Use of D.C. Relays in
Home Audio Systems

FRANCIS F. CHEN*

D.c. relays can have several advantages in audio systems because they do not produce
hum nor do they chatter. They are especially valuable in control applications such as the
automatic turntable shutoff, remote control, and clock-timer described in this article.

lays which operate on only a few mil-

liamps of current have several ad-
vantages over the usual a.c. relays which
are energized by either the 117-volt line
or the 6 volts of a.c. in the filament cir-
cuit. One of these advantages is particu-
larly important to audio systems: d.c.
does not produce hum. A second advan-
tage is that d.c. relays do not chatter
upon closing, since the exciting voltage
does not go to zero and reverse, as it does
in a.c.

In this article three illustrations are
given in which the audiofan can make
use of these properties of d.c. relays in
the power switching of his home audio
system. In the first example, a simple
circuit is described which will auto-
matically turn off a turntable at the end
of a record without any interaction with
the tonearm during the play of the reec-
ord. The second example is a versatile
relay circuit with which remote, auto-
matie switching of the power to the en-
tire audio system can be performed. In
the third example, it is shown how an
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IT IS WELL KNOWN that sensitive d.c. re-

Fig. 2. Close-up
view of contact
for shutting off

turntable auto-
matically at end
of record. CAU-
TION: Do not use
bare wire as
shown here; wire
should be either
of the enamelled
variety or cov-
ered with spa-
ghetti and bared
only in the con-
tact area.

accurate timer can be made, which can
switch on a tape recorder or an entire
stereo system within a fraction of a
minute of a predetermined time. These
are of course, only illustrations of ways
in which relays can be used; but from
these examples the audio hobbyist should
be able to design circuits suitable for
his own particular needs.
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Fig. 1. Schematic
of automatic turn-
table shutoff.
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I. AUTOMATIC TURNTABLE SHUT-OFF

Much of the inconvenience of a turn-
table, as contrasted to a changer, can be
avoided merely by making a device to
turn the player off at the end of a
record, thus eliminating the annoying
click-clack of the runout groove and al-
lowing the listener to change the record
at his leisure. At least two such devices
are available commercially, but one of
them is quite costly, and the other is a
purely mechanical device which lifts off
the tonearm but does not provide any
electrical signal for switching off other
components. The relay cireuit shown in
Fig. 1 is simple, reliable, inexpensive,
and can be used with any metallic tone-
arm.

The two most important requirements
of a switch-off device are that it should
not interfere in any way with the deli-
cate balance of the tonearm and that it
should not introduce any hum. One way
to detect that the record has ended is to
make use of the absence of audio signal
or the approximately 1-cps clicking sig-
nal from the runout groove. This method
would have no interaction, either electri-
cal or mechanical, with the tonearm at
all. However, a little thought shows that
such a device would be very difficult to
perfect and adjust. One could also use

27




i
~ Rvz (A} CONTROL BOX-ROOM A R
I N I AC:DJ‘ ém PROGRAM SOURCES
N
¢l
| |
si-1 ¢, S2 | "OFF” s3,.J__,"0N" 2o o302 0
- - r—— )
—— J__, . RY2 “ P2 TURNTABLE
3 l H 5 MOTOR
c2 |
*si-3
—e> o TO TAPE
RY3 RY4 RY3 z* P3 TAKE-UP
[- ] = [ -~ ] ¢ ‘— $  MOTOR
c3 ca —_—
N
RY4 AC
=2 T > .
33 ] 2
40 o 6 o+ |
—t
Pl "TIMER ON" —_——
RYI “ TIMER
Sl 3P-3POS. SHORTING SWITCH
S2  PUSHBUTTON,NORMALLY CLOSED
S3  PUSHBUTTON,NORMALLY OPEN
S4  SPST SWITCH
Pl 4-PRONG JONES PLUG, MALE
P2,P3 2-PRONG JONES PLUG, MALE
P4 4-PRONG JONES PLUG, FEMALE
FI  6ASLO-BLO FUSE
F. RI F2 172 A FUSE
F ,\2, ol Ao C1,C2,C3,C4,C7 .01 pf DISC
‘ o C5  .05ufDISC
C6  20uf 250V ELECTROLYTIC
5 RYS- c7 Rl 8K,2W
+ D!  IN538 OR EQUIV. SILICON DIODE
AC c6 RYl 5000-LSENSITIVE,SPST AT 5 AMPS POTTER 8 BRUMFIELD
- n L85 OR EQUIV.
TO AMPLIFIERS s [& RY2,RY3,RY4 |17v.a.c. RELAY,SPST POTTER 8 BRUMFIELD
RYS 35, CRUX IS7T OR EQUIV.
Sl 102 NOTE ON Si;
—04 POS.2. MANUAL, TIMER TURNS ON DNLY
i POS. 1. PHONO SHUTOFF. TIMER TURNS ON 8 OFF
{B) RELAY BOX-ROOM 8 POS.3. TAPE SHUTOFF. TIMER TURNS ON 8 OFF, WHEN OPERATING TAPE DECK
OFF TIMER, AND DECK IS TO TURN SYSTEM OFF, SET S| ON “PHONO"
VICE VERSA FOR PHONO AUTOMATION.

