6 
volts lhan twenty-five volts, it is usually neces
sary lo rewire the filaments in parallel for 
twelve-volt operation. \ Vhen this is done, the 
six-volt equivalents of die original tubes may 
be substilllted and the receivers then operated 
from a six-volt filament source. 

The logical place to mount the new gain 
control, phone jack, and beat-oscillator switch 
is on the front panel in the space occupied by 
the adapter box. Remove the screws holding 
the box in place. Unplug it and remove the 
aluminum box holding the socket into which 
the adapter plugged. Mark the wires that were 
connected to pins 1, 4, and 5. Remove the rest. 
Cover the hole in the panel with a Aat piece of 
aluminum upon which is mounted a midget, 
25,000-ohm wire-wound potentiometer, flanked 
by a s.p.d.t. toggle switch and a small phone 
jack. 

Ground the middle terminal of the potentio-

~e

.J:.. MV/11:. 
- (SutlOttl 

NCTCI REVERSE CONNECTION$ TD ONE 
FILAMENT WINDING, IF TH/$ 
>11LTAGE IS VERY LOW. 

Tl- Power t.rnnsformer. Rl-50,000 ohtn, 2w. 
180v .• 5Gmu., c.t., &v., SWI- s.p.s.t. toggle. 
2nmv. ; G.3v., 2amp. Octal tube socl<et 
($t•ncur l'C-8·102 or 6X6GT tube 
c<1uiv.) 7 x 7 x 2"' chnsshi 

Additional recelver con-
Ch- 7 h., GOmn. niter verition parts: 

chol<e. {Stancor C-.1707 25,000-ohm. wire-wound 
or equiv.) pot. &mall size. 

Cl. C2- dual 8 µfd. , $.p.s.t. toggle switch. 
;150v. e lectrolytic. Single-circuit phone jack 

Fig. 5. Wiring schematic and parts list of a 
power supply unit suitable lo operate the 

Command Set receivers. 

meter and one terminal of the switch to the 
ground lug of the phone jack. Connect the 
N o. J wire to the left-hand terminal of the 
potentiomecer (viewed from the back with 
terminals down), wire No. 5 to the switch, and 
wire No. 4 to the phone jack. 
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To rewire the filaments of tubes, ground one 
filament pin of each tube socket and connect 
the other filament pins of each socket together 
and co Pin 2 of the three-terminal plug at the 
rear of the receiver. Pins 2 and 7 are the fila
ment terminals on au tubes, except the l2SR7 
and 12SG7, on which they are pins 7 and 8. 

Connect power to the three-terminal plug 
thusly: B- and one side of the filament circuit 
to pin 1; twelve volts, a.c., to pin 2; and 200 
to 250 volts, d.c., at fifty milliamperes, to pin }. 

WARNING! Do not. apply more than 250 
volts to the receiver: othenvise there is danger 
of blowing some of the condensers in it. 

Figure 5 is tbe d.iagram of a power supply 
suitable for use with "Command" receivers. It 
is conventional, except for the 6X5 rectifier 
tube and the use of two filament windings con
nected in series to operate the tubes in the 
receiver. T he total of I 1.3 volts is a little low, 
but it will satisfactorily operate i.he receiver. 

Obviously, this article just scratches the sur
face of the vein of information available o n 
the use of "Command" equipme.nt, but we 
hope that, combined with the bibliography, it 
serves a useful purpose. 



1 
Complete Stations 

THE COMPLETE 
ARC-5STATION 

H AVE vou >:VER noticed the maze of intercon
necting wires, key leads, "outboard meters" 

and other paraphernalia which so often character
izes portable operation? And balancing a bug on 
the edge of :m orange crate doesn't make for the 
smoothest sending on the air, either. 

The writer must confess to his share of just 
such installat ions. But recently when the need arose 
.for an auxiliary layout at W60WP, it was de
cided that the new rig would be different. It would 
be easy to put on the air. And a few of the opera
ting comforts of the home rig would be incor
porated. Then, to add the final touch, the trans
mitted signal must conform to fixed station stand
ards-no excusing a chirpy signal on the basis of 
"operating portable hr, OM." 

A11 SCR-274N-the familiar Command Set
Wd~ chosen as the basic equipment, both from the 
stai 1dpoint of utility and availability at reasonable 
cost. Either 40-<ir 80-meter units may be used, de
pending on range within which it is desired to 
OP< rate. At this writing, all SCR-274N compo
nents used in the au~hor's set arc still advertised 
by surplus dealers. Herc are the items used and 

SCR designations: 

Transmitter, BC-459 or BC-457' (latter re-
tuned to 3.5-mc band) 

Receiver, BC-455 or BC-454 
Modulator Unit BC-456 (cha.ssis only used>) 
Dual Transmitter Rack FT-226 
Transmitter rack shock mowits FT-Z27 
Modulator unit shock mounts FT-225 
T riple-Receiver rack FT-220 (Used for parts 

only) 
Antenna Relay unit BC-442 (Meter only 

used) 
Recei\·er Dynarnotor DM-32 

Two major units comprise the station proper: 
(I) the transmitter and receiver, mounted together 
in rack FT-226 and, (2) the power supply, keyer 
and controls, built as one unit on the BC-456 modu
lator chassis. Shock mounts listed above arc used 
for the respective units. Inter-unit wiring is by 
means of cable and plugs. 

To provide receiver accomodation in the dual 
t ransmitter rack, a section from the receiver rack 
is cut and fitted into the right-hand compartment. 

- -

Overall view of tho complete •lotion. Note tho bui It-in electronic ~oy and many SCR-274N components. 
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Loft: Roar view showing roceiver power unit built into DM-32 dynomotor caso. Tho roceiving antenna is plug
ged into o banana jock mounted in ono of the two original connectors on rur dock of the rack. Receiver 
gain-dropping relay for transmitting is mounted inside tho rear compartment. Right: Dual transmitter rad: 
with receiver rack installed in right hand compartment. The autho r converted both 80. and "10- motor Command 

units. Desired frequency rango is covered by plugging in proper transmitter and receiver. 

This is chiefly a hack-saw job and step-by-step 
deta ils will not be g iven. The photograph shows 
the final result. The male power plug in tl1e right 
rear section of the transmitter rack is removed, 
thus proYiding an opening for connections to the 
receiver. 

The BC-456 modulator is stripped of all major 
components, a procedure not nearly as wasteful as 
it might appear. The present low cost of these 
units can be written off on the basis of the tubes 
and chassis alone. The power supply /keyer as 
seen in the 'Photograph is not a converted B C-456. 
The chassis is all the present and former units 
have in common. 

TronsmlUer Electrical Conversion 

Basically, tJ1e Command transmitter consists of 
a Harl'ley osci llator inductively coupled to a neu
t ra lized parallel beam tube power amplifier. Be
cause of the lack of an isolation stage, keying 
and antenna loading must be arranged to minimize 
reaction on tbe oscillator if a satisfactory signal 
is to be had. 

Oscillator keying is the logical choice in view 
of the original circuitry since there can be no 
isolation of a keyed stage from the osci lla tor with
out drastic circuit changes. Furthermore the most 
click- free form o f triode oscillator keying is 
blocked-grid. 

To provide p0wer supply load voltage stabiliza
tion, the final stage is self-biased to draw 100 ma 
key-up plate current, nominal loaded current being 
this same value. However, a swing of 30% can 
be tolerated without serious signal deterioration 
with average power supplies. 

The combination of these two relatively simple 
modifications results in an e."'<ceptionally clean c.w. 
signal. Power input (loaded) runs between 50 and 
75 watts. It must be conceded that this conversion 
will not run the p0wer claimed for certain other 
arrangements. It was felt, however, that the added 
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signal quality made up the difference'-especially 
since a 60-watt high voltage supply is about an a 
small rig such as this would normally require. 

Pertinent circuit da ta is contained in Fig. t. 
The former relay control line connection is re
moved from terminal #5 on the transmitter powc.r 
socket and this pin is used for the keying lead. 
Other pin connections are unchanged. 

The oscillator grid leak is cut free on the coil 
side o f the grid condenser, then connected through 
an r.f. choke to pin #5, as shown in Fig. l. 
Blocking bias of around 100 volts negative is ap
plied from an external source through a 250,000-
ohm resistor. Grounding pin #5 keys the trans
mitter. No other 'Pin connections are changed. 

The cathode bias resistor for the 1625s and its 
associated bypass condenser are located adj.acent 
to the screen grid <bypass to the side of the osdl· 
lator tuning condenser. If a cathode bypass similar 
in type to the one used originally for the screen 
is available, the two may be mounted together by 
removing the existing mounting screws and re
placing with ones of sufficient length to secure 
both capacitors. 

OSCILLATOR 

r(),1-
t:.~ : 

I RFC. 

ANTENNA 
COUPLING 

~~ 
I C-~-l-~!....--.. 
l 4U r-

'EYE' TU9E I • .l. 

Y. I 
TO ANAL ~10 = 

. RESISTOR +-

~!~ 
POWElt SOCU'TT
(l!Oft VIEW! ~ 

= ... 
0$(,, 

POWER 
AMPLIFIER 

Fig. I. The transmitter circuit chonges, as shown here, 
can be mode In e few moments, 



Neither the under-chassis control relay nor t11e 
one in the antenna circuit is used. In thie latter, 
the spring contact is soldered directly to the anten
na post. In the forme r, the cathode connection is 
cut free, the wiring being changed to permanently 
ground the cathodes tiuough the added J50-ohm 
self-biasing resistor. The former 51,000-olun stand
by bias resistor is removed. The oscillator plate 
contacts on the control relay are short-circuited by 
wiring together •the contact connections. 

N annal operation of the electric-eye tube is 
achl.eved by removing the two resistors connected 
to the eye-tube cathode and replacing them with a 
single 2000-ohm 1-walt resistor to ground. 

Except for wiring filaments in parallel, the oaly 
other transmitter change is removal of the chassis 
ground from the antenna coupling coil. The low 
side o[ t'his coil is connected to an insula ted bind
ing post installed in place of ~he antenna co.upling 
lock. Since the transmitter chassis is common with. 
the ground side of the a.c. line (the result of a 
receiver half-wave rectifier power sup1>ly), the 
antenna isolation becomes desirable. 

Ordinarily, the short antenna used for portable 
work loads satisfactorily against the a.c. line as 
a ''ground." 

The manner of obtaining screen and oscillator 
plate vol tages is important to the proper function
ing of this conversion arrangement. A bleeder of 
from twenty to thirty thousand ohms should be 
used across l'11e power supply. Oscillator plate vol-
tagc is obtained from a tap and. should be adjusted 
to give 150 to 175 volts under load. Screen voltage 
should be obtained through a series res istor o[ ap
proximately 15,000 ohms connected to B+. These 
points are mentioned for the benefit of the reader 
ioterested only in 1he transmitter conversion. The 
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RECEIVER POWER SUPPLY 

rx,;,r;;·;;v.·-·- ·- ·- --, 

1 
r ~~~~~re~ OROPPING 1 

RECEIVER VOLUME CONTROL 

111 v 
•. c 

Fig. 2. The receiver power supply (lop) lits into the 
dynamolor housing nicely, and the volume control 

circuit changes are simple. 

required circuit is incorpora.tecl in the power unit 
to be described in a later portion of this ar ticle. 
Receiver Electrical Conversion 

In 1>rinciple, the receiver conversion follows the 
lines of previous suggestions carried in the pages 
o[ CQ. F ilaments are wi red in series and a SOL6 
is substitllted for the 121\6 out put tube. 

Instead o[ reti1rning the volume control ground 
lead directly to ground, it is connected .to fri1i 7 
in 1·he front receiver compartment. This pin con-

Under-chassis view of power
supply/ keyer unit. Noto com
p8clnoss without undue crowd-

ing of parts. 



' ..,, 

nccts to pin 1 on the rear power socket. The re
turn then reaches ground through contacts of a 
relay in the. rear deck oi the rack. This relay 
operates whenever the transmitter high voltage 
is applied, opening the volume control ground re
turn. This drops receiver gain to a comfortable 
level for monitoring the transmitted signal. 

E ffectiveness of this arrangement requires 
chang ing the ground connection of the 3-µf vol
ume control line bypass condenser from chassis 
Lo volume control ground return line. T his con
denser is fastened to the inside front of the re
cei,·er adjacent to the control compartment. Since 
the case serves as its ground connection, it is 
necessary to mount the condenser on an insulated 
bracket. This can be made from a composition tie
point connector. The case is then re-connected to 
the volume control ground return as shown in 
Fig. f. 

The c.w. selectivity o f both the BC-455 and 
BC-454 will be improved by connecting a .02-µf 
by.pass condenser across the audio output. This is 
most easily done under the chass is and to the rear 
of the set. Pi11 5 is common with the audio output 
pin on the front receiver plug. No effort was made 
to increase bandsprcad. 

Ease of tuning, however, will be enhanced if a 
wedge-fit knob is substituted for the wobbly, 
splinc-ty.pc currently sold for command receivers. 
A simple five-cent plastic drawer pull can be al
tered to provide a very satisfactory control. The 
tapped hole in the base of the pull is first enlarged 
with a 7 /J2" drill. Then excess outside stock is 
trimmed off until the base fits freely into the dial 
collar. A little pressure will force thic new knob 
onto the tuning shaft sp!ine. 

Fig. 3. Power supply-keyer. 
Cl- .1 µf, 600 w.v. 
C2-.03 µf, 600 w.v. 
C3-.0S µf. bOO w.v. 
c~o µf, 150 v. filter. 
CS-10 1Lf. 150 v. filter. 
Cb- .002 µf, 
Rt-.5 mog. variable. 
R2, R3- .25 mo9 .. 1/i w. 
R4--4 mo9 .. 1h w. 
Rs. Rb-2200 ohms. r w. 
R7-IO,OOO ohms, 2 w. 
RS-7000 ohms, I w. 
R9-5000 ohms, variable. 
R 10-.25 mog .. I w. 
RI 1- 150 ohms. 5 w. 
R 12--40 ohms, I w. 
R 13-500 ohms, 1fi w. 
R 14-2 me9., vorioble. 
R 15-Rofer to text. 
R16- 15.000 ohms, 25 w. 
R17-25,000 ohms, 100 w. 
Tl-Power Transformer. 
Ryl. Rv2-Pulm reloy, 3500 

ohms. 
Ry3-Rofer lo lexi. 
Swl-A.C. switch. 
Sw2-H.V. switch. 
Sw3-Rofer to text. 
Sw4-K~y lover. 
RFC- 2112 mh. choke. 
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Power supply for the receiver is a hal £-wave 
selenium rectifier and filter housed in what was 
formerly receiver dynamotor DM-32. Once the field 
coils and armature ar-e removed from the original 
power unit, there is ample space for mounting the 
100 ma rectifi er, a dual 40-20 µf ISO-volt tubular 
filter and two rcsi>tors making up the assembly. 

The a.c. connection is made by m eans of a line 
cord directly to this supply rather than through 
the 'cceiver power socket. Since the supply is a.c.
d.c. a recommended hookup method is shown in 
the c ircuit diagram. In this way, the receiver may 
be used independently of the portable set-up by 
merely grounding the volwne control line at tJ1c 
rear socket (/>i11 1 to f>i11 6). The male plug re
moved from the rig11t-hand section of the trans
mitter rack when installing the receiver compart
ment makes a handy shorting plug by merely 
soldering these two pins together. 
Power Supply and Keyer 

The over-all schematic for this unit is shown 
in Fig. 3. T he mechanical and electrical layout 
can be seen from the photographs. Perhaps ad
ditional comment is needed on the power supply 
concerning the small filter employed. Stability of 
t11c converted BC-459 or BC-457 is so good that 
further filt ering is not required for c,w. operation. 
Should a BC-458 (tuned to 7 me) or an 80-meter 
BC-696 be used, a small input fil ter choke will be 
necessary. The lower "C" oscillators of these two 
u·ansmitters result in excessive ripple with the 
capacity filter alone. 

A ST4 rectifier tube is used since it fits neatly 
inside the BC-456 shield. · 

The built-in electronic keyer uses the author's 
"self-completing" circuit-so called since a dot or 



dash once started completes itself automatically. 
This assures freedom from clipping and makes for 
easier, more uniform sending. 

Electrically, the circuit consists of two stages. 
The first, or pulse stage, develops the basic timing 
volta.ge for the automatic dots or dashes. The 
second stage shapes the operating cycle of the 
keying relay to confor.m witl1 correct telegraph 
mark-to-space characteristics. 

Tubes used are SOL6s. These, toget·ber with 
their associated plate circuit relays, arc housed in 
tbe BC-456 shield enclosure. 

A half-wave selenium rectifier furnishe s cl.c. [or 
the keyer and supplies the blocJcjng bias for the 
transmitter oscillator keying. The .polarity of the 
selenium stack should be strictly observed in con
necting the circuit in the manner shown. 

Speed and shaping controls are mounted on the 
ch"5sis front to the leit and right respectively of 
the key lever. The a.c. line switch is mounted on 
the speed control potentiometer. The shaping con
trol adj us ts keying from .tight to heavy to suit the 
operator's particular style. As a general rule, send
ing with an automatic key sounds better when ad
justed on the "heavy" side since a natural tenden
cy to exa.ggcrate letter spacing is Jess noticeable. 

Fixed adjustment, wiping contact relays of iden· 
tical characteristics are a must for the keycr cir
cuit shown. Either short or long telephone type 
2000 to 4000-ohm relays are satisfactory. High 
quality capacitors, preferably of the new plastic
moulded type, should be used a1 C1, C2, and Ca. 

R 1 in the timing circuit sets dot-to-dash ratio. 
Adjustment s'hould be made starling from mini
mum resistance to a value which gives correct 
ratio. Should difficulty with dot distortion be en
countered, the rule to follow is : if first dots of a 
series are foreshortened, add capacity to Cl and 
readjust R 1 ; if the opposite condition prevails, 
increase capacity of C2 and readjust Ri. Note 
that this rule applies only when distortion is 
present at a setting of R1 where th.e correct dot
dash ratio otherwise prevails. 
Operating Controls 

Transmitter high voltage off or on is comrollcd 
by a switch (SW2) in the transform.er center 
tap. This swit:Ch is ne..'<t to the keyer shaping con
trol. \Vhen thrown to the "on" position, a low
current relay (Rys) mounted in the rear deck of 
the transmitter / receiver rack is energized, remov
ing the volume control ground return as described 
earlier. A second switch (S Wa)-a three-position 
one removed from the FT-220 receiver rack-is 
mounted adjacent to the high voltage control. In 
its "np" position, a second low-current relay 
(Ry4 ) in the power unit is energized. Contacts 
arc connected to short the oscillator key line and 
at the same time reduce final screen voltage to 
zero. This serves as a QRP position for QR~l
less setting frequency. With the switch in cen
ter position, the transmitter is set for normal 
sending with the electronic keyer. Lt the "down" 

position, the key line is shorted for tune-up pur
poses. 

The low-current relays referred to may be any 
of numerous listings by surplus houses. Coil re
sistance is usuallv five to ten thousand ohms and 
appropriate serie.s resistors must, of course, be 
chosen. 

The plate current meter was taken from antenna 
relay unit BC-442. This meter has a JO-ma scale. 
A length of res ist;mce wire shunted across the 
terminals boosts the range to 100 ma. T he exact 
shunt was found by cut-and-try. 

Although avai lable, the original SCR plugs arc 
not used. Standard octal connectors have been 
substituted for utility. The two small SCR female 
plugs on the modulator chassis were removed. In 
one of these an octal socket was mounted and in 
the other a 117 v. socket for the receiver power 
cord was placed. Polarity of the latter is clearly 
marked to match the polarity of receiver !in(} plug. 
1'his precaution is necessary because of the sep

arate half-wave rectifiers working off the a.c. line. 
Using a common g round and only running a hot 
leg to the a.c. is a desirable safety precaution. 

A second octal socket is mounted on the back 
plate of the transmitter/receiver rack and wired 
to the appropriate transmitter Jllug terminals as 
shown in the diagram. All wiring to the orig inal 
sockets on the rack is removed. The p1ug for the 
smaller of these is fittted with a banana jack and 
rewired to provide the antenna connection for the 
receiver. The lead from the socket to the front 
of the receiver runs in the channel between the 
t\vo compartments. A six-wire power cable was 
made up for interconnecting the two units. 

For all normal portable operation, a 4-f oot whip 
of # 14 steel wire, fitted with a banana plug to 
mount in the jack, provided above serves as the 
receiving antenna. This has proved enti rely ade· 
quate. And it has the adv:mtagc o[ evening up the 
ratio of transmitted power to rccei,•ed signal. In 
o ther words, if you hear 'em, you can work 'em. 

For transmitting. a short antenna worked against 
ground was the system for which the Command 
transmitters were designed. In the writer's case, 
a 12- foot whip with a universal-type mounting 
bracket is used. The whip plus a nominal span of 
lead-in usually gives a length which can be satis
factorily loaded. Except where a direct external 
ground to the antenna coupling coil is needed for 
loading, a wire connects the low side of this coil 
to chassis, which should be well grounded, and the 
antenna is tuned up. 

\N'here the total length of antenna, lead- in and 
gronnd connection exceeds thirty feet, a 50-µµ£ 
series \'ariable condenser is required in the antenna 
circuit. 

The writer has operated the rig described from 
a score of QTHs in a half dozen western states. 
The dozens of enjoyable QSOs attest to its good 
performance.. It beats anything of a comparable 
nature used in 19 years of hamming. 
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POWER HOUSE PcvdalJe 

Fig. 1 . The complete station. From left to rig ht the un its 
ore: tra nsmitter, a-c power supply, and receive r. The hand key is moun te d undernea th the ·eceiver. 

T his ar ticle docs not deal with the conversion of 
the indiv idua l lransmii ters and receivers of the 

SCR-271!N , bu t ralhcr is a suggested method of in
corporating the com;er l:ed un its in to an efficient 
portable s ta tion. 

l'ig. f shows the portable sta tion ready for opera
tion simply by plugiring in the a-c line cord and con
necting up an an tenna. To the left is the transmitter, 
in the center is the power supply bui lt into an old 
transmitter cabinet, and to the right is the receiver 
covering the corresponding frequencies of the trans
mitter. The bascbo.-ird is a solid p iece of white pine1 
one inch thick, twelve inches wide and fifteen and 
one-half inches long. Under each corner is a ru bber 
foot. T he chrome metal trim on the fron t of the 
baseboard serves not only to beau tify, bu t as a 
common ground for a ll three units. 

The receiver is raised to match the height or the 
other units by building a small shelf from two pieces 
of white pine, JA X 1-5/8 X 12 inches. /\ small 
metal panel is fit ted to the front unclcrne.'lth the re
ce~ver and in this space is placed the hand key with 
the knob (!)(tending about one and one-half inches 
out from the panel. The tail room in this shelf can 
be used to hold a key-cl ick filter which is generally 
occcssary for the SCR-274:-1. 

T he an teona changeover switch is mounced on the 
upper left-hand corner of the transmitter. T his 
switch is a simple SPOT kn ife switch obtainable in 
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most dime stores. J\ No. 12 wire runs across t he face 
of the un its from the swi tch to the receiver antenna 
post. 

The Power Supply 
A fly-cutter hole has been c11L i11 the lower cen ter 

of the front panel t:o 1·ake the 2.Yi inch, 0-200 d-c 
milliammcter. Inside the power supply cabinet the 
meter is just 11nder and clc:ir of the <led: of the 
chassis. This meter is co1111ectcd in series with the 
hjgh-voltagc le-id i.> the plates of the final amplifier 
tubes. 

At the lower left of the panel is a key lock s·.vitch 
of the ordinary aut.o ign ition type. It preven ts any
one, o ther than the holder of the key, from putting 
the sta tion on the a ir accidern ally or intentionally. 
T urn ing this s1: itch on connects in the a-c line to the 
primaries of the three hea ter transformers. T he a .c. 
is applied to t·he prim;1ry of the pla te tr'Jnsformer 
through a swi tch on the upper r igh t side of the Cron t 
panel. Since thc1·e is no room for a time delav relav 
within the power supply cabinet th is swirch h;s be~ 
arranged to prevent the application of the high 
voltage to the rectifier tubes before they are prop
erly hea ted. The movable lock must be swung to the 
righ t side before this switch ca11 be actuated. 

At the right of the milliammeter is a DPDT rotary 
swi tch which throws the high voltages either to the 
transmi tter or the receiver. Some care must be ex· 
ercised here to select a swiLch with adequate insula
tion or substitute a relay. 



Fig. 2 and Fig. 3 show the side and bottom of the 
power supply. On the top of the deck near the fron t 
panel is the pla Le transformer. Next is the 3-µf 
oil-filled condenser and then the choke, and finally 
the two 816 mercury vapor rectifiers. These tubes 
are mounted in the holes that were once occupied by 
the oscillator and magic eye tubes. T he center hole 
(where the calibrating crys tal was located} is left 
open for venti lation. 

On the underside of the chassis is mounted the 
two 24-volt heater t'ransformers and 2,!.1-volt 10-
ampere filament transformer for the rectifier tubes. 
On each side of this transformer are the two 50-watr 
resistors, mounted to the back of the chassis through 
2,l.1-inch carriage bolts. The 117 v. a -c line enters 
through a fema le socket on the back skirt of the 
chassis; beside it is the a-c fu se. 

The hearer and high-voltage leads are cabled our 
through rubber grommeted holes on each side of the 
a -c plug. Tube base connectors are used and the 

SWI 

f53 SW2 

117V, A.C. 
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Fig. 2. ond fig . 3. The power supply 
is built into an extra transmitter can to 
match the other units in the portable 

self-contained station. 

leads are sufficiently long to reach the sockets on the 
backs of the transmitter and receiver. 

Operation 
Practically no difficul ties should be encountered 

either in setting up these units or getting them on the 
air. For loudspeaker reception we have cut a hole 
in the rear of the receiver can and a two-inch speaker 
is mounted over it. A small output transformer is 
mounted at the side of the speaker. When in opera
tion the front middle slide on ihe lid of the receiver 
is opened for sound release. 

With the power supply shown in Fig. 4 the meas-
ured voltages were as follows: 

Final pla1e . . ...... . 650 voles 
Fina l screen .... .. .. 275 volts 
Osci llator plate. . . . . . 235 volts 
Rece iver. . . . . . . . . . . 260 volts 

With the transmitter in operation the milliammeter 
should read about 180 ma. 

8 + OSCM..LATOR. 

8 ... RCC.tJVCA. 

Ct AECtlV(A. H(ATU\$ 

~----i:--""C>TAANSt.11TTtA. KtATtAS 

'J. ~2<VO<.TACD 
..-

Fig. 4. Wiring diagram of the power supply. 

C1-3.0 µf, 2000-volt o il fil led. 10 dmps c.t. (U.T.C. 535). CH1-Filter choke, 20 henry, 
R1 -6000 ohms, 50 watts. T3, T4-Fildment trdnsformers, 24 250 md ( INCJ', D-4). 
R2- 50,000 ohms, 50 Wdtts. volts. 5W1-Effort switch (see text). 
R3- 18,500 ohms, 25 Wdtts. 1-151, HS2- Hdsh suppressor 5W2-Key lock dUto :gnition 
R4-20,000 ohms, 25 Wdtts. (Millen). switch. 
T1 - Power trdnsformer 1500 volts FS1, FS2-Fuse, 500 md (Little- 5W3-DPDT switch h.v. insuld-

c.t. (Stdncor 3535). fuse). tion. 
T2- Fildment lrdnsformer 2Y2volts, FS3-Fuse, 6 dmps. M- millidmmeter, 0-200 (Triplett), 
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THE BC-659 

& BC-620 

Because of the similarity between 
this and the BC-620. only the BC-659 will be 
covered here, but any changes are applicable to 
both equipments. The BC-659 is an FM trans
mitter receiver covering the frequency range of 
27.0 to 38.9 me. The receiver is a superhetero
dyoe with an if frequency of 4.3 me. The re
et!iver is crystal controlled. The transmitter has 
an output of 1.5 wans which should produce a 
range of about 5 miles minimum. The transmit
ter is v/o in operation, but held on frequency 
by the receiver, which detects the signal (in a 
discriminator) and corrects any oscillator drift 
bv means of a rcactance tube across the oscilla
tor. By this means only one crystal is used to 
obtain almost crystal stability in the transmitter. 

The acwal conversion of the BC-659 is one 
of supplying power a nd mounting in your car 
or home. Power required for the transmitter is 
150 volts B plus al 50 ma and 711.i volts de at 
0.3 amp for the fih1ments. The receiver power 
is 1.5 volts al 0.94 amps filament supply and 90 
volts at 28 ma for B plus. On transmit the cur
rent consumed by the receiver increases to 48 
ma. While we used batteries for our installation 
several power supplies arc available to allow 
operation from six, twelve or twenty four volts. 
The PE- I I 7-C will supply power from six or 
twelve volt inputs while the P E-120-A operates 
from all th ree inputs. 

Tuning The Receive r 

The frequency of the output is o[ course 
dependent upon the crystal used. The actual 
crystal frequency is the channel frequency 
minus the 4.3 mc intermediate frequency di-
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vided by four. For example 29,300 kc would 
be 29,300 less 4300, divided by four, which 
gives 6250 kc as our required frequency. The 
tnree digit number of the channel stamped on 
the crystal holder is the frequency in megacy
cles, providing the decimal point is placed be
fore the last digit. 

Two crystals are provided, and a front panel 
switch selects the desired channel, which can 
be any frequency within the range of the equip
ment. The channel switch selects the appropri
ate pretuned ci rcuit elements. Tuning. is ac
complished by first presetting the receiver. Re
move the BC-659 from its case and set switches 
SW-1 and SW-2 fo OFF. Set the panel meter 
Lo CHECK. Insert the crystals in the proper 
channel sockets with nameplates facing out
board from each other. Plug in the mike and 
headset and set the trimmers of each stage ac
cording to Table [. D on't force any of the trim
mers and if a setting is far from that shown in 
the table recheck the other settings since some
thing is wrong. The test meter may be used for 
several measurements. When the OFF-ALIGN 
switch is in its normar position it allows the 
meter to read the filament voltage, plate voltage 
as shown in Table II. When the OFF-ALIGN 
switch is in the off position it enables the 
meter to measure several addit ional equipment 
functions as shown in Table 111. Use of the 
tes t meter in aligning the BC-659 is simple. 
1he receiver is aligned first by setting the OFF
AUGN switch to align. Set the volume control 
full on and note the meter reading. T his should 
be between 1.5 and 2.5. Hold the pin probe 
free and note the meter reading. If there isn't 
a change of at least 5 divisions replace the 
30 6 or BA-40 (the ballery) or both. A Fahn-





stock c lip normally holds the test probe when 
not in use. The receiver is aligned by inserting 
a crystal in the proper socket and with the vol
ume control fully clockwise the meter should 
read zero wi th the probe in pin I. A reading of 
five divis ions o r more means a bad crystal o r 
tube (V-8). Now insert the plug into pin 2 and 
tune A-1 ( B- 1) for m inimum. Now insert the 
probe into pin 8 and tune the receiver mixer 
A-2 ( B-2 ) for maximum headset noise. The 
meter should dip slight ly a t this setting. Now 
tune A-3 ( B-3) for maximum noise and a 
meter d ip, and the same for A-7 ( B-7) . You 
may have to tune up the s tages slightly again 
for best results. 

Transmitter 

To set up the transmitter it is necessary to 
calibrate the meter. You' ll have to have a good 
battery ( BA-41). Ground the probe and note 
the mete r reading. Now, with the probe held 
free again note the meter reading. Reduce the 
volume contro l settings until the d ifference be
tween the two readings is exac tly 41-2 divisions 
and then keep the setting fixed for the remain
der of the alignment. 

Remove V-5 ( first rf amplifi er). Insert the 
probe in pin 3 and slowly tune A-4 ( B-4 ) . More 
than one d ip wi ll be found, but lhc correct one 
g ives the biggest meter denection but remains 
close to the o rig inal selling. This adjustment is 
critical. Wben comple ted replace the tube 
(V-5 ) . 

Press the m ike switch and note the reading 
with the probe hold free. Now insert the probe 
into pin 4 of the metering socket a nd carefully 
:ind slowly make a slight readjustment of A-4 
(B-4) in the direc tion tha t brings the meter ex
actly one <livision less than it was when the 
probe was free. Listening in the headset will 
a llow you to hear a rushing noise if the adjust
ment A-4 ( 0-4) has been moved too far. If so 
go back and remove V-5 and adjust A-4 ( B-4) 
again since you got on the wrong dip. J[ your 
voice can be heard in the headset when speak
ing in the mike you know you arc right. Now 
insert the probe in pin 5, press the mike swi tch 
a nd tune A-5 (B-5) for minimum. Replace the 
p1obe in the Fahnstock clip, and set the OFF
ALIGN switch to OFF. Set SW-I to on. T une 
A-6 ( B-6) to maximum o n the panel meter. 
For th is a<ljus tment don't press the mike button 
until you are ready to make the adjustment 
fast ... so 11s to prevent damage to the fin al 
tubes. 

Set SW-2 to ON , turn the panel meter switch 

to operate and when ready to adjust A-7 (B-7) 
for minimum quickly press the button and make 
this adjustment: This should be practically on if 
set according to Table I. 

T his completes the overall adiustm)!nls. The 
equipment is now ready for use and either 
earphones o r the loudspeaker may be used. 
The mike is a T-17 although any good carbon 
mike may be used. 
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Table I 
Approrimalc Trimmer Scllings 

At-nl A.!!-R2 .U."3 A4· "'4 ,\S·IL$ AIHJ6 A7·D7 
aw...i ~ .. ff Mh:tt R-l TrammiHct Dutra Po...,. r .. 

c.<ill.ator &:rid otdlla.\ot ampli~ 1>late -
270 0 .0 1.0 0 .8 0 .2 0.4 0 .0 1.0 
280 0 .6 1.0 1.4 I. I 1.2 0 .7 J.8 
290 J..4 2.4 2.0 J. 7 1.7 1.3 2 . 4 
300 2 .2 3 .0 2.4 2 .3 2.2 1.8 2 .8 
310 2 .9 3.6 3. l 2 .8 2.7 2 .3 3 . 1 
320 3 .6 4.1 3.8 3 .5 3 .3 3 .0 3 .8 
33() 4 .0 4. 2 4.2 3.9 3 .7 3.4 3 .9 
340 4.1 4.6 4.5 4 . 2 3 .9 3 .7 4 .0 
350 4 .6 5.0 4.7 4 .S 4 .0 3 .9 4 . 1 
360 4 .9 5.2 4.8 4 .8 4 .5 4.2 4 .2 
370 5 .4 5.5 5 . 2 5 .2 4.9 4 .6 1.7 
380 5.6 5.6 5 .3 5.5 5. 0 4.8 4.8 
389 5.8 5.8 5 . 4 5 .!l 5. 1 5 .0 5.0 

Note. A red dot on each trimmer shaft indicates the 
side of the slot that should be toward the dial card. The 
width of t he slot is about one-tenth division. In cqe the 
red dot has worn off, its proper loclltion can be found by 
meshing the capacitor fully. The end of the slot near the 
0 of the 0-to·G scale is .the end that should carry tho red 
dot, 

Table II 
R eadings °"' Panel Mdcr 

(Transmit position) 

Switch CorrccL Circuit. 
po9ition ~11i:linR checked 

Fil . • ·-····- ·------ 2 or more- · · ·-···· lice fil vollogo 
Pint<·---- -··--· · -- 2 or more----- ··· TraM B voltngu 
Chcok_ · · --···--··· 1.5 or more .... -· P-n grid curnmt 
Oper·-- --··-····-- }.c;<$ than 1'---··· P-a pl$\c current 
OpeL - -- ---·-··- - I .Stoa> ___ __ .•• • P-aplatecur"'nt 

'Antu.oa dUconnteted. 
'Ant~nna con.n.ected. 

Pin S o. 

I 
2 
3 
4 
5 
6 
7 
8 

Table Ill 

Receiver oscillator grid. 
Receiver converter injection grid. 
Receiver limiter grid. 
Rcaet:mce modulator grid (d-<> •mplificr output). 
Transmillcr buffer grid. 
Tran•miltcr oscillstor grid. 
Receiver discriminat-0r output. 
Output of one discriminator diode (Tube ,JA N

IJ.H4, VT-17i). 
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MORE ABOUT 
659'5 & 620'5 

C'I 

'" .--- -..-if-~:49r'*~" ·-

Fig . 1- AM deleclor and audio siege. 

The <tUdio. detector and limiter stage must 
be revamped in order to allow the receiver to 
detect AM. The 1LH4 in the set (V-13) 
should be removed and placed in the socket 
V-1 1. V- 11 ( ILN5) is not used. Instead the cir
cuit shown in fig. 4 is wired in, replacing the 
original circuitry. T his ~ans the removal of 
R-34. C-62. C-63. R-35 and R-36. Likewise, 
T-5 could be removed, except that it would 
leave a chassis hole that would be unsightly. 
V-12 ( I R4) serves no purpose and could also 
be removed . Likewise, remove R-37. R-38, 
R-39, C-69 and C-70. C-71 is used for coup
ling, and the side going to the junction of C-70, 
R-37 and pin 7 V-12 should be connected to 
pin 2 of the JLH4 we are now using as our 
detector and first audio stages. If reception is 
too broad. as it may well be, you can improve 
the sensitivity and the selectivity simultaneously 
by removing the resistors R-27 and R-30. These 
are located within the if transformers T-2 and 
T-4 and will require removal of the shield-can 
in order to accomplish this. It may also be 
necessury to realign the if transformers after 
removing the resistors. T he intermediate fre
quency is 4 .3 me. 

' ' ~~ . 
. 11~ ·=~·· :..SSOClA1£0 MCUfTS 

Fig. 2- Grid leak modu lalor. 

fig. 3-Tro nsmitler 
J; oscillator 
,-

The receiver rf and mixer stages are already 
at the correct frequency. There are no changes 
necessary in any of the equipments, since there 
is suflicienl overlap in the band of each. We 
purposely left the receiver crystal controlled, 
so that there would be no drift of tuning- es
pecially in mobile service and also in con
sideration of the fact that the channel spacing 
is so close. 

The transmitter must be crystal controlled in 
order to comply with the FCC regulations of 
the C lass D service. To make the oscillator 
comply with regulations it will be necessary to 
rewire it. This involves removing the reactance 
circuits, such as C-22, CH-5, and R-9 so as to 
allow the reactance t.ube lo be used as an audio 
amplifier. The emphasis network in the grid 
must also be deleted. This means removing R-
12, R-13 and C-27. A one-half megohm po
tentiometer should be mounted on the front 
panel and wired in across the mike trans-
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former, T-1 , to allow for modulation control. 
The potentiometer arm should be connected to 
pin 6 of V-4. Mount a small transformer on 
the chassis near the rear where there is suffi
cient room. This is used to grid-modulate the 
transmitter. This type of modulation was 
chosen so as lo prevent having to add a more 
expensive modulator of the transistor or tube 
type for full plate modulation. The efficiency 
of grid modulation is not as great as you 
would find in a plate modulated set. but the 
power output is not reduced appreciably. The 
transformer is a Stancor type A-52C, although 
any small single plate to single grid or push 
pull grids may be used. Electrically it is con
nected in the grid of the rf power amplifier as 
shown in fig. 2. No noticeable effect of modu
lation distortion wa~ noted in spite of the fact 
that it is not a good idea to grid modulate a 
stage.which obtains its bias by grid-leak meth
ods. 

In order to use t:rysrnl control on the trans
mitter it will be necessary to remove C-19, C-21 
and the oscillator coil L-5. It is not necessary to 
physically remove L-5, although we will have 
to mount our crystal socket somewhere. We 
chose to mount it where C- 19 and C-20 were 
previously located. T he socket is a dual crystal 
socket made by Cinch-Jones under pan num
ber 2K4. The oscillator is wi red in as in fig. 3. 
Basically it is a Pierce tvpe, wi th a tank circuit 
tuned to the second harmonic in the plate cir
cuit. T he screen of the tube is actually the plate 
of the osci llator. By using a dual crystal socket 
it is possible to use two crystals and make full 
use of the two channel feature of the equip
ment. Figure 3 shows the new oscillator wiring. 

Tuning the Equipment 

The receiver shou Id be tuned first. lnsert the 
proper crystal~ into th·e desired channels and 
set SW-I and SW-2 to the OFF position. Set 
the OFF-ALIGN switch to the ALIGN posi
tion and turn the equipment on, making sure 
.that the volume control is full on. When the 
probe is not in use it should be io its Fahne
stock clip, but now insert it into pin 1 of the 
metering socket. Set the panel meter switch to 

CHECK. Adjust the receiver oscillator trimmer 
to make a maximum reading on the meter. 
Make sure that you arc adjusting the one cor
responding to the channel that you are setting. 
You should be able to get a reading of about 
5 divisions. Now put the probe into lhe pin 
number 2. Adjust the mixer grid control for 
a maximum reading on the meter and then 
peak the rf grid control for maximum noise 
with the probe in pin 3 of the metering socket. 
Maximum noise in the loudspeaker of the 
equipment or in the headset should now be ob
tained by again peaking the mixer and rf con
trols. No attempt should be made to try to get 
maximum output by .adjusting the if amplifiers 
unless you have sui table alignment equipment 
(see CQ May 1959). If you have a station to 
listen to , or if you have a suitable signai gen
erator, grid dipper or other signal source, you 
may tune up on that, trying to obtain maxi
mum signal output. A reduction in noise and 
improvement in signal may a lso be obtained 
on some sets by a careful re-adjustment of the 
receiver oscillator tuning. 

Tuning the transmitter is a little more tricky. 
It involves the use of a microphone with a 
press to talk button (carbon microphone) and 
only when the adjustment is actually going to 
be made should the button be depressed so as 
not to overload any tubes with excess current. 
With the probe in pin 6 press the mike button 
and check the transmil crystal oscillator for 
voltage. This should be several divisions on the 
meter. Now, insert the probe into pin 5 of the 
metering socket and again press the mike but
ton long enough to adjust the BUFFER- GR1D 
for minimum meLer cl ip. Now replace the meter 
probe into its holder nncl set the OFF-ALIGN 
switch to OFF. The remaining adjustments are 
made using the panel switch. Set the SW-1 
switch to ON and when ready to make the ad
justment, press the mike switch and tune the 
P.A. GRID for minimum, releasing the button 
as soon as the adjustment is made. Next, set 
SW-2 lo ON and set the meter switch to OPER . 
Press the mike switch when you are ready to 
adjust the P.A. PLATE and do it quickly. The 
P.A. PLATE should be adjusted to minimum. 
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THE ARC-I 

The RT-18/ ARC-1, major component of the 
AN/ARC-I Aircraft Radio .Equipment, offers 
many attractive possibilities as an amateur con
version project. The equipment, as supplied, 
operate-s from a 24 volt battery source and 
provides two-way radio telephone communica
tion on any one of ten pre-set channels in the 
frequency range of I 00 to 156 megacycles. 
In addition, a separate receiver section pro
vides optional continuous monitoring of a 
single "guard channel" in the same band. 

The physical size of the unit , 7 Vi " high x 
J OYs" wide x 19%" deep (exclusive of shock 
mounting base and front panel controls), makes 
it suitable for table top, home station use. 
Very good performance may be expected since 

the transmitter puts out an easy 8 watts and 
the receiver is of late World War JI design. 
The conversion is actually not too compli
cated but a better picture of the task can be 
obtained by listing the retained, deleted and 
added features: 
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Retained 
1. Basic transmitter and receiver circuitry. 
2. Basic guard channel receiver circuitry. 
3. Front panel meter switch, RF gain con

trol, on-off switch, microphone and bead 
set jacks and squelch switch. 

4. Equipment case. 
5. Existing 24 volt DC carbon microphone 

and control relay circuitry. 



Deleted 
1. Shock mount base. 
2. Auto-Tune assemblies and drive motor. 
3. Crystal bank and selector switch. 
4. DC operated main power contactor. 
5. Meter jack. 
6. Existing front panel. 
7. Plug-in dynamotor assembly. 

Added 
I. New front panel. 
2. Audio gain control. 
3. Internal speaker and line matching trans-

former. 
4. Guard channel on-off switch. 
5. Self contained VFO. 
6. VFO-crystal switch. 
7. Crystal socket. 
8. V FO spotting switch. 
9. VFO filament and B+ vol tage regulator 

assembly. 
10. Self contained, plug-in, B+, 24 volt de 

control and 24 ac filament power supply 
assembly. 

11 . Pilot light. 
12. Front panel extension of the three required 

tuning controls. 
13. External 115 to 115 volt power line isola

tion transformer. 

While conversion of this equipment is not 
recommended unless at least the "Handbook 
of Operating Instructions" is at hand, a brief 
description of the RT-18/ ARC-1, contained 
in that manual, is offered for those considering 
the purchase of this readily available item. An 
external view of the unmodified set is shown 
in the photograph. All electrical connections, 
except the antenna, are made through a single 
plug on the rear of 1he set. A removable front 
panel cover protects the crystal units and the 
service adjustment controls. The case is secured 
by two Dzus fasieners at the rear of the unit. 
The main chassis supports a motor driven 
channel selector, just behind the front panel, 
and a plug-in 24 volt dynamotor mounted in 
a separate compartment. The central portion 
of the chassis contains the if and a/ circuits 
and mounts the individual receiver main-chan
nel rf, guard channel rf and transmitter rf as
semblies. Most power supply filter and control 
components are mounted on the dynamotor 
shelf and the front panel. 

The receiver main-channel rf assembly con
sists of an rf amplifier stage, a mixe.r stage 
and a four stage crystal oscillator, frequency 
multiplier and amplifier section. This section 
generates a heterodyne frequency 9.72 mega
cycles below the carrier frequency for direct 
use in the receiver mixer and for use in the 
transmitter section as described later. Output 
from the mixer is a 9.72 megacycle i/' signal. 
All stages are gang tuned by an 8 section vari
able capacitor which is driven by the REC 
channel selector head. 
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The guard channel receiver rf assembly per
forms the same functions as the main-channel 
rf assembly, except that each stage in this sec-
1ion is tuned to a pre-set net frequency. The 
crystal unit for th is section is located under a 
shield al the rear of the assembly. The 9.72 
megacycle if output ol' this section is also 
coupled to the input of the if amplifier section. 

The rf portion of the transmitter is built as 
a separate sub-assembly, with certain compo
nents mounted on the channel selector casting. 
This section is excited by the receiver main
channel heterodyne signal which is 9.72 mega
cycles below the desired carrier frequency. The 
output of a 9.72 megacycle crystal oscillator is 
combined with the above signal in a balanced 
modulator circuit to produce the air frequency. 
This signa l is umplified in a .push-pull driver 
and a push-pull pa stage which is plate and 
screen modulated. All stages are tuned by 
ganged roller inductors driven by the TRANS 
channel selector head. The antenna tuning
loading coil and capacitor are driven by the 
ANT channel selector head. 

The if amplifier section consists of three 
stages assembled on the main chassis. This 
section amplifies 1he ouipul frequency signals 
(9.72 megacycles) of both the main-channel 
and guard channel rf assemblies. 

The audio frequency circuits for both the 
transmitter and receiver are also assembled',On 
1he main chassis. T he receiver circuits consist of 
a detector-amplifier stage, noise limiter and 
squelch stage, ave control stage and two paral
lel output stages with separate output trans
formers. The transmitter audio sectibn consists 
of a microphone preamplifier stage, phase in
verccr stage and a push-pull class AB power 
amplifier stage to plate modulate the rf power 
amplifier stage. 

The channel selector assembly is mounted 
directly behind the front panel and enables re
mote control of the transmitter-receiver. Since 
this assembly cannot be used in the conversion 
because of its outrageous de power require
ments, it will not be described. 

AN/ ARC l boforo modification . 



The crystal units used in the main-channel 
lransmiller-receiver and in the guard channel 
receiver are type CR-lA/AR or CR-JB/AR 
units. Crystal frequencies for any given air fre
quencies may be determined by the following 
formula: 

f0 - 9.72 
fc.u. = X lOOO 
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where f0 • 11• is the crystal unit frequency in kilo
cycles and f0 is the air frequency in megacycles. 
The same formula applies when the vfo de
scribed in this conversion is used. 

Power Supplies 
A few words are now in order on the various 

considerations which led to the choice of power 
supply options specified. First, use of the auto
tune system was ruled out by the extremely 
high starting current required by the drive 
motor. The remaining 24 volt de load consists 
of microphone and relay current, well within 
the 500 ma rating of replacement type silicon 
rectifiers. Since_ the conversion is greatly simpli
fied if the existing filament wiring is not dis
turbed, 24 volts ac was deemed a fixed require
ment. The B+ requirement is quite substantial, 
350 volts (nominal) at 350 ma, and a conven
tional transformer-tube rectifier supply would 
be very bulky and heavy. Since it was desired 
to make the conversion as nearly as possible 
self contained, the compact silicon rectifier 
voltage tripler circuit was selected. The .l 15 
volt ac input to this circuit roust be isolated 
from the power line for safety reasons and be
cause the B- is not returned to chassis ground 
in the receive condition. The ideal transformer 
for this application is a split primary, 115-230 
volts to 24 volts at 8 to 10 amperes, which 
would fit in the available space on the plug-in 
power supply plate shown in the photographs. 
Such a transformer, wired as shown, should 
easily supply 115 volts at a little over one am
pere and 24 volts at 3 to 4 amperes. The author 
could not locate a suitable unit, so a replace
ment type transformer was rewound to supply 

24 volts at 4 amperes and an external plug-in. 
isolation transformer was used in the model 
shown. 

Conversion 
Now for the actual conversion. Remove the 

unit from the shock mounted base, loosen the 
two single turn fasteners on the rear of the case 
and slide off the cover. Remove the main power 
and control connector, J-401, from the base; 
remove all wiring, clean up and plug into the 
transmitter-receiver. Discard the mounting base. 
The following steps separate the 24 volt fila
ment circuits, which may be operated from ac, 
from the control circuits, which require less 
than 500 ma de, and terminates them on the 
dynamotor connector, J-105. These changes 
also provide 115 volt ac power, controlled by 
a front panel switch, to this connector. The 115 
volt ac power cord is terminated on pins At and 
5 on the external connector, P-101. 

AC Power Modifications 
1. Turn the unit on its left side and locate 

R-294, (730 ohm, 30 watt) which blocks access 
to relays K-103 and K-104. Remove the two 
screws securing the bracket on which this re
sistor is mounted and fold out of the chassis. 

2. Remove the four flat head screws secur
ing K-103, the relay toward the rear of the 
chassis. Remove all but one of the screws secur
ing relay K-104 and twist the relay slightly to 
allow K-103 to be removed from the chassis. 
Reinstall relay K-104. 

3. Locate the small gauge white-red tracer 
lead on K-103 relay coil. Unsolder this wire 
and connect to pin 3 of J-105. 

4. Locate the single heavy white wire which 
is connected to the other coil Jug and to one 
contact of K-103. Unsolder this wire and con
nect to pin 5 of J-105. 

5. Unsolder the two heavy white leads from 
the remaining contact of K-103. One of these 
wires terminates on one coil terminal of K-104 
and the other on the rearmost terminal of the 
filament choke, L-153. Unsolder and discard 
both leads along with relay, K-103. 

6. Remove the remaining heavy white lead 
from the rearmost terminal of L-153. Unsolder 
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the other end of this wire from 
the adjacent microphone drop
ping resistor, R-156 (500 ohm, 
1 Y2 watt). Discard this lead. 

7 . Remove the remaining 
heavy white lead from the coil 
terminal of K-104 referred to 
in step 5 above. Connect this 
lead to the rearmost terminal 
of the filament choke, L-153. 

8. Locate antenna change
over relay K-101. Remove and 
discard the white lead which 



connects one coil terminal of this relay to pin 
3 of adjacent terminal board, E-106. 

9. Form an insulated wire into the existing 
cable runs , to interconnect the now vacant coil 
terminals of relays K-101 and K-104; the pre
viously referred to terminal of R-156 and pin 6 
of dynamotor connector, J-105. 

10. Remount the R-294 bracket assembly 
and dress wiring as required. 

11. Run a heavy jumper from pin 2 of P-101 
to pin 2 of J-105. This will permit use of an 
external 24 volt transformer if this option is 
selected. 

Control Head And Front Panel 
Modifications 

Carefully examine the front panel and con
trol head wiring. It will be noted that, in addi
tion to the antenna cable, two main cable runs 
enter this compartment. The Auto-Tune cable 
terminates on terminal boa.rd E-10 I. The cable 
to and including this board will be retained. 
The crystal socket assembly will be discarded. 
The antenna cable and jack will be retained 
along with all cabling and most of the jacks 
and controls on the jack panel assembly. The 
following steps cover removal of the front panel 
and Auto-Tune assembly and installation of a 
new control sub-panel. 

1. Remove the screws mounting the antenna 
connector, J-103. Swing the jack free and re
install the hardware on the jack lo avoid loss. 

2. Remove the toggle switch, S-104, without 
disturbing the wiring. 

3. Disconnect the red wire from the lug pro
truding through the 2f oscillator shield al the 
front of the main-channel assembly and the 
ground strap from the crystal socket assembly 
where it is soldered at the oscillator shield. 

4. Remove and discard the four screws on 
three sides of the jack panel which secure it in 
the front panel. 

5. Remove the carrying handles, brackets for 
the mounting base and the five additional nickel 
plated screws around the edge of the front 
panel. Remove the front panel leaving the jack 
panel in place. Discard the brackets for the 
mounting base and reinstall the panel mount
ing hardware in the chassis frame for safe keep
ing. The front panel and crystal assembly may 
be discarded after removing one crystal socket 
for future use. 

6. Remove and retain the knobs from the 
three Auto-Tune selector units. Loosen the set 
screws in the coupling µt the rear of the receive 
selector head. Remove the three selector heads 
be removing the short Phillips head screw at 
the top of the rear plate and the lower two 
screws on the front plate of each unit. Care
fully knock out tbe pins securing the gears on 
the rear of the antenna and transmitter selector 
heads. Retain these gears along with the knobs. 
The Auto-Tune heads may be discarded after 
removing the dial index pointers. 

7. Remove the cable clamps on the front 
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edge of the frame and on the channel selector 
casting. Remove the mounting screws of termi
nal board E-101 and clip all 13 wires leading to 
the channel selector components. Leave the 
cable from the main chassis attached to the 
board. 

8. On the top side of the chassis, disconnect 
the coaxial transmission line (W-105) from the 
roller coil , T-105. 

9. Loosen the set screws in the coupling at 
the channel selector end of the shaft for roller 
coil, L-113. 

10. On the right side of the chassis, remove 
the cover to the main-channel r/ assembly and 
unhook the spring from. the pin on the ganged 
capacitor gear. Discard the coupling. 

11. On the bottom of the chassis, disconnect 
coils L- I I 7, L-l l 8 and capacitors C-129, C-130 
from roller coil T-104. Do not distort the coils 
in this operation. 

12. Loosen the set screws in the coupling at 
coil T-104. 

13. Remove the three channel selector cast
ing mounting screws and carefully pull the 
channel selector assembly through the front of 
the chassis. 

14. Remove and discard all Auto-Tune com
ponents from the main selector assembly cast
ing, except roller coils T-104, T-105, drive as
sembly for roller coil L-113 and idler gears 
and hardware associated with the above com
ponents. 

15. Carefully note method of assembly, then 
remove and retain al! remaining components 
and tuning drive hardware mentioned in step 
14 above. 

l6A. Using a hack saw, cut the channel 
selector lioe shaft brackets off flush with the 
main casting. Using a large, coarse file, milling 
machine or shaper, evenly remove all projec
tions from the front of the casting until the base 
plate measures 5/16" at the thickest points. 
Carefully remount all components and hard
ware removed in step 15 above. 

Or 
16B. Fabricate a new sub-panel from alumi

num stock, using the old channel selector cast
ing as a drilling template for precise location 
of the required holes. Mount the various parts 
and hardware removed in step 15 above. The 
idler gears coupling the various drives will have 
to be spaced out from the panel to permit 
proper mesh of the gears. 

17. Locate the required position of lbe drive 
gears removed in step 6 above. The 76 tooth 
gear drives the antenna tuning components and 
the 62 tooth gear drives the transmitter tuning 
components. Accurately locate these centets, 
then drill and tap the panel for 6-32, being 
careful not to damage parts mounted on the 
back of the panel. 

18. Secure three hubs from 114 " flexible shaft 
couplings. Accurately center two of these on 
the face of the two gears referred to in step 



MATERIAL: 14 GAUGE ALUMINUM. 
FINISH: MACHINE SANDED, PRIMED 

Fig. 1-Front panel details. AND PAINTED 2 COATS 

17 above. Center the 01her on the capacitor 
drive gear of the main-channel rf assembly. 
Using a large, hot iron, sweat solder these 
couplings securely in place. 

19. Fabricate two idler gear spindles from 
9/ 32" aluminum or brass rod, drilled and 
tapped 6-32. lnstall 6-32 studs in the posts and 
mount on the panel. Dimension these posts so 
that proper mesh is achieved when the drive 
gears are mounted with the original hubs to the 
rear. The centers of the new couplings should 
line up with the locations of the old selector 
head drive shafts. Check the gears for smooth 
operation and adjust unt il this is achieved. 

20. Remount tbe control sub-panel by re
versing the procedures outlined in steps 8, 9, 
11 , 12 and 13 above. The upper left mounting 
screw should be reversed and used to mount a 
21h" aluminum or brass, \I.!" hexagonal post. 
Drill this post and mount terminal board E-10 I 
as shown in the photographs. Carefully check 
completed work. Check the control gears for 
360° rotation and insure that component set
tings have retained their original relationships. 
Inspect solder connections for shorts. At this 
stage, the cable terminating on terminal board 
E-101, from the main chassis, should be the 
only wiring attached to it. Switch, S-104 and 
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SEMI-GLOSS BLACK. 

the antenna connector, J- 103, should be free 
and connected to their original leads. The jack 
and control panel should be free and all orig
inal wiring intact, aside from the unterminated 
lug projecting from the 2f osci llator compa.rt· 
ment as mentioned in step 3 above. 

21. Fabricate the voltage regulator sub
chassis in accordance with fig. 3. The photo
graphs show two electrolytic capacitors not 
shown in the diagram. These were required 
because the 500 volt units specified in the parts 
list were not available on the local market, and 
series connection of available capacitors was 
required. Mount the 7 and 9 pin sockets and 
the wire wound dropping resisto r as shown. 
Mount the fil ament dropping res istors and wire 
in accordance with fig. 5, leaving the four ex
ternal leads about 18" long. 

22. Fabricate and finish the new front panel 
in accordance with fig. 1. The four vfo dial 
scale mounting holes, the four dial drive mount
ing boles and the dial drive clearance hole are 
located for mounting a dial and drive fabri
cated from a National Velvet Vernier assembly 
salvaged from a BC-375 tuning unit. If a com
mercial dial and drive is used, modify the panel 
layout accordingly. Mount the front panel tem
porarily, as shown in the photograph, to sim-
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plify assembly and wiring. 
23. Drill and finish the front panel of the 

Bud #AU- 1083 utility box and the 11/0 tuning 
capacitor plate in accordance with fig. 2. 
Mount the tuning capacitor to the plate and 
secure the plate, using :}8 " spacers between the 
rear of the panel and the mounting plate. Care
fully remove one hub and coupling from an 
ICA #2142 flexible shaft coupling; notch or 
drill to accept the coupling screws on the rear 
of the National dial drive and mount in place 
of the former oversize coupling and stop plate. 
Using ~" flat head, 6-32 machine screws, 
secure the dial drive and the vfo front panel 
to the rear of the main panel. Use % " post 
spacers between the rear of the dial drive and 
the vfo front panel. Tighten the coupling set 
screws and check alignment of the capacitor 
shaft to insure smooth operation. 

24. Install panel bushings, such as ICA 
#1250, to pass the three tuning dial shafts. In
stall the various other panel mounted compo-
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nents in their indicated locations. Install the 
output transformer on the speaker. This is Tl 
as shown in fig. 5 and is a line matching trans
forme r. Ground one voice coil terminal and 
one side of both the primary and secondary of 
the transformer and connect the other second
ary lead to the remaining voice coil terminal. 

25. Fabricate a new 15" cable from RG-58/U, 
using the original connectors, between relay 
K-101 and connector, J-103, and plug into the 
relay. Using a length of two conductor shielded 
wire, run from the vicinity of V-122, along 
existing cable harnesses, through the cutout in 
the Auto-Tune panel. Dress an insulated lead 
from the vicinity of R-176, through the above 
mentioned cutout, leaving sufficient length to 
terminate on the new front panel. 

26. Form these leads, the new antenna lead 
and the two existing harnesses into one cable, 
tape and securely clamp to the front panel sup
port frame in the vicinity of the relocated 
terminal board, E-101. Form the wiring from 
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DRILL ANO 
TAP 8-

the voltage regulator sub-assembly in the chan
nel formed by the Auto-Tune sub-panel and the 
chassis frame to the vicinity of terminal board 
E- 101. Form the front panel control wiring 
harness to the new control locations, as shown 
in the photographs, shortening the leads as re
quired to permit a neat installation. 

27. T he following changes should now be 
made in the wiring of the front panel compo
nents: 

A. Former meter jack, J-101. is discarded 
and the leads run directly to the new 
meter. 

B. Leads from the momentary contact 
switch. C-105 (original squelch switch). 
are reconnected to the new squelch 
toggle and S-105 becomes the new v/o 
spotting switch. · 

C. Former phone jack, J-1 04, is replaced 
by a shorting type and wired in ac
cordance with fig. 5. The speaker 
matching transformer is connected to 
the shorting contact. 

D. The sensitivity control, R-274, is re
placed with a long shaft control of the 
same value. 

VFO And Additionol Wiring 
The previous conversion steps should have 

resulted in a clean job, with the only untermi
nated leads being the shielded pair from the 

OR~LL_ ANO NOTE: TRANSFORMER 
TA B 32 MOUNTING HOLES NOT 

SHOWN. DRILL TO MOUNT 
UNIT USED. 

CAPACITOR MOUNTING PLATE 
f LAMINATED PHENOLIC 

PLASTIC. 

NOTE 1: POSITION TERMINAL 
BOARD MOUNTING HOLES 
TO SUIT BOARD USED. 

Fig. 4-Conttruction details For tho power supply 
mounting plate and the laminate d phenolic c.on

denser mounting plate. 

audio section, the single wire from the vicinity 
of R-176 and the new leads from the voltage 
regulator sub-assembly. Since the cable termi· 
nating on terminal board E-101 leads to the 
main power connector, J>- 10 I, and many of the 
required circuit points are also terminated 
there; some of the wiring "will be accomplished 
by installing jumpers on the mating connector, 
J-40 I. 

I. Install wiring to control the guard chan
nel receiver by running a lead ·from pin I of 
terminal board E-10 I to one side of the new 
"Net Channel Receiver" toggle switch. G round 
the other side of this switch. Complete the cir
cuit by installing a jumper from pin 6 to pin 18 
of connector J-40 I. 

2. Connect B+ to the voltage regulator 
dropping resistor and one contact of the v/o 
spotting switch by running a lead between these 
points and hence to pin 2 of terminal board 
E-10 I. Complete this circuit by connecting a 
jumper between pin 15 and pin 19 o[ connector 
J-401. Co nnect the single insulated lead in the 
vicinity of R-176 to the junction point of 
R- 176, R-1 77, R-178 and R-181. Connect the 
other end of th is lead to the vacant v/o spotting 
switch terminal. 

3. Connect 28 volts oc to the voltage regu
lator sub-assembly and the panel mounted pilot 
light by connecting the lead from pin 2 of the 
ballast tube to pin 14 of terminal board E-101, 
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.#1829. 

Fig . 5- VFO ond front panel wiring . 

and hence to one terminal of the pilot light. 
Ground the other terminal of this lamp. 

4. Terminate the shielded pair cable on the 
new audio gain control. The shield should con· 
nect to the counterclockwise terminal and this 
terminal should be grounded. Examine pins 5 
of the tube sockets for V-121 and Y-122. Re
move and discard the jumper between pin 5 of 
V -1 22 and V- 12 I. Remove and discard the grid 
resistor R-227, side tone coupling components 
R-164 and C-173, and the tie points used t9 
mount these parts. The only lead remaining on 
pins 5 of these sockets should be the coupling 
capacitor, C-242, terminated on the socket of 
V-1 21. Connect the lead going to the high side 
of the audio gain control to this terminal. Con
nect the lead going to the center arm of the 
control to pin 5 of Y-122 and the shield to a 
convenient ground terminal. 

5. Drill, punch and finish the vfo box as 
shown in fig. 2. Mount the vfo components in 
the box and wire as shown in fig. 5. Complete 
as much wiring as possible before mounting 
the box. Panel mounting holes should be en
larged and the box secured to the front panel 
with 8-32 machine screws, lock washers and 
nuts. T he rf output cable should be a length of 
RG-58/U cable. Parts placement, mounting 
and wiring must be in accordance with good 
vfo construction practice. The B+ and filament 
supply leads should now be connected to the 
vfo. T he filament lead runs direct ly fro m the 
voltage regulator sub-assembly, while the B+ 
lead is routed through the switch, S-1 A, as 
shown in fig. 5. Now, check your work in the 
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v/o assembly. Reasonable care will result in a 
unit that is fully adequate for the purpose, 
while sloppy work and flimsy wiring will cause 
the output signal to wander all over the band. 

6. Fabricate and mount the vfo output 
matching transformer, L-2, on a small angle 
bracket and secure under the speaker mount
ing screw nearest the v/o-crystal switch. Termi
nate the vfo output cable on this coil and wire 
it, the v/o-crystal switch and crystal socket, as 
shown in fig. 5. Bare, solid wire should be used, 
with the 250 mmf output capacitor mounted by 
its leads. Run a short, direct, temporary lead 
between the wiper arm of the switch, S-lB, and 
the Jug protruding from the front of the 2f 
compartment of the main-channel r/ assembly. 

7. Carefully check all completed work. There 
should be no unterminated leads or loose com
ponents and cabling, lead dress and parts mount
ing should equal the commercial appearance of 
the original unit. 

Test And Adjustment 
Turn the completed set on and "smoke test". 

A few voltage measurements should disclose 
any obvious wiring errors. Plug in a micro
phone and the relays should close when the 
"push to talk" switch is closed. Switch the set 
to vfo position and tune the vfo signal in on a 
frequency meter or receiver with crystal cali
brator. The frequency range of the v/o should 
be 7460 to 7682.2 kilocycles, with a small over
lap at each end. Conventional techniques apply 
and, by adjustment of the plug in Ll and by re
moval and bending of plates in C4, the proper 
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spread should be easy to achieve. Temperature 
compensation was not required in the original 
model. However, if warm up drift proves ex
cessive, a few mmf of N-750 ceramic capaci
tor, compensated for by backing out the slug 
on LI, should do the trick. Fasten the back 
cover on the vfo assembly and adjust Ll if 
required. 

Set the vfo in mid-band, throw the meter 
switch to MIX 1. and peak the meter by ad
justing the slug in L2. This adjustment is broad 
and should hold fairly constant across the band. 
Connect an antenna, turn the squelch and 
guard channel receiver off and turn up the 
audio and rf gain controls. Tune the vfo across 

· the band and peak received signals with the 
REC dial. Pressing the vfo spotting switch will 
enable exact zero beat with receiv,ed signals. 
Turn on the squelch and the receiver should 
be quiet until the squelch is tripped. This 
should be accomplished by any signal appre
ciably above the noise level. 

A preliminary check of transmitter operation 
should now be made. Connect a 6 to 10 wall 
lamp to the antenna jack. Set the vfo to mid
band, throw the meter switch to MIX r. and 
peak the meter, using the REC dial. Throw the 
meter switch to PA 1"' press the mike button and 
adjust the TRANS dial for maximum meter 
reading. Turn the meter switch to PA Ik and 
adjust the ANT dial for between .6 and .8 ma. 
The dummy load should light to more than 
normal brilliance. Speak into the microphone 
and the lamp brightness should increase on 
voice peaks. 

Now that the complete uni t is checked out, 
reverse the front panel and mount in the nor-

Schematic of the wiring 
changes required on the main 

chassis. 

ma! position. Shorten the vfo output iead and 
run a ground strap from the crystal socket to 
the ground lug on the front of the 2f com
partment. Cut appropriate length Yi" shafts 
and mount on the three drive couplings. The 
TRANS and ANT shafts should be secured in 
position by installing !4" shaft collars. directly 
behind the front panel bushings. Install control 
knobs and apply appropriate marking decals 
to the panel. Calibrate the vjo dial, using a fre
quency meter or communications receiver with 
crystal calibrator. 

While this completes the conversion, a fina l 
check of transmitter alignment should be made. 
T une the transmitter, into lamp load, for maxi
mum output on a frequency near the center of 
the band. Turn the power off and, without 
disturbing the alignment, loosen the shaft 
couplings ganging the various TRANS roller 
inductors. Turn the set on and adjust each one 
for maximum output. Turn the power off and 
carefully tighten all couplings. The following 
chart shows meter readings that should be 
obtained: 

METER MULTI· 
CIRCUIT READING. MA PLllm 

osc 1. 0.10-0.20 1 
MIX r. 

(Reception) 0.20- 0.60 3 
MIX I. 

(Transmission) 0.35 - 0.65 3 
DRIVER 1. 0 - 1.00 1 
PA I. 0.30 - 1.00 5 
PA Ik 0.60 - 0.80 JOO 
MOD lk 0.60- 0.90 100 
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THE ARC-3 

W
HEN the ;\ir Force. at long last. 
sounded the death knell for the C45 
aircrnfl and these sh ips siarted arriving 

at lhe salvage depots in large numbers. ii was 
an indication that the much sought af1er ARC-
3 radios would soon become available in large 
quantities. Two years ago these se1s would 
have brought over two hundred and fifty 
dollars; now they are available for less than 
1hirty dollars. 

The eight channel AN I A RC-3 and its modi 
fied counterparts, the ARC-36 (sixteen chan
nels), and the ARC-49 (forty-eigh t channels), 
have seen fifteen years of continuous service 
and doubtless will sec many more. They have 
been installed in almost every kind of vehicle 
and aircraft from jeeps. gas trucks, and APUs 
to lighters, Goonie Birds, 123s, and commercial 
carrier airc raft. 

Basically. the ARC-3 is n modernized SCR 
522 but with more channels, a better tuning 
system, a more sensitive receiver, a more power
ful transmillcr. and much better stability in 
receiver and transmitter. It is designed to 
transmit and receive a.m. signals o n any of 
eight crystal controlled channels in the 100 
to 156 me Band. 

The rc~ei ver is a single conversion superhet 

with an i.r. of 12 me. The crystal oscillator/ 
multiplier chain employs multi plications of 
from 11 to 18 limes. depending upon the fre
quency lo be received. For the 144 to 148 me 
band. crystals between 8250 kc and 8500 kc are 
required. To calculate the crystal for a particu
lar frequency io the two meter band. subtract 
12 me and divide by sixteen. The crystal should 
be cut to operate into a 25 to 35 mmf load. 

The receiver tube lineup is a 6AK5 r.f . am
plifier feeding a 9001 mixer into three 12SG7 
i.f. amplifiers and a 12H6 detector. Two 
12SN7s, a I 2A6, and 12SL7 arc used in the 
squelch , a.n.J., a.v.c. and first and second audio 
amplifiers. A 9002 is used as the crystal os
cillator and is followed by five 6AK5 multi
pliers. A 12SH7 controls the au to-tune system. 
Receiver specifications are as follows: 

RECEIVER 
Antenna Z .................... 50 Ohms. 
Audio Output Z ........... Hi. 600 Ohms. 

Lo. 30 Ohms. 
Primary Power Inpu1 24 Volts d.c., 1.45 A. 

210 Volts d.e., 125 Ma. 
Sensitivity at 146 Mc .3.48 µ.v for 10:1 s / 11 . 
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Front view of the converted ARC-3 
r·eceiver (top). transmitter and pow· 
er supply. The Amperite time delay 
relay con be seen on the leh in 
front of the SU4. Tho crystal se· 
lector switch shown in fig. 2 was 
added ofter the pi,tvro wos token. 



A.v.c. Cbarac teristics .. 10 to JOOO µ1·=6 db, max. 
Selectivity ............ .... 335 kc at -6 db. 
Squelch Range ... ....... .. 0-1 0 µv. 
A.f. Response ..... ......... 3 db, 300 to 4000 c.p.s. 

Transmitter 

The ARC-3 lransmiuer also has eight chan· 
nels, is crys1:1I controlled. and auto tuned. The 
crystal multiplication. for any output fre
quency, is eighteen times. Thus, for l wo meter 
operation crystals lying between 8000 and 8222 
kc are requi red. Again. as in the receiver. the 
crystals should be cut for operation into a 
25 to 35 mmf load. 

The tube line up is a 6V6 crystal osci llator 
driving a 6V6 multiplier which drives :m 832-
A push pull tripler which drives an 832-A 
final amplifier. The modulator consists of a 
615 driving push pull 6L6s. There is also a 
6V6 sidctone amplifier and tone osci llator and 
a I 2SH7 auto-tune control tube. Technical ~pec
ificmions arc as follows: 

TR.{i.NSMITTER 
O.c. Power lnput.. ..... . 30 Watts. 
R.f. Power Output... .. 10/15 Watts at 146 Mc. 
Primary Power Input 24 Volts d.c., 2.4 A. 

410 Volts d.c. , 325 Ma. 

Auto-Tune 

The auto-tune system employed in the ARC· 
3 is c1uite accurate and useful. In the transmitter 
it is only necessary to plug in a cry~tal of the 
desired frequency and the set will automatically 
tune itself up. In the receiver the same is true 
except that it is necessary to preset the eight 
thumb whee ls (behind the front panel) to the 
approximate frequency to be used. The thumb 
wheels are necessary to prevent the receiver 
from tuning up on an undesired harmonic. 

