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I.. 

WIRED- RADIO CONTROL CIRCUITS 
Wired-rad io, or carrier-current, sys

tems nre used in both communica
tions and control applications. The 
r-f signals are transmitted and re
ceived over the power lines. Since the 
signals normally are not rad iated, no 
transmitting license is required. Wired 
radio has bo th ser ious and hobby 
applica tions. 

Wired-radio communica tio ns covers 
a wide field ra nging from the ··over
the-1 ine" telephone systems of the 
electric power compnnics to the simple 
inLCrcoms, used in homes and offices, 
for which no specia l lines need be 
strung. Similarly, wired-radio control 
>ystem> permit a wide varicti• of 
remotely-located devices to be turned 
on or off from a convenient control 
point. This article is concerned oaly 
with the non-commercial contro l func
tion of wired radio. 

In >implt contro l s)•Stems, the stand
by receiver operate> a relay when 
energized by the control signal. The 
relay, in turn, switches the a-c power 
to the controlled device. When the 
power required by the controlled 
device exceeds the contact ratings of 
the receiver relay, the latter is made 
to actua te a heavier slave relay. For 
interaction, the transmitter and re
ceiver ~ imply are plugged into the 
same power line. 

Some of the jobs which can be done 
with simple wired-radio control in· 
dude door and gate opening, lamp 
switch ing, receiver switching, opera
tion of remote counter, alarm opera
tion, motor contro l, e tc. In sho rt, the 
scope o f application includes virtually 
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any operation which can be performed 
through the opening and closing of 
a relay. 

The radio frequency employed in 
carrier-cu rrent operatio n must be low 
enough to prevent appreciable radia
tion from the power lines or inter
fe rence to radio reception by trans
mission through receiver po wer sup
pl ies. Frequencies in the range 40 
to 200 kc commonly arc used. All 
equipment described in th is article 
is designed for 50·kc operation, al
though the trnnsmitters and receivers 
each may be tuned >Omewhat lower 
and higher than this frequency. 

Two simple tr:1nsm1tter and two 
receiver ci rcuits arc descrihi:cl in this 
article. The r-f power output of the 
transmitters is low enough to fore
sta ll unauthorized radiation of signals 
from the power line, but high eno ugh 
to operate the receivers reliably under 
average condilio ns of use. While 
these are nol the onli• circui ls which 
may be emploi•cd for wired-radio con
trol, thei r simplicity and rel iab ility 
'ire to be recommended. 

Transrni trer Circuits 

Transformer - Coupled Circui t. See 
Figure l. This transmitter employs a 
triode-connected 6AQ5 tube in a self
excited Hartley osci llator ci rcuit. A 
fixed tank capacitor (C,) anJ slug
tuned tank coil (I..:) are provided. 
R:idio-frequency output 1 ~ delivered 
to the power line by the coupling coi l, 
L1, which consists of 5 turns of in
sula ted hookup wire wound tightly 
around the outside of I..:. Blocking 
capacito r C, prevents short-circu it of 
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Fig. I. Tranalormer-Coupled Wired-Radio Tran•mitlor. 

the power line by La while providing 
easy transmission of the 50-kc energy. 
{The 60-cycle react:tnce of C, is 26,000 
ohms, while the 50-kc reactance is 
only 26 ohms) . The line radio-fre
quency choke coil, RFC, blocks the 
path of the r-f output currents back 
through the primary of power trans
former T . 

D-C power for the plate and screen of 
the tube is provided by n simple half
wa ve power supply (T-RECT-1,-C.-C.). 
T he transmitter is p laced into opera
tion to con I ro l the distant receiver by 
depressing pushbutton switch S,. 

The transmi11cr is tuned to 50 kc 
by adjustment of the slug of coil 
L,. A wn vemeter, heterodyne fre
quency meter, or low-frequency c-w 
receiver may be used to check the 
operating frequency. For 50 kc, the 
inductance of L, is set approxi
mately to 2 millihenries. 
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Transformecless Circuit. See Figure 
2. The power transformer is dispensed 
with in this Hartley oscillator circuit. 
D-C power for the plate and screen 
of the triode-connected 50C5 tube is 
obtained from the selenium rectifier, 
RECT, operated di rect ly from the 
a-c power line. Fi ltration is provided 
by resistor R. and capacitor C:.. The 
50-volt fi lament of the tube is operated 
from the line through dropping resis
tor R,. 

This transmitter employs the prin
cipal outlined by Wnrner Clements. 1 

Here, the power line and the input 
circuit of 1he remote receiver arc in
cluded in the series-resonant tank 
circuit ( l -C,) of the transmitter. The 
circulating r-f tank current thus Rows 
over the line and through the receiver. 
The transmitter is tuned by adjustment 
of the slug of coi l L. The frequency 
50 kc is reached when the induclance 
of L is set approximately to 2 mill i-
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henries. The transmitter is placed into 
operation to control the remote re
ceiver by depressing pushbutton switch 
s .. 

