
C H A PTE R E I G HTE E N 

Ca:r:rie:r=CUlr:ren t Comm u nica tion 

W AItTIME restr ictions on radio com­
munication have led many amateurs into the 
experimental investig3.tion of non-radio meth­
ods of communication. A number of such 
methods have been explored - including in­
duction-field, ground-current, light-bcnm alld 
Eupersonic transmission - but the only one to 
nchieve wide!lpread use is earrier-currcnt (wired­
wiretc!lII) tmnsmission. H undreds of individuals 
in vario us sect ions of thl! country now arc 
engaged in experimental conununicntion using 
this method. 

Al though carrier-curren t com m unieR tio n sye­
t.cms have been in use fo r many years by tele­
phone and power comp!miCij, the subject is IL 

relatively new one to radio nrnnteurs. For this 
reason, it seems appropris.t.e to preface this 
chnpter with a brief resume of the principles 
involved, the results which may be rell80nably 
expected, and the difficul ties which may be 
encountered, 

(l Carrier-Current Funda mentals 
Essentially, carrier-currcnt comm unication 

is similar to radio com munication. T he process 
is Olle of impressing modulation, either in the 
form of voice or the telegraph code, on a 
radio-freq uency carrier (§ 4_ 1; § 5-1 ) and then 
demodulating the carrier at the receiving 
end. The only different'e is in the medium by 
which the rJ. carrier wave is transported. 

Since most Ilmateurs Ilrc familiar with the 
feeders or t ranllmission lilles commonly used 
to feed antennas, t he basic principles of the 
carricr-current system call be explaincd by 
SHying siml)ly that it is communication by 
means of feede r wi res or transmission lillCll. 
R.f. energy is fed into the transmission line 
by a t ransmitter at the sending station, and 
is delivered to II. receiver (instead of a n a n­
tenna) coupled to the disttlnt end of the line. 
For communication by t hie method the trans­
mission line ill, therefore, 8 prereqnisite. 

While telephonc companies, which use the 
cftrrier system to carry several COnvel'llations 
simultaneously over a single conductor for 
long-dis tance circuits, employ lines especially 
des igncd for the pnrpose, the electric power 
companies have very successful systems oper­
ati ng over the same high-tension lines by 
which power is distributed from cenlral gcncr­
tiling plants. Thi! letlds to the thought of using 
the su mc lincs which s lLJlply elcct-ri c power to 
our homes n ~ the trulIsmiSl! ion lines rcquire r! 
fo r cnrrier-currcnt commlillication, sillce all 
homcs within II wide area u6lmll.v /lTC couplcd to 
t.he same pol\'er system in one way or Illlother. 

~'re'l'lfm ci"" - A balanced feeder system 
r ndiates very little ellergy compared with t he 
radiation from an antenna at the high fre­
quencies normally assigned for amateur use in 
I>cacetime. Nevertheless, even It well-balanced 
twa.wire line will radinte more energy tit the~c 
fre quenciCll than is permitted u nder wartime 
restrictions. Since radilltion from II. given 
conductor decreases as the frequency is low­
ered, most carrier-current systems operate at 
frcquellcies lower than 200 kc. 

From the private eX I>crimenter's poin t of 
view, there is an even lIlore important reason 
for using low frequencies. Power li nes feeding 
the average hOllle o.rdinarily are extremely poor 
trll nsmission lines for high.frequency currents. 
Not only are these lilies shunted by very low 
impedances in the house itself - la m])" heat­
ers, b.c. reccivers, motol'll anrl other appliances 
which consume r.r. energy - but the lines, 
once outside the house, 1).re in terrupted by 
transformers whose high capacities shllnt much 
of the rem9.ining ellergy to ground. For these 
rea.sons it may be said t hat, in generlll, the 
lower the frequency the better the performa nce 
fo r carrier-current work . 

There are other considcm t ions which limit 
t he advisftble extent to which t he freqno ncy 
may be lowered for pll rj>Ol!Cll o f private com­
m unication, however. It happens that the 
public uti lities operating carrier circuits make 
use of the frequenciee bclow 160 kc. Since 
individuals wil1 not want to run the r isk of 
ere!~ting in terfcrence with vital services, the 
very low frequencies are to be avoided. An­
other reason for giving preference to somewhat 
higher frequcncies is that thei r use reduces, to 
a certain extent, the very real problem of 
supplying the large value~ of indnctance and 
Cflpacity required for oscillator tank circuits. 
Frequencies of 160 to 200 kc. 9.re sufficiently 
low fo r rClI..8onably successrul work a nd avoid 
the range commonly used by public-uUli tics 
systems. 

Opera ting rest .. ic; t ; OI ' $ - Although no Fed­
eral license is requi red for the operation of 
cn rrier-current eq uipment, there are two re­
strictions whieh must be observed. T he fi rst 
of these is the FCC regulation (Sec. 2. 102) 
which limits the radiClliOIl field strength to 1\ 

value of 15 microvolts per meter at a dis tnuce 
in feet of 157,000//.,., where!.,. is the frequency 
in kilocyeles . At 9. frequc ncy of 150 kc., fo r 
cxample, the rndilltion fie ld strength should 
not exceed 15 microvoltll at a distance of 
157,000/ 150 or 1046 feet from any p.ower li ne 
which mny beC:lrrying r.f. from the transmitter. 
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The second restriction is one imj>osed in 
certll in regions by miJitllry nuthorities, in the 
form of public proxbmntions prohibiting the 
use of (IllY eq\li j)ment capable of being em­
ployed for communication within specified 
restricted zones. These zones are designated 
by notices posted at e ... cry loca l selective 
service board office, post office, court house o r 
Law n hall within each restricted zone. Where 
such n militAry order is in effect, it means that 
carrie r-current commullicat ion (as well :l-'1 

any o ther kind) is specifically prohibited in 
the area. 