Electrically, the transmitte r tune up follows 
this procedure. First let's assume thal the chan
nel A selector button has just been pressed. 
In the instant when all of the crystal selector 
relays are not energized, 24 volts passes through 
the normally closed conl<lcts of all lhe crystal 
relays which urc connected in series. In the 
transmitter th is 24 volts is applied lo relay 
K to1. which upon closing. locks itself c losed 
by the app lication of 24 vol ts from one set o f 
its own contacts, and simultaneously cau~es 
relay K1os to close which in turn causes K111 
and K102 10 close. Relay K 109 then closes con
necting the channel A crystal to the oscillator. 
With the application of 8 plus from the closing 
of Kioz, relay K103 in the plate circuit of 
V1os ( 12SH 7) will close, start the tuning motor, 
engage the clutch , and release the brake. Thus, 
the tuning system is put into operation. The 
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tuning capacitors, being calibrated and trackeo 
over only 180 degrees of rotation. must be 
prevented from stopping on the "back" 180 
degrees. T o accomplish this, cam 0101 is pro· 
vided and causes switch S101A to open in the 
"back '. 180 degrees which in turn prevents the 
slopping of the tun ing motor until after cam 
0101 011e1is Stotw Switch .5101 11 momentarily 
causes relays K101. K1oa and K1 11 to open. This 
is to prevent the tuning motor from continuing 
10 operate if no crysta l is in the socket or 
some other malfunction occurs . As the tuning 
motor c,ontinues to run, the tuned ci rcuit in 
the grid of J/1()4 (832-A) passes into resonance 
and a negative grid bias is developed across 
Rt2J a nd R124. This grid bias is applied to the 
grid of V1os. the 12SH7 control tube. and 
causes its plate current to decrease which, in 
tum. causes relay Kio:>. to open thus stopping 
the tuning motor, releasing the brake and dis
engaging the clutch. 

In the receiver the sequence is almost the 
same in that the application o f 24 volts to the 
set causes relay K 2o6 through Kz1s 10 mo
mentarily apply 24 volts through the normally 
closed contacts of its s.p.d .t. section to relay 
K204 which in turn closes Kzos and locks itself 
closed. When V201. the l2SH7. draws plate 
current, K201 closes, starts the tuning motor, 
engages the clutch and releases the brake. 
Cams 0201 and 0202 along with S2n and 
S202 prevent tune-up in the uncalibrated portion 
of the capacitor rotation. When the crystal 
oscillator harmonic generator circuits become 
tuned to a harmonic of the crystal, grid current 
flows in the harmonic generator V206 which 
places a bias on the grid of V201 causing relay 
K201 to open which thus stops the tuning motor, 
elc. To prevent the set from tu ni ng up on the 
wrong ha rmonic, thumb wheel selectors are 
provided which short circuit the screen of 
Vzos to ground except when the tuning ca
pacitor shafts are tu rned to the frequency 
selected o n the thumb wheel. 

Conve rsion to 117 Volt Operation 

To convert the units to 11/ volt operation, 
no real modifications of the equipment are ne
cessary with the exception of increasing the 
audio output so as to provide sufficient volume 
to drive a loud speaker. The conversion really 
boils down to building n power supply and 
making up some interconnecting cables and a 
control box. 

If no plugs are available to fit the receiver 
and transmitter, a make-shift connector can be 
made from old lube sockets that have the 
round metal type contacts by breaking these 
apart and pushing them over the banana plug 
pins of the transmitte r and receiver. By pour
ing liquid silicone rubber or similar material 
into the socket a make shift plug can be made 
or, if desired, the tube socket contacts can be 
soldered directly to the bannna pins .:ind left 



Fig. 1-Pin orrongements of the power plugs for lhe 
receiver and the tronsmitlor. 

permanently auaehed thereto. Figure I shows 
the location of the pins for P 102 and />202. 

The power supply diagrammed in figure 2 
wiJl supply all the voltages necessary 10 op
erate both the receiver and transmiuer includ
ing in.termillcnl o peration or the auto-tune drive 
motors and the relays. One point worth men
tioning is the use of an Amperite thermal delay 
tube in 1he 5U4G B Filament. This is 10 pre
vent B plus from being applied to the trans
miltc.r and receiver while the tubes arc cold. 
If this does happen. the transmitter w.ill come 
on, the tuning motors will start. nnd the set 
may tune itself up incorrectly. 

Disabling The Auto-Tune 
If the set is to be used primarily to rece ive 

and transmit on one frequency only and it is de
sired to prevent the auto-lune mechanism from 
operating each time 1he set is turned off and 
on, the au to-tune feature can be di sabled by 
tuning the set up. on channel A. to the desired 
frequency and then inserting a small piece of 
cardboard between the two top most contacts 
(the s.p.d.t. set) of the crystal selector relays 

K2o6 in the receiver and K1ou in the transmilter. 
Access to the relay contacts can be had by 
removing the two relay cover screws accessible 
through the crystal compartment door. Disab
ling these two relays will prevent recycling of 
the auto-tu ne relays thus preventing the set 
from re tuning itself each time power is applied. 

Manual Tuning 
Manual tuning of the set cnn be accom

plished by re leas ing the two spline set screws 
on the collct between the motor right angle 
drive and the clu tch, and shi rting the collet so 
as 10 permanently engage the motor to the 
tuning capacitor drive. The small knurled knob 
on the motor can then be used 10 manually 
tune the set. This procedure is the same for 
both the transmiHer and receiver. 

lncease d Audio 
To increase the audio output 10 a level suit

able to dr ive a loudspeaker. move the end 
of capacitor C294. which is connected to the 
junction of R 211 and R278· over to pin 2 of 
V21s- This defeats the voltage divider formed 
by these resistors and thus applies full audio 
voltage to the system. ' 

To remotely control the squelch on the re
ceiver it is necessary to connect a wire from 
the arm or the squelch control Rz72, 10 pin I 0 
(an unused pin) of plug P202. Turn R212 full y 
clockwise. A SK pot connected between pin 
IO of plug P202 a nd ground (as shown in fig. 
2) can then be used to remotely control the 
squelch threshold level. 

fig. 2-Diogrom of the powe r supply and re mote control for U\C with a uto.tuna operation. 

CR 1-Bridge rectifier, 36 volts o.c. mox @ 4.8 omp. 
lnternotionol Rectifier 12985. 

K1-s.p.d.t. rolay,.24 v.d.c. coil. 

l 1-5 h @ 325 mo. 
T1-SOO v.c.t. @ 325 ma , Sv @ 3A. 
T2-29.7 v.a.c. @ 6A. Stoncar RT204. 
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Increased Transmitter Output 
T he transmiller power output can be in

creased considerably by changing the 832A 
fin&! amplifier to an Ampercx 6252. The in
creased efficiency of the 6252 will, in many 
cases. almost double 1he actual power output 
into the antenna. No changes in the transmitter 
are nccessarv other than to retune the grid 
and plate cir~uiL~ slightly. A 5894 may also be 
used but it will require changing of the tank 
and grid coil inductances to obtain tracking. 

The large can directly behind the crys1<1l 
bank in the transmitter is a barometric gain 
control on the microphone amplifier so that 
the modulation level varies with altitude. It 
can be removed and the gain control operated 
manually if desired. 

12 Volt Operation 

For 12 volt operation the auto-tune feature 
will not operate. reli ably in that the clutch 
and brake solenoids wi ll not function without 
hair line adjustment. Permanent disabling of 
the auto-tune mechanism may be accomplished 
in the receiver by bending the relay contacts 
of K20s so that the contacts are in the closed 
position at all limes. If FT-243 crystals are 
go ing to be used. 1hc socket for V201 (1he 
auto-tune control) can be used as a crystal 
socket by removing the leads between pins 
I and 3 and 3 and 5. connecting the crystal 
lead from pin 6 of V201 to pin 3 on 1'201 
socket, and plugging the crystal between pin 
3 and I on the V 201 socket. ff this is done. 
1he entire crystal relay bank and sockets can 
be removed. 

Receiver Conversion 
To disable the auto-tune in tlie transmilier, 

bend !he contacts of relay K109 in the closed 
position. Unplug K103 and K105. All the other 
relays seem to work fine on twelve volts with 
no modifications. 

To c0nvert the transmitter filaments for 
twelve volt operation: 

I . Remove the white wire with brown trace r 
from pin 1 of V103 and reconnect it to pin 
7 of V 103· Ground pin I of V 103· 

2. Remove two white wires with red and 
black tracers which connect to pin 2 of V 101. 
One of the wires connects to Riao. a large 
JO watt resistor. Clip and remove this wire. 
T he other wire should be connected to pin 
7 of V1os. Ground ·pin 2 of V101 . 

3. Locate R129, a 10 watt resistor located 
near V101. Remove the wire which connects 
one end of R129 to pin 2 of V101. 

4. Locate R1a1 and connect a jumper across 
its terminals. 

5. Locate R1a2 (a tapped 10 watt res istor) 
and connect a jumper between the center 
lcrminal and the end where 3 white wires 
connect. 

6. Locate Rias and connect a jumper across 
its terminals. 

To rewire the. receiver filaments for 12 volt 
operation, proceed as follows: 
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I. Remove the white wire with brown tracer 
from pin 7 of V216 and reconnect it to pin 8 
of V216· Ground pin 7 of V211. 

2. Remove the while wire with brown tracer 
from pin 8 of V21s and reconnect it to pin 7 
of 1'215. Ground pin 7 of V21s. 

3. Remove the while wire with brown tracer 
from pin 2 of l'210 and reconnect it to pin 7 
of V210. Ground pin 2 of V210. 

4. Remove the white wire with brown tracer 
from pin 7 of V201 and reconnect it to pin 
2 of V201. Ground pin 7 of V201. 

5. Remove the white wire with brown tracer 
from pin 3 of V203 and ground the wire. Con
nect a jumper wire from pio 5 of V201 to pin 
3 of V203. 

6. Remove the while wire with brown tracer 
from C204 on the osci llator/ multiplier chassis 
and reconnect it to C205. Ground C204 by 
bending its center pin over and soldering it 
to the frame. 

Transmitter Alignment 

Test points have been provided. connected 
to PtOI· located on the front panel . which arc 
intended for use with test set TS-178/ ARM-I. 
This test set consistS of a 50 µa meter, a 
selector switch. a I meg resistor and a JO mcg 
resistor. The 50 µa meter is connected directly 
across each test point pin and ground for all 
test points except for the A+ and B+ termi
nals where the l meg and I 0 meg respectively 
are connected in series with the meter. 

The chart in Table I indicates the terminal 
to which the 50 µa meter should be connected, 
the approximate meter reading obtained, and 
the adjustment to be tuned. 

Tnblc I 

1\lctc:r to Ground UHtl T u n o For Current 
Pin I i0-35 
P_in 2 C100 Max 12-45 
Pin 3 C1 13 Max 12-45 
l'in 5 C12:: Max 
Pin 6 C•~u Min 

Ci:IO & L 1&ii Max r .r. Ou1pu1 

The two adjus1men1s, Ciao and the output 
coupling link , L109, can be adjusted for maxi
mum output in 1hc two meter band bui a 
compromise adjustment is necessary for track
ing the 100 to 1.56 me spread. 

Receive r Alignment 

As in the transmitter, test point.s have been 
connected to plug P201. 
Crystal Oscillator Alignment- With an 8727 
kc crystal installed and a 50 µa meter connected 
between pin I of P201 and ground. turn the 
adjustment in Z2ot as far counter clockwise as 
possible then clockwise until the meter reads 
25 .ua. 
Fundamental Am11lificr Alignment-With an 
8100 kc crystal installed and a 50 µa meter 



connected between pin 2 of P201 and ground. 
turn all three screws on the top of T201 all 
the way counterclockwise. Turn first one and 
then the other of the outer two screws clock
wise a tum at a lime unti l maximum meter 
rend ing is obtained. Turn the center screw 
for maximum. C heck on other crystal fre
quencies to be sure meter reads above 20 µa 
on all crystals. Repent if necessary. 
Harmonic Genera tor And R.F. Alignment
Tune a signal generato r to the frequency to 
be received. Be sure that 1he right harmonic 
is used, or better yet, use a weak received 
signal if one is· available. Connect the 50 µa 
meter 10 pin 5 of P201 and ground. Adjust 
C210~ and C219» for maximum reading. Set the 
squelch control to the edge of noise/silence 
and adjust C241•, C2H•·· C2470, and C24111 for 
maximum opening o f the squelch . Keep the 
signal generator output as low as possible during 
these adjustments. 
l.F. Strip Alignment-The i.f. strip used on the 
ARC-3 is purposely broad. To accomplish the 
wide bandwidth it was necessary to employ 
slight ly overcoupled i.f. t ransformers. If an at
tempt to align the i.f. strip is made simply by 
adjusting all the i.f.s for maximum output, .the 
symmetry of the i.f. response curve will be de· 
stroycd. To properly ;ilign this type of i.f. it is 
necessary to load the primary wind ing with a 
resistor so as to "ki ll" its Q whi le tuniog the 
secondary. Killing the Q removes the loading 
effect Crom the winding being adjusted and thus 
eliminates any detuning effects caused by the 
over coupliog. 

To tune the ARC-3 i. f.'s it is necessary to 

connect a 680 obm resistor in series with a 
470 mmf capacitor across the primary wben 
tuning tbe secondary and vice-versa. To be 
sure the i.f.'s are aligned on exactly 12 me, 
use a BC-221 frequency meter or a crystal 
ccmtrollcd signal generator to establish the 
12 me signal. Conocct the signal generator 
to a floating (ungfouoded) tube shield placed 
over V209 and adjust the i.f.'s as described 
above for maximum opening of the squelch 
or for maximum output i1s indicated on a n 
aud io out pu t meter. 

Service Notes 
Failure of the squelch control to work and 

severe overloading can often be traced to C292, 
a 0.05 mf 200 v mou lded capacitor. This large 
capacitor is located at the back of the receiver 
with one lead grounded and the other con
nected to a terminal on the rear apron of the 
chassis. In four out of live sets checked, this 
capacitor was faulty. 

Tunable ·Re ceiver 
The receiver can be made tunable by con

verting V204 to a tunable oscillator. This is 
done by disconnecting the wire connected from 
T201 to pin 5 of V2Q~ and connecting a IOK 
resistor from pin 5 to ground. Next, connect 
n 50 mmf capacitor from pin 5 of V204 to 
the junction of C22'1 and R219. Jn some sets 
it may be necessary to adjust C220 either up 
or down in value to obtain the correct feedback 
for stable oscillation of V204. Voltage regula
tion o f the B + for 11204 will aid the stability 
somewhat. 

Top view of the ARC-3 transmitter. easily converted for two-meter amateur use. The arrow indicotei 
the knurled knob which is used lo monuo lly tune the chonnel selector in li~u of "outo·tune" optro· 
tion. The Barometric goin-contro l, re ferred to in the text, is th ~ large round component ot the top 

left. The round colibroted d io t indica les lh e opproximote r.f. operotin9 frequency. 
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Top view of the ARC .. 3 receiver chassis. The knurled knob for monval tuning is located atop tho 
motor in the lower righl corner. Plug P101, the lest i>lus, is locoled to the right of the crossbar. 
When converting to continuous tuning the w iring changes ore made in the ar•o of Y20.t, th e botlom 
tuba on the multiplier subc.hossis 10 the left of the cra11bor. 

By making the receiver tunable and con
necting the control tube grid ( V201) to the 
a.v.c. line, a .. signal seeking" receiver can be 
mudc. Connected in this manner. the receiver 
will hunt for a signal unless a . v.c. voltage is 
high enough to bias V201 to cutofi. 

-, 
I 
I 
I 
I 
I 

i 

..---,.,, ... --~--if-

~ 6AK5,'r--- __ -------

/ r--!--~,..,, 

"X 

+8 

fig . 3 - Circuit modifications to convert the receiver 
to continuous tu ning. 
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S Meter 

For an S meter, a milliameter can be con
nected in se ries with R255, the screen resistor 
for V211. in the conventional fashion. Other 
S meter circui ts can be adapted if desired. 
The current range of the S meter should be 
from 0-1 ma wi th a suitable shunt to zero 
the meter under no-signal conditions. 

Rack Mounting 

Both the receiver and transmitter arc suit
able for rack mounting by turning them side
ways and mounting them on six two inch 
standoffs placed bet ween the side panel and the 
rack panel. The two inch setback will allow 
a speaker. on/ olT switches. and other controls 
to be mounted between the panel and the sci. 



THE ARC-4 
ALIAS SCR-522 

Of all the VHF bands, Two Meters bas 
seen the greatest activity. A significant portion 
of the present population of that' band may be 
attributed to the opening of two meters to 
Novice 'phone operation. 

A Novice license is in effect a one-year 
written permission, to acquire experience and 
famili.arity with radio apparatus and operating 
technique. 

Unfortunately, the Novice is not gaining his 
experience in "easy stages" when he tackles 144 
Mc fi.rst, bec.ause of th~ m:iny special problems 
associated with v-h-f circuits. Short leads, well
planncd layouts, etc. are not automatically 
brought within the ability of the Novice with 
the arrival of his ticket. Thus it is that the new
COf!1er (and many an oldtimer as well) turns 
to items of surplus equipment in order to gain 
the "lulack" of v-h-f construction. 

Post-~~ operation on two meters using mod
ern stabilized transmitter techniques received its 
shot in the arm from the widespread employ
ment of the military miracle, the SCR-522. 
Although many seasoned oldtimers have grad
uated to home-constructed rigs it is safe to 
estimate that a very large number of them 

7!1~R 
SW. 

FIG. (o ORIGINAL CRr.SrAL OSCll.1.AroR ClllCIJIT 

.~Nt,5 
7!111£TER 8+ 

SW. 
FIG. lb RB:EIVER OSCIU..AroR MOOIFICATIONS AS 

INDICATBJ 8'Y HEAVER UIES. 
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gained their first contact with crystal-controlled 
two-meter operation through conversion of he 
522. 

The BC-625 

When amateur radio was given the green 
light after the wartime shutdown these SCR-522 
transmitters (BC-625) were available for as 
little as $15. Little by little, yielding to the in
exorable pressure of supply and demand, the 
price has crept up to a minimum of $50. This 
is the present-day price less power supply. In
vestigation has disclosed few other satisfactory 
surplus items available in sufficient quantities 
to replace the 522's. 

The " Sleeper" 

One of the few possibilities appears to have 
been neglected unduly. This is the ARC-4 war
surplus transmitter-receiver unit. The ARC-4 
can be purchased complete with all tubes and 
dynamotor for $27.95, and is quite easily con
verted (o a neat and efficient two-meter station. 
Complete conversion adds about $35 to this 
figure. This means you can get on the air, 
sending and receiving, for around $65! 

As a consequence of the lack of published 
data on the modification required to adapt the 
ARC-4 few of them are beard on the air. The 

Parts List For Conversi on 
A.C Power Supply delivering 350-400 vdc @ 

200 ma. and 12 vdc @ 5 a. 
1-10 µ.µ fd. APC type variable condenser 
1- 30K, 1 Walt resistor 
1-1 S µµfd. mic.a condenser 
1-100 µµ. fd. mica 
!-National Type MCN dial 
I-Flexible Shoft of necessary length 
1-Millen type 39001 Flexible coupling 
1-feed-through bushing, 7/16" mounting 
2-!4" spacers, to mount diaL 
1-FT-243 type crystal on any frequency be· 

tween 6000 and 6160 kc. 
1-single-button carbon mike, 100 ohms. 
1--0-1 d-c mill iammeter and plug, sleeve positive 
1- pair headphones, any impedance, 500 ohms 

preferred 
1-SOOK volume control 
Assorted hardwore, knobs, plugs, etc. as required 



writer bas accomplished the conversion success
fully and is well pleased with the results ob
tained. To make it p0ssible for others to dupli
cate these results the changes necessary have 
been boiled down to a series of step-by-step in
structions, planned to take the amateur through 
the proceeding in the least painful manner. 

General Data 

Of wbal does the ARC-4 consist? 1t is a 
complete transmitter-receiver unit, designed to 
operate on any of four crystal-controlled chan
nels in the 140-144 Mc range. Originally manu
factured as an aircraft unit, the rig is powered 
by a 12-volt dynamotor supply and is, there
fore, ideal for mobile operation. 6000 kc 
crystals arc used in the transmitter section. This 
frequency is multiplied 24 times in four stages. 
The oscillator triples the crystal frequency and 
it is doubled in each of the three following 
stages. 

The final amplifier uses an 832-A, which is 
fully modulated by a pair of class AB 6L6's. 
Push-to-talk technique is employed and the 
rig can be coupled to antennas fed with 50-70 
ohm cable. 

A ten-tube, crystal-controlled superhetero
dyne constitutes the receiver section of the 
ARC-4. Two radio-frequency "front-ends" are 
provided, both feeding a common i.f., 2nd 
detector and audio. One of these, the "plane-to
plane" unit, is to be removed while the other, 
the "plane-to-ground" unit, is to be reworked 
so that it can be tuned across the band, instead 
of being "rock-bound" at spot frequencies. 

The rig has its own power-supply filter cir
cuits but lacks the a-c transformer and rectifier. 
The only unusual part of the power supply is 
the need for filtered 12-volt d.c., required to 
energize the filament, microphone and relay 
circuits. 

The chassis housing the transmitter-receiver 
unit is lOJA" high, 8%" wide and 19" deep. 

front Panel of the converted ARC-
4. Note pasitiC1n of tuning 
dial and volume control . 
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METER 
POSITION 
Osc. IG 
2nd HG IG 
3rd HG IG 

TUN E FOR READING 
.2 -.6 

L2R MAX .1 •.14 
L3R MAX .08·1. 
L4R MAX AVC VOLTAGE* 

*Measured on VTVM plugged between 2nd 
terminal back an tho pl ug-in •acket strip and 
ground. 

Fig. 2. Tho receiver tuning chart. AU readings on 
0-1 demo meter, plugged into "TEST METER" 
jack on panel, with sleeve positive .. 

Getting Started 

Before actually making your purchase, ascer
tain that the company from whom you plan to 
buy your ARC-4 supplies the schematic and 
parts list for the equipment. These are too large 
for publication here. 

When the rig arrives check to see that noth
ing has been damaged in transportation. Re
move the aluminum cabinet by twisting each 
of the screw-like fasteners on the back of the 
case until a click is heard. Pull off the case. 
Don'L be afraid to exert a little force-nothing 
will be harmed by doing so. See that all the 
tubes are in place. At this point it might be 
well to check the tubes, replacing any found 
defective. Take a look at the underside of the 
chassis. Though it appears complicated, you 
will find that every soldered joint is accessible. 

To accomplish tbP. conversion you will need 
the following tools, in addition to the parts 
mentioned in the text: Screwdriver, soldering 
iron with small tip (a soldering gun may be 
used); rosin-core solder; long-nosed pliers; 
wire snippers and a 7/ 16" drill. Now we are au 
set to go to work. 

Receiver Modification 

In its military aircraft function the receiver 



Delail a f variable canclensor maunting. Noto short lead 
to feed-through bushing, and shalt coupling. 

used a 6N7 crystal oscillator witb output on 
8500 kc. This was multiplied 18 times to a 
frequency in the neighborhood of 153 Mc. The 
injection of this frequency into the mixer stage, 
along with an incoming 143 Mc signal pro
duced a ditierence frequency of 10 Mc which 
was amplified by the three stages of i.f. Dy 
changing crystals for others near 8500 kc the 
"channel" to which the receiver is responsive 
can be altered. 

In order for the receiver to be usable in the 
amateur fas hion the oscillator must be made 
tunable across a range sufficient, when mulli
plied 18 times, to track from 144-148 Mc. We 
do this by substituting a tuned circuit for the 
crystal and tuning the plate circuit of the 
oscillator with a variable condenser. This is 
shown diagramatically in figures I a nod J b. 

, ro C36R 
~roll +-j,1----.... 

R40R 

llVO/O ourror 
JffMR 

B+Sf:REEN 

60()/( 

B+SCR«N 
FIG. Jb MOOIFIEO AWIO CIRaJ!T. 
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Begin the conversion by removing the plane-
10-ground r-f unit. To do so you will have to 
remove the machine scri!w at each corner of 
the plug-in unit a.ad pull the length of coax 
from the i-f transformer. It will then be found 
that the plug-in section can be removed by a 
steady upward pull. 

Remove the sides of the plug-in unit and 
locate the coil inside that has the largest num
ber of turns on it. Make sure that the small 
condenser connected across the coil is intact. 
Carefully take out this coil and condenser. Also 
remove a 50 µµ fd ceramic condenser from the 
unit. Oo the back of the ARC-4 panel is a 
metal slide where the trimmer condensers of 
the plug-in unit were located. Take out this 
slide. 

Returning to the main unit, you will see a 
short length of metal co-ax running from one 
of the sockets on the plug-in strip to a feed
through bushing. Now drill a 7 / 16" bole be
tween the bakelite plug-in strip and the crystal 
sockets. Mount the coil you have just removed 
from the r-f unit in this hole. Also mount a 
new ceramic feed-through bushing with a 
7/ 16" bole where the old one was. 

A good soldered ground connection should 
be made to one end of tbe coil. Wire the 50 
µµfd ceramic condenser between the top end 
of the coil and the lug on the resistor board 
to which a wire running from the selector re
lays is connected. Then remove this lead. 

Mount a 10 µµ.fd APC type variable con
denser near where the feed-through bushing 
is located (see photo). Ground the rotor, and 
run the shortest possible lead from the stator 
through the feed-through bushing and then to 
pin ~6 of the 6N7 oscillator tube. 

A National type MCN dial is mounted oo 
the front panel. It is supported on 1.4" spacers 
so that no large bole in the front panel need 
be drilled to accommodate the drive mecha
nism. The shaft coupling of the dial is placed 
so that it extends through the hole marked 
" ANT" at the top center of the panel. If the 
condenser shaft is not in line with the dial 
coupling smooth control is obtainable by using 
a flexible shaft extension of the desired length 
and a: Millen type 39001 coupling on the con
denser shaft. 

Assuming that the power supply to be de
scribed in the following port.ion of this article 
has been constructed, the receiver can now be 
tuned up. Set a communications receiver or a 
grid-dip meter to 8555 kc, and with the ARC-4 
tuning condenser set at maximum, tune L l R in 
the oscillator circuit (not the one you just in
stalled) until the oscillator is heard in the 
communications receiver or g.d.o. Now set the 
receiver or grid-dip meter to 8800 kc and, with 
the tuning condenser of the ARC-4 at mini
mum, increase the capacitance until the oscil
lator is again heard. Tune the coil you installed 
for the best possible bandspread, or until you 
can cover 8500-8800 kc in about 70 or 80 dial 



divisions. After this is done tune up the other 
circuits witb the slugs for maximum meter 
readings (see the chart in Fig. 2). 

Double conversion, which provides better 
selectivity, can be bad if a communications re
ceiver is available for use with the ARC-4. The 
antenna terminal of the communications re
ceiver is coupled to the i.f. output of the v-h-f 
unit by wrapping a piece of insulated hookup 
wire around pin #4 of the last 12SQ7 to the 
rea, of the chassis. This is the second detector 
diode plate. Run the receiver's r-f gain control 
(if there is one) at half setting and the a-f 
gain all the way up. Tune the receiver to 10 Mc, 
or to where the rush.iog sound from the ARC-4 
is heard. This system of dual conversion gives, 
in the v-h-f range, all the benefits normally 
obtainable from the communications receiver, 
i.e., selectivity, ANL, BFO, AVC, etc. If you 
use this system you may skip the following 
paragraph and go on to the next. 

In the event tbal dual conversion is not de
sired, a volume control must be installed in 
the ARC-4 for comfortable operating. Mount 
a 500,000 ohm volume control in the bole 
marked "grid" beneath the tuning dial. Ground 
one end and substitute the control for R40R 
as shown in figures 3a and 3b. This resistor is 
the second one from the front on the terminal 
board alongside the audio tubes. Connect a wire 
between the grids of tubes VS7 and VSSR, pin 
i;2 on each tube. The tubes are 12SQ7s. 

We can now plug an antenna into the coax 
connector on the front panel, and a pair of 
'phones into the 'phone jack. Adjust the volume 
control to a comfortable level and set the tun
ing dial to the middle of the band. With a 
screwdriver tune the three trimmers at the 
lower left hand corner of the_ panel for max
imum receiver noise. Now tune around the 
band for a signal or make a "sked" with a 
nearby amateur. When a signal is heard re
adjust the trimmern, always going from left to 
right, for maximum signal strength. This trim
ming has to be done four times to cover the 
entire band. It is very important to do this 
for no signals will be beard if the trimmers are 
out of alignment. It may prove to be unhandy 
at first but you will soon become accustomed 
to it. If no signals can be beard on the band 
you may tune for maximum receiver noise, 
still proceeding from left to right. 

Transmitter Modification 

Modification of the transmitter is quite sim
ple, requiring only the substitution of two 
small mica condensers and a little work on the 
relays. Replace C2T, connected between pi.as #5 
and 118 on the transmitter oscillator tube, with 
one having a value of 15 /Lµ.fd. Also replace the 
condenser across the oscillator cathode coil 
)Vith a 100 µ.µ.fd unit. 

Short the relay which is farthest back on the 
bottom of the chassis by connecting a lead be
tween the Jug on the relay, to which a wire 
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REAR OF CHASSIS -

FIG. 4 CRYSTAL SOCKET ANO RELAY MOOIFJCAT/ONS 
HEAVY WIES IMRKEO •A". 

with a green tracer is connected, and both of 
the lugs to which the corresponding crystal 
socket is wired (see Fig. 4). Plug in a crystal of 
between 6000 and 6160 kc and tune all the 
transmitter stages for maximum according to 
the chart in Fig. 5. For the Novice Band, 
crystals ranging from 6045 to 6125 kc should 
be used. War surplus crystals of the FT-243 
type fit the ARC-4 crystal socket. If your meter 
readings are better than those on the chart, 
for Heaven's sake don't detune the rig to agree 
with tbe chart! 

Load up the antenna by increasing the load
ing capacity (marked "TRAN ANT") a bit 
and then tuning the r-f amplifier for minimum 

METER SW. 
POSITION TUNE FOR READING 
Osc. IG .25 
lstHGIG L1T-L2T MAX .5 
2nd HG IG L3T-L4T MAX .4-.5 
3rd HG IG L5T MAX .4 
RF AMP IG C6T MAX .25 
RF AMP IG LST MAX (on side of chauis) 

.25 
RF AMP IP l9T MIN• .5 
AUDIO AMP .9 
FILAMENT .46 
~LATE .st 
*bofore loading antenna 
t or more, depending on plate voltage 

Fig. 5. Transmitter tuning chart. All readings on 
0-1 dcma meter plugged in to test meter jack. 
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dip. Keep repeating the process until you get 
the maximum loading while still able to indi
cate a dip. This might take a little jockeying 
a round before you get the rig properly loaded, 
but you will soon get the hang of it. 

Power Supply 
No power circuit modifications need be made 

if the rig is to be used as a mobile setup. If, 
however, fixed-station operation is desired, you 
must construct a power supply. For the sake 
of portability the a-c supply may be built into 
the dynamotor compartment, but since this 



requires working in rather a confined space, 
it may be preferred to build a separate unit, 
and connect the two with cable. 

Any high-voltage supply delivering 350 to 
400 volts d.c. at 200 ma. will be suitable. As 
before mentioned the filament circuit requires 
12 volts d.c. at 5 amperes. To obtain this a 
toy-train transformer delivering at least 20 
volts a.c. in conjunction with a selenium or 
copper-oxide disc rectifier makes a good com
bination. The rectifier should be chosen for 
proper current rating. Any transformer-rectifier 
combination available capable of 10-15 volts 
at 5 amps or so will be perfectly satisfactory. 

Difficulty will be encountered in locating a 
plug to fit the socket on the rear of the chassis 
so a little work will have to be done on the 
connector. Close inspection will make it obvi
ous that each pin is lettered or numbered. 
Using insulated hookup wire of #22 or 
#24 gauge, wire together as groups the follow
ing pins: (a) 5, 15 & 16, (b) 1 & 2 (c) Al & 
8, (d) 3, 4, 7, 9, & 10, (e) A2, 16 & 20. Hook 
a 30,000 ohm 1-watt resistor from A2 to 18. 
With this arrangement Al is plus 12 volts d.c. 
17 is plus 375 volts and A2 will be the "A" 
and "B" minus. 

It is very important to make good soldered 
joints, making sure that no two groups are 

shorted together. This could cause trouble 
later on. Now hook up your power suvj:>ly, turn 
both it and the ARC-4 switch on and make 
sure that the filaments light up. Also make 
sure that the power relay at the rear of the 
chassis closes properly. Plug a single-button 
carbon microphone into the three-conductor 
jack on the front panel and by closing the 
mike circuit with the switch or button, check 
to see that the changeover relay mak~s proper 
contact. If everything seems to be in order you 
are on the air. If trouble is encountered, check 
the connections on the power plug and check 
the power supply voltage. 

Any antenna can be coupled to the ARC-4 
if the feedline is within the impedance range of 
50 to 70 ohms. The writer's antenna is a 
ground-plane fed with RG 59/U cable. Feed
Jine length is not critical although it is desirable 
to keep it short (but not under LO feet). In 
the case of the writer, the location of the an
tenna required 150 feet of .lead-in yet the per
formance has been fine and many excellent re
ports have been received. 

If you convert your ARC-4 carefully, in 
the manner outlined here, you will find its per
formance leaves little to be desired. The ARC-4 
compares favorably with 2-meter rigs costing 
many times the modest price of the ARC-4. 

THE SCR-522 ON 10 
First, get the transmitter to work on the v-h-f 

frequencies for which it was designed to be sure all 
stages are working properly before 10-meter con
version is started. 

The following changes are required to operate the 
transmitter on 10 meters: 

Add 3-13 µµf trimmer condenser across the 12A6 
tank coil No. 119. This condenser will be set a t 
approximately 8 to 10 µµf for the tank to tune 10 
and 11 meters. . 

Replace the v.h.f. r-f chokes (127-1, 127-2, 127-J 
and 127-1) with 2~ mh, r-f chokes. (These are the 
r-f chokes in the grid circuits of both 832 tubes). 

Replace the 2)1 meter hairpin tank No. 120 on 
the first 832 stage with a ten-meter coil consisting of 
12 turns of No. 14 wire %;-inch d iameter and I U· 
inches long. Connect the coupling condensers 109-1 
a nd 109- 2 four turns in from each end of the tank 
coil. If these condensers are connected to the ends 
of the coil (as they are for 2 meters) the final tube 

will have too much drive, causing the grid current 
to be several times the rated current. 

Replace the final v-.h-f tank and link with a coil 
consisting of 14 turns of No. 14 wire%: inch diameter 
and 2U inches long, spaced 3/8 inch at the center 
for the link. This link consists of S turns of No. 14 
wire %: inch diameter. Add a 5-15 µµf air padder 
condenser across the final condenser to have suffi
cient capacity to tune 11 and 10 meters. 

Use forty-meter crystals in the oscillator. The 
output of the osci llator is on 20 meters. Doubling in 
the 12A6 gives IO-meter output from this stage. 
The first 832 tube operates straight through on 10 
meters to drive the final 832 tube. We haven't tried 
eliminating the first 832A driver tube, but it migh t 
be done by link coupling between the 12A6 t.ank 
coil (No. 119) and the fi rst 832 tank coil (No. 120-
10 meter) , although it may effect the modulation 
since the screen of the 832 driver is modulated along 
with the screen and plate of the final tube. 

47 



SCR-522 ON 220 
Tm;: INTllNT OF Tl llS ARTICLE is to describe a 
quick and simple surplus conversion lo get 
you on 1he 220 me band with resulls qu i1 c re
specrable out 10 30 miles or so and dependent 
only on your antenna beyond lha l range. Based 
on alteration of the SCR-522 transmitter, it will 
be. obvious that the scheme to be described is 
equally useful in the VHF ARC-5 series. Since 
there are probably several thousand of these ven
erable clunkers outstanding today in the hands of 
amateurs across the country, it is the writer's 
hope that perhaps this discussion will result in 
more use of a fine. though neglected band. 

How II All Started 

For mnny years a 522 transmitter hnd been 
used on lhe 2 meter band here with very good 
results. (There is a rumor prevalent among the 
locals thal the location here was checked for 
altitude with an aircraft altimeter prior to pur
chase.) The exceplional performance of this 
simple gear was attributed to: I) a 10 element. 
well matched array and 2) a clear line-of-sight to 
the horizon about 35 miles away in the direction 
of Philadelphia. Once in a while speculation of 
what life was like upstairs on UHF did occur. 
but being lazy, nothing was done about trying 
the higher bands. Then one fine day a brother 
ham informed me that he was selling out. going 
to Florida, etc. Running down a neatly typed six 
page list .. I found a well known commercially 
wired 220 roe was being disposed of nt 3% 
of ham net. Protesting the unfairness of this out
rageous price, I was lucky to get away with only 
the converter. a 5 element yagi, and a set of tubes 
for the unit, and it was bui a few nights later 
when the first 220 me QSO was received. As 
I recall it was between Larry, W2NTY, and 
Mike, K2QWE, two fine operators and real reg
ulars who have done much for the band in this 
area. ·1 need not add that an intolerable itch 
developed to talk to the 10 or 12 stations in 
northern New Jersey and Long Island thnt were 
now received regularly in this period of noc
turnal eavesdropping. But the question was how. 

The Solution- Back To Fund a menta ls 

Back issues of CQ were moved to the office 
and thoroughly searched for several days. 
However, the available conslruction articles all 
involved tubes not on hand or were just more 
bother than it appeared to be worth. The prob
lem rea lly solved itself one day when the filter 
on an old receiver dried out and all that was 
heard was full wave ripple, i.e. 120 cps hum. 
But it was double the input frequency. Could it 
be applied to rf? Sure, although here the scheme 
is called push-push doubling. Al this point let 
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it be ser iously suggested thut the reader dig out 
his A R RL Handbook and read up on this subject. 
It is all there. Really nothing new or different 
is be ing set forth here save possibly how to make 
this work on VHF. 

So there you have it: apply push-push dou
bling to the final amplifier (the twin tetrode 832) 
and get on the 220 me band in a hurry. Now this 
means that final musr be excited at 110 me. But. 
remembering that the 522 originally tuned 100 
me to 156 me, this is fine. All that need be done 
is to supply a 6 me crystal and tune the rig to 
110 me indicated on all dials save the last which 
is not used. Where to get a 6 me rock? Well, a 
unit at 6112 kc was purchased from U.S. Crys
tals, Inc., La Brea Ave., Los Angeles, Cali f. It 
happened I got mine while on a business trip 
to 1bat area. However. a ny of the crystal com
panies advertised in CQ should be able to sup
ply crystals in this range, either new or surplus. 
Naturally the latter arc considerably cheaper. 
Caution: check and find out wbere the activit> 
is in your neighborhood. Around New York and 
New Jeresey e veryone seems to operate in the 
bottom 200 kc of the band, while in Philadelphia 
a common channel of 221.4 me is used. 

For those wbo musr tinker let it be said that 
the 522 works like a charm delivering power on 
110 me. The o ne here, which bMcly lights a 15 
watt bulb in normal fashion on 144 me, really 
lit up on 110 me because of the greater drive 
available. 

Another caution note. I( you have just rushed 
out and purchased a new surplus 522 transmitter 
do 1101 alter the tuning range of any of the 4 
tank circuits. Most conversions electrically band
~pread these controls. If, as is done here, it is 
desired to occasionally use the rig on 144 me 
(with an 8 me crystal ) then the full tuning range 
of these circuits must be retained. 

Now We Have To Do Some Work 

Push-push doubling involves driving the pants 
off the final 832 at I 10 me, strapping the plates 
together, and tying them to a tuned circuit 
resonant at 220 me. This is where some inven
tion was required. First, the paralleled plates 
double the 832 output cnpacity, so don't even 
bother witJ1 a conventional parallel tuned cir
cuit. There just isn'r any coil left to work with. 
But anolher expedient is available which is the 
series tuned tank. This worked and is the secret 
of success in this conversion. 

One approach to understanding this scheme 
(neglecting the load for the moment) is to view 
!he tuning capaciror, c.,., as being in series with 
the tube output capacity, Co. This series combi
narion then is adjusted to resonate with the in-



Fig. 1-0lagram of an a<ee pted series tuned circuit 
suggested by the autho r. Sec text for discussion. 

duclnnce Lat the desired frequency which is 220 
me here. Since Co in series with CT is smaller 
than either capacitance alone. the result is a coil 
which. though small. is big enough to work even 
at 220 me. 

To couple a load to this arrangement, n link 
arrangement was tried much as shown. This was 
not particularly successful probably due to the 
stray capacity introduced by the link. Anyway 
this was abandoned. The similarity of the series 
circuit to the "Pi" network was noted and the 
load applied directly across the tuning capaci
tor. A blocking capacitor of course is required 
to avoid shorting out the B-plus in the grounded 
antenna system. T he load al this station is a fairly 
well matched 75 ohm coaxial line (v.s.w.r. is 
under 1.5 to I). It was connected exactly ns 
shown and right off the bat 5 watts were devel
oped at the output. This was later increased to 
about 8 watts. 

Varying the L / C ratio seems to optimize the 
loading as would be expecled. However, the coil 
dimensions indicated resulted in reasonable oul
put so that little fiddlintt was done afterward. 
The writer prefers to opera lc. 

In the diagram are coil dimensions, etc. which 
worked here with three different 832 tubes. T he 
connec1ion T bar to lhe 832 plate leads was 
made out of the pins from an old octal socket 
and a piece of wire. It should be noted that soft 
tinned # 18 wire was used for the coil and T 
bar. It was not silver plaled though this refine
ment might help. 

Looking at the final amplifier plate compart
ment of the 522. remove the end cover plate and 
discard it. Detach the existing tank circuit plate 
lends and tic down to the butterfly capacitor so 
they are out of the way (remember that you 
may want to go on 2 meters sometime). Use 
electrical tape for this. Mount lhc new 3 plate 
tuning capacitor on the top of the compartment, 
midway between the 832 and the existing butter
Oy tank period. Wire in the coil , choke. and 
blocking capacitor to a coax fitting and the 
trunsmittcr is complele. 

One more operation is required and you will 

Fig. 2-Actual series tunod circu it applied by the 
author to his SCR-522 for operation on 220 me. C1 is 
a Cordwell capacitor cut down to a three plate variable 
with one rotor and two stator plates. Stator plate·to
plote spadng is l/16". Diameter of rotor plate, 1\',". 
Rotor is grounded.}1 .is 2 turns o~, tinned #18 wire 

'Ii doa., spoced 1 . 

be on the air. The problem is simply that the 
push-push arrangement will in practice usually 
have 110 nc drive p0wer in the output due to 
residual unbalance in the final amplifier. There
fore insert a T fitting in the output coax line and 
tic in an open ended stub which is cut to be 1/4 
wavelength at 110 me. Don't forget line phase 
velocity factor in cutting this stub. Since it is de
sired to short the output at 110 me, the stub must 
be open on the far end. At 220 me the s tub is ef
fectively out of the circuit and has no effect on 
the desired band. Considered as a filter, the stub 
blocks the odd harmonics of 110 me, i.e. 330 me. 
550 me, etc., and passes the even orders. i.e. 220 
me, 440 me, 660 me. etc. Do not operate without 
this stub in the line. ln areas where UHF TV is 
in use proper selecti9n of the transmiuer crystal 
will usually move any remaining harmonic prob
lem out from under the TV signal. 

For tuneup a f-{ea 1hkil v.s.w.r. bridge is left 
in the line as an output indicator ar all times. 
Insert a 6 me crysta I ( 6 11 2 kc used here) and 
tune for max. ind ication on a 0-1 ma meter 
connected to the 522 meter pins. This procedure 
applies to meter swi1ch positions 1. 2, and 5. 
This tunes the transmiuer up to the final grids. 
To tune the final use the v.s.w.r. bridge. Now go 
back and maximize the output on the bridge by 
trimming the low frequency stages again. You 
are now set to operate. 

Results are most gratifying considering the 
effort involved. Local range contacts are easy 
and beyond the horizon work is a function of 
your antenna. Though for from DX, this rig 
easily reaches down beyond Somerville. N. J., 
from this location (about 25 miles north of New 
York City.) 

Jn conclusion the conversion outlined will get 
you on 220 me with the least fuss. Although it 
is a cheap way and maybe a liule dirty, it works. 
Try it, and come on a good band. 
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THE SCR-522 ON 2 

Front view of SCR-522. All meters, 
controls and indicators are added 
H described in modification steps. 

Sun PLUS EQUIFMENT now available provides the 
ham interested in v.h.f. with many oppor· 
tunities to equip his station \1ith excellent 

radio gear. Before the war, crystal control on the 
v.h.f.s posed many a. problem, I.mt today this 
mny be solved by units such as the surplus SCR 
522-li42. This unit, which covers 100-156 me, is 
ideal for the amateur because of the 2-meter 
covcruge. 

For ham work, the receiver can be converted 
so that the 2-metcr band will cover ai least 70% 
or the bnndspread dial. In addition, the trans
mitter can be pretuned io four different fre
quencies in the 2-meicr band, nny of which may 
be selected automatically. A modulator and 
speech amplifier complete the unit. 

The SCR 522-542 is comprised of a transmittl'r, 
BC625A ; receiver, BC62'JA; rack and case. 

The rack has a tray which contains cables inter· 
connecting the transmitter, recciYcr, antenna. 
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power supply, control switches, several 12-volt 
d-e relays, and the chnnncl control motor and 
mechanism. Sockets and plugs connect the tray 
and the tran..qnitter and receiver. 

Because it is difficult to get plugs to connect 
cables between the power supply a.nd rack, the 
simplest method is to tnke the necessary parts 
from the rack. If I.his is done the 13-volt d-c 
reluy supply will not be needed. 

Transm itter Line-Up 
The t ransmitter consists of the following : 

6C6G, crystal osci llator; l2A6, first harmonic 
amplifier; 832, second harmonic amplifier; 832, 
power amplifier; two 12AOs, moduiator; 6SS7, 
speech amplifier; 6SS7, r-f indicator (not included 
in many units}. 

The speech amplifier is designed for a magnetic 
or low-impedance dynnmic mike. As described 
later, Lhc circuit mn.y be cnsily adapted to use a 
single-button carbon mike. Reports on the qual
ity have proved it snti~fnctory . 



The speech amplifier drives the push-pull 
12A6s that modulate the screen of the 832 har
monic amplifier aud the plates of the 832 final. 
This arn1ngemeut provides 100% moduhit ion. 

The dial controls numbered from 1 to 4 from 
the meter switch arc : No. 1- oscillator plate; 
No. 2-first harmonic amplifier plate; No. 3-
second harmonic amplifier pl:tte; No. 4- fi.nal 
amplifier plate. 

12AH7Gl 

---:::=i-i:::---~t--
tZAH7GT 

-=---i::::---,;~ 

L"fSERT iRON CORE •4• 
Al'() AtW'IRE AS 

IN'OICAT[O 

fig. 1. Circuit changes required to obtain maximum 
bandspread on the 2-meter band. The iron core is in
serted in place of the cryshl circuit as indicated in the 

before and after circuit of the 12AH7GT. 

The switch numbered from 1 to 6 connects the 
0-1 milliamrneter into different sections of the 
t ransmitter, at the same time connecting different 
shunt resistors whicl1 change the full-scale 
deflect.ion reacl.ings. 
Switch 
Po:;itfrm 
No. 1 
No. 2 
No. 3 
No. •! 
No. 5 
No. 6 

C1irrent Scale (111a) 
First harmonic amplifier plate 0-50 
Second harmonic amplifier plate 0-100 
Power amplifier pfate 0-100 
R-F indicator diode 0-1 
Power amplifier grid 0-2 
No connection 

Receiver Line-up 
As may be seen in the photo, bandspread is read 

on the National ACN dial. This is coupled to the 
25-µµf variable ca1)acitor. To the right of the 
main tuning dial is the "megacycle cont,rol," 
reading from 100 to 156 me, which cont rols the 
tracking for peak efficiency. 

A gear on the megacycle control shaft drives 
both the oscillator and r-f section variable 
capacitors. The speed ratio difference for nearly 
proper t racking of these tuning sections sets a 
2,Vs-inch pitch diameter gear for the oscillator 
section and a 2,%-inch pitch diameter gear for the 
r-f section. A Yz-inch pitch diameter gear con
nected to the megacycle dial tuning shaft com
pletes the drive. 

At the lower right is the audio control and to 
the left of it a DPDT toggle switch used to con
trol change-over relay No. 412 and the carbon 
mike voltnge. Voltage connections also are made 
to the red jewel pilot light by this swi tch in 
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"tran;;mit" position. Directly below the band
sprend dial is a male microphone connector . 

A 0-10 milliammeter (used as an S-meter) is at 
the upper left of the receiver panel. Below it is 
the squelch control. To the right of this is the 
a-c power supply control switch and the green 
jewel pilot light . 

T he 10 72" steel panel is fastened to the receiver 
wi t,h 10-32 fl at-head machine screws 1.% inches 
long with % x 172 inch spacers. Panel holes are 
drilled to mat.ch t.be threaded holes originally 
occupied by the red long-shanked screws. 

Receiver Conversion 
Conversion of the rcceh·er to pro\•ide maximum band.spread 

or th<' 2-m~t.er bond calls for only !l rew c:h:w gCt:I, llS shown. in 
Vi,;;. 1. These cnn h o made n.q d<:8C·ribed in t ho following stc;>
by·~tcp rnct.h<>d. 

11) Lo~en tho 1 Dt.us fa.stcnci~. .Place fingers into rec<'ss 
Lu.nd lcs oi rnck and Jirt th~ unit. elcnr of the 1~siso . Remove the 
J red long-sh~nkcd screws, making sure that the slider rn<>.chan
ism is nOt engaged. lf :i ch:umc.I is engaged. rele::Lo;.e it hy 
SfJUCezing t~he motor nrm:ttl,J-re uni.ii s1i.der is free. 'fh~ weight 
01 Lhc recmver and t.rnn.::;1mtlcr wall di.<;engnto the umts fro1_n 
tho rnek. 

b) \Vith tho bottom of-rce~ivcr' up and in working position. 
un.qoldcr t.he 1eud to No. 5 pin or lite 12AIIi Lube socket cou-

ucc:)d ~~3t~:h~o~=-~t«~e~~:~;c~~l~l~f ~~ ~~~uC~~;:r.~~~~0~i~:c 
four permeability tuned inductors (iron .. coro <;oil.s) tLt;cd rus 
oscill:ttor plat.e re'ionnior for crystnl t.u ned cbtmncli;i (Only one 
of t hCSC induct.Or$ is t·O be USOd in (.he pleto o.irc11i1, of t·hC' J'O• 
ccivor so the thrtc oxtra.o; urny bo used ·elsewhere.) T.oca~o 

~l~l~)~~6·~~~iJ~~1 ~~~~i~~r !i~~i~frl;te tf~~d.a~;l~~,1~~d ~~·lSh~1~~~ 
out oi the way . Solder cooneclion.s bet.ween this terminal nnd 
No. 5 pin oi 12AR7 socket~ 

d) Un.•oldor tho two wires nUnehed t.o the oilier end of the 
cbnnnel "A" inductor nnd grou.nd Lhis t er rniuul. Tho t.wo leads 
nre solder~d to~Qthc.r. taped and plnce<l clear of inducto·r "A". 

c) A 25-uuf vurii\hlo capacitor ls rnounted to receiver £rarr10 
ncnr nnd :ibove the 12AH7 tube. Connect. t.bc fixed plate ter
winnl to No. 5 pin of the 12A }!7. Seo F ig. !. 

O The next chtrngc is in the plnte circuit . Te rmin!ll No. 6 
or t.be l ~AB7 sookct. has three ltfld9 Roldered to it .. Trace each 
lend (white with broken blue stripe) t.hat l(OCS t.o the ery•t11l 
switd1. Cut the le:id nt the 12All7 terminnr nml J>Ull it out to 

!~lr1p~~it~~~ ~~~~.c~~:ifnj~~t~~a~C~~v~~t~h~,·~t1~.~~~~,1 s~,i~ch~l:~~1~ 
o.t cryst.nl terminal. ro-route throu~b hole tll tcrmino.l No. 6 of 
the 12AR7 and solder. 

g) Take the JO-contact J ones p1UJ: from the ruek nnd pre--,:;s 
i t. O\'fr th~ mn1e prong. Solder c;.onnection.'$ w c.he following 
t.crminnls: 

No. fi-12 volto n.c., No. 3-300 volts d.c., No. r.-~oo volts 
d.c. (Nos. 3 nnd U can be tied to{!;ct.her). No. 7-B minus 
(ground). No. 4, 7-Small p-m apc:iker. 

b) Ant.ennn feeder (52-ob.m coaxial cable) with bnnan" 
plur;a ntlached to the free end$ nrc plugged il\lo the •ntenn.' 
socket. (No. 2'32) ne:nr the r-£ tuning control. 

i) Set r-f and oscj1Ja.t-0r tuning control point.el'$ tio rend 
145 me. 

Scl iron-core inductor "A" sercw one thrcnd ltnlov.• surface 
nnd 6et .. C'' inductor screw to show one t.bread nbove the s ur· 
face. 'l'urn audio nnd squelch con t rols c1ockwis(~ to maximum 
sett ing:. 

j ) Alter rbecking lubes !\Jld nil conoe<>liono made. apply 
volt.'lgeB. A$ the reoei\"er re:icbe., its ope.rating poinL. hissing or 
rush noil!elevel will be heard. A '>CHk in t.bc blfistng will be found 
by turning tbc 25 -uuf CRJXt.citor from maximum to minimum . R o· 
tuna both oscilltLt.or nnd r·f conl rols. increasing pcnk or bissh•g 
levol. 

k) After locating f\ station or two, it may bo found t.bat 
part of the band is o.bove: or below- the ran.go of the 25 .. uuf 
capucitor. To correct. this, adjust the ''C" iron-core i aductor a 
lit.tic nt. a time, cit.her clockwise or counter-clockwise, checking 
the position of the tune<l carrier or station fot each 1idjustment.. 
T ho \18C or on r-r aiii:rml genernt,or will mnke tho ndju.stmonts 
much (\tlsier. By :;utting the r·f nnd oecillntor controls nt: 146 ruo. 
good coverage is obtained frocn H4.7 t.o 147 A me. Any DX 
sto.t.ion 's 5:igna.1 strcnR:lb C3n be incre..<i.sed by pcnkng the r·f 
and oe.cWator control~ on the incomi ng signal freQuency. 

Additional Receiver Improvements 
Before making addit ional changes, a pencil 

mnrk should be made on t he rotors of t he capaci-



tors in the oscillator and r-f sections with these 
sections tuned to the 2-meter band. With the 
rotors at tJ1esc settings the gears can be meshed 
o.nd locked. This will save t ime trying to adjust 
the cnpacitol'S with t he gears on. 

Cont inuing the step-by-step explnoation: 
u) Removo plu11-in <ryst.•I l\BScmbly, cuttin~ nil lend•. Re

move crvMtnl 8elct:tor s witch by tnkin~ out mount.i nj.t screws. 
b) IJsiu~ " J)1·istol sct-«Crow wrench, looocn t he 8-32 oot 

screws botwc:cn the ~lidcr mcchu.nism n.nd r-C o.,cilll\tor 3cctions. 
Remove Hlidor moohn:njsm inouuting s<'rowa. T .. irt rncc:bnniem 
up wnrd. cJcarlnu couplers . 

c) Tbo 25--uur ''nri~ble cnpacitor aud bracket nrc mounted so 
that the capacitor i• in the •Pl'ce orii;i.nally occupied by the 
ery•U.I 11$1cmbly. 1'he mounting P<lt'iuon de~nds on the type 
or diol used. 

d) Tho vArinblo oocillator nnd r·I gang capncitoni require nn 
odd ... izcd coupler. If I\ *-iuch coupler is used, it r<1quires n fow 
IJhims to conlcr t.he coui>lo.r. Ano\.her m.cLhod is to use n 5/lfl· 

::::.·~~!:~ ~r,~f~ri~~~~J:i "::!~c~d 6k !~h"t~~o~J"ti."c a;~~~: 
and the gears alrClldy described nrc mounted on t.b- estended 

enacl " 'ith tlto oocillator !ind r -f gcnrs in place. tho mei:ncyclc 
diul share. nnd Acnr a re set. into position a.nd SUflP<\rtOO by A 
brnckot rnountctl below t.b e KCDr assembly. 

f) '.l'bo nmJio and squf'loh. controls are t.rn1111rorrcd t o the 
p :mcl und rowh·od. II ~he oud10 coatrol bas no ox~cnded shnft , 
n nc'v J50·ohm control i~ subst.it.utcd. 

g) The microphone terminul is for n. single·button cn rbon 
mike. Shield grounded nnd inner \\tire conncctud to eit her 
t.crminnl No.nor No. 7 or the LS-prong connector or rnck , or to 
termlonl No. l or No. 3 nC t r-nns iormer No. LU8. Ir n. low· 
impedo.nco clynnmic microphone is to be used, crJCtnecLioos nrc 
mn<lt: to both torminnl numbcr.s u t either location . 

b) Tho l\•C.awilcb is wired to the power lrnMlormcr vrimnry 
ond to the ~recn jewel pilot li~ht Cl 10-vol~ ,. .• type). 

i) For 1mpro\•ed pe.rformnnce the 12J5 may be rcplttced 
wilb a 12All, m~kini; the following changes: 

I) Replnce the 1500-ohm resistor with a 400-<>hm re
di.8tor betl'~een pin No. 8 of the 12JS •nd around. 

2) Soeder connectiona hcLween pin N••· 4 nf the tnme 
Lui.lo nnd No. 2 lerminnl o( tra.nsforuu.ir No. :?Oft, 

3) SJ)<'11kcr output can be checked 
between ground nnd output 
trnn~former- No. 296. Terminal 
No. · li•OO ohms irn1>C<lance: 
No. 6. 300 ohms; No. 7. •1000 
ohm~. The speaker output 
t rnn)iJformer sho uld mutch one 
or 1..lu~o impcdnncos for great.a 
Ct:ft. out1>,1t. 

Transmitter Conversion 
The follo" ·ing description 

gives a step-by-step method for 
converting t h e transmitter. 
l\lechanical frequency shifting 
,,;u be drsc ribcd later. 

o.) Loosen the Diu.s fasteners and lift 
lhe rnek. rcloru1i11i: the cr-nnsmittor. Uo
~oldcr t.hc throo wires conocct.cd to tera 
rohml No. 2 of tho 12A6 modulutor tube 
soclcet. Tukc contl1luity re:.djn~ ('\'it.h 
ohmmeter, 0 10.) between e:l<'h of the three 
onsuldcred lead11 and the terminal of re-

~~~~r1\t~·r1~~:n~\0~:.j(~e ~~ ~/~~~~lJ0~bC:. 
The wire s howiui:: 1\ direct short. i::; taped 
nnd pl:acod OllC or the wl\y, T he other b\'() 
J~ 1ulis ur<i ropliwcJ in thc.ir origirml position 
und resolcicH·ecl. 

The relny iK now wi thout. n voltage 
aource, but this mtty be remcJicd by 
connecting Rll imuhued wire bci.weeu tbe 
rl"lay termiunl ond the ~o. 8 termjo:il or 
the Jone11 pluK 123·1, making n.\~4ilnble the 
13-volt d-c termim•I ii needed. 

b) If t\ 111ai;¢nctic or low·imped,:tuCe 
dyn:-,mic tyi~o rnicro·pbone is t..o be used. 
no ch~ngcs nro necessary in the u'licrc>-

c!:~11~:kc~:t'~!~:~r~~- l~~~~~ ~er~~ 
nal or the microphone tr.in.stormer and 
in it.s plnC'o connect the 3 volts or two 
Hnsblig.hl ooll.:1, grounding tlic ncitath •c. 
D i11connctL 111ic:l'uphone when n ol in use. 

and No. 123-2. Connection.s lo No. 123-1 obould be made 
aslollo..-.: 

No. 1-Sirutl~button carbon mike. 
Xo. I, 2- i'hes:e sre used if an electromagnetic or 

N:.~'f~c v°c!l~~~.00(~1: ~~.~:~::r;· ncees~sry without 
uso or ruck) . 

Conncelious to plu~ No. 12:1.2 nro: 
No. I -Minus 150 vol~ biM. 
No. 2-12.G volts o.c. 
No. 3-Plu• 300 vol~ <I.e. 
~o. 4-Plua 300 volt• d«. 
No. S-B minus or ground. 

P losr O·I rnilliummeter o.<ttou8ion into meter socket. Set 
awitcb into No. I p ositio1\ , (Noto 0- L mlllinmmcter t;hould 
be shunt.eel with ti. precisio n •JO-ohm resi!'lt.or.) 

d) Plug suiioblo orysto l into "A" socket. 
e) Wiih all counec1ions ehcckcd, the t.r:uuunitter is rendy 

for tuning. 
1..oosen tunins: control lock·nut1 until only alight pressure is 

c:ccrted on the cnm. S.,t top clmnnel slider ("A" ch!lnnel) in 
fi inch and lock hy in..,rting a piece of wood Y. x Y. x ~ inch 
anto sp:ice created by moveu'lOnt. or slider nenr crrsW selector 

c~!~~i~~~:c~~=:eli~fil ·~~~f~~~.:f rn'~~~~~ slider•• A." 
r; With UIC four dials ..,t nCAr th<> 146-mc marking, t.besc 

tuning stePS should be followed: 
Tunir.11 Control Jlda' SW Poaition 

No. ! No. I 
No. 2 No. 2 
No. 3 No. 3 

.II de- Rrodinq 
~t:t.x!!""um 

No. 4. No. :J Jvlinimunt 
g) A 6·S volt., .25 a mp. pilol, bulb wired to :m ext.ended 

2·turo coil i;houJd be mmd t.o sbow tbe point. or mn:ximutn rJ. 

J:t1~~tu.f.{~ecbJi~LJ~~;~~}8th ~ g~ygu:.Ut {-~::~.~£ "~f t};~~~nnf.ci~ 
pMks. 

h) \\1it.h t.hc ant-enna pluJutcd into thG trnns mitter. tuning 
ste ps 3 o.ncl 4 nro repeated ror antenna ton.di ng. The me te r iu 
No. 3 posltlon abould read G.& Cor oon.aorvutivo Qpcrn.tioo of Lhe 
lrnnsmittcr. 

Automatic Frequency Shifting 
The following informntion is included for those 

interested in using motor control for shifting the 
transmitter frequency. 

c) ·rtrn t.rn111m1itter should n ow b e set 

!~~ru~d~~::· t~~~~~~~na~dpj~~1~/~1.e113~1i 
Rear view of SCR-522 complete with automatic frequency mechanism 

mounled on top of lronsmiller. 
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The photo shows, above the receiver, n 7" x 19" 
panel with n 1-pole 4-posit ion switch, centered 
and to lhe leit-hand side. This switch controls 
the channel cont rol motor that selects any one of 
the four crystal frequency channels of your 
choice. 

Center<'d on t he panel is the meter switch and 
dial plAte tliat has been removed from its origirull 
place in tl1e transmitter. To the right is the 0-1 
milliammetcr that connects directly to the switch 
meter terminal. The panel is supported by two 
home-mnde"L"-sliaped angles which receive their 
rigid support by being attached to the rack, as 
described later. 

Continuing the detailed description: 
A) .. ~nae the m.c..~ so tbe &ide Lhat. controls the rccei\•er ia 

toward the front. Remove concentric pivot serew in the center 
of the shifter t rfi:Jsurm.s. This scrow is nctlr the 2·uf condenser, 
No. 401. 

b) Allow thu s pacers to dro1> out by lifting thu rnck t ray 
at 1>n •ogle. 

~rhe e:rQM..'UU\lt now can be rcmo,·ed by releasing the nrm a t 
the !hifter .6rat. t.he1r mo,ing the cross~rm into an angle so that 
Lhc key-type pivot and the alot of t.he cr001.,,rm Uut crOMCS the 
center of tho trny nre in a straight,, line. ~tovc dowownrd a.nd 
out it comes. Thia is repealed !or Uic other three crosltArms. 

c) Remove •crews that bold condenJcr No. 401. relay No. 
411-1. and pl1811-button switch No. 426 in their plac..,. llcmove 
the eight scrcwe holding top center cover plate. Pinc.a cover 
nside. The enl>lo At.tnched io tho loo~• r.omponent<t i• pressed 
out. of its position 1:10 that iti is free. 
cen~~ ~~~\1tot~1 11c~~k~;~:· ~:~nv~~1~;ld: n1c~f ~~)e~~~;hc~t<~.~rs\~~ 
bcLwttn sockeL No. 417 snd relay No. 412. With the &awing 
finished take n Ont file and file down Lhe sharp e<lgCI. 

c) Remove the t"·o sere""!. that bold the 18-coott\cL cent.er 
8otkct in plnco nnd lift as hlgh :1s p05.1ihte, tfliing t.u the side. 
The following clll\nges to be mndo will 1nuko this aockot. of no 
further use. 

() Connecllo111J to control awitch. Cut five 8-illch length• ol 
pu.•hb•ck book-up wire and solder thorn to tho five switch 
tcrmiruit. to be usod. Connect and solder tho other end• lo the 
lends st. sockcL No. 417. Check tbo numbers m.'1rkin1t each 
lcrmfonl c:ucrully to avoid mi.stake$. Numbers are nccording to 
chonnel ordc.r : 

Su:ildt Channd Socktl No. 417 
Pole No. I 
No. 1 " A" No. 4 
No. 2 "8" No. it 
No. 3 "C" No. 8 
No. •I "D" No. 9 

Solder and trtp< cnc:h lead ll8 it is unsoldered irom i .. pin num
ber. According to the type or microphone tha~ is to be used .. a. 
2-loot lengLl1 or ehicldcd sin~le or double-wire rnike cable 11 
30Jdered t.o c,hc l ci~ds from pin No. 6 und No. i or tl10 s~me 
•ocket. Another 2-loot length o( pushiJll<lk wire is connected 
and aoldered to tho lead from pin No. 17. The socket cnn now 

be~:~.~~ J~i 118;,?~'S~ef~!~~hei. for the1e new c.."bl~. Make 
•uro to tape tho cnhle at the point whcrn the Cl\blc nud " V" 
3lot. come in cont.net t.o prevent. u short nt. 3ome fuluru YnLe. 

1i1) Uemo\'C tlio two !:!Crews holdinsa; the 12-eonuict t1oeket 
No. 420 in pince, lilting hii.h enough ond tilting so n lend can 
be soldered to pin No. 11, AD unused tcrmiru1L Find terminal 
No. 8 oi No. 418-1 Jones contact plug. Follow olbtT cables to 
this point and cut, connect and solder. Now at the Jone. socket 
No. 419, uosoltlor three lends Mtllehed to terminal No. 8. ~foke 
n eontinuit.V test. bctiween en.ch lend nnd terminnl No. 2 of 
.JonC8 sockCI. No. 4 1s ... 2. The one thnl Hhowa u. eo1opl0Lo l'$hOtt 
i• re•oldctid to No.So( No. 4 l!l. Tho other two lends conneot 
to terminal No. 8 of No. 418-1. T he nddition to tho circui t 
i.& for the d-e reloy volt.•ge. 

~ockct No. •120 is Lhe scR ... 522 \'Oltnge t.ermino.1. Herc is!\ 
li!t. Of these "l'O)lUJ;tel nnd pin nmnbCf3 ror refore.nce: 

P in No. 2. 10- fligh voltage, plua :JOO volts d.c. 
" .. 1- Rins, minus lf>O volts d .c. 
" •• 3-(;round lo high vol~o. bina And low \'Oltoge.$. 
·· " 4-12.0 volui a.c. lor heal.Ont. 
" •• ll-l:J vol"' d.c. (or re ltLY• · 

If trouble it:1 cmcnunt.ercd in 1tetting 11 plug ior tbc ttockcr.. used 
in this unit the bC8t bet i.s to obtain :l U·prong plug (e:\blo type). 
Connect and 11<>lder long cable to it. then connect LO lead.\ 

toldcrcd to tho pin numhcmt accord.ins t.o vol1.&Ke connect.ion.a 

of f.}w~lrl~cu~ri!\· trny is now placed over tba transmitter. a.nd 
pressed iuto c>oo.itioa. Tho red long-eh;Lnked &crews :tre re
placc<i nnd tightened. 

i) !\ext are the unmounted relay, condenser and switch. 
Remove the t witch and condenser by cutting the l""ds naar 
the aoldered terminals. Tho lollo,.ios color coded wires should 
be soldered t,o t.be relay torminals: brown nud brown with rod 
8t.ripc tc> coil ; black to rnoving conttLcL arm, nnd blnck with 
brown stripa to fixed cootnr.t. 

The relay is mo11J1te<I beneath the rack trar neor its original 
position. A 6-32 X-inch acrow witb waaher ,. p-....ed through 
the open hole lormeriy occupied_ by tbe red acrew. Tbe ttl.t.y 
ie brought. to this acrew, l\nd is tight.ened into poeition. The 
other l.wo free wir08 are out ahorter and taped t.o tbc cable. 

j ) The meter •witch p0inter is removed; tho switch nut 
is looeened .00 removed . Remove two acret1i'8 near the meter 

r.:fr ~01t:~v:wi~~~t.t~0~-;:r;r:~~:·:.~.~ 8Yl-= 
lenglha ol hook-up wire. 

the~~~~~ ~~{;J1i~.~~:~l:fc~:du~~ ~b~~~ f>~~~11~L~h~k~~~5 U~ 
tolder all leads attached to the s,.;tcb. Connect And •older tho 
e:uenoion leads to eseb cable ,.ire. Tepe and guide the leada 
through 'ho o~n section ol the tran.rmitt.er nes_r tuning co:otrob 
to the othe.r side. 

Now check each )cud 'lccording to circuit drnwinr; and re· 
eolder LO Lho meter •witch. Two additional lend• nre soldered 
t..o tho terminitls on tb" 11wlt<lh occupied by tho meter plug 
cont.act _J?i1UJ, 

k) 1 be panel "L"-anglo aupporta altaehe<I to t.he bottom ol 
tho rock tray are held in pince by a ac:rew and nuL •L the hol"" 
lormcrl~· u&ed by the receiver long-<1bonked scroWl!. One of tho 
angles is plnced beLween Hie rclny No. 411-l nnd trsy. T o 

!~~~f ~~1:rr~:::}~hr:~~ "¥f~ C!~~c :;~~"l~t;~~~nl~:~!~ 
ehould reol on and lino up with the back ead of the recei"er 
frame. 

'rbc pnnol is fJet on top .or the receiver puncl 1rnd kept ua 
st.rni~hL ttR r>oasiblc ao thnr.. tbe mensur~monta between tbo 
panel and the holes and mnrking for the anfe.le& l\ro accurate. 

The •hort end of tho angle is ouo drilled nt this time. The 
&ogles are placed into their p0eitiono with the ahorl end of the 
••t" up,..,.rd. The panel is again corTeCtly placed against tho 
angles. n ac:ribtr is used to mruk the position of the holes on the 
:panel. A hole accord.ini:: to the siz.e of the fl&t screw used is 
drilled nL t.l1is mark through the pnneL It is then countersunk 
ao tbnl tho bend is at panel love!. 

I) Wilh tho lraooinlltor and reeeivcr "" thoy are. po,.·er 
cable connections for U10 receiver are to be mo.de. Jones socket. 

~~~o~~\\~~~0i.i':d:m~~~.~"1o~ ~~·.t,~~~~r !\'~ r:,';< ::i~ 
Encb lctLd l• coonected nnd eoldcre~ to the sumo number ter
minal of tho plug and aocket. The numbers and their uses are: 

l\o. 3-300 volts 8 plus: No. 5-300 voll6 D plua; No. 7-
B minus (abielcb); No. 8-13 ••olla a.c. 

'!'be exposed ~rminalo o( the plu11, and aockct.a con be coYettd 
-with tnpo forming an inaulntion np.1nst posF.iblo nhorta. Mi\ko 
en.bJc conueot.ions betwoon t.110 1u11 ta, 

m) Tho lcotl from No. 17 o r socket No. 417 ia now wired to 
t.ho OPDT switch. 

n) The shielded miko ICAd is now connected and aoldere<I to 
i .. terminal. If a carbon mike is uaod, Lbe DPDT switch oa 
••transmit." completes the mike circuit to ground. 

o) Tho transmitter p•nel is now complet.ed b)' mounting 

!~~t~W1ertf~~tr':i:~~ c8t!:i1~~1~1 !~~tcb1~~!~ ~iit.J,:"·m~~o~ 
mou·.ted trnd connee\.loos bet.ween tCe rnete.r awitoh And meter 
are completed. The panel i• romounled to augl"8 and the unit 
is ready !or a recheck in tuning as described onrlior. 

p) Tho ohnnnel switchinK rnoter always chan~ee the chan
nels accord ing to the A-ll-C;O rotation, or oub•lltute 1-2-3-1. 
EJ<ninplo: Unit is tuned to cbnonel "A" or No. I. Dy changing 
awitc:h to channel ··o" or No. 4. Lhe motor will ahift t.hroqli 
channels "8" and"C" bclore otoppini; on Channel "D" !No. 4). 

To gel b""L r"'5Ults from the mechanism. do not adjust ii 
unl~ you hn.ve bad provious experience with auch a unit.. 

Power Requirements 
The SCR-522 unit as a whole requires the fol-

lowing voltages and currents: 
310 volts, 230 mn. d.c., high voltage. 
150 volts, 8 ma d.c., bins voltage. 
12.(i volts, 3.5 amp. a.c., heater voltage. 
13 volts, 0.5 nmp. d.c., relay nnd motor voltage. 
A full-wave selenium or copper-oxide rectifier 

and a 20-volt a-c source are used to supply d.c. 
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() 1•1~Il1\.'l,I () N lll~lllJil.J): 

THE BC-669 

I
F Shakespeare had been a radio amateur. ~c 

might have originated the oft' heard expres
sion. "To bu ild, or not to bui ld ... that is the 

question." To the Novice, or other amateur who 
is faced with the problem of building or buying 

~ ·. h 
~~ ~I 

Front view of the BC-669. The upper deck contoins 
the transmi t-fer ond receiver and lhe lower deck 
houses the modulotor ond speak er. 
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his station equipment. this question may seem as 
though it has no completely satisfactory answer. 
Afte r listening to the pros a nd cons on this argu
ment, the average ha m will probably agree tha t 
!here i1re as many good reasons for bui lding as 
there ~·re for bu)•ing. Whateve r choice he makes 
will depend upo n how much he is inl1uenced by 
such factors as economy, pride in appearance, 
operating convenience. pride in accomplishment , 
and superior design. 