Fig. 3. Schematics of control and relay boxes.

a photocell to rig up an “electric eye”
device to tell from its shadow when the
tonearm has reached the inner radius
of the record. This method also has no
direct interaction with the tonearm, and
the circuit could be fairly simple. This
was tried, but it turned out that it was
hard to adjust the sensitivity so that it
would work under all conditions of am-
bient light, unless a complieated, col-
limated light source was built, Thus we
decided to use a direct electrical contact
on our metallic tonearm.

As shown in Fig. 2, this involves only
a small, inconspicuous addition fo the
turntable. A small hole is drilled in the
baseboard in the region of the tonearm
overhang, and a feed-thru insulator is
mounted in the hole. A fairly stiff bare?
wire (about #14 AWG) is soldered to
the feed-thru and bent so that it makes
contact with the rear part of the tone-

11In order to reduce the danger of shock,
we recommend that this wire be insulated
by means of spaghetti or that it be en-
amelled wire and that it be bared only in
the contact area. Ed.
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arm when the latter enters the runout
groove. This adjustment is quite easy to
make. To ensure that an electrical econ-
tact is made with the arm, it is probably
necessary to rub off the finish-protecting
coating on the tonearm with fine sand-
paper or emery cloth. Since the tonearm
itself is used as a conduector, it is not
necessary to add wires to it, and its op-
eration is not interfered with in any way
until after the record is over. This con-
tact, S, in Fig. 1, is then used to trip a
relay.

To prevent a large spark when the
contact is made and to avoid a hum-
inducing a.c. voltage on the contact wire,
a sensitive d.c. relay RY, (Fig. 1) is
used. This should have a eoil resistance of
5000 to 10,000 ohms and require 2 to 4
ma of coil current. A standard relay is
listed, but a suitable relay can often be
obtained at less cost from the large radio
supply houses. (For example, Lafayette
Radio in New York sells an imported d.ec.
relay for $1.95.) The relay is powered by
d.c. from a half-wave rectifier supply
consisting of diode D; (also available

cheaply from the large supply houses)
and the filter B, plus C,. The switch §,
is the on-off switch for the turntable.
Note that a polarized plug must be used
so that the neutral side of the a.c. line
is connected to the relay contacts. The
turntable motor is conneeted to the hot
side of the line returned to ground
through the normally closed relay con-
tact. The switch S, is the contact to the
tonearm (Fig. 2). If the tonmearm is
grounded to the chassis of the preampli-
fier, and this is eventually returned to a
good ground (such as a water pipe), the
circuit through the relay coil will be
completed when the tonearm touches the
contact wire. When the relay is ener-
gized, power is removed from the motor,
and the relay eircuit is completed through
the normally open econtact. The relay
then holds itself on and the turntable
off regardless of whether or not S,
stays closed. The relay is de-energized by
momentarily opening §;. While the
turntable is on, there is normally about
100v of d.c. on the contact wire. The
resistor R, and the relay coil itself

AUDIO e SEPTEMBER, 1962



MINUTE HAND

HOUR HAND

ALARM HAND

L— THIN WIRE

| — RELAY CONTACT HAND

/——WASHERS

Fig. 4. Selection of
clock front area

MOTOR

showing place-

SPRING —

FACE ———#1

WIRE TO RELAYJ —

le——— LUCITE COVER

ment of relay con-
tact hand wire to
relay.

limit the current to about 5 ma in case
the wire is touched accidentally; this
cannot be felt. In the unlikely circum-
stance that P, is accidentally reversed
(if a polarized plug is not used), and
the relay closes, and the contact wire is
touched, one could conceivably get a
shock from the power line (see note 1).
The fuse F, protects the user against
this contingency. The capacitors C, and
C; are the usual switch bypasses to
eliminate “pops.”

This ecircuit has worked admirably
without failure for several months on a
Weathers turntable with a Dynaco
B & O arm. Sinee no power transformer
is used, there is no noticeable hum due
to this ecircuit, and no elicks or pops
when the turntable goes off. Current has
to flow through the tonearm only for a
few milliseconds while the relay closes;
after this the holding-contract arrange-
ment supplies current to the relay. Note
that the contact to the tonearm need not
be very good—the high impedance of the

relay power supply makes it a constant-
current source which will trip the relay
even though the contact has thousands of
ohms of resistance. There is only one
word of warning: with turntables with
idler wheels, be sure to release the idler
within a reasonable time to prevent flat
spots from developing.