As might be expected, the noise level of most 
domestic power lines is mthe r high. T o over­
come thia d ifliculty, the use of high tmnsmitter 
power might seem desirable. However, because 
of the Icgnl limitntion on radiation field 
strength previously m~ntioned and the fuct 
that harmonic output must be kept low to 
I)revent inte rferenre with broadC[l.$t reception, 
the usc of trnnsmitter power inputs exeeeding 
50 watts or 80 is seldom advisnble. 

/t,m gcs - Since pcrformnnce depends so 
largely UI)On liM conditions, it is iml)ossible 
to prediC:l with !lny degree of accuracy the 
distance range which m:ly be expected with 
nmateu r carricr-current installntions. I n gen­
cral, grenter d is tnnces can be covered in TUrnl 
d istricts, where OJ)(ln~w ire lines a re more oftell 
employed, distribution trans formcrs are less 
frequent , and loading is less along the line. In 
the citielJ ranges us uully will be less, beeause 
much of the wiring is carried in grounded 
cOllduit and t he distances between loading 
poinls are short . Ho ..... ever, the city dweller 
has an advantnge in that usually he does not 
need to co\'er as great a dis tance to find some­
one with whom to comm unicate, because of 
the grenter density of po pulalion. With trans­
nlitter power inputs of 25 wa t ts or le.;;s, dis­
tances up to five miles o ften ure reported in 
metropolitan arens. Rural st ll.tions frequently 
are able to increase their rllnges t.o ten miles or 
more. It s hould be remembered thnt, to cover 
a n air-line dis tance of three or four mile>; be­
tween tnlllsmi t ti ng a nd receiving statio n,>, the 
lI ignal may hllve to t rnvel a considerllhly 
grenter distan ce in following the power lines . 

The fnct th:lt two stat.ions mny receive 
power from diffe rent distribution systems does 
not necel!Jlarily mean that communicHtion is 
impossible, since there is evidence that the 
sigllnl m!IY be t rnnaferred fr om one line to 
another by induct ion provided the two lines 
run close together at some point. 

TI!e useful range usually is greater in the 
daytime than at night because line loading is 
less during the dllY. Fo r the same re:l8on, the 
Iloise level is lower in the dnytime a nd during 
the Int.e houf3 at night than it is in the middle 
of the evening. 

While both telegraphic and voice com­
mlllliclI lion have heen Cllrried on s uccessfully , 
tetegmphy will curry be~tcr through noise and 
more advantage nl:ly be taken of the noise-
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reduelng properties o f a scl~ctive receiver. A 
high percentage of modulutio ll is ndvisnblc fo r 
'phone work. 
C~l / j" lI ,. , ,, .. ,,·, I - T he beat r. .... t . lap fur 

anyone intere;lted in getting alurled in carrier­
eurre llt work IS to (jlld someone not too distnl! t 
from his location to work with him . Watch 
the pngcs of QST'. "Experimenter's Section" 
for the Ilames of other interested persons ill the 
com munity. Ha ... ing locnted nnother en tlmsi­
n.st, one can build the transmitter while the 
other takes on the job of maki ng t he receiver 
or conve rter . If the receiver is so des igned that 
it may be operated in u. car, 80 much the better , 
si nce it will then be possible to for m a. good 
idea of where and how far the s ignnl i~ trnveling 
by following ]lOwcr line". Tests a lso can be 
made Rt a distance to de te rmine the efTectl> of 
!!xperimentr.1 lld jllstmentl! at t he trnlls mi tter. 
Such tes ts elimi nnte !lluch of the guesswork o r­
din:nily connected with lin CXJ>crimentll.l ear­
rier-(:u rTent sYl> te m. 

«l Station Equipment 
E xcept for the anl(,lllla, the l\ppnrlltus re­

quired for carrier current consists of the Slime 
unit.~ !l.8 used in radio conl nlunicl\tioll - trlln ~~ 
mitter, r~cci ver, power SU I)plie!l, lI'1odulator 
(if lI ~ed) and microphone or key. The appara­
tus mlly consist. or Ilnythi ng from 11 simple 
self-excited 03cillntor fo r the trnnsmitter a nd 

Fi,l. 180 / - A 2S·wall 6 ,"6 IU"8 rni ll ~r {or ... ired wi .~ . 
100$'" Sine", Y •• i. lJI~ cond~"k ... l .. r~e ~"o" .h 10 ,iv".uffi. 
ei"", r'e' I""""Y cI:.",,, .II." ,Iinic"h 10 ken." "u le8. 
1>".-.. 11,, 1,,<1 h.c • • ~c",i.·er '~" '5 ar~ ,_ .1, .. la l'I"',1 coil i~ 
"sed ( 0<" tun;n ,. Ci. c"il di .. , •• ", i. , b .. "". ;n "'1' 18Oc1. 
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ll. regenerative receiver (if c.w. alo~c is .used) 
to a modulntcd m.o.p.a.-type rIg wIth a 
BupcrhclerodYllc receiver or a converter work­
ing into n communicn.tions. or broadcnst r~­
ceiver which is used as the I.r. and n..f. amph­
fie r. Representati ve exnmples of the ki!lds of 
equipment commonly used Rrc shown HI the 
photographs and diagrams which appear 
throughout this chapter. 