As a compro mise solu tion to obtain station 
equipment which offers most of these advan
tages. 1 suggest reb11ildi11g surplus gear similar to 
the BC-669. The BC-669 is a well-designed 
M arine / Mobile radiotelephone Transmitter / Re· 
ceivcr which can be obtained for less than $30. 
In my o pinion. this is one of the best buys that 
has come over the surp lus horizon since surplus 
sa les bec;imc a nat ional pastime. Witb a mini· 
mum of effort on the pa rt of the rebuilde r. the 
BC-669 will 1>rovide operating convenience 
which is almos t impossible to beat; namely, 
single control push-to-talk phone o peration, the 
snappiest break-in c.w. operation you'll ever see, 
a nd instantaneous QSY to any o ne o [ six prc
tuned freque nc ies . 

In s pi1e of it s low price (l think somebody 
goo fed). the BC-669 is a man-s ized hunk of 
i;cnr. IL comes equipped with band ks so that two 
men and a boy ( the boy is needed for carrying 
the separate power supply) can move this versa
tile station outdoors for operation from a field 
day location, boat, or summer pa tio. Because the 
transmitter is crystal controlled and can be 



operated at a cool 7 5 wau s input, the rig makes 
an ideal Novice station. For ha ms other than 
Novices. the BC-669 can be operated at 100 
waits in~llll nnd makes a dandy second station 
for net operation or loca l round-table ragchews 
when higher power is a dead waste. In an emer
gency, when your rull . or h-al f-gallon rig springs 
a leak. you can sti II cover several hundred miles 
with th is rig which runs at lioth of a gallon. 
Pretty good mi le;ogc, wot? 

Evaluation Check 
When the DC-669 was unpacked and set up on 

the work bench. an evaluation check was made 
to determine what it was des igned to do. what 
wits needed to make it do it . and wbat could be 
done to improve ii. Here's the list : 

I. It can receive and transmit phone signals 
only. 

2. The operating frequency range is 1600-
4500 kc. 

3. lt permits instontnncous QSY to nny o f 
six pretuned crysta l frequencies. 

4. The rece iver may be ei ther crystal con
trolled or continuously wned over 2 bands. 

5. It needs a power supply. a carbon micro
pbone, and a whip antenna to bring it to 
life. 

6. It can be improved by modifying the : 
a. a111e1111(1 system to allow use of more 

efficient antenna. 
b. receii'er to permit reception of c.w. and 

s.s.b. 
c. trans111i11er to provide a choice of c.w. 

or phone. 
d. modulator to permi t use of a dynamic 

o r crystal mike. 

The discerning reader wi ll note that al l the 
major components of practically every n1dio 
station are listed here f:or construction or modi
fication. This fact gave the OM an idea. Why no t 
let the junior operator, WV2FDZ, who was 
studying for bis General license exam, do the 
actual rebuilding and let experience do the 
teaching? And so "Operation Rebuild" was born. 

Pion of Attack 
The OM and the JO (junior operator) held a 

briefing in the war room (basement wor kshop). 
and it was agreed that Phase I, the construction 
of the power supply, would be the first s tep in 
our plan of attack. The other phases, involving 
improvements to the antenna, modulator. re
cei\•er, and transmitter could be accomplished in 
any order. These phases. like mopping-up opera
tions. would depend upon the successful comple
tion of Phase I. After complecing Phase I and 
ap plying power to the set, the need for the other 
phases would be more apparent. 

Detailed plans for ertcli phase of "Operation 
Rebuild" were laid out by the OM. The actual 
rebuilding was performed by the 16 year-old JO. 
Because the JO was studying radio theory in 
preparation for bis General l icense exam, prac-

tical experience in ci rcui t tracing and rebui lding 
was combined with a course on rndio theory 
fundamentals. D11ring each phase of operations, 
the JO was encournged to ask questions when
ever some point w;1s not understood. 

Description of the BC-669 

In any mili tary operation, it"s standard oper
ating procedure to become familiar wit h the 
fea tures of the terrain before mounti ng an 
a nack. Jn the same way, before assault ing the 
BC-669 with na me thrower and machine gun; 
oops, l mean, so ldering gun and drill , it's a good 
idea to become fa miliar with the arrangement 
a nd location of che va rious components. 

The entire uni t, with the except ion of the 
power s upply, is contained within a sturdy metal 
cabinet measuring I 'Y-\' by I !12 ' by I'. T his is 
a bout the same size as two HQ-170's stacked one 
on top of the other. The power supply is con
structed on a separate chassis and delivers the 
required voltages through a six-conductor power 
cable. After the power supply is hooked up to the 
unit. the BC-669 is readv to !!O on radiotele
phone by merely pluggfng in~ a push-to -talk 
carbon mike and connecting ;1 short wire to the 
antenna binding post. 

A pair of snap clamps on each s ide of the 
cabinet permit the upper half of the cabinet to 
be separated from the lowe r ha lf. This: double 
deck arrangement grea tly facilitates the 1rebuild
ing operations. The oscillator and power ampli
fier stages of the transmitter and the seven-tube 
superheterodync rece iver occupy the upper deck 
and the speech a mplifier. modulator, and loud
speaker are mounted on the lower deck. As 
shown in the block diagram, fig. J. the receiver 
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fig. 1-Block diagram of the receiver portion of 

the BC-669. 

incorporates one srnge of r_f_ amplification, a 
separa te mixer and high frequency oscillator, 
one stage of 385 kc i..f. amplification. a noise 
li miter, and a diode detector fol lowed by two 
stages of audio amplification. 

The locHI oscillator of .rhe receiver may be 
tuned continuo us ly over 2 bnnds or crysrn l con
trolled on one of 6 freq uencies. (Controlled by 
the transmi tler frequency selector SIVitch) T he 
receiver bandswitch therefore has 4 positions, 
Crystal I, Manual I, C rystal 2, Manual 2. 



The transmitter, fig. 2 uses a 6L6 Pierce 
oscillator circuit which incorporates a six-posi
tion crystal selector switch. The oscillator drives 
the final stage consisting of parallel 807's. The 

Fig. 2-Block diagra m al the tra n1mitter sccti<>n of 
the BC-669. 

transmitter outpu t ci rcuit is designed to feed a 
whip or shon wire antenna. Pretuned adjust
ments are provided 10 permit split-second QSY 
to any one of six crystal-controlled frequencies 
by merely flipping an OPERATION CHANN!lL 
switch. 

A carbon mike feeds a 12J 5 speech am plifier. 
which in turn d ri ves the four 6L6 modulator 
tubes hooked up in push-pull parallel. 

Power Supply 
The BC-669 will operate from any power 

supply which can deliver the following voltages: 
12.6 volts at 5 amperes for the tube filament s, 
250 volts d.c. at I 00 ma for the receiver plate 
supply, 400 to 500 volts d.c. at 300 ma for the 
trnnsmit1er plate supply, and l I 5 volts n.c. for 
the TRANSMIT-REC EIVE relay. 

The power supply which supplies all of the 
needed voltages was cons! ructed on a mctnl 
chassis measuring abou1 12" by 8" by 2". Actu
ally two separate power supp lies were buih on 
the same cha~sis; a low vohage unil for 1he 
receiver, and a high voh age un it for 1hc trnns-

miller. The schematic diagram of this dual 
power supply is shown in fig. 3. 

Conventional circuitry found in any hand
book is used, including capacitive input filtering, 
10 provide adequate elimination of hum in both 
receiver and transmitter power supply units. 

Control Circuits 
The ON-OFF switch on the power supply 

chassis turns the receiver on and applies filament 
voltage to the transmiuer. The STANDBY-ON 

switch on the power supply permits the trans
miuer high voltage to be turned off during pro
longed listening periods. or when making adjust
ments inside the transmit1cr. This STANDBY-ON 
switch can be used as a manual TRANSMIT

RECEJVE (T-R) control during phone operation 
if the microphone is not equipped with a push-
10-talk ( p.t.t.) switch. Normally, automatic T-R 
control is performed by 1he p.t.I. microphone 
switch. Closing the microphone switch energizes 
1he d.c. relay RY,. When energized, relay RY, 
npplies 115 volts n.c. to the T-R relay RY, 
which then performs three functions: the 
antenna is automatically switched from the 
receiver to the t ransmi1ter, tbe t ransmitter is 
activated by the closing of the r.f. cathode line. 
:ind the receiver is instanlly desensitized. 

During p.t.t. phone operation, the high voltage 
is applied 10 the modulator tubes through a set 
o f relay contacts on relay RY:. These conwcr;. 
were originally used to control the sidetonc 
circui t but since sidetonc is ;1bout as useful as an 
8 hand led broom, the remova l o f this feature 
inlrod uced no hardship. Simply disconnect the 
blue lead and the green (shielded) lead on relay 
RY" and connect a pair o f leads from these relay 
contacts 10 pin 7 of the power input socket and 
the high voltage line which normally would be 
connected ro pin 7. Figure 4 shows the conncc-
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fig. 3- Diogrom of a suitoble 
power supply to be used with the 
BC·669. The originol un;t was 
used oi o morine/mobi le installo· 
lion 011d was powered by a 

dynomotor. 

c,-2 ml, 1,000 v. 
Cr-4 ml, t ,000 v. 
Cr-4 ml, t ,000 v. 

C,, Cs. C,-10 ml, 
450 v. 

t,-5 / 25 h, 300 
ma. 

lr-8 h, 300 mo. 
t,--15 h, 100 mo. 
L.-15 h, 100 ma. 



lions to relay RY .. When relay RY, is de-encr· 
gized by releasing the push-to-talk mike switch, 
the modulator high voltage is automatically 
removed. 

Fig. 4-Connections mode lo provide pu1h·to·tolk 
operation. The fint set of wires on Ri, (sideh>ne} are 
removed and o new set of wires ore inserted in 
sori"s wilh lhe +a line. Se" fig. 5 for socket 

connections. 

Power Cable Connections 
To connect the voltages to the unit, it wus 

first necessary to remove the odd-ball multi-pin 
power input socket ( lower right corner of panel) 
and replace it with a common octal socket. The 
octal socket and the associated power cable were 
then wired ns shown in fig. 5. If your BC-669 is 

s. R,.. Rn 
250K IK 

~LS1 •en 

R,o 
r 8ml 

lK . Cu 
140mf 

-!- l2V 
NC 

115V lzsov :!COii usv 
AC />I; DC NC oc AC I OtlOI 

Sod< .. I 2 3 4 5 6 7 8 

I °'~ PL·2So<Mt A B•G - E L - M I( 

Fig. 5-The original input power connector i, re
moved and replaced with on octal socket. The con· 
nection inlerchonge Is shown in the chart obove. 

"bugfree." that is, no defective tubes or compo
nents, the receiver should come to life as soon as 
the power cable is connected and the ON-OFF 
switch turned on. 

Temporary Carbon Microphone 
Connedions 

To save time in testing out transmitter opera
tion, an ordinary carbon mike jack (ring-tip
slceve) was temporarily installed on the lower 
left corner of lhe panel. Short jumper wires were 
used to connect the ring, tip, and sleeve terminals 
of the microphone jack to the appropriate 
B(red), C(shielded), and D(black) leads on the 
multi-pin socket PL. located about one inch 
away. These jumpered connections are shown in 
fig. 6. When you are ready to make the change 
from carbon mike to dynamic or crystal mike. 
the carbon mike jack can be removed and a mike 
jack to fit your favorite microphone can be 
mounted in the same spot. 

i zzo 

R.., Ro 

J:)K $ 1( 

i~ 
R., 

40K 
•c10 Jc., ts,. r<!Qml 8 ml 

~ 

lol, 0·1-

Modulator tireuit prior to modification, A •peech amplifier (fig. 7) is added to permit the use of a low 
level microphone. 
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fig. 6 - To temporarily IHI the unit with o carbon 
mike a three circuit jock is installed and wired os 

$hown. 

Modulator and Speech Amplifier 
Improvements 

When the power was first applied to the 
transmitter. the static modulato r plate current 
zoomed up past the 300 ma mark on the meter. 
To reduce this heavy drain on the power supply) 
which was groaning under the load like a cub 
scout with his overnight camping gea r. a 22.5 
volt bias bnuery was inse rted in the grid circuit 
of the modulmor stage. T his was accomplished 
by opening the lead connecting the center-lap of 
the driver transformer 1'11 to ground. A black 
insula ted wire from C minus of the bias bauery, 
was connected to the center-tap and :1 red insu
laced lead from C plus of the bauery wus con
nected 10 the chassis ground connection. With 
this fixed bias class AD $ystcm. sta t ic modulator 
current s t:iys around 10 ma and shoots up to 150 
ma on voice peaks for 100 percent modulation. 
To achieve 100 percent modulation it was neces· 
sary to increase the screen voltage on the 
modulator tubes 10 250 vol ts by shunting the 
screen resistor with a I OK 5 wall rcsiscor. 

The above rearrangements up~et the rather 
complicated system used to derive the carbon 
mike vollagc. Since it was necessary to modify 
the mike circuit anyway. lhe entire speech ampli
fier circuit was rewired lo include n rcsislance 
coupled 12SJ7. The circuit is shown in fig. 7 and 
provides plenty o f gain for either crysial or high 
impedance dynamic microphone. The socket for 
the spare filler unit ( localed on the lower deck 
nex l 10 the SIOETON!! voa,uME control) was 
removed and replaced by an octal socket. The 
1215 tuhc was plugged in to lhis sockcl and wired 
up as the inlermediale audio ampli fier stage. The 
sidctone volume control. R.,. was rewired to 

Fig . 7-·Spooch amptifior added to tho o•isting 6L6 
modulator. Tl1 0 sidetonc pot., Rs3, is u•cd os tho 
volume (ontrol for the $pocch ompliriur. See text 

for f ull modifico tion. 

,..,, 
12J~ 

I;;';'" ("o>,_,;.-......-+.I iE .,,. .... 

O•+--_._ _____ _, 

operalc in the grid circuit of the I 2J 5 where it 
conirols the volume of 1he speech amplifier. The 
12517 preamplifier tube was 1hen plugged into 
1he socket originally used by 1he 1215. and the 
socket wiring was changed accordingly. The 
carbon mike jack was removed and a shielded 
2-pin 1ype mike jack was installed in its place. 

Antenna Modifications 
The BC-669 incorporates an adjusiable 

antenna loading coil which is designed to load up 
any random length of wire less than a quar1cr 
wavelength. This is fine for mobile or marine use 
where the antenna length mus1, for pr;1ctic:il 
purposes, be short. For more efficient opcraiion. 
a regula r double! antenna using coaxia l cable 
1ransmission line can be used. To simplify con
nec1ion to the coax 1ransmission line, ti regular 
S0-239 coax filling was installed a1 the top 
center of the 1ransmitter in place of the original 
anlenaa binding post . 

The loading coil L, was c n1i rely shorted ou1 
o f the circuit by placing the s liding ta ps (one for 
each of 1he six pretuned cha nnels) as fo r up o n 
the coil as lhcy can be pushed. These s liding taps 
on the loading coil are accessible lhro ugh the 
door on the upper left of lhe panel. The sliding 
1aps on 1he lower end of 1hc pla1e coil I.. were 
used to match lhe low impeda nce of 1 he coaxial 
line. For 50-ohm coaxial line. 1he proper impe
dance lap for 1he 75 mc1er band was found lo be 
about 1he second 111rn from 1hc grounded end. 

o:~~ 
~ Meter 

fig. 8 - Antenno loading modifications mode lo the 
BC-669 using 50 ohm coaxial transmission lino. 

The skeich in fig. 8 shows the arrangement to 
modify 1hc antenna loading system for coupling 
to a coaxial 1ransmission line. 

Modifying the Re,eiver for ,.w. 
Reception 

Because my model of the BC-6<>9 was 
designed for radiotelepho ne use only, both 1he 
receiver a nd 1he 1ransmi11cr had to be modified 
10 permi1 c.w. opera tion. All 1he receiver needed 
was !he insrnllation of a h.f.o. 

A surplus hJ.o. 11ni1 designed for use wi1h 1 he 
BC-342 receiver was ohtuined. T his h.f.o. unit 
con,ists of a -155 kc uscill:110r circui1 compai.:1ly 
in\ talkd I f>C5 tube and all) in an a luminum 
L-,hapcd box measuring approximately 2 X 2 X 3 
inches. The cxiernal conlro ls on the bJ.o. consis1 
of an ON-OFF toggle swi tch. P ITCB con1rol knob. 
and screwdriver-adjusled lllning capaci1or. To 
get !he b.f.o. percolaling requires only 1hc appli -
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Circuir of the transmitter and receiver prior to modificotton. In th e tronsmitler, 6 crystals in the oscillotor 
permit instant QSY. The fina l and antenna tuning circuits o re pretuned and selected by the some switch. 
The rece4ver is o 2 bond iob of conventional design with no provisions for c.w. reception. The receiver 

may also be crystal controlled os ••plained in the to.I. 

cat ion of B plus ( I 50 to 200 volts) a nd fila ment 
vo ltage (6.3 vo lts). Because o f its size and shap.;, 
the b.f.o. un it could not be convcnicnlly loca ted 
with its controls on the front panel of the 
BC-669. Instead. the unit was installed below 
the receiver chassis close to the 6H6 (det ) and 
6K6 (a. f. amp) tube sockc1s to which the b.f.o. 
wiring leads arc connccicd. 

Before install ing the b.f.o. unit. the 455 kc 

Underchouis view of the 

BC.669 showing the po<i· 
lion or the L shaped cltaS· 

sis housing the b.f.o, Be. 
c:ovse of its configurolio n 
the controls hod to bo 
mov nted on the s ide of 

the cabinet. 

osci llalor frequency was reduced to 385 kc by 
connecting a JOO mmf postuge swmp-type mica 
capacito r acr<>ss the adj usta ble tu ning capacitor 
in the b.f.o. After making this change, the b.f.o. 
variable capacitor tuned to 385 kc at about half 
of maximum capacity. The installation of the 
b.f..1. unit as described. places the c.w .. ON-OFF 
a nd rtTCH controls on the right sic.Jc panel of the 
BC-669. 
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The wiring connections to the b.C.o. involve 
five leads as shown in fig. 9. Be sure to scrape the 
fungus-proofing varnish from the terminals and 
tube socket pins to which the b.f.o. leads are 
connected. The B minus lead is connected to a 

12V 

L-Shoped Shieldtd So~ 
Cc.n:olni"9 o 6C5 Tubt And 

385 Kc 8.FA Che.vii 

Fig. 9-The oddition of o b.f.o. wos required to 
copy c.w. A solvaged b.f.o. from o BC-342 wos used 
hero and is connected with only 4 wires. The 8C·342 
b.f.o. frequency wos changed from 455 kc to tho 
8C-669's i.f. of 385 kc by poralleling a 100 mmf 
capacitor with the b .f.o. tuning capacitor. Soc text. 

chassis ground Jug, the B plus lead is connected 
through a !OK, 1 watt voltage dropping resistor 
to pin 4 of the 6K6 tube socket. To provide the 
required 300 ma filament current to the 6C5 
b.f.o. tube and the necessary 400 ma filament to 
the 6K6 tube, the 15 ohm resistor (R,,) was 
removed and replaced with a 60 ohm wire wound 
resistor. The filament leads of the 6C5 b.f.o. 
tube were then connected across this 60 ohm 
shunt resistor. 

Removing A.V.C. During C.W. 
Reception 

When the b.f.o. is turned on, it is necessary to 
short out the a.v.c. circuit. Otherwise, tbc b.f.o. 
signal being inserted into the diode detector, will 
develop a high a.v.c. voltage which noticeably 
reduces the sensitivity of the re1:eiver. 

An a.v.c. ON-OFF toggle switch (s.p.s.t. type) 
was installed on the right side panel of the set 
next to the b.f.o. ON-OFF switch. One terminal of 
the a.v.c. switch was connected to chassis 
ground, the other terminal was connected to the 
junction of capacitor Cu and resistor R ... 
These circuit components are in the a.v.c. line 
and are located on the terminal strip about one 
inch from the edge of tbe b.f.o. shielded box. 

Modifying the Transmitter for C.W. 
Operation 

Two changes were made to modify the trans-

miuer for c.w. operation. A PHON E·C.W. switch 
was installed and a couple of keying jacks were 
mounted on the set. Why two keying jacks? Well, 
it won't help you to send twice as fast but there 
is a good reason as you will learn. 

The PHONE-C.w. switch is a d .p.d.L type which 
is installed at the lower right corner of the unit 
just below tbe meter switch. When- the rHoNE

c.w. switch is in the c .w. position, the B plus lead 
to the modulator is opened and deactivates this 
stage. At the same time, other contacts on the 

To 
M-Odu!ator 

?lctu 

0 

Fig. 10-The addition of o PHONE/cw switch. 

switch short circuit the modulator transformer 
secondary. Figure 10 shows the arrangement of 
this switch. 

Break-in Keying. Connections 
One of the two keying jacks is located at the 

lower left corner of the front panel. This jack is 
an open-circuit type with one tem1inal grounded 
to the front panel. The ungrounded terminal of 
this jack is connected by means of a short jumper 
wire to the ring-terminal of the microphone jack 
which is only a few inches away. 

When this break-in keying jack is used, clos
ing the key will automatically switch the antenna 
from the receiver to the transmitter, and desen
sitize the receiver so that it will be instantly 
activated when the key is opened. Superior c.w. 
break-in operation is achieved and recovery time 
of the receiver is so good that you will hear the 

r----__,,_,.J~i,~r 
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Circuit 
Joe.~ 

~ 

Fig. 11- Brcak-in key jack. 

other station between your own dots and dashes. 
Figure f1 shows \he simple jumpered connection 
for the break-in keying jack. 



R68 
20 

R73 
15K 

Y50 
• CRYSTAL 

T UNl1 
.,.. 

Transmitters 

ARC-S'S 

GO 
DSB 

R76 
20 

i 
K·54 
XMTTR 
OUTPUT 
RELAY 

Fig. 1-Unmodified cir<uit of the BC 458A. (5.3 to 7 . me) 
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Fig . 2-Circuit of the command transmitter ofter modification. 

Herc is a different approacJ1 to double side
band conversion of Comm:rnd Transmitters 
from those previously proposed. This method 
was used with good success on both the A.RC-5 
and BC series of transmitters after difficulty 
was encountered in trying to convert them to 
operate as high-level balanced modulators. 

Modulotors 

J nstead of connecting the I 625's as a bal
anced modulator, they were left connected in 
a normal fashion and operated as a linear 
amplifier. A low level balanced modulator using 
two 6V6 tubes was added on the back of the 
chassis in the sockets formally occupied by the 
tuning eye tube and crystal. The added modu
lator was then used to drive the linear amplifier. 
This method resulted in much improved opera
tion since the low-level stage tended to act as a 
buffer s tage between the oscillator and high
level stage. Previous attempts at trying to drive 
a high-level modulator with the existing oscilla
tor in the transmitter had resulted in frequency 
modulation. Also the added tuned circuits of 
the linear amplifier gave increase harmonic re
duction over the high-level modulator. 

Conversion 

The conversion is not too difficult and may 
be completed in a couple of evenings by the 
use of the before and after schematic diagrams. 
The I 625's and the 1626 filaments may be 
hooked in parallel and the 6V6's in series for 
l 2-volt operat ion. The old plug on the· back of 
the transmiller may be removed and an octal 
plug installed. 

The two leads that formally ran to the grids 
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of the 1625's and the neutralizing condenser 
should be re-routed to run to the sockets on 
the back. Pins 5 and 6 on each socket may be 
utilized to hold the 470 mmf blocking capaci
tors. The JO k balancing pot may be mounted 
on the side or back of the chassis and the grid 
resistors run from pin 5 of the sockets to each 
side of the control. On the accompanying photo· 
graphs, this pot is shown pointing out the bot
tom (since the author's arrangement utilized 
the standard rack for the transmitter). 

Push-pull audio may be brought in the back 
plug and connected to the screens of the 6V6's. 
Each screen should be by-passed for rf with a 
470 mmf condenser. 

The plates of the 6V6's may be hooked in 
parallel and connected to the added tuned cir
cuit. This coil may be added in ihe space be
tween the I 625's and the oscillator tuning ca
pacitor. The photos show the mounting detail 
of these components. On BC models of the 
Command Transmitters, it will be necessary to 
remount the final by-pass condenser on top of 
the chassis to make room for this coil. This 
coil should resonate in the center of the ama
teur band. 

The grief circuit is changed slightly from the 
old Command Transmitter circuit to improve 
parasitic suppression. The old grid lead should 
be moved from pin 4 to pin 5 of each of the 
1625's. The 47 ohm resistors may then be added 
between pins 4 and 5. The coupling capacitor 
may be hooked from the top of the tuned cir
cuit to the bus wire. A small rf choke may be 
added from pin 2 of one of the I 625's to the 
bus wire to bring in grid bias. This completes 
the DSB conversion part of the transmitter. 
Relay and control circuits may be modified or 
added as needed. 
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Fig. 3-Circuit of the speech a mplifier and modulolor. 

A schematic diagram of the speech amplifier 
used is shown but no construc tional details are 
given. If good construction prac tice is followed 
in bui lding it, no difficulty should be encoun
tered. A tune-operate switch is provided so that 
carrier might be inserted to tune lhe transmitter 
up. The "Tune" position of the tune-operate 
switch will also provide amplitude modulation. 

Power Supplies 

A word should be said here about power 
supplies. K9DBO's axiom in March 1959 CQ 
applies here also (quote) "Good signals re
quire good power supplies." The voltage applied 
to the oscillator should be well regulated by the 
use of series YR tubes. For best results, separate 
regulator tubes should be used for the 1625 
screens and the oscillator; although a common 
regulated source did provide a satisfactory op
eration. The plate voltage may be anythi°ng 
from 300 to 750 volts. The ARRL H andbook 
may be consulted for the correct bias voltage 
for linear operation of the J 625's. 

Tune Up 

Initial tune-up procedure is not too difficult 
but docs require the use of a scope and prefer
ably an audio oscillator. The scope should be 
connected to provide a two-tone test pattern. 
The transmitter should be loaded into a dummy 
load in the tune position and the added slug
tuned coil adjusted for maximum power output 
or cathode current. T he tune-operate switch 
should be thrown to the operate position and 
a 400-1000 cycle audio note applied lo the 
sp')cch ampl ifier. T he balance potentiometer 
should be adjusted until allernate lobes o n the 
two-tone test pauern have equal amplitude. If 
an audio oscillator is not available, an alternate 
tune-up procedure is to couple the scope pickup 
loop tightly to the final tank. Turn the audio 
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control to minimum and apply voltage to the 
transmitter. If the scope has good sensitivity, a 
small amount of carrier wi ll appear as the bal
ance control is rotated to either extreme. T he 
balance control should be set for minimum car
rier amplitude on the scope. 

This completes the initial tune up. The trans
mitter should now be loaded into an an tenna 
and the scope pattern watched as you speak 
into the microphone. Only the higher voice 
peaks should tend to be clipped or limited in 
the final. If heavy clipping is present, the drive 
to the final should be reduced by detuning the 
slug-tuned coil between the modulator and 
fi nal ( this might bother some of the purists, but 
it works) . Heavy loading should be used on 
the final. If low-plate voltages (300-500 vol ts) 
are used, you might have to add another link 
to the final coi l. This can consist of two or 
three turns of wire wrapped tightly around the 
bottom of the plate tank coil. If oscillations are 
present in the final, it might be necessary to 
add another .02 mmf by-pass condenser on the 
bottom of the plate tank. This condenser may 
be soldered in parallel with the remounted con
denser that was originally in the transmitter. 
Additional screen by-passing may also be neces
sary. T he parasitic a nd oscillation problem 
seems to vary from transmi tter to transmi tter. 

You are ' now ready to get on the air and 
enjoy the advantages of sideband. True, most 
s tat ions wi ll receive you as a single sideband 
station and this gives you a 3 dh disadvantage 
compared to a single sideband station of equal 
power. But, at least , you have gotten rid of the 
chief heterodyne cause, the carrier. Most of the 
s ideband boys will not know you are transmit
ting both sidebands unless you tell them. Sta
tions as far as 1200 miles away were worked 
wi th the converted transmitters running a peak 
power of only 35 watts. So if you have been 
looking for a cheap way to inves tigate this side
band business, here it is. 



THE ARC-5 
AS A LINEAR 

We got a fine publication from the Central 
Kansas Radio Club which has a conversion 
of the ARC-5 transmitter to a single band 
linear amplifier. While we haven' t tried it out 
it should work well and add some more power 
to any station at little cost. Essentially they 
use the I 625's as before but change the 1629 
and crystal to VR-150's , by rewir ing, and 
thereby hold the 1625 screens to 300 volts. 
The lower terminal of T-53 (oscillator trans
former) is removed from C-62 and brought 
out for bias. Bias is supplied by a pre-amp 
power transformer a selenium rectifier, a 40 
mfd J 50 volt capacitor and a 30K potentio
meter for adjustment. The 1626 oscillator is 
removed from its socket and R-73 cut out. 
A coaxial line, with the shield grounded, is 
connected to T -53 for signal input. Bypass the 
1625 cathodes and filament with 0.0 I mfd disc 

condensers, add a closed circuit jack for meter
ing. T he connection from R-74 and C-58C to 
the ccntcrtap of T -53 secondary is also re
moved. Add an extension to C-67 for final 
tuning. A 0 to 1 ma meter in the 1625 grid 
return will show a slight rise on peaks and is 
actual ly a worth-while operating aid in AB-2 
operation. 

AF0HAJ has commented on AF5LHX's 
conversion (above) by adding that 150 watts 
P EP is available but with 400 volts on the 
screens and I 000 volts on the plates 250 watts 
PEP is available (this grea tly exceeds the tube 
ratings ... Ed.) He tunes u p by using only 150 
volts on the screens and then switches to 400. 
If additional link inductance is necessary wind 
two or three lurns of well insulaled wire at 
the bottom of T-54 in the same direction and 
connect in series with the link. 
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ARC-S transmiller to single band linear amplifier. 
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Fig. I. An attractive appearance is easy to attain with 274-N transmitters. 

THE SCR-274N SERIES 

T HE SCR-274 N CO:\!MANO SETS have unqucstion· 
ably been the most pormlar of all war surplus 
equipment~ for co11 versio11 to amateur use. T he 

transmitters arc by far the most useful or a ll units 
included. They not only arc used as transmitters 
di rect ly, llllt arc also very popular as exciters and 
variable frequency osci llators for la rge r transmitters. 

As is the case in most war suri1lus items. the 
amateur use of these excellent little transmitters 
retruires a certain amount of modification. Ar ticles 
too numerous to mention ha,•e been written describ· 
ing various ways 0£ modi£ying the units for amateur 
service, each modification having its own particular 
advantages and disadvantages. With such a well· 
cjcsigned piece of equipment to start with, it is 
reasonable to expect that the most satisfactory modi· 
ficatiun would be the one that disturbed the original 
circuitry the least. Actua lly, very little is required 
in the way of modifications to the sets which cover 
the ama teur bands as is. For i11 stancc, the I3C-690-A 
and the I3C-459-A cover the 3.4-1 me band and the 
7-mc band respectively. The only absolutely neces
sary modification to these two units is the 11rovision 
o f a suitable output connection and a means for 
operati·ni: the keying relay. It is also generally de· 
sirable to parallel the heaters for 12-volt operation. 
If the unit is to be used as a VFO for driving a 
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string of multipliers £or operation in the higher 
amateur bands, it is wise to provide for. operating 
the oscillator heater from rectified and fairly well 
filtered power. This is to 11revent the slight amount 
of frequency 111odul:1tion :it :i GO·cycle rate which is 
present in some instances when raw a.c. is used £or 
the oscill;,tor tube heater power. This frequency 
modulation is not suffidcnt to be noticeable on the 
fundamental or C\'Cn at twice the oscillator fre
quency. It is also not present in all sets. It is present 
in some, however, and in some instance, is very 
noticeable on 28 me. 

T he power requi rement for the oscillator tube is 
rather low. and a 250 ma selenium rectifier followed 
by about 250 ftf of capacity (dry electrolytic) is all 
that is required. Listc11 to the 28-mc harmonic or the 
transmitter with a good receiver. If no a.c. Imm is 
noted, it is safe to say that your particular unit is 
free from serious 60-cyclc £ requency modulation. 

The original schematic diagram is shown in Fig. 
2. The modification preferred by the :rnthor appears 
in the modified schematic diagram, Fig. 4, which 
includes the changes required to produce satis
fa(tory keying to Ile 1kscribed. 

Numerous ways ha,·e bt'en suggc~ted for changing 
the fn-;111cnry llf the BC-457-A (4-5 .. l me) and the 
BC-4.58-A (5.J-7 me) to the amateur frequencies. 
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Fig. Z. The original circuit of the Z74:N series transmitters. 

Most of the suggested systems involve modifications 
to the inductances of the oscillator and P. A. tank 
circuits. The BC-457-A may be changed to cover 
the 3.5 me amateur band by the simple addition of a 
good quality capacitor of between 25 µµf and SO µµf 
capacity in parallel with the oscillator tuning capaci
tor, and by a readjustment of the variable padders 
in both the oscillator and P. A . plate tank circuits. 
The BC-458-A may be adjusted to cover the 7-mc 
band by simply adjusting the oscillator and P. A. 
padder capacitors. 

To adjust the BC-457-A to frequency after adding 
the capacitor to the oscillator circuit, insert a 4-mc 
crystal in the crystal socket. (An FT-243 type 
cryst.il is excellent for this purpose, and is inserted 
in the socket using pins 3 and 7.) Ne.xt, remove the 
cover from the oscillator coil and capacitor a' scmbly, 
using care not to disturb the iron core setting 

Fig. 3, 1Ru1trating the loca
t ion of the mounting holet 
for the time const ant ca-

pacitor C69. 
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(screwdriver slotted screw on top, sealed with blue 
glyptaJ). Cut a screwdriver opening in the end of 
the shield opposite the variable capacitor shaft. 
Loosen the setscrews which lock the capacitor 
shaft, and replace the shield cover over the oscil
lator tuning assembly. Turn on the transmitter, and 
with the tuning eye in place, adjust the main tuni1ig 
dial to 5.2. Adjust the oscillator padder until the 
eye indicates resonance with the crystal. The oscil
lator is now operating at 4 me. Remove the oscil
lator tuning assembly cover, tighten the capacitor 
shaft lock setscrews, and replace the cover. 

Tune the fuced padder of the P. A. stage for 
resonance as indicated by a minimum of P. A. plate 
current. If the iron cores in the tuning coils have not 
been disturbed, or if the coils have not been modified, 
the tuning will track over the entire range, and the 
new range will be 3.4 to 4.1 me. The dial may be 
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PLUG CONNECTIONS 
t • GNO. 
Z• +t2'(Q.C.(OSC. t4TR.» 
3 • •lOOV. REC. 
... +1ev. o.e. 
:: } 1Z ~ A.C. 
7• +470\( 0.C. 

Fig. 4 . The circuit of tho modified transmitter. K53 is used as the keying relay. 

C58A, B. C-.05 µf 
CS9-.00018 1•f 
C60--0sc padder 
C61-.006 µf 
C62- Fixcd neut. cond. 
C63--0sc. tuning 

C64-.002 µf 
C65-Amp. tuning 
C66-.0I µf 
C67-Amp. padde.· 
C68-31•11f 
C69-Soe text 

C70-2S to 50 µµf IBC- R73-10K 
R74-ISK 
R77- 390 ohms 
R78-51 ohms 

'157A onlyl 
RL50, RLSl-42 ohms 
R67, R72, R75-51K 
R68, R76--20 ohms 
R69-I meg. 

SI-Push button osc. test 
switch 

covered wi th p:::per and a new scale inscribed there
on, or the dia l may be remo,·ed and turned down on 
a 1:11he, repaiuted, new calibration lines painted on, 
and new numerals added. (A handy numeral set is 
included in most popular panel marking decal sets.) 
The same general procedure is used when tuning up 
the BC-458-A (or operation in the 7-mc band, ex
cept that a 7.5-mc crysta l is used. 

1£ the adjustment of the iron core has been dis
turbed, the transmitter may be completely realigned 
by first adjusting the oscillator section for the de
sired frequency coverage by tuning the padder ca
pacitor at the high frequency end 0£ the tuning 
range, and by adjusting the iron core at the low 
frequency end of the tuning range. It may be neces
sary to repeat this several times to obtain the de
sired frequency spread or to obtain coincidence be
tween the frequency and the calibratio11 of the dial. 

Having adjusted the oscillator, the P. A. tank 
tuning may be made to track with the oscillator by 
using a similar procedure. Adjust the capacitance 
trimmer at the high frequency end of the tuning 
range, and adjust the inductance trimmer at the low 
frequency end 0£ the tuning range, repeating the two 
adjustments until perfect tracking is obtained. This 
is the same procedure as is used in adjusting the 
gang-tuned stages of a receiver. 

If the SCR-274-N transmitter is to be used as a 

complete t ransmitter, or if it is to be used as & 

keyed VFO, it will be necessary to clean up the 
keying. ~fany systems suggested in the past include 
radical modifications, with the installat ion 0£ vacuum 
tube keyers in some instances. Let us bear in mind 
that whenever we make changes in one o f these 
units, we arc modifying a piece of precision appa
ratus and should disturb it as linlc as possible. 

Fig. 5. Side view of t he transmitter showing capacitor 
C69. 
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Fig. 6, L., the keying 
oscillogram before 
modification, and Fig. 
7, showing the im
provement attained. 

Therefore, why not use the keying system included, 
after cleaning it up so that it is free from clicks, 
thumps, and chirps? 

We have 12.6 volts available from the tube heater 
supply. From this we can get approximately 17.5 
volts of d.c. for operating the keying relay by the 
simple addition of a low voltage senenium rectifier 
and a high capacity electrolytic capacitor. The key
ing relay will follow keying up to more than 40 
words per minute with the po\ver thus supplied if the 
relay armature and contacts are carefully adjusted. 

The keying relay is quite noisy as it is. If this 
noise is objectionable, a short piece of small rubber 
tubing, soft plastic tubing, or "spaghetti" tubing 
may be placed over the armature arm stop. If this 
is done, the ·armature arm will require re-adjust
ment so that the relay contacts will open when the 
relay coil is de-energized. The. contacts should be 
adjusted until the P. A. cathode circuit is closed 
just slightly before tl1e relay armature comes to 
rest on the pole face of the relay coil. The contacts 
closing the circuit to the oscillator plate supply 
should be adjusted to dose before the P. A. cathode 
circuit is closed. This is important if the operation 
is to be free from a keying "chirp." If the oscillator 
plate circuit is closed slightly ahead of the closing 
of the P. A. cathode circuit, the oscillator frequency 
will be stable before the power is actually applied to 
the P. A., and the "chirp" will not be present in the 
transmitter output. 

The keying waveform before modification is 
shown in Fi9. 6. Note the sharp spike just ahead 
of the main keying pulse, and the high amplitude of 
the start of the pulse. The sharp spike is caused by 
relay chatter, and the high amplitude at the start 
of the pulse is due to power supply regulation. Both 
of these faults are corrected very nicely by the 
addition of the time constant in the keying system, 
as is indicated in the oscillogram shown in Fio. 7. 

The time constant which has been added to the 
keying circuit is a bit unusual in its operation. 
While the relay is open, the potential appearing in 
the cathode to ground circuit of the P.A. tubes will 
charge capa.citor C .. through resistor R ... When the 
relay closes, the terminal of C.,, which connects to 
the P.A. tube cathodes, is connected to ground. c .. 
then discharges through R,., placing a negative 
potential upon the grids.of the P .A. tubes·, momen
tarily hohling them at cutoff. As the charge is re
duced in C ... the potential across R" is reduced, 
and the P.A. tubes start operating normally, until 
the .full output is reached. This delaying action is 
just sufficient to produce a starting slope of ap-

proximately 2 mill iseconds duration in the keying 
pulse, resulting in t.he desirable keying pulse shape 
shown in Fig. 7. 

Figure 5 shows the location of C,.. This ca
pacitor is a Solar No. XEMRBW6-l. This same 
type of capacitor is produced by several other 
manufacturers. (The ] AN type designation is 
CP68Bl EFI05WK. These units are generally avail
able in the surplus market at less than one dollar.) 
The mounting of this capacitor is rather simple. It 
involves the drilling of two one-half inch diameter 
holes and one small screw hole. One e..'Cisting screw 
hole is used. This existing· hole is used to fasten a 
wire clamp on the underneath side of the chassis. 
This wire connects to the antenna shorting relay. 
The antenna shorting relay is removed, and the 
wire is therefore no longer needed. The wire clamp 
bracket and the wire are both removed. The screw 
which originally held the clamp in place is now 
used to fasten one end of the capacitor bracket. The 
two ;-inch holes and the small screw hole are 
drilled in line with the wire clamp screw hole and 
spaced as shown in Fig. 3. 

One very convenient arrangement when using a 
SCR-274N transmitter as a complete transmitter for 
phone-cw, work in the 3.5-4 me band is shown in 
Fig.. 1. The assembly pictured consists of a BC-
457-A modified, as shown in Fig. 4, together with 
power supply and modulator units, all mounted on a 
standard 19-inch relay rack type of panel. The sche
matic diagram of·the power supply, modulator, and 
the incidental connections between units and to the 
pilot light, switches, etc., is shown in Fig. 9. This 
arrangement includes a power switch and fuse, a 
pilot light, a plate current meter, an r.f. output am
meter, and a "phonc"-"push-to-talk .phone"-"c.w." 
selector switch. When operating "push-to-.talk" 
phone, the push-to-talk switch connection is plugged 
into the telegraph keying jack. 
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An-additional filter section is added to the P.A. 
plate power supply system when the unit is operat
ing as a phone transmitter. This provides ample 
filtering to produce a hum-free signal for phone 
work. Type 1625 tubes are used in the modul;itor, 
since they are also used in the transmitter. Type 
807 tubes could be used with identical results. Either 
type will provide sufficient power for producing 
100% modulation of the power amplifier. 

The panel used for mounting the entire system 
is made from 3/16-inch thick 24ST aluminum, 19 
inches wide and 10! inches high. A cutout is made 
in the center ·of the panel ·to accommodate the trans· 
mitter. The transmitter is mounted in place by 
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means of two S-inch lengths of 1-inch by 1-inch 
aluminum angle, screwed to the top and bottom 
of the trammitter and to the panel. The power 
supply and modulator units are built on 5" by 10" 
standa rd chassis and are mounted end-on to the 
panel, with standard chassis pauel brackets, two to 
each unit. The rear view of the unit, Fig. 8, shows 
the appearance of the completecl assembly. 

The power supply described delivers 470 volts at 
J 70 milliamperes. Under these condit ions. the a .c. 
ripple vo)ta~e is 9 volts r.m.s., or 1.92%. The output 
of the transmitter on c.w. is 38.S \\'alts, with an 
input of 56.4 watts to the p.a., representing an effi
ciency of 68%. The r.f. current into a 52-ohm load 
is 0.86 amperes. T he output when operated with 
telephone modulation is reduced slightly due to the 
additional load on the power supply by the modula
tor tubes. T he output w1der these conditions is ap
proximately 35 \\'atts. 

The values given in the parts list of Fi9. 4 are 
taken from the instruction book covering this par
ticula r er1uipment, with the exception of C,,. ancl Cro, 
and arc li sted for the convenience of thosl.' who may 
not otherwise have access to this information. 

The SCR-2i4-N transmitters wi ll perform very 

Fig. 8. Rear view of complete phone/ c.w. transmitter. 

satisfactorily if treated properly and if not altered 
unnecessarily. Make as few changes to the frequency 
determining portions of the circuit as possible; don't 
try to overload the output stage,. regulate the plate 
supply to the oscillator and to the screen gricls of the 
power amplifier. and you will have a signal that will 
be outstanding in quality and a joy to copy. 

BC-696·A, BC-457-A 
BC-459-A, ETC. 

{See Fi9. 31 

AN 1. 

l__'.'.::::=:=::=_:_..:_:_:_~~~~~..W~~_::::_-+l>*~..::::--o <IO v 

'-------:========t-r-----r>tt- --o A.C. 

Cl -500 1<f. 25-voft dry 
elec ttofylic 

C2-I 1if. 600 v., oil 
tolled 

C3- 10 1<f, 600 v .. oil 
fi lled 

C4- 4 1.t. 600 v,. oil 
flfled 

CS-'10 11f, 150 v., dry 
electrolytic 

Ll , L2-Thordarson T-

Fig. 9. The power supply, modulator, and interunit cabling. 

20C64 chokes 
Rl-5K, 20 w., wire

wour'd 
R2, R3-500 ohms, 1 w. 
R4-250 ohmo, S w., 

wirewound 
Tl - 6.3 v. al 3 amp, fil. 

tr:i.ns. 
T2-Pfatc and filament 

transformer. 400 v. 
each side c.t. at 250 
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ma, with 6.3 and 5 
v. windings 

T3-Mike or . fine to grid 
trans. 

14- 25-watt modulation 
transformer. select to 
inatch p,o, 807s to 
3.000-5,000 ohm 
Joad 

Sl-S.p.s.t. toggel switch 
S.2-Thrcc-pofe, 3-posi-

tion wafer switch 
SR 1-Sefetron I MI sele

nium rectifier 
Fl-Bussman type 3AG 

3 -a:npore fuse 
11-6.3-volt pilot lamp 
Jl-Sinsfe-circuit jack 
Ml -0-300 ma d.c. 

miliammetcr 
M2--0-3 amp r.f. am

meter 



VARIATIONS ON 
FOR 80 & 40 METERS 

TBE PURPOSE of this article is to describe one pos
sible conversion of the ARC-5, or ATA and 

SCR-274N into a useful 40 a nd 80-meter v.f.o. 
Origina lly this uni t was an a ircraft command set 
a n'l hence used the 24- 28 volt d-c supply of the 
plane as its primary source of power. Unlike many 
other pieces of surplus equipment these units will 
operate efficiently wi th only a minimum of modifica
tion. As a matter of fact, so little time was spen t in 
connecting them up that it was decided to rebuild 
them into a rack and panel unit. Thus, we have the 
foundation of a good ham station with very little 
encroachment on our t ime and expense account. 

The Circuit 
The ARC-5 transmitters are essentially m.o.p.a. 

A type 1626 (while the 1626 is a more stable 
oscillator tube, the 12] 5 can be substituted) wit h 
the plate grounded for r-f is used as a modified 
Harcley master oscillator. A pair of 1625 tubes (807 
with l 2.6-volt filamen ts) are paralleled and form the 
fina l amplifier. Grid neutralization is used in this 
single-ended fi nal stage with the out-of-phase volt
age being fed back into the grid coil through a fixed
tune condenser. 

The original aircraft antenna was loaded by a 
combination of rotary link and loading coil. The 
antenna connects directly to the loading coil through 
the relay K54. A rotary link is inserted in the final 
a mplifier plate tank and is connected through to the 
loading coil with a moving tap. T he tap on the 
loading coil is arranged to roll along the turns of the 
coils as it is turned by means of a gear system that 
extends through the front panel. T his type of 

coupling is especia lly useful when loading up a 
Marconi or end-fed Hertz antenna. 

The maximum power ou tput of the transmitter 
while in the plane is about 40 watts on c.w. and 15 
watts output on phone with 100 per cent modula
tion. The model ATA, however, uses screen modu
lation and has only a power outpnt of about 10 watts 
on phone. The modified transmitter uses much 
higher plate voltages a nd a maximum power input 
o( between 100 and 150 watts may be expected. 

These transmitters also incorporate a 1629 (magic 
eye tube) which is used as a crystal-controlled cali
bration oscillator. This oscillator does not control 
the frequency of the transmitter at auy time, but 
simply acts as a check on the calibration of the 
master oscillator. Most of the nnits are supplied 
with a calibration crystal of 3500 kc (BC-456A 
unit) or one of 8870 kc (BC-459A unit). 

Eleclrical Modiflcatlons 
Certain modifications should be made before the 

transmitter is pu t into operation. These modifica
tions are as follows: 

1. Remove R71. 
2. Run lead on VT 138 piri 7 to VT 138 pin 2 a nd 

ground pin 7. 
3. On one VT 136 pill 7 is grounded, on the other 

VT 136 piri 7 is ungrounded. Work with the 
unt,'I'ounded lead. Remove lead to VT 136 
piti 7 and run to pin 1. Ground fJill 7 (thus 
pin 7 in both VT 136 tubes will be grounded 
and one side of the filament input circui t will 
go to ground). 

4. Disconnect K53 connection to plug terminal 
5 and 6. Remove relay. 

5. Disconnect K54 and remove. 
6. Remove R70. 
The 390-ohm cathode resistor, R77, used with the 

1629 should be replaced with a 1000-ohm ~-watt 
resistor. The cathodes of both of the 1625 tubes are 
then tied together a nd grounded through a SPST 
switch. This switch serves as a TUNE-TKANSMl'l' 

switch enabliJ1g the operator to open the cathode 
circuit of the final amplifier so that the oscillator 
may be zero-beat without undue interference. A 
power supply giving 12.6 v. a.c. (6.3 v. transformers 
in series are satisfactory) a nd d-c voltages from 500 
to 750 at 200 ma and 150 to 250 v. at 50 ma is re
quired. 

In certain cases (ours included) it may be ad
visable to remove the loading coil in the antenna 
circuit completely. T his coil will soak up quite a 
lot of the r-f that should be in the antenna. When 
using a coax line the center conductor may be tied 
in to the rotary link in the final tank coil a nd the 
link used to load the antenna. T he other side of the 
link is already grounded a nd it is only necessary to 
!!'round the outer braid of the coax line. 

Bottom view of SCR-274Ns showing units rack-mounted 
with switching circuits in between. 
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THE SCR-274N 
Mechonicel ModiAcotions 

The mechanical arrangement of the ARC-5 did 
not harmonize with the rest of our rig and it was 
decided to rebui ld into a relay rack. After some 
thought we evolved the arrangement shown in 
Fig. 1. The 3.0 to 4.0-mc transmitter is on the left 
and the 7.0 to 9.1-mc transmitter is on the right in 
the illustration. Above the two v-(-o control dials. 
The dials arc combination indicator and panel 
lights. They may be adjusted to throw a beam of 
light in any direction along the panel. A single meter 
with meter switching is employed in conjunction 
with a 2-pole II -position switch and the oscillator 
plate, final grid, fi.nalscreen, or final platecurrentsmay 
be read. Positions are also used to show the oscil
lator and final plate voltages. The details of this 
arrangement arc not shown here since they may be 
quite easily worked out and will vary according to 
the number of meters the reader may have at hand. 

The transmitter filament, osci lla tor plate, and 
final amplifier circuits are switched by means of the 
3-position 3-pole switch in the lower center of the 
panel. The key jack is directly below this switch. 
The toggle switch to the righ t of the key jack is for 
SEND-RECEIVE and the toggle to the left is for 
TUNE-TRANSMIT. A pair of indicator lights in the 
upper center of the panel show which transmitter is 
in use. The pilot lights may be operated from the 
12.6-v. filament supply by inserting a separate 
47-ohm 1-watt resistor in series with each 150-ma 
pilot lamp. 

To rebuild the ARC-5 into this arrangement it is 
first necessary to remove the front panel of the 
tranamitters. Removing the front panel may prove 

to be the most difficult part of this operation. First 
remove the dust cover, all of the tubes, the calibra
tion crystal and all of the knobs and dials. The 
antenna tuner will also come off as it is mounted to 
the front panel and chassis with 3-48 screws. 

Aluminum rivets fasten the front panel to the 
chassis, but the heads of these rivets (three on each 
side and one on top center of the chassis) may be cut 
off with a cold chisel or drilled out. This permits 
removal of the front panel from the transmitter unit. 
The front panel of the rela)• rack may now be marked. 

When two of the transmitter units are placed side 
by side there is sufficient space to mount a narrow 
chassis betwee.n the two and still put them in a 
standard rack mounting. We decided to place the 
VR-150 voltage regulator on this small chassis along 
with the dropping resistors, switches and cable con· 
ncctors from the power supply. The dimensions of 
this chassis are 11~" x 3~" x 3". As a matter of 
fact, a doubler stage could also be built into this 
chassis if it is desired. 

The three units are laid out side by side and bolted 
together to form one complete unit. The front panel 
is a regular 19" x 7" plate of black crackle 1/16" 
inch steel. The layout for drilling the panel require.s 
a little extra care, although bushings should be used 
where possible to allow for a much greater tolerance. 
The meter, switch and screw holes may be laid out 
and drilled without difficulty. When the front panel 
is completed it is secured to the transmitter unit 
with two standard chassis end brackets and the 
various switch shafts and screws through the front 
panels. Two extra brackets in the center will acid 
considerably to the rigidity of the completed unit. 

Diogrom of the SCR-274N before any modifications have been mode. All modifications described ore boMtd 
on this circuit. 

71 



We tried several different keying circuits and 
finally compromised on the simultaneous keying of 
the oscillator plate and the final screen voltages. 
This will allow break-in operation while keying the 
cathodes of the final amplifier will not. A keying 
relay is used which has been mounted on the rear 
of the small center chassis. The note sounds very 
good even though the oscillator is being keyed. 

With a power input of about 100 watts we have 
found the performance of the ARC-5 e.'Ccellent. 

FOR 40 & 20 METERS 

By the simple expedient of switching the lixed air 
paddcr (across the PA coil) in and out of the circuit 
efficient operation may be realized on both 20 and 
40 meters. It is necessary to uncouple the PA tun
ing condenser from the drive and shaft mechanism 
and run its shaft out the side of the unit through a 
fixed or flexible coupling. This shaft is at ground 
potential. The oscillator tuning remains unchanged. 

Only 20-meter operation was c-0ntemplated at 
W2VNU/8 so band switching was not incorporated. 
The "hot" end of the fixed air padder, C67, in the 
schematic was disconnected. There is, however 
sufficient space along the side of the unit to mount; 
SPST switch for bandswitching. 

FOR 11 & 10 METERS 

As MIGHT BE EXPECTED, our particular interest is 
a v.f.o. combination capable of working from 

11 to 2 m:_ters. The SCR-274N series, particularly 
the BC-4~8A and BC-459A, provide a ready 
answer to the problem. The former unit tunes 
initially from 5.3 to 7 me, and the latter unit covers 
the range 7.0 to 9.1 me. On 11 meters we use the 
4th harmonic of 6.79 to 6.85 me, on 10 meters we 
use the 4th harmonic of 7.0 to 7.42 me, on 6 meters 
the v.f.o. is between 8.33 and 9.0 me while for 2-
metcr operation we use the 18th harm~nic of 8.0 to 
8.2 me. 

A first inspection will confirm tl1at little conversion 
work is necessary to get these v-f-o units on the air. 
After a clean up with a few drops of light oil mixed 
with some carbontet applied with a stiff brush, the 

Reor view showing voltoge-reguloted power supply 
ond method for switching power between the two units. 
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top shield is taken off by removing the small screws 
holding it in place. Then, if the unit is to be used 
strictly for v-f-o o~ration take the coiled sprint 
lead that is actuated by the antenna change-over 
relay and solder it to the antenna feed-through post. 
Note at the same time that variable link coupling is 
used from the 1625 plates to the variable inductance. 
By rolling the inductance to "O" on the dial it is 
effectively removed from the antenna circuit, mak
ing a straight lead from the link to the antenna 
relay.' A coax cable is then used from the antenna 
post to transmitter. An adaptor for coupling the 
v.f.o. to a crystal stage is shown in Fig. Ia. 

The filaments of the 274N are wired in series
parallel for a 24-28 d-c volt input. Since 807s re

quire different sockets than 162Ss and since there is 
no 6.3 volt equivalent to the 1626, it is suggested 
that a 24-volt output transformer be obtained that 
is capable of supplying about 2 amps. These are now 
becoming fairly common and should be available 
from most jobbers.i 

The ne.xt step is to remove the bottom plate and 
locate relay KSJ which is mounted in the middle or 
the unit on the left side. This midget relay switches 
the plate voltage to the VTJJ7 (1626) and shorts 
ou t the biasing resistor R75 (51,000 ohms). Either 
remove this relay entirely from the unit or tie it 
down in the energized p:>sition. If the relay is re-

----------- !--
~-L ___.j .OOl,i 

( bl 

fig. lo. Adoptor for coupling v.f.o. to crystol stoge 
fig. 1 b. Alternote method for coupling to driver stoge 

moved, the cathode wires from the 1625s should be 
grounded to the chassis and the red lead carrying the 
oscillator plate voltage from socket pin J to R68 
is resoldered directly, in place of running through 
the relay arms. 

It is or ten worth while to use the magic-eye < 1629) 
and crystal calibrator unit to check the v . . o. 111 the 
absence of frequency standard. This un • normally 
would have used the 2<1-volt d-c filament 'oltage as 
the bias on the cathode of the 1629 throu ·h resistors 
R77 and R70. To change this part or the circuit 
over co a-c o~ration disconnect the cathode lead of 

I By choosing a reasonably small length of eoarial cable to con· 
nect to the lransmittcr tbc "antenna" coil of t.bc 274N may be 
uocd as shown in Pit. lb. The tcngtll of cable. L, multiplied by 
1he capacity of the coax per foot (from the manufac1utt1 da1a 
1his is usua.lly equal 10 20 to30 µµ(per foot) reao!Vlttt wilh LS2 

~~r!~~.!a~:~e:u:~~'~ frict~J:~y.L is sliort coaioarcd with a 
2 The 1625 sod<cls can be modified in accordance with Instruc
tions 1<iven on P.•Re 27. January 19·18. CO. In the article by 
w2cvv ... Mobile With the SCR-274N."" 



the 1629 (pin 8) from the junction of these two re· 
sistors. Then solder a 2500-ohm 2-watt resistor 
between the cathode and chassis ground. The magic
eye now operates normally with the eye closing when 
the V·f·O frequency equals the frequency of the 
calibrating crystal. 

Powu Supply •nd Connections 
We were able to obtain a dual rack for our two 

v-f-o units. These also have socket connections at 
the rear for the control and power plugs. By remov
ing the screl\'s at the back of the power receptacle 
box all the wiring becomes accessible. I t is best to 
remove all of the wiring and start out fresh. 

Remove the small socket and replace it wi th a 
4-prong socket to handle the voltages coming from 
the power supply. In the center of the power recep
tacle box mount a DPDT toggle switch. T his 
switch is to be used to switch the plate and screen 
voltages from one v.f.o. to the other. The filaments 
of the two units are wired in parallel. 

11..------...J'liff"'-+-'l'W--+ ....... >--<> ~\ 

St·SPST WA9TEA SWITCH 
S! .. SPST CA.LIDRATtoH SW. 

PIN t 

8+ 
ttO 't. 
PIM t 

8-

~ 
PINS 

Fig. 2. Voltage regulated power supply recommended 
for use with the SCR-274N as a v.f.o. 

A well-regulated power supply is the key to the 
stability of any v.f.o. After a number of experiments 
and checks on the output and drift we arrived at 
these voltage and current ratings. For strictly stable 
v.f.o. operation, not more than 300 volts at 100 ma 
on the p lates of the 1625 amplifiers, and 210 volts 
on the oscilla tor stage. If the unit is to be used on 
either 40 or 80 meters 500 volts a t 200 ma can be 
used and still afford a reasonably clean-cut s ignal. 
The oscillator voltage must be well-regulated and a 
suggested power suppl~· is shown in Fig. Z. Two VR 
105 tubes in series keep the oscillator plate and am
plifier screens down to a current drain of between 
30 and 40 ma, by providing 210 v. or stabilized d.c. 
The double section filter in the power supply is 
worth while, th us keeping the ripple conten t down. 

To set the v.f.o. to a spot frequency chosen on the 
receiver, a calibrating switch is inc:luded in the power 
supply proper. Since the two units arc mounted 
side br side it enables the operator to set up without 
cm1sing needless QRM by having the entire trans
mitter on the air. 

Keying 
Many types of ke>•ing circuits have been tried 

with this v.f.o. For the author the most satisfactorv 
has been to use relay KSJ and key the cathodes of 
the 162.S amplifiers. This relay will operate nicely 
from a 22-volt battery, or through a 10-watt 17,000· 
ohm resistor from the 300-volt supply. The relay 
draws about 16 ma from ei ther the battery or the 
d ropi>ing resistor. 

SCR-27 4N ON 160 

Putting a Comma11d-Set (SCR-Zi-IN) transmit
ter on 160 meters is quite simple, if lhc following 
method is employed. Although used specifically 
with the BC--157, it appears equally applicable to 
other models. 

Oscillator 
Remove the shie ld can covering the oscillator 

coil anrl padding condenser. Without d 'smounting 
the coil form, strip the wire from it: both the 
large winding am! the small one connected in thr 
filament circuit. Do not, however, disturb the 1625 
grid coil which is inside the form. 

Rewind the larger coil with thirty-six turns of 
No. 20, enamelled wire. Close wind the first thirty
tbree turns, st:1rting at the bottom of the form and 
complete with the final three tu rns spaeccl in th ~ 
g rooves at the top of the for m. The winding mus· 
be put on tightly to prevent the turns fro111 sl ipping. 

The ca<hodc of the oscillator tube is lapped on 
the eighteenth turn from !he bottom o f the winding. 
Cut loose the oscillator tube fi lament terminals 
from a ll other circuits and connect them directly 
to the filament heating circuit. Set the osci llator 
padding co11de11s~r to maximum capacity. Then 
replace the shicl<I and turn the oscillator slug half
way in. 

Under th~ chassis, remove the black wire between 
the oscillator coil terminal strip ancl the 11eutrali7.· 
ing condenser. ~love the 15.000-ohm, 1625 grirl· 
bias resistor and its bypass condenser to the termi
nal pre,·iously occupied by the neutral:zing conden
ser lead. 
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The magic eye assembly is not used, and the 
neutrdlizing condenser may also be removed if de· 
sfred. 

Amplifie r 
Remove the amplifier coil form from the chassis 

and strip off the old winding. Tightly rewind 
with 34).4 turns of No. 18 enamelled wire. Close 
wind thirteen of them in the space ~tl the bottom of 
the form. Continue close winding in the ll(>pcr part 
of the form for 18)/, turns. Finish off with three 
turns space wound in the g rooves on tl1e form. 
Replace the coil. 

Remove the antenna loading coi l and connect the 
variable link to a coaxial output connector. If 
later it is found that this docs not give enough 
coupling between the antenna and amplifier, a few 
turns of insulated wire may be wound over the 
amplifier coil and connected in series with the 
variable link'. 

After the coils are modified, apply low voltage 
to the transmitter and tune the :unplifier padding 
condenser for minimum plate current. Experi
mentally adjust amplifier and oscillator coil slugs 
for best tracking of the two circuits across the band. 



THE BC-45SA & 

BC-459A ON 15 
Command-Set transmitters can be converted to 

cover the 21-mc band with a minimum of effort. 
Two conversions, applicable to the BC-459A (7-to-
9.1 me.), and the BC-458A (5.3-to-7 me.) trans
mitters are described below. The simpler conver
sion consists of shifting the oscillator tuning range 
to cover 10.5 me. to 10.725 me. and operating the 
parallel 162S's as frequency doublers. To accomplish 
these objectives, do the following: 

Next, remove three turns from the top of the ampli
fier tank coil. 

The amplifier padder now becomes the main 
tuning condenser. Remove its shaft lock, and add 
a shaft extension, plus a knob, for easy adjustment. 
It may be necessary to dismount the padder from 
the chassis to remove the shaft lock and to enlarge 
the hole in the side of the chassis to accommodate· 
the shaft extension. 

12V 

r---HCWPARTS~D--, 

+HV 
500-600V 

NQTE 
UNLISTE!> PARTS ORIGINAL AND UNCHANGED. 
LI- 7T•22 PE WIRE f LONG, f •DIA CERAMIC SLUG·TlJNfll FORM. 
L2- ~ T, DOUBLE SPACED ON ORIGINAL AMPLIFIER COIL FORM. 

Fi9. I. Modification schematic. The dotted llne1 enc:IOff the optional doubler 
stoge, which affords odded output a11d dablllty. 

BC-459A 
Oscillator: Decrease the capacity of the paddini 

condenser, locat.ed under the oscillator shield can; 
so that the oscillator tunes to 10.725 me. when the 
dial is set to 9.1 me. The shield must be in place 
while checking frequency. 

AmflliMr: First, discoamt'Ct both the amplifier 
tuning condenser (the one ganged with the oscilla
tor condenser) and the neutralizing condcruer. 

Mount a midget phone jack in the lower lcft
hand comer of the 1>11nel, and connect it between the 
1625 cathode.$ and ground. Bypass- the cathodes to 
ground with a .O()l ,.,.£. ceramic condenser. 

Connect the power supply, plug a key in the jack, 
check your frequency, 'tun~ the 1625 plate -N.nk to 
reaonance, couple an antenna, and you are on 21 me. 

BC-458A 
In addition to the abo~, putting the BC-458A on 
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21 me. requires modifyin&' the oscillator coil as well 
as the amplifier coil. Remove five turns from the 
top of the oscillator coil, and rewind the amplifier 
coil. T he new winding consists of five turns of the 
original wire, wound to occupy every other groove 
un the coil form. 

( U si11g a cot1vmtiv11al freqrmrcy doubler as a 11 

out/mt stage always it1curs tire risk of radiati119 
appreciable P<rwer at bollr the sr1bliarmo11ic and lrar
mmric.r of the desired output freq11e1rc)•. A link
couplrd 011/emra lrmer will greatly red11cc tire po;;
si/1ility of sue/I spurious 011/p11ts rcaclriug tire mrlen-
1111. Auoilrer possibilit)• is lo divide lire para/le/led 
1625 grids a11d excite one from I/r e presc11/ poi111 011 
tire 11.fcillalor coil asscmbl~1 a11d tir e other from tir e 
p11i111 preuiorisly comrected to /Ire 11e11trali::i11g co11-
rlm.rrr. T his will co11vert tire 1625 stage lo a puslr 
puslr tlu11bler. i11creasing doubling efiicie11cy and de
cre1ui119 tire probability of output 011 ollrcr frequerr
cir.r. - Editor.} 

A Mo re Efficie nt Conversion 
A her the thrill of the first few contacts on the 

new band has worn off, you may desire lo go a 
step further and add a 12A6 frequency doubler 
between the osci llator and the 1625's. The added 
stage will permit the 1625's to operate as straight 
amplifiers, resulting in increased 21-mc output. lt 
will also improve stability. beoiuse of increased 
isola tion between the oscillator and the 1625's. 

The purl ion of the diag rnm (Fig. 1) b~twecn the 
dolled lines gives data 011 the 11cw cloubler stagr.. 
T o 11ccon11noclate it, strip all connections from t·he 
162!.l t11bc socket ;:urd the crystal socket. Reconnect 
power leads removed from them to the power plug 
at the rear. Replace the 1629 socket with a piece 
of scra11 aluminum upon which L I, the slug-tuned 
12i\I\ plate coil. is mounted. Rewire the former 
crystal socket for the 12A6. 

Note that the connection from the oscillator coi! 
1ha1 formerly went to the 1625 grids now goes to 
the 121\ 6 g rid, while the 1625 irrids arc connected 
to the 12f\6 plate through <l .001 µf. condenser. 

Con 11ect the gr ids of the 1625's to g round through 
a 011c-111i lli-henry r-f choke and a 20,000-ohm, )/,
watt resistor. Raise the value of the former 1625 
i;ri1I resistor- now the 12A6 grid resistor- to 68,-
000 ohm~. 

Tu nin g The Doubler 
Insert a 0- IU ma. meter between the amplifier 

Arid resistor aud ground. With the plate and screen 
11ul1ai:e removed from t ire 1625's, tuue the osci llator 
to the center of the 21-mc band (21 ,225 kc.). and 
adjust the slug in Lt for maximum meter deAection. 
It sh1111 ld be about five milliamperes at the center 
of the band, dropping fifteen to twenty per cent a t 
the ends o f the band. 

If the g rid current exceeds five mi lliamperes. 
dcrr~ase the size of the couplin!l' condenser between 
che 12;\ (j and the 1625's or increase lhe v;1lue o( the 
121\ 6 screen resistor. 

BC-459A ON 20 

This is an improvement over the method sugges
ted by W 2VNU/8 (July. 1948, CQ, page 44 ) . 
Instead of swi tching out the parlder ( C67) switdl 
out the main tu ning condenser ( C65). With this 
arrangement the tuning condenser does not need 
t.o be disconnected from its worm drive sha ft. and 
'hence wi ll still track periectly on 40 mete rs. When 
operated on 20 meters, one o f the two condensers 
must be tuned and this is more easily facilitated 
by cutting another hole in the chassis and adding 
a shaft ex tension to C67. An ordina ry SPST 
power toggle switclt works very woll as a band 
switch. I 'have also (ound bhat the tuning is quite 
broad and the final 'tank condenser need not be re
tuned over the whole 20-meter band. 

SCR-274 N KEYING FILTER 

There seem to be thousands of different ways 
o f keying the 274N transmitters. but jud!,..jng from 
llhe number of chirpy and burpy notes on the air, 
a lot of them arc pretty bad. Plate, cathode, or 
center-tacp keying will gh·e you two choices. One. 

OSULATOll l(.fTC l'CWOI ~ 

IQ.f)IF 600Y. 

.,, 

a signal wilh lots of chirp and no click, or two. 
a signal wid1 lots o f clicks and no chirp. T his all 
depends actually on the amount and type o f kcyinl:' 
filter. We have examined these different methods 
using oscillographic techniques. T he circuit shown 
was finally worked out as the best solution. Usini: 
the RC-696A we 1have absolutely no chirp or click 
on 80 meters. With the BC-459A on 40 meters 
there is a very slight C'hirp of about IU cycles. 
Keying the osci l.fato r alone is not entirely salis
iactory as this will a l'.ow 1l1e fina l to break into 
paras itic oscilla1 ions. 
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274N 
BREAK IN 

After converting an ARC·5 "Command" 
u'ansmitter by· following standard procedures, 
I first keyed it in the common B+ lead to the 
oscillator plate and amplifier screens. Th.is ar
rangement produced a noticablc keying chirp. 
Next, I tried straight cathode keying of the 
1625 tubes. T his system worked weU, but the 
constantly-running oscillator prevented work· 
ing "break-in." 

My next step was tO combine the advamages 
vC the two keying methods. T his was done by 
the method sketched in Fig. 1. l connected the 
coil of the original transmitter selector relay, 
K53, between the cathode terminals of the 
I 625's and the key jack. I Ced the oscillator 
plate current through the same set of relay 

i625 i625 

Cl- 1000 µ.!d., 25v. 
electrolytic (Sprague 
'l'VL 1230 or equiv.) 

K.53- 0rls:lnl\l ''seJectoe• 
relay rewire.-'(] os 
shown, 

Ryl- Dl'DT nntenna 
chnngcover relay, 
11'1 v. a.-c winding 
(Advance Kl504 or 
equl\'.) installed in 
position previously 

occupied by old d-e 
nntcnn1~ relay. 

Sol, 2- Cooxil\l chnasis 
titthHJU mounted on 
l>ntll!l ncttr Jlyl. 

Swl-Sl'S'l' toggle switch 
mounted on side of 
t ro.nsmiltcr near K53. 

Othc1· c.omponents normal 
!or n "Command" trans
mitter converted for 
amat.cur use. 

Fig. !.- Simple eireuit ehonges required to aehieve 
chirpless, break-in keying with "Command" transmit

ters. Full details in toxt. 
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contacts originally used for this purpose. The 
other pair of contacts control a 117-volt, a-c, 
antenna changeover relay, whid1 is mounted 
near the amplifier plate coil. In addition, 1 
connected a 1000 µfd., 25-volt, electrolytic con
denser across the relay winding. 

Operation 
Upon pressing the key. the 1625 cathode cur

rent flowin g causes K53 to close. This, in mm, 
actuates the antenna changeover relay, whi.ch 
switd1es the antenna from the receiver to the 
transmitter, and applies plate voltage to the 
oscillator. The condenser across the 1·elay coil 
quickly charges up, and its charge holds the 
relay closed during normal keying pauses, so 
that the keying is essentially catl1ode keying 
of the 1625's. However, a 2 to 4 second pause 
allows tl1e condenser co discharge tl1rough the 
relay coil. The relay then opens, the oscillator 
ceases to function, and the antenna is auto· 
matically switched back to the receiver. 

The "non-swish" Spot-Tune switch, Swl 
across the oscillator plate-vollag·e contacts of 
the relay permits checking the transmitter fre
quency and zero-beating a signal without put· 
ting a signal on the air. Also closing the switch 
allows operating the transmitter without the 
"break-in" feature. 

A minimum catliode current of JOO milli
amperes is required to operate K53. On the 
other hand, the cathode current should not ex
ceed about 150 miHiamperes; otherwise the 
voltage drop across the relay winding will ex
ceed the 25-volt rating of CJ. Note that the 
voltage drop acts as cathode bias on the l.625's; 
therefore it prevents the plate cur.rent from 
soaring when th,e key is pressed and the oscil
lator is not functioning. 

This keying system has been in operation for 
.several months with entirely satisfactory results. 
At keying speeds of five words per minute and 
over, K53 stays closed during normal spacing 
between letters and words, but a slightly longer 
pause automatically shuts off the oscillator and 
connects the amenna to the receiver, so that I 
can listen for "breaks." 



THE BC-604 

BC-604 Description 
The BC-604 is a transmitter for mobile use 

in the thirty watt output class for operation on 
twelve or twenty four volts d .c. I receive mine 
with a DM-35 dynamotor which puts it on 
twelve volts with little strain. (Twenty four 
volts requires a OM-37}. It covers the fre
quency range of 20 to 27.9 me, making it a 
natural for the bands mentioned. A companion 
receiver is the BC-684, which covers 27 .0 to 
38.9 me. Note now, and please understand this 
clearly. This transmitter is not capable of con
version to ihe Citizen's Band without violating 
the law, and no correspondence will be answered 

'*' Riot 

about any conversion to non-amateur applica
tions. 