Radio-frequency choke coi l RFC, 
blocks the path of transmitted energy 
back into the d-c power supply sec
tio n. Similarly, radio-frequency choke 
coi l RFC, blocks the path of trans
mitter o utput back through the fila· 
ment of the tube. 

Since this circuit is trnnsformerless, 
it can constitute a shock hazard. For 
this reaso n, no part of the circuit 
>hou lcl be conncctcJ to the chassis or 
meta l housing of the transmitter. In 
some instances, the greater simplicity 
and small er size of this transmitter 
wi ll cause it to be preferred to the 
hulkier transformer-type unit shown 
in Figure I. 

Receiver Circu its 

Both receivers use semiconductor 
clements rather than tubes. This pro-

motes greater reliability by removing 
the possibility of tube burnout. The 
diode-type circuit (Figure 3) draws no 
standby cu rrent at all. The diode-and
transistor circuit (Figure 4) draws 
very little standby current. 

Diode-T)•pe. This circuit employs a 
simple crysta l detector nod a sensitive, 
microammeter-type d-c relay . The 
d iode is a high-conductance type 
( Hughes HD2 I 50) . 

The circuit is pre-tuned by means 
of the slug-type coi l, L. Tuning is 
broad, since the power line is con
nected across the tuned circuit through 
blocking capacitor C,. The circuit is 
tuned roughly to 50 kc when the in
ductance of L is set to 5 millihenries. 

The high sensitivity of this circuit 
is provided by the sensitivity of the 
relay, RY. The latter is a ··sensitrol" 
type relay having a permanent-magnet 
stationary con tact. The magnetic con
tact attracts the movable contact and 
holds it in closu re until the contacts 
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Fig. 2. Trcmalorme rleaa Wired -Radio Trcmamlttor. 
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Fig. 3. Diode-Typo Wired·Radio Rocoivor. 

are sepanted by a manual or elec· 
trical re-set mechanism. This circuit 
is satisfactory only for non-repetitive 
applications such as door·opening, 
where the subsequent manual closing 
o( tJ1e door can be used to re-set the 
relay. 

While the magnecic hold-in, meter
type relay is high-priced (unless found 
in surplus) , its use is justified by tbe 
reliabili ty of this device and its high 
sensitivity which replaces amplifiers 
in the circuit. An additional advantage 
is the positive hold-in action which 
.resists vibration, a feature which 
would not be obtained in a conven
tional meter-type relay without the 
magnetic stat ionary contact. 

Diode-Transistor Circuit. See Figure 
4. Jn this receiver ci rcuit, a heavier, 
milliampere-type d-c relay is operated 
by a single transistor d-c amplifier 
which receives its d·c signal excita· 
tion from the output of a diode detec
to r. The relay, RY, is a 2-ma, 8000-
ohm unit. 
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Here, tun ing is accomplished by 
adjustment of the s lug of coil L,. 
R-F energy transmitted over the power 
line is coupled into the tuned circuit, 
l ,.C,, through 1, which consists of 
10 turns of No. 20 d . c. c. wire close
wound around the outside of 12. 
Blocking capacitor C, prevents sho rt 
ci rcuic of the power line through 11, 
while affording relatively easy passage 
to the r· f s ignal current. Resistor R, 
and capacitor C. form a simple filter 
for attenuation of any line-frequency 
energy which might be coupled in 
from the power line along with the 
received r-f signa I. 

Collector d·c voltage is furnished 
by a line-operated power supply con
Stsung of 6.3·volt transformer T, 
diodes D2 and D., and capacitors 
C. and C.. Tbe power supply circu it 
is a voltage doubler which, at the 
low drai n of the transistor, has an 
output of approximately 17 volts de. 
Until the actuating signa l is received 
and diode D, delivers currenc, the 
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transistor collector current is only 
a few microamperes. 

When the relay closes, 6.3 volts ac 
from transformer T are delivered to 
the OUTPUT terminals. This vol tage 
may be employed to operate an 
auxiliary heavy-duty relay or directly 
to sound an ala rm or operate any other 
6-volt a-c device. 

R-F choke coil, RFC, prevents short 
circuit of the r-f signal by blocking 
the passage of r-f currents into the 
primary winding of transformer T . 