C /I Cr.kjll g !r,u /u ", ,"CY - The frequency of 
the tmnslnittcr may be checked by picking UI' 
harmonics on n near-by broad cast receiver. 
For CXBmple, when the trn.n~rnitt.cr is tuned to 
150 kc. the fourth hurmonic will be heard o.t 600 
kc., the fifth harmonic at 750 kc., the sixth 
hnrmo nic at VOO kc., etc. The number of kilo­
cycles between lilly consecutive pair of har­
monics will give the transmitter freqm:ney. If 
harmonics are separated more than 200 kc. 
the tnUlllmitter frequen cy is too high, while 
n sep:ufttion of IcSll thll.lI 150 kc. will indicate 
that the trnn!lmitter frequeocy is too low. 
Frequencies of 150 ke. and 200 ke. arc moo} 
lIuitable for chcl.!king in this manner, since 
their hnrmonics fall in broadClLS ting-lSt.ation 
I.!hnllnelll where the beats with tbe broad­
I.!lL8 t signll l ~ Rre eRsily spotted. 

It is advisable to move the transmitter fre­
quency to a setting such that the harmonics 
flill between brOlldcast channel~ a nd, in p:IT­
ticular, well II.WIIY from the frequenc ies used 
by local IItfl tionll, to avoid interference with 
nei!;hboring listeneM!. 

eo"llfin g (0 /i"e- Various methods of 
coupling the output of t he transmitter to the 
power line ffi :l.y be used, as show n in Fig. 1802. 
I n these circuits, Ct serves a dual pUrJ)06C as 
both bloc king and tuning condenser for the line 
ci rcuit. The value to be used depends to a 
considernble extent 011 the line constants, and 
should be determi ned experi mentnlly. III prac­
tice, it has been found t h:l.t the capacity re­
qui red varies from about 0.01 ,..fd. to as much 
as 0,05 ,..fd. The condenser ulled must be ca-

(B) 

II.EtErv[1I. 

(A) 

(B) 
Fi~. 1803 - MelI'OOlOr COUplinl the receiver 10 .he li"e. 

pa blc of withstanding the line voltage. Tire 
coupling coil, LL, should be of sullicicnt ,;ize to 
provide the nCl.!cssary coupling to the fill:.! 
tank ci rcuit. It is advisable to stnrL out with a 
fairly huge coil, wound over the finlll tank coil 
and lApped every few turns 80 that the loading 
can be adjusted. 

While it is possible to work without the usc 
of lond-isolating filters if the necessllTy mnterial 
ill not a v:lilable for their construction, a con­
siderable improve ment ill over-nil efllcienl.!Y 
C.LII be obt!.ined by their lise, si llce n large 
J)Crcen tage of the tot.al I>ower loss may be 
attributed to the hou!lC 10lH1. It can he SIlcn 
from diagrnffis C and D , Fig. 1802, thllt the 
purpoOse of the filters is to prevent the f1ldio­
frequency power fro m being eXllCnded in the 
shu lit load norffinlly I.!onnected to the hou,;e 
side of the meter. 

It s hould be borne in milld thl\t the in­
dUl.!tllt\ce coils in the isolating filters mWlt Imve 
s uflirient current-cnrry ing: ca.paci ty for the to­
tal connected load without causing any serious 
1088 of voltage a t the line frequency. C1 docs not 
have 1.0 withstand any considernble voltage 

but must have the 
proper capl\city to tune 
the coil, L~, to the op­
e rating frequcncy. As 
in the case of the tank 
circuit, II. wide rnrlge of 
v"lues may be used, If 
a O.OO.s-,..fd. mica con­
denser is used for Ct , a 
coil which will resonate 
at approxi mately 150 
kc. may be wound with 
70 turns o f No. 14 
enameled wireona3 ,!1-
inch form. The voltage 
drop ill such a coil 
s hould be negligible 
under normal house­
wiring loads. 

~'i •. IS02 - ,'.1 " ,]",.18 of eouplin l the car';e' -COl ... e"t transm itter to Ihe 1>O",·e. li"c. 

Where the stroot side 
of the meter ill accessi­
ble tbe t.rans mitter 
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mny be coupled to the line on thnt 
side, thereby :l.voiding the neces· 
sity for feeding r.L through the 
mcter. 

Suggested methods for coupli ng 
the receiver to the power line nre 
shown in Fig. 1803. 

fl. Tran smiHer Construction 
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lltor , f. >,· 61.6 ' ra ll ll",itLer - A 
cnrrier·cl; rrent t ransmit ter of the 
silllplCllt type is pictured in fig. 
1SO L The circuit, show n in Fig. 
1804, is the conventional scrics·fed 
lI artl ... y. The t:l.lIk condcnscr, 
(.'1(.'2, consist!! of two O.OQG.-~fd . 
lIlica cond ellsers connected in 
!!eries (to dt:t'reI\SC the pOll/lihili ty of 

Fi_. 1811,'; - M .I).p.a .. ln"" curier ... "rr. nI Ira n.",illtr. T un. miller. 
mod ulalor and 1>O"'<:r . "I'ply aT., On One ch.""is . a rr." ,ed ro r renoole 
conl rol from the o,,,,, .. li ,, . pOAil ion.The fin a l l a n k cl)il and Ut"i" ~ con· 
de""", are a' r i,h l . C irclIil di""am,a'e t ho"'n in . ' i". 1806 .ud 1807. 

brenkdown). Fre(lIlency IL nd excitation are ad· 
ju~tcd by sclection of the proper tups on the coil. 
The outl)ut or" nn tel1 rltl " coupli ng is nd just(ld 
by the propcr selection of the condenscrs iu 
seriCii wi th the coupling coil, L2. 