The 604 originally operated on any ten of 
120 crystal controlled channels spaced 120 kc. 
The transmitter is Frequency M odulated and 
used a deviation of plus or minus 40 kc. The 
crystals used were in the 375 to 540 kc band 
and I multiplied 72 times to get to the actual 
t ransmitted frequency. The final amplifier is 
very similar to an 807, while the other tubes are 
similar to a 6L6. The only problem with these 
lubes is, that they arc directly heated filament 
types and are wired in a series-parallel string to 
get the necessary filament voltages. The first 
thing to do when converting equipment is to get 

fig. I - Modified circuit oF tho BC~04. 
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a working model. In this case don 't get talked 
into taking the crys tals with the unit unless you 
arc planning to get o single sideband filler out 
of the deal, since that is about all the crystals 
arc good for. Usually the dynamotor is obtained 
separately. Also, s ince the unit weighs about 
seventy pounds, be careful; the shipping charges 
arc counted in the price. 

Fortunately, for our purposes, the FT-241 
cilla tor, rewire this section to use the 7 me crys
tnls as far as sockets are concerned, so those sur
plus and new crystals wi ll work OK in this unit. 
You will have to rewire the oscillator and make 
use of the f.m. circuitry for the a.m. modulator. 

Conversion 
The actual conversion begins by locating the 

various pans within the transmitter. This is done 
by removing all of the quick disconnect panels 
which have quarter-turn type fasteners. This 
wil l expose the circuits and it will be necessary 
to locate the tubes as well as the various sections 
of lhc variable capacitors. Starting with the os
ci lla tor, rewire this section to use the 7 me crys
tals needed for the ten and fifteen meter bands. 
Remove the wire going to Lw2 from pin 3 of 
V '"' at the lug of Lio~ and reconnect this to the 
free lug on C11~ variable capacitor (second from 
the end) near V1111. Remove the wire going 
from pin 3 of V10~ lo L100. Remove exactly 16 
turns each from Lwn and L101. Remove the 
I OOK resistor going fro mpin 4 of V 10~ to B plus. 
This modifies the transmitler so that the oscil
lator now works at 7 me, while the plate is tuned 
to 14 me. The triplcr circuit now operates as a 
doubler to 28 me and we are now ready 10 align 
the r.f. sections. Wi th the tuning capacitor open 
completely, adjust C1w so that the coil L1os is 
resonant at about 3() me. 1 t will be necessary to 
use a grid dip oscillator for this operation. Like
wise se t Linn and L 101 to resonate at 15 me by 
adjusting C11 ~ and C1 rn respectively. Now closll 
the capacitor by means of one of the push but
tons or the stud koob near the right handle. The 
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Fi9. 2-Top view of the 
BC~04 • 

Front view of the BC~04 showing push button 
arrangement one! control functions. The round 
plostic window on the left ind icates the line volt• 
ago in use when !lie dynamotor is installed. lhe 
spare crystol clraw is the horixontal panel shown 
on the left. Active crystals are located behind the 

vorlicol plate. 

Top viow of the unit with the cover removed 1how .. 
ing r.I. components on tlie right and top of tho 
cryslal draw on the left. The small holu on tho 
side of the cabinet are individual channel antenna 
loading capacitor adiustmonts, The large squaro 
hole on lhe •ide of tho cabinet is the final amplifier 

tank trimmer. 



circuits should resonate at about 10.5 me for 
the coils LJoo and L101, while L10P. should be 
about 21 me. If this is not obtainable, readjust 
the slugs within the coils lo get the circuits to 
resonate where they should. A grid dipper is 
invaluable since it can tell you which way the 
coils have been adjusted as far as frequency is 
concerned, and this will enable you to do a 
faster job. 

When this is completed, go to the top of the 
chassis and check the adjustment of C1w the 
same way C120 was adjusted. When transmitting 
il will be necessary to· make additional adjust
ments which wiU be discussed later. 

The modulator is built up, using the tubes we 
didn't use before. Twenty five watts of audio will 
be required, since the power input is in the order 
of about fifty watts. [ used two I 619's in push 
pull for the modulator, and drove them with the 
original audio circuitry, making only a slight 
change. It will be necessary to remove T 1oz 
from the circuit (it can stay on the chassis if you 
want to leave it there). In its place connect a 
driver transformer for the audio power stages. 
This could be a Stancer type A-4752 or equiva
lent. It is not critical where it is mounted, and 
we found that it could easily be mounted on the 
bracket covering the transmitter trimmer adjust
men ts. The modulation transformer was 
mounted on the back wall of the transmitter and 
is a Stancor type A-3845. The nearest ratio of 
transformer impedances we could find that 
worked best was the 10,000 lo 8,000 ohms. Inci
dentally, some models have a switch marked, 
TANK-OTHER use. This is used to make the car
bon mike input less sensitive in a noisy location 
and thereby improve the transmission. Set it at 
OTHER USE if you have such a switch. 

This equipment was originally used in 
vehicles with a negative ground. When used in 
a positive ground car, il will be necessary to 
provide some bias source such as a battery or 
dry cell to eliminate this problem. Figure 1 
shows the circuit I finally ended up with, and 
since the battery is inserted properly, there will 
be no need to worry about how to set the battery. 
Jt will be necessary however to reverse the 
primary connection on the dynamotor for the 
positive ground cars. 

When wiring the modula tor , I made use of 
two tubes which were originally used in the f.m. 
circuit. The leads may be a little long, both 
from, and to, the transformers but this shouldn't 
matter much. 1f any r.f. is picked up, they could 
be shielded, but this is probably not necessary. 

.Power is applied b}l connecting 12 volts d.c. 
to pin l and the negative terminal (unless 
changed as mentioned above) to pin 2. T he 
entire transmitter is operated by push to talk, 
with a dynamotor start relay and an antenna 
changeover relay all ready built in. A receiver 
disable relay is also provided. 

Tuning Up 
Once power bas been provided it will only be 

necessary to press the mike button to get on the 

air. Tuning up is the next step and should be 
done as follows: Set a crystal in one position of 
the crystal socket. Rotate the small knob on the 
side, until the channel select locking screw is 
visible through the bole above the push buttons. 
Loosen this screw and then depress the push 
button corresponding to the crystal position you 
inserted the crystal. Put the transmitter ON-OFF 
switch into the ON position. Press the button on 
the mike and rotate the knob on tbe side (with 
the meter switch in position l) until maximum 
current is read with the meter switch in TUNE. 
Put the meter switch into position 5, and read 
the grid current. This should be at a maximum 
value at the setting obtained . for the previous 
reading, (about 30 on the meter), when the side 
knob is rotated. If the setting is different, then 
the alignment is at fault and the trimmers and 
coil slugs will require additional adjustments 
until they track. Likewise, the reading for posi
tion six of the meter switch should also be set 
proper(y. This should be a minimum reading, 
since it is the plate current, and when tracking is 
proper, as it should be, it will be possible to 
increase the plate current by loading the trans
mitter. This is accomplished by setting the load
ing capacitors for each frequency. These are 
found on the right side of the unit. Likewise, 
L 111, which is accessible from the top side, is 
is adjusted for maximum r.f. current as is the 
general loading. This is done by merely flipping 
the switch on the front panel to read r.f. current. 
L 111J is accessible. from the bottom side just 
above the handle. This is the final amplifier tank 
coil and should be adjusted as part of the track
ing, but may require adjustment as part of the 
loading. 

Once the adjustments for a particular chan
nel are determined, the next set of adjustments 
are made and the procedure followed again, and· 
again, until all ten channels are preset. This may 
seem a little tedious, but it is actually a fast 
operation, since only the knob under the handle 
and the loading capacitor need be adjusted for 
each setting. The dial is locked in a manner 
reverse of that of loosening it, that is, by turning 
the side knob until the screw is visible within 
the front panel hole and then tightening it. Some 
doubt may appear regarding the changing of 
settings each time, but the push buttons lock the 
assembly except for the setting being adjusted so 
no change will occur in those not being adjusted. 

1t is a good idea not to keep the transmitter 
o~ in a transmit condition too long at any one 
time, since the tubes could easily over heat. The 
manual for the equipment recommends the use 
of the equipment only intermittently, which 
means about five minutes on, fifteen off. This is 
primarily to protect the dynamotor, and should 
extend the life of the unit greatly. This need not 
be followed if the side plates are removed and 
proper ventillation is provided. 

The crystals used should be one fourth of the 
frequency of the output. For fifteen meters, a 
5.25 me crystal will provide an output of 21 me, 
while 7.3 me crystals will be 29.2 me. 
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THE BC-696 
Wishing to convert a BC-696 to crystal control 

for Novice operation, I hit upon a very novel way 
of doiog so. A plug-in adapter, using parts costing 
less than $3.00, changes the 1626 from a variablc
frequcncy to a crystal oscillator. As it requires no 
modification of U1c oscillator, v-f-o operation may 
be restored in a matter of seconds. Pig11re 1 and 
the picture shows the simplicity of tl1e adapter. 

Thia emit wu built in an FT-20JA adapter 
from a BC-454. However, a U-braclcet, about 
1 Y. x 1 Y. x 2 inchCI, will work satisfactorily. The 
parts arrangement shown in the picture utilizes the 
available space to good advantage.. One word of 
caution is i.n order. Do not apply too much pressure 
while drilling the holes, as the thin aluminum is 
easily bent. 

VI 

XI 

PARTS UST 
Cl-~wfd 6COY CEii.-: 

~i;;?~..,c.l,;s~~ 

I 
VI- IOZG C6a5 OR GJ5 FOii 

6\IOl.T~ATIOO) 
Xl-3.7-S.~MC NOVICE 

6AOO CRYSTAi.. 
Pl- OCTAL PWCl ~ 

CP·B <lA EOIJV.I 
OCTAL TIJ8E SOCKET 
CRYSTAL SOCKET 
FT-230A 80X OR lt' X 4 ' 

X 2' ANGLE llllACXE'f 

/It.UC INTO 
tud SDCJ(ET ON 

TRANSMffTCR 

Fig. I. Tho wiring schem4lic roveals th4t only 
• very fow ports oro roquirod. Tho only circuit 
change in tho Command tr4nsmitter is 
to ground pin #I of tho lb26 socket. 

Much of the wiring may be done before the parts 
arc mounted. Mount the tube socket with the key
inti slot down and the plug Pl, with its key to 
the front 
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To prevent possible sho~, iDJulate the r-f 
choke, RFC, with a layer of tape before wiring it 
into the circuit 

The only modification required in the BC-696 
itself, besides those usually made for amateur 
operation, is to connect pin l of the 1626 socket to 
the nearest ground lug. 

Remove the 1626 and 1629 tubes and the cali
brating crystal from the transmitter. Plug the 
1626 and a Novice-band crystal into the adapter, 
and plug the adapter into the 1626 socket. The 
unit is now ready for testing. 

8+ 162$ Pf.ATC vot..TAGE 

fSZ5 Fil. vot..TAGE caN0N 61/0tND 

' 
7 

TEST POINT 
162$ GRID VOl.TAGE (-/ 

II+ 1625 SCN l'OL T/!1$£< B+ 0SC IUTE l«TAGE 

This view of the Command transmitter 
power plug is shown for referonc1 purposes. 

Testing 
Apply filament voltage between pin 2 of V 1 

and ground and to the 1625 filaments. Connect a 
100-volt, d-c meter between pi11 3 of the power 
plug on the transmitter, the positive meter terminal 
to ground and the negative one to the pin. 

Set the transmitter dial approximately 100 kilo
cycles above the crystal frequoncy and apply a 
maximum of 250 Tolts, d .c., to ,,,. -I of the power 
plug. Quickly tune the dial for maximum meter 
deflection, consistent with the cr,ystal starting every 
time oscillator plate voltage is applied. 

Now apply plate aod screen voltage to the 1625's 
and adjust the amplifier padding condenser for 
minimum plate current. Antenna tuning and load
ing follow standard procedures described many 
times in CQ and other publications. 

Several methods or keying have been tried with 
this transmitter. The most foolproof method was 
cathode keying of the 1625's. Oscillator plate and 
amplifier screen keying also works fine, but oscil
lator tuning becomes rather critical. 



THE ART-13 
THE ART/ 13 TRANSMI'l'!'J.:ln offers a refreshing 

variant from the present general run of war 
surplus equipment . Essentially, the ART/13 

is a Collins product using the auto-tune selector. 
This allows any one of eleven preseleet~d fre
quencies to be automatically chosen, tuned and 
operated from a remote posit.ion. As if this one 
feature were not sufficient to warrant further con
sideration, a frequency meter type v.f.o. allows the 
transmitter to be manually operated on any fre
quency between 2000 and 18,100 kc with a cali
brated accuracy on the order of 1 kc. A Collins 
pi-network enables pracLica.lly any type of an
tenna, excepting two wire balanced lines, t-0 be 
matched to the finaJ output. 

Technical Description 

T he tube lineup consists of an 837 electron
coupled osciflator operating in the range from 
1000 to 1500 kc. This oscillator has excellent fre
quency stabilization and is sufficiently shielded to 
rule out any possibltll broadcast-band i nterfer
ence. The oscillator tuning is broken into two 
ranges, the first range tuning from 1000 to 1200 
kc and the second from 1200 to 1500 kc. Together 

these two ranges are spread over almost the entire 
4000 possible dial divisions, thus a very high 
order of dial divisions per kc is obtained even on 
the 10-meter band. Setting up a frequency is 
much the same procedure as followed in u.siDg a 
frequerl~y meter with calibrating charts and the 
results are of about. the equivalent accuracy. 

The 837 low frequency oscillator drives a 1625 
(J2 volt filament 807) operating as a doubler, 
tripler or quadrupler depending upon the output 
frequency. The second frequency multiplier is 
also a 1625 a-nd is always operated as a tripler .· 
The final amplifier is an 813 which is modulated 
by a pair of 8lls. We have stepped the high 
voltages up to 1500 volts and a plate input, fully 
modulated, of about 225 to 250 watt.s may be 
reached without exceeding the commercial ratings 
of the tubes. The lower voltages have also been 
stepped up to about 450 voJt,s, resulting in some
what more excitation to the final amplifier in the 
10 meter band. 

The speech amplifier consists of a 12SJ7 fol
lowed by a 6V6G which drives the 8l ls. Also in
corporated in t.he speech end of the ART/13 is 
another 6V6G which acts ns a sidetone amplifier. 
The output of this amplifier is delivered to a 
phone jack labeled "Sidetone No. l" on the front 

The A RT /13 with a·c power •upply. Equal in sire to the average communications receiver, 
this aircraft transmitter is rated at 200 watts output on phone and c.w. with automotic selection 

of 11 frequencies on any band from 80 to 10 meters after conversion. 
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pucl. The speech may be monitored by the sidc
tone amplifier or the keying may be monitored 
through a built-in audio oscillator when the 
emission switch is in the c-w position. 

A carbon mike may be plugged directly into 
the mike jack with the modifica~ion shown in 
F'ig. 1. Quality reports even wi th a carbon mike 
have been excellent and the designers claim that. 
the frequency response of U1c transmitter is tibout 
plus or minus 2 db from 300 to 4000 cycles. C· W 
opemtion with a high speed key is not advisable, 
although ordinary hand key operation is satis· 
factory. The present keying relay appe1u-s too 
sluggish for rapid keying. Ir necessary, the relay 
may be removed and the 813 biased to cutoff of 
about 40 to 50 volts. No bias is necessary with 
the 1625s. The keying relay, however, permits 
the same antenn:i to be used on both the trans
mitter and receiver. A binding post marked 
" receive" is located near the antenna. post and 
the receiver lead may be connected to it. The 
relay also grounds the receiver antenna input 
while trimsmitting. 

.Because of the compact size of tbe ART/13 
after a period of continuous filronent operation 
the transmitter becomes very bot. In fact, the 
pitch in the modulation transformer may become 
so warm that it 'l'rill soft.en sufficiently to permit 
the unit to "talk" so loudly that acoustic feed
back to the mike may occur. This difficult.y was 
solved by obtaining a small automobile fan which 
works smoothly from a spare 5-volt filament 
winding. This forced air draft cools the entire 
transmitter down to a safe opero;ting point and is 
practicrdly a necessity. Tf brush noise results in 
the receiver from this fan, it mtiy be circumvented 
by using shielded crystal mike cable and 0.1 µ£ 
by-pass condensers. 

Generally the ART/13 is sold with a 30 wire 
cable and/or a power supply plug type U-7/U. 
The remote control head may also be for sale at 
the same time and this is especially valuable if 
remote operation from the living quarters of the 
house to the transmitter in the attic or cellar is 
desired. There are a few different models or the 
ART/ 13, but the fellowing pointers may be ap
plied to all. 

Power Supply 
Bcoause the ART/13 is an aircraft transmitter, 

tho question of a power supply is extremely itn
portnnt. There are severa.l models t hat might be 
adopted for conve1ting the unit to a.c., but we 
decided that the best procedure would be to 
separate the 24-28 volt filament circuits from the 
relay coil circuits and the auto-tune motor chan
ncling-oper:ite the filaments of the tubes from :i 
26 volt n.-c supply and the d-c circuits from a 26-
volt source. This reduces rewiring to a bare 
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Fig. 1. First modiRcation of the ART / 13 is changing 
the microphone supply to a high level carbon mike by 
add ing a pen-lite battery on the down termina ls of the 

mi ke switch. 

minimum and requires only a low amperage d-c 
source. The separation is the only obvious solu
~ion since it does not i~ppcnr practical to build a 
d-c supply capable of dolivel'ing 10 atnps when 
the tubes may be opcrntcd on a.c. The a-c re
quirement is 8 amps. Direct cw·rent is provided 
by a 30-volt, 2 amp. transformer, and rectified by 
two 1-amp. selenium rectifiers operated in paral
lel. The voltage is filtered by two lOOµf 25 w.v. 
condensers. Other nrrangements, equally as 
good,could be employed, especially certain types 
or variable voltage battery chargers. 

The general power supply in use at W2GQM is 
shown in Fig. 2. Tho only unconvent ional ar
rangement in the power supply is the resistor in 
series with the center-tap lead of the 1550-volt 
transformer. It will be noted that the side of tbe 
resistor away from the center tap is grounded. 
The plate current meter is placed across this 
resistor and actually measures the entire current 
being drawn from the power supply. This is not 
usually considered a very desirable feature as the 
grid currents and screen and modulator curren~ 
are also being measured at the same time. This 
system was employed by the original designers 
and it was decided to retain it rather than place 
the meter elsewhere. If the transmitter is tuned 
in the c-w position, fairly accurate readings may 
be taken. The exact position of the sliding con
tact on this resistor must, be obtained by exper
iment and it is sugges1.ed that a 25-oliin unit 
first be tried. The millimnmeter is calibrated from 
0 to 200 ma, but wiUt the increased plate current 
from the higher voltages it is necessary to adjust 
the resist-0r until the full scale meter reading is 
actually 400 ma. 

Transmitter Conversion to A -C Filaments 
The rewiring of the ART/13 to incorporate a-c 

filament voltages is fairly simple. The first step 



is to remove the bottom and lower front panels, 
exposing the autotune mechanisms and the bot
tom of the t;ransmit,ter. Remove the screws from 
the jack momiting strip which is fastened to the 
lower part of the autotune units C, D, and E. 
This will allow removal of autotune unit C. Un
screw the autotune locking bar on unit C and re
move it so that the knob and disc may be re
moved. Unscrewing the locking bar may have to 
be done with pliers. Remove the knob by un
screwing wi th one of the special wrenches that 
are mounted inside the chassis. This knob will 
not slip off easily and some force must be used. 
Observe the reading indicated by the knob be
fore removal. If it is not replaced exactly the 
same way, it will be necessary to experiment after 
the transmitter is placed in opcrn:tion, to show 
what the proper reading of the knob for a given 
switch setting should be. 

llS VAC 

Remove the disc behind the knob so that the 
three screws holding the autotune are accessible. 
'l'tlke out t11ese screws and remove the autotune 
unit from the chassis. The autotune unit will 
come loose if pulled forward with a medium 
amount of pressure. Notice that the coupling 
between the autotune unit and the switch is com
posed of a short shaft with a keyed cog on each 
ond. These cogs fit snugly into both the nutotune 
units and switches. When the autotunes are re
placed these keyed cogs will automatically align 
the autotune with the switch. Removal of the 
autotune (J allows access to the 1-ohro resistor 
R-116 which is shown in Fig. S and is located 
above and to one side of the motor relay. Remove 
autotune unit A in the same man~ner. This ex
poses the speech amplifier power plug which is 
also shown in t he bottom view photo. 

Observe that there are three leads connected 

RI 
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fig. 2. Circuit diagram of power supply suitable for use with the 4·C version of the ART /13. 
C1, C2-2 µf, 2000 volt working 
C3, C4-100 µf, 25 volt working 
CS, C6, C7- 8.0 µf at 600 volts working 
CH1- 300 ma swinging choke 
CH2-15 h 300 ma choke 
C H3, CH4-15 h 200 ma choke 
R1 - 150,000 ohms, 25 watts 
R2-see text 
R3-50,000 ohms, 10 Wdtts 
FS1-10 dmp. fuse 
FS2, FS3-500 ma fuse 
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T1-plate transformer, 3500 voltl, c.t. 
T2-filament transformer, three 5.0 volt windings at 

4.0 amps. 
T3-step-down transformer, 30 volt seconddry 
T4-plate tra nsformer, 600 volts, c.t. 
T?1 T 6-filament transformer, 25 volts at 4 .0 amps. each 
RY1- relay, plate circuit 
RY2-relay, four pole single throw, 26 volt coil 
Y1, V2-866 rectifiers 
V3-SZ3 rectifier 
SW1- he.ivy duty line swing or circuit bre<1ker 
Selenium rectifie", 1 amp. rating each, in pdrallcl 



to one side of R-110 and two leads to the other 
side. Remove all o! thorn and solder the three 
leads together and insulate. These leads are on 
the power side of R-1 ta. The other two leads are 
on the filament side of this resistor and one 
connects to contact 7 on the speech amplifier 
power socket while the other runs around throu~ 
the transmitter and fastens to lug 2 on the oscil
lator power supply tcrmii:lal strip. 

In our modification, the two leads arc fastened 
one to each side of R-116. The lead going to the 
oscillator is cut where it leaves the bakelite tube 
mounted at the rear of the transmitter. This wire 
is then pulled back through the tube and is 
fastened to the power side of the 0.8 ohm resistor 
R-121 which is the filament dropping resistor for 
these tubes. The other half of the wire is pulled 
out of the cahlillg from the oscillator end, run 
through a hole in the wall, to which control A 
screws and is fastened to connector 7 on the 
speech' amplifier power plug. Lug 2 on the osc~
lator power strip connects to the frequency multi
plier and the crystal calibrator filaments so the 
operation just performed connects ~II these fila
ments circuits together and to one side of R-116. 
The other side runs to the external power plug 
connector 6 instead of connector 4. Connector 
4 is now used for the d-c relays and channeling 
motor exclusively. 

Conversion to 10 M eters 
I t is not possible to rench the 10 meter band, 

using the frequency multipliers in the ART/13. 
Provision has been made in the trsm~mitter for 
the addition of a low frequency oscillator if so 
desired. This arrangement makes it convenient 
to add a frequency multiplier using another 1625. 
A chassis may be built around panel MX-1£8 to 
fit very nicely into the space allotted. Without 
the 1-f oscillator the 28-ohm resistor R-40B is 
connect,00 across the power input plug and is 
used to t.ake the place or the 1625 filament drain. 
This may be removed and the new 1625 doubler 
filaments connected across the plug. This plug 
also provides plate and screen voltages, thus 
greatly simplifying the problem of wiring up the 
doubler stage for 10 meters. The schematic of 
the new doubler appears in Fig. 4. When com
pleted it is only necessary to plug it in and con
nect the grid excitation and plat.a output leads to 
the appropriate points. No doubler plate tuning 
condenser is shown in the photo Fig. 5 as the coil 
is tuned by its own distributed capacity and 
rough tuning is accomplished by compressing and 
expanding the 10 meter tank coil turns. 

The 10 meter 813 final tank circuit is mounted 
on the plate circuit relay K-105. Io the original 
design of the ART/13, switching to low frequency 

C.3 Pl..ATE 
---..;;i f._.c.::;:----- 813 

CHOKE 

Al.. READY 
CONNECTED 
TO Pl

NETWORK 

TO Pl -
NETWORK r'u-.JI'-----

ANTENNA 
REL AY 

l..OAD COil.. 

""" CONNECT 
ONL.Y IF 

A COMMON ANT. 
IS TO BE USED 

Fl . 4 . Circuit diagram of the 1 O meter doubler de1igned for the space ~ccupied by the low frequency oscillator 
9 MX-128 before conversion. 

C1, C4, C5- .001 µf mlc<1 
C2, C6-.002 µf mic<1 
C3-4-40 µµf trimmer 
C7-10 or 15 µµf vorloble 
CS-35 µµf voridble 

R1 - 1000 ohms 2 w<1tts 
R2-100,000 ohms, 1 wott 
L 1-4 t. No. 10 enamel. 1 J1!" l.D. 
L2-4 t. No. 14 enamel, 1 J1!" l.D. 
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caust's this relay to close, which disconm.'CLS the 
antenna coupling system rrum the 813 plalt' ancl 
transfors it directly to the load coil post on the 
~ide of the transmitter. External antenna loading 
is normally used on the low frequencies. Herc 
:~gain, the original low frequency design lends 
itself readily to 10-metcr conversion. The relay 
contact that provided output for the low fre
quencies is connected to the hot side of the 10 
meter tank circuit and the other side is grounded 
with as short a lead as possible. 

The 10 meter tank circuit is composed of a 
35 µ µf double-spaced condenser and a coil ma.de of 
No . .10 solid copper wire. It is recommended that 
the low frequency r-f choke, f.,-109, be removed 
from the circuit. The .002 µf by-pass condenser 
C-1f8 is then mounted in the same spot, the 
bottom end of the high frequency r-f choke and 
the B+ lead connected to one side of it, and the 
other side grounded. Eliminating the 1-f choke 
and moving the by-pnss condenser closer to the 
hii.1h frequency r-f choke shortens the circuit 
lcad8 and reduces unwanted µlate circuit capaci
tiC'i; and circul:iting currents. It al.so allows the 
relay contacts, formerly used to short the large 
choke, to he used for switching the main antenna 
O\'er to 10 meters. The external load coil is now 
available for use as a connection for the 10-meter 
antenna. Simply run a lead from it to the ex
perimentally selected tap on the l 0 meter tank 
coil. This tap is the spot on the coil selected as 
the one giving the proper loading of the final for 
the antenna in use. 

Although the frequency multiplier unit may be 
converted to fully automntic 10 meter operation, 
a much simpler method is shown in Fig. 4. This 
conversion consists of breaking the lea.cl between 
t,he 813 grid and its coupling condenser. A four
pole double-throw switch, insulated for r.f., is 
mounted on the lower rear panel of the transmit
ter as close to the 813 grid as possible. Connec
t ions are the11 made according to the schematic. 
When operating on 10 meters, the t ransmitter 
controls A and B arc tuned in the normal fashion 
to one-half the required 10 meter frequency. The 
setting of controls C, D, nnd Ea.re otherwise im
material, alt.hough C should be placed on a num
ber that closes the internal switch in series with 
the key. 
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After throwing the four-pole switch to 10-
mct.er operation the transmitter is turned on. 
Tune the doubler for maximum 813 grid current 
with the funct ion switch in "Tune" and the emis
sion swikh in the c-w position. Tune the 813 10-
mctcr tank circuit for minimum plate current. 
The antenna or reeder may then be lapped on for 
the proper lo:iding, about 180 ma. If the 813 
grid current is lower than its value on the other 
bands, a slightly reduced loading should be used. 
Remember that the meter indicates the totaJ 
cat.hode current to the tube and not (.he plate 
current alone. II, muy be necessary to retune the 
tnnk after the feeder is connected, but the an
tenna system detuning should not be too great, 
since this is an indicntion that the antenna system 
will not resonate. 

General Operating Notes 
When the emission switch is pl11ccd in the. 

m-c-w position, when keyed, the transmitter will· 
be modulated by the built-in audio oscillator. 
This type of emission is illegal for nil but the 
higher amateur frequencies and the new 11 meter 
band. 

Operators will find that it is very possible to 
tune the ART/ 13 on a harmonic of the desired 
operating frequency. Quite likely this will only 
happen in the SO meter and 40 meter bands. How
ever, if the readings of the numbers indicated by 
dial C arc in proportion to the output frequency, 
this ";n probably never llilppen. For example, 
tuning the transmitter up on 80 meters should 
bring dial C somewhere between readings 2 and 6. 
If a reading around l 2 is obtained, the transmitter 
is tuned on a hnrmonic. The antenna current 
readings arc not too reliable ns the meter is 
operated by inductive coupling to the antenna 
lead. 

The antenna used at W2GQM for all band 
operation consists of a 118-foot flat top tapped 
with a single wire feeder 17 feet from the center. 
On 75-mctcr phone, it acts as a single wire feed 
matched impedance half wave. On 40 and 20 
meters it operates as a large T type :\Iarconi, 
while on 10 meters it is used as matched im
pedance of seven half waves. 



MORE ON ART-13 
IN 'l'ILE November, 1946 issue of cc~. Paul Rn.f

ford, W2GQM, described it method of convert
ing the very popular ART/ 13 tmnsmitter to 

amnteur use. In the light of the experience of 
these two writers, the Rafford method may be 
simplified by designing a suitable 10-11 meter 
tank coil and pnmiug the coils of the master 
oscillator in such a fashion that the output. fre
quency range extends from 3.4 to 30.6 me, instead 
of the original ro.nge from 2.0 to 18.1 me. Al
t hough this destroys the frequency calibration as 
supplied with the ART/ 13, the t ransmitter may 
be easily recalibrnted wi th the aid of n com
munications receiver and the CPI uni t built into 
tho ART/13. 

Description of the ART/13 
The AN/ART/13 or ATC/ l uses an 837 vl.o. 

operating between 1000 kc and 1510 kc in two 
ranges: 1000 to 1200 kc and J200 to 1510 kc. 
The band of oscillator frequencies available de
pends upon the position of the oscillator range 
switch SJOJ, which adds or removes padders to 
the tuned circuit of the fundamental oscillator . 
The output or tilC d.o. must be multiplied from 

two to twelve timr,s to cover t he frequency range 
desired. This is o.ccoinplished in l:wo JU25 multi
plier stages. The first 'I 625 operntes ns a doubler, 
t ripler, or quadruplor; lhe second Hl25 operates 
only as a tripler. The first multiplier is con
trolled by switch St0£; the second by switch 
SIOS. The positions or SIOI, SIOB, and SIOS are 
governed by the A control on the front panel. 

The inductance LIO/ in the v.f.o. t1J1d the two 
inductances in the multiplieri;, L105 and L106, 
are slug-tuned. The slugs are ganged for simul
taneous fine frequency adjustment and are con
trolled by dial Bon the rront panel. 

An 813 is used in the finnl amplifier and func
tions at nil frequencies as a straight amplifier. 
From positions I to 0 inclusive (2.0 to 6.0 me) on 
the A control, the outpO.t of the first L625 multi
plier is connected to the grid or t he 813. In posi
tion 7 to 12 (6.0 to 18.l me) of the A control, the 
output. of the first multipliet drives the second 
multiplier which in turn feeds the 813 final. The 
output circuit or the 8 13 consists or controls C, 
D and E .l.ailt a rc hundlcd from the front panel 
nncl constitute the Collins Antenna Network. In 
positions 1 to 7 inclusive or the c control, the 

The Collins Autotune AN/ART/ 13. This model, after conversion, has two eddltlonal controls, the high 
frequency tank condenser dial •nd the variable antenna link control, loc•ted just above the nameplate. 
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antenna tuning circuit fun~tions as an L network. 
From positions 8 'to 12 the antenna is loaded by a 
pi-network, while in position 13 the tuner again 
becomes an L network, but with a small induct.or 
L114 in shunt with t110 vuriometer controlled 
byD. 

Converting to Amateur Operation 
Since th.e frequency range below 3.5 me is just 

so much waste in the ART/ 13, it was decided to 
prune the coils in the oscillator to permit 10-
meter operation without the addition of another 
doubler stage as suggested by Bafford. In order 
to make the coil changes it is necessary to remove 
the right side wrap-around panel of the transmit
ter case. This is accomplished by taking out 
seven screws in the rear and ten screws at the 
side of the case. This exposes an aluminum shield 
that covers the housing of the h-f oscillat-0r coil. 
This must also be removed. When this is done 
the multiplier inductances L105 and L106 and 
the oscillator inductance LJOI arc exposed to 
view. 

It will be noted that all three coils are wound 
with a few turns close-wound at one end, a sec
tion of widely spaced turns followed by a long 
section of close-wound t.ums. The reason for this 
unconventional method of winding is to obt.ain a 
nearly straight-line-frequency calibration for the 
B control. The ierminal at the end of the long 
section of the winding is t he cold r-f end. Ap
proximately 40 per cent of the winding is re
moved from each coil, beginning at the cold r-f 
terminnl. 

The oscillator coil LJOJ has originally 47 turns 
and 28 are removed. The first multiplier coi l 
L105 has 28 turns originally, of which 16 are re
moved. The second multiplier coil LIOS has 9 
turns nnd 5 are removed. These turns may be 

cnrefully removed without disturbing the coil 
forms. It is neither necessary nor advisable to 
remove the complete coils in order to make the 
changes. When the correct number of turns have 
been removed, re-solder t he end to the terminal 
lug. 

In ext.ending the frequency range of the trans
mi ttcr, it is necessary to substitute another tank 
circuit for the 813 when operating the 10-meter 
uand. Position 13 could not be used for t his 
purpose since a cam-operated switch on the shaft 
of the A control disables the oscillator and the 
multiplier stages by opening their respective 
cnthode resistor connections. However, it is pos
sible to retain completely automatic 10-meter 
operation by re-positioning the cam and the con
nections of the two jumpers on switch s114. 
When this is done the oscillator and the multi
pliers follow through normally and at the same 
time the relay K105 functions to substitute the 
h-f tank circuit for t he Collins network. 

In order to make these changes it will be neces
sary to remove the frequency multiplier unit from 
the assembly. The following procedure is recom
mended: 
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I. Remove tubes and remove the autotune 
cover plate and bottom plate. 

2. Remove aut-0tune unit A. This is done by 
turning the dial locking bar to the unlocked 
position and unloosening the two No. 10 
13rist.ol set screws in the dial. Then turn the 
dial anrl locking bar counterclockwise to
gether uni;! t he bar comes free. Remove the 
dial and locking bar, ·then remove the dial 
back plate by loosening the two long screws 
on the top end of the unit and the short 
screws on the bottom cod of the uwt. 

3. Lift the autotune unit out, being very care
ful not to move any of the mechanisms from 

lop view of the ART/ 13 
showing placement of parts 
for the high frequency tank. 



the time the unit is loosened until it is again 
securely in place. 

4. Remove the screws holding the seeking 
switch S 109 to the casting and swing out the 
switch. 

5. Remove the wires leading to the multiplier 
coils at the rear of the h-f oscillator unit. 
Remove the buss wire connected to the 
coupling condenser C1J6. 

6. Remove the two screws just behind the 
second multiplier clamp shell and the two 
screws just in front of the multiplier clamp 
shell. This multiplier may now be pulled 
out sufficiently to remove the nut holding 
the ground wire lug on the fire-wall as
sembly. Remove the cable connector JJ15 
from PtOJ in the multiplier unit. The mul
tiplier unit may now be lifted out of the 
transmitter completely. 

It is now possible to move the cam that actu
ates switch 8114 from its normal position of clos
ing the switch on position 13 to its new position 
of closing on 12. By reference to the wiring 
diagram it will be seen that RlSO and Rt SJ must 
be kept in the circuit. T11is is done by placing 
jumpers across the controlling contacts of 8114. 
With these changes completed, the multiplier 
unit may now be re-in.stalled. 

The relay K105 llll\y be operated manually by 
a SPST switch shown in Fig. 1. With the SPST 
switch closed, all 11 channels may be set for 
automatic operation 11 and 10 - or a combi
nation, with the low frequencies available by 
opening the SPST switch may be set up. 

High Frequency Tank Circuit 
The next ~P is to install the new tank coil 

circuit for the 813 final amplifier. The unit is a 
conventional one and with the B1ui JC-1540 tun
ing condenser it will adequately cover the 10 and 
11-meter bands. The following procedure is 
recommended for this installation. 

1. Remove all tubes, the leads from C118, and 
finally C118 itself. 

2. Cut the four connections at the termiruJ.ls of 
L109. Remove the two L109 tinned wires 
that connect to relay K105. Remove L109 
and install a one-inch standoff insula.tor in 
the L109 mounting hole. 

3. Put solder wgs on the heavy insulated wire 
that carries the B+ and on the No. 10 
t inned wire that carries the B+ to the 813. 
Pince lugs under screw at the standoff. 

4. ·Remove the tinned wire between the Load
ing Coil binding post and K105. The stand
off insulator support ing this wire can be 
used in step 2 above. The terminal on 
K105 will be used for the plate circuit of the 
10-meter tank. 

fig. 1. Circuit ol 10-111eter tank circuit •nd metnod of 
wiring into transmitter. The variable condenser .croas 
L1 Is single section, 50 ;;µf, Bud JC-1540 or equiva· 
lent. L 1 is 5 tums of Ys ' copper tubing 1 .!1" i.d. U 

is 2 tums of No. 10 wire. 

5. Remove the wire from the Condenser binding 
post to the vacuum keying relay. It is 
necessary to be extremely careful with the 
keying relay leads M they require a sma.ll 
Bristol wrench. 

6. Remove the solder lug Crom the Receiver 
binding post and solder it to the Condenser 
binding post. The two binding posts on the 
ceramic bowl now serve a.s transmit and 
receive antenna connections for all low fre. 
quency positions. 

7. Remove the Receiver and Load Coil binding 
posts and install two coax feed-thru con
nectors. These will serve as transmit and 
receive antenna connections for all h-f 
positions. 

8. Remove the Low Frequency front panel and 
install the 28-volt antenna changeover re
lay, 10-meter coil and condenser unit. See 
Fig. 2 for the suggested positioning. 

9. If manual operat ion is to be used, it will 
be necessary to install a SPST switch and 
pilot light and remove and tape the end of 
wire from terminal 18 of the K105 holding 
coil. Replace panel and complete wiring. 
Substitute a +28 volt lead from terminal 
1/:15 J116 to terminal 2 on K105, as shown 
in Fig. 1: . 

Oscillator Recalibration 
After the wiring changes have been made it is 

necessary ·to replace the shield cover, the 
wrap-around cover and the tubes. The conden
sers for tuning the multiplie1· stages are .accessible 
from the bottom of the transmitter. To check for 
oscillation, remove the bigh voltage fuse and 
apply the filament voltage. Set A control to 
position one and the B control to midscale. With 
the power level switch at Tune and the emission 
switch at CW apply the low voltage to the oscil-
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lator. Check for output by t-0uching a neon lamp 
to the plate of the oscillator and the first multi
plier. The second multiplier is checked by switch
ing the A control to position seven and then 
touching the neon lamp to the second multiplier 
plate. 

If the appropriate changes have been ma<le in 
L101, the frequency range in position one of the 
A control should be approximately 1700 to 2100 
kc. On position two of the A control the oscil
lator frequency range will be from 2000 to 
2600 kc. We may now make a coarse calibration 
pf the 1700 to 2100-kc range of the oscillator. 
First, tune a communications receiver to 1700 kc. 
Set the A control to position 11 the emission 
selector to CW and the power level switch to 
Calibrate. 

When the low voltage is applied, somewhere 
between divisions 500 and 700 on the B control 
a signal should be heard in the receiver. The 
1700-kc point on the B dial should be tabulated. 
Tune the communications receiver successively 
to 1800, 1900, 2000 and 2100 kc and at each spot 
frequency tabulate the setting of B when the 
transmitter signal is picked up. The 2100-kc 
position should be at approximately 1900 on the 
B control. 

The same coarse check can now be made for the 
2000 to 2600-kc oscillator range, except that the 
A control is now at position 2. 

It is now possible to begin calibration of the B 
control. First set A to position 1 and set B to the 
approximate setting for 1700 kc. Plug a pair of 
headphones into the Sidetone jack and adjust the 
sidetone gain control for maximum signal in the 
headset. Rotate B control slowly for zero beat 
with the output of the 50-kc oscillator CFI-8Q. 
This zero beat point is now the correct 1700-kc 
calibration. The reading, however, should be 
very close to the approximate setting as deter
mined in the coarse calibration. It is necessary 
to emphasize here that in addition to the 50-kc 
beat from the CF! unit there will also be a 25 and 
a 12.5-kc beat, which are much weaker, There
fore it is of utmost importance that the strongest 
beat be tuned and that the B control reading cor
respond fairly closely to the coarse readings. 
Once this primary point has been found, the B 
control is slowly rotated, zero-beating at every 
50-kc point and carefully tabulating the control 
markings for each 50 kc in range. 

The same procedure is followed in calibrating 
the 2000 t-0-2600-kc range, except the A control 
is moved to position 2. An actual calibration of a 
converted AN/ART/13 is shown in Fig. 3. This 
should be of assistance where the wiring and coil 
modifications have been followed as indicated in 
this article. 

Adjusting the Multipliers 
Peaking the multiplier circuits for operation in 

89 

the amateur bands is accomplished by -the adjust
ment of multiplier ps.dder condensers, 0111 and 
0115. C111 consist-s of six adjustable ceramic 
padder condensers associated with the first multi
plier stage. C115 consists of another six ceramic 
condensers, but 888-0Ciated with the second multi-

" A: OSCILLATOR FIRST SECONO FINAL 
CONT· FUNOAMENTAL MUL11PLIER MULTIPLIER OUTPUT 

ROI... (KC) FREQ(MC) 
1 1100- 2050 DOUBLER 3.4 10 4.1 
2 2050-2550 DOUBLER 4.1lo5.1 
3 1100-2050 TRIPLER 5.1 106.I 
4 2050-2550 TRIPLER 6 .t to 7.G 
5 1700-2050 OUAOOUPLER 6 .8 to ao 
G 2050-2550 OUAORUPLfR ao 1010.2 
7 1700-2050 DOUBLER TRIPLER 10.2 10 )2.3 
8 2050-2550 DOUBLER TRIPI.ER 12.3lo15.3 
9 1700-2050 TRIPLER TRIPLER 15.3 lo IB.4 

10 2050-2550 TRIPI.ER TRIPLER 18,41022.8 
11 1700-2050 OUADRUPLER TRIPI.ER 20.4 lo 24.0 
12 2050-2550 OUADRUPLER TRIPLER 24.0lo 30.6 
13 Nol used Nol OtCCI Not :used 

fig. 2. Frequency range for the various positions of 
the "A" control on a converted Collins Autotunc 
trMsmlttcr, showing fundamental oscillator range, 

111ulllplter function and final output frequency. 

plier stage. With the transmitter placed bottom 
end up and the panel facing you, the first ).>ank 
of condensers visible is the C111 group. They are 
designated by letters from A to F and correspond 
to steps 1 to 6 on control A. The second band of 
condensers is the C115 group, which, from left to 
right, are designated A to F inclusive and cor
respond to steps 7 to 12 on control A. 

The multiplier stages are peaked in the follow
ing steps. 

1. Set A to position 1 and B to the center of the 
80-meter band. 

2. Apply low voltage supply, place powet level 
S\Yitch in the Tu11e posit ion s.nd the emission 
switch on CW. 

3. Place the meter selector switch in the Grid 
position. 

4. Use an insulated screwdriver and slowly 
rotate the small metal lip that protrudes 
from capacitor Ctl 1 A and adjust for max
imum grid reading. 

5. Rotate A control to position 2, the 2 peak 
C111B for maximum grid reading. Repeat 
this for steps 1 to 6 on the A control, peaking 
the proper C111 padder in each case. 

6. Set the A control on position 7 and peak 
C115A for maximum grid reading. Repeat 
this procedure on position 8 and for C115B 
and each position to 12, peaking the proper 
C115 padder as before. 

To make fine adjustments for each band it is 
necessary on 40 meters to set the A control to 
position 4 and B to the center of the band. Then 
re-adjust C111D for maximum grid reailing. For 
the 20-meter band set A to position 8 and B 
again to the center of the band. Then re-adjust 
C115B for maximum grid reading. Recheck. ad-



End view, showing low frequency and high frequen cy 
antenna connections. 

justmcnt Cl 11B for maximum grid rending. 
On the 15-meter band, set A to Position 11 and 

B to the approximate center of this band. Adjust 
C116E for maximum and then recheck C111E 
also for maximum grid current. In the 10-meter 
or 11-meter band set control A to position 12 
and B to a frequency that will multiply to about 
28.u me (2375 kc for example). Adjust C115F for 
maximum and then recheck CJ 11 F. It. may be 
necessary to check the frequency with an absorp· 

tion wavemeter, since the range of C115F is 
sufficient to make the second multiplier operate 
11S a doubler in place of the usual tripler-its 
normal function. 

After-Thoughts 
The audio response of the ART/ 13 may be 

improved by the removal of C206 (.001 µf) in 
the speech amplifier. This '"ill raise the high 
frequency res[)Onsc about 2 db at 6000 cycles. 
By substituting a .03 µf for C202 (20µC) the re
sponse will be substantially fiat to nbout 10,000 
cycles. C205 need not be removed from the unit, 
since it is only ncccssnry to clip off the lead on the 
plate side. Similarly, C202 need not be removed 
from t he uni t. 

Certain mode.ts of the ART/ 13 require an im· 
proved grounding of the 813 to prevent parasitic 
oscillation. This is accomplished by removing 
the 813 and the panel co,·er o,·er the t ube socket. 
I t will be noted thnt three socket contacts are 
joined by a jumper and are soldered Logether. To 
connect these to t.110 chassis gi:ound, solder 
anether short lcn~Lh of wire to them nnd tie the 
the free end under Lhc hexagonal support post. 
Remove the bottom Post screw, clean away paint 
and re-install. 

There is some confusion about the various 
readings of the Plate meter. ln tJ1e position 
labeled Battery Vollaoe the meter reads 54 volts 
fuU scale. In tbe P. A. Grid position it reads 
17 ma full sea.le. In t he P. A. Plate position it 
reads 300 ma. In the latter position each major 
division on the arbiLrary scale is equal to 30 ma. 
The current reading bere is taken by reading the 
voltage drop across a 13.4-ohm resist.or. In the 
eccond position L\ voltage drop across Rl 11 of 
235 ohms is read. Hau scale in this posi tion cor
responds to 8.5 ma. Tuning readings of the final 
plate current should always be taken in the CW 
position. If the plate current readings are taken 
iu the Voice position they will include the static 
modulator current of about 40 ma. 
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THE ART-13 ON SSB 

The Collins Auto-tune aircraft lr1lnsmitter, 
known more generally as the ART-J 3, has 
proven to be one of the better pieces of sur
plus radio gear. Like hundreds of hams, l was 
fortunate enough to lay my hands on one of 
these beauties and for the past several years 
I have thoroughly enjoyed using it on 80, 40, 
and 20 meters. As m ost all owners of the 
ART-13 already know, they pack a respectable 
wallop on both AM and CW and with a slight 
modification of the speech amplifier to permit 
the use of a crystal mike, the quality and 
punch is second to none. 

Despite the fact that I had been enjoying 
all the contacts I could handle on both AM 
and CW, I nevertheless began listening to the 
guys on the high end of 80 with their "Duck 
Quacking" and was envious of the fact that 
they seemed to be having a regular ball for 
themselves. At first I was "agin" it, since I did 
not have the equipment and it looked like an 
expensive proposition. About that time a few 
of my friends began to give me the needle 
with such quips as, "You're behind the times," 
·'It's the coming thing," etc., etc. Jt worked; I 
knew 1 had to get on SSB and now l had to 
figure how. I read all the ads and looked over 
aJl the available equipment on the market. An 
ad by Barker & Williamson describing their 
new 5 I SB Single Side Band Generator struck 
a happy note since it appeared it could be used 
successfully with the ~ood old ART-13. A 
short talk with the B&W engineers developed 
that the 51SB was a natural for use with the 
ART-13. Here we already had a good stable 
YFO, frequency multipliers, and an ideal final 
tube. T he job of converting appeared to be 
relatively simple. 

After ten minutes of studying the circuit 
diagram of the ART-13 and taking a quick 
look at the actual location of the parts and 
space involved, it was clear that the conversion 
was going to be easy. Actually, the entire con
version required slightly less than three hours, 
not counting the time spent dressing up the 
works witb a few decals. As a matter of fact, 
I was truthfully surprised at the. case with 
which this conversion was made and even 
more surprised with the marvelous reports and 
unexpected increase in power. The pictures of 
both front and rear of the ART-13 are pretty 
much self-explanatory, but for the hundreds of 
owners of ART-13's who might want to get on 
SSB the easy way here is how it's done. 

The 5 lSB plus eight small parts did the 
entire job. Required are: two A mphenol #83-
1 R fittings, two Amphenol #83-lSP fitt ings, 
one small 15 µ,u.fd. 600 volt ceramic condenser, 
one 8-50 ceramic trimmer condenser, one 
Jones plug and thirty six inches of RG-65U. 
Si.nee you will want to retain the AM-CW 
properties of the transmitter you will also need 
one DPDT toggle switch. This toggle switch 
is installed in ihc center of the blank panel 
which is used to replace the low frequency 
oscillator. The result is that with one switch 
on the 5 ISB and the newly installed AM-SSB 
switch on the transmitter we accomplish the 
change-over from SSB to AM or vice versa. 

91 

Figure 1 is the original circuit diagram of 
the grid and grid metering system. The resistor 
shown in dotted lines will be found in some 
models of the ART-13, while in others the 
circuit will be exactly as shown in hard lines. 
T his is one of the few differences in the sev
eral models of the ART-13 which were pro-



duced fo r the Armed Services, but it has noth
ing whatever to do with our conversion. It has 
been shown merely to eliminate possible ques
tions later on. Should your transmitter have 
such a resistor leave it alone. If it doesn't, just 
forget we even mentioned it. 

Do It Yourself 
Figure 2 is the circuit diagram of the entire 

modification. That is all there is to it. T he 
toggle switch shown in this diagram is the one 
which we installed on the front panel as men
tioned above. T his could just as well be located 
on the rear apron if you are reluctant to alter 
the appearance of the front panel. A few 
decals will make the switch look very much 
a part of the panel layout. 

Now, wi th the transmitter upside down on 
the bench and wi th the bottom cover removed, 
you will find the grid choke LI07 staring you 
in the face. lt is mounted on a small terminal 

Rear view of complete conversion 

board which is bolted to the 813 socket. Don' t 
remove any parts, merely snip the short piece 
of wire that runs from the grid choke to the 
coupling condenser Cll6 in t.he multiplier 
stage. The next move is to mount ·the two 
A m.p/ieno/ 83-1 R fittings on the rear apron 
immediately adjacent to the 813 socket. The 
vent holes in the rear apron are just the right 
size for the screw in a Greenlee punch, so 
drilling is confined to the four small holes for 
the mounting screws in each fitting. We used 
the second row of holes up from the bottom 
since this placed the fiUings in a position 
which gave us the very shortest possible leads. 

Next, install the 8-50 trimmer in another 
of the vent holes right next to the appropriate 
coax fitting. Here again no drilling was neces
sary since the hole was just the right size for 
the twenty five cent variety trimmer which we 
used. Connecting the two coax fittings and the 
two small condensers as shown in Fig. 2 is now 
a simple procedure. 

Decisions, Decisions! 
At this point you have to decide where the 

toggle switch will be mounted. Whether it is 
placed on the front panel or on the rear apron 
makes little difference since very low voltages 

V104 
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Fig: 1. Original grid diagram 

a re involved. T urn the transmiuer right side 
up and alter the metering circuit as shown in 
Figure 2. This involves lifting the end of the 
grid metering resistor RI 11 which is now 
grounde.d and also lifting from ground the 
corresponding terminal on the meler switch in 
the ART-13. Connect the newly installed AM
SSB toggle switch as shown. Note that it per
forms three functions: Jn the SSB position it 
applies the external bias to the grid o.f the 813 
and at the same time shorts out the original 
bias resistor RI 10. Jn the AM position it re
turns the grid circuit to its original condition. 
Incidentally, it is necessary to short the original 
grid bias resistor for SSB operation in order to 
prevent the grid varying should you drive into 
the grid region under modulat ion peaks. The 
las t step in converting our ART-1 3 is the io
srallation of the Jones plug through which the 
bias voltage wiU be carried. Here again the job 
of drilling is at a minimum since the vent holes 
fit . the two terminal Jones plugs very nicely. 

In order to permit side by side installation 
of the 51SB and our ART-13 it was necessary 
to lengthen the RG-65U leads. Those which 
came with the 51SB were too short so we 
made up two new pieces each 18 inches long. 
We were concerned about this at first but 
found that adjustment of the 8-50 trimmer 
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installed on the rear apron made up very nicely 
for any difference ·that may have existed be
tween our new longer leads and those supplied 
by B&W. It was also necessary to lengthen the 
control lead which comes from the front of 
the 51SB. Their original shielded lead would 
not quite reach the key jack on the transmitter 
so we merely replaced this lead with a pieee 
of lamp cord and it worked just floe. Of course, 
shielded wire would be more proper, but none 
was handy. 

Tune It 
Tune up procedure is a very easy matter 

once the conversion and installation is com
pleted. The instruction manual supplied with 
the 51SB is very explicit and should be studied 
carefully before any voltage is applied to either 
it or the transmitter. Most owners of ART -13s 
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already know the tuning procedure for the 
transmitter, but for the record here's how we 
did it. The emission switch on the ART-13 
was set on CW, the Tune-Operate switch set 
on Tune and our newly installed SSB-AM 
switch set on AM. The Balance-Unbalance 
switch on the 51-SB was set on Unbalance, 
the meter function switch was set on Output 
and the Band Selector of course set to the 
band on which we were tuning up. By the way, 
let me urge you to start out on 20 meters since 
it was my experience that once the trimming 
etc., was done on tbis band no further adjust
ments were necessary. 

With all controls set in this manner and the 
filaments properly heated throw the high volt
age on and dip the final amplifier. Then check 
the grid drive, making sure it is peaked by 
tuning both the Driver and Balanced Modula
tor tuning controls on the 51SB. At this point 
things will be running smoothly and you can 
now repeak the 8-50 trimmer installed on the 
rear of the 1:ransmitter for maximum grid 
drive. Also, it is now a good idea to repeak 

the output trimmer in the 5 lSB. This is identi
fied by B&W as C122 and is located on the 
r-f chassis near V103. When adjusting this 
trimmer for maximum grid drive be sure to 
rock the Driver Tuning control so that yoµ will 
be sure of getting maximum output from your 
51SB. You can always reduce the grid drive 
later on by backing off slightly on the Driver 
Tuning control. As a matter of fact, this will 
more than likely be necessary when operating 
on 80 meters and is a very nice feature not 
available with the ART-13 in its original state. 

Assuming the transmitter is now tuned up 
and working nicely in the AM position, it is 
now time to adjust it for SSB operation. After 
'turning off the high voltage, set the newly in
stalled switch on the ART-13 to SSB. Push 
the Balance-Unbalance switch on the 51-SB to 
Balance and turn on the high voltage. It is 
assumed you will have connected bias voltage 
to the new Jones plug and it is suggested that 
you start with about 90 volts. Note the idling 
current on the plate meter of the transmitter 
and adjust the bias voltage to provide a resting 
plate current of between 35 to 40 ma. In my 
case, I run 1600 volts to the final tube and the 
bias is set to provide a resting current of ex
actly 40 ma. which seems to be just about 
optimum. Once this bias adjustment has been 
accomplished it is time to balance out the car
rier in accordance with instructions given in 
the 5 lSB manual. 

Up to this point you have adjusted your 
ART-13 in the usual fashion in the CW posi
tion, loaded to approximately 100 to 120 ma. 
Now comes the nice part, you can now throw 
your two switches back to the "carrier" or AM 
position and, leaving the Emission switch in 
the CW position, load on up to at least 190 
or 200 ma. Don't for heavens' sake, leave it in 
that position too long with carrier, but once it 
is tuned to that amount of current you are all 
set to ''knock em dead" with SSB. The 813 
easily handles this kind of current on SSB and 
the quality of the signal will bring very flatter
ing reports. You will find .that under normal 
SSB operation the plate meter will appear to 
kick up to only about 150 ma. but this is only 
because the meter is damped and does not 
actually record the instantaneously reached 
peaks. 

When returning to AM or CW operation it 
is obviously necessary that you either retune 
because of the excessive plate current or use 
another channel. The nice part of the ART-13 
is having those other channels to use as well 
as the fact that we now can go from SSB to 
AM by merely flicking two toggle switches. 
Incidentally, it is neither necessary nor desir
able to disconnect the 51SB when going back 
to either AM or CW. Jt gives you a perfect 
control of your grid drive and improves the 
entire operation. Personally, J am delighted 
with the performance of my newly improved 
ART-13. 
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THE BC-375E 

T He RAnrn AM ,11·euR llurcbasing the BC-37SE or 
the BC-191F quickly r ealizes that he has a 

transmitter strictly no t o f " modern design." Those 
advcnturnus souls wl10 have put them on the air 
"as is'" using either a dynamotor or JX>wer pack, 
sho.uld have received the familiar pink ticket in 
~hort orde1·. To balancr the inherent weaknesses 
of design, according to '])resent day standa rds, is 
the low initial purchase ·pr ice, ti1e solid construc
tion and the clean-cut physical appea rance. 

Naturally, the cost can be partially recovered 
by stTipping the enti re unit for componen t par ts. 
A somewhat hetter idea, I have (ound, is 10 rewire 
the ci rcuits, usi ng as ma ny of the origina l compo
nents as possible, while add ing a li tt le more 
sur-pl us materia l. Specifica lly, I have remo ved most 
o f the or igina l circuitry, built and wired a low
voltage power supply into and behind the tube 
compartment, while re-designing eac h o f the tun
i11 g drawers to cover o ne amateur ba11d. The draw
ers are individual transmitter s, consisting o·f the 
surplus tube combinations, 6L6 
osciMator / amplifier and 826 final r, ,. -""""........,. 
am plifier. vViLh minor changes 
the antenna loading and tun ing 
unit remains completely useful. 

Tho Partial Dismontllng 

The second realization about 
tl icsc t ransmi t te rs .came when 
we found it necessa ry to use 
br ute force w it-It co ld ch isel 
a nd hacksaw to re move some 

of the well-a nchored \)arts. H owever, this is 11ot 
as bad as it sounds and with a litt le care exercised 
here and there, most of the parts can be used again. 

F irst step is take o ff the back pane l, slip out 
~he lt111ing drawer, and remove all the wiring in 
the ma in body of the t ransmi tter associ(1lcd \\'ith 
the or ig inal circ ui t. Leave the wiring in the an
tenna tuning and loading compartment, a lthough 
the antenna relay must be r emoved and the circuit 
s light ly altered, as shown in the lo wer right corner 
of Fig. 1. For the sake of appearances, it might 
be best not to remove any of the con trols from 
the front panel. Switches and meter s wi ll be used. 

Dismantle the drawers, one for each band, by 
tak ing off the top and bottom .plates and stripping 
out a ll the o rigina l 'wi ring. Leave iu each drawer 
the variable condenser ma·rked "B." Remove the 
switch labelled "Ant. Coupling Switch D." The 
hole rhat this will leave in the panel ser11es a5 a 
spot to reach the neut ralizing condenser with a 
long shank screwdr iver. 

A bo ve: Top view of tho 20-meter 
d rawe r. The base mount ing braci
ets of the d ua l 100-µµf co nde nser 
determine the level of the copper 
shoot hold ing the 826 and plug -in 
coil sockets. Plug-in coils ore used. 

Le ft : Bottom view of the 20·met er 
drowor. The Mill en neutralizing 
co ndenser can be se en in the lower 
right co rner. It is directly o pposite 
t ho hole in the pane l loft by re· 
moving switch "D". The blb plate 
coil is ta ken from a GF-12 trans
mitter. The bathtub cond e nsers a re 

part of the ~ey click flllor. 
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ltecenttntc!lon 

The low voltage plate supply for the 6L6 may 
be conveniently built into the vacated tube com· 
1xirtment of 1he transmitter frame. Any of the 
usual power supplies will do if they provide 300 
~-olts at about 100-150 ma. The schematic in Fig. 1 
uses some old junk box parts and is shown merely 
to designate the socket connections to be made to 
the drawers and the power supply switching ar
rangements. The a-c line is well-frltcrl'(j with in
ductances and condensers obtained from the surplus 
market. The high voltage supply for the final 
amplifier should be exl'\:rnal. It is brought into the 
transmitter through a heavy-duty coax cable and 
the four-prong socket at the back. 

A 45-volt battery is used for fixed bias on the 
826 final amplifier. This may be mounted in the 
transmitter. It is connected between pi11.s ! and 3 
with the plus side going to pi11 2. A connection 
I rom pin 1 is brought out to a coax connl'<:tor on 
the front panel. This provides a means or coupling 
the output of a v. i.o. dfrectly into the grid o f the 
61..6. 

In the antenna compar tment, the inductance 
switch "P" is removed and a tuning condenser 
Cl.1 is mounted in its place. This condenser may 
be switched into the "counterpoise" side of the 
antenna tuner by switch SW8. The origina•I an
tenna current meter will probably read too low, 
and to obtain more sensitivity it may be substituted 
with a meter from a GF 12 surplus llnit. It will 
look approximately the same and with a little fil
ing will fit the hole. The antenna inductance "}.{" 
is connected as s11own in Fig. 1 and is used fo• 
harmonic suppression. Tests show that it will eas ily 
improve harmonic attenuation appreciably. 

E.xccpt for coil size, ;~II drawers were constructed 
alike. The surplus twin-variable condenser, CB. 
should ha \'C mounting brackets. These will deter
mine the level of the plywood backed copper sheet 
which is used for the mounting of the 826 tube 

Fig. 2. Wiring schematic 
of the drawers for u•e 
with the converted 37SE. 
Each drawer contoins a 

sep.,ate transmitter. 

Cl-0.S µf, bOO v. 
C2, C3, C4-.01 µf, mico. 
CS-in original circuit. 
Co-.000 1 µf, mico. 
C7-Mill on 15001. 
C8- duol 100 µµf, vorioblo. 
~ 1- 100 ohms, I w, 
R2-IOOK, 1/2 W, 

R3-SOK, 10 w. 
R+-2SK, 10 w. 
kS -600 ohms, 10 w. 
L2· - 2.S mh. 
Ll- · 1.0 mh, in originol circuit. 
P1 - ·bO mo pilot bulb. 
LI- 80 meter>-26 turns on surplus form. 

40 melers-1 7 turns on surplus form. 
20 melers-11 turns on surplus form. 

Lo\-80 motcrs-JVL 80. 
40 meters-JVL ~O. 
20 melors-JVL 20. 
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socket and the plug-in coil socket. The octal socket 
for the 6L6 is mounted on the other side of the 
center shield and is supported by a .J>racket. 

Wiring of the drawers is shown in Fig. :2. On 
80 and 40 meters, the 61.6-826 combination works 
straight through, whrle on 20 meters, the 6L6 is 
used as a doubler from 40 meters. On IO meters, 
a 14-mc crystal or v-f-<> input is used with the 
61.6 again doubling. 

The·60-ma pilot light assembly, Pl, in series 
with the crystal is mounted on the front panel of 
the drawer to the right of t.he tuning wheel "B." 
Directly underneafl1 the tuning wheel is a ceramic 
octal socket. This is used to plug in crystals, or if 
v-f-o operation is desired an old octal male socket 
with pins S and 4 shorted together is inserted, 

Ro•r view of the converted 375E trensmitter fram•. All 
of tho original wiring h•s beon removed, except some 
of tho+ in· tho antenna tuning and loading comportment 
•t the left. The four prong socket is used to feed the 
odeMal high voltage power supply into the transmitter. 

thus coupling the grid of the 6L6 to the coax con
nector on the front panel of the transmitter frame. 
Underneath the ceramic socket is a phone jack for 
inserting the keying plug. The key click filter is 
mounted on the center shield wa1'1. It will be fcxmd 
very convenient to have a grid current indication 
for the 826. T·his is provided by the l 50-ma meter 
mountect on the panel of each drawer. This meter 
is in the circuit at all times. 

Tuning up is straig;hforward and orthodox. The 
826 is neutralized? by adjusting C7, which is a 
Millen 15001. Together with the plug-in coils, 
these parts are the only ones purchased new. All 
others e.ither came from t'he original transmitter, 
or are oommonly available on the surplus market. 

--
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BC-459 VFO 

Owners of the BC-459 and similar series of trans· 
mitters may desire to use them both as v-f-o units 
and as complete transmitters for portable operation. 

Without any change in the antenna tuning system, 
both coax and standard binding post connections 
may be made available if a JS-1 jack shield is placed 
around the a11tenna post, with a coax chassis-cable 
connector mounted in the side of the jack shield. 

Remove the binding post, put the jack shield in 
place and replace the binding post. Connect a short 
length of wire from the center connector of the coax 
fitting to the normal binding post. Ground the 
chassis connector carefully to one of the jack shield 
screws. This provides a shielded coax connection 
for v.f.o. use and a normal antenna post for other 
operation of the transmitter. 

BC-375E/191 F ANT. TUNER 

An exceedingly versatile antenna tuning network 
may be constructed by using a couple of the com
ponents from a defunct BC-375E or its urociated 
antenna tuner. The arrangement shown has been 
used at W8YPG to couple the final to a hall-

B+ 

I VARIABLE INDUCTANCE 
1 (From 375E) 

r-----1 
FEEDER 

wave center fed antenna using 600-ohm feeders. 
The antenna has been used on 80, 40 and 20_ 
meters with equally good results and can handle 
250 watts with ease. There arc no coils to change 
and by varying the L/C ratio the tuner will load 
up a piece of wire and possibly even the kitchen 
sink! 



• 

3 
Frequency Control 

SURPLUS CRYSTALS 
Below is a complete listing and relationship of the mony different types 

of a va ilable surplus crystals. 

A·$41h harmonic 
D·72"d harmoaJc 

Pro· l'ro· 
ll\mda· 1-JHllTe 11\lnda - ~Jl'IO 
mrntal uror· mental Ditter· 

t:nto Jlar· Bar- Channt•l Fr•· tnca Uar· Channtl Fro-
Channel monic -~te. Qlltl1C)' In Ku. Channel monk -~r .. auen.~ In Kea. Channel monl.c 

0 A 20.0 U0.370 so A 25.0 425.926 .926 59 A 
I A 20. 1 S72.222 1.852 307 e so.1 426 838 .462 
2 A 20.2 374.074 1.852 SI A 23. 1 427.777 1.589 S46 e 

270 B 27.0 875.000 .926 908 e 80.8 427.777 0 60 A 
8 A 20.S 575.925 .925 809 B S0.9 420. 186 1.989 S47 0 

27 1 B 27.1 976.308 .463 82 A 23.2 4 29.629 .468 61 A 

' A 20.4 877.777 1.989 348 B 
272 B 27.2 877.777 0 310 e 81.0 450.MS .926 349 B 
278 e 27.S 870.166 1.569 SS A 2U 451.481 .926 62 A 

5 A 20.5 !70.819 .468 Sii e II. I 4Sl.9'4 .468 S!O e 
34 A 25.4 45! SS3• l.S89 6S A 

274 B 27.4 880. 555 .926 Sl2 e Sl.2 OS.SSS 0 S51 B 

6 A 20.6 581 .411 .926 ,., e Sl.S 454.722 1.589 6' A 

275 e 27.5 Sll .9« ,463 SS A 2S.5 455. 185 .463 S52 B 

1 A 20.7 SIS.SSS 1.589 314 e 31.4 4!6.111 .926 
276 B 27.6 SSS.SSS 0 S6 A 25.6 437.037 .926 SSS e 
277 B 27.7 !8'.722 1.S89 SIS B Sl .5 437.500 .463 85 A 

8 A 20.8 SSS.185 .463 57 A 23 .7 418.888 1.s ss SS4 B 
270 e 27.8 880. 111 .926 910 B Sl.6 418.888 0 GB A 

g A 20.9 187.017 .926 S85 B 

270 B 27.9 187.100 .463 S l7 B 8 1.7 440 .277 1.389 6 7 A 

10 A 2 1.0 800.880 1.388 SB A 25.8 440.740 .463 856 e 
280 B 28.0 88D.88U 0 318 e 81.8 441.666 .926 857 0 

59 A 2S.9 442.592 .926 68 A 
S$8 e 

~" B 28.1 590.277 l.S89 319 e 81.9 443.055 .4&3 19 A 
II A 21.I !90.740 .463 40 A 24,.0 444.444 1.369 

212 e 28..2 591.688 .926 320 B S2.0 444.«4 0 SS9 e 
12 A 21.2 592.592 .92& "' B 32.I 445.W 1.389 

213 B 28.3 S9S.055 ,463 41 A 24.1 4'6.296 .463 70 A 
IS A 2.1.S 894.444 1.SS9 322 B 52.2 4U.222 .926 360 e 

214 B 28.4 S94.444 0 42 A 24.2 448. 148 .926 161 B 
285 B 28.5 S95.83S l.S89 923 B S2.S 4U.611 .463 71 A 

14 A 21 .4 S9B.29B .4&3 S82 8 
280 e 28.6 S97.222 .928 4S A 24.S 450. 000 l.S89 72 A 

15 A 21 .5 898. 148 .028 824 e 82.4 450.000 0 sos e 
287 B 28.7 898.011 .469 SW B 02. 5 451 .309 1.sao 78 A 

44 A 24,4 451. 052 .4G9 864 B 

288 8 28.8 400.000 1.389 926 B S2. G 452. 777 .925 385 e 
74 A 

IG A 21 .G 400.000 0 45 A 24.5 453.703 .926 
366 e 

219 B 28.9 401.819 l.S89 327 e 52.7 454.I GG .463 

17 A 21.7 401.151 • .C62 46 A 24.6 05.555 1.389 75 A 

280 B 29.0 402.777 .92& 328 B 52..8 .css.s.ss 0 367 B 

II A 21.8 411). 703 .926 329 e !n-9 456.9'4 l.S89 

291 B 29.1 404.llS .463 47 A 24,_7 457.407 .463 76 A 

19 A 21.9 405.555 1.389 sso B ss.o 458.SSS .926 368 B 
291 B 29.2 405.SSS 0 48 A 24 .8 459.259 .926 S69 B 
293 B 29.S 408.6'4 l.!19 331 B SS. I 09.722 .468 77 A 

20 A 22.0 407.407 .411! 570 B 

294 e 29.4 408.SSS .926 49 A 24.9 461. 111 1.i189 78 A 

21 A 22.I 409 .259 .926 332 e 85.2 461 .11 I 0 371 B 

205 B 29.5 400.722 .469 SSS e SU 462. 600 1.889 79 A 
BO A 25.0 402.982 .402 372 8 

22 A 22.2 411 .111 1.389 834 0 81.4 463.888 .026 379 B 
M A 25.1 464.814 .926 374 e 

2Q8 e 29.8 411 . 11 I 0 335 B as . s 465.277 .4 6S 
2Q7 e 29.7 .4 12.$00 1.389 52 A 25.2 4 66.666 1.S09 

2S A 22.S 412.968 .463 ! 38 B ss.s 4 66.866 0 375 B 
291 e 29.8 m::n .925 337 B SS.7 ·468.0SS 1.389 S78 8 

24 A 22.4 .926 53 A 25.S 468.518 .463 S77 e 
299 B 29.9 415.277 .468 578 B 

25 A 22. 5 411.SH I.SIS 338 B n.a 469.444 .926 S79 B 

aoo B so.o 418.MG 0 no B 
IOI e SO. I 418.055 I.SIS 54 A 2S.4 470.370 .926 181 B 

26 A 22.B 418.518 .'6! SS9 B n.9 470.6S3 .468 
102 B S0.2 410.444 .926 55 A 25.5 472.222 1.389 382 B 340 e S4.0 472.2.22 0 

341 0 S4. I 47S.611 1.389 sns e 
27 A 22.7 420,370 .926 so A 25.6 474.074 .463 S84 e 

10s B S0.3 420.BSS .463 342 B S4.2 475.000 .926 ass B 

28 A 22.8 422.222 l.S89 57 A 25.7 475. 925 .025 388 B 

104 B S0.4 422.222 0 34S B 54.S 476.SBS .46S S87 B 

108 B !0.5 428 .811 1.189 58 A 25.8 477.777 1.569 sa1 B 

2t A 22.9 424.074 .463 S« B SU 477.777 0 
SOI B 10.6 425.000 .926 545 B au 479.166 1.589 Sl9 e 
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r ro-
1''-'ndl• creuln 
mt11lal l)ltrer· 

Cbaartel Fro- cnco 
-Mc. QU°""7 i nKcs. 