Il. AUTOMATIC POWER CONTROLS

The circuits shown in (A) and (B) of
Fig. 3 are designed to allow remote con-
trol of the power amplifiers (in Room
B) from the equipment ecabinet (in
Room A). The location of the power
amplifiers outside the living room is
really the sensible thing to do, since
these amplifiers are generally unsightly
and space-consuming, and moreover gen-
erate heat and hum. They can, of course,
be turned on and off from the preamp if
a power cord is strung between the two
rooms. However, the Fire Underwriters’
Code requires that such a wire, going
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through a wall, must be AWG #14 or
larger; and this gives rise to some prob-
lems in installation and decor. On the
other hand, the small amount of power
required to trip a control relay can be
handled by a small, inconspicuous wire.
If this were the only reason, the use of
relays would hardly be justified; but as
we shall see, the use of a holding relay
allows us to incorporate a number of
automatic features.

The d.c. relays in this case are RY; in
Room B, (B) of Fig. 3, which supplies
power to the amplifiers, and RY, in
Room A, (A) of Fig. 3, which con-
trols the program sources. The reason d.c.
relays should be used here is that they
will not chatter nupon closing. When a.c.
relays were tried, they occasionally
caused the fuse to blow on the amplifiers
because of large current surges induced
when the contacts bounced upon closing.
The power to activate these relays comes
from a half-wave rectifier consisting of
diode D,, capacitor O, and the current-
limiting resistor R,. One contact of RY,
is used to switch the amplifiers. The
other contact is hooked up in a holding
arrangement so that once the relay is
tripped (by shorting pins 1 and 2 on
Plug P,), it is held in the energized con-
dition by current which comes from pin
3 of P, through the second pole of RY;.
Power is turned off when the d.c. on pin
3 is removed momentarily. These opera-
tions are performed in the control box,
which is connected to P, by a small four-
conductor ecable.

To turn the system on, the normally
open pushbutton, S;, is pushed, momen-
tarily shorting pins 1 and 2 of P, (or
P,). This trips RY,, as previously de-
seribed ; and both relays, RY, and RY,
are then held closed by current which
flows from pin 1 of P, through the nor-
mally closed “off” button S, and selector
switch S,., (shown in the “manual” po-
sition) and through pin 3 and the con-
tact RY ;_, to the relay coils. This circuit
is broken momentarily by pushing the
“off” button, and this is sufficient to de-
energize RY; and RY,, turning off the
power to the entire system.

With this arrangement, it is now easy
to add the automatic features. To turn
the system off automatically at the end
of a record, the “off” button is replaced
by the contact of RY, by turning the
switech S, to the No. 1, or “phono,” po-
sition. At the same time, RY, is ener-
gized by the second pole of §,. The coil
of RY, is connected in parallel with the
motor of an automatic turntable or
charger, which is already on. When this
is turned off, for instance by the circuit
of Fig.1, RY, is de-energized, and power
is removed from pin 3 of P,, turning off
the entire system. The same function can
be performed by a tape recorder by
RY, and the No. 3, or “tape,” position
of §;. The coil of RY, is connected to
the take-up motor of the recorder, and
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when this is turned off automatically at
the end of a tape, the entire system is
turned off. )

For automatic turning on of the sys-
tem at a preset time, the contact of re-
lay RY, is used in parallel with the
manual “on” button. The coil of RY, is
plugged into an ordinary appliance
timer, which energizes it at a preset
time only if the timer switch S, is closed.
This will allow a radio program to be
recorded automatically in one’s absence,
or will turn on a record or tape auto-
matically, say, during a party at which
the host is busy with other chores. If §,
is in the “manual” position, the system
will stay on. If it is in the “tape” or
“phono” position when the correspond-
ing device is used, the system will turn
off when the tape or record ends or when
the timer turns RY, off, whichever oc-
curs later. If the switeh §, is in the
“tape” position when a turntable or
tuner is used, or in the “phono” position
when a recorder or tuner is used, the
timer alone will determine the turn-off
time. This is useful, for instance, when
one wants to retire at a given time. Al-
most any type of relay can be used for
RY,, RY,, and RY,, and for simplicity
we have chosen relays that operate off

Fig. 7. Front view of clock-timer. Note
extra hand.

32

the line voltage so that no special power
supply has to be built. There is a danger
that hum from the relay coils will be
picked up in the preamp; however, this
has not been noticeable.