The inductance is wou nd on II. Qunker Ont!! 
curton, which is n ool1venient source for 3* 
inch diameter cardboard tubing. After the 
contents hnvc been removed and the box cut 
down to R length of about 4 ~ inches, thc 
card hoard should be given a coat or two of 
shellac. Then SO turns of No. IS ennmeled wire 
mu~t be wound on, 1\.11 t ightly u.s pO:!8ible. Taps 
lire Illade at e\'ery 5th turn , making a l·in('h 
1001) of wire at each tap and twisting it tightly 
for scveral turns 80 that t he loop will not pull 
apart u t he rest of t he coil is wou nd. When the 
coil is finished ~he loops should be scraped bare 
of insulation, using a knife or fine sandpaper. 
As 1\ fi nishing touch, spot!! of Duco cement 
nlay be RIJplied to secure the twisted JlOr t ions 
in place. 

The framewo rk used to support t he coil and 
other CompQllents i~ mllde of ,!4·i nch plywood, 
exce pt for t he two corncr strips at the top, 
which a re of 7S.inch square stock, and the two 

L, 6l6G 

r C' 
L. c. 

." 
c, 

c. cff c, ro ..... ,{lIt 

M 

1 nov. UNC 

1I".t'~ .- - " 
Fi4. J804 - CircII,t of ' he 25· ..... 11 61.6 t .. ".lIIiller. 
C., C, - 0.006."r.t. m ica, :!SOO volu. 
C~, c. - O.I."r.I. p. per, 600 " 011 •. 
e. - IOO.,."M. n''''a. e.. c, - O.OS.,. rd. I'.per, 600 " 011,. 
n, - 5O.000-oh ....... ir.,· .. ·oontl. 10 ...... 1t. 
IU ' e - 80'0110 . r.t. cl",kc (MeiMncr 19-2709). 
L, - 80 h.n" No. 18e .. clo..e.wou"d on 3j.S.inch d ia meter 

forn' , l apped ""er r Sih lu." . 
14 - 4 \o>rn. No. 18 r"bber..,.,vered ... ire, woood o .. er 

the ccuter of {. ,. 

I X 2·inch oot tom strips. The whole nssembl y 
is held together by brads and glue. T he box 
is IIlllde just wide enough to a llow the coil to 
be forced in, the pressure of the sides then 
ser ving to hold the coil fi rmly in place. The box 
mensures 6Ji inclH:8 high, 531 inches 101lg, Il nd 
4 31 inch~ deep. 

The tube socket is sub mountcd in a hole in 
the cent er of the top of the frnmework. T he 
t ank condensers, C, and C2• are faste ned under· 
neath by screws. The grid choke, RYC, is 
!I'\Ipported on a }i·inch pillar attached to the 
renr screw holding the socket. The coupling 
oondelll!ers, C., Ct and CT, are supported on 
lugs under the heads of screws which serve a lso 
for coupling taps at the rear of the box. Flexible 
leads fro m the coil a re fastened to the terminals 
of the tl~nk condensers. 

When cOlllpleted, the trans mitter should be 
hooked up to a power supply delivering 350 or 
400 volLs at 100 rna. A meter and key should be 
con nected in the positive high.voltage lead, u.s 
shown in Fig. 180<1. While there may be some 
objection to placing the key in t he positi ve 
lead , there is a measure of safety in the fac t 
that, as long u.s the operator's hand is off the 
key (as it would be when making adjus t ments) 
there is 110 chnnce for shock when !~djusting 
the coil taps. Care must be exercised, of course, 
and it is recommended thl~t a ll tuning adjust· 
ments be mnde with one hand in the pocket. 

Initia l tuning·up sho\.ld bc done without thc 
oscillator COtl l)led to the line. Set the clips so 
tha t there are 60 tl1 rns betwccn grid and 
plnte, and attach the cllthode Lap !~t 25 turns 
fcolll the grid cnd. Press the key and read the 
plnte current; thcn try again with t he cathode 
tap on either aide of the first po.~itio n. T he 
sctting of the cathode till> which gives the 
lowest plat~current rending is the olle to uS('. 
With a. 35C}..volt supply, the no-- Ioad plate 
current should run around 25 or 30 rna. 