25. 9 479.629 .468 

34.6 480.555 .926 
26.0 48 1.40 1 . 926 

S4.7 481.044 .463 
26. 1 48S SS8 1.589 

34.8 48S. IS8 0 
34.0 484.722 1.889 

26.2 465. IH .469 
!5.0 488.111 .026 

26.S 487.057 .026 
SS.I 487.500 .A&S 

26.4 481.UI 1.581 
!5.2 481.811 0 

35.S 490.277 1.590 
26.5 490.740 . 468 

35.4 49 1.660 .926 
26.6 492.192 .026 

85.5 498.015 .483 
26.7 494.444 1.889 

85.6 494.444 0 
35.7 4 98.898 1.889 

26.8 490.2QO .468 
35.8 497. 222 .926 

28.9 4Q8. 148 .926 
35.9 498.111 .463 

21.0 500.000 l.S89 
36.0 500.000 0 
36.I 501 .SIB l.S88 

27. 1 501.851 . 46S 
S6.2 502.777 .828 

27.2 505.701 .928 
96.8 504. I BB .4QB 

27. 9 508.555 1.889 
36.4 605. 805 0 
38.S 500.044 t .809 

27.4 507.407 .488 
36.6 508.SSS . 926 

21.5 509.259 .926 
56.7 509.722 . 463 

21.6 511.111 1.S89 
39.8 511.111 0 
36.9 512.500 1.389 

27.7 512.962 .462 
87.0 513.888 .926 

27.8 514.814 .928 
37.1 518.277 . 483 

27.9 SID.GOB 1.889 
37.2 510.GBB 0 
37.S 518.055 1.809 
87.4 519.444 1.989 

1.589 57.5 520.W 
s7.6 522.222 1.589 
87.7 52!.811 1.589 
37.8 524.9119 1.188 
S7.9 521.SU 1.569 
38.0 527.777 1.S89 
SS.I 529.161 1.389 

ss.2 510.553 1.589 
38.S 581.044 1.889 
88.4 SSS.SSS 1.589 
88.5 594.722 1.889 
88.6 556.111 l.S89 
38.7 537.499 1.588 
J8.8 5UIBI 1.189 

S8.9 540.277 1.589 



H AVING USED THE ARC-5 SERIES OF VTOS for 
some time, I became thoroughly disgusted 
at the futility of gctti.ng them to key well 

on the higher bands-ten and twenty meters, while 
using full breakin. 

There and then I decided to build a VFO of my 
own design that would have the following features : 

I. T9x keying on a ll bands while using full 
breakin 
2. Commercial appearance 
3. Bandswitching-80, 40, 20, IS, 11-10 meters 
with enough output to drive my push-pull 807s. 
4. A compact unit that would easily fit on top of 
the receiver. 
S. Direct calibration in frequency with provision 
for easily re.setting dial reading. 
6. LOW COST 
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Looking over VFO designs, I found that the 
heterodyne type of frequency generator, which uses 
two oscillaJors .and a mixer, was the best bet. This 
unit was ·de~cd similarly to the "T9-er" which 
was featured i!I the April, 1948, issue of CQ, with 
changes made to suit the particular application. 

Upon searching the surp lus market, I found the 
ideal unit to · convert into this exciter. It is a 
T-20/ARC-5 transmitter which has a range of 
from 4 to 5.3 me. The \lscillator covered the desi red 
range and the unit looked neat and matched the 
black crackle of my HRO receiver. Any other of 
the AR C-5 series or the SCR-274N series should 
work just as well, needing only a revision of the 
oscillator range. 

The Circuit 

The original oscillato r is used as the VFO. The 
1626 works quite well with six volts on the heater, 



ALL BAND VFO 
and eliminates the expense of a six-volt tube. The 
oscillator covers a range of from 4i65 to 4290 kc, 
which, after being mixed with the crystal oscillator, 
beats to give output from 3375 to 3850 kc. 

T he fixed oscillator is crystal controlled on 8140 
kc. A 6JS works quite well in the conventional 
Pierce circuit. Using this range of frequencies no 
trouble should be ·experienced due to beat notes on 
the conventional communications receiver with an 
i.f. at or near 456 kc. 

The two oscillator signals are fed into a 6SA7 
mixer which extracts the difference frequency and 
sends it to the next stage. The 6SA7 is not used 
as an oscillator in itself so does not cause any chirp 
when it is keyed. 

A 6AG7 is used as a buffer in the next stage. It 
is keyed along with the 6SA7 so as to keep the 
signal leakage at a minimum. 

T he nex t stage, a 6AG7, is used as either a 
quadrupler or a tripler, raising the frequ.ency to 
either 10.5 or 14 me. This stage may be switched 
either in or out by a switch on the side of the 
chassis, so as to allow excitation to the PA on 3.5 
me, whenever 80- or 40-meter output is desired. 

A 2£26 is used either straight-through or as a 
doubler in the final stage. Considering the cost of 
turrets and the space available, I decided to use the 
ARC-5 antenna coil as my final coil. Although it 
may not be as efficient as a turret, the output is 
more than enough on all bands and the extra cost 
of a turret did not warrant its use. The silver 
plated wire makes it more efficient than it would 
seem. 

Two band switches are used, one switching the 
final coil and the link, and the other switching the 
quadrupler in and out. 

Special attention is called to the link output cir
cuit. In order to get good output, a small link was 
needed for the higher bands and a big I ink for the 
lower bands. A two-turn link is used for 10-11, 15, 
and 20 meters, and one wire from that link plus one 
wire of a four turn link half way up the coil gives 
good outpµt on 80 and 40 meters. The circuit is 
unorthodox but it works very well. 

T he 500-ohm resistors on the wire from the link 
of the VFO coil to the 6SA7 are used to cut down 
signal leakage with key up so as to be able to work 

full breakin. They also serve to keep a constant 
load on the oscillator which cuts down chirp. 

Small size coax should be used in the wire from 
the link to the grid of the 6SA7 to insure against 
signal leakage. 

A lune-up switch has been incorporated in the 
exciter since the pictures were taken. It is inserted 
in the hole in the front panel which originally 

' housed the link control. It allows swishless zero 
beating and the VFO puts out a weak signal which 
docs not overload the receiver. The switch cuts off 
screen voltage from the quadrupler- tripler and the 
2£26. 
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Construction 

There are a lot of parts that arc unused in the 
ARC-5 that mu;t be removed. Remove all tubes. 
Remove the 1625 sockets by slipping a screwdriver 
around the rim and prying the iip up. Disconnect 
Hie wires from these sockets and put them aside. 
Remove the neutralizing condenser and all parts of 
the amplifier and antenna coils and the tuning 
assembly for the antenna coil. Leave the mounting 
bracket on the antenna coil and put it aside for 
later use. R emove the r.f.c. and all the knobs on 
lhc front panel except the tuning knob and iock. 
Use a Bristol screwdriver for this purpose. If one 
is not available, take a six-inch screwdriver with a 
y,[ inch blade and file the blade on the edges so as 
to fit into the Bristol screw heads. Then jam it 
into the sc rews, with a hammer if necessary, and 
it will unscrew easily. This screwdriver will be 
of much use later Oil. Make sure to use a 6-inch 
one, for you will need the length. 

Remove the p.a. padding condenser. Remove both 
relays aod the plug in back of the unit. Cut the 
wires at the connection points to the parts, for they 
will be used to carry filament and plate voltages 
later on. 

Remove the crystal and resonance indicator tube 
assembly and all connected parts. Remove all parts 
on tube sockets except the group Oil both # 1 pins 
and the filament connection on the #2 pin of the 
resonance indicator socket. Follow the diagrams 
and make the necessary changes. Use as many parts 
from the original t ransmitter circuit as possible in 
wiring the new circuit. 



You should now have a clean chassis between the 
oscillator coil shield on top of the chassis and the 
front of the cabinet with the exception of the feed
through insulator. On the underside, all should be 
clean between the oscilla tor tuning condenser and 
the amplifier tuning condenser except for the relay 
wires which will be used for power wires later on. 

The connector on the back is an 8-pin male plug. 
It may be bought commercially but it is very simple 
to make. Take a metal octal tube that has gone 
west and remove the octal plug from the bottom. 
Remove the wires from the plug and clean out the 
pins. File out the hole in the back of the chassis 
with a rattail file until the plug fits snugly. Then 
file two pips in the hole on the top and bottom. 
Place the plug in the hole and fasten it with two 
small screws through the pips. It makes an in
expensive substitute that works very well. If a 
commercial plug is used, the Jock ring or screws 
should be put into place in the usual way. 

Before assembling any parts on the chassis, the 
filaments should be wired. Use the original filament 
wires whenever possible. Remember, do not wire 
filament voltage to the coil socket I Allow these 
wires to go around the edge of the chassis so as 
not to interfere with the r.f. wiring. 

The wiring should be done starting from the 
oscillators and finishing with the 2E26 stage. 

The wiring is very crowded in the oscillator and 
mixer compartment. The 3 x .OS condenser should 
be unscrewed and left hanging over the side to gain 
access to the sockets. The 6SA7 transfonner should 
be installed last. The easiest way to assemble the 
crystal oscillator is to connect all the parts to be 
connected to the crystal socket first without solder
ing them. Solder the socket to pins #4 and #6 of 
the 6JS socket after connecting pin #4 to pin #S 
and the necessary connections to pin #6. If this is 
followed it will greatly simpli£y the job of assembly. 
The other wirini;, of the unit is routine stuff. The 

Bottom view of the finished unit. The placement of major components should follow this model rather 
closely. The switch mounted on the side is the " multiplier in -out" control, SW 1• 

The tube sockets should be punched next. The 
three sockets in the rear are ideal for the two 
oscillators and the mixer. The other sockets must 
be punched. The removal of the 1625 tube sockets 
leaves ii problem because of the wide holes in the 
chassis. The 6AG7 sockets are mounted on the 
outer edge of these holes. They are made the right 
curve at the edge with a socket punch and the 
sockets are held by one screw which seems to be 
sufficient, for tube changing does not come often. 
The 6AG7 buffer coil socket is mounted in a hole 
punched exactly between the 1625 socket holes. Two 
screws should be used in this case. 

The 2.£26 socket is placed iu the center of the 
chassis, being careful that the 2E26 tube, whtn 
inserted, will not interfere with its coil assembly. 
Follow the pictures in laying out the chassis as 
closely aJ possible. 

3 x .05 µf condenser is used as the 6SA7 cathode 
bypass, and the 105-volt bypass, and the 6SA7 
screen bypass condenser. 

The mixer plate transformer is made from a 
456-kc cartwheel i.r. transformer that was lying 
idle in the junk box. This transformer may be easily 
obtained at any radio establishment. Both of tl1e 
coils are removed and the transformer is built on 
one of the forms. The windings are wound with 
maximum coupling to get the widest bandpass with
out resorting to much resistor loading. Any small 
gauge cotton-covered, stranded, or solid wire may 
be used. T he type tl1at T used was stranded cotton
covercd wire from an old i.f. coil of about a 34 
gauge. The transformer consists of about 25 turns, 
closewound, on one of the forms. A piece of scotch 
tape should be inserted between the two windings 
of the transformer to t.ake care of the difference in 
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pvtcmial. The windings don't have to be wound in 
an orderly fashion and the specifications are not 
critical, £or the wide range of the trimmers take 
care of any slight variations. 

The transformer is mounted right below the 
6SA7 tube on the right side of the cabinet. Two 
holes should be drilled in the side of the chassis to 
allow screwdriver adjustment of the trimmers. 

T he "quadrupler in-out" switch is located in the 
larger hole 011 the right side of the chassis. The 
cover for this hole and for the smaller hole is used 
to cover up the holes in front left by the removal 
of the knobs. The key jack is right next to the 
switch further back on the chassis. 

The quadrupler plate coil is located midway be
tween the 6AG7 quadru1>ler and the 2E26. It is 

The buffer coil consists of about 80 turns, close 
wound, of #30 or smaller wire. Any wire from an 
old r.f. or i.f. coil would work fine. The coil should 
be about M inches long, starting Y, inch down from 
the top of the form. Slight variations may be neces
sary in different coils. The turns can be easily re
moved, so I suggest that you start with about 85 
or 90 turns and f>nme it down to size. 

The 2£26 band switch and tuning condenser are 
placed on the front plastic window in holes drilled 
to fit. Make sure that your condenser is the right 
size and will not interfere with the coil directly be
hind it. The coil is the original antenna coil tapped 
for the different bands. It is screwed to the top of 
the chassis using the original brackets. The holes in. 
the brackets are tapped so the screws, inserted froni 

The circuit of the v.f.o. exciter. The original ARC-5 parts should be used wherever possible. 

made up of 13 turns of 22 gauge enamelled wire 
. spaceci over the length of the XR-50 coil form. The 
75 µµf variab.le condenser is mounted on a bracket 
rnade of copper sheeting. A lip· is bent in the copper 
to allow it to be bolted to the side of the chassis and 
extend out at right angli!s . 

Four holes should be drilled in the copper plate; 
one to hold it to the side of the chassis; two to hold 
the condenser to the plate ; one for the rotor control 
that is large. enough to prevent it from shorting to 
ground. The rotor is .:onnected through a !4" in
sulated flexible coupling to a !4" rod extending 
through a bearing out the front of the cabinet to a 
knob. This circuit tunes either to 14.0 or 10.5 me. 

the bottom, need no nuts. The entire coil is used for 
80 and 40 meters. It is tapped between the 15th 
and 16th turn for 20 meters, between the 10th and 
11th tum for 15 meters, and between. the 6th and 7th 
for 10-11 meters. The counting of the turns should 
be done from the high-voltage end of the coil. The 
taps are made by laying the tapping wire between 
the two turns and soldering them. These connections 
should not be made permanent until the unit is op
erating efficiently, for '1 bit of cut and try may be 
necessary to find the correct points for maximum 
output on the higher frequency bands. 

The original p.a . . condenser which is ganged with 
the oscillator condenser is used to provide a good 
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deg.rec o.£ gang tuning on 80 meters. A copper shield 
should be placed ·between this condenser and the 
2E26 to insure stability. It is placed right over the 
side of the condenser, as seen in the pictures. 

T he parts layout in the pictures should be fol
lowed closely in order that all components be fitted 
into such a small space. The tolerances of the com
ponents are not close, and any makeshift parts will 
work, such as parallel or series resistors to reach 
a certain value. 

Power Supply 

Four plate voltages are necessary to operate the 
unit besides the six-volt filaments. You need 105 
volts regulated, 2$5 volts regulated, 300 volts and 
400-500 volts. Two supplies were used in our in
sta llation. One supply had an output of 105 volts, 
regulated, at about 30 ma for the oscillators. The 
other suppl)· supplied all the other voltages by 
means of taps on the bleeder resistor. A 500-volt 
200-ma transformer was used and seems to be bear
ing the load very nicely. Separate power supplies 
were necessary to take out the slight chirp that was 
introduced by the voltage shi£t if the same supply 
was used for the keyed stage and the oscillators. A 
VR-105 was used for the !OS-volt supply and a 
VR-150 and a VR-105 were used in series for the 
255-volt supply. Good filtering should be used 
throughout to insure a good clean note. A 45-volt 
"B" battery is used to supply bias. The one here has 
been in use for over 6 months and still going strong. 
J t is placed on the power supply chassis. 

Tuning up 

This job forms the nucleus of the unit, for if done 
iucorrectly, it will give no end of trouble, but if done 
the right way, it will do wonders. 

In this type of VFO circuit, as the oscillator fre· 
quency gets higher the output frequency gets lower, 
thus making the dial read "backwards." This condi
tion was rectified by loosening the bristol screws on 
the rotor shaft of the oscillator condenser and rotat
ing the condenser 180 degrees so that it moves into 
mesh as the dial reading is increased. Remove ten 
plates from !his condenser, starting from the rear 
of the shaft, leaving the six remaining plates closest 
to the worm drive mechanism in place. This is done 
to get maximum bandsprcad. Make sure that you do 
not disturb the drive mechanism for it might intro
duce some backlash. 

Remove the two 6AG7s and the 2E26 tubes and 
apply voltage to the unit. Tune your receiver to 3.6 
me. Adjust the oscillator tuning condenser so that 
it is a little Jess than hal£ mesh, by turning the knob 
on the front panel. Short the key terminals and ad
just the oscillator padder located in the shield on 
top of the chassis until you get a signal from the 
oscillator on the receiver. Make sure that you don't 
pick up an image instead of the fundamental. The 
oscillator padder is adjusted by unscrewing the lock
ing screw through the bole on the side of the shield 
and pushing the adjusting arm tQward the right 
with a screwdriver. T he shield does not have 
to be removed for the arm only has to be moved 
;,.bout Y, inch. Move it slowly for it is very criti
cal and a hair this way or that will get you off fre-

quency. When you get the signal near 3.6 me it may 
be adjusted by turning the top blue screw in or out, 
as the case may be. Tire original oscillator adjusting 
screw is used to reset calibration in this unit. It 
should be set at about half scale and all the fine 
adjusting should be done with the blue screw on the 
top during the original tuning up proce.~s. 

Put a pencil mark on the dial at the 3.6 point for 
easy reference. Check the range of the unit by turn
ing the VFO dial from one extreme to the other. It 
should cover from 3.375 to 3.85 me. If this range 
cannot be covered, adjust the.cut end plate on the 
condenser so that a lower frequency will be pro· 
duced when it is out of mesh, and a higher fre
quency will be 1>roduced when it is in mesh. It 
should just cover the desired range. 

Adjust the 6SA7 transformer to peak at 3.6 me 
;:nd insert the 6AG7 buffer. Adjust it.s coil for 3.6 
peak The output should be able to light up a neon 

Front view of tho l1ctcrodync v.f.o., showing the 2E26 
tuning control and the band switch mounted on the 

plastic window. 

bulb. Those of you who are anxious to get on the 
air might want 10 put a link around this coil and 
connect it to an SO-meter antenna or to your final 
grids, if using 807s or the like. You will really be 
thrilled by its performance. 

Insert the 2E26 and, making sure that the band 
switches are in order, tune it to 3.6 me with the 
tuning condense r. In order to obtain gang tuning 
over the 80-mctcr band, the original p.a. condenser 
is used to tune the 2E26. It was found that the 
range of the condenser was too much for the coil 
and padder combination to allow it to t rack per
fectly over the range so the ganged condenser 
should be set at half mesh at 3.5 me. This is an 
unorthodox condition but the front condenser dial 
only has to be touched three or four times during 
the whole range on 80 meters. 

The 80-metcr band should be set first before 
going to the h ighcr f rcquency bands. The easiest 
way to tune the unit for uniform output over the 
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range is to connect the output link to the grid c ir
cuit of the next stage in your rig and tune for uni
form output, or grid current. The 6AG7 coil should 
be left at J.6 me and the 6SAi transformer should 
be stagger-tnne<l until the correct range is covered. 
.'\ little adjustment of the 6AG7 coi l may be neces
~ary in some insta lla tions. There will be more drive 
in the middle of the band, but that is to be expected 
from circuits not using elaborate loading resistors 
and the like. Your main consideration is getting 
enough excitation over the range, and i r you g et more 
than enough at some frequencies it will do no harm. 
Adj ust this from 3.5 to J.85. Do not worry about 
3.4-J.S output for this is not necessary on 80 meters. 

Once you ha,·e it working on 80 meters the other 
bands arc quite simple to get going except ten 
meters. You will find that you will get good output 
on -10, 20, and 15 meters with no trouble at all. 

The 6AG7 quadruplcr should work fb from the 
start. A wavemeter would come in quite handy to 
make sure that you have the right harmonics but 
you can get along ok without it . "With the constants 
shown, the circuit should only tune the third and 
fourth harmonics of the SO-meter input. T he circuit 
works quite efficiently on both tripling and quad
rupling . 

Ten meters may give you a bit of trouble in 
gett ing good output from the doubling 2E26. As the 
frequency gets higher, the taps on the 2E26 coil get 
more critical so that on ten meters you may have 
to adjust the tap a bit-on the coil to get maximum 
oul1>ut. The link should be coupled loosely to the 
coil to obtain good output. Experimentation with 
your pa1 ticular a pplication is the best condition 
under which to adjust the unit. Once the unit is 
adjusted correctly it will work with no trouble for 
a long period of time. The 2E26 tube plate should 
not get red under any condition if the unit is oper
:lting properly. Short overloads arc permissable in 
tuning up , however. 

The 651\7 transformer may need a little adjust
ment when you are initially tuning for good output 
on tbc I I-meter band. By tuning it a litt le, a happy 
medium can be struck that will be good for both 80 
and I I. 

Calibration 
To calibrate this unit so that it will be accurate 

in frequency readings, all that is necessary is a 
100-c crystal oscillator and a receiver. II your par
ticular installation does not require accurate cali
bration, you may calibrate it with the receiver alone 
if your receiver calibration is fairly accu rate. 

Since the original dial readings are discarded, a 
mask made from stiff paper wi1s cut out to fit over 
the dial. Tune the receiver to 3.5 me and tune the 
VFO to this spot. Make a mark on the new VFO 
dial at this spot. Now put the receiver on ten meters 
and find the harmonic on 28.0 me. Keep the VFO 
tuned to 80 or 40 meters so as to get a weak har
monic to beat with the weak 100-kc harmonic at 
that frequency. Adjust the VFO trimmer to set the 
3.5-mc point exactly at 28 me, for any bit you were 
off on the adjustment on 3.5 me will be multiplied 
8 times on this band. A ftcr this is set, make a mark 
a t every 100-kc point from 27 to 30 me. 

This procedure will make your unit a pretty good 
frequency meter, but remember, when using it near 
band edges, join it with a 100-kc crystal oscillator 
to make an unbeatable team. In t ime, the VFO will 
t end to get off calibration. An adjustment of the 
original oscillator trimmer will put it right on the 
beam. 

Results 
I have b~n using this exciter to d rive pp 807s on 

all bands for about a year now and have found 
nothing lacking in its capability of T9x c.w. I have 
never gotten a report be.low T9. 

Because I can now use breakin on the higher 
bands and st ill retain a good nutc, my scores in the 
DX and CD contests h;ivc been vastly improved. 

I !inti that this exciter retains its calibration over 
long pcriotls of time a nd is c1ui1c accurate as to 
band edges. 

Although I spent quite some time tak ing the bugs 
out of thi s unit, it is repaid a millionfold when I 
can say during a QSO, "Exciter hr OM is a lrome
.,,,adc bandswitching job and I am using Bk in," 
after receiving a T9x report. 
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AN SCR-27 4N VFO 
FOR AM,FM 

AN U<CREASING AMOUNT of surplus Army 
equipment is appearing on the civilian mar
ket. Among various items. of interest to the 

radio amateur is the SCR-274-N, an aircraft unit 
tbat is very easily adapted to amateur use as a 
stable, variable-frequency oscillator (VFO), 
either for AM cir FM operation. The SCR-274-N 
is the overall designation given the principal com
ponents of a multi-channel aircra~ radio receiv
ing and transmitting set-up used on thousands 
of planes and now "declassified." So that the 
reader may know what to look for, the army num
bers of the equipment are as follows: 

The receiving end consists of three separate 
units-the BC-453-A (190-550 kc), the BC-
454-A (3.0 to 6.0 me) and the BC-455-A (6.0 t-0 
9.1 me). These receivers operate from the air
plane 24-28-volt storage battery and each con
tains a separate dynn.motor for plate power. It is 
an easy matter to substitute 6-volt tubes for the 

12-volt series type originally in the receiver, and 
rewire the filament string for parallel 6.3-volt op
erat ion from a standard filament transformer. 
(Alternatively, a 24-volt transformer may be 
used to energize the heater circuits with the re
ceiver left as is.) Any light 250-volt receiver 
power supply will provide plate power for the 
sets, or a vibrapack may be used if mobile opera
tion i.s contemplated. These receivers are very 
sensitive, incorporating an r-f stage, BFO for c.w. 
reception, nnd, all-in-all, make excellent receivers 
up to approximately 10 megacycles. 

The Transmitters 
Four separate transmitters nre included in the 

sending unit. The BC-696-A covers 3 to 4 me, 
the BC-457-A from 4 to 5.3 me, the BC-458-A, 
5.3 to 7 mo, while the BC-459-A tunes from 7 .0 to 
9.1 megacycles. Each transmitter consists of a 
roaster oscillfttor tube (1626 0 1· 12J5) exciting a 

Top view of completed VFO with cover off. At front is the audio transformer 
(500 ohms input) Next can be seen the power amplifier coil with the varla
ble coupling to the link end the twisted pair to the output terminals. Tubes 
and master oscillator frequency control box next. At the rear are the master 

oscillator tube end the FM reactence tube. The center socket is not used. 
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View showing completed 
VFO. Upper left Is the 
output. Upper right is the 
volume control when used 
for FM operation. Center 
11 the dial which controls 

the frequency 

pair of beam tetrodes in the power amplifier 
stage (1625's or twelve volt 807's). The tubes in 
the amplifier are connected in parallel. The 
master oscillator· and r-f power amplifier tuning 
capacitors are gauged, and an excellent worm 
drive, with plenty of reduction, is incorporated 
in the dial system. Included in each transmitter 
is a piezo-electric crystal and an electronic 
resonance indicat-0r for calibration. This may be 
removed to make way for additional FM features, 
to be described later, or left M is if only Al\11 
VFO operation is contemplated. The power out
put may be varied from a few watts to approxi
mately 55 watts according to the power supply 
on band. Thus, one of these little jobs may be 
used M a fi.xed v,iriable-frequency transmitter or 

.as a driver for a higher-power amplifier. 
The components are of exceptionally high 

quality and the assembly rigidly constructed. By 
using standard aircraft shock mountings (which 
are attached), the mechanical stability is ex
cellent; and with a stabilized 200-volt supply to 
power the master oscillator, the drift is very 
small. This equipment was designed to hold the 
frequency quite constant in aircraft under vibra
tion and extreme temperature changes; so it can 
be understood that the frequency variation will 
be practically nil with the set mounted on the 
operating table, subject to little vibration and 
relatively constant temperature. 

Modifications for Amateur Use 
At W5AJG, we were interested in a VFO unit 

to work directly into the crystal oscillat or tube
in fact, t o work in place of the crystal itself. 
Since all the crystal stages started with either 
6 or 7-mc crystals (6 me for the 144-118-mc band 
as well as the 50-54- me band) it was decided to 
purchase the BC-458-A transmitter unit which 
covers 5.3 to 7.0 megacycles. Actually, this unit 
will reach to about 7.5 me and will replace any 
7-mc crystal. 

It wa!l decided to add a simple reactance tube 
modulator circuit and have the choice of either 
AM VFO or narrow-band FM transmissions. 
This was accomplished by a simple modification, 
and the unit works on either frequency or am
plitude modulation. Should the crystal stage of 
the regular station trans_mitter start with a 
3.5-mc crystal instead of a 6 or 7-mc crystal, the 
BC-696-A, with its range of 3 to 4-mc, should be 
selected. 

The changes necessary to do the job are as 
follows. Reference is made to the original 
schematic, Fig. 1, and to the modifted diagram 
Fig. £. To begin with, the 24-volt Conner air
plant battery supply is replaced with a llO t<> 
24-volt transformer for the heaters. These trans
formers are surplus stock in any mail-order cata
log and sell for around $1.25. This is cheaper and 
easier than replacing the oscillator tube and the 
two tetrode finals with 6-volt versions, and ob
viates wiring changes in the heater circuits. 

Next , the unwanted components are rem9ved 
from t he chassis-namely the variable antenna 
loading inductor L52 (this will serve admirably 
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as an antenna. tuning coil elsewhere around the 
at.ation), as well as the antennn change-over relay 
K54. Relay K53 is either t ied down in the 
energized position or removed and the wiring 
circuits closed. This relay switches plate voltage 
to the master oscillator and shorts out resistor 
R75 which was used for c.w. work. An extra feed
through iilsulator is employed to bring out the 
low-impedance line coupling the out put t rans
former, T54, to the crystal oscillator stage of the 
transmitter it drives (Fig. S). 

For AlvI VFO operation, the above changes 
are all that nre necessary. or course a power sup
ply, preferably a regulated 220-volt unit, is used 
to power ihc master oscillator- while a.nything 

M.O. 
VT137 ( 1626) 

R71 

R70 

from 200 to 550 volts, unregulated, is suitable ior 
the amplifier, depending on t.11e desired power 
output . 

The dial is very closely calibrated and a 
4,600-kc crystal resonator is used to check the 
calibration. This is very simply observed by 
tuning for maximum indicat ion on the electronic 
eye t ube 1md then noting if the dial reads ex
actty 4,600 kilocycles. The transmit ter is then 
calibrated over the rest of the dial. This crystal 
does not stabilize the frequency in any way
it is merely a built-in standard to check the 
master oscillator dial setting. A crystal of an
otJ1 er frequency could be substituted-for in
stance one spott.ing a particular pet or net op-

R76 

I -GNO 
2 -
3 -Osc. plalo ( Ebl 
4 - Amp. screen ( Ee2l 

---- 5 - Soltctor 
6 -+24V. O.C. 
7 - Amp. plat• ( Eb) 

fig. 1. Original schematic of the BC-458-A {5.3 to 7.0 megacycles with a bit of leeway). The following perts 
ere identified: 

c .. A, c •• n, c .. c-.o5 µf 
c .. -.00018 µf 
c,.-mester oscillator padding 
C11-.006 µI 
(.,-fixed neutralizing 
C.,-rnaster oscillator tuning 
c .. -.002 µ1 · 
C .. -power amplifier tuning 
c,.-.01 µf 
( 11-power amplifier padding 
C.,-3.0 µµI 
C,.-50 µµI 
K .,-transmitter selector relay 
K,.-transmitter output relay 
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L.,-entenna loading coil 
R.,, R,., R,.-51 ,000 ohms 
R.,, R,.- 20 ohms 
R.,-1 megohm 
R,0-1 ,000 ohms 
R,.-126 ohms 
R,., R,.-15,000 ohms 
R,,-390 ohms 
R,.-51 ohms 
RL.,-perasltic suppressors 
T .,-oscillator coils 
T .. -empliRer coils 
Y .,-crystal un it 
7-prong female plug, outside view 



M,O, 
CSBA vnn (16 26) 

~ 

i >< / 
il68 

R7t 
csaa~.;. Rt T 

C64 I 

T" 

RLSO 
OUTPUT 

quTSID£ VIEW 

Jt-' ..ot-- ~= GND 

~:} +200V. ( Rt9uloted) 
5 -
6ood t • (24V.A.C. t Amp.I 
7- AnytNn9 up ti>+550V, 

O.C. occordin9 to 
power output. 

Fig. 2. Modified diagram of transmitter covering from 5.0 to 7.3 megacycles. Referring to Fig. 1., the following 
components were e liminated mainly from the electronic 'eye circuit: R.,, R.,, R, 0, R,., R,,, Y 11, K.,, K,. and L.,. 

Parts added for the FM reactance modulator comprise-
C ,-.00025 µf mica R,-500,000 ohms gain control 
C,, C,- .01 µf piper RFC- 2.5 mh r.f chokes 
C,,-.0005 µI mica T,-line input audio transformer, 500 ohms to grid 
R,- 1,000 ohms, 1/2, watt carbon 12SJ7 metal or glass tube 
R,, R,-50,000 ohms, 1/1, watt carbon 

eration frequency. This would enable the op
era.tor to place himself exactly on a particular 
frequency in the band. 

Additional Modifications for FM 
I t is probable that the amateur will engage ex

tensively in FM narrow-band operation in the 
near future as well as amplitude modulation. 
Advantages are claimed for FM in services 

closely paralleli11g amateur operation, such :l.:l 

mobile police and point-to-point communications. 
Not the least among these features is the very 
modest requirement in regard to modulating 
power. Also, existing supcrhets will do a good job 
of receiving FM transmissions. Later, of course, 
an FM channel wiU no doubt be standard equip
ment in all luim receivers. 

By making a few more addition:i.l ch:i.uges, the 

UNIT BUILT FOR "PLUG IN" 
INTO CRYSTAL SOCKET 

FM-AM 
VFO 
UNIT 

SHIELDED TWISTED PAIR ( UP TO 50 FT.) 
( Coox. Jin• is also sotlsfoclory) 

~ 

I 

t 
LC - RESONANT TO SAME FREQUENCY OF VFO FM - AM UNIT. 
Ct - GRID BLOCKING CONDENSER, ABOUT .OOOSµf 

f ig. 3. Suggested mangement for coupling the VFO to the regular station transmitter when high power is desired 
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This shows th11: bottom view and is practically as is wh11:n it comes From the .. 
ARMY. The reactance tube and components are mounted in the rear. The 
ganging of the Mast11:r oscillator and power ampl ifi11:r cond11:nsers is clearly 

shown. Notice worm g11:ars on the condensers. 

already modified AM VFO can just as easily be 
converted to narrow-band FM operation. Thls 
is accomplished by adding a reactance modulator 
bube and shunting its output circuit direet.ly 
across the master oscillator tube-thereby vary
ing the frequency of the master oscillator in ac
cordance with the audio applied to the reactance 
; ube input circuit. Of course purely AM opera
tion is still possible as above. The FM feature is 
additional. 

Again referring to the original and modified 
schematics, the electronic eye (1629) is removed 
to make way for the substitute reactance modu
lator tube. This new addit ion will be a 12SJ7 
type tube. Also the resonator crystal is dispensed 
with, and all wiring from these two sockets re
moved, ·with the exception of the beater leads to 
the 12SJ7 tube. Note that the original resistor 
R71 remains in t he circuit across the .heater termi
nals. The new wiring is simple and follows that 
in the modified schematic. A 500-ohm l.ine to the 
grid transformer permits the output of the speech 
amplifier to modulate tbe reactance tube. Audio 
required is approximately zero db. 

Should Al\1 operation be desited, it is merely 
necessary to turn off the reactance tube gain con
trol, R4, and plate modulate the station t rans
mitter in the usual way. With FM operat ion, 
the zero db audio track is fed into the 500-ohm 
input circuit and the gain control turned up suffi
ciently to produce t.he required swing of the 
carrier. Of course the mean frequency may be 
spotted anywhere in the band by using the cali
brated dial in tbe usual way. Needless to say, it 
is necessary, when using FM, to stay within the 
confines of the FM portion of the band. A swing 
of a few kilocycles on the fundamental frequency 
of tbe VFO will be multiplied by the same rat io 
of frequency multiplication in the transmitter. 
Thus, if FM operation in the 144-148-mc band 

is desired with a VFO frequency of 6 megacycles, 
a swing of 1 kc at tbis point will be multiplied by 
24, which is more than ample for narrow-band 
amateur FM work. 

Coupling to Main Rig 
The output of the FM-Al\il VFO unit can be 

coupled to the crystal tube of the regular station 
transmitter in a number of ways. At W5AJG, a 
shielded twisted pair runs from the operating 
desk, upon which the VFO is mow1tecl, to the 
crystal stage of tbe transmitter proper across the 
room (Fig. 3). The crystal is removed and a 
separate tuned tank circuit substituted by plug
ging into the crystal holder. Should the ex
cryst.al t ube be a harmonic type, this tuned tank 
can be of the same frequency as the crystal. In 
tri-tet crystal oscillators, the cathode coil should 
be shortened. With pentode type oscillator tubes, 
it is usually possible to work straight through 
without self-oscillation . However, should 7-mc 
operation be primarily desired, it is advisable t-0 
choose a VFO Uiijt operat ing on 3.5 megacycles 
so that the former crystal-controlled tube will 
opemte as a doubler. In any event, care should 
be taken to avoid shorting the grid bins of the ex
crystal tube by connecting a blocking capacitor 
in series with the high side of the oscillator tube. 

It will be found that the SCR-274-N makes a 
very nice VFO unit with AM or FM operat ion 
optional at a very low cost. It is suggested that 
those interested in obtaining equipment of tbis 
type, contact firms that rebuild and reconvert 
government aircraft apparatus to civilian re
quirements. As used in Army service there is 
usually about three t imes the amount of equip
ment needed for civilian purposes, and the sur
plus gear is generally available at a very moderate 
cost. 
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A SURPLUS 
SSB EXCITER 

Anyone who has triod to build a variable-frequency 
exciter that produces a T9 signal, keys well, and is 
stable enough to drive an SSB transmitter appreciates 
the difficulties involved. W6TZB, however, shows how 
to let someone else do most of the sweating.-Editor 

While working on a sing le-sideband r ig recently, 
the writer developed a simple method of converting 
3 to 6-Mc and 6 to 9-Mc "Command" receivers 
(BC-454 and BC-455) into heterodyne-type, va
riable-frequency exciters, covering the same fre
quency ranges. The stabi lity of the converted units 
is outstanding, they key beautifully, and have 
sufficient output to drive a Class AB 807, a 6AG7, 
etc. 

Heterodyne exciters have been described in the 
radio magazines for quite a few years; Their 
manifold virtues include good keying, excellent 
stabili ty, and high reset accuracy. H owever, they 
a re rather complicated and expensive to build. In 
addition, many arc difficult to adjust and their 
output is full of "birdies." The conversion of a 
"Command" receiver into one, however, retains 
the advantages and eliminates the disadvantages. 
Besides the Sl4r{Jl11s receiver, a smal1 handful of 
fixed condensers and resistors and an Ol)tional 
crystal are the only parts required. Unless you 
are unfortunate enough to possess nothing but 

Ct 

®-{i-..~..------~.-1~~~ 
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C2 

JI (OIJTSIOC) 

thumbs, the entire job should take only an ·hour 
or two. 

What Must Be Done 
To accomplish our purpose, we change the re

ceiver wiring around, so that, instead of high
frcquency input to the antenna terminal being 
converted to intermediate-frequency output from 
the mixer plate, intermediate-freciuency input to 
the mixer g rid is converted to high-frequency out
put at the a ntenna terminal. Figw·c 1 shows essen
tials of the high-frequency section of the receiver , 
where most o{ the simple, though necessary, changes 
are made. Fig 11re 2 shows the revised c.ircuit. 

·Starting at the antenna terminal, change the 
present coupling condenser to 100 µµfd. and remove 
the small neon bulb. Disconnect C3 and Rl from 
the control g r id (pin No. 4) of the 12SK7. Remove 
and save Rl. Now, transfer the plate connection 
({Jiii No. 8) to the grid, and connect C3 to the 
plate terminal. Feed· plate voltage lo the terminal 
th rough a 2.5 mh. r- f choke and a 200-ohm resistor 
in series, bypassing the resistor to ground through 
a 0.002-µµfd mica or ceramic condenser. Discon
nect the bottom of L2 from the 8 plus line, and 
ground. Believe me, this is important. 

P roceeding to the 12K8 mixer stage, disconnect 
L.~ from the !2K8 g rid cap. Also disconnect the 
wire between the 12K8 plate (/1i11 No. 3) and the 
first i-f transformer. Then connect the plate term-

r ----------1 .,,,~Dor 

I I Fil/SY IF 7118£ 
I I 
I I 
I I 
I C13 LS L7 I 
'---- --- - __ J 

C6AI ... 

Fig. I. Skeleton diagram of the r-f amplifier and mixer stages in either a 
BC·4S4 or BC-455, before modification to a variable frequency exciter. 
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RF AMP 
12SK7 

L3 

MIXER 
12K8 

cc· 

Ri• FR:JM CIRallr IN 

m2~} 
2"''9 FIG 3-SEF 
~ffllfJ11 r£Xr 

'------+---------+-'VV'vv--------a+ 251:/V 

I C6A 
• -APOtD CotlP<M'(NT OR CIRCUIT t:HANGE. ':'" REWIRE FILAAIEl/TS IN PARALLEL. 

~£,:J~J11ti:.;, i2A6 cvrPl/T TUD£ 
PLATE ~fA6£, 250V. Ar .JO MA., 
APf'LIEO BETWEQI PIN NQ.8 f+J 
AMJ PIN Ml 2 {GlrOJ FIL KX.TAG£, 
~2,o.6Y;~~.~ BeTWCDI PIN$ 

C.t-f00Mo-f4 MICA 
CA-.00'2,1..fd MICA 
CB-.oo2)1fd MICA 
CC -.OO:ZJ:fd MICA 

R - 200.A.1 2 ~TT' 
Rt-Z M(G, (FMMEA GAO RESIST~ fOA t2Sl(7) 
Rret, Ff'c.2 - z.stNi.. 

Fi9. 2. The r-f stage ond mixer, ofter modification. 

i11al through a 0.002-µfd midget mica or ceramic 
condenser. Feed plate voltage to the tube through 
anotJ1er 2.5-mh, r-f choke. Connect the 2-megohm 
resistor (Rl) salvaged from the r-f stage between 
grid and ground, and feed i-f energy into the grid 
through Cc . a 0.002-µfd midget mica condenser. 

Obtolnlng lntermedloto·Frequency Energy 
In the first receiver (a BC-454) 1 converted, 

the input signal for the 121<8 control grid was 
provided by a single-sideband exciter ending up on 
1415 kc. In the next one, the first i-£ stage was 
changed into a crystal oscillator. (See Fig. 3.) 

The g rid lead of the first i-f tube was removed 
from the first i-f transformer, and the crystal 
connected between grid .and ground. A 47,000-ohm 
resistor in series with a 2.5-mh, r-f choke across 
the crystal furnished operating bias. Output from 
the oscillator was obtained by disconnecting the 
secondary of the second i-f transformer from the 
grid of the second i--f tube and connecting it to 
Cc of Fig. 2. The double-tuned i-f transformer 
knocks out virtually all spurious "birdies" from 
1hc osci llator output. Incidentally, the crystal will 
not· osci llate without the 10-µµ(d condenser be· 
tween grid and plate terminals of the 12SK7. 

If a crystal of the proper frequency is not avail
able, the receiver beat oscillator mav be used 
instead. Referring to Fi(}. 3, disconnect the feed
back condenser from the 12SK7 plate and use it 
10 couple the beat oscillator to the 12SK7 control 
gr id. To do so, connect the fr<!e end of the con
denser to the control grid. (pin N o. 2) of the 
12SR7. 

I have fed the output of the beat oscillator 
directly into the control grid uf the 12K8. Results 
appeared satisfactory, however, the isolation pro
vided by the 12SK7 stage is worth having, especially 
as it is already there, wait!ng to be used. 

Two keying methods have been used. The first 
was screen keying of the 12K8 screen. No chirp 
was noticeable on either 3.5 or 7 Mc., but I was 
worried about the possible effect of the varying 
load on the osc-illator section of the tube. Next 1 

tried screen keying of the 12SK7 crystal oscillator 
(or isolation) tube. Keying was beautiful ; so this 
system was retained. 

Adlustment 
As I said earlier, adjustment of the exciter is 

simple. First, get the low-frequency os.cillator to 
work. Next, tune in the exciter output signal on 
a communications receiver. Then reduce the low
frcquency output by decreasing the 12SK7 screen 

or plate voltage until the exciter output drops off 
a db. or two-a reduction barely noticeable to the 
ear or on the receiver S-meter. 

t2SK7 
(FORMER t ST If' ANF\.IFIER) 

• -AbOCD COMPONENTS 

+SG a+ 
NOTE.- IF 8£Ar OSCILLATOR Fl/RN/SHES L-F SlrlNAJ. (SU TEXT~ 
'/:'f:!J,.~c~· ~=- /J!SJ(T Pt.ATE ANO_.,- TO PIN NO. 2(GRIDI 

C-tOwtd 
A -4'71<,tW 

RF'C-U5mfl 

X-4415 K'C CAYSTALll'CA !•6 MCI 
2S!Ol<C C>IYSTALtRlfle-!IMCl 

Fig. 3. Thil is how the first i-f sta9e b 
converted lo o crystal controlled oscillator. 

This adjustment' produces maximum output at 
the desired frequency, commensurate with minimum 
spurious outputs. 

After the low· frequency output is adjusted, 
adjust the paddus across L3 and the <Ultenn?. 
trimmer for maximum output. If necessary, the 
padders on the high- frequency oscillator should 
also be adjusted for accurate dial calibration. This 
complete& the conversion. 
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Mobile 

MOBILE WITH THE 

T HIS ARTICLE WILL DESCRIBE THlt CON'VEllSION 

of war surplus SCR-274 transmitters for 
Mobile . These particular surplus units are very 
well suited for emergency use, first, because they 
are v.C.o.. second, because they are available, and 
third, because they were originally designed for 
mobile use and may be used with their original 
shock units. 

Clrcult 
\\'1th the above in mind, five of the popular 

SCR-274 command sets were converted for use 
as either fixed or mobile transmitters. These trans
mitters arc so laid out that they may all be used 
with the same modulator and power supply by 
~imply plugging the desired unit into the shock-

111 

SCR-274N 

mounted rack, and connecting the coax feed lines 
to the antenna and converter. 

For mobile use on 28, SO and 144 me, imtant 
heating filament type tubes arc used, while for 
fixed stations, a heater type of tube such as a 
6AQS and 2E26 may be used if preferred. There 
is a very great saving in storage battery life if 
the transmitter is off completely during standby. 
Therefore, the former is recommended. 

The tuhes are 2E30's and 5516's. manufactured 
by Hytron, although comparable types by other 
manufacturers could be used as we112. T he v.f.o 
section uses a 2EJO connected as a triode. followed 
by 2F.30 pentodcs as frequency multipliers, with 

2 Com.11uable Tub.a 2E30, 6818, eAQ5. 57a, de. 
'61', 2E2C, ZEH, -. 
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The first 5lep i5 to strip the chaub. 

two 5516's in the final . The modulator unit is con
structed on a similar chassis and consists of . a 
2E30 triode connected as a speech amplifier f~J
lowed by a 5516 as a clamp tube3 screen grid 
modulator. A PE-103 Dynamotor is used for 
mobile use. 

3 For more information on clamp tube modulation -= 
"Practical Scrttn Mocluktion," CQ, Dec. 19•9, p. 24 
"Serttn Modulat.ed Command Set," CQ, Sept, 1949, 
p, 36 -
"Clomp Tube ModulRtlnn," QST, Mar. 10~0. p, 46 
"Hk<h Ou,put Grjd Modulatfon," QST, Feb. 1061, 
D· 40 

Ooublu or Triplcr 

2E30 
BC· 459·A V.F0.-7Me to 7.5Me 

0< BC· 457· A V.F.0 .-4666Me to 5.0Me 

+250V 

TABLE I 

Coll 
r-requuey 
C<Wen11e 

Ko ...... Of:a. w .. ,. .. Wlrt Form uh 

LI 14tolSmc 2• V2" 5/ r m XR-$0 $.0 

L? 28 to 30 me .. V2" .,. .. 
"' XR-00 L4 

t..3" Lt LU>l<s ? V2"' • LG 

LO 2a to :so me •• ,, ... r' • LG Poly LB 

LG 28 to 30 me 14 , .. 2" "2 Air 1.8 

L'I Ant. Link 3 , .. OIG Air 

Coil Table for 28 me converilon. 

28 me Conve.nlon 

Referring to Fig. I, the area within the dotted 
lines indicates that part of the original ARC-5 
cirr.uit is retained with minor chanl!'CS in the th ree 
highest frequency units. The lead from the grid 
coil going to the magic eye tube has been removed, 
along with the tube and its resistors. as they are 
no longer needed. The crystal is also removed. 
The neutralizing condenser, which was formerly 
attached to the secondary of the v.£.o. coil, is dis
carilcd. For 6 volt heater operation a 6J 5 may be 
used in place of the 1626 without change in ~oc.ket 
connections. However, for the filament type 2EJO, 
it is nt>cessary to remove the octal socket and 
replace it with a 7-pin miniature. At this same 
time. all three octal sockets arc removed and a 
small plate with two 7-pin miniature sockets is 
screwed on the rear edge of the chassis. The 
second socket is for an OA-2 voltage regulator 
tube. This is shown in the photographs. 

-6V 

+500V 

-45V RFCt,2• 2.Smh 
RFC3 •2W ~fSISTOft n.u. ~ • 20 W1IU: 

To Ant. Rt loy 
RFC5•Z·50 
RFC4 • 1mh 

Fig. I. Ten meter conversion circuit di•gr•m. 
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A further study of the diagram reveals that the 
first frequency multiplier is inductively coupled to 
the oscillator, and capacity coupled to the second 
frequency multiplier. The output of this second 
stage could be capacity coupled to the final as far 
as output is concerned; however, we used inductive 
coupling in an effort to keep harmonics from feed
ing through to the antenna. The final amplifier 
may be either single ended or push-pull, using 
either 2E30's or 5516's4 , depending on the dyna
motor available. In our case we chose push-pull 
5516's for added power inasmuch as screen grid 
clamp tube modulation is not ,·cry efficient at best, 
due to the low average screen voltage. A send
rcccive antenna relay is mounted next to the an
tenna coax fittings on the front panel, and a low 
pass filter is used externally on the ten meter 
unit. 

Osc. 
2£30 

Lit Mult. 
2£30 

2Mt MuJt, 
2t30 

FIMI 
2·SSll 

Sp. A.mp. 
2£30 
5511 

Cla.mp 
Mod. 

TABL£ 0 

GRID PLAT£ SCREEN 

-volts MA I Volts MA I Vohs 

30 1 150 5 ... 

30 1 250 15 110 

150 3 250 1a l!O 

9S 10 IOO 15 150 

10 150 10 ... 
n 150 25 ... 

Measurements m~de wtth V. T, voltmeter ua 
mllllimmeu1r 

Operating voltages for 28 me conversion. 
Transmitter and Modulator. 

Conatructlon 

MA 

.. 
s 
, 
10 

.. 

.. 

Or should we say destruction? Before starting 
to rewire these units, it is first advisable to re
move all parts that will not be used in the final 
version, and this means everything above and be
low the chassis ahead of the master oscillator. 
Start with the coils, then the variable condensers, 
the 1625 tube sockets, and finally all the small 
parts, relays, etc. All this junk, of course, is saved 
for some future use. Take another look at the 

Now, with a keyhole saw, cut a nice rectangular 
hole about 2 inches wide and the width of the 
chassis where the 1625's used to be. This hole will 
photos. 
later be covered by an aluminum plate, 2~" x 5", 
upon which are mounted the two 2EJO multipliers, 
along with their tuning condensers, coils, resistors, 
etc. 

The front variable condenser that holds the 
tuning dial and worm drive mechanism to the 
chassis, which you have already removed, must 
now be taken apart and cut with a hack saw so 
that all that remains of it is part of the frame
just enough to still hold the dial and worm drive. 

4 Serooa r .. !Jit.or and clamp modul .. tor ohanrod aewrd• 
ingly. 

This is the condenser frame aHer alterations. 

This can now be replaced in the unit so that we 
will have a means of tuning the v.f.o. from the 
front panel, and yet will have enough space above 
and below the chassis to mount the 5516 sockets, 
grid coil and condenser. The two coa..x fittings and 
6V antenna relay are now mounted on the rear of 
the front panel at the top. 

A small bracket is bent up to hold the 35 uufd 
per section tank condenser high enough off the 
chassis so that a shaft extension can be brought 
out through the plastic window on the front, for 
tuning the final amplifier plate coil. The final am
plifier grid is tuned through a clearance hole in 
the right hand side of the chassis. 

osc. MULTIPLl£R 

2E30 2E30 

fig. 2. V.F.O. coil connections. 

Closed circuit jacks for metering the various 
stages are mounted along the side of the chassis 
and insulated from it with fibre washers. These 
jacks may seem unnecessary; however, they will 
sa \'C a lot of time in tuning up and trouble shooting 
later on. 

These metering jacks were added after the 
photographs had been taken, and therefore do not 
show in the pictures. 
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S1nolt Button 
Mittophont 
Tron•formtr 

2E30 5516°" 2E30 Mtler Swllch 

Mluoohont n~ 
Jock ~ 

= 
s-l·Rtetln 
Control Uno 

tOK 
25W 

0 •• •• 

Rrods 0·30Mo on Flnol GrldaScntft 
and Spttch Amp, 

Stw>ttd to Rtod 0·300Mo oil olhtt 
Poslllo••· 

S" at +250V 
-25V 

4A' - final Amp. Pia It Ma. 
88'-Flnal Amp.Settt• Ma. 
CC'- f t•al Amp. Grid Mo. 
OD'-Total Eacitt t Mo. 
EE'- Sp. Amp. Mo. 
Ff'-Mod.Plott Mo. 500K = 

D o' 

c c 
To Metet 

'" 

+t~Y 

Sw. 
-61/ 

Switched on 
with 07nomotor 

-12v 
Nol Switched 

~ 
01namo1or 

Pin nu.mbtra 
COtrt1PQMfo 

Fi9. 3. Modulator circuit dia9ram. 

Frequency Multipliers 

The frequency multiplying strip is a small sub
assembly built up on a piece of aluminum large 
enough to cover the rectangular cut-out in the 
chassis where the 162S's used to be mounted. The 
parts arc so laid out that the first 2EJO frequency 
multiplier grid is close to the tap on the sec
ondary of the v.f.o. grid coil assembly. See Fig. 
2 for v.f.o. coil connections. The plate coils and 
tuning condensers of the 2EJO' s arc located near 
the edges of the aluminum strip with the two 
2EJO's in the middle, allowing room to pile up 
the necessary plate, filament, grid and screen grid 
by-pass condensers. This arrangement allows the 
operator to tune the condensers and coil slugs 
through the access door on top of the dust cover 
that was formerly used to get at the 1625's. 

As shown in the photos, the 5516's arc mounted 
on the left side of the final tank condenser, and 
the coil is mounted on the right side. The an
tenna coupling link is adjusted by hand by bend
ing its pigtails and the loading is adjusted by 
varying the series antenna condenser which mounts 
on the front panel. 

The link line bet ween the last doubler plate 
coil and the final grid coil is a short length of 
receiving type 72 ohm twinlead, anchored at each 
end on tic point.s. 

Coils 

The 2E30 coils arc wound on National XR-50 
slug-tunerl coil forms or equivalent. according to 
the coil table, and arc mounted and preadjusted to 
resonance with a grid dip oscillator before mount
ing the aluminum strip in the main chassis. The 

grid coil of the final is wound on a plain ~· 
diameter coil form, and after adjustment with the 
grid dipper is cemented with coil dope. The final 
plate coil is wound with #12 wire and soldered 
to the condenser terminal!. 

To cover from 28.5 me to 29.7 me, the v.f.o. 
frequency range will be 7.125 me to 7.425 if a BC 
459-A is used, requiring two doubler stages. If 
you arc using a BC457-A, the frequency range will 
be 4.750 me ti> 4.950 me, necessitating a triplcr 
and a doubler. If you are using a BC 696-A, the 
frequency range is 3.166 me to 3.300 me, following 
with two triplers. Of course, a BC 458-A can be 
made to tune the 7.125 to 7.425 me range by open
ing out the air padde.r that is in the shield next 
to the v.f.o coil, or to tune the 4.750 to 4.950 me 
range by closing in the same air padder. The 
latter will give better band spread, and that is 
what the writer did. Rotor plates may be removed 
from the oscillator tuning condenser with a pair 
of pliers for increased band spread. 

The writer ended up by removing 2/3 of the 
rotor plates .. This gave considerably more band 
spread on the V.F.O. dial than is shown in the 
photos. Care must be exercised in twisting these 
plates and pulling them out with a pair of long
no~ed pliers. The force should be exerted with a 
twisting motion by the pliers between the plates 
and the rotor shaft and not with a straight pull 
between the plates and the chassis, as there is 
dan~er of pulling the rear rotor shaft bearing out 
of its socket (1£ this docs happen, be sure to 
catch all the tiny ball bearings so that the con
denser may be repaired. This is done by removing 
the condenser from the chassis and removing the 
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rotor so that the ball bearings may be replaced. 
To do this, drive out one of the taper pins in the 
flexible shaft, remove the screws holding the con
denser to the chassis, unsolder the connections to 
the coil and tube, remove the spring-loaded gears 
on the condenser shaft, and unscrew the bearing 
on the opposite end of the condenser shaft. The 
rotor now lifts out easily. Holding the condenser 
vertically with the shaft end down, drop the ball 
bearings into the race with a pair of twce.zcrs and 
replace the rotor shaft. Holding the rotor shaft 
so that the balls can.not fall out, revers~ the posi
tion of the condenser and replace the balls in the 
other bearing and then replace the screws. The 
condenser is now as good as new, and may be put 
back in the unit. If any balls arc lost, they may 
be replaced from one of the two condensers that 
you have previously removed. You may even prac
tice on one of these before trying to remove plates 
from the V.F.O. condenser if in doubt.) 

Modulator 
The speech amplifier-modulator unit is built on 

a SCR-274 transmitter chassis so that it may be 
plugged into a double shock-mounted transmitter 
rack alongside the transmitter. T he circuit diagram 
is shown in Fig. 3, and consists of a 2E30 triode 

OUTPUT SOCKET CONNECTIOtl 

I~ 6 VOLT OPERATION 12 VOLT OPERATION 
·I YGIS. f.Of'llHOnly 0 

.. 6 Voll• °'" Otld ofl •llb • t2: V.ift Uttet •II" 2nf)ftll 
Ornomolo, on and c:H • it" O,no1MI01 

4 G•O'Gnd thl• Pin lo stt:tt 0 nom-01.;.r 

s .,.-)()OY a c;..IOQftd +12v.-soov a Cl'Mftd 

1 -6 V. c.onlh11101111y 

e +!!loo v. 

5~45 A 1n nrlu with 
- t2 V, contin1101o11ly 
+600V, 

.()l~f 

lmh ~ A ------------ ____ _ , 
Nott! Mot\oin T)Ot 612·5H 

()ynornoto1 mcy bt used at 
chertv.:1te to Ruutll Type 530 

driving a 5516 clamp tube modulator. If desired, 
the reader can build up almost any type of modula
tor ; however, for the power ·involved and the 
overall battery drain, we decided in favor of the 
clamp tubc3. especially since no modulation trans
former was needed. Since it is not feas'ible to use 
a r:ithnrle resistor with a lilnment type tube. a 
"C" battery is necessary to set the operating bias 
for the clamp tube. This same 45V battery supplies 
'ixed bias for the Rf.' units and in this way pro
vides protection for the 5516 tubes in the case of 
~citation failure. A one mcirohm pot is connected 
1crnss the battery <1$ a convenient means of ad
justing- the clamp tubt bias. One leg of this paral
lel resistor is brokl'n by a relay during- receive, 
so as not to run down the battery. This same 
relay also breaks the mike battery for the same 
purpose. 

The Modulator unit carries an 0-30 ma meter 
with meter shunts~ on the switch for reading the 
final plate, grid and screen grid in addition to 

._, Correet meter thunta for your par·tlcular meter mar b. 
c&kulated from tht formula in tht ARRL lhndbooJ... 

Radio 
Ground 

0 

I 

! m j 
L----.J 

12V StartlnQ 
Relay 

r--- 1 ! 3E2 I 
I 
I . 

Voliooe Switch 
f2V--6V 

Primary 
Clrc•lt 
Brtoktr 

.OlµJ 

* ! ._L_-_-__ -_,-'-- - -
6V Slor1ln9 

Re toy 

C +6\to< 
12V 

+ 
E orlZV Input 

$tOfOCJt 8otf 

Fig. 4. PE-103 dynamotor plug eonnectiont end circuit diagrams. 
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Top view of the completed r.f. unit. 

modulator plate current which is necessary when 
tuning up. The voltage divider for the exciter 
stages, as well as the final screen dropping re
sistor, arc also included in the moclulatol" unit. 

Shock Mounting 
A standard SCR-274 double transmitte r shock

moumcd rack is utilized to hold the two units in 
place either for mobile or fixed station use. A 
power connector plug is mounted on this rack 
or one of those already there may be used to 
make connections to additional racks. The P E-IOJ 
dynamotor connects to the modulator chassis. 
Fig. 4 gives the circuit and output plug connec
tions for the PE-103. 

Wire the plugs on the rack into whid1 the trans
mitter and modulator plug in parallel; that is, 

pin 1 to pin 1, pin 2 to pin 2, etc. Now make suit
able connections between them and the plug that 
goes to the other rack. See Fig. 5. At the dyna
motor, the wiring must be arranged so that the 
filament voltage is switched on simul taneously with 
the primary to the dynamotor if other than a 
PE-103 is used. A switch at the modulator turns 
the filaments 011 continuously when using the low 
frequency units to be described later. 

T he switches shown in Figure 5 are mounted 
on the rear of the racks and are for breaking 
the filaments and plus 250V on the units that may 
be plugged into the additional racks, but which 
are not in use at the moment. This feature al
lows the operator to have up to three racks all 
connected in parallel, with five transmitters ?-nd a 
mo<lulator plugged in. Any transmitter may be 
put in operation simply by turning filaments and 
plus 250V on. The others remain inoperative be
cause their filaments are ofT. The plus 2SOV switch 
prevents all the unused OA-2 voltage regulators 
from igniting and drawing current. 

PE-103 Dynamotor 

Figure 4 gives the complete circuit diagram, 
copied out of the base of one of these units with 
some difficulty. It will be noted that the output 
power plug contains all the ne~essary voltages for 
operating the rig without any alterations. A 
S.P.D.T. toggle switch at the modulator selects 
pin # 1 for 6 volt continuous heater operation for 
use with heater type tubes and pin #3 for 6 V 
intermittent filament operation for use with instant 
heating filament type tubes. Note that the + 6 
volts is grounded while the -6 volts is above 
ground. Pin #3 is used to operate antenna relays 
because it is only energized when the send/re
ceive relay #3E6 in the PE103 is operated. 

The push to talk button on the mike, one side 
of which is grounded, connects to pin #4 to 
operate relay 3E6. The other contacts on relay 
#3Ee operate either the 6 volt or 12 volt dyna
motor star~ng relays derwnding on the position 
of the SPDT wafer switch .at the top of the dia
gram. This circuit will be broken if either the 
H.V. or L.V. circuit breakers, #3E3 and #3E4, 
kick out due to an overload or short. #3E3, #3E4 
and #3ES are the three big switches behind the 
door on the side of the PE103 base, #3ES is the 
primary circuit breaker. 

For six volt operation, the S.P.D.T. wafer 

The modulator. Batteries are for mi~e and bies. 
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switch, located under the cap on the top of the 
base next to the output connector, must be turned 
with a screw-driver to the six volt position. If 
it is desired to cut down on battery current, two 
six volt batteries may be used in the car; however, 
in this event, resistor 3R3, two ohms, must be 
shorted out and the filaments of all the tubes in 
tlte transmitters must be put in series-parallel 
for 12 volt operation. In addition, 12 volt antenna 
relays must be used. In the two low frequency 
conversions, the original 162S's and 1626's may be 
retained by wiring their heaters in parallel as 
they are 12 volt tubes. The PE103 wafer switch 
is now set for 12 volt operation. The filament/ 
heater switch in the modulator unit referred to 
above is wired between pins #2 and #3 instead 
of #1 and #3. 

If trouble is experienced with the H .V. circuit 
breaker # 3E3 kicking out too easily, it may be 
corrected by soldering a 10 ohm I watt resistor 
in parallel with the coil. This will increase its 
current handling ability, but will sti'll allow it to 
kick out on a H.V. short circuit. 

The two dynamotor diagrams at the bottom of 
Figure 4 are two different combinations that you 
may find in the PE103. 

Tuning Up 
The first step is to recalibrate the v.f.o. section. 

The dial is given a coat of Automobile Touch-up 
Black paint to cover the old calibrations and is 
then marked with a pencil and later the new 
calibrations arc painted white with a fine pointed 
paint brush. The frequency lettering may be put 
on with "decals" if desired. With all the tubes 
removed except the oscillator, 2SOV is applied 
and the oscillator is adjusted until the frequency 
coverage is about right. Next, all the tubes are 
replaced in their sockets and the coils are tuned 
up with a grid dipper to their proper frequencies. 
Now, with ·the final plate and screen voltage tem
porarily disconnected, the plus 250 is again ap
plied and the 2E30's are tuned for maximum final 
grid current. With the transmitter operating in 
this condition, the main v.f.o. dial should be 
calibrated directly in output frequency so that 
you will not have to carry a slide rule to calcu
late your frequency each time you QSY. 

You will find that you can move around in the 
band quite a lot without retuning the two 2E30'!, 
especially if you stagger-tune them a bit. It is 
perfectly possible to put in band-pass couplers 

Bottom view of the modulator unit. 

Bottom side of the converted r.f. ehauis. 

if desired; howc1•cr, they will not be covered in 
this article. 

The unit under test should now be p:ugged into 
the dual rack alongside the modulator and. the 
whole works turned on. An antenna or dummy 
load should be connected to the antenna coax 
connector so that the final can be loaded up to 
the rated plate current. The clamp tube bias is 
adj ustcd to approximately -25V, and the screen 
droppi;,g resistor is adjusted until the screen 
voltage on the 5516's is about ISO volts. When 
modulation is applied, this voltage will swing ur 
and down at audio frequency. Adjust the antenna 
coupling or loading until a flashlight bulb coupled 
to the tank brightens up when modulation is ap
plied. Table 2 gives operating voltages and cur
rents for the transmitter. 
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Clamp tube modulation, if correctly set up and 
adjusted with a scope, does a good job and sounds 
fine. However, it is not something you just wire 
up with a handful of parts, connccl. to any screen 
grid final and get good-sounding 100 per cent 
modulation. The wave form shown on an oscillo
scope can be about as awful as the writer has 
ever seen if the clamp tube bias, the final grid 
current, the final screen voltage, or the antenna 
loading arc incor rectly adjusted. Without the 
screen dropping resistor, by-passed for audio, be
tween the clamp tube plate and the final screen, 
it is difficult to get more than about 50 per cent 
modulation. l£ you try to increase the percentage 
by opening the gain, all you do is produce square 
wa,·es with the resultant distortion. On the other 
hand. if you set the thing up r ight with a scope, 
it will sound fine and ~conies a very economical 
means of modulation. Straight transformer type 
of screen grid modulation could be used if de
sired, by utilizing one of the 1110<lnl ~tinn trans
formers,. T52, out of the original SC.:?74 modu
lator, BC-465-A. Th~ plus B goes to terminal 
#1, the 5516 modulator plate to terminal #2, 
terminal #4 goes to the final sc reens. and terminal 
# 3 ~oes to plus 15(,V for the fina I screen volta~e. 
Terminals #6 and #7 are not used. See Figure 6. 

In any form of screen grid modulation, the 
screen grid voltage must be run at about 1/2 of 
the normal plate n1odnlated value with the result
ant reduced outpm. The stage must also be run 
more like a dass B linear amplifier with the de
creased effici("ll<"Y vf such a n amplifier. 

(A) 

Fig. 5. Shock mounted reek eonnedions. 

,=-----~.._-,&;~!... .. To Flnol 
Scrun1 

30K 75K 

·C ·6V +SOOV 

Fig. 6. Optional modulator, using trensformer T-52 

By far the must efficient form of modulation is 
narrow band I req11ency modulation. This is ex
cellent f9r m ; hi le u~~ providing crystal control is 
used with a pha ,;e modulator. H owever, all the 
mobiles and net control stations should be equipped 
with FM receivers (NBFM adapters) which 
might not always be practical. V.F.0. could not 
be used because the vibration of the V.F.O. in 
mobile use would produce frequency modulation. 
With AM modulation the FM component is not 
objectionable because the signal is tuned "on the 
no~""· a.nd there the FM is the weakest. 

The circuit diagram of the clamp tube modulator • 
shown in Figure 3 calls for either a 5516 o r a 
2E30. Either may be used with slight difference 
in performanc.e. The \vriter used a 5516 because 
one was available. For further information, on 
clamp tube operation, the reader is referred to the 
footnotes. 

Neutrollslng 

The final amplifier shoul<l he checked for neu
tralization by observing whether or not the grid 
current changes when the plate circuit is tuned 
through resonance with both the plate and screen 
voltages of the final turned off. A grid current 
change indicates the need of neutralization. It 
was found necessary to neutralize the 5516's in 
our case. and this was done in the usual fashion 
by crossing over the grid leads and e.xtcnding two 
pieces of stiff insulated wire about 2 inches long 
up beside each tube. These wires were bent to
wards or away from the glass envelopes while 
reading a crystal diode wavcmctcr, coupled to the 
final tank. for the lowest possible indication. 
TVI and Antenna 

This 10 meter tr2;ismitter incorporates the most 
essential TVT measures, such as filtering of the 
power leads, link coupling to the final and the 
use nf a low pa~s filter in the 52 ohm coax feed
ing the whip. It is not 100 per cent 1 V I-proof 
but if the dust cover and bottom plate arc screwed 
on well, it does not bother Channel 2 unless the 
car is park<:"rl right in front o f the house con
taining the TV set. 

Adrled TVT proofing can be accomplished by 
improving the shielding on the transmitter itself 
by covering the louvres, the rear comers and the 
plastic window on front with copper screening. 
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The standing wave ratio should be checked on 
the RG8-U line feeding the whip, with an "An
tennasco~,'' or resistance bridge, and the length of 
the whip adjusted for a minimum SWR at your 
operating frequency. This will insure that the Ni
agara low pass filter will work properly. In my 
case, the whip length turned out to be about nine 
feet long, to reflect SO ohms at the transmitter. An 
eight foot whip looked like 15 ohms. The RGS-U 
in my installation was only two feet long. Signal 
strength reports were about the same with both 
wh.ip lengths, however. 

50-54 MC Unit 
If you use a BC 458-A, the v.f.o. tuning range 

will be 5.555 to 6.000 me followed by two triplers. 
If you use a BC 459-A, the v.f.o must cover from 
8.333 to 9.000 me and must be followed by one 
doubler and one tripler. Here, as in the case of 
the ten meter transmitter, other SCR' ·274 trans
mi tters may be used by altering the coil and con
denser in the .. v).o., · so that they tune either of 
the above ranges. 

The conversion to be described used a BC 458-A, 
and to get more band spread on the v.f.o. dial, the 
powdered iron slug was screwed all the way out 
of the coil, and the air padder was turned nearly 

all the way in. We ended up tuning 5.555 to 6 me 
with considerably more band spread as shown m 
the photos. P lates may be removed from the 
oscillator condenser to obtain added bandsprcad 
if desired. 

When substituting a 2E30 for a 1626, the fre
quency will be lowered slightly due to the higher 
grid-to-filament capacity in the 2E30, so if you 
intend to use the present dial calibrations, be sure 
to compensate for th is by adjusting the padder. 
Frequency Multlpller 

Regardless of whether you double or triple in 
the first 2E30 multiplier, its plate coi l must tune 
the range of 16.666 me to 18.0 me. The next 2E30 
triples to 50 to 54 me, and is link-coupled to the 
push-pull 5516 grid coil. This exciter strip is built 
up on a small zy.w x 5n aluminum plate, and is 
mounted over a cutout on the chassis exactly as 
was described in Part I for the 28 me transmitter. 
Jn fact, the entire chassis conversion, removal of 
parts, mounting coax connectors, antenna change
over relay, etc., is identical on both the ten and six 

' meter units and so will not be repeated here. The 
reader is referred to April 1951 CQ for details. 

If desir~d. the builder may dispense with the 
small APC variable condensers shown tuning the 
2E30 plate coils, and utilize the fixed input and 
output tube capacities of the 2E30 and tune with 
the powdered iron slug in the National XR-50 

51< 
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Fl9. 7, The 50 me conversion of either a BC-458-A or BC.459-A. 
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TABLE Ill 
Coil Data for 50-54 me Output 

Coil Frequency No . Dia. Length Wire Form uh 
Coverage Turns 

Ll 16 . 666-18 . Orne 20 1/2" 5/8" #22 XR-50 3.0 

L2 50.0-54.0mc 6 1/2" 5/8" #18 XR-50 .25 

L3&L4 2 1/2" #16 

LS 50. 0-54.0mc 11 5/8" 11/2" #14 Aix .75 

L6 50 . 0-54 . 0mc 12 5/8" 2" #12 Air 1.1 

L7 Antenna Coil 3 5/ 8" #16 Air 

See Text fOI' coil dimensions if Ct and C2 are omitted. 

Right hand viow of th. converted 50 me transmitter. 
The remaining grid curroM jack is on t he left hand 

side of the chassis. 

coil form. Winding the coils is a little more 
cri tical as the tuning range with the slug is much 
more limited than with the var iable condenser 
arrangement. Figure 7 shows the 50-54 me circuit 
diagram. T he first 2E30 multiplier plate coll 
tunes 16.6 to 18 me and is shunted by 4.5 µµf, 
the plate-to-filament capacity, plus 10 µµf, the 

grid-to-filament capacity of tb-e following 2EJO, 
plus stray_s of about S µµf. This makes a total of 
around 20 µµf across the coil The inductance 
necessary to cover the above range then becomes 
3.8 µh to 4.5 µh. This can be made by winding 
21 turns of 24 enamel wire on a National XR-50 

The second 2E30 multiplier only has about 8 
µµ£ across it, so it requires I µh to 1.2 µh to tW!e 
the range of 50 to 54 me. This is a coil of 10 
turns of # 18 enamel wire wound on an XR-50 
coil form. The link is 2 turns, wound on the 
cold end. 

It is wise to check the ranges covered by the 
coils before applying the coil do~ and mounting 
them permanently in the chassis. Thi, is convenient
ly done by mounting them temporari ly on the 
small sub-chassis together with the 2E30 sockets 
before the sub-chassis is mounted on the trans
mitter. The filament, screen grid, and other wiring 
is completed and the coils arc temporarily soldered 
into the circuit. With both 2EJO's in their 1ockeb , 
the slugs arc screwed from minimum to maximum 
while checking the resonant frequency with a 
grid dip oscillator. A turn or two i! added or 
taken off from the coils as required, so that the 
slugs will tune the desired range with some leeway. 
The coils may now be "doped" and permanently 
mounted in place and the sub-chassis may be 
bolted to the main chassis. Sec Table III for coil 
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Fig. 8. The original circuit of the B.C-696-A (and Navy CBY-52232). 

winding data if parallel condensers are used to 
tune the coils. 

Final A~lifter 

The components for the push-pull 5516 final 
amplifier are mounted in much the same fashion as 
for the 28 me transmitter. The reader is referred 
to the photographs which show the general la.v
out. The final tank condenser is raised off the 
chassis by means of a small aluminum bracket so 
that the plate leads will be short and so that the 
condenser shaft will protrude through a hole in 
the plastic window. The antenna loading condenser 
is mounted under the antenna change-over relay 
on the right hand side of the front panel. The grid 
tuning condenser is mounted for screw driver 
adj 11stment through a clearance hole in the·:.right 
hand side of the chassis. Incidentally, to be sure to 
keep all your metering jacks and screw driver 
adjustments on the right hand side of the trans
mitters and all the switches, power plugs, etc .. of 
the modulator on the left hand side, so that they 
will all be available when the two units are plugged 
in side by side in a double mounting rack with 
the modulator to the left and the transmitter to 
the right. 

Tuning Up 
The tuning up prccedurc for this 50 me unit is 

similar to that of the 28 me unit. First pretune all 
stage.s to the desired frequency with a grid dip os· 
cillator so that they will be in approximate reso
nance when first turned on. Then with final screen 
and plate voltage off, peak the multipliers for 
maximum final grid current. Calibrate the v.f.o. 
dial in output frequency, marking the calibrations 
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in white paint. Attach the antenna 52 ohm coax 
feed line and adjust the ante.nna coupling and 
loading for optimum output consistent with upward 
modulation as indicated by a flashlight bulb 
coupled to the final tank coil. See Table IV for 
operating voltages and currents. 