This switching system has been op-
erating without failure for a year and a
half. Its main contribution has been to
free the listener from being tied down
by FM schedules. With automatic tape
recording, one can listen to FM eoncerts
at his leisure regardless of when the
broadeast actually oceurred.

lll. AN ACCURATE CLOCK-TIMER

Anyone who has tried to tape a pro-
gram while he was away has probably
come across this problem: ordinary ap-
pliance timers cannot be set very ac-
curately, and coming within five minutes
of the desired time would be considered
above par. This means that youn either
miss the first few minutes of a sym-
phony, or you have 200 feet of wasted
tape at the beginning of a reel—and
perhaps not enough at the other end to
finish the recording.

This problem can be licked by adding
essentially the relay circuit of Fig. 1 to
an ordinary appliance timer. Such a
timer can be obtained for about $3 from
the large electronies supply houses (for
instance, Radio Shack in Boston) and is
simply an wunmounted electric clock
movement with an alarm hand which can
be set to turn on a SPST switch. The
clock is mounted on a piece of lucite
(plexiglas), which in turn is screwed
onto an aluminum utility box which
houses both the clock and the electronies.

A fourth hand (in addition to the
clock’s hour, minute, and alarm hands)
is now attached to the lucite face, as
shown in Fig. 4. This consists of a knob,
a piece of 14-in. potentiometer shaft, a
stiff piece of wire to form the hand, and
a small piece of fine flexible wire sol-
dered to the hand. The fine wire is placed
at such a radius that it makes electrical
contact with the minute hand but not
with the hour hand. This fourth hand is
wired electrically by means of a fine wire
soldered to a washer which makes con-
tact with the shaft as the hand is ro-
tated.

Here is how it works. In Fig. 5, D,,
R,, and C, will be recognized as the
d.c. power supply for a sensitive relay,
whose coil is connected across plug P,.
The alarm hand is set about 15 minutes
before the desired time, so that nothing
happens until the proper hour arrives.
When the built-in alarm of the eclock
goes off, the switch S, closes, and our
d.c. power supply is energized. A d.c.
voltage appears on the fine wire of the
fourth hand, but no current can flow
until this hand makes contact with the
minute hand, which is grounded to the
chassis. Imagine, for the moment, that
the capacitor C, is replaced by a short.
Then when the thin wire makes contact,

the circuit is eompleted, and the d.c. re-
lay is energized to turn on the power to
the audio system. Sinee it is possible
to set the fine wire to a given position
quite accurately, the relay ean be made
to trip within a fraction of a minute
of the desired time.

Note that the line plug should be
polarized as shown so that no voltage
appears on the clock mechanism. For
added safety, the eclock mechanism
should be insulated from the metal case;
this is easy to do since the clock is
mounted on an insulating lucite panel.
Note also that the fine wire of the fourth
hand should be flexible enough to allow
the minute hand to brush by an indefi-
nite number of times.

The trouble with this cireuit is that
most elock mechanisms turn switeh S,
on but not off; S; must be reopened
manually. This means that the relay will
trip once every hour until you return
to reset S; manually. This defect is over-
come by adding the capacitor C, and the
reset button S,. Now current can flow
through the relay coil only for a few
milliseconds until C, is charged up. The
potentiometer R, is adjusted so that a
current pulse just large enough to trip
the relay is passed when the thin wire
contact is made. When the contact is
broken, as the minute hand moves past,
C, will be left charged. An hour later,
when the contact is again made, no cur-
rent can flow since C, (and the minute
hand) are still charged. For this pur-
pose, it is obvious that the clock must
be well insulated. The capacitor C, must
also hold its charge for an hour. It was
found that mylar capacitors are good
enough for this purpose. The voltage
drop after an hour is so small that on
successive contacts with the minute hand
too small a current flows through the
relay to trip it. At the same time, each
contact charges C, back to full voltage
for the next hour. This ceycle then re-
peats until you return to reopen S,
manually. The reset button 8, should
be pushed when setting the timer to
make sure that C, is discharged.

This timer is incorporated into the
relay circuit (A) of Fig. 3 by adding
the circuit of Fig. 6 at the points labeled
A, B, and C. The relay RY, in (A) of
Fig. 3 is now replaced by a sensitive d.c.
relay with SPDT contact. The plug P;
is connected to P, (Fig. 5) by a twin
lead. The switeh S; enables one to dis-
able the timer, or make it turn the sys-
tem on or off (but not both) at a given
time. This timer can, of course, be used
without the entire circuit (A) of Fig. 3.
In this case RY, should have DPDT
contaets, and one pole should be hooked
up as a holding contact, while the other
is used to switch power to the system.

The face of the clock-timer is shown
in Fig. 7. This circuit has worked well
for several months and has proved to be
a great boon to tape recording. p: 5
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