The ncxtstcp is to connect the output circuit 
to the line. Set the coupling clip SO t hat neither 
C. nor C, is being shorted (the condition of 
loosest COUI)lin!!:). T he plate cu rrent under 10l\d 
should inereu.se to 30 or 40 rna., depending 
upon t lte frC(luency of the tmllsmitter. 
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c, 

Fi ... 1806 - Ci...,IIi, di.",,", of Ih~ muu.-.:illuo. I''' .. -e ..... mpli/i ... wire<I .... ,ir,.l""" """.mill"' , 
C, - 0.002.,, (,1. ,o ica. e" - 35O· .... r.l. vaei""',,. L, - 160 '".". No. ~II c. " " I H· 
(4 - 35O ... ftl. vui.hle. C ••. C, . _ T he"," cond"" ",," C<>He- indo (orl11 , '''l'pe.1 SO Il> 1" ," 
C4 - SOO ... ~d. mica. 61><'nd 10 C. i n Fi,. 1802. from I.ot.lorn . . 
Co to Ct. inc. _ 0.1 ... (t!. l>'l11e'. 600 C:o _ 0.002 ... (,1. mica. 1000 volu. 14 - 90~ 1Urll~ No. 22 e. on 3.",,,h 

vol,-_ . _ Il , - 0.1 ""'Iohm, 1'''",,11. La - 90 '7"~~';" No. 22 c. 00 .... me 
C,o - O.OO2."fd . n"U. 2500 ,·"Iu. 110 - 50,000 oh m •• I ..... " . form at L." h.lf urI. . ide 
ell, C,z -350· .... (.1. uri."'". n~ - 300 01.",". t .... u . . of 1." • 
Cll - O.OO2-.. rd. mit •. 2500 voh .. R. - 50,000 oh m •• 1,"'.lt. Lo _ 80 luml No. 18 e. on 3 ).S.;,,,;.b 
c .. - O.I'I'M. P"P"', 600 voll.. I! ~ - 20.000 ohm .. l .w.u . form. ul'I>eli U cenT c •. 
C" - 0.002 ... r,1. miu. 1000 wolu. R. - lOO ohm .. IO_w.n. '-' _ See """l ion on """I,I;nl. 
C'6-0.002."r,l. mica. 5000 volu. R. - 15.000 ohm!. 1O ... ·.n. nrc - 3O.mh.choke. 

The qUHlity of the nute C,III be checked by 
listening to I\. ho.rmonie \\' ith the communiell­
Lions recciver set to its lowest freque ncy range. 
As the coupling is increased the note will 
become rough or II YOOI)Y ", indicating that the 
coupling is too tight or that the cathode 
tap nccdll adjustment. The note will roughen 
up before it chirps; the roughnel!-8 can be 
tolerated, hut the chirp makes copying difficult. 

Be careful when making adjustmenu ­
you will have deliberately hooked onto the 
I I5-volt line, and you can get a good shock 
From it! 
"f .U." .I' . trall$mi H e r - The photograph of 

Fig. 1805 illust rates a typical transmitter of 
the m.o.p.a. type. The circuit diagram appears 
in Fig. 1806. The tube line-up cons ists of /I. 

6C5 Ha rtley oscillator, 6SK7 buffer, a nd push­
pull 802 final amplifier. I n addition to the r.f. 
circuits, the chassis also includes a p[lI.te-aild­
screen modulator for 'phone work, and a power 
9ulJply. The wiring diagram of the modull\tor 
unit is sho wn in Fig. 1807. 

Thi! trAnsmitter opernlell at an input of 
abollt 20 watts, \\·ith n fina l plate current of 

"-'8. J8Q1 - Circuit tliaf . am o hbc modulu_ 
Or u ... ,1 " 'i tl, the "'.o.r.a. c.c. lun. m 'lIu. 
C, - lO·"rtl. decl rolyti.:, 25 vol ... 
C, - 8 ... rtl. d..., tml .• ·t;c. 4.'>0 

wnh • . 
C4 - IO.~{d . d~ctroIY li c. 50 

volt • . 
It, - O.5·me, .. hm volume 

con trol. 
n , - 1000 olo ",~. I .wa ll . 
II~ - 12:; ohms. IO ... ·~ u . 
T , - Si",lc-I .. ",oll ",k .o"I· ...... "'_' ... _o;rid 

I •• ndorn' er . 
T. - 1 " terUa ~e . ", Ii.., Irall . former. 
T, - .... od.,I.lioo I •• "sfor,"~r. 5O()(l oh",~ 

plate.to.plate to lOOO-ol"o l<>ad . 

70 rna. and screen current of 30 rna. It is, 
however, capable of handling higher powcr 
wil.h increased final-amplifier plate and screen 
voltage8. 

Almost a ny combinlltion of tubclS could be 
used in a similar arrangement. Triodes will 
require neutrali7-ing ci rcuitll, of course. 

CQ,nb;""t;m. t r n"" m;II.('r- rcce; l.-er - In 
Fig. 1808 is show n the circuit diagn~m of Il c.c . 
transmitter-receiver. The receiver consists of a 
6SJ7 regenerative detector and a singlc-IItllge 
audio amplifier with Il 6C5, pre~ded hy an 
untuned s tage of r.r. using a 8(!rond 6SJ7 with. 
the hot side of the power line tied directly 
to the grid. The detector is quite conventiona!' 
ft., is the regeneration control. The receiver 
coillS, Lt , L2 and La, I\re scrnmble-wound with 
No. 32 enameled wire, 011 a piece of cardbonrd 
~lIbing about one and One-half inches in diame­
ter. The secondary, L2 , should be wound on 
first and covered with a layer of fri ction tnpe. 
The primary, Lt, is then wound close to the 
grid end of L t , and the tickler, l-J, dose to the 
ground end. Finally, the enti re coil should 
be given another covering of Friction tal>C. 