1.75 to 2 me and 3.5-4 me Conversions ' 
lna$much as these frequencies are proposed for 

communications between various disaster services 
and fur some type of medium distance C.D. com
munications and probably will not be used for 
mobile work, these two units were designed for 
portable emergency use. They retain their original 
circuit details except for changiug to 6 volt tubes, 

The class B modulator: microphone and bias batt•ries 
are on the far side of the chassis. 



TABLE IV 
Voltage and Current Measurements 50-54 me r.f. unit 

·-
GRID PL.AT£ SCREEN 

Volt.a MA Volts MA Volt:i: MA 

O:tc:. Triode ... ., -SO 1.0 150 Conr.ected 

ldl Mult. -35 o. 7 
2E30 

250 20 110 3 

2nd Mull. 
250 20 3 2&30 - 100 i.o 110 

Flnlll -70 s.o 450 to ao-100 ISO 
2-SS IU 500 10 

Class B Modulato r 

l JC Sp. Amp. 
-10 0 220 I. 6 TrJodo 

2£30 Conntc'le4 

2~i:O Amp .22.5 0 220 25 220 I 5 

MOd. 
0 

Trlod<! 
2-2£30's 0 ~5~500 5-80 CorAtccK 

Moasuremenls made with V.T. Voltmeter and 
Milliamefer. 

a 6) 5 and 2-807's,o and minor changes in wiring 
to enable them to be plugged into our shock· 
moun1cd rack for power and modulation. The units 
used arc the 2.1 to 3.0 me Navy Model CBY -52232, 
and the 3.0 to 4.0 me Signal Corps BC-696-A. 
The conversion of these t\110 units is identical C.'<· 
cept for changing the frequency of the v.f.o. m 
the Navy model. Figure 8 shows the original 

9 "Mobile with the SCR-27•1N." George M . Drown, 
W20VV, CQ. Jnn. 19•18, p. 22. 

.:in:uit diagram of these units before conversion 
and Figure 9 shows the circuit after conversion. 
Note that the relay under the chassis which orig
inally broke the plus B for the osci llator and 
shorted the cathode of the 1625's has been removed. 
The plus B to the osci llator now runs directly 
to Pin # 3 on the socket at the rear or the chassis, 
and the cathodes, and one side of the heaters of 
the 807's are now grounded. The an tenna shorting 
relay on the inside of the front panel is removed 
and replaced by a s.p.d.t. 6 volt relay mounted on 
the outside of the front panel due to lack of 'space 
inside. This relay may be omiltccl if separate 
antennas are provided fo1· the transmitter ancl 
receiver. The old grid leak of the £inal, mounted 
on spare pins #5 and #7 of the crystal socket, 
is simply clipped out of the ci rcuit. A new 5000 
ohm grid leak is put in the lead from Pin #S 
on the crystal socket to Pin #2 on the power 
socket at the rear where it picks up minus 45 
volts of battery bias. This is necessary to prevent 
the old resistor from shorting the bias b..1ttery. 

The magic eye tube may be replaced with a 
6E5, a six volt type, by changing the socket, or 
may be discarded along with the crystal. In either 
event the only circuit changes necessary are the 
rewiring of the heaters of the two tubes 0 11 the 
rear of the chassis in parallel instead of in series, 
and the removal of the resistor that parallels the 
magic eye tube heater. 

In the event that you use a BC-696-A, it is 
of course all calibrated for the 3.5-4 me range. 
However, you can use the BC-457-A, which covers 
4- 5.3 me, just as easily by cranking in on the 
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Fig. 9. WI DB M's 80 and 160-meter conversion from the circuit of Fig. 8. 
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two air padding condensers, one on the v.f.o. and 
the other on the final. (This is exactly what is 
now done on the Navy Model CBY-52232 to 
lower its frequency from 2.1- 3 me to 1.7 to 2.1 
me.) To do this, it is necessary to remove the 
cover from the v.f.o. and loosen the set screws on 
the shaft of the padding condenser. A 3/8" diameter 
hole is now drilled in the shield can so that the 
shaft of this condenser can be tuned with a screw 
driver after the can has been replaced. After the 
oscillator has been trimmed to cover the desired 
frequency range, the can is again removed and 
the set screws on the condenser shaft are tightened. 
Now replace the can and you are all set to re· 
calibrate the dial in the same fashion as outlined 
for the other units Figure 10 shows my 160 meter 
calibration; yours should be similar. 

Tuning Up on 160 and 80 m et e rs 
The vol tage on the oscillators in the two low 

frequency units will run higher than in the 10 and 
6 meter conversions, since there are no frequency 
multipliers pulling current through the voltage 
divider in the modulator unit. An auxiliary voltage 
divider may be built into each of these units if 
necessary, so that the correct voltage, +250, will 
be obtained. In tuning up these two low frequency 
units it is first necessary to couple a lamp load 
to the 807 tank coil and then switch the modulator 
to "filaments on all. the time" position. Start 
the dynamotor and with a screw driver, "zero 
dip" the final padding condenser through the hole 
in the side of the chassis. This is the middle 
condenser under the chassis, and must have its 
set screws loosened first. After bringing the final 
to resonance, the set screws are tightened again, 
after which the final should track pretty well with 
the ganged- tuned v.f.o. 

Ante nnas 
It has been the author's experience that the 3-4 

me BC 6116-A transmitters will feed voltage to a 
short antenna of from 10 to 30 feet in length, 
providing a SO µ.p.f condenser is connected from 
the antenna binding post to ground. They will 
also end feed an antenna approximately Y. wave 
long, between 100 and 150 feet. For other lengths 
it will be necessary to use a series condenser or 
a loading coll to shorten or lengthen the antenna 
electrically. With a little CXj)erimcnting these units 
will feed a base loaded whip; however, the exact 
antenna will be left up to the reader. P robably the 
greatest C.D. use to which these low frequency 
units would be put would require the operator 
to drive to some favorable spot, park his car, 
string up a long wire to a tree and get a message 
through to some other city. 

c. w. 
1f conditions require the use of c. w., this may 

be accomplished in a simple manner by inserting 
a key in the cathode jack of the 807'5. This doe• 

JO ''Modlftc .. tion of the SCR-27'N," E. B. Mcl'a b're. 
WSKH.J', CQ, July 19,8, p. ,S. 
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not permit break-in operation; if much c.w. opera· 
tion is anticipated, the reader is referred to one 
of the many articles dealing with improved break
in keying of these units.10 

Plate Modulator 
A good many hams wi ll prefer to build a con

ventional push-pull Class B plate modulator on 
general principles, while others may wish to avoid 
some of the fussy adj ustmcnts necessary for the 
correct operation of screen grid modulation. 

For the benefi t of these who have some spare 
milliamperes lefJ: in their dynamotors and who 
would like to use regular plate modulation, the 
circuit shown in Figure 11 may be plugged into 
the rack interchangeably with the clamp tube 
modulator described in Part I. By so doing, you 
will gain: about half an "S" unit of signal strength, 
slightly higher percentage of modulation, often
times of better quality (no clipping), and greater 
ease of adjustment. Total cost: upwards of 100 
ma more plate current drain at SOOY, which 

2JOO 
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l700 
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Figure 10. 

equals SO watts or more out of your storage 
battery while transmitting. At 6V this is another 
10 amps. 

M odulator Circuit 
Referring to Figure 11, it will be seen that two 

2E30's arc used to drive another pair as modula
tors. The transformers shown in the photos are 
war surplus from the ART-13, which were used by 
the Signal Corps fo r 81 l's in Class B to modulate 
a single 813. They obviously will handle ten times 
the audio necessary in this case. However, they arc 
cheaper and smaller than the usual 25 watt multi
match transformers which may be substituted of 
course. The r.f. load will be around 5000 to 6000 
ohms, 500 volts at 80 to IOOma .. This particular 
surplus modulation transformer has a primary to 
secondary impedance ratio of about 2 to 1 and, 
therefore, our r.f. load will reflect an impedance 
of ten to twelve thousand ohms in the primary. 
A pair of 2E30's in Class AB~ requires 3800 
ohm plate to plate load resistance, so we would 
have a pretty bad mismatch. We can correct this 
somewhat by putting both the r.f. plate and screcu 
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Fig, 11. The speech amplifier and class B modulator. 

secondaries in s.crics, assuming that an 813 screen 
winding will carry the 80 to lOOma without burn
ing out. If the two windings are connected so as 
to add, we will get a 1.44 to 1 or a reflected im
pedance of between 8000 and 9000 ohms. 

By using the 2E30's as triodes in Class B, we 
will save on the plate current drain from the 
dynamotor. One way is to tie the screens to the con
trol grids so that zero bias may be used. A simple 
improvement on this method, which permits driv
ing the screens to a higher potential than the con
trol grids, uses dropping resistors in series with 
the control grids.11 12 For instant-heating filament 
tubes it is necessary to use transformer coupling. 
T his requires a transformer, with a secondary 
that can handle the screen current of the modula
tor. In our case the surplus transformer used to 
drive the above mentioned 811 's in Class B worked 
out satisfactorily. To get the required power to 
drive the modulator by this means, it was necessary 
to use two 2E30's from a single button mike, one 
triode and one pentode. 

Additional information on suitable modulators 
can be found in the ARRL Handbook. 
Construction 

The chassis upon which the modulator was built 
was salvaged from a beat-up BC 457-A. All the 
parts were removed and a new front panel was 

11 RCA "Ham Tips," Vol. VII. No. 2, May-June 19•1. 
12 "A High-Power Modulator for Mobile Operation," 
George M. Brown, W2CVV, CQ, Feb. 1960, p. to. 

124 

bolted on over the old one. The four 2E30's were 
mounted on a small sub-chassis as shown in the 
photograph, with the driver transformer fo the 
middle. The modulation transformer and relay 
are mounted on the rear of the chassis with ·the 
bias batteries along the right hand edge. Smaller 
batteries such as the hearing aid type. niay be 
used if available. All the voltage dividers, de
coupling resistors, by-pass condensers and mike 
transformer are mounted at convenient spots under 
the chassis. The dynamotor plug and the filament 
switch are mounted on the left hand side, as in 
the clamp tube modulator previously described.9 
The meter switch, gain control and mike jack are 
on the front panel, together with the meter. 

Tuning Up 

The first thing to do in checking the modula
tor unit is to set the sliders on the variable resis
tors in the two voltage dividers so that around 
250V is available under load. One of these dividers 
is for the exciter and the other feeds the modulator 
and speech amplifier. . 

The unit must of course be plugged into the 
dual transmitter. rack with either the ten or six 
meter transmitter, while this adjustment is made. 
Once thjs has been done, the modulation of the 
transmitter can be tried out. Ii an oscilloscope 
is available, it should be hooked up to observe the 
modulation envelope and the gain control setting 
determined for 100% modulation. Be sure the 
antenna loading is the same as you will us' 
in the car. 



Modulation 

SCREEN GRID 
MODULA TING THE 
COMMAND RIGS 

Complete modulator Md power supply. Controls aro, 
from left lo right: Adjustablo scroon dropping ro sis
tor; c.w.-pho.no switch {to lowor power input from 200 
lo 100 walh): mike input, and audio go in contro l. 

T HF.MF. SEEMS to he no end to the uses that may 
be made o f the popular command transmitters. 

But one obvious application seems to have been 
overlooked and that is operation of the BC-696 or 
converted BC-457 as a screen grid modulated phone. 

Screen g rid modulatio11 {,<In be accomplished 
with very low audio power anrl with a ve ry simple 
modulation t ransformer. Flu-.thermorc, adjus tment 
o f the circuits is simple. Examination o f the ac· 
conwanying circuit diagram~ will sho w <1'11at the 
components a rc small and rdat ivcly inexpensive 
and can he easily obtained. Any speech amplifier 
that will deliver two and one Ital f watts or more 
of audio can be used and matched to the screens 
with a suitable transformer. 

The modulato r shown in the photogra¢1s is the 
one now in use at W0CRO. It ha> a 6At:6 inpu• 
tube, a 12A U7 phase inverter f.!eding i1110 a pair 
oi Class A 6AQ5s. In the original setup a factory 
built PA amplifier was used 11"11ich had :111 8-ohm 
output. It was coupkd to the transmiucr witJ1 a 
universal output t ransformer and a load rc-.isto r 
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Fig. I. Modulalor power supply is built on a 7 x 9 
inch steel chassis. The rectifier tube and power tran•· 
former are mounted toward the rear of the chassis 
to leave o cleo r sf>Oce on the front to accommodate 
the 5 x 7 modulator chassis. There is an octal socket 
on back for output voltages. The chokes, condensers, 

etc., are mounted under the chassis. 
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Fig. 2. The screen grid modu lotor is built on a 5 x 7 chossis which is mounted on tho front of the power 
supply chassis. A cable with an octa l p lug comes out of the rear o f tho chassi s and pl ugs into the octal socket 
on the bad of the power supply. The audio output o f tho modulato r, which is torminated with two fo od-

through insulators, is connected in se ries with t he screen vol!oge feed ing the t ra nsmitter. 

placed across the 8-ohm line. I n .tihis modula tor a 
small universa l modu lation t ra nsformer was used 
and matched wi th its highest ratio ( 10,000 ohm 
primary ·to 14,000 ohm secondary) . Ttl1is impedance 
is not cr itical. 

Since we know a number o f hams using the 
BC-696 for 100-watt phone r igs, modulat ing them 
with Cla ss B modulaiors, conditions in this a rticle 
ba,·e been set up to du!>licate this 1>e r formance. 

Instead of the usual 400-volt power supply as 
used wit"1 the BC-696 when Class B modufated, a 
supply capable of deli ,·cr ing 800 vo:ts under load 
was chosen. The supply must be capable o f de
livering 250 ma average power to ohe final, plus 
bleeder and screen cur rent. T he ~ransforme r in 
this pa r ticu lar instal lat ion has a rat ing o i 1040 vo lts 
a.c. each side o f cente r a t 400 ma and is used with 
a 16-µf s ingle-section filte r. The screen voltage is 
obtained from this s upply through a suitable drop
ping resistor to de velop 450 volts o f regulated sup
ply across th ree VRl SOs in series . T his 450 volts 
is used on c.w. and when tunini; up on phone, but 
is further reduced in the modulator before 1111odu
la·tion is appl ied . A separate oscillator suP1ply de
live ring 300 vo lts is regulated by two VRlSOs in 
ser ies. W ith· 300 volts o n the oscillator it wi ll de
liver the 7 ma of dr ive required. 

Modulation is accomplished by red ucing the 
screen voltage to about o ne ha! f of the valne used 
on c.w. and then apply ing suitable a ud io vol tage 
to s wing the screen between ze ro and the 450 volts 
applied on ~be a ve rage peak c.w. co ndit ion. 

Tuning Up 

T o accomplish t.he pro p<!r modulation o f the ca r
r ier a nd to adjust the screen voltage to th e proper 
portion o f its operating curve a definite tuning up 
and adjus ting procedure is used . Rc·ferri ng to the 

diagram o f the modttlator the cont rol switch is 
closed for the in.ilia! tune up. Tbc transmitter is 
then loaded up to 200 watts input or 800 volts at 
250 mills which is an average carr ier wa.Hage whose 
instanta neous peak powe r is 400 wa tts. Tbe switch 
is t.hen opened and without changing anything else, 
the screen voltage is reduced so the iplate current 
dro.ps •to one half, or 125 mills, which is 100 wa.tts 
and is the phone ca r rier average power. T hen ap
ply enoug h modulat ion to cause the plate mete r to 
mo ve slight ly; if ·the meter kicks upward it in· 
djcates the screen vol tage is a l ~ttle too low, if 
the meter kicks downwa rd the screen voltage is a 
little too high. A>ttempt to adjust the screen voltage 
for minimum kick in either d irection as a final ad
justment. Just enougho modula t ion to make the 
meter barely move is close lo 100% modulat ion. 

As an added refinement •th e d.c. was removed 
from ~he modulation t ransformer winding as shown 
in F ig. 2 requiring the use of the choke and con
denser, a lthough the modula tor wo rks nicely wibh· 
out th is modifica t ion. 

Wi~h screen g rid modulation a nd 100 watts 
power there has been no s ig n o f BCI. An a.c.-d.c. 
midget can be o perated r ight a longside the trans· 
milter or wi~hin inches of my vertical antenna 
without any sign of blasting or signals beyond 
those characteristic points where .;i -s ignal can be 
heard as a function o f the receiver oscillator 1har
monics producing 455 kc i . f. beats. 

A standard type 47 pilot lamp can be connected 
across a bou t a foot of ·the antenna wire a t a cur
rent point for a modula,tion indicator. Using this 
method of ·tuning -and by making sui table changes 
there should be 110 reason why other r igs employ
ing screen grid tubes cannot be similiarly modu· 
la ted wit•h excellent results. 
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AN ARC-5 
MODULATOR 

THE MOST COMMON FAULT with amateur mobile 
phone installations (and many home stations) 

is probably the lack of sufficient high-quality 
audio power for adequate modulation without 
overload. T his is a perfectly understandable situ
ation, since plate power is precious, and the desire 
to put as much of it as possible into the final, even 
at some sacrifice in modulntion capabili ty, is part 
of human nature, regardless of the effect it may 
have on the readability of the signal. The modula
tor to be described herein, and the complete high-

The modulation transformer fi ts nicely be tween the 807s 
and the meter and leaves plenty of room for the cover. 

power mobile installation built around it, provides 
about the highest level of fully-modulated power 
that can be handled by a standard automobile 
battery and generator without ~xcessivc auxiliary 
charging. It is cap:ible of as Tuch as 60 watts 
input to the final, with 100% m

1
odulation, using a 

PE-103 for plate power and cpn be readily re
moved from the car for use as :i\ fixed or portable 
station, using a rectifier power supply, and oper
ated with as much as 120 watts input. 

In spite of this high power capability, the 
modulator is economical for transmitcers of as low 
as 30 or 40 watts input, since the static plate 
current is lower than that of a 6N7, ,,;th 10 watts 
rated output, and about one 1hird the static plate 
and screen current of a pair of 6L6s, Class J\Ba 
with 24.5 watts rated output. Higher plate 

volt.age is required, but in general this is obtainecj 
from a 450- to 600-volt dynamotor used for the 
r.f. also and is readily available. 
The Driver 

One of the most unique features of the modu
lator, Fig. I, is the use of a push-pull cathode 
follower d river stage direct coupled to the grids 
of the 807 modulators. T he 807s arc operated 
with their "zero bias" Class B connection, in 
which their screens and control grids are both 
driven, the screens somewhat harder than the 
grids. With zero voltage on both grids and 
screens, the static plate current is reduced to a 
very low value, of the order of 5 or 10 ma. 
Actually, the direct-coupled cathode followers 
supply approximately I 0 volts of positive bias 
with resultant to1al static plate current on the 
807s of 30 ma. Of course, with tone modulation 
this plate current increases to 80 to 150 ma, 
depending on the output required, but on voice, 
although peaks of the same magnitude are pres
ent, the average is far lower. This means that a 
PE-103, rated at 160 ma at 500 volts, can be 
loaded to 120 ma into the p.a. and still be 
within its average rating with voice modulation. 

One of the penalties incurred by operating 
807s in this fashion is that considerable driving 
voltage, accompauicd by as much as 20 ma peak 
grid current, must be supplied. Conventional 
methods of producing this driving power would 
involve power consumption. largely cancelling 
the power-economy advantages of the Class Il 
operation. Since power need be supplied to each 
grid only on its positive half of the cycle, however, 
the cathode follower driver is a natural. Note 
there is no connection from the 6SN7 cathodes 
to ground except through the grids and screens 

The bottom view illustrates its simplicity. 
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Fig. 1. The circuit di3gram of the modulator. 

Cl, C3-.006 µf 
C2, C4, C5- .05 µf 
C6-5-µf audio bypass 
Rl-3 meg, 1/zw. 
R2- IK, Y2w. 
R3- IO meg, Y2 w. 
R4-220K, Y2w. 
R5, RIO- I meg, Yiw. 
R6-0.5-meg pot. 

of the 807s. Thus the plate current flowing in 
the 6SN7s is equal to the grid and screen current 
0£ the 807s, and varies rrom less than I ma to 
peaks of 20 ma with voice modulation. Actually 
the total plate current consumption of the entire 
driver, up to the 807 grids, is less than 10 ma 
under static conditions. Since this driver section 
works on 200 to 250 volts, its plate power as well 
as that of the r.f. driver stages i~ obt:lined from 
the receiver plate supply to save all the output 
of the high-voltage dynnmotor for the fina l and 
the modulator. The receiver plate power supply 
is switched from the receiver to the transmi tter 
during transmitting periods. 

Speech Amplifier 

The early stages of the speech amplifier section 
are conventional in design. Transformer coup· 
ling is used to the grids of the cathode follower 
stage, using a conventional step-up interstage 
transformer, since they require higher voltage 
that can readily be obtained by resistance coup· 
ling. Of course the cathode follower draws no 
grid current, so the usual heavy-duty driver 
transformer and power stage arc not required, 
but be sure the transformer is step-up, about 2 to 
I from primary to each grid. T he type usually 
used between a 6JS and a pair of 2A3s is okay. 

128 

R7, RS-J OO K, lw. 
R9- 33K, lw. 
RI 1, R12-3.3K, Jw. 
Rl3, R14-22K, 'lzw. 
RIS, Rl6-IO ohms, Yzw. 
Tl- push-pull input transformer 
T2-modulation transformer (Stancor A3893 or 

equivalent) 
KI-push-to-talk relay, 6v. d.c. coil, s.p.d.t. 

The l 0 megohm resistor R 3 is included to 
provide inverse feedback around the 6SJ7 pre
amplifier tube, since somewhat more gain than 
necessary was available. It may be omitted or 
increased if more gain is desired. 

The optimum load on the modulator is ap-

The modulator sits on the right of the r.f. unit in the 
274-N dual -transmitter rack. The whole assembly can 
be slipped out of the trunk for fixed-station operation. 
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MODULATOR 
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6V. D.C. 
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6+ 
40D- 600V. 

B+ 
200· 250V. 

* 6V. D.C. IA. CONTRO~ 
6VCoil e {-:-{ 

~.~ ) *6V.flL 
AC.er Mute 
D.C. Tton5 B+ 

* For 6V.D.C. operation 
connect jumper across 
#4 8#>6 

Fig. 2. The interconnections as used at W2CVV. The numbered connections correspond to the connectors on 
the 274-N chasses and the mounting rack. 

proximately 12,000 ohms, plate-to-plate. With 
the transformer and connections shown in Fig. I, 
and the same plate voltage on the final and on 
the modulator, a load of any reasonable impe
dance down to 3500 ohms can be fully modu
lated. No changes are required to operate with 
any supply voltage within the rating of the tubes. 
In one test, the entire modulator was operated 
from a 150-volt receiver supply, and, although 
the power was reduced, the modulation level and 
qual.ity were satisfactory. 

As shown in the photographs, the entire modu-

The meter may be connected, selectively, to the modu
lator or to the final at the flick of the panel switch. 

lator was built into a stripped-down 274-N 
chassis. The I 625 sockets were £led to fit the 
807s and the three other tubes are mounted in 
the three sockets on the rear of the chassis. 
The interstage transformer was mounted under 
the original V FO shield can, and the can used 
to cover both it and the large holes in that 
section of the chassis. One of the adjustment 
screws was left protruding from the shield can to 
form a rest when the unit is inverted on the bench. 

A patch-plate was cut to cover the top portion 
of the front panel, and drilled for mounting the 
various components. The two receptacles in the 
lower comers arc provided to permit the use of 
two different types of microphone plugs and are 
simply wired in parallel. 

The metering circuit permits monitoring either 
the modulator plate current or the final plate and 
screen current by means of S1 • The two 10-ohm 
resistors, R 15 and R 16 are large enough so that 
they will not appreciably affect the calibration 
of the meter. 

Note that the gain control R, is provided wi th 
a long extension shaft to permit keeping it near 
its associated components and still be accessible 
from the front panel. A tapered knob, pro
truding only a little way through the front panel, 
was selected .in order that the gain would not be 
accidentally disturbed by the knob being bumped. 

Choosing t he M icrophone 

As originally built, the speech amplifier was 
intended to p rovide sufficient gain for a dynamic 
microphone, and a low-impedance microphone
to-grid transformer was incorporated. This trans
former is shown in the photograph of the bottom 
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of the chassis mounted near the tube sockets and 
is shielded by a section of iron pipe to reduce 
magnetic hum pickup. A crystal microphone 
would have eliminated the need for this trans
former with its associated hum-pickup troubles, 
but the sensitivity of that type to temperature 
and humidity renders it unsuj table for mobile use. 
The recent avajlability of ceramic microphones, 
however, has changed this situation. T hey arc 
essentia lly impervious to temperature and humid
ity conditions, and, having electrical character
istics similar to the crystal type, requi re no trans
former. An Astatic CClS, equipped with a 
ceramic cartridge, was modified to permit op
erating the push-to-talk relay, K 1 with the con
ventional microphone switch. The additional 
lead was obtained by replacing the single-con
ductor cord with a double-conductor one. The 
microphone transformer was removed and the 
microphone jack wired directly to the 6SJ7 grid 
as shown in Fig. 2. 

Results with the ceramk microphone have been 
very gra tifying. Reports from stations familiar 
with the previous dynamic unit (and it was a 
good one of standard make, not surplus) have 
invariably included reference to the greatly im
proved quality and intelligibility. A slight per
sistent vibr::itor hum, originally magnetically in
duced by the push-to-talk relay into the dynamic 
microphone transformer, has completely dis
appeared. A CClS similarly modified :rnd used 
by W2DZV has been equally successful. 

A modul::itor such as this, on a 274-N ch:issis, 
mounted beside a converted 274-N transmitter 
on a du::il transmitter rack as shown in the 
photographs, makes a very convenient installation 
for either fixed or mobile operation. All inter-

unit connections may· be made via the plugs on 
the rear of the chassis, with cross-connections 
made in the shielded compartment which comes 
on the rear of the rack. By means of a plug 
connector on the rack, the entire assembly may 
be plugged into either the mobile power supply 
cable or removed from the car and used with an 
a.c. power supply as a fixed or portable station. 
Perhaps even better, separate racks may be used 
for mobile and fixed operation, and the modu
lator and transmitter units only transferred. 

The transmitter shown in the photographs is 
a 4- to 5.3-mc, BC 457, converted for 10 and 11 
meters, essentially as described in January, 1948, 
CQ. T he two grid current jacks arc at the rear 
of the chassis, on the right, since they would not 
be accessible on the left as shown in that aT{jclc. 
Note that the rack must have clc::irance holes 
to permjt access to the jacks. No plate current 
jack is included since plate current may be read 
on the meter on the modulator. Because of the 
relatively high power level at which thfa installa
tion is intended to run, two 807s in parallel arc 
used in the final. The exciter shown in the 
J anuary, 1948, article is capable of driving them. 

By providing other 274-N transmitters, con
verted as necessary for the desired bands, band
changc can be reduced to the simple process of 
plugging in the proper transmitter and making 
such antenna modifications as arc required. 
Since each can then be set on a preselected 
frequency, and completely pretuncd, one to two 
mmutes are all that are required for a complete 
band change, including adding or removing an 
antenna loading coil as may be required for 
lower frequency bands. 
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· Interference 

ENDING ARC-5 TVI 
TH£ CHAN CES ARE you're having trouble with 

TVI if you' re using an SCR-274N Command
typc transmitter. Not that this unit isn' t a first
ratc performer on the amateur bands. It is, but 
unfortunate ly its major component, lhc BC-457, 
unaltered and by icself is capable of producing a 
spectrum of harmonics so strong that television 
receivers, even a considerable di.stance from the 
157, may be comple!elv hlanketed. 

If you own an SCR-274N, here arc the require
ments. 

I . Complete shielding. 
2. Insert chokes and by-pass all power and 

other leads. 
3. Feed the antenna with coax through a 

low-pass filter. 
The cover of the BC-457, regardless of the 

louvres, must be made to function as a complete 
shield. T his is clone by using one layer of ordinary 
" ·indow screening, preferably copper, cut to size 
and installed over the louvres on the inner side of 
the cover and fastened down wi th ~O screws, 
as illustrated in Fig. I. I t is also necessary to cover 
the openings that are located in the back between 
1·he cover and the chassis with screening, as shown 
in Fig. I. All other holes, if larger th:1n Ya inch in 

diameter, should be screened or filled in with 
blind machine screws. T his is necessary to keep 

Mtlol p/ol<s filled 
undtr tht /wo ftlt 
poddtd 'overs 

[

Copo<llor and R ·F 
Chokt Antmb/y 

i.....::.:::=.=.;:.::____;'--1-~~---, 

Braid Powtr Coblt 

Fig. 1 

all the r.f. confined within the BC-457. To further 
1he shielding, cut out cwo pieces of copper or 
aluminwn (approximately 3 to 10 mils thick) 
that will lit neatly under the two small felt 
padded covers located on top of the large over· 
al l cover. 

Filtering the Powe r Leads 

The next and most critical step is tbc fabrica
tion and assembly of the r.f. chokes and their 
shields. It isn' t necessary to purchase r.f. chokes 
Lf a stock of cnnmel wire is available. Al l chokes 
arc wound with No. 20 enamel wire, dose-wound 
on a % -inch form 10 a coil of approximately 2 
inches. The chokes are then fully covered with 
electrical tape (adhesive tape is satisfactory) to 
hold the coil firm and also to serve as an insulat
ing medium between the shield and the coil. All 
the r.f. chokes arc shielded individually in ;i 

%-inch dia. (or la rger} metal tube made of 
either copper, brnss, or aluminum, a5 shown in 
Fig. 2. The choke coils had an inductance of 
3.9 µhand a Q of 135; however, by covering the 
choke with tape and a tubular shield of %-inch 
dia., the induct:incc dropped to 2.2 ~th \\'ith a Q 
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of 60, which was still satisfactory. It is best to use 
chokes with the highest Q possible, but in this 
particular case, space was also an important 
factor, and since some sacrifice in inductance and 
Q could be tolerated, it was decided to make the 
assembly as small as possible and sti ll get resulL~. 
It is very important that every choke coil be 
shielded individually. The r.f. chokes mounted 
in their shields were arranged in a turret-like 

To 
Po• tr 
Plug on 
BC-457 

Chol• Coll + 20 w;,. ( ••omt/J clost wO<Jnd 
oo ~' ftxm 2' long. 

To Pcw r 
Sl!PPlyCoblt 

Fig. 2. Each of the individual power leads is filtered by 
its own LC network, a.s illustrate·d above. A "bundle" 

of these fil ter units fits into the rear doghouse. 

manner, strapped together with tape and slid into 
a No. 8 tin can, thereby shielding the entire choke 
assembly. It is very important that this shield 
cover the entire choke and bypass assembly and 
be firmly bouded to the chassis of the BC-457. 
It was found necessary to strap the entire as
sembly to the chassis of the BC-457 with a heavy 
bracket. 

All the coils are bypassed ,~;th .0033 and .QI 
~1£ capacitors. The power cable is shielded with 
heavy braid over its entire length, which, in this 
case, measured approximately thrc·c feet. The 
power supply need not be shielded; a breadboard 
supply is sa tisfactory. 

The Antenna Fi lter 

·rhe low-pass filter used in the antenna circuit 
completes the isolatio11 of all harmonics. The 
filter is similar to the Hannoniker described in 
the November issue of Ham News. The coils L 
are self-supporting and therefore need no form 
except for winding (see Fig. 4 ). The coils are 
close-wound on a %-inch form, M turns, with 
No. I '~ cn:unel wire. It is best to wind a few extra 
tu rns because of the spring-back effect of the 
coiled wire when slid off the winding form. This 
will also increase the inside diameter of the coil 
from !J.'4 inch to approximately 13/16 inch diam
eter. Cut oil all excessive wire except J1. turns 
and a sulncicnt ampunt of lead length. /\. large 
shield can should be used to house the fi lters. The 
coils should be mounted so that the distance be
tween any part of the shield and coil should be 
not less than % inch. 

The capacitors C arc 840 1•1•f; however, _a 
value falling between 830 11µf and 840 µ.µf 1s 
sa tisfaclOry. ,\ shield is located between the two 
filter sections. This shield is so placed as to pre
vent any opening between the two sections, as 

·. 

/ ooJ:Jpf Of 1tx9., CuP«/t011 llfO<ltlltd 
on iMldt of BC-457 clto1sl• 

Fig. 3. A bundle of the Fig. 2 filter units is secured to 
the back of the transmitter and shielded as illustrated 
here. The .0033-µf condensers installed in the trans
mitter chassis as shown help out with the filtering job. 
A good electrical connection at uch joint is essential. 

shown in Fig. 1·. The capacitors C are terminated 
as close to the molded portion of the capacitors 
as possible to minimize lead inductance. Silvered 
mica or silvered ceramic eapncitors having a zero 
temperature coefficient and a 500-volt working 
voltage rating should be used. 'I)e filter as de
scribed here should be used only with transmitters 
operating between 3.5 me and 4.0 me. No. 8 tin 
cans were used very clTcctivcly as shields for the 
low-pass filter and the choke assembly. No cir
cuit changes were made except to add .0033 
ca pad tors on the inner side of the power plug, 
as shown in Fig. 3. 

The BC-457 now shows no sign of TVI regard
less of the operating frequency in the 3.5-4.0 me 
band. 

2~och L• 14T.<#14•ire 
c.lostwound on 
-¥4 · inside dla. 

4toch C•840,.if 

i-----H-- Compl<t• /Mtr 
Shi•ld 

Ov*rall ~Over 

~ 
Fig. 4. showing what lives in the penthouse. The low
pass filter is a "must'" for almost every 274N rig. 
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TVl'ING THE BC-459 

TJI E THOUSANDS of "war surplus," Army 274-N 
transmi tters (BC-+59, BC-696, etc. ), and the 

ARC-5 equivalents, used by amateurs speak 
highly for them. Unfortunately, as does most 
"surplus" equipment, they have their faults. Two 
of them arc their propensity to cause television 
interference and their Jess-than-perfect keying 
characteristics. T his article wi ll outline methods 
for eliminating one and improving the other. 

There is a good reason for discussing together 
such apparently unrelated subjects as television 
interference and keying. There is often an un
suspected relationship between the two. T VI is 
usually caused by harmonic or spurious-signal 
output from the offending tr:rnsmittcr in or near 
locally-assigned television channels, overloading 
of the input stages of the television receiver by 
the strength of the fundamental signal, or un
desired signals bypassing the input stages to ap
pear direct ly in the receiver i.f. channels, or key
ing transients or "clicks." Any of the above may 
be radiated d irectly from the transmitter or 
power supply, as well as by the antenna. 

T he 274-N series of transmitters have caused in
terference in every manner listed, although not 
every one does so. One docs, and another does 
not, depending on the separation between tranS
mittcr and receiver, strength of the television 
signals, the design of the television receiver, and 
dozens of other variables. 

It is the variables that make Lhc problem dif
ficult, rnaking it impossible to say, "Do this, and 
your TV1 troubles are over." Instead, it is neces
sary to list remedies for as many of the probable 
causes as possible and offer the hope that only in 
the most severe cases will it be ncccssarv ro incor
pora te all of them. T his is the prryccdurc followed 
in this article, although all modifica tions can be 
made in a single evening. T he modifi cations sug
gested refer specifically to the BC-4·59 ( 7 to 
9. 1 me) unit, but apply to the other transmi tters 
in the series as well. 

The Original L'iyout 
Looking al the original diagr:u11, Fig. 1, and 

the phys ical layout of the BC-'1·59, it is obvious 
that little effort was made to des ign a transmitter 
with low harmonic output. T ubes Li ke 1625s 
generate parasitic oscillations at the slightest 
provocation, and putting a pair of them in p ara!-

133 

lei is a gilt-edged invita tion fo r them to do so. 
Then to place the tuning capacitors below the 
chassis, necessitating long leads, unrolls the velvet 
carpet for parasitics in the v.h.f. region. The 
parasitic suppressors in each plate lead arc mute 
evidence that the 1625s took advantage of the op
portunit ies presented. 

If the suppressors actually eliminated the v.h.f. 
output, all would be well , but they do not. Severa l 
local amateurs who can operate on ten and twenty 
meters with several hundred watts input to their 
regular transminers " ·ithout television in terfer
ence report that a BC-459, with 250 volts on the 
1625 plates and no antenna connected, blanks out 
one or more of the lower-frequency television 
channels on nearby receivers. T he havoc crc:ited 
when an antcn11;1 is connected and higher voltages 
are applied can easily be visualized. 

Parasitic suppressors in tube plate leads often 
eliminate high-frequency oscillations only to in
crease output at other equally-undesirable fre
quencies, \\' hich is what is apparently happening 
in the BC-1f59; therefore, we will remove the 
suppressors and :1ttcmpt to eliminate the parasitics 
and harmonics through the methods sho\\'n in the 

The placement of the vacuum condenser and the use of 
wide copper strap for plate circuit leads to achieve 
maximum attenuat ion of all but fundamental frequency 
output from the 1625s is clearly shown. Also visible is 
the piece of aluminum to cover the holes in the front 
panel. Output is from the " mike" connector in the upper 

corner of the panel. 



photographs and the revised diagram (Fig. 2). 
The most obvious difference becwcen the two 

diagrams is the 50-1!~ vacuum condenser in 
Fig. 2. Obtained from a BC-442 antenna uni t, 
another part of the 274-N, and sti ll avai lable at 
"surplus' prices, its purpose is to bypass the 
plates of the I 625s directly to ground for fre
quencies in the television region. In order to 
mount it in the most effective spot, the unused 
antenna loading coil is removed and the amplifier 
plate coil moved forward. 

T he screws that fasten the coil to the chassis 
also support one side of a variable condenser be
low the chassis. By moving the center of the coil 
in line with the screws supporting 1he 01hcr side 
of the condenser, one of them will fasten one side 
of the coil in its new position. Rather thnn re
moving the condenser to drill a hole 10 fasten the 
other side, a small strip of metal clamps the coi l 
bracket to the chassis with aid of a nearby screw. 

Movi11g the coil fon var<l requires a slight modi
fi cation of the control for the variable link. With 
the antenna loading coil removed, it is no longer 
necessary to "offset" the link control; I therefore 
removed the gears and brought it to the rront 
panel th rough an insulated coupling. Not having 
a spline wrench to remove the knob, I first sawed 
it with a hacksaw and then split it with a screw 
driver. A knob with a conventional set screw 
la ter replaced it. 

Again, to avoid dismantling part of the trans
mitter to drill a hole, one end of the vacuum con
denser is fastened to the cbassis by bolting its 

C58A 
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~ 

R67 

R69 ...__...,....,,,,.,,.....-,C58B 

)* 
YSO 

R77 

mounting clip to the center of a three-quarter 
incb wide strip of stiff aluminum. Holes near the 
ends of the strip serve to fasten it to the chassis 
with the original coil-mounting screws. The head 
of the screw in the center of the strip is thus 
pressed firmly against the chassis, making a firm, 
low-resistance, electrical connection. 

One-half inch wide strips of Aexible copper 
strap connect the other side of the vacuum con
denser to the l 625 plate caps. Another strip of the 
same material connects the condenser to the in
sulated stud, which is connected to the variable 
condensers under the chassis. A wire between the 
top of the coil and the vacuum condenser and 
another from the bottom of the coil to the stud, 
bringing the plate voltage th rough the cbassis, 
completes this phase of the conversion. 

Before these changes were made, the plate
circuit wiring, plus the parasitic suppressors, 
resonated in the low-frcquenc)' television cban
nels. After they were completed, this secondary 
resonant .frequency was ra ised beyond the range 
of my grid-dip meter. 

Adding the 50-µµf cap:1city of the vacuum con
denser to the plate tank circuit requires that the 
capacity of the amplifier padding condenser be 
reduced accord ingly. O ril!ina lly, it requires 
slightly less than half capacity on the pad der to 
achieve resonance. With the vacuum condenser 
added, resonance is achieved with the padder con
denser plates me;hcd about fifteen per cent. 

For maximum harmonic attenuation, it would 
be better to remove the slug from the amplifier 

RL50 

L52 

R76 

K54 

'"---+-----(--+[: 
R75 ANT. 

Fig. I. The original circuit diagram of the BC-459. 
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coil and/or remove a turn or two from the coil 
so that the capacity required to achieve resonance 
is increased. Such a move may be desirable when 
it is suspected that third-harmonic {21 me) en· 
ergy is getting into the i.f. channels of nearby re
ceivers. If either is clone, it may be necessary to 
readjust the paddcr whenever the operating fre
quency is shifted appreciably. This should be 
done anyway in the interest of minimum har
monic output; therefore, it is not too much of a 
handicap. 

Should the vacuum condenser be unavailable, 
ei ther a mica or a ceramic condenser, with a d.c. 
voltage rating equal to four times the plate supply 
voltage, may be substituted with almost equal 
resu lts if leads arc kept short. 

Below the Chassis 
Below the chassis, the first thing noticed is 

that bypassing and grounding the 1625 cathodes 
and screens is done at one tube socket, with a 
jumper several inches long to the corresponclli1g 
terminal on the other socket. Such construction 
leaves the second terminal floating for high fre
quencies. The photograph of the bottom clearly 
shows the placement of the added bypass con
densers to bring them to zero rJ. potential. Also 
seen are the shielded wires replacing the jumpers 
between the cathode and screen terminals re
spectively, tbc shjcldcd key lead, and those re
placing the old leads between the power plug 
and the 1625 sockets. Each shield on these leads 
should be grounded at each end and wherever pos
sible throughout its length. Although not neces
sary in this µnit, it may be advisable to bypass 
each terminal of the power plug by 500-µ.J.tf con
densers, and continue shielding of the power 
leads right to the power supply. 

It would have been even better to ground the 
cathodes directly through wide copper strips, had 
it not been desired to key the cathodes. As said 
before, clicks can cause television interference, 
thereby nullifying efforts to remove other causes. 
Stabiljzing the 1625s and shielding keying and 
power leads help in eliminating clicks, but when
ever electrical circuits arc suddenly broken, a 
power surge is developed which can cause a click 
independent of what is connected to the switch. 
( For example, turning on a nearby light often 
makes a click, causing a momentary loss of pic
ture "sync.") 

B-ncgativc kei•ing of the entire transmitter is 
particularly bad from this standpoint, and a filter 
sufficient!)' large to remove the click usually 
greatly accentuates the chirp accompanying this 
type of keying. Keying the B-plus supply for the 
oscillator plate and the amplifier screens is bet
ter, because the current and voltage keyed arc 
less; however, tl1c same difficulty with chirps is 
fou nd. In addition, a keying relay is required to 
protect the operator. 

CatJ1ode keying of the :unplificr permits using 
enough " lag" to climin:itc dicks without increas
ing the chirp. The constantly running oscillator 
docs prevent working " break-in;" therefore an 
alternate system permitting keying the amplifier 

Shielded leads and the additional mica bypass condensers 
to st3bilize the 1625s 3re clearly seen. Amplifier padding 
condenser (second from front ) is still set at its original 
c3pacity. With the vacuum condenser i~ place, resonance 
is achieved with the padder near minimum capacity. The 
neutralizing condenser is mounted on the wall of chassis 

behind the padding condenser. 

alone, or \\'ith the oscillator by snapping a switch, 
is included in Fig. 2. 

Shielding 
Although the shielding of the BC-459 looks 

quite complete, there is mucl1 room for improve
ment. Lining the cover with copper screening 
makes it more nearly r.f.-proof than before, while 
still retaining ventilation. The fine-mesh screen
ing designed for strainers, etc., is best, but ordi
nary copper (or bronze) window screening is 
sacisfactory and much cheaper. 

Bend a piece about twelve by fifteen inches 
into a long trough to fit against the sides and top. 
Then solder another piece across the open back 
of tfle trough. T he screening should excend to 
the edges of Lhe cover on all sides, and when tl1e 
cover is screwed to the chassis, it is firmly 
clamped between the two. 

Covering the ope11i11gs in the top of the cover 
makes it necessary to remove it completely to 
change tubes. This is not much of a handicap, 
because tubes arc changed so infrequently. 

A small piece of aluminum, with a cutout at 
the bottom to accommodate the dial, covers the 
holes in the front panel. To remove tl1c two 
" locks," drive out the pins fastening the knobs 
to t11e shafts with a small finishing nail. 

Tuning 
Tune up the transmitter in normal fashion and 

check the neutralizat ion of the 1625s. The easiest 
way to do so is to connect a 50- or JOO-volt, high
rcsistance voltmeter between the chassis and pin 
number 2 of the power plug to measure amplifier 
cl.c. grid bias. Carefully tune the amplifier plate 
padding condenser slightly each side of resonance 
whi le observing amplifier plate current and grid 
voltage. If neutralizing is complete, minimum 
place current and maximum grid voltage will 
occur at the same setting of the condenser. If 
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this does not occur, attempt to reneutralize the 
l 625s by squeezing together or spreading apart 
the plates of the two-plate condenser mounted 
on the side of the chassis behind the amplifier 
padding condenser. (Caution! The condenser is 
"hot.") 

H te levision interference persists after these 
changes have been made, your fundamental sig
nal is probably overloading the input channels of 
the affected receivers. This very common receiver 
fault is a problem for the television receiver tech
nician. Suggest to him that a pair of traps tuned 
to your operat ing frequency or a h.igh-pass filter 
inserted in the television receiver feed line right 
at the receiver an tenna terminals is an a lmost 
p<>sitive cure, if the tcleuisio11 receiuer is in good 
operati11g co11dition. 

To be as pessimistic as possible, let us assume 

R67 

ALTERNATE KEYING CIRCUIT 

that one receiver still has interference, even with 
amenna traps installed. Substitute a dummy an
tenna for the trnnsmitting antenna-an ordinary 
115-volc bulb will do, preferably shielded-and 
load the I 625s to 1heir normal input. If inter
ference disappears, your greatly-reduced har· 
monic radiation is still sufficient to cause inte r
ference. An amenn:i tuner, if_ not already used, 
connected to the BC-459 through a shielded line, 
ma)' be sufficient to eliminate the interference, 
or a low-pass filter or "hannoniker" in the feed 
line to the antenna or tuner may be necessary. 
If the imerfcrcncc persists, even with a dumm)' 
load on the trnnsm iuer, direct radiation or r.f. 
energy feeding back into the power lines is prob
ably occurring. Sprague, 0. 1-µ1.<.f, high-pass con
densers in the 11 5-volt supply line at the power 
supply will eliminate the latter. 

-9- [ndicolts Shltldtd 
..l... CQndv~tor 
= 

Fig. 2. Oiagr3m of modific~ BC-459. Filaments have bc~n rewired for 12-volt opera tion, and unused parts have 
been removed. Power requirements: 500-600 volts at b O ma (pin 7 l, 250-275 volts at 20 ma (pi n 4), 200 volts 

at 20 ma, regulated (pin 3), and 12 volts at 2 am p (pin 6 ) . 

Cl-50·1~µ1 vacuum condenser, see text. 
C2-C5- .00 I rif, mica. 
C6-0.5 rif, 1,000 volts, pnper. 
Rl - 2.5K. \Ii w. 
R2- 2K, 10 w .• with sl ider. 
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RFC- 2.5 mhy. r.f. choke. 
Ch- 150-rna filt er choke (between 1 and 10 hy. l 
Sw-D.p.d. t. toggle switch. 
Other parts same as Fig. I. 



Receivers 

SCR 274N RECEIVERS 
DURING nm PA ST few years the conscientious rad io 

amateur has turned hisattentioa more and more to 
the construction of portable-emergency equipment, 
which could be ea-5ily transported from one location 
to another at a moment's notice. Unfortunately, ll1c 
a ttention given this type of equipment has been 
heavily lopsided in favor of the transmitter and 
those among us with a truly portable receiver a rc rare 
indeed. We are not en tirelr to blame; cons tructing 
a decent superhetrodyne receiver is by no means a 
simple job and since the manufacturers sturted 
building receivers with provisions for an external 
power source it has been easier to take a long the 
home station receiver. 

However, we can now all have a really portable job 
for a cost of from ten to twelve dollars. The "bre.1k" 
comes in the form of the BC-454-A and the BC-455-
A government surplus receivers which form a part 
of t he SCR-274N aircraft equipment. The two 
models available cover the tuning ranges of 3 to 6 
me and 6 to 9.1 me respective.ly, and the circui ts of 

•eo.n 
LINE ~0 

25Z5 

both are nearly identical. The receivers a re six-tube 
superheterodynes employing a 12SK7 t-r-f stage, a 
J2K8 mixer, two 12SK7s as i.f.s, a 12SR7 second 
detector and b.f.o. and a l2A6 audio amplifier. In 
the case of the 3 to 6-mc unit the i-f frequency is 
14-15 kc and in the higher-frequency model the i-f 
frequency is 2830 kc. The conversion da ta d iscussed 
can be applied to either unit wi thout change, except 
for one item which will be described in detail further 
on in the article. 

Buil t for the government, these receivers were 
designed to operate from a 24-volt d-c source which 
powered a small dynamotor mounted on the rear 
shelf of the chassis. T he revamped job can be opera
ted from either 110 volts a.c. or an external 6 or 
12-volt a.c.-d.c. filament supply and 250-volt d -c 
plate supply. This is accomplished br means of a small 
a-c transformerless power supply and a six-pole two
position rotary switch. The power supply uses a 
2525 in a conventional voltage doubler circuit but 
the whole secret to the receiver's versatility is cen
tered a round the aforementioned rotary switch. As 

t2K8 

12SK7 t2SK7 

r ------ --- --- T--- ---7-- --~,-- ---7- -~., 

I 
I 

/ I 
I I 

I 

I I I 
I I I 

·- ------------ f- - -

HOV, 
AC 

0 

I 

1 
I 

I 
I 

I 
I 

\ $1·6 

' , /''I 
' I .......... -~:l 10 ~3$0V. 

MALLORY T'YPE 367 

- - -tOMFU-•50 '( 
.... - MALL.ORY TYPE: 14Z 

TO RCVR. STAN0•8Y 
SWITCH 

!!:.1..!2..J: - 6 POLC 2 POSITION 
ROTARY SWITCH, 
MALLORY TYPE 
)28.l J WITH OH£ 
POSl'TlClfoj Htft ustO. 

Fig. 1. Circuit diagram showing changes required for o-c or d-c operation. Port A is top, B is bottom. 
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will be seen from a study of the circuil diagram, 
this switch :1ctually makes a complete change in 
the filament circuit. When it is in the position shown 
in the diagrnm the filaments arc connected in a 
series-parallel circuit, wi th the 25Z5 voltage doubler 
cut in to supply power. It is necessary to have the 
tubes in the receiver proper wired so thal lwo tubes 
will be in parallel in order to balance the filament 
current at .3 of an ampere. This seemed more de· 
sirable than using a .15 • ampere filament tube such 
as a 35ZS in the power supply and having to sacri
fice the extra voltage gained by using a vol tage 
doubler.• When the switch is thrown to its second 
position the 25ZS is completely removed from the 
circuit. all other filaments arc connected in parallel 
and the leads for supplying filament a nd plate 
voltage arc extended through to a se c of termirials 
on the rcnr of the power supply shelf. 

The first Slcp in the modification is lhc prepara
lion of the chassis for the addition of the power sup
ly, plus the removal of the unneces..-ary pares. Re
move rhe boll om cover plate and the large shield can 
whic h encloses the tubes and i-f t ransformers . Un
screw a ll of th~ metal-cased condensers, chokes, 
etc., from the sides of the chassis and remove the 
lwo screws holding the antenna, oscillator and mixer 
coils in place. Wilh the exception of the square b-f-o 
transformer I.here is sufficient slack in the wiring 
to permit 1.hcsc units to be la id out over the sides of 
the chassis. The b-f-o transformer can be shifted far 
enough to be out of the way but care should be ex
ercised to prevent breaking off the lugs lO which ilS 
connections arc made. The coils are of the plug-in 
type and ma>' be entirely removed unti l the con
~crsion is complelcd. The tubes and plug-in type 
1-f transformers should be taken out similarly and 
placed aside. Completely remove the metal-cased 
condenser mounted directly over the dynamotor 
connecting plug, the small mica condenser going 
from ground Lo one of t he pins on the socket on the 
rear of the chassis and the dynamoror plug a nd its 
associ;1L.ed wires. Between the beat oscillator trans
former and the 3 x .22-µf condenser across from it 
are lwO upright mounted black resistors. T hese were 

11 r would, of course, be possible to construct a 
voltage doubler suppl y utilizing selenium rectifiers. 
Then the heaters could be connected in series and 
operated directly from the I Ii-volt a-c inpur if a 
50L6 were ~ubstituted for the 12A6 (VTIJ4). 
Screen voltai:c for lhe 50L6 would have to be limited 
to I 10-volt cl.c. requiring the add ition of a screen 
dropping resis tance, or bleeder a nd the inclusion or 
an audio bypass connected between screen and 
ground. 

If a half-wave supply were used in place of the 
voltage doub ler, no modification in screen wiring 
would he required in substituling the SOL6 for Lbe 
121\6. By 1 he use of a ha lf-wave supply, Lhc receiver 
can be used on either 11 7 volLs a.c:. or d.c. 

In either case, the subslillltion of the SOL6 for the 
12!\6 requires a 150-ohm calhode resistance in place 
of the 1500 ohms (R21) used with the 12A6. The 
subs titution of a SOL6 in place of the 2525 permits 
full series operation of fi laments and elimination of 
line cord filament dropping resistance. 

Fronl view showing addition of tun ing knob, gain 
control, stand-by switch, and b-f-o switch. 

originally provided to furnish a dividing network 
for obtaining screen voltage. Since the power supply 
now being installed will give only about 210 volts 
this network is no longer required a nd the resistor 
nearest tbe b -f-o transformer is removed, li.:aving 
only a series resistor in the screen circuit and tbereb,· 
giving an increased volrage. The four d>•namoto"r 
mounting cushions are taken off by unscrewing the 
nu t on the bonom of the chassis. All of the remain
ing leads going to the socket on the rear of the chassis 
arc now completely removed and lbe socket iu;clf is 
t.aken out- This completes the dismantling at the 
rear of the chassis and we can now begin to prepare 
lhc front end for lhe nccessarr revisions. 

The first i tern to be removed is the 3-µf condenser 
fastened to the front panel alongside t he rc n1o te con
Lrol box. Hemovc the remoLc control box and the 
leads going to its socket with the exceplion of t he 
hlack lead and the one remaining green lead, which 
should be cut only at the control box socket ;in<l 
Jcfl in place for [urt.her USC. 

Now that a ll of the ... surplus" surplus has been 
removed we can go LO wo1·k and put it together the 
way we want it. The firsL job of course is lo rewire 
the filaments in accordance with lhe diagram s hown 
in Fig. 1. The leads going from the tube sockets to 
the switch should be soldered in place at the socket 
end and feel through the lcfr rear hole in lhe chassis 
which has been provided by the rcrno,·al of the dyna
motor mountings. These lead;; should preferably be 
color-coded so as to facilitate lhcir later being con
ncclcd to the s ix-pole two-pos ition rotary switch. 
T he next step is the installatio11 or the contro ls on 
the rront panel. T hese include :1 S PST togi;le swiLch 
LO be used as a stand-l:>y switch, ll 50,000-ohm poLcn-
liorneler for a gain conlrol and a second SPST 
toggle switch to control lhe beat oscillator. The 
controls are all mounted on the front pla LC ol the 
remo te control box which is completely d is111antled 
for this purpose. The t hree holes left in the center 
ol th is pla re, after the knob anrl o;ockel s111)1>0rts 
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The power supply fits in ihe ploce formerly occupied 
by the dynomotor. The rotory switch is 51. 

ba ve been removed, arc used as lhc cen te.rs for 
rnounling the three items. The green lead which 
previously went to the remote control socket goes to 
the gain control and the arm of the gain control 
goes LO ground. The switch used for the b.f.o. has one 
connection going to ground and the other to the 
3 x .05-µf condenser mounted a longside the b-f-o 
transformer. This lead connects to the terminal on 
the condenser to which is already fastened a 5100-
ohm resistor. One of the stand-by switch leads goes 
to the terminal nearest the chassis of the remaining 
large black resistor and to the terminal on the rotary 
control switch shown in part SJ of Fig. 1. The output 
jack is mounted on the side of the chassis next to 
the b-f-o switch and can be installed without in
sulaLing washers. The only connection necessary is 
the black lead previously removed rrom the remote 
control socket. 

T he final job is the construc tion of the power 
supply, the circuit d iagram for which is shown in 
part B of Fig. 1. This supply is built on an alumi
num shelf measuring 3" x 4'/z" wilh a rear d rop of 
I". Once the power supply has been completed 
the receiver shield can may be reinstalled, the power 
supply bolled in place on the receiver proper using 
four I" spacers, and the remaining filament and 
output connections soldered in place!. When solder
ing these las t leads in place it may be wise to leave 
a srnnll amount of slack in c·he wires lo provide for 
future servicing. 

lnstallatlon of a Tuning Control 

Two methods of installing a tuning knob may be 
used. One is to remove completely the threaded 
bushing over the geared sbaft to give sufficient 

clearance for a '/4' solid coupling and the other 
is to use a short section of 1/4" copper tubing adjusted 
to lit snugly on the geared shaft without removing 
the bushing. The author chose the first method, 
but only because the coupling was more readily 
available. The first system involves the complet'C 
removal of the tuning condenser and is therefore 
not recommended. If tbe first method is chosen the 
bushing should be removed before the power supply 
is bolted in place, since the receiver shield cans 
cannot be removed wi th the power supply securely 
fastened . 

That about winds up the conversion of the receiver 
as far as necessary changes arc concerned, but there 
is one thing more that can be done to make it still 
more adaptable for ham use. Like most equipment 
designed for military service, this unit is long on 
performance but short on bandsprcad. The par
ticular unit the author converted was one that tuned 
from 6 to 9.1 me and by removing all but two rotor 
plates from each scclion of the lUning condenser and 
adding small trimmer condensers to compensate 
for the loss of capacity, it wns possible to spread 
out lhe 40-meter band to occupy a total of fifteen 
divisions on the dial, or 20 kc per division instead 
of the original 100 kc per division. No information 
is available on the number of plates to be removed 
from tl1e 3 to 6-mc model, but this can be easily 
determined by removing the plates one at a time 
until the desired coverage is obtained. On the 6 
to 9.1-mc model, trimmer condensers with a maxi
mum capacity of 115 11µ[ were found co give excellent 
range since the maximum capacity of the original 
tuning condensers is 66 µµf. On the 3 to 6-mc model 
the maximum capacity of the tuning condensers is 
147 µµf. This would indicate a trimmer condenser 
with a maximum capacity of about 125 µµ f. 

To operate the completed receiver merely throw 
the rotary swi tch to tbe desired position, either 
series or parallel and connect the proper supply 
voltage. With the switch thrown so that the 
filaments are all in parallel the operator can sub
stitute 6-volt type tubes and run the whole works 
from a single storage batlery with a vibropack 
furnishing the high voltage. When using 6-volt 
tubes a 6K6 should be used in place of the 12A6. 
If 011/y earphone output is desired, a 1215 can be 
plugged in place of the 12A6 (with 6-volt tubes, 
substitute a 6J5 or 6CS) with saving in power 
supply d rain. 

Considering its cost, this little unit leaves nothing 
to be desired and makes a useful adjunct to any 
station. \VSAZ has even mounted a small 3" 
speaker on the top of his receiver and uses it as a 
monitor for his home rig when he is not operating 
in the field . 
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THE ARC-5 
repackaged 

The ARC-5 receiver units are extremely 
, handy around any ham shack. They are inex
pensive, plentiful and require so little power for 
operation that they can be used as standby re
ceivers, moni~ors for net channels, autocaU 
service, and dozens of other purposes. 

Most of us admire the neatness of commer
cial communications installations and their 
ability lo stack a large quantity of th.e essential 
gear in "package" form by relay rack style of 
construc tion. More and more amateur stations 
arc adopting this space-saving featu re. The 
reworking of the popular ARC-5 series of re
ceivers into the form shown here permits reali
zation of that dream of all amateurs: a separate 
receiver, optimized for each band worked. 

The ARC-5 uni ts arc, as originally packaged, 
fai rly unhandy from many aspects: they clash 
with the decor of the shack, are difficult to 
hold in place while tuning, and require an ex
ternal power supply. For many uses it is desir
able to add another audio stage and a noise 
limiter. At any rate, the solution is one of 
repackaging. 

The receiver repackaged in this case was U1e 
one which covers the .1 9-.55 Mc. band. Since 
it was to be used as a Q-5'er it was considered 

Fig. 1. Tho Commercial Look for 
inexpensive surplus receivers. 

very desirable to add an additional audio stage 
and a noise limiter so that once the i-f signal 
was removed from the communications re
ceiver it did not need to be returned for either 
audio amplification or noise limiting. These 
changes arc useful even if the receiver is only 
used as a stand-by receiver. 

If you do not bave available a Handbook of 
Maintenance Instructions for the receiver it is 
strongly recommended that wiring diagrams be 
made of all the coiJ sockets before the old re
ceiver is disassembled. 

Fig. I is the front view of the repackaged 
ARC-5. It is mounted back of a 3 V2 -inch rack 
panel. The components are mounted on a 
4x17x3-inch chassis as shown in Fig. 2. A 
5xl 7x3-inch chassis would have been preferable 
in some ways but no chassis of this size was 
available on the local market at the time the 
conversion was done so we just squeezed things 
up a little bit more. Even so, it did not turn 
out to be unduly crowded. 

The components of the ARC-5 were removed 
from the original chassis and then the chassis 
was cut into parts which held U1e coil sockets 
and the mounting studs for the coiJs. The r-f, 
mixer and osci llator coil sockets were removed 

140 



as a group of three and enough of the sides of 
the chassis was retained to allow the coils to 
be held by the screws, as was the case in the 
original instruction. Each of the i-f coil sockets 
was cut out along with enough of the chassis to 
hold the mounting studs and to permit the 
mounting. of the socket to the chassis with four 
screws. An octal socket was placed next in 
line to hold the b-f-o coil which in the original 
receiver was not of plug-in construction. Fig. 3 
shows the back view of the new chassis with 
all the coil sockets mounted. 

Fig. 4 shows the back of the chassis with all 
the coil installed. All the coils are from the 
original ARC-5 except the b-f-o coil which was 
missing from the receiver when it was pur
chased. 

The circuit of the receiver was revised slight
ly to permit operation from a 120-volt d.c. 
plate supply. 6 volt tubes are used in this re
ceiver since it had already been converted to 
6-volt operation; however 12 volt tubes may 
be used if a power transformer with a 12-volt 
heater winding is installed or if a 6.3-voll fila
ment transformer is connected in series with 
the heater winding of the type transformer used 
in this conversion. The revised circuit of the 
receiver is given in Fig. 6. The ARC-5 com
ponents which are re-used are not numbered 
on the diagram, makin~ it a simple matter to 
distinguish the new parts needed. Since the 

Fig . 2. Wiring under the 
chassis is kept simple if o parts 
layout like this is followed. 

second i-f amplifier operates at 
a fixed gain a 6SJ7 was substi
tuted for the 6SF7 in order to 
save plate current. This made it 
necessary to get the a-v-c volt
age from the second detector 

load resistor. This receiver was not designed for 
h.igh-fidelity so there is no disadvantage to this 
change; however, after completing the conver
sion it was found tbat a reserve of plate current 
was available so the original second IF ampli
fier tube and the original AVC circuit could 
have been maintained. 

The early stages of the receiver are little 
changed. In order to operate a 120-volt d.c . 
supply the screens and plates are fed from a 
single source, thus saving some decoupling re
sistors and associated by-pass capacitors. It was 
of course necessary to provide an RF gain con
trol and it was also considered desirable to 

DIAL~ 

Fig. 5. Cross s.oction af the recessed pone! cut 
back to flt ARC-5 dial. Panel moy be cut all the 
way through if you wont to save some energy. 

parallel the oscillator plate dropping resistor 
inside the coil shield with another one (R2) 
across the coil socket terminals. R2 should be 
half the value of the resistor inside the coil 
shield. 

One-half a 6H6 is used for the second de
tector and a-v-c rectifier and the other half is 
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used for a series noise lim
iter diode. A 6SL7 is used 
as the first a-f amplifier and 
1·he b.f.o. The plate voltage 
of the audio section of the 

Fig1. 3 & 4. The position 
of tho i-f and r-f plug-in strip 
sockets can be seen here. 
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6SL7. is made variable so that the tube may be 
operated as a saturated amplifier and thus act 
as an additional noise limiter. A 606 is used 
as a second audio amplifier. This tube was 
selected for its low beater current. A 6AK6 
miniature output pentode could have been used 
or, if 12-volt tubes are used, the original J2A6 
could be used. The screen of the 6G6 is fed 
from the tap on the primary of the output 
transformer to give some inverse feedback 
which reduces the output impedance of this 
siage and limits lhe vohage developed across 
the output transformer. 

The power supply is a conventional half 
wave rectifier system employing a small trans
former of the type used in audio pre-amplifiers 
or television boosters. 

A few tricks were resorted to in order to use 
the 4-incb wide chassis instead of the 5-incb 
wide chassis for which the design was originally 
planned. Il was originally planned ·to mount 
the tuning capacitor about % inch behind the 
panel with the dial to be viewed through a 
window in the panel. Using the 4-inch chassis 
it was necessary to mount the capacitor right 
against the panel so tbe chassis flange had to 
be cut away as shown in Fig. 2. The panel had 
to be machined away to allow room for the 
dial as shown in Fig. 5. This machine work 
was done with a circle cutter the tool of which 
was ground to a slighter angle.' As may be 
seen from Fig. 2, the by-pass capacitor directly 
behind the tuning capacitor had to be mounted 
with its mounting studs sticking through the 
rear of the chassis. The antenna trimmer 
capacitor was mounted inside the first section 
of the tuning capacitor. The space there was a 
little crowded also so it was necessary to file 
off the bottom rear corners of the trimmer 
stator rods. Once these lillle mechanical details 

were arranged the project went forward at a 
good pace. 

After the receiver was tuned up it was found 
to overload on strong stations when using ave 
and maximum r-f gain. An investigation showed 
that we were "fortunate" enough to. have se
lected leaky 0.05 µ.fd sections for both of the 
ave line capacitors so they were replaced with 
a tubular capacitor alongside one of the termi
nal boards . . Other constructors may profit by 
this easily avoided mistake and reserve the 
leakiest capacitors for the cathode by-pass func
tion where a leakage resistance of 2 or 3 meg
ohms is of no importance. 

As stated previously, this conversion was 
planned to use the original ARC-5 parts wher
ever possible. A relaxation of this policy would 
have permitted further saving of space, for 
instance most of the bypass capacitors couJd 
have been located directly on the tube sockets 
and the remaining ones could have been termi
nal boarded. Miniature tubes could have been 
substituted for the metal tubes in which case 
the IF transformers could have been mounted 
square with the chassis and moved further to 
the left leaving more room for the power sup
ply components at the righ t hand end of the 
chassis. 

Regardless of whether the constructor wishes 
to follow exactly the instructions given in this 
article or wishes to give a more complete or 
less complete treatment to his receiver, the 
ARC-5 need not remain an ugly duckling. Re-
package it! · 

t. Editors note: The ua:e of an alum(num panel irultad 
of stttl •hould mat~ria]Jy eue the job of reces1inr the 
dial into the panel. Some may con•ider it simplor to 
mere)J' eut out a circular opening in the panel 1lirhtly 
lnrger than the dfol itself. 
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BANDSPREADING 
ARC-5 RECEIVERS 

Figure 1 illustrates how a dial scale may be 
added to the tuning knob of a "Command-Set" 
receiver (BC-454, BC-455, etc.) to provide a band
sprcad calibration for the amateur band it covers. 
The scale shown is a typical 7 to 7.3-Mc calibra
tion for a BC-455. 

ac-4!54 
ETC 

CALIBRATEO OtSC 
COIENTED TO TUNING KNOIJ (A) 

Fig. I. Method of mounting bondspread scolo. 

To construct the scale, draw three concentric cir
cles on a piece of stiff white cardboard. The first 
circle should be 2J/, inches in diameter, and each 
of the others should be 3/16 inches smaller than 
the preceding one. Carefully cut out the disc 
a round the outer circle, punch out a ~-inch hole 
in its center, and cement it to the tuning knob. 

Form a two-in'ch length of No. 20 tinned copper 
wire into a pointer. Fasten it by means of the screw 
on the side of the receiver nearest the knob. The 
pointer should extend vertically in front of the 
scale and about Y-1 inch beyond the inner circle. 

\1,Tith the aid of a calibrated oscillator, set the 
main dial to exactly iOOO kc., and put a light pen
cil mark on the outer circle of the disc directly 
under the pointer. Tune the receiver to i020 kc. 

and make another mark Repeat every twenty kilo
cycles, until 71-00 kc. is reached. 

Mark the 7100 kc point and subsequent twenty 
kilocycle points on the second circle until 7200 kc 
is reached. Then drop to the inner circle and con· 
tinue to 7300 kc. 

Remove the disc from the knob and ink in the 
circles and calibration linoo. Make the 100-kc 
lines slightly heavier and longer than the others. 
Next bisect the twenty kjlocycle divisions with 
short Jines. F inally, put four equally-spaced dots 
between each pair of marks. 

Fig. 2. Typical 40-meler band disc for the BC-455. 

Identify the calibration poin ts thusly: Number 
the 100 kc. points 7.0, 7.l , 7.2, 7.3. T·hen number 
the intermediate twenty kilocycle points 20, 40, 
60, and 80. Re-cement the disc firmly to the tun
' in knob, taking care to see that the 7000 kc. points 
on ·it and the main dial correspond. 

!n opera·ion, a glance at the main dial shows in 
which 100-kilocycle segment the receiver is tuned, 
and the auxiliary scale indicates the exact fre
quency. If the work is done carefully, frequencies 
can be 1·cad to two kilocycles and estimated to one 
kilocycle with good accuracy. 

The procedure for making a 3.5-to 4-Mc cali
hrat'on disc for a BC-454 is similar, except that the 
circles are required. 
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BANDSPREAD 
FOR BC-455'5 

TllE 6-9 me receiver of the SCR-274N radio set is 
an inexpensive but efficient receiver for the 

40-metcr band. This article shows through a stcp
by-s tcp process how the utility may be further en
hanced by bandspreading the tuning range across 
the whole 7-mc band. This is done by removing por
tions of the main tuning condenser and substituting 
an adjustable padder and two negative coefficient 
condensers. 

Step-by-Step Procedure 
1. Remove the cabinet shield and all the tubes. 

It may also make it easier to work with the 
receiver if the i-f transformers are a lso removed. 
They should be clearly marked beforehand, as 
they cannot be interchanged. Remove the 
small shield from the front of the top chassis 
which houses the condenser gang assembly. 

2. Turn the receiver right side up with the rear 
chassis wall facing you. Take a pair of diag
onals and cut in two a ll the mica rotor stops 
on the ends of the three rotor sections. ' How
ever, be sure to leave as much as possible of the 
s top on the last rotor pla te on the right-hand 
side of each ro tor. 

3. Remove all rotor plates in each section starting 
from the left side with the exception of the last 
main rotor plate on the opposite end. Twist 
the rotor plates free, do not pull ou t. The shaft 
is floating on ball bearing which may be set free 
if caution is not exercised. 

4. Remove the rotor phasing plates on each end 
of the rotor. These are the small pla tes with 
slots.that are used to gang up or phase the main 
tuning condenser. 

5. Mechanically line up the three remaining rotor 
plates, one in each section, if they have been 
bent while the other rotor pla tes were being 
removed. 

6. Bend the right hand end sta tor plate about 
half way over towards the r igh r side of the 
frame. This is done to fur ther decrease the 

tuning capacity. Do not remove this plate, as 
it will be used to adjust the bandspread tuning 
range. 

7. Solder a 50-µµ[ ceramic adjustable padder 
acl'Oss the r-f tuning condenser section. This 
is done by mounting the paddcr as low as pos
sible onto the top of the gang frame. Solder 
the adjusting screw lug to t he frame. Then 
take a piece of D12 wire and run it directly 
between the top of the stator section and the 
other side of the padder. T his wire should be 
heavy as it will al so serve as the r.1echanical 
support for the padder. Drill a hole in the top 
of the gang shield can so that this padder may 
be adjusted with the shield in place. 

8. Solder a 20-µµf CRL neg;1t ive coefficient capac
itor across the detector gang and another 
20-µµf ·CRL negative coefficien t capacitor 
across the oscillator gang. B(Jth connections 
are made at t he bottom of the gang on the top 
of the coil sockets. Do not a ttempt to use 
ceramic or bakeli te adjustable padders across 
the oscillator or detector gangs as these will 
upset the stabili ty of 1:he receiver. 

9. If the i-f transformers have been removed they 
should be carefully replaced and the receiver 
made ready to be brought back into the 40-
meter band. With a known signal a t either end 
of the band adjus t the two midget air padders 
on the i,>a.ng as well as the addi tiona l padder 
soldered across the r-f gang. T une all three in 
the normal alignment procedure; no trouble 
should be experienced in tuning in the 40-
meter band. By sligh tly bending each of the 
three s tator plates, more or less bandspreacl 
may be obtained. or course, ·a fter bending 
these plates the padder~ must be readjusted. 

T he entire band should extend from nearly one 
end of the dia l to the other. t\s a matter of fact, it 
will probably be found necessary to use a spinner 
type knob, as the vernier and bandspread action 
are both so grea t as to make tun ing a little slow. 
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BC-455 ON 10 

MANY ARTICl.HS have been writt en on the conver
sion for amateur use of war surplus receivrrs 

and transmitters. T o them should certain!}' be 
added the conversion of che IJC-4558 receiver for 
27 10 30-mc operation. \"cry few additional com
ponents arc needed and the antenna input may be 
adapted ior either single-wire or doublet lead-in. 