Operating Notes 

The first question usually asked 
about :11na teur wired-radio control 
equ ipment is: "What is the operating 
range?" Unfortunate ly, there is no 
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pat answer. The power line repre
sents a low and variable impedance. 
It is particu larl y low when several 
appliances or lamps are in operation 
simultaneously . The greater the num
ber of such appliances in use, the more 
d ifficul t it becomes to develop a use
ful r-f voltage across the line. How
ever, tests indicate that any combina
tion of the transmitter and receiver 
circu its shown in this article will 
give consistenlly reliable opera tion 
throughout n small building. How 
far the range can be extended down 
the neighborhood depends upon many 
variables such as the length of the 
intervening line, whether the power 
lines are overhead or underground 
(overhead lines tend to g ive longer
distance operation, probably because 
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Fig. 4. Diode-Transistor-Type Wirod-Radio Receiver. 
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Fig . 5. Connections To 3-Wire Service. 

of lower shunting capacitance). the 
number of appliances in operation in 
other buildings along the route, and 
whether separate distribution trans
fo rmers are encountered. (It is seldom 
possib le to transmit a usefu l amount 
of signal through n transformer when 
using low-powered amateur equip
ment.) 

When three-wire sen •ice is used, 
both transmitter and receiver must be 
connected to the same side of the 
service. Figure 5 shows the right and 
wrong ways of making these connec
tions. 

Wired-radio transmitters and re
ceivers should be adequately fused. 
When working with this equipment, 
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the operator should take care to pro
tect himself from line-voltage shocks 
and should build his equipment care
fully to prevent accidental short cir
cu its which could cause a lire as well 
as blowing the service fuses. 

Before placing any type of carrier
current equipment into use, the opera
tor should check wi th his loca l power 
company to ascertain if his intended 
frequency is being used already by 
the company in its operations. Some 
power companies employ carrier-cur
rent switching devices, and amateur 
transmitters cou ld cause interference 
to these services. When this is deter
mined, the amateur tra nsmitter should 
be tuned far enough out of the range 
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of such commercially-used frequencies 
to prevent interference. 

Reference 

I. Carrier-Controlled Switching. War
ner Clements. RADIO & TELE
VJSJON NEWS, February 1955, p. 68. 

PARTS LIST FOR FIGURE 1 

C1-0.l ufd 600 v tubular - (C-D 
PM 6Pl) 

C.-0.0051 ufd 500 wvdc mica -
(C-D 1A5D51) 

C.-100 uufd mica - (C-D SW5Tl) 
C.-C.-Dual 2-ufd 250 dcwv elec

trolytic - ( C-D BBRD 2225) 
L,-5 turns insulated hookup wire 

closewound around L. 
L.-0.5-5-mh tunable inductor (tap

ped) - Miller 6323 
L.-8 hy 100 ma filter choke - Merit 

C-2995 
R,-10,000 ohms 2 watts 
RECT-75-ma selenium rectifier 
RFC-Linc filter choke: 0.6 mb, 2 

amps - Miller 7825 
S1--Spst, normally-open pushbutton 

switch 

S.-Spst toggle switch 

T- Midget power transformer: 120 v. 
50 ma; 6.3 v, 2 A - Merit P-3045 

PARTS LIST FOR FIGURE 2 

Ca-0.005 ufd 500 v mica - (C-D 
IW5D5) 

C.-150 uufd mica - (C-D SW5Tl5) 

C.-50 ufd 250 dcwv electrolytic -
(C-D BR 5025) 

L-0.5-5-mh tunable inductor (tap-
ped) - Miller 6323 

Ra-10,000 ohms 2 watts 
Rr-120 ohms l wnll 

R..-33 ohms 1 watt 

R.--400 ohms 20 watts wirewound 
(Ohmite Brown Devil) 
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RECT-n-ma selenium rectifier 

RFC., RFC.-2V2 mh, 200 ma r-f 
chokes - Miller 5222 

S,--Spst, normally-open pushbutton 
switch 

S...-Spst toggle switch 

PARTS LIST FOR FIGURE 3 

Ca-0.005 ufd silvered mica - (C-D 
1DR5D5) 

C.-0.002 ufd silvered mica - (C-D 
1R5D2) 

C,-0.0 1 ufd mica - (C-D LD3Sl) 

D- High-currcnt germanium diode -
Hughes HD2150 

L- 1.5-10-mh tunable inductor -
Miller 6322 

RY-50-microampere, magnetic bo ld
in, meter-type d-c relay - Weston 
Scnsitrol or equivalent 

S--Spst toggle switch 

PARTS LIST FOR FIGURE 4 

C.-0.l ufd 600 v tubu lar - (C-D 
PM 6Pl) 

C.-0.002 ufd silvered mica - (C-0 
1R502) 

C.-1 ufd 6 dcwv subminiature elec
trolytic - (C-D NL 1-6) 

C., C.-50 ufd 25 v tubular electro ly
tics - (C-D BBR 50-25) 

D,, D., D...-1N34 germanium diodes 

L,-10 turns No. 20 d. c. c. wire close· 
wound arou nd outside of L, 

k-1.5-10-mh tunable inductor 
Miller 6322 

R.-1000 ohms Yz watt 

RFC-2V2 mh, 200 ma r-f choke 
Miller 5222 

RY-2-ma, 8000-ohm d-c relay 
Sigma 4-F 

5--Spst toggle switch 

T-6.3-volt 1-ampere filament trans
former - Merit P-3074 
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