." 
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Fi,. /8tJ8 -Circn;1 aia. 
~r .. m for .. combintd l un~· 
mill~r.re<: .. i¥tr ( .... "a .. itr. 
""",,'" cornmllninlin". 
CI -1oo·""fd. uriDbl~ . 
Co. C •. c. - 0.0 1 ,,(,,-

- 25O.""f,1. ",ic ~ . 
C. - 0.2 ~,,(,I. 
C,. C. - 5oo."" f<l . mica. 
C. - O.I,,(d. 
Cln. CII - 0.002 ,, (d. 
C'I- 0.006 ,, (d. 
C,' - 25O.""fd. mic •. e: " - 0.1 ,,(,\. 
C,~ C .. - 8"fd .• 45Ovol\ll.. 
11 , - 1000 "h",~. I·"all. 
11,. 11 •• 110 - 5O.000ohon~. 

\.wa ll. 
11 . - 2 IIIcifOlnn ... ].i .... a " . 
lIT - SO.(l(l(k,hm .... ri.bl ... 
It. - 0.25 Dle~"h"" ).i • 

.. a U . 
11.-0.1 mes"hm, ].i . 

.... 11 . 
I t.o - 2~ohm •• I . '''.II. 
HII - 15.000<>lI01 .. I .... all . 
H Fe - 25 ",h. I" 80 ",b. 
S, - S. I,.d.I. lo" leawiu·h. " 
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So- S. p.S.I. Ionic . .. il~h . LI -7S I" .... N". 32 e. , I M ·in"b diameler; Ie(! t<:X l . 
1' - I'" ... er !rand .... n,er : 350-0- :\50. ;; a nd 6.:\ vol". L. - 150 'nr". N". 18 e., 2"'· ind, ,Ii . meier , U III",.I &I 
1., - 100 Inrnl No. 32 e., I H· inch d i. meler; &e .. l e ~ l . 50 I ... " . frolll , r id end. 
La - 300 IlIrnl 1.10.32 e., I ~i·i "ch , Ii . ",el <:r ; He lUI . ".. - 15· '" :IO.henry fill ... eh,,!.; c. 
The ,r .... ,nd oonneetioni which .re . b",,,·n in Ihedi. ~r .. '" indicalc .,.,"" ...:1 ...... 10 the " b .... i, .... d not to ICI" .. I ea rlh. 

The tran:<mitter is a regulation Hartley 
06cillntor u~ing a IlL6G. With the plate 
voltage available the inllut runs about 12 
watts. T he note should be crystal d.c. 

The power supply is common to both the 
reccivcr and t.mru. mitter, the receiver acting as 
a blccdcr for thc supply. 

All condensers Ilre of the tu bul llT type except 
the transmitter tank condenser, the grid con· 
densers, and the vari!l.ble used for detector tun­
illg. The latter is a t",'o-section gnllg condenser 
of 365 $<$<fd. capacity per section, wit h both 
sections in parallel. H the system shown in the 
circuit diagram is used, all ground con nections 
shown mus t be made to the chMlli, and not I.Q 

actual ground; otherwise, the key will short-­
circuit the line. T he chl\Slj.is must not be 
grounded. If it is dell ired t.o ground the chassis 
for safety, placc C14 betll'cen the Ilrlll of Si and 
the ungrounded sidc of the line. The cha""is 
IlIny t hen be grounded a nd the drl1lger of 
shock or short-circuit removcd. A 25-mh. to 
8O-mh. r.f. choke in~ertcd het"'een the key and 
L. will improve the keying. A O. I -~rd. by-p.um 
condenser should then be piaN:d acrO&ll the key. 

Cl. Re ceiver Constructio n 
Receivers for frequcncies below 550 kc. rue 

not readily available under WArtime conditions. 
Howc ver, almost any superheterodyne re­
ceiver cnn be converted to opcrate 011 150 kc. 
by making si mple changes in the oscillator and 
tuned circuits. 

While the circuits used in ~ uperhcterodynes 
vary considerably from olle model to anothcr, a 
typical nrra.ngcment is that shown in Fig. ISO!). 
Thc oscillator circuit, before ncee&llll.ry changes 
nre mnde, is shown at A, whilc U is the reviliCd 

circuit. Ct is the 5eries tracki ng condenser in 
the oscilbtor circuit ; this condenser is re­
movcd and cOllllccted in parallel with C .. the 
oscil lato r tuning condenser. Fig. 1SO!J-B shows 
the rndio-fre<luency cirCllit. LJ and L2 nre re­
moved and the coils shown in B ure con nected 
in plnee of tho~ rc moved. T he dimensions of 
the coils nre given ill the druwing. Coil Lt hM 
approximately 300 turns II.nd LJ approximutcly 
25 turns. Both coils may be boiled in wax . 
After cooling, they should be wrapl>Cd .... ith 
cotton tape so they will hold their for m. 