T he parts required are a po)vc1· supply furnishinQ; 
cit.her 6.3, 12.6, or 28 volts for the fi laments and 250 
volts for the plates. Also, a phone jack, pla te 
switch, midget 25,000-ohm potentiometer, a five· 
prong socket with male plug to match power con
nec tions at the rear of the chassis, a nd several small 
resistors and condensers. 

The first step is to take out the small can insert 
at Lhe bottom front of the panel. This can contains 
111a le and female plugs which arc clipped free of all 
wires close to the plug terminals. This will allow 
room for the controls which are mounted on the front 
plate. The midget potentiometer which is to serve 
as an r-f gain control is moun ted in the center with 
1·hc 13 - control switch on one side a nd the phone 
jack moun Led on the other side. 

The filament circuit is then rewired to match the 
new power supply. The BC-455B is initially de
signed for a 24- 28 volt supply using 12.6-volc rubes. 
With a 12.6-volt supply the filaments will need to be 
rewired for parallel connections. 6-volt equivalents 
111 ay be substituted while again rewiring for parallel 
opera ti on. l 

At this point the biggest job in the conversion is 
to n .'Cluce the capacity of the Luning condensers. 
This will be a much easier task if rhe condenser sec
tion is completely n:moved temporarily from the 
chassis. By heating the point of mounting of the 
plates, they can be readily removed. Care should be 
exercised to avoid bending or misaligning those plates 
which are to be left in the gang. Leave uni}' one 
rotor plate and this one should be the middle one. 
Leave only two stator plates- the ones on either side 
of the s ingle rotor plate. Also remove the front rocor 
sect ions of the trimmers on the mixer and oscillator 
vari:1blcs, and a ll but Lhree roto1· plates of the re-
111aining trimmers on the three sections. Do not 
touch the oscillator series padtler contlcnser. Center 
1 he tun ing plates b}' adjusting the centering screws 
on the sides of the condensers, remonnt the condenser 
and r~,,;older the connecting wires. 

The next step is to rewind the coils. The oscillatrir 
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grid coil is changed to a double-spaced live-tum 
winding using the same wire and the same spacing 
for coupling to the adjacent winding. Take the mixer 
coil and remove the large winding of fine wire ac the 
top of the form and replace it with four turns of 
No. 24 enamel wire. Change the grid winding lO a 
double-spaced six-turn coil leaving a space of approx
iu1a tely one-eighth inch from the smaller one, being 
sure that both windings arc in the same direction. 
Rewind the r-f form to dupl icate the mixer gTid 
winding and wind the two-turo antenna coupling 
coi l of covered buss wire (No. 18) on top of the six
turn coil at i ts center. If a single-wire antenna is co 
be used, ground one e ncl of this winding-at the plug 
0 11 che chassis, connect the other terminal to the 
an tcnna post, first removing the small condenser 
in series with the former antenna lead-in. Another 
an Lenna binding post may be mounted and both leads 
brought out for use with a doublet antenna. 

Prior to starting the realignment process it is 
hcMt to drill out t he rivets in the coil shield cans. 

INC BUS 

Ct,~2AS 
• R 
,. 38 

C30 •• 
= 

1MEG i w 
470K tw 

ct• ft·»., RlO W$T BE U> 
CJ.TED AT D100E 
'LATE 

Fig. 1. Necessa ry changes for rewi1ing the BC-4558 
circuit lor an addi tional aud io siege a nd a .v.c. 

C40, C42-100 µµf, midget mico. 
C41-20 µµf midget mica or ceramic. 
C43-25.0 µf, electrolytic. 
C 44- 0 .1 µf, poper. 
R30, R38-470,000 ohms, Yz w . 
R31, R32- 100,000 ohms, 1/ 2 w. 
R33-510,000 opms (was Ri B in original circu it). 
R34-2200 ohms, 1 w. 
R35-1.0 megohm, Yz w. 
R36-220,000 ohm, Y2 w. 
R37-500,000 ohm, pot. 



Enlarge the holes to one-quarter inch in both the 
can and the mounting bracket. This provides access 
to the slugs for alignment. 

Preferably a signal generator feeding a 28-mc sig· 
nal into the mixer grid should be used to start the 
realignment. Set the dial to 6.S me and adjust the 
oscillator trimmer and slug until a signal is heard. 
Next feed the 28-mc signal into the r-f stage through 
the antenna post and tune the mixer and r·f slugs 
for maximum signal output. An output meter 
should be used rather than tuning solely by ear. 
Now tune the signal generator to 30 me and pick up 
the signal by rotating the receiver tuning dial. At 
this point tune the r·f and mixer trimmers for maxi
mum signal output. Do not retune the slugs at the 

high end, nor the t.rimmers at the low end, as this 
will upset the tracking of the mixer and oscillator. 
Repeat the two settings un til the tracking is accura tc. 
T hen remove the shield cans and replace the slug 
locking tabs. If care has been exercised in repla.cing 
the locking tabs the tuning should still be correct. 
Sometimes it may be advantageous to align the i·f 
transformers with the 28-mc input as the last step. 

An a-v·c circuit has been added to our receiver 
and the deta iled changes a re shown in Fig. 1. T he 
25,000-ohm midget potentiometer is wired into the 
circuit to replace the excernal gain control of the 
BC-4558. The arm and one side or the potentio· 
meter arc grounded and the other side is connected 
to pin 1 on J-1, or pin J (outside view) on J-3. 

TUNING DEVICE 
FOR ARC-5 

Probably a good many amateurs purchased 
SCR-274N receivers (ARC.5) without the tuning 
cables necessary for remote control. The mechanical 
construction or these receivers is such 1·bat they a re 
difficul t to tune locally withou t a key for the purpose. 

T his situa tion was solved at W2RAC br using the 
removable part of a Cuse holder. T he ruse holder is 
partially filled with Duco cement, and inserted in 
the receptacle for the tuning cable, making a con
venient knob. The Duco cement must be allowed 
to dry overnight. 

j 

RlC(!Vf R ARC 0 

274N TUNING KNOB 
This is a -homemade tuning adaptor for the 274 

N series receivers. The shaft and tuning knob are 
~tandard items. The only special parts are a piece 

of \~nyl plastic tubing, the inside of which should 
be slightly smaller than J4 inch, and the adaptor 
fitting itself which is machined out of ordinary 
brass, or even aluminum. This adaptor is * inch 
in diamete r and ~-inch long. One end is tapped to 
a depth of » inch with a ~ inch, No. 28 tap. A 
Y.'4-inc.b diameter hole is reamed on .through to the 
other end. The length of the y.j-inch shaft should 
be s1ICh that the end of the shaft butts against the 
end of the splined shaft in the receiver tuning fit
ting and 1t11c ·pl:ts~ic tubing lits evenly over bO'th 
shafts when the 11da1>tor is screwed onto the re· 
ceiver fi tting. 

The pkist<ic tubing retains its elasticity indefin
itely and <there is no noticeable baclclash in tunini 
the receiver. For convenience a crank may be add
ed to the t uning knob if desired. 
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Fig. I. Tho completely auombled doublo conversion 
receiver. Diol calibrations start at 0 above the line 
and 500 below the line. The 0 represents 7000 le: and 
14,000 k while 500 represents 3500 k 50 kc is 
visible in tho window. Tho BC·453 receiver is located 
in the conlor, tuned by the large knob. The r-f goin 
control and a-c switch is below the inset ponol. Tho 

b-f-o •witch is in the upper right corner. 

BC-453 WITH 
DUAL CONVERSION 
HEJ\E is a relatively simple method of construct

ing a communications receiver, the performance 
of which is comparable to a far more expensive 
unit. Application of the fixed converter principle 
permits use of crystal-controlled high- frequency 
oscillators which provide stability L'iat is unsur
passed. Combining fixed crystal-controlled con
verters with the BC-453 low frequency receiver 
results in exceptional stability and selectivity with 
an excellent degree of bandspread. 

The circuit in Fig. 2. shows a converter which 
gives excellent results when used in conjunction 
with the DC-453 receiver. This converter uses a 
crystal oscillator which is 200 kilocycles lower in 
frequency than the low frequency end of the
amateur hand desired. Tuning is accomplished with 

~-=--;;:::==:=;;====~~ -~~c"~£ 
C> . 

+ 2:7$V. 

Fig. 2. Crystal 
Cl, C7- 50 µµf 
C2-30 µµI 

controlled 3.5 and 7-mc converter. 

C3, CS-.01 µ.I 
C4-.05 µf 
CS-.005 µI 
Cb--.001 µf 
Rl-620 ohms 
R2-150 ,000 ohms 
RJ-10 mogohms 

R4-25,000-50,000 ohms 
RS-1000 ohms 
RFC-2.5 mh 
Coils--3.5 me: LI, 8 turns; 
L2, 50 turns: 7 me: LI, 5 
turns; L2, 30 turns 
Xtols--3.5-mc convorlor, 3300 
kc. 7-mc convertor, 6800 kc. 
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the BC-453 functioning as a tunable intermediatt: 
frequency. The BC-453 tunes from 190 kilocycles 
to 550 kikcycl~;. a range which is sufficient <to 
CO\''"' tl ·e 3.5 me, 7 me and l4-1nc bands. 'Dhe 3.85 
to 4-mc phone band may be covered by plugging in 
another crystal which is 150 kc higher in frequency 
than the 3.5-mc band crystal. 

The converter tube, a 6AC1, gives excellent gain 
and signal·to-noise ratio. The oscillator is an 
untuned Pierce which adds to the simplicity. If 
plug-in coils were used, one converter could be used 
to cover the 3.5-mc, 7-mc and 14-mc bands. The 
crystals could be either switched or plugged in. 
11he image ratio would be good on the two lower 
frcc1uency bands and fair on the 14-mc band.l How
ever, because of the low cost of t he individual con
verters our receiver employs a separate \Ulit for 
each band. 
A Simple Super 

Using .these principles ~he author has developed 
a receiver which gives extraordinary performance 
considering rhe investme11t involved. The unit pic
tured in Fig. 1 costs approximately $30.00 to 
assemble. It incorporates a converter for each of 
the three bands covered, 3.5 me, 7 me and 14 me. 
The 7-mc and 3.5-mc units are identical except 
for the coils. The 14-mc converter uses a stage of 
tuned preselection and a converter tube which gives 
better selectivity than the 6AC1 in order to reduce 
t11e image response. This arrangement will give 
reasonable image rejection ratio on this band. 

Bandswitching is accomplished by switching the 
output of each converter to the antenna circuit of 
the DC-453 receiver and simu.ftancously switching 
tl1e positive plate voltage to the converter units. 
The addition of a new dial , calibrated from Oto 351' 
above the center line and from 500 to 850 below the 

1 The image rnt.io will be quite r>oor on nll bands. It m:tY 
bo inferior to f\ conventionnJ rcc:olvc.r with no r·f ata.ge 



Fig. 4 (right). Under ehassis viow. The by-pass 
condonsors, resistors, rosistor holders and iron 
coro coil forms, including shields, were obtained 
from surplus BC-453 receiven. A common power 
recaptocla located on the extreme leff supplios 

power to both units. 

center line allows direct reading of frequency on all 
bands. Zero on the dial represents either 7,000 kc 
or 14,000 kc and 500 1'eprcscnts 3,500 kc. The dial 
is constrncted by cutting an a lumininn disk 3flj" 
in dinmeter. Draw the new scale on a good grade 
0£ writing paper so that "O" corresponds to 200 
on die original dial and 50 corres1xmds to 250, etc. 
This will provide accurate calibration provided 
the crystals are carefully chosen £or the proper 
frequencies. Crystals may be obtained £or less 
than one dollar on the surplus markeL But if sur· 
plus crystals are used, purchase frequencies some
what lower than those desired and carefully grind 
the crystals to the exact frequencies.2 

The ty·pe of construction used for the converters 
is patterned after tlle BC-453 and most of the parts 
were obtained largely from two of these receivers 
that were "cannibalized." These receivers can be 
purchased for around $2.00 to $3.00 less tubes. One 
caution-<io not attempt to use the radio frequency 
chokes found in this type of receiver because their 
inductance is much too low for successiul use in 
the oonverters. 

The conversion of the BC-453 receiver is not 
difficult. The filaments are wired in parallel in
stead 0£ series parallel as is required for 28-volt 
operation. A 50,000-ohm variable resistor is added 
:t:r;;hnson, "Crystal Grinding Simplified," CQ , JRn. ln49. 

Fig. 3 (leff). 7 and 14-me converter>. The 
tuning of both units is ganged to reduce the 
number of controls. The 7-me converter with 
the trimmer condensers removed is on the right. 
The erystols ore plug-in and different crystals 
may be used to cover other frequeneies than 
the amateu r bends. The individual chassis meas-

uros 31/2" by 5". 

between pins number 8 and I (see Fig. 7) on the 
re<l'r power sockel and serves as a gain' control. 
An OFF· ON switch for 117-volt a.c. may be added 
ro this control. A switch for b.f.o. is added be· 
tween pins number 4 and 1. The headphone jack 
is wired to pins number £ and 1. Filament voltage 
is connected to pins number 6 and 1. The plate 
voltage is connected to pin number 7. Loudspcak· 
er operation is obtained by connecting an output 
transformer with an 8000-<>hm impedance primary 
to pins number £ and 1. ~fake sure that number 
2 is connected to lug number S on the output 
t ransformer of ~he BC-453, as this is the 8000--0hm 
tap. Power suJl'Ply requirements are 250 to 300 
volts at 60 ma, am.I either 6.3 \•olts or 12.6 volts 
for the filaments, depending on the tubes used. 

Receiver Alignmonl 

Adjustment of the receiver for initial operation 
is as simple as the modifications. W'ith the band· 
switch set for the band desired, turn up the gain 
control on ·the BC-453 and set the alignment tun
ing condenser on the converter at half scale. Next 
tune the associated trimmer condenser for a dis· 
t inct increase in noise level. This will be either 
the frequency desired or, possibly, the image f re
quency. The image frequency can be easily check· 
ed because it falls outside of the amateur band. 

er. CS-IS µµf 
C2. Cb-'10 µµt 
Cl. ca. Cl3-.0I µI 
C4, C7. C9-.0S µf 
C I 0- 30-50 µ.µf 

Fig. 5. Crystal controlled 
Cll-.001 µf 
Cli- 50 µµI 
Cl~.005 µf 

BC-453. 1 '4-mc converter for the 
RS-15,000 ohms 
Rb-25,000-50,000 ohms 
R7-1000 ohms 

L2-1 5 turns 
L3- 10 turns 
L4-l 5 lurns 

RI, R3-b20 ohms 
R2, R4-50,000 o hms 
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K~C-2.5 mh 
l 1- 3 turns 



Now tune in a signal and adjust the trimmer for 
maximum signal strength. Once this setting is 
found it will need changing very little during 
complete band tuning. Repeat th is process for 
each converter unit. 

If the receiver does not operate check the ap
propriate crystal for oscillation. If it is osdllating 
suflicicntly for adequate voltage injection to the 
converter the noise level will decrease noticeably 
w'hen it is removed. Very little oscillator injection 

7.0 · UC 

CONVERTER ..... ~.,...-;;, 

t4,0 •MC 

CONVERTER"'"""'°""~'°"""'="'-

.,...,...;:......;.•;.;.NT--1 8 C-4 5 3 
200KC .. !S50KC 

Fig. 6. Block diagram of receiver-converter 
arrangement. 

Fig. 7. Roor view of pow&r recoplaclo connections. 

voltage is actually required for the proper opera
tion of the 6AC7 converters. For this rC<tson the 
crystal oscillator plate voltage should be limited 
to 35 or 40 volts. 

The over-all selectivity of this receiver is ex 
cellent. Single-signal reception is almost realized, 
one side of zero beat being very low. Additional 
selectivity would make intelligibility of phone sig
nals poor. The substantial "skirt" sc l~ctivity offer
ed in this receiver make·s copying of weak signals 
po:>siblc right up .to that ki lowatt s ignal a few 
blocks away. As an interesting a:pplication of sur
plus and a good receiver at a modest investment 
this li t tle super is a worthwhile shop project. 
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THE BC-603 

Mud1 of the equipment avai lable in quan
lity sti ll left over from WW-11 has been con
verted. One obvious exception to th is is the 
BC-603 receiver and the companion BC-604 
transmitter. Probably lhis is due to the fact 
that F M has never really caught on and partly 
because of the frequency range of the BC-603. 
This receiver does cover the fifteen and eleven 
meter bands, but who is o n F M on fifteen? 
Oi1r job was to find out as much as possible 
about this receiver and make it into something. 
After a few weeks work ·we fou nd the BC-603 
well worth the few dollars we spent for it and 
it seems like this could be another A RC-5 in 
versati li ty. As a matter of fact we definitely 
feel that this little rig will open six meter for 
a lot of people and make it a real crowded 
band. Built like a you-know-what, it can take 
a 101 of abuse and still stand up, probably due 
to the fact that it was designed for use in 
trucks and tanks rather than in aircraft. 

The BC-603 is part of a tact ical field com· 
munica.tions system which also .. includes the 
BC-1335 and ·the BC!659 on the higher fre
quency end. Except for its frequency range it 
is identical with the RC-683. Operating in the 
region of 20-27.9mc. (tbe BC-683 covers 28-
39mc) , it is an FM receiver of high sensitivity. 
Various possibilities resulted in makin!? this 
conversion cover two months instead of the 
usual single issue conversion we have been 
striving for. This month we will make the 
conversion to 6 meters FM a nd next month 
finish off the conversion to AM. No doubt 
there are many possibilities that could be ex
amined, but we would rather do a complete 
good job than a half fast sloppy job. 

One nice th ing about the 603 is that it is 
not crystal controlled. The transmitter is but 
that isn't our problem right now. Tuning is 
accomplished by the conventional variable 
capacitor and the coils are slug tuned for ad
justme nt witb variable trimmer across them 
for minor adjustments. T he push buttons may 
be reset to any selling you may desire and the 
dial is completely tunable, with good cali
bration. 

The antenna is coupled to the receiver al 
the rear of the equipment by means of a 
coaxial connector in the power plug and also 
at the fro nt by means of two terminals. The 
antenna is transformer coupled to the grid of 
the R F amplifier tube ( V-l ,6AC7) and. the 
"Tid is tuned bv one section of the variable 
~apacitor. T he ' plate circuit .of V-1 is ~lso 
tuneu and coupled to the grid of the mixer 
(V-2, 6AC7) which is also tuned. This double 
tuning increases the selectivity of ~h.e front end 
of the receiver. The fourth seclion of the 
variable tunes the oscillator. 

The 6AC7 mixer uses the suppressor for 
oscillator injection. The. output frequen~y is 
2.65mc which is the JF frequency. Three 
stages of IF and limiter stages precede the 
discriminator and there is a single stage of 
audio ahead of the 6V6 audio output stage. 
A CW oscillator is used for tuning the equip
ment and setting up the push buttons on a 
carrier, but may also be used for CW moni
toring and copying. T he loudspeaker is self 
contained in the front panel assembly and a 
half of a 6SL7 acts as a squelch tube. 

The squelch is included but can be disabled 
from the front panel by means of a switch. 
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The level that the squelch operates a t is de
termined by the sett ing of the SENSIT IVITY 
control which is really the RF gain control. 
Oiher fealures not needed include the use of 
the equipment i1s part of an intercommunica
tions system. Provision is made for the use of 
earphones by switching the loudspeaker out 
and when this is done the speaker transformer 
is terminated with a resistor so as not to cause 
ihc output tube to overload due to lea tl rc
movnl. 

The bnsic power supply is shown in Fig 2, 
·and may be used with the FM conversion 
this month or the AM conversion o f next 
month. Basically they are the same except 
that the B minus is not returned to ground 
in the FM model. The original equipment was 
designed for J 2 or 24 volts and used a dyna
motor. Only two tubes arc 12 volt filaments. 
These were replaced by their six voh equiva
lents, the 6SG7. The 6SK7 is very similar 
and could easy replace the 12SG7 type wi th 
little loss in gain. Using all six volt t.ubcs 
greatly simplifies the power supply connections 
since all that was necessary was to rewire 
!he fila ment string and add the high voltage 
supply. If you have a 12 volt filament trans
former handy this won' t be necessary. 

T he first thing to be done is the power sup
ply construc1ion. Concord Radio has one buih 
on the same type of chassis the dynamoior 
mounts on. The power plug takes care of the 
fila ment switching in the original unit but we 
decided not 10 use that fea ture but rather to 
wire the fi laments as we have already men
tioned. With the connections shown the front 
panel switch will control the main power as 
well as the fusing of the equipment. Figure I 
is a full schematic of the BC-603 and another 
copy of ihis appears at the bottom of the 
equipment cabinet. 

Converting the front end is about all that 
has 10 be done for the six meter band. This 
is a slightly ticklish job and some care will 
be necessary in order to make it work right. 
II is recommended tbat a grid-dip-oscillator be 
used so as to check yourself when wiring and 
winding the coils. For the six meter band, re
move the RF and oscillator coils. one al a 
time from the chassis. They are held in position 
by four nu ts two of which serve to hold the 
shield and two to hold the coil in position. 
Remove all but five turns from the RF coils 
and all but four turns on the oscillator coil. 
The other components inside the coil forms 
are removed as we will rewire them in from 
the outside. Connect the primary of each coil 
10 the terminals I & 2 and the secondary to 
3 & 4. Make sure that any of the grounds 
inside the coils arc removed. There are several 
places where the screw stud also acts as a 
ground lug. When removing turns from the 
Second RP transformer note that there arc 
two coil forms. The wire should be removed 
so that the spacing between coils is not altered 

ai all. Put the coils back into the ·Set in their 
proper position. 

lt will be necessary to solder the screen 
and plate resis tors back into positions shown 
electrically in figure 2. The only remaining 
job left to do is to try and remove the un
necessary plates from the variable condenser. 
Do this by removing the front panel which is 
held in place by a multitude of screws. The 
front panel is also connected to the main 
chassis by means of a power plug. Care should 
be taken to prevent the power plug from 
breaking when the two parts are separated. The 
variable condenser should be visible now. We 
will remove all but one plate from the rotor 
and one plate from the stator. The two re
maining plates should be adjacent to each 
other. T he best way we found to remove the 
plates was to cut the web holding the plates 
in position with a pair of cutlers and then 
rotate the shaft so we could pry and twist the 
plate free. Be careful not lo damage the other 
plates as you do this. With one plate on the 
stator and one on the rot.or you s hould be 
able to get good tracking over the entire six 
meter band. The dia l will then cover slightly 
more than the entire six meter band. 

Using the grid dipper you should find that 
the coils will be just about right for the band. 
Tune the coil slug to about 49.9 me at the 
point with the condenser fully closed. Then 
open the condenser and adjust the trimmer 
to get the band edge at about 54. Repeat the 
adjustments until the tuned circuits all tune 
up the same way. The oscillator may give a 
liule trouble. It was necessary to tap the cath
ode of the oscillator up by only one turn 
and spread the windings until we got exactly 
what we wanted. The oscillator should be set 
so that it is always 2.65 me below the fre
quency the RF is tuned for so as to minimize 
TVI (Interference from T V). That means that 
the oscillator should tune from 47.25 to 5 1.35 
me. When a signal is heard on the air you 
can peak the coils to that, or you can use the 
second harmonic of a signal generator should 
you find that there are no signals around. The 
dial strip can be calibrated by using the chan
nel numbers as the logging scale and checking 
against known frequencies such as crystal os
cillators etc. The dial strip can then be re
moved and the true frequencies be put on the 
dia l by means of gummed tape. Return the 
dial to its posit ion after calibrating it. 

By now you should have a pretty good FM 
set for the six meter band. You can realign 
the IF stages and even make them sharper. 
by cutting out a few of the shunting resistors 
that load down the IFs to broaden them 
slightly. Unbalancing the discriminator will 
allow a little AM reception and rewiring the 
limiter stage will be an asset in allowing AM 
to get to the detector in the first place. 
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Fig. 2 Modified RF stages of BC-603 to 6 m•l•rJ. 

Just about everyone who dabbles in surplus 
converting has been interested io doing a job 
of the BC-603. And well they might, for this 
unil is available for under fi fteen dollars just 
about everywhere and is usually in prc tly 
good shape. 

If you are interested in a wide band FM re
ceiver then you are all se t to go by just power
ing the thing. But chances are tbat you will be 
wanting to change the original tuning range of 
20-28 me to the 50 me band and modify ii 
for AM reception. Lasl month we went in to 
the six meter conversion and ac power supply 
for it. This month we cover the de-Flvfin g of 
it, n much more formidable task. You sec, o nce 
you start looking closely into the bowels of the 
60 3 you find, much to your dismay, that all of 
the wiring has been made into a harness and 
is stuck together permanently with goo. T his 
means that you have to perform major surgery 
for even minor conversion attacks. 

Because FM is wide in bandwidth due 10 
1he sideband distribution. the F M receiver must 
be equally as wide in order to pass the neces
sary in1clligcnce. IL is common to " load" cir
cuits in order to increase the bandwidth by 
adding resistors across the tuned circui ts to 
decrease 1he Q of the circuit. This is what was 
done in the BC-603. T herefore the first part 
of the conversion is to remove the loading re
sistors and sharpen the receiver selectively. 

The actual process of removing the com
r oncnts used to broaden the receiver is ac
compl ished by removing one i-f transformer at 
a time by unsoldering the leads going to its 
terminals and removing the shield and trnns
former mounting hardware. When the shield is 
removed, the components will be visible. Un-

Disconnect wire. Crom 1, 2. 7. 8 o f f ront 
panel plusc. Connect A to pin I. Conn«:t B 
to pin 2. Connect C to pin 6. Connect D 
to pin I G. 

solder all resistors and those capacitors used 
for by-passing aad save them for future use. 
The by-pass capacitors arc square postage 
stamp type mica capaci tors and usually have 
one lead connected to the screw stud used for 
mo uming. The four rods (one in each corner) 
are all of the connections we will make use of. 
All other connections at the base arc not used 
and may serve as tie-points la ter on. Note that 
the ends o f each coil are terminated at these 
four rods. and that the resonating condenser 
is mounted between two of these rods. Each 
resonating condenser is about 50 mmfd. in 
v;ilue. With all unused components removed 
we will have a convent ional i-{ transformer 
with a resonant frequency of 2.65 me or a 
little higher. Check the resonant frequency of 
each coil with a grid dip oscillator. Don' t forget 
that there is an additional capacity due lo wir
ing and tube capacity yet to be put across each 
coil. therefore the coils will probably resonate 
a little higher in frequency .. . say 2.8 me. 
Reconnect the transformer after remounting it 
using o nly the plate and grid connections. T he 
A VC and B-plus conections wi ll be added later. 

The ooly i-f transformer that may give you 
trouble is the final one, FL-4, originally used 
as a discr iminator tra nsformer. On this o ne 
again remove :ill components including the 
resonating capacitors, but leave the coils alone 
for the time being. Clean up all excess solder 
and then carefully remove the bottom 
section of the o utput coil , leaving two identical 
coils one on each ceramic form . The leads of 
these coils should be connected to the corner 
rods as in the original transformers. A 56 
mmfd is all that we should have to use in 
o rder to resonate each coil. but use a grid dip 
oscillator to check this to be o n the safe side 
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once you install the condensers. It may be 
necessary on all of the transformers to adjust 
the slug screws in order to get to the exact 
frequency we want, and we will definitely have 
to do this later when we align the set. 

The next step is the hardest (the hardest to 
get yourself to do). Completely remove all 
terminal boards, the main harness, and clean 
up all ·the terminals going to the front panel 
plug and all of the unused (so far) terminals 
on the tube sockets. That should sound like a 
big job- well it is. First a word of reason is 
in order. We found that a very complicated 
delayed ave circuit, a squelch circuit , .a sensi
tivity control and a n operator's alarm circuit 
were giving us a real headache. As a matter 
of fact this one part held us up for a full 
month. Next, the conversion can be speeded 
up by not relying upon the tracing of leads 
covered with that moisture and fungus paint 
that always gets in your way, and third why 
leave a lot of useless components hanging 
around especially since they aren 't being used. 
Once you reconcile yourself to ·the facts it 
isn' t too bad at all. 

Rewire the filaments. It is up to you to 
decide what voltage you are going to use here. 
For mobile use six or twelve. For ac opera
tion use 6 volts. When this is completed, wire 
in the plate and screen supply voltages, and 
then the ave voltages also known as the grid 
return. The detector and the noise limiter, 
audio and audio output stages and the bfo 
if you have removed anything from it are all 
1ha1 has to be done to complete the receiver. 
That is a big job, though and the circuit is 
shown in figure l. Remember that the bypass 
capacitors should be wi red with leads as short 
as possible . . It may take a bit of hunting for it, 
so we'll give you the clue that the 6V6 cathode 
bias resistor is located near the two bath-tub 
condensers on top of the wiring side of tbe 
tuning condenser. Remember that the values 
shown on the diagram, with the exception of 
the i- f !lining capacitors arc relatively not criti
cal. Any value within 20% of the value shown 
should work with little change in performance. 

Naturally a noise limiter is needed and we 
added one of a very simple nature (source: 
Radiotron Designers Handbook), together wilh 
a diode detector to provide ave. We left the 
bfo alone and it is still operated by the TUNE 
switch on the front panel. No modifications 
were made on the front panel wiring, and all 
connections to the front panel were made 
using the panel plug. Note that the volume 
control is on the front panel, so make sure 
that the leads going to the volume control are 
short and away from the leads going 10 the 
output transformer which is also located on 
the front panel. Gelling back to the noise 
limi ter. we found that two diodes were needed. 
Having only one left over from the other half 
of the 6H6 detector, we made use of the other 
half of the 6SL7 used for the audio amplifier 

by making the triode into a diode merely by 
connecting the plate to the grid. The other 
6SL7 is used for the bfo and the squelch. T he 
original squelch circuit of ·the BC.603 used a 
very complicated network and was fairly ef
fective. We can't say the same for the one 
we used, except that it is simple and fairly 
effective. One more thing to remove is the 
inductor in the cathode of the limiter. This 
was used in the process of limiting and will 
find no use in an AM set, therefore take it 
out and add it to your junk box. 

Alignment 
The alignment of the set is probably going 

to be the most tedious part of the conversion. 
The i-f transformers should all be about the 
same frequency without any further adjust
ments, so apply power and first check to see 
if the bfo is working. This can be done by 
using a grid dip oscillator as an absorption 
wave meter, or by actually mei1suring the grid 
bias of ·the oscillator tube. It will be on 2.65 
me providing nothing was touched inside the 
can. Using the bfo you can beat the signal 
provided by the grid dip oscillator to get an 
audio tone lo tune in on. Of course a signal 
generator should be used if one is available. 
Start by connecting the signal generator (set 
2.65 me and modulated) at the grid of the last 
i-f amplifier and adjust the slugs of the output 
transformer. When they have been peaked, 
go to the grid of the previous tube and peak 
this. Keep this procedure up until you get 10 
the grid of the mixer. Herc you should pull 
the oscillator tube (6J5) out and peak all of the 
i-f transformers for a clean tone. Any sudden 
change in tone should be checked and if in 
doubt, ·turn the signal generator off for a 
second. Should the tone continue with the 
signal generator off, you have an osc.illation, 
and this will require detuning or anyone of a 
dozen procedures to eliminate. lf you have 
followed the directions carefully you will find 
that the set may oscillate while you are align
ing it, but that the backing o!T of the slug 
adjustments will eliminate the oscillations. In 
severe cases you will have to increase the 
size of the plate decoupling resistor (that's 
the I 000 ohms resis tor at the bottom end of 
the i-f return for B-plus) and also increase 
the size of the by-pass condenser associated 
wi th the resistor. Front end alignment was 
described last month, so we won·1 !!O into 
that except to say that the rf gets aligned at 
the low end of the band with the slugs and 
at the high end of the band by means of the 
trimmer condensers. 

Tt is a usual practice to disable the ave when 
aligning a set by shorting it. but since this is 
not always advisable especially when the i-f 
gets a large portion of its bias from the ave 
line, we found that the alignment can be ac
complished by the monitoring of the ave volt
age (abou t 8 to 10 volts) with a vtvm. 
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A SUPER 

"SUPER PRO" 

This article has been prepared aod dedicated 
10 the many amateurs in the United Slates and 
other countries throughout the world who still 
own nnd use. or have access to, that grand old 
hchemolh of receivers. lhe Super Pro. Even 
though it is many years old, this receiver has all 
of 1hc basic prerequisites of a modern receiver. 
The bntl leship construc1ion lends itself ad'mi r
nbly to rigidity and stnbili1y and the major com
poncn1s are of a superb quality found only in lhc 
rnos1 expensive present duy receivers. The desire 
of mos1 radio amateurs to design. create and lo 
strive constantly to improve their equipment has 
con1ributed to most of 1he present day advance
ments in h.f .• v.h.f. and u.h.f. communication de
velopments. My desire 10 do something construc
tive was brought about not only by the two 
:irticlcs by L. E. G eisler,• and Comdr. Paul H. 
Lee, but also due to the theft of a newly com· 
plctcd Mohawk RX I receiver from my (locked) 
automobile one very rainy night. However 
through the offices of a very good friend. I was 
ahlc 10 obtain a BC-779 in mint condition. 

In planning for a major modification of this 
receiver, hours of drawing and redr:1wing · 
sketches. and rereading the previous articles on 
lhis unil , were required. I had already comple1cd 
nn curlier modification on one Pro receiver pat· 
terned :1rter the two articles. combining the best 
features of each, plus some ideas of my own. 
Armed with the experience gained and many 
new ideas. I was ready to begin planning for the 
final modification. 

•Gelatcr, L. E .... Soupin1< The Super-Pro··. CQ. Dec .. 
1967, p. 30 

Jn the following modific:uion it should be 
pointed out that the changes are equally applic! 
able to the other models of 1hc Super Pro. such 
as BC-779. BC-1004. R-129/ U. SP-200. SP-210. 
SP-400 and others of this series. And with a bit 
of planning a nd inj\cnuity these changes can be 
used with slight variutions for 1he modernization 
of lhe HQ-120, HQ-129X and olher similar 
superheterodyne receivers. It is therefore sug
gested that the following changes be act;om
p lishcd one at a lime in the order given. 

I-The construction of a new audio system 
and squelch system plus a self contained power 
supply using the new silicon power diodes, all 
contributing to the conscrvniion of space. a tre
mendous reduction of radiated heat and a long 
trouble free life. 

2- An improved product detector and beat 
frequency oscillator which is voltage regulated. 

3-The rebuilding of the entire r.f. section. 
incorporation of a new cascode 1st r.f. amplifier. 
grounded grid 2nd r.f. amplifier and twin triode 
tubes in the mixer and oscilla tor stages. with 
vohage regulation. 

4-An antenna trimmer capacitor, i.f. gain 
control and crystal calibrator switch installation. 

5-lnfinite impedance second detector. audio 
and noise limiter stuges. 

6-A 100 kilocycle crys1al calibrator. 
7-A "T" notch filler. 
8-A crvstal controlled converter for the se

ries of receivers which do not cover the 10 and 
1.5 meter bands. 

9-0ther minor items include the insiallatfon 
of un antenna co:1xial chassis connection, aux
ili;;ry a.c. outlet a nd fuse holder. 

The manner in which the modifications are 
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Fig. 1- Power supply, c udio amplifier ond squelch circuit. Regulated outputs are provided for thc
hJ.o . ond ;J, scree-n grids. The 10 ohm resistor in the hv winding center top is for surge limiting. 

made wi ll naturally be ler1 to the discretion of 
the owner. However, the steps li sted here faci li 
tate those steps deemed most desirable. For 
cx11111plc. l'he completion o[ the power nnd bias 
s uppl y, nnd the audio system and nssociatcd ci r
cuitry in or<ler to ha ve an opcrnting rece iver be
fo re beginning other modifications. Precautions 
mu~t be caken in the wiring of the new r.f .. oscil
lator and mixer stages. Careful orientat ion of 
the new 9 pin miniature tube sockets at the time 
of their installation is impor1ant. The other 
stages were rewired in accordance with good 
wirini; procedures; leads rigid, short and :is 
dircc1 as possible. Use a wi ring harness for the 
major portion of those leads carrying the miscel
lanct)us d.c. voltages. All power le:1ds, as well as 
all audio leads, were run in shie lded wire. The 
new tll ament transformer, locn tcd in the center 
rear. was covered with a heavy copper hysteresis 
s hield to prevent 60 cycle hum from being intro
duced inr.o the antenna circuit. 

Suggestions 
It is recommended that the newcomer or the 

inexperienced :imateur proceed slowly. 
Study each circuit and modification before 

going ahead. 
Do o nly one modification at a time and tag 

leads which will be used later. T his method wi ll 
snvc you many hours of trouble s hooting to find 

mistakes thai arc inevitable. should you a ttempt 
to make all the changes at o nce. 

Tn order to full y underswnd nil tha t is to take 
place, it is highly recommended that the original 
sc hemat ic diagram be on hand and it shou ld be 
checked frequent ly. The two previo usly men
tio ned ;1rlicles should be read and their contents 
thorough ly digested. All of these recommenda-
1ions will be used with some modificat ions in 
order to improve our receiver, and it is extremely 
necessary that they be followed and completely 
understood. 

When completed, the receiver is self con
t:iincd, including the new, miniature power 
supply. It has all of the modi fications deemed 
necessary for present d;ry band conditions. It will 
do an ndmi rnble job of rece iving :i.m., c .w. and 
s.s.b. in the crowded amote ur hands and can be 
surpassed only by receivers costing many rimes 
more than the cost· of this modificntion. 

Power Supply and Sub Chassis 
Construction 

T he first step is without a doubt the mos t dif
ficuh. in as much as the new audio system and 
power supply co mponents have 10 fit into the 
same space the audio system a lone had previ
ous ly occupied. The new circui t is shown in fig. I. 

To accomplish our first major objecti ve we 
begin by removing 1he e ntire audio sys tem, in-
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llMolo1,01 
T1171f.Orocllt1' (0} 

P..t.T'°'") 
(A) Vlg.5-t 

Fig . 2A-loc.ation of new power transformer and 
aodio sub-chassis. (8)-TronsJormer mounting brack
ets. Dimensions are determined by the lronsformer 

u5ed o.s explained in the te xt. 

elud ing the two aud io transformers. Unsolder all 
leads a nd remove a ll compo nenis connected to 
the 6F6 sockets as wel l as those to 1hc 6C5 
socket. Lift the terminal str ips faste ned to the 
chassis and t ie them up out of the way. Remem
ber: study the original schematic as well as the 
new one, and if you aren't certain which wires 
can be removed from the harness. trace out the 
original schematic and tag those which will re
main. Before yo u start removing the two tra ns
fo rmers a nd the 4 tu be sockets. ca refu lly remove 
the tu n ing sha ft fro m the b.Lo. trn nsforme r. To. 
a nd lay it as ide . Then rcinove the transformers 
and sockets. etc. Now that we have plenty of 
room under our chassis. remove the old volume 
control and associated wiring and also the ON
OFF. SEND-RECEI VE switch sw .. In place of the 
c.w.-rHONE switch we will install our new mini
ature 3 pole 2 position rotary switch. T his is 
ncccssnry for switching the ou tp111s of our a.111. 
nnd s.s.b. detectors to o ur common audio input. 
Also install the new SOOK volume contro l with 
its d.p.s.t. on-off switc h. This is easy now, but 
would be quite di fficult later, as the power trans
former will be in the way and will complicate 
wiring. Now is also a good time 10 install the 

"• 65117 
~loln-1~ 

shielded leads o n both of the switches and !he 
volume central. r. tnke them plenty long and tie 
them back oul of the way. temporarily. You can 
cu t them to proper length Inter. 

T he nex1 ~t e p is to cut o ut a portion of the 
chassis in o rder to instll ll our power l ransformcr, 
a nd new sub ch as~is. M :irk the top of the chass is 
l/4" fro m the edge. on a ll fou r sides. ( up to the 
b.f.o. transformer) nnd cut o ut. <Refer to fig. 2 
and the appropriate photos.) T his can be done 
by using a I" square chassis punch on each of 
the corners. a smull h;tcK saw. and a lot of elbow 
grease. After removing the cut-out portion, 
smooth and ro11nd off all four edges with a small 
fi le and emery cloth. T he mounti ng o f the tra ns
former is next und how it is done will depend 
upon which t ra n~former you h ave se lec1ed. It 
must be sunk below the chassis just e nough to 
cle;ir the tuning shHft of the beat frequency oscil
lator by V.. inch and yc1 no deeper than absol
utely necessary. hecausc we must mount our filter 
choke, capacitors, power diodes a nd Ott lpu l 
transformer directl y beneath the power trans
former. The brackets for mounting our trans
former. (sec fig. 2) , were made of # 18 gauge 
sheet aluminum. Dimensions will again depend 
upon make a nd type o f tra nsformer used. 

Selecting a Power Transformer 

T he power transformer used in the conversion 
was a surplus unit that fortunately coolained the 
necessary l 00 volt bins winding. Since there is 
no way of idenl ifying it, a standard commercial 
transformer must be used. Suitable u nits are 
made by Merri l, Stnncor and T riad bu t none 
have the required bias winding. T bis is provided 
for by co nnecting n 11 7 to 6.3 volt filament 
tra nsformer ( T~., in fig. I ) to the 6.3 vol t line 
and stepping it up to 117 volts. The current rat
ing may be very small, I ampere or Jess. 

\lo 
GSEG 

F>foO Cd. 
"" 6AC7 

AVC~ 

Fig. 3 - Modified diog rom of the inO nito impedance 2nd detector, 1st audio amplifier, noise limite r, 
product d etector, A.M.-s.s.1.-c.w. switch ond o .v.c. circuit. 
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The filament windings on the replacements 
are not adequate and mll5l be supplemented by 
a separa te filament transformer (T1.) wi th n 
rnting of 6 a mperes. T his is the t ransformer 
shown in the rear of the underside view of the 
chassis. It has been wrapped in copper 10 help 
reduce the possible 60 cycle radiation into the 
antenna c ircuit. 

Now select a sheet of aluminum large enough 
lo cover the remaining hole in the chassis. This 
will be the sub chass is containing s ix miniature 
sockets, th ree 9 pin and three 7 pin miniatures. 
These nrc for the two audio stages, squelch s tnge. 
2 volrnge regu lator tu bes (0A2) and I spnrc 9 
pin miniature for possible future use. Drill the 
necessary holes for mounting all of the socke ts 
and tic point terminals and wire up all o f the 
audio. squelch and the voltage regulator stages 
before securing the sub chassis to the resulnr 
chassis. Allow plenty of lead length for connect· 
ing of grounds. filament and B plus voltages. as 
they can be cut to the desired length later. The 
sub chassi' is then secured to the m:iin chassis 
by six #6 qua rter-inch long se lf-tapping sheet 
metal sc rews. 

We can now mount our filter cho ke o n the 
inside edge of our main chassis. The dua l section 
40 mr filter capaci tor can also be mounted sc· 
curely to the side or the chassis. The power di 
odes nrc mounted on a small piece of micnlcx o r 
other good insula ting materi;il , a nd the whole 
assembly is mounted on stand-off bushings o n 
the side of the chassis. Wire up the rectifiers, 
power transformer and filter circuit and install 
the line filters and fuse holder. Now wire in 1he 
new power on-off switch and the power supply 
may be tested. Voltage will be quite high withoul 
a load. so I suggest a 15K 20 wau resistor be 
connected ncross the output filter during the 
vollasc measurements. 

We nre now read y to complete the wiring o r 
the audio section. Finish wiring the two 01\ 2 
voltage regulators . T he I OK 20 wall resistors can 
be mounted conveniently above the back of the 
main chassis. The squelch circuit c:in a lso be 
wired al th is time, if desired. 

The squelch control potentiometer and its on· 
off switch are now mounted in place of the old 
SEND·RECEIVE SWITCH. Here. again. to avoid any 
possible chance of hum pick up. all audio lends 
are run in shielded wire. You are now ready to 
check out the receiver with the new :llldio syste m 
and the new power supply. If you haven't goofed 
somewhere it should take off and operate as 
before. 

Product Detector 

The next step is to install the product detector 
and modify T5. Remove the 6SJ7 b.f.o. tube nnd 
its octal socket. Unsolder the leads from the 
socket as !hey aren't long enough to begin with. 
Substitution of a 7 pin miniature tube socke1 in 
place of the octal socket is accomplished by usins 
either a s mall square sheet of aluminum or one 
of the Mallory metal mounting wafers used for 

The bottom view shows the location of the auxiliary 
filament transformer in the reor cen ter of tht- chos.sis. 
To lhe left are the 2 icn wott resiston used in con· 
junction with OA2 regulolor; and to the extreme 
righ t is the line filter mounted on standoffs. On the 
right hand lip of the chouis is Iha oulput transformer 

and towa rd s the fron t, th o fi lt er choko. 

their can type electrolytic cnpacitors. Th~y come 
in three sizes and arc very we ll suited for adapt
ing small sockets to lnrgc holes formerly 
occupied by octal sockets. The M P-4 will ac
commodate both 7 and 9 pin miniature tube sock
ets by merely using a tf2" or :V.." socket punch to 
enlarge the existing '1ole. The socket can be sol· 
dered directly to the wafer after it has been 
correctly oriented for minimum lead length. This 
not only applies to the produc1 detector tube. but 
to all other stages. particulnrly 1hc new front end 
of the receiver. l n most cases the original mount
ing holes in the chassis c:in be re-used if you 
position correctly before so ldering. 

The shield can on Tr. can now be removed in 
o rder lo gain access to C 111. the origina l plate 
vol tage blocking capacitor, and 10 remove it en
tirely from the circuit in order 10 provide a d.c. 
return for the cathode of the 6BE6 product de
tector. However. this connection docs not go di· 
rcctly to ground. Remove thi~ lend from its lug 
on the terminal board of the transformer and 
add a new lead about 1 ~" long. This lead will 
connect 10 the top of R:,; 500 ohm pot which we 
can now mount convenientl )• on a clear space on 
1he rea r lip of the chassis. Re-assemble the tra ns
former. taking care not 10 allow ;my internal 
s horts to exist. Refer 10 the schcm:uic of V in in 
fig. 3 and wire this stage. 

R.F. and Oscillator Section 

The r.f. section of the receiver has been 
modernized to accommodate modern miniature 
tubes. The high frequency o~cillator and its c;Hh· 
ode follower ( V:i in fig. 4) arc fed fro m the volt
age regula ted t 50 volt line of V '"· 

A 3 mmf negative temperature coefficient ca
pacitor is placed across the oscillator ta nk cir-
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fig . .C-Modified diagrom of the 1st and 2nd r.f. amplifier, high frequency oscillot~~ an.d '."ixer circuit. 
Chokes in the filamonl circuits improvo the operation on the high end and sta~ohty . os 1 mprov~d by 
voltage regulating tho oicillotor and use of o temporatvre compensated copoc1lor 1n the osc11lotor 

t1;1nk circuit. 

cuit but is not done until the next step when the 
tuning unit cover has to be removed. 

The second r.f. amplifier uses a 6BK7 and re
mains a grounded grid stage. The firs t r.f. stag~. 
however. has been changed 10 a cascade a~ph
fier which supplies increased gain with consider
ably less noise. This circuit follows the S-9er 
circuit~. Amperex has developed a new tube, the 
6922 dun! triode especially for chis type of circuit 
and it works exceptionally well in ours. T his tube 
must be operated in accordance with the m~nu
facturer's specifications in order to achieve 
maximum gain and uniform operation. It is 
rated at 1 ~ watts pla te dissipation. and the volt
age on each plate and the maximum current 
should be followed closely. Maximum current 
can be checked by brcuking the plate voltage lead 
to chis stnge at point "X" in fig. 4. 1he schematic 
of the modified r.f. section, and inserting a 0 to 
50 millia meter. T he reading should not exceed 
23 milliamperes. If the current is too high or too 
lmy the 2K resiscor in 1h~ plate voltag~ lin~ must 
be changed until a sa tisfactory rcnd111g ts ob
tained. The oscillator und mixer stages .nre now 
completed. The origin:ll 95 mmf capacitor _co~1-
pling the oscillator to the mixe~ is used agam 111 
our modification. so use care m removmg and 
resoldering it. Keep the heat away fr?m the c.a
pacitor by allowing the long nose phcrs to dis-
sipate it. . 

The filament chokes and bypass capacitors are 
installed. The chokes arc made of # 18 enamel 
covered wire close wound on a =Jlo" diameter 
form, 20 tur~s per coil. These help somewhat in 
increasing 1he high frequency performance of 
the receiver at the high frequency end of the 
dial. Realignment of the new r.f. section will be 
necessary and will be covered later. 

3Kyle, J., "More On The S-9cr, lllark JI", CQ, Dec .. 
1959, p. 38 

Antenna Trimmer, IF Gain, Crystal 
Calibrate Switch 

The installation of the antenna trimmer is next 
on the agenda and we begin by removing the 
fronl panel. Remove all dials and pointer knobs. 
screws and brackets holding the panel. Carefully 
remove the S meter. While the panel is off, drill 
new holes for the antenna trimmer shaft bushing 
and the 100 kc crystal calibrator switch, SWu. 
Also remove the old on-off power swicch and its 
wiring, and in its place install a new 5000 ohm 
pol. This is our new i.f. gain control. Connect 
three long color coded wires to the terminals 
before installing and wire them later as shown 
in fig. 6. 

Center the hole for the antenna trimmer above 
the main tuning dial escutcheon plate, midway 
from the top of the panel. Center punch ;md drill 
a ~fl" diamccer hole. The hole for the 100 kc 
crystal calibrate switch, SW11 can be located ~nd 
drilled at this time. It should clear the dials 
and the front edge of the chnssis by at least 1h ". 
Drill a % " di:1meter hole approximately Ph" 
above the center line of the hole formerly oc
cupied by the old A.c. ON-OFF switch. Solder 
1wo lengths o f hookup wire to the switch before 
mounting. Lc3ds should be approximately 24" 
long after twisting together. T hey can then be 
extended up behind the panel ;i long the top left 
edge of the tuning un it. They tire held in place 
along the edge of the tuning unit by small plastic 
cable clamps secured by 1he four cover plate 
mounting screws and small washers. 

We next remove the top cover plate on 1he left 
side of the tuning unit. Insta ll the 3 mmf zero 
temperature coefficient capaci tor across !he main 
oscillator tuning capacitor as shown in fig. 4. 
Now solder a shore piece of hookup wire to the 
staior connection of the large tuning capacitor 
of the I.st r.f. stage. Replace the cover tempo-
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Fig. 5-Mounting brocket for the 
antenna trimmer. 

r:irily and make a pencil mark directly over the 
connection. Dri ll a % " hole and inse rl a small 
rubber grommet. l\fake a righl angle bracke t as 
shown in fig. 5. U~e :i piece of scrap aluminum. 
3" x I Y.t x ! ~". Drill two holes for mounting. 
using a number 31 dri ll. Drill one ~" hole for 
mounting the variable 35mmf antenna tuning ca
pacitor. Mount the bracket on lhe cover, usiag 
1/i" 4-40 machine screws. nuts and lock washers. 
Make su re lhc top surface of lhe tuning unit bas 
been scraped c lean of the coating of moisture 
fungus proofing. Now mount the variable o n the 
bracket and replace cover and all of the screws 
removed. You ca n now rep lace the fro nt panel 
afte r cvcrythins has been assembled. Install a 
flex ible coupli ng between lhc antenna trimmer 
and lhc V4" brass tuning slrnfi.. lnsta ll lhc panel 
bushing and the second shor1 1>iece of % " brass 
shaf1. Connect the two brass rods with a 1/.i " uni
versa l coupling. A second coupling m ay be used 
as a sto p and rnounicd directly behind the pnnel. 
Install the knob and you have nn antenna tuning 
capacitor. The 1st r.f. coils must be modified to 
accommodate this new capacitor but we will 
leave this to be done in a later step. 

Infinite Impedance 2nd Detector, 
Audio and Noise Limiter 

Our next operation is the rewiring of lhe old 
6H6 diode 2nd detector and noise limiter circuit 
to an infinite impednnce detector and first audio. 
Remove the lnte i.f. transformer (T~) from the 
chnssis and take off the shield con'. Remove all of 
the components on the mounting board except 
the small 5.5 mmf capncitor. the variable capac
itor and the i.f. coil. Connect as indicated in 
fig. 3. You will now have five lends coming fro m 
the i.f. unit. If the ori!!ina l lends a re too short 
this is a good time to install longer ones. Replace 
the 6 H6 detector with a 6SN7 or 12AU7. and 
wire ns shown. O ne triode sec tion is our new in
finite impeda nce 2 nd dc1ec1or. nnd the other half 
1hc new first audio amplifier. I nstnll the auxi liary 
volume con1rol in the rear of 1hc chass is a long 
s ide. o r near to. the 500 ohm pol. A t the same 
ti me remove the meter zero ing pot, R.11 . und in
stall it o n the rear lip near the other two. T hese 
controls. once set. need not be touched aga in. 

We a lso use n 6SN7 or I 2A U7 in the noise 
limiter in place of the 6N7. Wire the socket as 
s hown in fig. 3. This 11111sr be done prior to in
st11 ll ing the I megohm variable threshold pot a nd 
the on-off switch. Next. remove the old ANL 

swi tch and shaft. Replnce it with the I meg pot. 
Install a 14" shaft coupling on the arm of the pot. 
Cut off e noush of the old shnfl so that the pointer 
knob will clear l he panel hy \lit". 

Top view showing the new miniature tubes in the 
front end to the left of the tuning un it. They are 
from front lo back, l 2AX7, h.f. oscillator, 12AX7 
mixer, 6BK7 2nd r.f., 6922 ht r.I., l 2AU7 a.n.I. 
To the rear of the l 2AU7 ;, 1he old 6H6, v,. Th e 
6H6 is reploced by o 12AU7 or 6SN7 and is tho new 
o.m. detector ond first audio . Thi$ modifica tion was 
not yet mode when the photos were ta ken. The 
power transformer may be scon a t iho lower right 
mounted low enough to clea r thf' b.f.o. •hoh . Behind 
the power transformer i s the audio sub~chouis wi1h 
the left row of tubes (from front to rear) being, 
12AU7 audio, 12AX7 squelch and spore socket. 
The right row is 6AQ5 output, OA2 ond 0A2. To 
the rear of the sub-<'.hossis is the new product de· 

tector V10. 6BE6. The new antenna trimmer may 
be seen mounted on the left side of the tuning unit. 

To the r·eor of the capacitor h 1hc crystal calibrator. 

We now have a new noise limiter which 
really works. plus a new infinite impedance 2nd 
detector. This circuit will have to be realigned, 
and after completion it will be found that the i.f. 
selectivity has beea improved considerably be· 
cause the detector docs not load the secondary 
winding of the last i.f. transformer. 7 1• We no 
longer need a d iode detec tor; it is a mystery why 
one was ever used. 

We use a diode, Vt2. to provide our n.v.c. 
voltage. lvt ake sure the :i.v.c. switch is rewired 
correctly. Replace R 1n, (a I or 2 megohm re
sistor) with a 10 mego hm resistor. C heck and 
make sure your bias vo ltngcs arc correct . i.e., 
- J volts and - 50 vo lts. De sure and ground the 
unused contact on the 1ovc ON·OFF switch. 

A 6AC7 is substituted for V 11 • a 6SK7. pro
viding additio na l gain in 1hc a.v.c. amplifier 
stage. No o ther modifica tions are mndc 111 this 
sock el. 

100 KC Crystal Calibrator 

You can next assemble. bu ild or buy, one of 
the many crystal calibrator units now sold by 
several m anufacturers. It can be placed conven· 
iently close 10 the antenna trimmer capacitor by 
mounting the unit o n a small sheet of aluminum 
slightly longer than the calibra tor b:isc. The 
aluminum bracket is drilled so that the holes 
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Fig. 6-There ore no changes in the i.I. section other than tho addition of the new 5K i.f. gain control, 
The "T Notch" filter shown between Tl ond V5 is optional and may be instolled H desired. Increased 

gain may be hod by substituting 6SG7's for the 6SK7's VG and Y; . 

Fig. 7-Pictoriol of the "T Notch" filter layout and 
wiring. 

match thbse of the two holes on the Je(t rear of 
the r.f. tuning unit. T he two 4-40 binder head 
screws should hold the unit securely in place. A 
sma ll sockeris installed in the bole formerly used 
by the tuning me ter pot. The hole may be en
larged to acco mmodate the miniature socket. if 
nece.ssary. The one used in our case was an Am
phenol miniature hexagon, series I 26, 4 pin , cat. 
no. 281740. It rec1u ires a 3/.i " diameter ho le. Con
nect B plus, B- and 6.3 v.a.c. lo the socket. 
l3 plus 150 to 250 vo lts is wired through the CALI
BRATOR ON-OFf SW ITCH SW6. A small three con
ductor cable made of hookup wire and a match
ing 4 connector plug is connected to the cali
brator unit . This switch now applies B plus to the 
ca librator unit. The calibrator output wire is ca
pacity coupled to the antenna trimmer by wrap
ping 2 turns around the lead coming through the 
grommet. 

"T" Notch Filter 
T he "T" notch filter was installed after the 

photographs were taken, however, it is presented 
for those who desire to build and install one in 

their receiver. The entire unit is assembled in a 
small aluminum midget chassis, 2%" x 23/.i" x 
1 Y4" and mounted directly behind the panel, cen
tered midway between the top of T1 and the top 
of the panel. T he circuit is shown in fig. 6 and lay
out in fig. 7. It is held in place by the 5000 ohm 
notch depth pot and two 8-32 machine screws. 
All of the components will mount inside of the 
chassis. T he s.p.s.t. switch is also mounted on 
the notch depth pot. The variable inductance is 
a North Hills 1000-N. The capacitors are 270 
mmf s ilver mica type. The small Switchcraft 
phono plug and jacks were used for connecting 
the unit in the circuit. The coil can be peaked 
with a signa l generato r once the set is function
ing. 

Converter Stage 
After all of the modifications were completed 

and the set was realigned nnd checked out, it was 
our desire to increase the frequency range of the 
receiver so that we could a lso enjoy the 10 and 
15 meter bands. The h.f. co nverter was patterned. 
circuit wise, after the "Bonus 10-15 meter Con
verter," described in QST4. It was built with 
slight modifica tions. such as an r.f. gain control 
in the cathode of the r.f. amplifier, and an an
tenna transfer switch for swiiching the unit in or 
out of the antenna circuit when not in use_. 

RF and IF Alignment 
T he i.f. transformer T,1 will require realign

ment because of the modifications to the 2nd 
detector stage. The secondary is not loaded 
nearly as much as before. The alignment can be 
accomplished quite easily, by using a signa l gen
erator tu ned to the cenle( of o ur i.f_ frequency, 
465 kc, or by tuning in a strong, steady carrier 
such as a local broadcast station and adjusting 

•McCoy, L. G ... "The 'Bonus' 21-Mc. Converter", QST, 
Oct- . 1958, p. 38 
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The front view shows few changes. 
The control functions to the left of 
the moin tuning dial ore unchanged. 
Above the tuning dial is the antenna 

trimmer. Below the bondswitch is the 
100 kc colibrotor switch, the new i.f. 
gain control and the sensitivity con· 
trol. The switch lo tho right of the 
bandspreod knob is now the A.M.· 

s.s.a . mode selector' while above the J 

audio gain knob i' tho now squelch 
control. The n<>lch filter, added ofter 
this photo was token is located above 

the ery.stol .selectivity switch, 

the tuning capacito r for maximum reading on the 
S-mcter. An attempt to realign the entire i.f. sec
tion i~ not advisab le unless you have the instruc
tion book, access to a f.m. or TV alignment 
generator and osci lloscope. However. if you are 
a purist and must try. follow the procedure as 
outlined by L. E. Geisler. in the December 1957 
issue of CQ, on page 32. 

1st RF Stage Coil Modification 
After the set has been checked over and given 

its smoke test. all the mistakes and omissions 
corrected , and signals are pounding in very well. 
you are ready LO proceed with the a lignment of 
the r.f. section of the rece iver. All that is neces
sary is a signal gcncra1or which can be tuned to 
2.5 me. Turn on the signal generator or fre
quency meter and let it warm up for severa l 
hours. This also applies to the receiver. While 
this is going on, there is still work to be done. 
Turn the receiver over on its left side , ( uggghh). 
Remove the bottom plate from the r.f. coi l hous
ing assembly. Now loca te the three h.f. I st r.f. 
co ils. They arc along lhe rear wall. Remove the 
6-32 machine screws holdin!.! the antenna coils. 
Pull the antenna coil away. The Farada)' screen 
will also come away with the antenna coil e.x
posing the 1st r.f. grid coil. Do one modification 
at a time. Starling with tile 2.5 me. coil, unsolder 
the wire which runs from the top of the coil , the 
end facing you. Pull the loose end through the 
two holes in the coil form . Remove three turns 
of wi re from rhe coi l and push the wire back 
tbrough the two holes. pull tight. clean the 
enamel from the end of the wire a nd reso lder. 
Apply some coil dope to the coil and re;1ssemble 
the tuning unit. Proceed to the 5-10 me r.f. coil 
assembly. Repeat the procedure, only this time 
remove only two turns. Then proceed to the 10-
20 me coil; this time remove only one turn but 
do not cut it off. Excess wire is now formed on 
the inside of the coil form in the shape of a cir
cular loop as large as rhe inside diameter of the 
coil form. Poke the end of the rema ining length 
of wire through o ne of the holes and resolder the 
wire to the original connection. You now have a 
circular turn of wire, which can be rotated, in
side of this coil form. By rotating the turn of 
wire, you will be able to tune the 1st r.f. stage to 
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resonance when rhe antenna trimmer capacitor 
is set at mid range . Cement the coil in place and 
reassemble the r.f. unit. You will now have an 
antcnn;1 trimmer capacito r which will really 
pea k each signal right on the nose. The capacitor 
will peak at mid range on all three bands. 

If you have checked the performance of the 
recei ver before making ihis modification. try it 
again a nd you will be amazed at the overall im
provement. Before making this change, a signal 
from the s igmtl generntor was used as a refe rence 
s ignal. The generator frequency was set to the 
center of each of the three amateur bands, e.g., 
75 meters: Set the receiver band switch to the 
2.5 mc-5 me band. Adjust the output frequency 
of the generator to 3.8 me. Tune in the signal on 
the receiver a nd adjust the generator output or 
coupling so that the receiver signal as indicated 
by rhe S Meter reads S5. The modifications were 
then m~de , and arter completing, the receiver 
was again tuned to the generator frequency. An 
increase of 3 to 4 S units was noted on all three 
bands. This has been the average improvement 
on all of the convers ions which have been made. 
It certainly is a worthwhile improvement. well 
worth the s hort time required to make it. 

RF and Oscillator Alignment 
In order to complete the alignment of the os

cillator and the r.f. stages, it is suggested that the 
procedure outlined by L. E. Geis ler be followed 
without deviation. Also it is imperative that the 
signal generator output frequency of 2.5 me be 
rechecked aga inst WWY each time. before pro
ceeding 10 the next high band. We might add, that 
in our case, both the receiver and signal genera
tor were left on overnight. before starting the 
calibration of the r.f. stages. I( this procedure is 
follo\vcd , the receiver ca libration will be as ac
curate as it is humanly possible to read the cali· 
bration of the dials. NOTE. It is especia lly im
portant to set the newly insta lled antenna trim
mer capacitor to its mid posi tion before the final 
alignment of the first r.f. stages. Make sure a ll of 
the tube shields are in place. 

S Meter Circuit 
The complt!ted modifications on the a.v.c. de

tector V12 changes the circuit slightly, and now 



R.11 acts as a sensitivity control across the meter. 
II a signal genera tor with a calibrated output is 
available. the meter adjustment can be set to cor
respond 10 the calibrations of the meter. Or if a 
suitable generator is not available. one may use 
n strong signa l, such as a broadcast station or 
short wave station, to cal ibrate the meter; e.g .. 
adjust the pot Ru until the meter just pins on an 
extremely strong signal. The meter will read 0 
with no signal in. 

T5 Tuning 
After modifying the b.f.o. transformer Tr., it 

will be necessary to retune the transformer to the 
i.f. frequency. T he modification on the coil con
nection c hanges the frequency slightly. It will be 
necessary to center the b.f.o. tuning capacitor 
and make sure the pointer is also in mid position. 
With an insulated screw driver adjust the vari
able padder capaci tor C4s to exact zero beat with 
an incoming signal. Once this adjustment has 
been made it will be possible to receive c.w. ;ind 
s.s.b. signals. All that remains for s.s.b. reception 
at its best is the proper setting of R ri7• Tune in 
a good strong s.s.b. signal. free of interference. 
and slowl)' rotate the arm of Ra; until the re
ceived signal reaches maximum volume and min
imum distortion at the same setting or time. 

Muting Circuit 
The muting ciruit is extremely simple and 

quite adequate, utilizing the -22.5 volts for bias 
on the 1st r.f. stage a nd tbe 2nd audio amplifier 
stages. The applied increase in bias cuts off the 
plate current of the Isl r.f. amplifier, and 2nd 
audio stages. The relay terminals E2 were used 
and rewired for proper connection to our coaxial 
antenna Dow relay. 

The complete modification took many eve
nings. and lots of hours of work. plus a couple of 
long week ends at the home of W2CLG. Mos! of 
lhe work was accomplished, however, on a snrnll 
kitchen table in a Brooklyn apartment. T here
fore, anyone having a good work bench, plus 
the normal i1mount of hand tools and ncccssAry 
equipment , will find the project much easier. The 
entire cost of the receiver modification, including 
the h.f. converter, was just under $100.00 a nd all 
can be accomplished for considerably less if 
there is a good supply of parts already on hand. 
Only the best of components were used. Alf di c 
type capacitors were the 600 volt rating. Other 
capacito rs, such as filter capacitors and lhe large 

bypass capacitors, were either the molded type, 
or metal can type, with the highest possible 
working voltage. Multi-section filler capacitors 
were used wherever possible to conserve space. 

T his modification has been one of the most 
inte resting, constructive and challenging projects 
underta ken, a nd once completed, you too will 
have a receiver which will stack up alongside 
the best of them. It is now a pleasure 10 operate 
on c.w.-a.m. or s.s.b. and the stability is excellent. 
Too. with the addition of the hJ. converter. we 
are now able to cover the high frequency bands. 
T he addit ion of a crys tal controlled converter 
funher adds to the stabilily of !he h.f. bands. T he 
signal to noise level has been greatly improved. 
On the 75 meter phone band, oo a Sunday afte r
noon, we can now copy an S-1 signal Q-5. ·Jn 
addition to covering all the h.f. Amateur bands. 
we can also cover all of lhe commercial frequen
cies as well as the MARS frequencies. We hope 
you will enjoy your newly rejuvenated receiver 
for many years . 

While you are worki.og on your receiver, per
haps other improvements and modifications will 
come to mind. The front panel appearance has 
been changed very little. The main difference is 
the addition of the new controls. A new band set 
dial a nd band spread dial were added. These 
were the 21h" Crowe instrumen t dials calibrated 
0-100 in 360°. They add to the appearance and 
help calibration. Duplicate pointer knobs were 
available on the surplus market. 

Credits 
I wou.ld like 10 offe r profound thanks 10 a ll 

those who have helped with suggestions and en
couragement. Special tbanks to Mr. Carol Freed 
for his very kind and able assistance and advice 
in the use of the 6922 Amperex tube used in the 
Isl r.f. stage, and suggestions which helped us in 
our simpl ified muting circuit. A specia l kind of 
thanks to Lew for his splendid critical comments, 
encouragement and suggestions, and for the use 
of the many pieces of test equipment nnd bench 
facilities required in the final completion, ulign
mcnt a nd testing o [ the completed receiver (and 
also for the many cold bottles of nourishment 
during the day, and the bot coffee during the 
late hours). 

To those of you I may bave tempted, I offer 
you the best of luck. Many long hours of good 
listening and good bunting. May all of you make 
DXC.C. See you all from Greenland ! 
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SSB'ING THE 
SUPER PRO 

As a sequel to our experiences in Venezucla11 ' 

modernizing RCA CR-88A receivers, we de
cided to tackle our BC-794 Super-Pro and see 
what could be done to bring it up to date. 
While in the process of thinking about it and 
planning these receiver changes, we had the 
opportunity to snap up a good bargain in the 
form of a kilowatt single sideband transmitter. 
This made modernization of the BC-794, or 
purchase of a new receiver, a necessi ty. We 
chose the first course of action for economic 
reasons, as well as for the satisfaction of doing 
the job ourselves and experiencing the pride of 
workmanship. 

About this time there appeared in "CQ" an 
article by Geisler<21• Careful digestion of the 
meat of this article gave us sever.al good points 
to consider. However, we were not completely 
swayed by the author's very exuberant enthu
siasm, nor did we "buy" all of his changes as 
being necessary or desirable. Several points in 
his wiring diagrams as published were not 
clear. Furthermore, we had to carry matters 
fu rther and come up with something good for 
SSB reception in order to keep up with the 
trend in modern point-to-point communications 
techniques. 

One of ·the first requisites for SSB reception 
is a good product detector. Another one is fre
quency stabi lity in the hf oscillator. A third is 
proper A VC action for SSB to permit running 
the set with the rf gain wide open. Still another 
is a 3 kc i-f bandpass curve. With these points 
uppermost in mind as design criteria we 
planned and made the changes in our BC-794 
which arc described here. 

It should be pointed out that these changes 
are equally applicable to the other models of 
the Super-Pro series, such as BC-779, BC- I 004, 
R-129/ U, SP-200, SP-210, and SP-400. These 
changes may also be used as a design basis for 
modification of any similar type of superheter-
odyne receiver, if the reader uses a bit of in
genuity in adapting them to his own particular 
set. This is a real modernization, not merely the 
substitution of other types of obsolescent tubes 
in an old set. 
(1) Pct.11, lU57 CQ. "Worthwhile lmpJ"O\"'enJ<·nts for lh!tt Old Ho· 

Our first and most logical point of attack on 
the BC-794 is the installation of a product de
tector. Removal of the 6SJ7 BFO tube and its 
octal socket is easily done. Be sure not to cut 
the leads from the BFO transformer TS too 
short in the process. Substitution of a 7-pin 
miniature socket mounted on a small square of 
sheet aluminum to fill the old hole is easily 
accomplished. A 6BE6 tube is used, with its 
oscillator section acting both as BFO for CW 
and as a local oscillator for SSB ·reception. The 
circuit should be rewired as shown in fig. 1. 

r;::--------::;i 
1 r o"Lo sFo - '\ -J;'""..., , 

I I CONNECTION TO_) - I I 
3d IF PLATE I 

_ _J L, 
T4 1 

I 
I 
I 
I 
I 
I 
I 

I I ,_ _ __ ___ _ .J 

TO 6H6 2nd DET. AM AUDIO OUTPUT 

lt.Omf 

J"O L34 ltH6 +---~ 

TO R41 

561< 
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TO R52 

IN TEI 
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The value of the screen dropping resistor R33 
was found to be quite critical. A strong local 
oscillator signal is an absolute necessity to avoid 
the overloading of the detec tor by strong SSB 
signals which would produce distortion. R33 
was experimentally adjusted in value until all 
1races of distortion disappeared, and concur
rently for the grcatcs{ audio output from the 
detector. It is necessary to remove the sh ield 
can from transformer T5 to gain access to C49, 
the old plate voltage blocking capacitor, and to 
short out C49 in order to provide a de return 
for the cathode of the 6BE6. This is not a diffi
cult operation, but is time-consuming and re
qui res care. l n re-assembling the transformer 
into the can. be sure that there are no internal 
shorts to the can. 

Concurrently wi th the above, switch SW3 
should be replaced with a small 3-pole 2-posi
tion rotary switch. 

This is necessary to provide an added pole 
for switching the audio input from the output 
of the 6H6 AM detector to the output of the 
6BE6 SSB detector. Getting the new switch 
into place is a bil of a squeeze play. We used 
a Centralab PA- I 007. A little bending o f an 
in terfering chassis bracket was necessary to 
make 1he fit. T he new switc h SW3 is wired as 
shown in fig. I. One pole turns on the 6BE6 
plate and screen voltage, another pole th rows 
the audio from the AM to the SSB detector. 
and the third pole cuts in the special SSB 
" hanging" ave circuit to be described . 

One half of the 6H6 ave diode rectifier, Vl 2, 
comprising pins 5 and 8, formerly connected in 
parallel with the other half, is cut free and 
wired as shown in fig. I. This section is reverse
connectcd so that 1he I mfd capacitor which 
we added to the ave circuit can charge up 
through the diode, but cannol discharge back 
1hro ugh the diode. The 2 megohm ave resistor 
R 19, which is mounted on the back of the 
A YC-MANUAL switch SW4, should be 
changed to 10 megohms to provide a slow dis
charge rate for the I mfd capacitor. This pro
vides a fast auack-slow release ave action 
which permits the ave to ride along on the 
peaks of the SSB signal. Jt releases and restores 
receiver gain quickly enough, however, so that 
a weak signal in a round table contact is not 
missed. 

The 3-volt bias should be removed from R4 I 
and the 6H6 ave rect ifier by moving the two 
bias lines from terminal 9 of strip E-24 to a 
convenient ground lugm. T he ave Jines to the 
1st rf stage and the mixer should be removed 
from their terminals on strip E-24 and ground
ed also, allowing these two stages to operate 
"wide open"12>. 

T he product detector is coupled to the 3rd 
i-f plate transformer T4 by means of the old 
bfo connection, which is the shielded ]cad . No 
change is made here, and this connection works 
fi ne. 

This is a good point at which to stop work 
and turn on the receiver and check out all that 
has been done so far. The local oscillator por
tion of the 6BE6 may be roughly retuned at 
this time. Now lune in an SSB signal and try 
out the new product detector and ave circuit. 
Run the rf gain wide open, and see how neatly 
the receiver handles the signals. Gone is the 
old four-way struggle of rf gain vs. audio gain 
vs bfo sett ing vs. tuning. Just sit back and 
listen to that smooth SSB operation! 