(A) 

(c) 

Fi,. 1809 -Circ"il ch.n8U required fO<' c""ver li,, ~ .. 
b.c .• ul"'rhete ... ,r )·n£ r eceiYer f"r Ol,,-ralim. ill ' he ISO-
160 kc. rCJ i<>n. A, " .... ", .1 O&ci ll~lor cire" ir; B. rc .. ,..,.1 
O&cill~I O<' d n :ui l : C, n .... ", . l r.f. circuil (""xer '"pu l ); 
D, rc,·i ... d r . f. circuil. 5100'''in ~ "roN· .... Cl ion o f coi l r"r 
'u" in . 10 ISO kc. See lut for f"rllo .. r d""""" I.;"'''. 
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Fi,. I8IO -Tol' vicw of th" , ullC.hc:lcrodync: ca"'e" 
cumn! c<>nwcn c' . NOI~ ,h" .dj"~ l inJ K ' c:W ror the: 
OU l put lauk coud",,",. c.. in ftOOI of tb e: 6SA7 l ube. 

T he simpler regcnerntivc-dctector receivers 
have aho been Ullcd succe8l:Ifully for carrier­
current work. The ba.sic circuit of the simple 
rcgcuera tive receiver described in Chapter 
Eleven (Figs. 1101- 1105) may be used with 
the provision of suita.ble coils and tuning COII­

densers. Using n broadcnst-ty!>e 365-"l'fcl. 
variable condenser ro. Cit LI may be 120 turns 
of No. 32 enameled wire wound on a. 3-inch 
diameter form and L,. about 20 tum!> on the 
same form a.s L I • 

The three-tube widp-range general-coverage 
and bandspread superheterody ne receiver de­
scribed in the same chapter (Figs. 1111- 1119) 
also is suitable for carrier-eurrent use when the 
low-frequency coils (range A) a re plugged in. 

A S uperhet Gallce .. ' c r - A si mple su per­
heterodyne converter for carrier-current work 
is shown in Figs. 1810 and 1812. 

The circuit of the converter , shown in Fig. 
18 11 , ill quite conventional. It consists of a 
68A7 mixcr tube with the output on 1950 kc. , 
so thnt it can bc hooked into any communica­
tions receivcr whicll will tunc to 1950 kc. The 
grid ('ircuit tunes the r!lnge 150 to 200 ke. and, 
in order to give the output frequen cy of 1950 
kc., the oscillator tunes from 1800 to 1750 kc. 
The oscillator could also be made to tune fro m 
2100 to 2150 kc., but by using the former 
mnge it can be checked on a commu nications 
receiver which covers only t he amateur bands. 

The eOllVerter is built on a 7 X 7 X 2-inch 
ehassi~. The tuning condensers, CI and C" are 
bolted to the chns.'Iis in a p08ition such as to 
allow the pnnel to be supported by their panel 
bushings. The toggle switch and the screw 

"O'.' . ~ . 

F'8. J81l - Wirin~ dia,ram of the e.4l. to" .... rler-~ 

I C,-IOO.~ ... r,1. ... riMble (ll.n"".rl""d MC. IOO-S). 
Ct. ~-260·~ ... fd. trimmer (Haw,",ulund CTS. I 60)~ 
CI-20.~ .. rd. v. ri.ble (U .m", .. lund M e.20.S). 
c. _ 3~· ..... rd. n,ic. trimmer (Ihmmarlund CTS-2.30)_ 
C. - 5O.~ .. fd. mi.,... 
C. -0.1 .. fd . p aper, 400 '0'01 .. . 
C.-O.Ol .. fd. paper, 600 vol .. . 
C.-O.l .... fd. paper. 600 "01 .. . 

C,\)" ClI - 8 ... rd. electroly tic, 450 '0'01 ... 
R, - 20,000 ohm .. ~.wall . 
It, - 20.000 ohm •• l·watt. 
5,-D.p.u. louie . wi' ch . 
TI-Power n a"sforn,cr. 240.0·240 "oIu, 

each . ide of cenler·tap, 6.3·. "d 5. 
volt fil. ,"~nt wind in" (TI' o<<I&r ... " 
T.13 R19). 

L - 8 benr ),,, 40 m •. (ThordaT1On T.13C26). 
LI -175·l<c. i. f. trandorm~ •• epl.cen,ent 

windi"l (C.rron 5735). Anlenna 
windin, i. 11 h.rn. o f No. 32 d .... c. 
wir~ wound o"er L,. 

I.e - 43 In''' " No. 32 d.l.e .• e!.oee·wound on, 
l.inch di.mete<- lorm. Ca lhod~ tap 
at SIb tnr" trom FOUnd end. 

14 - 50 lurnl No. 32 d ... e. , dc_.wound "" 
I.inch dia me ler form. Ou tput coil 

. i . 14 turna o f No. 32 d .a.c. , tJo..,· 
wou"d. Ji .i"ch from 1..&. , 

Fi8. J812-Thi. 1>011001 view of the co'" 
.. erler al.., abow. the 1'."eI 18),olll. The oul· 
pUI lank coil . L,. Can be lleen in .he cen ler 
nf the cb"Mi3; L, i • • Ii . ee ll )' under Ihe 08<':i Il8. 
lor tn"inl di al. and the mixer I.id coil. f",can 
be ..,en al Ihe ri cht, neal 1(O Ihe toule "wi tch. 
Padolin, cotIde" .., .. C. and C, arc "'ou,,ted 
On the left. and .i;I".h.nd . idea ofth. chuai •• I!I 
benealh Ihei r ru pecli .. e lu,, ;n. CODdcn&crl. 
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FiS. 1813 - Ci.cuil dia~ru, of 
thc 10w_fre'luu,c)" cartier-currenl 
con"crter. The o.ci llalor unlc i. 
1710 to 1950 kc. for 1600·kc. i.f. 
C, - 250·" .. f<I. uri.lIle. 
C" C. - 3-30· ..... fd. wic.l t.im_ 

, 
'~;. C, , 
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'" IJ>, "~ r --- - ---
~' ---. 