While gloating over your work thus far, you 
will still be dismayed by the frequency drift 
inherent in all of the Super-Pro series. Well, 
let's do something about that. Let's do the best 
we can with what we have and make a practical 
approach 10 the problem. Admittedly, we can
not satisfy the "ivory tower" perfectionist and 
build a long-term stability of one part in ten 
million into this set and still make it tunable. 
This is not needed for day to day amateur 
operations anyway. What we do need and what 
we can do is to obtain a short-term stabi lity 
such that during SSB contacts, the other fel
low's voice docs not grow higher and higher in 
pitch like an excited Donald Duck and gradual
ly drift out of the i-f passband. The signals wilJ 
really "stay put", after the changes to be de
scribed here. 

Following an excellent lead previously pub
lishedm, we replaced the hf oscillator and 
mixer stages wi th 12AX7 dual high-mu tri
odes, wired as shown in fig. 2. The octal sock
ets are removed, and replaced with nova! min
iature sockets mounted on small sheet aluminum 
plates. The nova! sockets should be oriented 
so that short, d irect rf leads are obtained. Tube 
shields are used, and should be in place before 
any subsequent re-alignment is attempted. Next, 
remove the top cover of the main runing ca
pacitor, and connect a 3.3 mmfd type N750 
negative co-efficient capacitor across the oscil
lator tuning capacitor. The former 6.L7 and 
617 grid leads should be extended and run 
through boles in the chassis drilled adjacent to 
the grid pins. Rubber grommets should be used 
in the boles. We chose miniat ure tubes for this 
modification in the interests of modernization. 

12AX7 12AX7 
H.F. OSC .------------. MIXER 

2.2K 
2.2K 

1000 1000 

1 TO TOP Ofr I 
_ TUNING _ 
- l#>llT -

t .5K 

Fig. 2 
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The important thing is the result of the modifi
cation, which is an excellent short-term fre
quency stability. This is due to the isolation 
between the oscillator triode section and the 
remainder of the set aftorded by the cathode 
coupling scheme used. 

The next improvement to be made is in the 
rf stages. We removed the old 6K 7's and their 
octal sockets, and replaced them with 7-pin 
miniature sockets and 6BA6 tubes. This change 
greatly increased rf gain and sensitivity. No 
changes in circuit or components were made, 
and therefore no diagram is shown here for ibis 
change. Herc again the grid leads are extended 
through grommetted holes in the chassis. Tubes 
arc shielded, and ·the tube shields should be in 
place before any rc-aligrunent is done. A word 
of caution is necessary here. If oscillation of 
either 6BA6 stage is noted in the 20 to 40 me 
range, the grounding of the filament. cathode 
and suppressor pins is not effective. Do not rely 
on connecting all those pins together and run
ning one common ground lead to the nearest 
ground lug. Drill a new hole in the chassis ad
jacent to each pin, and ground each pio sepa
rately by a very short connection. We experi
enced this trouble at the high frequency end of 
this band, and it took us some time to find the 
source and apply the cure. 

We might say in passing that we tried sev
eral other tube types in the 1st rt stage. We 
tried a 6BZ6, a 6CB6, and a 6DC6, but each 
of these produced overloading and cross-modu
lation from strong local signals on the high 
frequency end of the broadcast band, even 
with the ave re-applied to the stage. The same 
was true of the 6BK7 A, 6BQ7 A, and 6BZ7 
dual triodes which we natura lly tried as a re
sult of our previous work with the CR-88A 01 . 

,--....-~---..t--11f--<----

Fig. 3 
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Reasoning that a strong local amateur signal 
would cause the same effects, we chose the re
mote cut-off 6BA6, and there is no trouble 
from overloading nor cross-modulation even 
Crom 50 kw WTOP nearby, and with the 6BA6 
1st rf. stage running "wide open." 

After re-alignment of the rf portion of the 
set, we then proceeded to the installation of a 
3 kc band-pass crystal filter, whose complete 
circuit is shown in fig. 3. We wished to do this 
without deslroying the usefulness of the re
ceiver for short-wave listening or cw reception, 
and if possible, without spoiling the front panel 
appearance. A half-lattice crystal fi lter was 
chosen as being the most practical type from 
the standpoint of available space and a mini
mum of circuit changes. 

F irst it is necessary to remove the top and 
side covers of the existing crystal filter. Access 
to the side is facilitateJ by temporary removal 
of the chassis support bracket. The 465 kc 
crystal and the old 6-position switch should be 
removed and added to your junk box. T he 
switch can be removed without taking off ·the 
front panel by using a thin open-end wrench to 
turn the locking nut behind the panel. A new 
switch with 3 poles and 5 positions on a single 
wafer was installed. Gelling the old one out 
and installing the new one is a tight fit, but it 
can be done. A small, thin switch with but a 
single wafer is a necessity to fit in the small 
space. We used a Centralab type PA-2007. The 
switch should be lined up so that its five posi
tions correspond to the OFF-1-2-3-4 markings 
on the front panel. The lasi figure. 5, is not 
used. T he new crystal filter switch positions 
are: 
OFF-OFF 

1-3 kc Bandpass 
2-Broad CW 
3-Medium CW 
4-Sharp CW 
A half-latiice filter has the simplified sche

matic and response curve shown in fig. 4. 
Crystal XI is a surplus type FT-241-A for 
channel 334, whose fundame ntal frequency is 
463.88 kc. Crystal X2 is a companion unit for 
channel 336, whose fundamental frequency is 
466.66 kc. These are the 72nd harmonic crys
tals which are readily available from surplus 
crystal suppliers at a cost of about 55¢ each. 
T he separation between this pair is 2.78 kc, 
which is just about right for a nominal 3 kc 
filter. Following through the ci rcuit in fig . 3 
will show that XI is used for both cw and SSB, 
but that X2 is in the circuit only for SSB. 
Neither crystal is in the circuit when the 
switch is in the OFF position. On cw positions 
2, 3, and 4 the crystal phasing capacitor is con
nected in the circuit to provide for moving the 
rejection notch from one side of the received 
signal to the other for phasing out heterodynes. 
For SSB, a small (I or 2 mmfd) capacitor may 
be added in parallel with X2, to cause rejection 
notches to appear in the skirts of the pass
band, if desired. 
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The values of the secondary loading resistors 
are changed to 50 and 560 o hms. We chose 
560 ohms experimentally because it seemed to 
give a sharp enough filter without too much of 
the characteristic crystal "ringing" effect which 
we found could become objectionable when 
using the 3 kc position on voice. If the reader 
wishes to increase the value of this resistor 
above 560 ohms, it may be done if the "ring
ing" effect is not considered objectionable. 

Crystals Xl and X2 were placed in the space 
formerly occupied by the old 465 kc crystal, 
and were connected by merely soldering the 
leads ·to the tips of the holder pins. This must 
be done very quickly and carefully, without 
excess heat. The pin should be firmly grasped 
with pliers near the holder while soldering, to 
minimize the heat travelling back up the pin 
and causing damage to the crystal and its very 
delicate connecting wires. 

At this point in the operation, replace the 
6SK7 ave amplifier and the 6SK7 2nd i-f tube 
with 6SG7's, and substitute a 6AC7 for the 
3rd i-f 6SK7. Then it is wise to thoroughly 
check over all that has been done to date, to 
make sure there are no omissions nor errors in 
wiring. Replace ·the cryslnl filter shield covers. 

The only stages now being supplied with 
ave voltage are the 2nd rf and the 1st and 2nd 
i-f. The 1st rf and the mixer are running with 
no ave, and the 3 volts bias is still being ap
plied to the 6SG7 ave amplifier. Re-connection 
of the 6AC7 to the 3 volts bias is necessary, 
and it is done by disconnecting the old bias 
lead from the end of R 22 ( 10,000 ohms), and 
running a new lead from R22 to terminal 9 of 
strip £24. No 1500 ohm resistor from R22 to 
ground is used here. m 

The modifications are now completed. With 
the crystal switch in the OFF position, and the 
bandwidth control at 3, the i-f stages should be 
realigned to 465.27 kc, which is the mid-fre
quency of the 3 kc passband. T his alignment 
was done with the help of our LM frequency 
meter as a signal generator. An accurate signal 
generator is a necessity for plotting the re
sponse curves of the filter in the SSB and cw 
positions. L26 should be peaked up on the mid
frequency also. Now turn the crystal switch to 
position 3 or 4 and perform the adjustments 
of L27 and trimmer C35 lo obtain the proper 
rejection curves for the right and left positions 
of the phasing capacitor C32. The shapes of 
these rejection curves are shown in fig. 5. These 
adjustments can best be made with the use o f 
a sweeping osci llator and an oscilloscope so 
that one can actually see the changes in shape 
as adjustments are varied, but we used our LM, 
and a VTVM on the output of the ave ampli
fier, and used the longer met.hod of plotting 
results and then making changes. 

'f.he shape of the response curve of the 3 kc 
filter sho:ild also be checked. The bandwidth 
control should be set at 6 or higher for this. 
Any inequality in the two peaks at the fr~-

quencies of Xl and X2 can be evened out by 
shifting an i-f transformer slightly to o ne side 
or the other of ihe center frequency. There 
will be a slight dip in the center of the curve, 
possibly as much as 16% . T his is satisfactory 
and normal, so don't worry about it. 

The receiver has enough gain to compensate 
for the insertion loss of the 3 kc fi lter when 
receiving on position 1. It also has sufficient 
gain to make up for the fact that the cw crystal 
frequency, 463.88 kc, is 1.39 kc off from the 
i-f alignment frequency of 465.27 kc. It will be 
noted that as you swing the crystal switch 
from position 2 to position 4, a drop in S
meter reading and in gain occurs. T•hi~ is due 
to the slight mis-alignment for cw just men
tioned. rt is not serious, however, and it does 
not handicap cw reception at all. After all, we 
have designed for the SSB requirement as our 
primary objective, and we should not handicap 
our 3 kc filter by an o!T-center frequency align
ment for the i-f stages. 

Now a word about operation of the receiver 
is in order. For reception of am or cw, the 
single crystal filter of positions 2, 3, and 4 may 
be used, and the phasing control adjusted for 
reduction of heterodyne interference exactly as 
·before. Or, for short-wave broadcast reception, 
the switch may be left in the OFF position, 
and the bandwidth control adjusted to suit the 
listener's tastes. 

DB 

FREQUENCY 

Fig. 4 

TYPICAL 
RESPONSE 
CURVE 

For SSB reception, we first adjust the local 
oscillator transformer TS for zero beat at 
465.27 kc, with the bfo knob at zero center. 
It will then be found that the local osci llator 
will be at zero beat at 463.88 kc wi th the knob 
at about 1.0 on one side o f center, and at zero 
beat on 466.66 kc nt about 1.0 on the other 
side of center. Which side it is, is immaterial. 
T hus one is able to set the local oscillator to 
one side or the other of the crystal ti lter pass
band, to demodulate whichever sideband is in 
u.se by the transmitting station. The actual set
ting of the local oscillator should be about 250 
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to 300 cycles out beyond the crystal filter fre
quencies, for increased rejection of unwanted 
sideband products and tor most efficient use of 
the crystal filter passband. This is shown graph
ically in fig. 6, which shows the relationships of 
local oscillator settings, crystal frequencies, and 
overall passband. A picture at this point is 
worth more lhan a thousand words. For 3 kc 

0 8 

OB 

PHASING 
CONTROL 
TO LEFT 

FREOUENCY 

FREQUENCY 

Fig. 5 

PHASING 
CONTROL 
TO RIGHT 

filter SSB reception, the bandwidth control 
should be set at 6 or higher, inasmuch as the 
variable selectivity i-f transformers arc after 
the crystal filter in the i-f chain, and the filter 
is the controlling factor in bandwidth. We do 
not wish to compress the filter response curve 
by setting the bandwidth control at a narrow 
selectivity posit ion. Nor did we wish to elimi
nate the bandwidth control entirely, as it docs 
have its value, for certain uses. SSB may also 
be received with the crystal switch in the OFF 
position, and best results are then obtained 
with the bandwidth control set (rom 4 to 6 de
pending on interference condi tions. 

11hc 3 kc fi lter can be very useful for AM 

reception as well as for SSB. If one tunes the 
AM signal right on the nose, it will be noted 
that the audio sounds very bass with the high 
frequency sidebands on both sides cut off. 
Tuning to one sideband or the other, depend
ing on interference conditions, and thus making 
good use of the 3 kc passband of the filter, is a 
great help in reducing interference in AM .re
ception. By experimentally tuning across an 
AM signal which is not fad ing, and watching 
the S-meter, one can get a very good mental 
picture o f what the 3 kc filter docs for AM 
reception as well as for SSB. Refer again to fig. 
5 to see the relationship of passband and crystal 
frequencies. 

Operation of this receiver on SSB, our pri
mary objective, is now very simple anq straight
forward. T here is no more fussing with rf and 
audio gain controls. Just set the rf gain at max
imum, the audio gain at a comfortable level, 
and turn on the product detector a nd sit back 
and tune in the SSB signals. T he ave does the 
work-it takes care of the strong ones, and 
there is plenty of gain for the weak ones "down 
in the mud." If the going gets rough due to 
overpopulation of the band, cut in the 3 kc 
filter. And with the new hf oscillator and mixer 
the signals stay in tune during contacts. To 
switch to receive the other sideband, just rotate 
the old bfo control to a bit over 1.0 on the 
other side, and there you are-it's as simple as 
that . Your old Super-Pro has been lifted out of 
the trade-in class, and you don't have to band 
out the cash for a new receiver. SSB reception 
is now a pleasure instead of a headache! See 
you on SSB, fellows! 
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THE BC-348 ET AL 

The BC-348 is essentially an aircraft re
ceiver. It has bandswitching and covers from 
200 kc to J 8 me. The receiver if is 912 kc 
and since it lies in what is our broadcast band, 
that band, from 500 kc LO 1500 kc, is omitted. 
T he receiver is relatively broad although a 
crystal filter is used to sharpen things up a 
bit. It's difficult to tune a receiver very close 
in a vibrat ing ai rcraft when wearing heavy 
gloves, so this is probably the reason. The if's 
can be sharpened up a bit, although we are 
making it sound very much worse than it is. 
Power was 24 volts, supplied by a dynamotor, 
but we'll go into the BC-348 power supply next 
month. The BC-312 is similar to the BC-348 
except it covers 1.5 me to 18 me and operates 
directly on 12 volts. (A 110 vac model was 
known as the BC-342.) A suitable power sup
ply can be built up either on the original 
dynamotor chassis (if you a~e lucky, an RA-20 
power supply can be obtained for a direct 
replacement) or you can build up a separate 
power supply. If you run tbjs mobile on 12 
volts, no changes are required at all, except 
to check that the negative and positive leads 
of dynamotor agree with your car battery 
polarity and ground. Having removed the re
ceiver from its case, swing the dynamotor on 
its hinges to gain access to the 9 pin terminal 
board. For a self contained power supply, re
move the dynamotor power supply components, 
add a suitable sub-chassis for your transformer 
and choke and tben wire it up as shown in 
fig. I. Of course it is possible to build the en
tire power supply on a separate chassis external 
to the receiver. It will be necessary to add a 
power switch (S-1 fig. 1) or re-wire the switch 
on the BC-312. We feel it should be added 
to the front panel by 'choosing an appropriate 
place for the toggle switch and drilling a 1.h 
inch hole. The fuse can be a fused plug in
stead o f a .standard panel fuse, although the 
f:ront panel fuses of the 312 can be used for 
the power supply if you desire. If you' re really 
enterprising, you can re-wire the filaments to 
six volts to eliminate the need for the second 
transformer (T-2) used lo make the filament 
line 12.6 V. Make sure the filament windings 
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Fig. 1-Powcr supply for the BC 312, BC 348. 
(fig. 5 page 76) 

flitO. JUHCll<»I 
or 11·33 c.·rG 

.OIOtSC. 

JOK 2 ml 
25ml .!. w J_ 11$0 '1 
2 5• 2 

B+ 

Fig. l-Audio voltag& amplifler for tho BC 312 
or 348, shown in 11g. 5 . 

POW(R SUPPLY 
SECTION 

Fig. 3-Chauis layout for tho conve rte rs shown 
in fig . 4 on pages 74 and 75. 
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are wired so the voltages add and do not can
cel, if you use the second transformer. 

The BC-312 was designed for the use of 
headsets only. A speaker may be added by 
using a matching transformer of about 2000 
oh111s to speaker between the output phone jack 
and the speaker itself. Since there will barely 
be enough aud io, an additional stage of audio 
should be added. This is done by adding a 
l 2A T6 triode amplifier as shown in fi g. 2. The 
tube can be located on a small bracket under 
the chassis near the 6Y6. It is connected by 
breaking Lhe lead going to the grid of the 6Y6 
and connecting it to the l2AT6. The output 
from the l2AT6 is connected to the 6Y6 grid. 
This provides more than enough gain. 

Some difficulty will be experienced trying to 
obtain a correct rf plug for the antenna. We 
solved this problem by changing the plug a nd 
socket to the more conventional S0-239 socket 
(uh/ type). This allows everyday coax fittings 
to be used. 

The converters are fairly simple to build. 
Being crystal controlled they operate by using 
the receiver to tune in the desired station and 
since the receiver has good bandspreacl, so 
will the converter, when used. Since the re
ceiver tunes 8 to 10 me for ten meters, merely 
add a 2 in front of the receiver frequency and 
you have the correct JO meter frequency. Like
\~ise acid 40 to JO to 14 me and you have your 
six meter band of 50 to 54 me. T wo meters 
covers 14 to 18 me on the dial and you read 
it as 144 to 148 m~. Although no dimensions 
arc given for specific parts, the layout shown 
in fig . 3 will show the correct parts positions. 
The entire power supply for the converters, 
and the converters themselves, are built on a 
9" x 7" x 2" steel (cadmium plated) chassis. 
While aluminum can be used, it is far easier 
to solder the grounds and shields to steel. 

T he first thing to do is make the holes for 
the tubes, coaxial sockets and the other com
ponents. The shield is soldered into place, and 
is made from steel or even a piece o f tin. One 
piece is "L" shaped and is 8 112 11 x J 'Vs " plus a 
1/.1

11 lip on each encl . Jt is bent to form a 6" x 
2 !/z " " L." Two smaller pieces 2 112 " (plus a 
14 " lip on each end) x I 'Vs 11 divide the chass is 
into three shielded rf compartments. Three 
holes (about Yii " ) provide clearance for out
put and power leads from each rf compart
ment. Input rf is from the coaxial socket on 
the back of the chassis in line with the rf 
tube. Since L-3 and L-4 are placed very close 

to each other, and are parallel , they should 
be mounted on terminals across wh ich the tun
ing capacitors are connected (C-2 and C-3 3. 
Actually all of the B&W coils are mounted on 
suitable terminals. Keep all leads short and 
all power leads very close to the chassis. Qse 
shield type o f sockets and don't be afraid to 
make good solder joints to ground using a big 
enough soldering iron. 

We've shown the converters as being three 
separate units. Well that is exactly how they 
were wired. Each one is on only when in use. 
The output IP.ads of those not in use are 
grounded to prevent any possible stray pickup .. 

Adjustments are first made using the grid 
dip oscilla tor. Set the grid dipper to the fre
quency given on the schematic fo r the par
ticular tuned circuit and adjust the coil or 
the condenser or both till a dip is obtained. 
Make sure no spurious dips are caused by 
nearby circuits. When all circui ts are pre
adjusted by this technique apply power and 
adjust the tuned circuits for the best signal 
to noise ratio obtainable on the receiver, as 
the receiver is tuned through its range. Special 
care should be taken when adjusting C-2, 
L-3 and C-3, L·4 since the coils must be moved 
to obtain the bes t coupling, and the capaci
tors must be readjusted for minor changes in 
loading. These circuits directly affect the band
pass of the converter and warrant as much ad
justment as you see fit to obta in the desired 
results. 

The mixer should develop about 3 v maxi
mum from the oscillator at the grid of the 
6AK5. lf the coupling value given for C-4 
causes too much oscillator injection decrease 
its value. You may find that stray capacity is 
all you need. Make this measurement with a 
vtvm. 

Note that the plate coil of the rf stage is 
outside of the shield. This is 10 prevent oscilla
tions from occurring as well as lo prevent 
stray pickup. For additional improvement, by
pass all fil an.1cnts ( hot lead ) to ground witb 
.00 l disc capacitors using very short leads. 
The input capacitor is used to increase the 
signal to noise ratio and should be adjusted 
for maximum sensitivitv of the converter. The 
entire set 1) f converters are housed in a small 
metal cabinet. A rotary switch selects the band 
while a toggle switch controls main power and 
a pilot light dresses up the panel and serves 
as a power on indicator. 
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MORE ABOUT 
348 & FAMILY 

T hese receivers offer a lot for the money, 
especially when you consider the quality of the 
components, the receiver stability and work
manship. Although the receiver range is lim
ited, the use of converters sirrular to those 
shown last month should take care of any prob
lems along these lines. H owever, one complaint 
heard from CW operators is that the selectivity, 
even with the crystal filter in, leaves something 
to be desired. Well, W2HHZ came up with one 
simple solu tion to increase the select ivity, and 
at no additional expense. Assuming the ij's to 
be completely aligned (as we later describe ) , 
try adjusting the neutralizing capaci tor for best 
results. This is o nly a couple of turns of wire 
around a coil aod the value is extremely small 
(about two micromicrofarads). A distinct nar
row band effect will be noticed with the 
neutralization adjusted properly. W2HHZ has 
fou nd that the crystal is actually irnbedded in 
a small plastic mount. T his plastic acts like 
a cap:icitor dielectric and increases the stray 
crystal capacity. Carefully remove some of the 
plas tic, leaving just enough to hold the cryswl 
assembly together. The selectivity, after mak
ing this modification and re-neutralizing, 
dropped 800 cycles, which isn't bad at all. lt 
may seem like a lot of work, but if you are 
a C W man, it is going to prove worthwhi le. 

Much of the correspondence about the BC-
348 is in reference to a suitable noise limiter. 
H aving tried just about every type, from the 
simple diode to the Lamb noise silencer, I'm 
convinced that the TNS offers more than anY. 
of them. Of course you may say that you don t 
need a noise limiter. lf so, don't use one. But, 

"'7'201'1!11 
.L •>O• _r-00-
"='" "= 

fig. 1- Powe r supply for the BC-348. 

just in case, the circui t and the correct con
nections are shown in fig. 2. T he TNS and an 
additional stage of audio were mounted on a 
small strip type chassis in the space under the 
if wiring. T he original volume control was 
ganged to the rf gain control and is not used 
in our conversion. Instead, a half-meg po
tentiometer with a SPST switch was mounted 
on the fro nt panel access plate for audio 
volume control , while a second half-meg pot 
was mounted along-side for the TNS control. 
T he switch is used for a power control since 
we didn't trust lhe original power switch at 
117 volts ac. 

While you still have your soldering iron out, 
make sure that the output tap is set a t 4000 
ohms on the output transformer-filter choke 
combination. This will allow you to connect a 
loudspeaker directly to the set by means of a 
standard four or five thousand ohm to voice 
coil transformer. Table I gives you the correct 
pin connections for the power plug and the out
put connection (pins l and 5) can be made by 
means of these pins or by means of the ear
phone jacks which are in parallel with these 
pins. 

A 

47K 

01/WO.... 

220K 

J.5M 

470mml 

$(( PCR'Elt 5-tJPPU 
'OR FILS. 

47K !OK 

Fig . 2- TNS a nd audio ampliflor. 
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Fig. 3-Schematic of the BC-348, 
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Table I 
Output 

2 Relay (short to 6 for receive) 
3 Plus 24V DC 
4 Plus 24V DC 
5 Output (may be grounded) 
6 Relay (short to 2 for receive) 
7 Ground-24V DC 
8 Ground-24V DC 

Several "S" meter circui ts were tried, but 
with the lack of a calibrated meter and the 
effort needed in properly calibrating such a 
meter, we decided against putting one in. 
Actually, unless you have such a meter, it 
would prove only to be a rather expensive 
tuning meter, and probably useless. If you feel 
that it is worth it, you can refer to the hand
books that are available for suitable circuits. 

The original BC-348 that we had used a 
set of binding post type of terminals for the 
antenna input. We found that the use of a 
coa.xial connector was more compatible with 
our equipment and we removed the one marked 
"Antenna" and enlarged the hole to 5,1i inch for 
a standard coaxial connector. The results were 
surprising, especially the reduction in noise 
pick up from the fluorescent desk lamp. 

Alignment 

Now comes the alignment job. Set the re
ceiver to mvc reception, with the bfo off. Beg, 
borrow or even buy a signal generator and 
connect the hot lead to pin l of VT-116 ( 6SJ7) 
<I nd the ground lead to ground. Set the signal 
generator to 915 kc modulated AM, and make 
sure the receiver crystal filter is off. Connect 
a vtvm type de meter (or a 20,000 ohm per 
volt unit) across R-86 (2 megohm) or 
connect an ac voltmeter across the receiver 
output (phone jack). Turn the signal generator 
up and adjust the range of the meter unt il a 
mid-scale reading is obtained. Adjust the 3rd 
if transformer for maximum reading on the 
meter by adjusting the top and bottom threaded 
11djustmenls. When you have reached the maxi
mum meter reading, disconnect the hot lead 
and reconnect it to pin 1 of VT-117 (6SK7), 
the second if amplifier. 

Adjust the second i/ transformer the same 
way that you did the third, but decrease the 
output from the signal generator in order to 
keep the meter on scale. When you have 
reached a maximum as before, disconnect the 
signal generator and connect it to the signal 
grid of the converter tube, pin 8, 6SA 7. Make 
sure that the crystal switch is .in the OUT po
sition. Adjust the first if trnnsformer for 
maximum output as before, again readjusting 
the output of the signal generator so as oot to 
overload the meter. Note that we by-passed 
the adjustment of the crystal filter. This is a 

· ra ther tedious job involving the realignment. 
of the if amplifiers, but with the crystal in the 
circuit and the signal generator carefully ad-

justed to the exact frequency of the crystal. 
We will be going over receiver alignment tech
niques soon in another article and will com
pletely discuss this technique then. 

The next thing to align is the rf and oscilla
tor stages. The osci llator should always tune to 
a frequency 915 kc above the incoming signal, 
meaning that the variable capacitor should 
cause the oscillator to tune this difference re
gardless of where the dial is set. Minor varia
tions will not permit this to occur exactly, but 
with the aid of trimmers and paddcr type 
variable capacitors we can make the error very 
slight. The technique of receiver alignment is 
to first adjust the oscillator. Set the receiver to 
the high end of one band, say 18 me on the 
high frequency band. Adjust the trimmer for 
maximum output from the signal as read by the 
meter. The signal generator supplying the test 
signal should be set at 18 me and should be 
connected to the signal grid of the converter 
tube (6SA7). Since there are no other adjust
ments for the oscillator on this band, check 
and see if the calibration is correct at the low 
end of the band ( 13.5 me). It should be OK, 
but if it is off a little find out how much. You 
can check the calibration by merely setting the 
signal generator at the Crequency you wish to 
check. If it is practically on, you may merely 
have a signal generator that is not calibrated 
very well. You may have to use a frequency 
meter and check both the sig-gen and the re
ceiver to see which is off if there is a big error. 
Notice that the trimmer is adjusted at the high 
end of the band in all cases, so when you adjust 
the other bands follow the same procedure. 

On the low frequency bands, in the case of 
these receivers, you wi ll find that we also have 
a padder. This is used to further correct the r/ 
alignment, and is adjusted after the trimmer. 
T he padder capacitor has most of an effect 
with the tuning capacitor fully meshed and 
therefore must be adjusted at the low end of 
the band. The procedure is simple enough. Just 
feed in a signal to the converter grid from the 
sig-gen at the high end of the band, adjust 
the trimmer for maximum output on the meter. 
T hen turn the sig-gen to the low end of the 
band and set the receiver dial to the same fre
quency. Adjust the padder for maximum output 
and you have the oscillator adjusted. 

The rf stages arc a little simpler, since they 
only have trimmers. Reconnect the sig-gen to 
the signal grid of the second rf amplifier (pin 
1, 6SK7) and tune the high end of the dial. 
Adjust the appropriate trimmer for the band 
you are on, by getting maximum on the meter. 
Now, go to the next band an<I do the same, but 
don't forget io set the sig-gen to the correct 
frequency. Again, go to the next band and do 
the same, until all bands are fully adjusted. 
Now, reconnect the sig-gen to pin I, 6SK7, of 
the first rf amplifier and repeat this all over 
for each band, adjusting the rf coils. Once more, 
reconnect the sig-gen to the antenna connector 
and adjust the antenna coils on all bands. 
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THE 106SA ON 2 

THE PLEASURE OF SAYING, "We've a superhet 
here, OM," when operating in the 2-mcter 
band is rapidly becoming a very low cost 

proposition. The basis for this statement is the 
influx of BC-1068-A radar receivers in the war 
surplus market places. Since the original tuning 
range is somewhat higher in frequency than the 
144-mc band, the problem of converting the r-f 
end is greatly simplified. A converted model 
shown in the accompanying photographs has 
been in use at W3GQS for the past eight months 
and we feel that our DX contacts, many 
of which are over 200 miles, speak for themselves 
and the receiver. 

Mechanical Conversion Points 
The first step in the conversion of the BC-106$

A is the rearrangement of the back panel con
nectors. This is accomplished by removing the 
top receiver cover, the shock mounting (if it has 
one) and the bottom plate. Using glyptol solvent, 
loosen the nuts holding the three Amphenol 

weatherproof sockets to the rear of the chassis. 
Remove the connectors. Prepare to cover the 
openings with a sheet of lucite, or for the phone 
jack, a piece of aluminum or bakelite. Mount a 
phone jack in one of t he conneeto~ openings and 
ground the outside sheath and connect the center 
terminal to point marked G. Over the antenna 
opening use lucite insul1ttion with a later type 
antenna connector or bindfog posts. Resolder 
~he two antenna leads coming from the silver
plated tube. Connect a new a-c cord to points A 
and B of the a-c input. 

Turning to the front panel, remove the spare 
fuse holder and mount in its place an SPST 
toggle swi tch for "standby" operation. The best 
method appears to be the removal or the ground 
wire from terminal 14 on the power tTansformer 
and running a new length of wire from this 
terminal to the switch and grounding on the other. 
This opens the high voltage circuit. The next 
step is to remove the DPST switch on the right 
hand side of the receiver. Solder the three 6-volt 
dial lamp leads together and insulate. Solder 

Top view of the converted 
1068-A. The r-f section ap• 
peari in the right hand center. 
The bottom tube is the 6AK5 
with the octal adapter arrange
ment described in the text. 
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the B+lends for the magic eye together and 
insulate. Enlarge this hole and install a 5000-ohm 
wire-wound potentiometer. Ground the arm of 
this control and connect one side to 15-4 svark 
pl~. This is now the i-f gain control. A 0.5-
megohm volume control is then installed as 
shown in Fig. 1. 

Tube Substitu tion 
Replacing the 6SH7 r-f stage with a 6AK5 will 

greatly improve the sensitivity of the receiver. 
Although the socket assembly may be completely 
replaced, with a little careful soldering it is 
possible to use the octal base of an old glass tube 
with a miniature 6AK5 socket as an adapter. 
T he wiring arrngement of the pins is then: 

6SH7 6AK7 
2 3 
7 
5 2 
3-- 200 ohm resistor--7 
li-~~~~~~~~~~·6 

s 5 
4 1 
1 metal base of miniature socket 

In some installations the 6AK5 will have a 
tendency to oscillate, but this may be cured by 

2 NO OCT. 

4 
AUDIO 

O.~ MCC. POT. 
RCPLACCS 

67·2 

Front panel view of the two
meter receiver at W3GQS. A 
volume control, an i-f gain 
control ond a standby switch 
have been installed. The r-f 
d etector and oscillator tuning 
controls arc. gangc.dwith special
ly cut luc ite knobs. Sub
stituting the 6AK5 in the first 
r·f stage reduces the band
spread on the antenna tuning 

control. 

correcting the value of the screen resistor. Sub
stitut ing a 0.1 megohm resistor for the 22,000 
ohm 74-1 is generally sufficient. 

Some improvement in the tone of the receiver 
will result if either a .005 µ.f or 0.01 µJ paper con
denser is connected from the plate of the video 
amplifier to ground. If the receiver does not 
motorboat aft~r alignment the selectivity may 
be improved by replacing the grid resistors of 
the first three i-f transformers. 100,000 ohms 
across the i-f transformer secondary will sharpen 
selectivity considerably, but will prevent in
creasing the i-f gain to full. A simple solution is 
to place another potentiometer of about -1000 
ohms in series with the i-f gain control. Locate 
this control under the chassis and adjust the 
value until i-f oscillation stops with the panel i-f 
control full up. 

Aligning the Receiver 
After making the conversion outlined above 

the receiver is ready for re-alignment. Stand 
the receiver on end with the power transformer 
down. Plug earphones or a P.M speaker into 
the output jack. Do not connect an antenna. 
Turn on the power switch and tune all four dials 
to read approximately !. Leave the OSC dial set 

TUNINC KNOB CANC.(0 KNOBS 

fig. 1 . (left). Volume control of the converted 1068-A is accomplished by replacing resistor r67-2 with • 
0.5 megohm potentiometer. fig. 2. (right). The tuning controls of the r-f stagc. and mixer oscillator may be ganged 
after conversion by turning on a lathe two knobs pictur1td on the right view and one knob as pictured in th" 

left hand vic.w. Cord is used to gang the knobs and is loaded with small springs. 
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at 1 and tune the ANT, R.F. and DET for 
maximum rush level in the speaker and maximum 
closing of the magic eye. Loosen the i-f trans
former adjusting screws with glyptol solvent and 
back out the /3 tuning slug until the magic eye 
shows the maximum gain. Repeat procedure 
with #5 tuning slug. These transformers are 
now tuned to about 13.0 me. 

After removing the cover plate of the r-f 
section, tune in a signal about 146.0 me. It 
should appear at about 3 to 4 on the DSC dial. 
Spread the oscillator coil until the 146-mc signal 
is received at dial setting 1. Spread or squeeze 
the antenna (r-f stage) and detector (mixer) coils 

to make all dials read approximately the same as 
the OSG· dial setting. If the antenna coil or the 
detector coil will not resonate near point 1 on 
the dials it may be necessary to add a small 
padder condenser across each coil. When the 
r-f section has been adjusted for maximum gain, 
peak the i-f transformers starting with the 1'2: 
transformer. It is not necessary to retune i-f 
transformer {fl. 

For convenience at W3GQS the R.F., DE'l' 
and OSC have been ganged. This has been 
accomplished by cutting on a lathe three lucite 
knobs as illustrated in Fig. 2 and installed as 
shown in the accompanying photographs. 

THE BC ·453 ON BC 
The following coil information was obtained 

experimentally from a regular BC-1>46, an<l com
parisons on an inductance bridge with the stripped 
down BC-45.3 coils. The nomenclature is the same 
as that appearing on the original BC-453 circuit 
d iagrams. 

Ll- Removc 132 turns below the tap and then 
add 25 turns after the tap. 

L2, LS-The top coil on this form is left alone 
After recently buying a new car and fii1ding 

that a factory model BC radio for the same would 
set me ·back an additional $90, I decided to cal I 
war surplus to the rescue. So we converted a 
BC-45.3 to do the job. The selectivity is very good 
and the sensrtivity ad.equate. The audio qua]jty is 
somewhat down, but can be modified to suit 
individual tastes. 

The i.f. transformers should now twie very 
close to 239 kc, which is the frequency used in 
t he B·C-946 models. I would suggest removing the 
b.f.o. and reconnecting as the f irst audio stage. 
Let the r.£. end run wide o'i>Cn, and wire a volume 
control into the grid of the first audio tube. 

(i.e., the coil farthest from the base) . The 
lower coil should have 195 turns removed. 

L4, LS-Remove 147 turns from the top coil 
and remove 38 turns from the bottom coil. 

lst i.f.-Rcmove 800 turns from both coils. 
2nd i.£.-Use the existing tap for the outside 

end of the coil, making sure to reconnect 
the tap to the enct of the coil. No tap con
nection was used. 

3rd i.f.-Same as the 2nd i.f. 

BANDSPREADING 
THE 274'5 

A bandspread of 42 kc per division instead of the 
normal 100 kc may be obtained (on the 3-6 me 
receiver) by removing five of the eigh t rotor pla tes 
on the tuning gang. Additional padd ing condensers 
must be added across the r-f and oscillator portions 
of the circuit. 1 fou nd 33-µµf NPO Ccramicons did 
the job. 

Another 274 trick is to lift the opposite end of the 
620-ohm, resistor conncs;tcd to pin 5 of the r-f am· 
pfifier tube aod ground this resisto r. thus rcmoving
the r-f amplifier from the gain control line. This will 
improve the s ignal- to-noise ratio. The diagram 
shows the modifica tion required to obta in this 
increased performan.ce. 
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Fig. 1. Showing the tuning dial. 

274N 
DUAL 

CONVERSION 
With good 11rospccls ahead for the higher 

frequency bands, and as more hams get on 10 
and 15, we hear the boys speaking, not, as the 
Walrus said, about cabbages and kings, but 
about beams and receivers. 

For many years past, amateurs generally 
have depended on the manufacturers to furnish 
them with receivers instead of making their 
own, and it must be said that the various com
panies have done a pretty good job. Perform
ance on the low frequencies has been good, 
even on the low priced models. Above 14 me 
however, most of these receivers are lacking in 
sensitivity and image rejection, so that it has 
been necessary to use converters or preselectors 
ahead of them. 

In the high-priced newer model receivers 
double conversion is used, which practically 
eliminates images and at the same time in
creases the sensitivity on the higher frequency 
bands. However, when the Walrus mentioned 
cabbage, maybe he was thinking about the 
price of these new double conversion jobs, 
and the kings who could afford to buy them. 
Many of us simply cannot do so, and balance 
the budget. We do have our old modd re
ceivers, hot upstairs, but not so hot down
stairs, and they have continuous coverage from 
550 kc to 30 me or thereabouts. If you are in 
that class, brother, read on: 

The 274N Receiver 

Most hams arc familiar with the little "Com
mand" rcceivel'3, the 274N Series, which are so 
plentiful on the surplus market. One of them, 
and only one, the BC 455, has an intermediate 

frequency of 2830 kc. With a small power sup
ply, capable of giving 24 volts a.c. for the 
heaters, and 250 volts d.c. or thereabouts for 
the plates, they may be used without modifica
tion on 40 meters, and they make good stand-by 
or portable r igs. 

By rewinding the r-f section they may be 
used as high up as 28 me with a surprising 
amount of sensitivity if the job of rewinding 
is properly done and the rig is realigned to 
peak the various stage.s. Used as a converter, 
with the 2830 kc output taken directly to a 
communications type receiver, images are elimi
nated in the first conversion, while the old 
receiver takes care of the jobs of amplification, 
noise limiting, beat frequency production for 
c-w operation, and a udio control. 

Tuning 

Tuning is done with the BC 455. Band 
spread and logging dials may be added, con
centric ·with the tuning shaft as shown in the 
photograph fig. 1. The method used here may 
be explained as follows: To the threaded sleeve 
which holds the splined tuning shaft in place 
is fastened a dial scale from a BC 375 tuning 
unit. This scale has a hole that just fits the 
knurled outer diameter of the threaded sleeve. 
The sleeve is first drawn up tight, the original 
tuning knob removed, and the BC 375 dial 
forced onto the sleeve with its number 50 
pointing directly upward. A skirted knob is 
then installed on the tuning shaft. The skirt of 
this knob just comes out to the bottom of the 
dial scale. Indicating arrows, numbered 1 to 4, 
are placed 90 degrees apart on the outer edge 
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of the skirt. By making use of the main dial 
markings, together with the numbered arrows 
and the auxiliary dial, stations may be accu
rately logged at any place on the tuning system. 

The BC 455 Command receiver was designed 
10 cover a range of from 6 to 9 me. It may be 

Fig. 2. Undorchassis vi&w tho r·F coils to tho left. 

converted to cover higher frequencies , at least 
up to and including all of the "ten meter" 
amateur band, by simply rewinding the r-f 
coils with fewer turns. No circuit modification 
is necessary, nor is it necessary to remove 
condenser plates. 

Fig 2 shows one of these receivers with the 
bottom plate removed. The oblong strip near 
the left end holds the r-f coil assembly which 
consists of the three coils mounted on their 
respective sockets, and three square metal 
shield cans, as shown in fig 3. A complete 
assembly is shown at the left of the receiver in 
fig 2. By removing two small screws the as
sembly may be lifted off the small banana 
plugs which make the connections to the coils. 
Properly assembled it cannot be plugged in 
wrong. However. the location and position of 
the separate coils in the shield cans is verv 
important. To help keep track of these things 
small dabs of brightly colored paint, known as 
"witness marks" are located in their proper 
positions on the shields and coil sockets. I 
spoke of three coils. Actually, there are five 
coils, wound on three forms. Two of the coils 
have resistors attached to one end, and running 
to another plug on the coil socket. These re
sistors are left as they arc. The coils are desig
nated LI, L2, L3. L4 nnd L5, and arc shown 
with their rcspec1ive terminals in the sketch 
fig 4. The coil forms arc fastened to their 
metal socket bases, and they are best left there 
while they nrc being rewound. This way, each 

Fig. 3. Tho r-F coils removed From their shield can 

~ ,- . - . 
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coil may be plugged into position separately 
and tested with a grid dip meter if one is 
available. The coil shields seem to have little 
effect on the frequency, any difference may be 
compensated for by the trimmers and the slugs 
may also be used to peak the coils. Starting 
with LI, remove all but six turns, spacing these 
turns over about half of the coil form so that 
the slug will have an effect on the inductance 
when moved in or out. The inductance of this 
coil should be such that the little antenna trim
mer knob on the front of the BC 455 will be 
effective at the desired frequency. If it is not, 
it may be necessary to adjust the tum spacing 
a bit. 

L2 is the r-f mixer coil. It originally bas a 
"honey-comb" winding. Unwind all of it, but 
be sure to leave the wire long enough so that 
you will have ten turns to wind back on. These 
ten turns will later be interlaced in between the 
turns on coil L3 so as to provide very close 
coupling for greater sensitivity. 

L3, also a mixer coil, is rewound with six 
turns, which may laier have to be reduced to 
five if necessary. Space the turns the full length 
of the coil form, plug it into position in the 
receiver and test for resonance with a grid dip 
meter. The tuning dial should be set at the 
place where you want the band to come. Ad
just turn spacing and slug position until the in
ductance is correct. Tuning the main dial 
should dip the meter. In this way you can 
locate where the band edges will come on the 
dial. 

L4. It is not necessary to modify this coil at 
all. 

Fig . 4. 

L5 should be very nearly a duplJcate of L3. 
Start with six turns, spaced fairly close, about 
~ inch from L4. With some adjusting of the 
slug and turn spacing it can be made to match 
the frequency of L3 without much trouble. 
When re-assembling the coils for tria.1, use just 
enough of the little screws to serve the pur
pose, as it is very likely that you will have them 
out and in several times. This can be done 
quite rapidly once you get the hang of it. If 
a signal generator is available, or can be 
borrowed, it will help the trimming process. 
The i-f coil train in the BC -455 should first 
be aligned for best output. Jn fact, the receiver 
should be first tested for correct performance 
on 40 meters before any changes are made. 
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A small amount of trim.mer adjustment may 
be necessary to make the receiver work as it 
should on 40. The i-f transformers need to be 
aligned but once, but the r-f end will of course 
have to be re-aligned after re-winding the coils. 
Trim.mer condensers for this purpose will be 
found at the front of the receiver, top side. 
Some units have holes in the covering shield 

vrm 
12SR7 

Schematic of adaptor plug. 

VT64 
~2A6 

• 

to allow for their adjustment. If they are not 
there, better make them. The first two at the 
left, as you face the receiver dial, are in par
allel. One is set either all in, half way in, or all 
out, and the trimming done with the mate. 
These tune the mixer coils. A little farther to 
the right there are two more, also in parallel. 
These tune the oscillator coil L5. At the ex
treme right there is a single trimmer. This one 
trims the coil L4, and is best adjusted when. 
moved· in conjunction with the tuning dial for 
best overall receiver output. 

Operation 

With everything trimmed up properly the re
ceiver should work very well as a straight ten 
meter receiver on fairly strong signals while 
using headphones. When this bas been ac
complished we can take up the job of making a 
converter out of it. This is easily done. All you 
have to do is to remove the second detector 
tube, VT 133, 12SR7, and make up an adapter 
plug to put in its place using but two of the 
pins, No. 3 and No. 4. It is not necessary to re
move the audio output tube 12A6. since its 
heater is disconnected when the 12SR7 is re
moved. The adapter should be made long, for 
two reasons; A short adapter would be very 
difficult to plug into the socket. Also the adap
ter should contain a small condenser in the 
lead to pin No. 4. An old coil form, large 
enough to take a plug at one end, and about 
three inches long would be ideal. The conden
ser, .001 >tfd. could be inside the tubing, with 
one lead running to 9in No. 4 on the plug. The 
other condenser lead should go to the inner 
conductor of a piece of small co/ax cable. 

Pin No. 5 on the plug should be connected 
to the shield of the cable. This cable runs 
directly to the antenna terminals on the Com
munications Type Receiver with which the 
converter is to be used. Set the dial of the 
second receiver to 2830 kc, fire up both re
ceivers, and you should be in business. You 
will need a volume control on tbe BC 455. 
The b.f.o. won't operate, as you have pulled the 
tube. Probably the volume control on the 
second receiver will have to be set pretty low. 
CW is received by throwing in the b.f.o. in 
the second receiver. You may find that the 
noise limiter in the second receiver works much 
better than it ever did. The "S" meter will read 
a lot higher. Crystal selectivity filters or "Q" 
Multipliers will work in a normal fashion. 
Images will be absent, and the signal strength, 
as compared to that of the old receiver alone, 
will be very gratifying. 

Caution 

It might be well to add a word of caution 
here; Be sure that the input circuit to the old 
receiver is not open. These input coils are some
times wound with a few turns of very fine wire, 
so small that a good heavy dose of static will 
open them up. It has occurred, in several cases. 
Surprisingly enough, the receiver will work to a 
certain extent even with the input coil open. 

The foregoing winding data is given with the 
assumption that the BC 455 is to be used 
mostly for ten meters. lt is possible to squeeze 
the 10, 11, and 15 meter bands into one set 
of coils but it will take very careful adjust
ment of turn spacing and trimming to get the 
proper tracking, because the ten meter segment 
will be at one extreme dial reading and the 
fifteen meter portion will be at the other ex
treme end. It is much easier to convert two 
units, one for use with 10 and 11, and the 
other one for use on 15 and 20 meters. In the 
latter case, start with double the number of 
turns given for the various coils and trim down 
until the band segments are at the desired 
places on the main dial. 

The receiver in the author's shack. 
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THE R28 

VHF RECEIVER 
This unit was dcsign~d by the Weste rn Electric Co. 

for operation on 24-28 volts. It fits into an FT 220·A 
mounti ng rack. The line· up is a 7 17 A in the r-f 
stage, 717A as a mixer, 12SH7 oscillator and two 
more 717A's as multipliers, two i·f <ta£e$ with 
12SH7's, two 12SL7's in the detector. a .v.e., squelch 
and Isl audio stages one! a 12A6 2nd audio output. 
Motor tuning to set the receiver on four channels is 
provided. 

The first step in the conversion process is to re· 
place the 12-volt tubes with thei r 6·volt equivalents 
(a 6V6 will replace the 12A6). Then remove the 
side and end plates of the receiver, and separate 
the receiver housing Crom the front end containin~ 
the motor. Remove the motor, but be sure to save 
all the scars. Leave the motor drive shaft in place. 
Note that two pieces of pressed iron constitute the 
frame that held the motor. As )'OU take t hese apart 
notice that on the front of the larger piece is n 
raised portion that must be flattened out-otherwise 
it will interfere with the dial drive mechanism that 
is to be mounted. 

Vernier tuning can be obtained through the use 
of the discarded parts from the motor drive mcch· 
anism. Hcmove the bronze gear and one worm gear 
from the shaft that has two worm gears. Be careful 
not to bend or sprin g this shaft. Enlarge the hole 
in th is gear to ll.l inch and then dri ll and pin it about 
11/ 16 inch from the bott om pla te on the main drh·e 
shaft for the gear train. Make a bushing for the new 
dial drive (see photo) by forcing the 3/16·inch 
shaft into a s hort le ngth of % -inch O.D. tubing and 
then trim the whole •haft to about 2·3/ 16 inches. 
Put the worm gear on this shaft a nd mount it at 
right angles to the bronze gear (again see photo ) by 
making up an end bearing. The latt er can be c ut 
from a piece of sq1111rc bur (or e<1uivalcnt) that is 
l inch long and 5/16 or ~ inch on n s ide . DriU and 
tap one end for an 8·32 thread to mount it to the 
b-Ottom plate (sec photo) . About ~ inch from the 
tapped end drill a 3/ l6·inch hole for the worm ~ear 

shaft. Drill additiona l holes in the ~·inch main 
drive shaft and put in pins to hold it in place. 

From the aluminum cabinet, remove the door by 
drilling out the rivets in the hinges. Remove the 
two steel pfos by twisting them oul with pliers. 
Bolt n piece of aluminum (4Vs x 4:>i inches) to the 
front of the unit and cut out a 2J4·inch hole for the 
dial drive (centered about 2,li inches from the left 
side and 2;/, inches from the bottom) . lfolt t.he dial 
unit jn p)nce. 

Remove all of the Cl'ys tal sockets and relays. In 
opening up the bundle t)( wire going over the top 
of the unit be care ful not to disturb the two wires 
going to the sq uelch an d the one wire to the r-f stage. 

Convert the oscillator stage by removing the grid 
by.pass condenser (CJ63 ) from pin 4 of V108. Add a 
0.0001 1<fd. from pin ·1 of JI 108 to the cold side of 
L111 nt the junction of Rl52 (1000 ohms) . The 
6SH7 s hould now take off on its own and he tuneabl c. 
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Remove coupling res is tor R136 (1.0 megohm ) and 
coupling condenser C149 (0.006 µfd.) from pin 1 
of the 6SL7 (V106) sciuelch amplifier. Replace with 
a single 0.01 µfd. Now rernove R.113 ( 1.0 megohm ) 
and cou1>ling condenser CJ54 (0.006 µrd.) from pin 5 
of the 6V6. Replace with a single 0.01 µJ<l. Remove 
the 47,00-0·ohm grid resistor ( R l44) Crom pin 5 of 
the 6V6 and replace with a suitably connected 
volume control (450,000 ohms with switch). For 
more audio remove C157 and Rl68 across the audio 
output trans former primary (terminals 1 and 2). 

The im1ledance of the output can be changed 
from 600 to 8&lO oh.ms by switching.the connection 
from terminal 6 to terminal 3. 

Receptacle I 102 on the rear of tbe receiver should 
h.-•e pin.s 3 and 4 connected to ground (pin 1). 
Since the original squelch control has a short 
slotted sha ft, use the control 6488 Type J from e ither 
a control box BC-496-A or from a C-25/ARC4. A 
new speaker output jack was mounted in the front 
of the unit. 
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D.C. FROM THE PE-73 
HAVE you been looking for a n applicatio n 

for those use less 28 volt dynamotors? 
Can you use a low voltage power supply 

for field day. a ballcry eliminator for servicing 
mobile gear, or a ballery charger? Then here is 
an easy and inexpensive way to fill your needs. 

The conversion consists of e liminating the 
high voltage function of the dynamotor. driving 
the converted unit with some sort of motor, and 
extracting the low voltage from the dynamotor 
input. T he conversion was done on several 28 
volt PE-73s. but there is no reason why any 
dynamotor with s uitable mechanical construction 
cannot .be converted similarly. 

The converted unit may be run with a lh to I 
hp gas engine or electric motor, and easily turns 
out 28 volts at 20 amps, or 6 volts at 50 amps. 
The output vol tage is continuously va ria ble from 
0-28 vo lts by the pot in the field circuit. Alter
nately. if you have lots of 28 volt d.e. around, 
the converted unit may be used as an electric 
moror, de livering about ~ hp a1 5000 r.p.m. 

The original dynamotor consists essentially of 
a compound wound d.c. motor dri ving a cl.c. 
generator. A common armature and fie ld wind-

View of the converted PE-73 dynomotor. Note that the 
end svpport has been shifted 90° to cleo r o horizontal 
drive belt. The field rheostat in the jvnction box per-

mits voltage oulpui control from ()..28 volts. 

ings are utilized to conserve space. Since a d.c. 
machine may be used either as a motor or a 
generator, we wil l use the motor (low voltage) 
portion of the dynamotor as a generator in the 
converted unit. 

Our aim in this conversion is to attach a V-belt 
pulley to the dynamo tor so it can be turned 
with a motor. We also wish to provide a means 
of varying the generator output voltage. These 
objectives are easily accomplished und the con
version can readily be done in an evening. 

Pre-Testing 

The dynamotor to be converted should be 
tested on 28 volts d .c. before beginning the 
conversion to make sure ii runs. High voltage 
output isn't necessary since we won't use that 
anyway. Sad experience showed that a few 
minutes at this point would have saved consider
able frustration when one of the converted unit s 
didn't wo rk. If you don't have 28 volts available. 
use 12 volts since most. of these 28 volt dyna
motors will run. at least s lowly. on 12 volts. 
Also when tes ting the unit. note the direction 
of rotatio n of the armature and mark it on the 
frame. 

Conversion 

Remove all of the wi ring from the junctio n 
box on top of the dynamotor. Take o ff both end 
covers and remove the four brnshes. Remove 
the high voltage end framework which supports 
the Mmature bearin ~s. and take the armature 
out of 1he dynammor~ Rcmo,·e 1he brush holders 

View of the finished armature with the V-belt pvlloy 
ond beorings mounted. 
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from the high voltage end. This completes the 
disassembly a nd brings us up to the mechanical 
conversion. 

The armature revisi·on requires the use of a 
meta l turn ing la1hc. However. it is nol a job 
req uiring precision machine work , and may be 
completed in about an hour. To pro1ect the bear
ings, remove them from 1he arma1ure shaft with 
a press o r a bearing puller. Mount the armature 
in the lathe and cut a way the enti re high voltage 
commutator , down to the % " steel shaft that 
passes th rough the entire armature, as shown in 
fig. I. 

After the entire commutator has been turned 
down. apply some varn ish or shellac to the ex
posed insulation on the end of the armature 
to seal it against moisture penetration. Install 
a 1 \n" diameter V-belt pulley in the space 
formerly occupied by lhe high vol tage commu
tator. Press the bearings back on 1he arma ture 
shaft carefully. Install the armature into the 
dynamotor frame with the pulley al the high 
voltage end. Install a suitable V-belt on the 
pulley and put the high voltage e nd framework 
back onto the unit, but rotated 90° from its 
original position (heavy rib vertical). This per
mits the Y-belt to be brought out to the side o f 
the unit without interference from the bearing 
support. 

Wiring 

Now look al lhe wires connec ted to the low 
voltage brushes. There is a heavy wire on each 
one, which is the generator outpul. Also there 
is a smaller wire attached to each of the brushes. 
at least to one of them, depending on the unit 
you are working with. T hese are the shunt field 
wires, and one of them should be removed. 
Splice a 12" piece of wire onto the shunt field 
wire that was just removed, and attach another 
12'' piece of wire to the brush holder tha t the 
shunt field wire was removed from. Pass the 

Fig . 1- Drowing of the ormoture showing the removal 
of the high voltage commuta tor which i• cut away on 

a lathe. 

wires carefully up in10 the junc1ion box on top 
of the unit, making sure they clear the rotating 
armature. A rheostat connected between these 
two wires will provide the output voltage ad
justmenl. 

The junction box on top provides a convenient 
place to mount the voltage control and the gen
erator ou tput terminals, as well as any metering 
desired. 

An old car ammeter provides a cheap and 
helpful monitor of what the unit is doing. Also, 
a 30 amp fuse is put in the output 10 protect the 

armature in case the output is accidentally 
shorted. 

Wire up the genera1or as shown in fig. 2. 

CaAll'lt'l'lelar 

Fig. 2-Wiring diagram for the conve rted PE-73 dyna
motor. Output voltage can be varied from 0-28 volt• 

by the 50 ohm field control. 

Testing 

Well, there·s your low voltage generator! Hook 
the V-belt to a motor (about 16 hp) with a large 
enough pulley to turn the dynamotor about 
4000-5000 r .p.m. in the same direction as the 
unit ran when it was hooked to the d.c. source 
in the initial checks. 

The generator is now ready for your use. If 
it is to be used in a dirty location, the low 
voltage end cover may be par tia lly cut away to 
provide clearance for the V-belt, and then put 
back in place. 

If you desire a low voltage. output from tbc 
generator , you may find that it 'is not obtainable 
when there is no load on the generator. This is 
normal. and the voltage will drop as soon as 
some load is applied to the generator. 

The voltage regulation of the unit is quite 
good due lo the compound winding of the dyna
motor. As the load current increases, the series 
field produces a stronger magnetic field. This 
boosts the generated voltage to compensate for 
the increased drop in the armature. tbereby tend
ing to ho ld the outpu t voltage constant. 

The converted un it make.s a nice battery 
charger for ext ra batteries used for mobile 
servicing. by running it with an electric motor. 
Another real handy use is for field day-the unit 
can be attached to a gas engine and used to 
charge six, twelve, or twenty-four volt batte ries 
just by adjusting the voltage control. 

T his generator provides a cheap supply of d.c. 
at high current, in addition to providing a use 
for one of those 28 volt dynamo1ors you've got 
kicking around. Next time you need lots of amps 
of low voltage d.c .. 1bink of this a nd take a few 
hours olT to bu ild yourself this handy generato r. 

D.C. Machine Theory 

For lhose who would like to improve their 
undcrsianding of the operatio n and conversion 
of this generator, presen ted here is a review of 
some basic d.c. machine theory. 

We are only concerned with the low voltage 
part of the dynamotor, so let us consider this 
portion alone from a linear equivalent circuit 
point of view. The d.c. motor may then be rep
resented as shown in fig. 3: 
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Fig. 3-Equivolenl circuit of th e motor. 

where v,. is the applied voltage./ ,, is the current 
dra wn fro m the line. R, is the shunt field re
sistance. L, is lhe shunt fi eld inductance, J,, is 
the shunt fie ld currcn1. ' -' is the armature curren t. 
R.1 and L.1 are the a rmature resistance and in
ductance, R" and L, are the series field resista nce 
and inductance, and £ .. is the back voltage gcn
eraled by the moving armature. The only ele
ment requiring furt her comment is £.,, which 
represents the armature reaction. This is an op
posing voltage generated by Lhe armatu re wind
ings moving lhru the magnetic field produced by 
the field coils. The £., accounts for the bulk o f 
the vollage drop within the motor. and is onl)• 
slightly less than VT. Tbis ge nera ted vollagc is 
proportional to the motor speed N, the shunt 
field current I v, and tile armature current I.. re
lated by the constants K 1 and K ~· 

We shall now analyze the circuit to sec the 
motor speed dependence on the circuit para
menters. 

Since we are working with d.c. and arc o nly 
concerned with steady state behavior, the in
ductances do not enter the calculations. From 
the c ircuit we see that: 

h = Jp +fA 

lTr 
f p= -

flp 

Vr =Ea+ TA(RA -f-Rs) 

Ea= K1N IIF + l<2 l ,t] 

Combining these equations we obtain: 

N = Vr - I A (R,d - R.8 ) ~ Vr - !;1 (R .d - Rs) 
Ki [Ip + 1(2 /,1' . [VT J 

l~i RP + K 2l 11 

From a look at this equation we see that the 
motor speed, N, may be easily controlled by 
changing RF; increas ing R,, increases the motor 
speed. We will see this to be exactly opposite 

of the voltage o utput control exercised by Rv in 
d.c. generator operation. 

If we now turn the armature in the same 
direction by some external means. our d.c. ma
chine becomes a genera tor. T he same equivalent 
circuit holds except for tbe form of the input 
and output powers. and the current directions. 
ln motor operation we pu t in e lectrical power 
and derive mechanical power; in generator op
eration the powers a re reversed. Also. for gener
ator operation, the direction of the line current 
J,, and the armature current J, reverse. 

The equivalent circ uit is now as shown in 
fig. 4. 

-1, - -x. 

VT 

fig. 4-Equivolont tircuit of the genetator. 

Following a similar analysis a nd solving for 
the electrical output of the generator, we see 
that: 

Vr = K1 N J, + J, [K1K~ N - (R.r+ R•)] 

and 

These equations say that, for constant dri ving 
speed N, the output voltage may be varied by 
changing the field current /,, which is varied 
by changing R .·. We also see that the otllput volt
age is inversely proportional to R .. : just the op
posite of the moto r speed c.ontro l by R v. Another 
observation· from 1hese equat ions is tha t if ( R., 
+ R,) is appreciable. then the output voltage will 
drop as increasing load current ( '1.) is drawn. 
However. if (K1K2N) = (R .. + R, ), then the 
output voltage is independent of the load current 
drawn. Tbis condition represents what is known 
as "flat compounding"; when ·the ac tion of the 
series field compensates for the voltage drop 
within the generator to ma.in ta in the output 
vohage constant. 

Now tha t we understand the operation of the 
d .c. machine from a circuit standpoint, we are 
in a better position to appreciate the operation 
of the PE-73. 
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POWER THAT 274N 
H ICH ON Tm: -popularity list of surplus equipment 

are the command set receivers. Few changes 
a re necessary for conversion to amateur require
ments and their cost .per unit is but a fraction of 
the original contract ·price. 

Unfortunately, a p0wer supply is not included 
and the purchaser is confronted with the problem 
of designing his own. Inasmuch as there arc sev
eral methods whereby one can obtain the necessary 
heat er and plate voltages this is often a problem. 
Conversion to a.c.-d.c. operation was described by 
WSOZA in an early issue of CQ.l 

T he selenium power .supply described is designed 
especially to keep these receivers as compact as 
possible. Ease of construction, low cost and e f
ficent operation characterize this midget ·plug-in 
unit. 
Selenium Rectifiers 

Contrary to popular belief, selenium rectifiers 
have been in use for many years. Until recently, 
however, their general use .Oas been prohibited by 
high cost and physical size. Seleniums are now 
available to the amateur at prices comparable to 
rectifier tubes and sockets which they replace. 
1'·heir small size, low voltage drop and nominal 
cost class as the logical solution to a trouble
£ ree power source. 

Fig1wc 1 shows a standard half-wave circuit 
with a 100-ma selenium rectifier replacing the usual 
half-wave rectifie r tube. Capacitor Cl across the 

l Sievert. "Converting tho SCR-274N T!.ceciver," CQ, 
Nov. 1047. 

input acts as a small filter absorbing any stray 
line '"hash." A limiting resistor, R1, protects the 
rectifier from peak voltages. Capacitors C2 and 
Ca, together with resis tor R2, comprise an effective 
resistance/capacity output filter. Two small re
placement type filament transformers, rated at 
6.3 volts, 2.0 amperes, furnish heater current to 
the 12.6-volt tubes. 

Assuming 117 vol.ts a.c. input wifh values ap
proximating those shown, the resultant d.c. output 
will be 100 volts. The \ralues shown represent the 
best compromise between d.c. output voltage and 
a.c. ripple. Inasmuch as condensers C2 and Cs 
are not subjected to large peak voltages, a rated 
working voltage of ISO d.c. is safe. No appreciable 
improvement will be realized by using capacitors in 
excess of 40 µf. 

Construction 
As may be see1i from the photographs, the unit's 

foundation is the plug-in base removed from the 
dynamotor which orig inally powered the command 
set receiver. These bases (model D-32) may be 
purchased separately at some surplus outlets. If 
not procurable locally, one may fa.bricate a base 
plate from sheet aluminum and a modified wafer 
socket. 

The top deck consists of an ordinary bakelite 
wall switch plate, obtainable at most "dime" stores. 
It so happens that these plates are the exact size 
of the dynamotor base plate which measures 2~" 
wide by 40" Jong. 

All components arc midget sized and leads con
sequently are short, A 6-32 machine screw through 
~he rectifier eyelet serves to support the top 

Top and bottom view of t he complete selenium reetif ier power supply. Note the "sandwich" type eonstr~e
tion permitting compact desi gn. This su pply uses a single filament transformer, the receiver filaments operating 

at half voltage. 
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deck at one end, while the remaining edge is sup. 
ported by small -bushings. The a.c. lead is brought 
through a rubber grommet mounted on the bottom 
£ront of the base plate. An on-off line cord switch 
is connected in scric8 with one side of tl1e a.c. 
line before its entry into the base plate. 

Guide holes are drilled in both plates and all 
wiring is completed be fore the "sandwich"' is as
sembled. Filter condenser and transformer leads 
should be readied with sol<kring lugs and guided 
into place after assembly. Pans placement and wir
ing is not critical. A good portion of those com
ponents at ground potential arc easily taken care 
of by connections lo the metal base plate. 

Fot those contemplating a higher voltage util 
izing standard voltage doubling circu.its, several 
precautions should be considered. In any voltage 
doubling circuit, two seleniLun rectifiers . will be 
required in addition to an extra filter condenser. 
This condenser must withstand the sum of the 
voltages across the doubling condensers and there
fore should be rated ;it least 250 volts, d.c. work
ing. 

W here space is at a premium, these addc<l com· 
poncnts present a difficult problem. Furthermore, 
~he total cost of a voltage doubling power supply 
employing selenium rectifiers, is almost twice that 
0£ a half.wave circuit. For headphone reception, 

.,.,r 
•.e<f 

Fig. I. Circuit d iagram of 100-volt 100-mo supply. 

C 1-.02 µf paper tubular condenser, -400 volls d.c. 
working (Aerovox.) 

C2, C3-Doublo 40 µI oloctrolylic condenser, I SO volts 
d.c. working, (Pyromid). 

PBS-Plug-in boso, Type D-32. 
Rl-30-ohm V2-wott resistor. (IRC). 
R2-1,000-ohm I-wot! resistor. ( IRC). 
SR- Federol selenium rectifier, 100 mo. 
S-SPST switch. 
T-Replocement type filament tronsformor, 6.l v., 

2.0 amp. 
I-Wall switch pla to (bakelite or composition). 
I-Rubber grommet. 
Miscoll<>neous: Pushbock Wire, Spoghotti Tubing, 6·32 
Hardware, A.C. Line Cord. 

of command receivers, the increase in siinal 
strength at higher plate voltages is very little above 
that at normal rectilied line voltages. 
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Miscellaneous 

ST A Y OUT OF JAIL 
0 I' TRE 1'lANY CONl'ERSl ONS and adaptations to 

which the 274-N command receivers have been 
put, we believe our conversion of a BC-454-B as a 
station monitor to be one of the easiest, most useiul, 
and economical. Every amateur phone station 
should be monitored by its 01icrator when first going 
on the air, and, at least periodically, during an 
evening of QSOs. Even the most e.xpcrienced code 
operator li kes to monitor his send ing at t imes, 
while the beginning c.w. man will probably want 
to, or at least should, monitor continually. T he 
BC-454-B is a natuml for this purpose. About two 
hours of your time and the price of the receiver, 
plus the cost of one open circuit jack, one 20,000-
ohm pot (with switch), one s.p.s.t. (BFO ) switch, 
and one d.p.clt. (B+) switch, are all that's re
quired. It was found that by tuning the recei\·er 
to a t ransmitter sub-harmonic, it could be used 
on 80 through 10. It wi ll usually be found unneces
sary to use any antx:nna on the monitor. \•Vhen 
using the BC-454 on the 80-mcter band, the antenna 
post may be tied directly to the chassis to reduce 
pickup. 
Conversion Procedure 

J{emove all hardware from the adapter panel 
and mount the pot, phone jack, and BFO switch, 

Fig. I. From the front it looks like any other SCR-
27'4N conversion. 

as shown in Fig. I. Ground one side of the pot tv 
the panel and co1111cct the center tap to p;,. 1 on J L· 

Use stranded wire about 4 inches long for these 
panel connections. Wire the phone jack to pi11 4 
on /1 . Ground one side of the BFO switch and 
connect the other side to pin 5 on fi. These con
nect1ons may be soldered directly to the pin tips 
on ft. Solder two wires to the switch on the volume 
control pot and connect to Pius (J and 7 on J t This 
completes the front-end changes, and the adapter 
panel may now be replaced on the front panel. 

Next, remove the bottom cover. Remove the two 
side screws that hold the coil assem6ly in place. 
Pulling out the coil assembly is necessary in order 
to permit working on the rear side of ft. Unsolder 
the two white wires attached to pins 6 and 7 on the 
rear side of /i, and remO\'C completely from the 
set. Remove the small r.f. choke L11 and the audio 
choke Ln. A couple of tic-points are l:iolte"d to the 
chassis fo r mounting the filament-dropping resistor 
in the space vacated by L 15. As we were unable to 
secure iu1y male plugs to fit '3, it was decided to 
remove it and replace with a standard Amphenol 
86-P .MS. Slight reaming of tl1e hole with a pocket 
kniie is necessary to admit the Amphenol plug. All 
leads unsoldere<l from '3 may be removed to their 
nearest point of contact except the long red lead 
from pill 4 on fa. This lead is clipped just long 
enough to reach the point where the short red lead 
is removed. This is the point where the 5100-ohm 
resistor is tied to CIS-C. As may be seen on the 
diagram Fig. 2, the a udio output is broui::ht to pin 
5 on J~. the B+ to pi11 4 on /4, and Phi 3 is 
grounded to the chassis. 

The next step is to rewire the filaments, as 
shown on the diagram, Fig. 2. In rewiring the 
filaments it will be found easiest to start with pin 
7 on the 12SR7 and proceed around the circuit :is 
shown. In thi s rnai111cr the original filament wires 
may be used to lite best advantage. The a.c. wires 
ru nning to the fi lament switch should be a shielded 
twisted pair with the shield g rounded to prevent 
possible hum ind11ctio11 to the receiver. 
Uso o.s o C.W. Monitor 

\\"hen the receiver is being used to moni tor c. w .. 
the output may be connected to a small speaker by 
placing a 4000-ohm-to-voice coil t ransformer be
tween the speaker outpu t on pi11 5 and i'he voice 
coil , as shown on the diagram. A switch must be 
added in series with the transformer to kill the 
speaker when monitoring with the phones. This 
speaker trans former may be mounted on the dyna
rnotor deck or at the speaker. 
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ADAPTER PANEL 

TO PIN *4 ~=n J5 
011 J4 r-

TO J RECEIVER 
._. POWER 

XMITTER = SUPPLY 

~7.n:r 
Ne 1 = 

8+TO 
RECEIVER 
TUBES 

J 4-Amphenol 86-PMS. 
J S-open ckr. jack for phonos. 
PLl-6 v., 250-ma sories pilot light. 
Rl-20K volume confrol . 
R2-250 ohms. 10 w. 

To prevent leaving the filaments turned on by 
mistake when using the monitor, a pilot light must 
be added. The small 3-µfd. condenser mounted on 
the front panel may be moved far enough up to 
make room for a sma ll pilot light. If the pilot light 
is wired in series with the filaments as sliown on 
the diagram, a 250-mil 6-volt bulb should be used. 
The 150-mil bulbs will not stand the current surge 
which occurs when the filaments are first turned on. 
The 250-mil bulbs will last many months and give 
plenty of light for the purpose. Some may prefer 
to use a 110-volt neon pilot light instead. 

As the writer has several of the 274-N receivers 
around the shack used in various manners, the 
output plugs were st<111dardized with tl1e Amphenol 
8-pin plugs. The wires shown by the dotted lines 

SW l-b.f.o. cont rol switch, 
SW2-filament switch (on RI ). 
SW3-d.p.d.t. monitor B+ switch (~ee text). 
Tl~utput transformer in monitor. 
T2-<pco~er trons. (SOL6-to v.c. trons.) 

were incorporated lo permit turning on the receiver 
B sup11ly witl1 the filament switch when individual 
power supplies are used on the various receivers. 
It wa~ shown here with the thought in mind that 
some operators lllight prefer to use a small power 
supply for the monitor, or it may be utili zed to 
control the transmitter filament relay from the 
operating desk, as we arc using it here. 

T he B+ for the monitor is taken Trom the 
station communications receiver B supply, as shown 
by the diagram. The other half of t11e d.p.d.t. switch 
is used to cont rol the transmitter high voltage 
relay. T hus the station receiver is killed and the 
lllOnitor and transmitter are turned on with one 
switch. This switch may be located at any spot 
handy to the operating pos ition. 

BC ON MILITARY SETS 
Il-lO,_, 

LI 

.0 1 

TO AHl(trCNA 
l CRMINAL ON RX 

SO lo IOO't 

Although a 6C4 is shown, any triode or l riode· 
connected tube will function as well. The converter 
opera tes by mixing the incoming sig-nals wi th a 
crystal-oscillator frequency, Lhus producing a hi~h 
frequency resultan t in the plate circuil which is fed 
into the antenna terlllina ls of the rece iver. Instead 
of using a fixed i-f system, and tuning with the local 
oscillator and mixer grid c ircuits as is normally 
done. this converter frequency is fixed and the inter
mediate freq uency is s hifted. 1 t was found that the 

broadcast _sign.a ls, being relatively strong. required 
no tuned circuits to produce the desired results , thus 
olTering an arranjlement having no adjustable con
trols. All tuning is accomplished with the receiver's 
own tuning controls. 

T he system operates a s follows: Suppose the 
desired broadcast-hand s tation is opera! ing on 1000 
kc, and that a 3500 kc crystal is available. The 
receiver should then be tuned to 1000 plus 3500 or 
4500 kc; or, it could be tuned to 3500 mi nu~ 1000 or 
2500 kc: or, using the scco11d harmonic of the crysta l 
the receiver could be tuned to 2000 plus 3500 or 
5500 kc. 

Rel iable broadcast-band reception is possible up 
into the 20-metcr band with 80-meter crystnls in the 
converter. 

Wide variations from the specified values can be 
introduced wilh little noticeable difference, as long 
as the converter is maintained in oscillation. 

The coil s hown as LI and L2 may be an r-f 
choke with a secondary of about 20 turns between 
two of the pies, or a n old i-f transformer can be used 
with the tuning condensers removed. Almost any 
type or coil seemed to work as long as the crysta l 
will oscillate. 
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