, , 
T 

ho/ 
, , , Dler. 

C,' -250 ..... {d .... riable with 9 ~ ~: - C, , 
CO

j 
rOIO' pia lee rcn.oved. , 

" 
, ;;; c. , , 

" 
, 

- ' 
L ___ 

" -
C, c,. - 3- 130_ .... fd . mica lr;mn'er. 

IA. C:, c.. C,-O.1_ .. fd . piller. 
CI. - IOO_ .... /d. nlic.. 
1l 1- 300 Oh"'3, }i: ... ·.II. 
n. - 50.000 oh1llA. j.-S . .. ·a't. 
I{I- 50,000 ohm!. M-wat t. 
1., - 1",1 •. 
1., - 5 mh. 
1.. -200 lurn. No. 28 c .• M_inch 

di. ,,,etcr. d 08e_,,·oun.1. 110". 

L. - O&cillu<H" l ickle. (a" I' ... ~i. 
,n.tely 20 IUrIl8). 

'Z::&i .... C. 

<P t
J

, 
'. 0, 

[V 
T - .t.65.kc. i. r. Ira n.E<H"lIIer, rcmodeled 

II> Illne 10 1600 kc. 

holding the oscillator coil also hclp to hold the 
panel to the ch\Ujsi3. The mixer a nd 03cillator 
padding conden.'lel'8, C, nnd t\, are fastened 
to the ~ides of the cha88is, under their respec­
tive tuning condensers, Rnd C" the output­
circuit tuniug condenser, is mounted on the 
ch:u!l!is directly behind the 6SAi. The output 
coil. L~, is fas tened to the ch:u!l!is near it.8 
tuning condenser. Both L2 and LJ are wound 
on one-inch bakelite forms. Ll is II. winding 
ta.ken from a 175-kc. i.r. trnnsformer. 

The primary winding for 111 is put on after 
two layers of cellophane tape have been wound 
over 111 to serve as insulation . T he primary 
then is wound on and eelnented with coil 
dope or Dueo cement. 

The converter is put into service by eOIl­
necting its output to the input of a communica­
tions receiver and plugging in the line cord of 
the converter. While both the converter and 
re<:eiver nrc warming ul>, set the receiver to 
1950 ke. Then adjust the output trimmer, C~, 
for maximum 1I0ise from the receiver. Next, 
check the converter oscillator range by setting 
the oscillator tuning condenser, C~, to mini­
mum capacity and the receiver to 1800 kc. 
It should then be posaible to tune in the 
converter oscillator signal by adjusting C. 
until the signal is heard. Check the range of 
the OJIcilllltor by setting C~ at maximum ; if 
it can be tuned in at 1750 ke. on the receiver, 
the range ill right on tho nose. If the range i~ 

too great (oscillator freque ncy lower than 
1750 ke. at maximum capacity), it indicates 

Fi,. 18/4 - Circuit 01 'he c.c. ren.otc-<:ootroi rela,.. 

-=- es' C. 
IH .. Iv 
I~ov. ~,~. ,-

that fewer turns n.fe required on ~, and vice 
\·el"lla. The range is not criticlII, of course, sillce 
the converter is not ganged . 

The receiver clln now be reset to 1950 kc. 
and Clllnd C, set to the middle of their ranges. 
After ndjus ting C~ for maximum noise (with 
S, closed ), the converter is lined up for action. 
It will be found that the mixer tuning oontrol 
is not too shafJl and will need attention only 
after the signal h8.!l been tUlled in with the 
main tuning control, C,. Remember that C, 
tunes backward to the usual way: i.e., the con­
verter is tuned to 150 kc. when it is at mini­
mum capacity and to 200 kc. when it is at 
maximum capacity, the reverse of Ihe mixer 
condenser action. 

The coupling switch, Sit is included so that 
the converter Wili llOt receive r.f. during trans­
mission periods. It llhould be used to disconnect 
the converter frolll the line whenever the 
transmitter is bei ng keyed. 

A 6K 8 couve,.t6r - The circuit diagram of 
another converter for low frequencie8 is shown 
in Fig. 18 13. It is designed for an i.f. of 1060 
kc. and the output circuit must be tuned to 
this frequency. 

All of the coils used in the grid eircuit of 
the mixer section are univel'8al-wound r.f. 
chokes. The tu ning range has been extended 
on either side of the 150- to 200-kc. band in 
order to permit listening to ·radio stations op­
erating on neighboring frequencies. 

R e rruHe-(:Orltrol reklY - The circuit dia­
gram of a relay which may be operated from a 
carrier-current signal for the purpose of con­
trolling remotely an external circuit is shown 
in Fig. 18 14. The Sl'ries circui t, LC, should be 
resonant. at the frequency of the dis tant trans­
mitter. When the signal is applied, the potential 
between the cathode and the starter anode is 
increased. If suflicient starter-anode current 
flows th e dischl\Tge is transferred to the anode, 
which cuuses the relay to clO&e until the s ignal 
is removed. The relay mlly be used to operate a 
lam]> or bell, turn on a receiver, or to perform 
other simila r remote-control operatioll.8: 


